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1. PAC PIEM CHUNG CUA VI SINH VAT

Vi sinh vat (microorganisms) la tén goi chung dé chi t&t cd cdc sinh vat cd hinh
thé bé nhd, mudn thdy ré dugc ngudi ta phai st dung tdi kinh hién vi.

Virut (virus) 12 nhém vi sinh vat dic biét, ching nhd bé tdi mic chi cd thé quan
sat duoc qua kinh hién vi dién ti (electron microscope). Virut chua cé ca cdu tric té&
bao. Cac vi sinh vat khdc thudng la don bao hoic da bao nhung cé cdu tric don gian
va chua phan hda thanh cdc co quan sinh dudng (vegetative organs).

Vi sinh vat khong phai 12 mdt nhdm riéng biét trong sinh gi6i. Ching tham chi
thuéc vé nhiéu gisi (kingdom) sinh v4t khéc nhau. Giita cic nhdm cd thé khong cé
quan hé mat thiét véi nhau. Ching cd chung nhiing dic di€m sau day :

1.1. Kich thudc nho bé. M4t con ngudi khé thdy dugc r6 nhing vat nhd hon
Imm. Vay ma vi sinh vat thudng dudge do bing micromet (um, micrometre), virut
thudng duge do bing nanomet (nm, nanometre).

luym = 10°mm ; lnm = 10 %mm, 1A (angstrom) = 10 "mm. Vi vi sinh vat c6
kich thudc nho bé cho nén dién tich bé mat cia mot tdp doan vi sinh vat hét sic 16n.
Ching han s8 lugng cdu khu&in chiém thé tich lecm® cd dién tich bé mat la 6m?.

1.2. Hdp thu nhiéu, chuyén hoa nhanh. Vi sinh vat tuy nhé bé nhét trong
sinh gi6i nhung nang luc hdp thu va chuyén héa cta ching cd thé vugt xa céc sinh
vat bac cao. Ching han vi khuédn lactic (Lactobacillus) trong 1 gid cd thé phan giai
moét lugng dudng lactozo ning hon 1000 - 10000 14n khéi lugng cua ching. Néu
tinh s6 ul O2 ma mébi mg chdt khé cua co thé sinh vat tiéu hao trong 1 gio (biéu
thi la - Qo) thi & mo 14 hoac mo6 ré thuc vat la 0,5 - 4, & t8 chic gan va than dong
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vat 1a 10 - 20, cdon & ndm men rugu (Sacharomyces cerevisiae) 1a 110, & vi khudn
thuéc chi Pseudomonas la 1200, & vi khudn thudc chi Azotobacter la 2000. Nang luc
chuyén hda sinh héa manh mé cta vi sinh vit din dén nhiing tdc dung hét sdc lon
lao cta ching trong thién nhién cing nhu trong hoat dong séng ctia con ngudi.

1.3. Sinh trudng nhanh, phét trién manh. So- véi cdc sinh vat khac thi vi
sinh vat cé téc do sinh trudng va sinh sbi nay nd cuc ki 16n. Vi khudn Escherichia
coli trong cac diéu kign~thich-hop-ed khodng 12-=-20-phit-lai phan cat mét lan. Néu
1y thoi gian thé hé (genmeération time)-ia 20 phit; thi ;méi gid phan cat 3 l4n, 24 giy
phan cit 72 l4n, ti 1 (t& bao ban dau sé sinh ra’ 4.922.366.500.000.000.000.000 t& bao
(nang 4722 t&n !). T4t whién trong thuc t€khérng th€ tao ra cdc diéu kién sinh trudng
If tudng nhu vay duoc cho nén s6 lugng vi khudn thu dugc trong 1 ml dich nudi cdy
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thuong chi dat téi muc do 105 - 10° t& bao. Thai gian th& hé cia ndm men Saccharomyces
cerevisiae la 120 phut. Khi nudi cdy d€ thu nhan sinh khé6i (biomass) giau protein phuc
vu chan nu6i ngudi ta nhan thdy téc d6 sinh tdng hop (biosynthesis) cia nim men
nay cao hon cta bo t4i 100.000 lan. Thoi gian thé& hé cua tio Chlorella la 7 gio, cua
vi khudn lam Nostoc 1a 23 gis.

1.4. Nang luc thich dng manh va dé phat sinh bi€n di. Nang luc thich ung
cua vi sinh vat vuot rat xa so véi dong vat va thuc vat. Trong qud trinh tién hoda lau
dai vi sinh vat da tao cho minh nhing co ch& diéu hoa trao d8i chit dé thich ing
duge voi nhitng diéu kién s6ng rdt bit lgi. Ngudi ta nhan thdy s6 luong enzim thich
Ung chi€ém téi 10% lugng chia protein trong t& bao vi sinh vat. Su thich Ung cua vi
sinh vat nhiéu khi vuot qua tri tudng tugng cua con ngudi. Phan 16n vi sinh vat cd
thé git nguyén suc séng & nhiét dé cua nito long (- 196°C), tham chi & nhiét do6 cua
hidro léng (- 253°C). Mot s6 vi sinh vat cd thé sinh truong & nhiét dé 250°C, tham
chi 300°C. M6t s6 vi sinh vat cd thé thich nghi véi néng d6 32% NaCl (musi an) Vi
khudn Thiobacillus thioxidans cd thé sinh truéng & pH = 0,5 trong khi vi khuin
Thiobacillus denitrificans lai thich hgp phat trién d pH = 10,7. Vi khuin Micrococus
radiodurans c6 thé chiu dugc cudng do6 buc xa téi 750.000 rad. O noi sau nhat trong
dai duong (11034 m) noi cd ap luc t6i 1103,4 atm van thdy c6 vi sinh vat sinh séng.
Nhiéu vi sinh vat thich nghi véi diéu kién séng hoan toan thiu oxi (vi sinh vat ki
khi bat budc - obligate anaerobes). M6t s6 ndm sgi ¢ thé phat trién thanh ving day
ngay trong bé ngadm xac ¢ néng dd phenol rit cao.

Vi sinh vat rit dé phat sinh bién di bdi vi thudng 12 don bao, don boi, sinh san
nhanh, s6 lugng nhiéu, ti€p xuc truc ti€p vdi méi trudng séng. Tan s6 bién di ¢ vi
sinh vat thusng 1a 107> - 107!°. Hinh thic bién di thudng gap la dot bién gen (gene
mutation) va din dén nhitng thay d8i vé hinh thdi, cdu tao, ki€u trao ddi chit, san
phdm trao déi chat, tinh khang nguyén, tinh dé khing.. Ching han khi mdi tim thiy
kha nang sinh chit khdng sinh cia ndm soi Penicillium chrysogenum ngudi ta chi dat
téi san luong 20 don vi penixilin trong Iml dich 1én men. Ngiy nay trong cic nha
mdy sdn xuit penixilin ngudi ta da dat téi nang sudt 100.000 don vi/ml. Bén canh cac
bién di cd lgi, vi sinh vat cing thuong sinh ra nhitng bién di c6 hai d6i véi nhan loai,
ching han bién di vé tinh khang thudc. Nam 1946 ti lé cac chung Staphylococcus
aureus khang thudc phan lap dugc ¢ bénh vién la khodng 14%, nam 1996 da tang lén
dén trén 97%.

Ngudi ta chi tiém cho bénh nhan méi ngay khoang 100.000 don vi penixilin, ngay
nay cd lic phai tiém dén 10.000.000 - 200.000.000 don vi.

1.5. Phan bo rong, ching loai nhiéu. Vi sinh vat phan bé & khap moi noi trén
Trai D4t. Ching c6 mat trén co thé ngudi, dong vat, thuc vat, trong dit, trong nudc,
trong khong khi, trén moi dé dung, vat liéu, ti bién khoi dén nui cao, tit nudc ngot,
nudc ngdm cho dén nudc bién..

Trong dudng rudt cia ngudi thudng co khong dudi 100 - 400 loai vi sinh vat khac
nhau, ching chiém tai 1/3 khéi lugng kho cia phan. Chiém s6 luong cao nhit trong
dudng rudt cia ngudi la vi khudn Bacteroides fragilis, ching dat téi s6 luong 10 -
10'Y/g phan (gdp 100 - 1000 I&n s6 lugng vi khuln Escherichia coll)

& d6 sau 10.000m cua Dong Thai Binh Duong, ‘noi Boai tean t6i tam, lanh léo va
cé ap sudt rdt cao ngudi ta vAn phat/hién thiy coy khoAngeds tricu -110 ti vi khudn/m]
(cht y&u la vi khudn luu huynh)



O d0 cao t6i 84 km trong khong khi ngudi ta vin cdn phat hién thdy cd vi sinh
vat. Mat khdc khi khoan xudng cic 16p d4 trdm tich sau tdi 427m & chau Nam Cuc
ngudi ta vin phat hién dugc cic vi khufn séng.

V& ching loai trong khi toan bd gi¢i Dong vat cé khoang 1,5 triéu loai, Thuc vat
cd khodng 0,5 triéu loai thi Vi sinh v4t cing cd t4i trén 100 nghin loai bao gém 30
nghin loai dong vat nguyén sinh, 69 nghin loai nfm ; 23 nghin loai vi to ; 2,5 nghin
loai vi khuin lam ; 1,5 nghin loai vi khu&in ; 1,2 nghin loai virut va ricketxi...

Ding nhu nha vi sinh vat hoc Nga ndi tiéng A.A. Imsenhetskii da viét : "Cac loai
vi sinh v4t ma ta bi6t d&€n hién nay nhiu ldm cing khéng qud dugc 10% t8ng s6 loai
vi sinh v4t ¢d sln trong thién nhién". Ching han vé Nim trung binh méi nam lai
duge b8 sung thém khoang 1500 loai mdi.

2. VI TRI CUA VI SINH VAT TRONG SINH GIOI

Viéc phén loai cdc nhém vi sinh vat dugc md ddu bdi nha khoa hoc Thuy Dién
Linneaus (1707 - 1778). Thuc ra trudéc dé con phai ké dén sy dé xudt cia moét nha
tu nhién hoc ngudi Anh tén la J. Ray (1628 - 1705). Linneaus (vé sau duoc goi theo
kiu quy toc 1a Carl von Linné) 1a ngudi dé xudng viéc st dung tiéng La Tinh d€
thdng nh4t goi tén tiung lodi. Tén lodi gém hai chit : chi ddu (viét hoa) d&€ chi tén
chi (genus), chit sau (khong viét hoa) d&€ chi t&n lodi (species). Linneaus chia th& gisi
sinh vit ra thanh 2 gi6i : giéi Thuc vat va giéi Dong vat. Nam 1866 nha khoa hoc
Dic E. Haeckel (1834 - 1919) dé xudt viéc b8 sung thém gidi thd ba 1a giéi Nguyén
sinh (Protista). Ong x&p vao gi6i nay t4t cA céc vi sinh vat don bao, cdc dong vat
khéng di€n hinh va cdc thuc vat khéng di€n hinh. Nam 1969 nha sinh thai hoc Mi
R.H. Whittaker (1920 - 1981) dé xudt hé théng phan loai 5 gigi. Dé 1a giéi Khai
sinh (Prokaryota hay Monera) bao gébm Vi khuin va Vi khudn lam ; gigi Nguyén
sinh (Protista) bao gém mo6t s§ tdo don bao (Euglenophyta, Chrysophyta, Pyrrophyta),
mét s6 ndm don bao cd 16ng roi hay tién mao (Hyphochytridiomycetes,
Plasmodiophoromycetes), va cdc nhdm déng vat nguyén sinh (Sporozoa, Cnidosporodia,
Zoomastigina, Sarcodina, Cibiophora), gigi Ndm (Fungi), giéi Thuc vat (Plantae) va
gi6i Pong vat (Animalia). Nam 1973 nha phén loai ngudi Acmenia A.L. Takhtadjan
dé nghi boé gisi Nguyén sinh (Protista), 6ng cho ring viéc thita nhan gigi nay "la mot
thi€u sét cé tinh nguyén tic" cia hé théng phan loai theo Whittaker. Takhtadjan con
dé nghi d6i gi6i Monera thanh giéi Mychota.

Nam 1979 nha sinh vat hoc 140 thanh Trung Qufc Trin Th& Tuong (Chen Shixiang,
1905 - 1988) dua ra kién nghi vé hé théng phan loai 6 gidi vd 3 nhém gi6i (t8ng
gi6i) sinh vat nhu sau :

I - Nhom gi6i Sinh vat phi bao (chua cd t& bao)

1 - Giéi Virut
II - Nhém gi6i Sinh vat nhan nguyén thiy

2 - Gigi Vi khuédn

3 - Gidi Vi khudn lam (hay Tao lam)
III - Nhém gi6i Sinh-vat-nhan-thét

4 - Giéi Thue vit ‘

5 - Giséi Ndm

6 - Giéi Dong vat



So d6 cia 3 nhém giéi va 6 gioi nay duge trinh bay nhu hinh 1.
Kién nghi nay cd rdt nhiéu di€m hop li va dugc trinh bay kha day da trong Dai
bach khoa toan thu Trung Quéc (1991).

Sinh Gigi Nam Gidi Dong vat

vl
nhan /
that

Gidi Thuc vat

Gié6i Vi khuan lam
Sinh
val
nhan
nguyén
thay

Giéi Vi khuan

Sinh

vat

pil Giéi Vi rit
bao

'He thong phan loai 6 gidi va 3 nhém gidi cua Trdn Thé Tuong (1979)

Nam 1980 Woese nhan thdy thd tu nucleotit cia ARN cua riboxom 16S va 18S &
moét s6 vi khudn cd sai khac rdt 16n so véi d da s6 cac vi khudn khéc, qud trinh dich
mad khong chiu tdc dung cuia cloramphenicol nhung lai bi dc ch& bdi déc t6 cua vi
khudn bach hdu. Ong x&p chung thanh mot linh vuc (domain) riéng goi 1a linh vuc C8
khuidn (Archae). Nhu vay la hé théng phan loai sinh gidi cia Woese lai chi ¢6 3 linh
vuc 1a Sinh vat nhan that (Eukaryota), Vi khudn (Bacteria) va C8 khuin (Archae).
Theo Whittaker thi C8 khudn van thutc vé gigi Khai sinh.

Cé moét vdn dé con chua dui can ct d€ xét dodn. DJ la viéc virut va phago (hay
bacteriophago, thé thuc khudn) la nhitng dang tién hda thdp c8 xua hay l1a do cac dang
tién hoda cao bi thodi hda di ma tao thanh.

Dang chd y 1a vi sinh vat tuy rdt don gidn vé hinh thal nhung lai bao gdm c4ac nhom
6 dac diém sinh li khac biét nhau rdt xa (hi¢u khi, ki 'khi di-du@ng, tu dudng, hoai sinh,
i{ sinh, cong sinh..). Trong khi @ cde sinh vit bic cao (thuc’vat, dong vat) tuy cd hinh
hai khac nhau rit xa nhung lai ¥& gan gii v6i nhall vé dac di€m sinh 1.
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3. DPAC DIEM CUA SINH VAT NHAN NGUYEN THUY
VA SINH VAT NHAN THAT

Sinh vat nhan nguyén thiy (Prokaryota) khac biét véi sinh vat nhan that (Eukaryota)
¢ cac dac di€m chu y&u dugc trinh bay trong bang sau day :

6\'/1‘

SV 7./

Prokaryota )

Eukaryota

Hé théng di truyén :
- Vi tri

- C&u tric cta nhan
Mang nhéan
S6 luong nhiém sic thé
Nhiém sic thé€ chwa histon
Phan bao gidm nhiém

- Sinh san hiu tinh :
Co ch€ hinh thanh hgp tu

Ban ch&t cua hop ti

H¢ théng téng hop protein :
Diac diém cua riboxom

C6u truc trong té€ bao chét :

Ti thé

Luc lap

Lizoxom

Thé Golgi

Mang ludi ndi chdt (endoplasmic
reticulum)

Hé théng 6ng nhé (microtubular
systems)

Khéng bao that (true vacuoles) - co
mang bao boc

Thé nhan (nucleoid)

Tiép hop (conjugation)
Bién nap
(transformation)

Tai nap (transduction)

Ludng boi mot phén
(chi cd ludng boi
day du khi tiép hop)

70S (don vi
Svedberg)

Nhan (nucleus)
Ti thé
(mitochondria)
Luc lap
(chloroplasts)

4
> 1

+
+

Ti€p hop

Ludong bdi (diploid)

80S (t& bao ch4t)
70S (co quan tu),
bao quan

+
- hoac +
+ (chua chic tat ca)
+

+



Cac cdu triic phuc ngoai cia té bao
- Mang t& bao chat

Chda sterol ~ (¢ vi khudn lam +

va Mycoplasma cé

véi n6éng d6 thip)

Chia mot phédn bo may + (khéng cé g vi
hé hdp va quang hogp khufn mau luc)
- Thanh t& bao
Muc d6 gip HA&u nhu phé bién Chi & m6t s6 nhém
Chua peptidoglican
(peptidoglican, murein) + =

- Co quan chuyén van
Tién mao (flagella) chda
9+2 6ng nho (microtubules),
b4t nguén tu hat gita

(trung td, centriole) & + (mét s nhdm)
Tién mao khéng nhu trén 6 mot s6 vi khudn
Chan gia (pseudopodia) = + (moét s6 nhom)

4. VAI TRO CUA VI SINH VAT TRONG TU NHIEN
VA TRONG NEN KINH TE QUOC DAN

Vi sinh vat s6ng ¢ khdp moi noi trén Trai D4t : tit dinh ndi cao dén t4n d4y bi&n
sdu, trong khong khi, trong dit, trong hdm mé, trong séng ngdi, ao h6, trén da, trong
ting bo phan cia co thé€ ngudi, dong vat, thuc vat, trong cic sin phdm luong thuc,
thyc phdm, vat liéu, hang hda... Ngay ca trong nhiing noi ma diéu kién séng tudng
chung hét sic khic nghiét vin thdy cé sy phat tri€n cia vi sinh vat. Vi khu&n
Pseudomonas bathycetes s6ng dugc & ddy dai duong, noi c6 ap suit téi 1000 atm va
nhiét d6 thudng xuyén chl vao khoang 3°C. Vi khuin Sulfolobus acidocaldarius phat
trién mot cich binh thudng & nhiét d6 85 - 90°C. Vi khudn Thiobacillus ferroxidans
ph4t tri€n trong cac dung dich & mo sit ¢ d6 pH = 1 - 2. Vi khuén Streptococcus
faecalis lai cd thé phat tri€n t6t & moi trudng cé pH = 10 - 11. Vi khu&n ua man
thuéc cdc chi Halobacterium, Halococcus phat tri€n duge ca trong cic dung dich bio
hoa mudi (82% NaCl). Nhiéu loai ndm men phat trién dugc trong mat ong. CS ca
nhitng vi sinh vat cé kha nang déng hda ddu mé, phenol, khi thién nhién...

Trong lg dit ldy ¢ tdng canh tdc thudng cé 1 - 22 ti vi khudn ; 0,5 - 14 trieu
xa khu&n ; 3 - 50 triéu vi nAm ; 10 - 30 nghin vi tdo... Trong 1m3 khéng khi phia
tr.én chuéng gia stic thudng cd 1 - 2 triéu vi sinh vat, trén dudng phé co khoang 5000,
nhung trén mat bi€n chi cé khoang 1 - 2 vi sinh vt ma theéi.

Vi sinh vat s6ng trong dit va trong nudc tham gia tich cuc vao qua trinh phan
giai cdc xdc hitu cog, bién ching thanh CO2 va .céc hop/ chdt\v6 co dung lam thdc an
cho cay tréng (P, K, S, Ca..). Cdc vi sinh vat c8 dinh nito thuc hién viéc bién khj
nito (Nz) trong khéng khi thanh hop chét nito (NH3, NH:) cung cip cho cay c6i. Sg
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lugng nito ma méi nam cay tréng thu nhan dugc nhd con dudng nay nhiéu gip 3 lan
so v6i t6ng s6 phan nito hda hoc dugc sdn xuit ra trén thé& gidi. Vi sinh vat cé kha
nang phan giai cdc hogp chdt khd tan chda P, chia K, chya S va tao ra céc vong
tudn hoan trong tu nhién. Ching ta sé hi6u ré6 hon vé cac vong tudn hoan nay ¢
chuong IX.

Vi sinh vat s6ng trong d4t va trong nuéc cdn tham gia vao qua trinh hinh thanh
chdt mun. Trong d4t, chdt mun 12 kho dy trit thuc an cho cay tréng va la yé&u t6 két
dinh dé€ tao ra cdu tugng cta d4t. D4t cd cfu tugng la ddt cd du diéu kién thich hop
vé d6 dm, vé khong khi, v& ch4t hitu co ddi véi cay tréng.

Vi sinh vat tham gia tich cuc vao viéc phan gidi cdc phé& thai néng nghiép, phé&
thai d6 thi, ph& thai cong nghiép va vi vAy cd vai trdo hét sic quan trong trong viéc
bdo vé méi truong. T4t nhién cac vi sinh vt gay bénh thi lai tham gia vao viéc lam
0 nhiém méi trudng & nhitng noi cé diéu kién vé sinh kém.

Vi sinh vat cé vai trdo quan trong trong nganh nang lugng. Nam 1990 ngusi ta
théng ké thdy nhan loai méi nam da tidu dung mot lugng sinh khéi hda thach (ddu
mo, khi d6t, than d4) tinh theo binh quan ddu ngudi 16n hon 25 l4n so véi khéi luong
bian than cia ho. Ching ta biét ring cic nang lugng hda thach dugc tdi sinh véi tée
d6é hét sic cham. Trong khi d6 nang lugng hda thach dang chi€ém trén 90% nang lugng
tiéu dung trén thé& gisi. Tri lugng ddu mo hién dugc biét sé can kiét vao nam 2030,
cing lam la 2050. Trong cdc nguén niang lugng ma con ngudi hi vong sé khai thac
manh mé trong tuong lai cé nang lugng thu duge ti sinh khéi (biomass). Sinh khéi
la khGi lugng chdt s6ng cua sinh vat. Thuc vt va mot s6 vi sinh vat cé thé tu tao
ra chdt hitu co cta sinh khéi ti khi CO, va nuéc. Hing nam cd khoang 60 - 70 ti
tdn gb cui.dugc sinh ra trén Trai D4t. Bén canh viéc dun n&u truc ti€p gb cui con cé
thé st dung vi sinh vAt va cdc enzim do ching sinh ra d€ chuyén hda sinh khéi thanh
c6n va dung cdn lam nhién liéu (dung riéng ré hay phd8i trén véi xang). Vi sinh vat
12 déng luc dé van hanh cac b€ sinh khi sinh hoc (biogas). Td 1 t4n phan chuéng
dugc dua vao 1én men cé thé lam san sinh ra 70 - 73m> khi sinh hoc, cho nang lugng
tuong duong vdi 451 xang). Riéng Hoa Ki méi nam cé t6i 240 triéu tdn phé& thai cua
nganh chan nuéi. Néu dugc tan dung hét d€ tao ra khi sinh hoc sé lam ra dugc mét
nguén nang lugng thay th€& cho khoang 83 - 110 triéu t4n nhién liéu. Trong khi sinh
hoc c6 50 - 85% la khi CH, va 15 - 50% la khi Co,,.

Vi sinh vat la luc lugng san xuft truc ti€p cha nganh cong nghiép 1én men. Vi
sinh vat cé cdc ki€u trao ddi ch4it phong phu, ¢ ning luc trao d8i ch4t manh mé va
do d6 cd thé san sinh ra rit nhiéu san phdm trao d8i chit khic nhau. Nhiéu san
phdm di dugc san xuit 16n & quy mé cong nghiép. Dudi day la danh sach cdc san
phdm lén men va céc thap ki bit ddu dua dudc vao sin xudt :

Céc thap ki " San phdm

1880 - 1920 : Axit lactic, men banh mi, rugu etilic (etanol), glixerin, axeton-butanol,
amilaza, invertaza.

1920 - 1940 : Axit xitric (limonic), axit gluconic, proteaza, riboflavin
(vitamin BZ)’ sorboza.

1940 - 1950 : Penixilin, baxitraxin, streptomixin, clotetraxilin
(oreomixin, biomixin), neomixin, amphoterixin, axit itaconic,
xenlulaza, pectinaza, amilaza (lén men chim).

1950 - 1960 : Axit glutamic (v& natri glutamat), lizin, oxitetraxilin

(teramixin), tetraxiclin, novobioxin, eritromixin, nistatin,



canamixin, xicloserin, axit aspergilic, axit xitric (Ién men
chim), axit gluconic (1én men chim), peroxidaza, chuyén hca
cac steroit, giberelin, dextran, sinh khéi don bao, axit salixilic

Glucoizomeraza, glucoamilaza, aminoaxilaza, lipaza, lactaza,

xephalosporin, gentamixin, lincomixin, rifamixin, vancomixin,
ribostamixin, blastixidin S, polioxin, valin, chuyén hda sinh
hoc céc steroit, 5’-nucleotit. ThuSc trit sau sinh hoc, xantan.

Bleomixin, candixidin, josamixin, amixin, validamixin, treonin,

rennin, dextranaza, vitamin C (sinh tdng hop), silitol, axit malic.

1960 - 1970 :
1970 - 1980 :
Sau 1980 :

Phenylalanin, avimixin, etilen oxit, poli-8-hidroxibutirat (PHB).

Tu ddu thap ki 70 cta thé ki nay ngudi ta bit ddu thuc hién thanh cong thao
tac di truyén (genetic engineering) & vi sinh vat. D6 la viéc chi dong chuyén mot gen
hay mot nhdm gen ti mét vi sinh vat hay tit mot t& bao cédc sinh vat bac cao (ngudi,
dong vat, thuc vat) sang t&€ bao mét vi sinh vat khac. Vi sinh viat mang gen tai té
hgp nhiéu khi dang mang lai nhitng lgi ich to 16n bsi vi ¢ thé san sinh & quy moé
cong nghé nhitng san phdm trudc day chua hé dugc tao thanh bdi vi sinh vat.

Duéi day la mot s6 san phdm cia cdc vi sinh vat da duge tai t8 hop gen :

San phdm phuc vu y t€ va
tha y

Interferon, insulin, kich t6 sinh trudng ngusi (HGH),
limphokin, interlokin, nhan t6 kich hoat dai thuc
bao (MAF), nhan t8 sinh trudng té€ bao beta, thube
tan fibrin, streptokinaza (SK), urokinaza (UK), chit
kich hoat plasminogen mé (TPA), cdc vacxin th& hé
mdi, nhan t6 mau, kich t6 tuyén dc (Thymosia),
allbumin, eritropoetin (EPO), canxitonin,
gonadotropin, nhan t8 sinh trudéng bi€u bi (EGF),
antitripsin @« — 1, nhan t6 gay hoai ti khéi u
(TNF), nhan t6 kich thich khudn lac (CSF), khéang
thé don clon (MAbs). Cac san phdm c8 dién dugc
san xudt bing vi sinh vat mang gen tai t8 hop (axit
amin, chit khang sinh, vitamin, steroit...)

San phdm phuc vu coéng
nghiép thuc phdm va thuc
an chan nudi

Céac axit amin (axit aspactic, phenylalanin, treonin).
Cédc enzim. Sinh khéi vi sinh vat (hay protein don
bao, SCP)...

San phdm phuc vu
nong nghiép

Thude trit sau vi sinh vat, phan bon vi sinh vat,
kich t6 sinh trudng bdo (BST), kich t& sinh trudng
lon (PST)...

San phdm phuc vu cong
nghiép hoda hoc va cong
nghiép nang lugng

St dung céc ching vi sinh vat mang gen tai tg§ hop
san xudt khi sinh hoc, cdc dung méi hiu co, cac
axit hitu co, céc enzim, cdc chdt phu gia ddu khi,
etilen oxit, poli-f-hidrobutirat...

Bao vé moi trudng

—_

EG4coching vi_sinh vat mang gen tdi t8 hgp cd the
phan gidi manhcae chatph&l thai hoac pha huy cdc
doc chit...
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Trong cong nghiép tuyén khoiang nhiéu ching vi sinh vat da dugc st dung dé hoa
tan cdc kim loai quy tit cdac quang ngheo hoac tit cdc bai chia xi quang. D6 la phuong
phép chat loc kim loai va da dugc sit dung d€ san xudt déng, bac, vang, kém, urani,
coban, arsénic, mangan, gali, germani...

T4t nhién con phai k& dén khong it cac vi sinh vat cd hai. Chung gay bénh cho
ngudi, cho gia sdc, gia cAm, tdm ca, cho cay tréng, cay rung. Ching lam hu hao hoac
bién chat luong thuc, thuc phdm, nguyén liéu, vat liéu, hang hda. Ching sin sinh cic
déc t6 trong dd cd nhitng doc t6 hét sic doc. Chi can lmg doc td cua vi khuin
Clostridium botulinum cing du dé giét hai téi 1000 tin co thé sinh vat. Chi riéng su
tdn cong cua virut HIV (gay ra bénh AIDS) cing du gay ra & cudi th& ki 20 khoang
30 - 40 triéu nguosi mang HIV (90% thuéc vé ciac nudc dang phat trién). Vao thoi
di€ém 4y cd khoang 4,5 triéu tré em bi me truyén HIV sang trong qua trinh mang thai
va khoang 10 triéu tré em trd thanh mé céi vi cha me da bi chét vi bénh AIDS.

5. SO LUOC LICH SU PHAT TRIEN CUA VI SINH VAT HOC

Tu c6 xua, mac ddu chua nhan thdc duge sy tén tai cia vi sinh vat, nhung loai
ngudi da biét kha nhiéu vé cac tac dung do vi sinh vat gay nén. Trong san xuidt va
trong doi séng, con ngudi da tich liy dugc nhiéu kinh nghiém vé cac bién phap loi
dung cdc vi sinh vat cd ich va phong tranh cdc vi sinh vat cd hai.

Trén nhitng vat gitr lai tit thaoi ¢ Hi Lap ngudi ta da thdy minh hoa ca qua trinh
ndu rugu. Nhitng tai liéu khao cd cho biét cach day trén 6000 nam ngudi dan Ai Cap
d doc song Nile da c6 tap quan ndu rugu. Cac hinh vé trén Kim Tu Théap cing cho
thdy nghé n&a rugu va lam bia d C8 Ai Cap cing rit phd bién. Trong Kinh thanh
cing cé dagm miéu td canh say rugu cta Noé sau khi séng sét qua con Dai héng thuy
(cach day trén 5000 nam). o] Trung Quéc rugu da dugc san xudt tu thoi dai van hda
Long Son (cach day trén 4000 nam). Trong cac chit khic trén xuong, trén mai ria
(gidp c6t van ty) ti thoi An Thuong (th& ki 17-11 truéc CN) ngudi ta da thdy co
chit "tdu". Viéc lén men lactic (mudi dua) dugc thuc hién tu khoidng nam 3500 truédc
Cong nguyén.

Muéi dua, lam gidm, lam tuong, lam mam, lam mut, lam sia chua, udp thit, uép
ca... déu la nhitng bién phap hitu hiéu dé hoac st dung, hoac khéng ché& vi sinh vat
phuc vu cho viéc ché& bién va bao quan thuc phdm. Theo sach "Linh nam chich quai"
thi nhan dan ta ti thoi Hung Vuong dung nudc da biét "lam mam bing cdm thd, lam
rugu bing c6t gao".

Viéc sdng tao ra cac hinh thdéc u phan, ngdm phéan, ngam day, ngam gai, x€p ai,
trong luan canh véi cdy ho Dau... déu 12 nhing bién phap tai tinh ma t8 tién ta tu
lau da biét phat huy tdc dung cua vi sinh vat trong néng nghiép.

Vé phuong dién phong tru bénh tat loai ngudi cing da sdm tich liy dugc nhiéu
kinh nghiém phong phi. Ngay tu trudc Coéng nguyén nhing tai liéu cia Hippocrate
(460 - 373 trudc CN), ctia Veron (116 - 27 truéc CN) cua Lucrece (98 - 55 trudc
CN)... da dé cap dén ban chdt s6ng cua cac tdc nhdn giy ra bénh truyén nhiém.

Nguoi c6 cong phat-hién.ra thé giGi yvisinh vat, va cing la ngudi ddu tién miéu
ta hinh thai nhiéu logi vi sinh vat Ja mot riguoi H¥ Lan von la ngudi hoc nghé trong
mot hiéu buén vai. DdJa Antonie van LeduWenhack (1632 - 1723). Ong da tu ché tao
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ra trén 400 chiéc kinh hi€n vi, trong dd c¢d cai phéng dai dugc dén 270 1an. Véi nhing
chiéc kinh hi€n vi cdm tay, c6 guong hoi tu anh sing, ¢ Sc diéu chinh d& cho vat
dinh quan sat roi ding vao tiéu di€m va bang cdch ghé mat vao khe nhd cd gan thiu
kinh mai ldy nho x{u, Leeuwenhoek da lian lugt quan sit moi thd cd chung quanh
minh. Nam 1674 6ng nhin thdy cdc vi khu&n va dong vat nguyén sinh, 6ng goi la céc
"dong vat vo cung nhd bé". f)ng thdy cdc "dong vat" nay cd rdt nhiéu trong bua rang
va ong viét rang trong miéng cta ong s6 lugng cua ching con déng hon ca dan s6
cia Vuong quéc Ha Lan. Nhd sy gi6i thiéu cua Regnier de Graaf 6ng da gui dén Hoc
hoi Hoang gia Anh 200 bdc thu, qua d6 6ng da miéu ta hinh thai va dang chuyén
déng cta nhiéu loai vi sinh vat. Nhiéu bai bdo cia 6ng da duge céng bé trén tap chi
Triét hoc cua Hoc hoi Hoang gia Anh va nam 1680 6ng dugc bau lam thanh vién cua
Hoc hdéi nay. T&t cd cdc quan sat va miéu td cia 6ng da dugc in thanh mé6t bo sach
gébm 4 tap cd nhan dé la "Nhing bi mat cta gi6éi tu nhién nhin qua kinh hién vi".

Chi t6i dau thé& ki 19 nhing chiéc kinh hién vi quang hoc hoan chinh mdi ra doi
véi cidc céng hién to 1dn cua G. Battista Amici (1784 - 1860) Ernes Abbe (1840 -
1905), Karl Zeiss (1816 - 1888)... Nam 1934 chiéc kinh hién vi dién td ddu tién ra
doi. D6 1a loai kinh hi€n vi khong dung anh sang khuéch dai nhd cac thiu kinh ma
ding moét chum dién tu khuéch dai 1én nhd cidc dién tu trudng.

Tu thap ki 60 cta th& ki 19 bit ddu thdi ki nghién cdu vé sinh li hoc cia céc vi
sinh vat. Ngudi cd coéng to 18n trong viéc nay, ngudi vé sau duge coi la ong t8 cua vi
sinh vat hoc 14 nha khoa hoc ngudi Phdp Louis Pasteur (1822 - 1895). Khéd ma tém
tat dugc khéi lugng cdc phat hién d6 s6 ma L. Pasteur da cdng hi€n cho nhan loai.

Viét vé Pasteur nha khoa hoc Nga K.A.Timiriazev da phan tich nhu sau : "Céng
trinh cta 6ng da dem lai nhitng bién ddi quan trong trong ca 3 b6 mén khoa hoc dng
dung kinh dién cta nhan loai. V& cong nghiép, 6ng da dé ra céc co sd hop li, ving -
chic cho hét thiay cac qud trinh 1én men. V& nong nghiép, li luidn cia 6ng cung véi
su phat trién cua T. Schloesing, H. Hellriegel, S.N. Vinogradskii... da vach ra cho céc
nha nong hoc nhitng &nh sing méi vé cac nhiém vu va phuong phdp co ban. Vé y
hoc... tit sau khi loai ngudi nguyén thiy thoat duge ra khoi su uy hiép cta cic da thua
trong ring sau thi trong lich st chua ting cd nhing ti€n b6 nao cé y nghia quyst
dinh nhu cédc céng trinh nghién cdu cia L.Pasteur.”

Dusi day la nién bi€u vé mot s6 cong hién quan trong cia L.Pasteur vé vi sinh vat hoc.

Nam Céng hién

1854 - 1864 Chung minh nhiéu qua trinh lén men (etilic, lactic, axetic...) 1a do vi
sinh vat giy nén.

1862 Nhan giai thudng dac biét cta Vién han lam Khoa hoc Phap vé visc
pht dinh hoc thuyét Tu sinh (spontaneous-generation hypothesis).

1863 Ching minh vi khudn la nguén géc cta bénh than.

1865 Phat hién ra nguyén nhan cia bénh bao tU trung & tam va dé xuat
duoc cac bién phap phong trénh.

1877 Phat hién cédc phdy khudn giy bénh.

1880 Phat hién cdc tu clu khudn gay bénh.

1880 Phat hién cac-lién ‘eAu-khuin géy bénl:
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1880 Tim ra vacxin chéng bénh dich td ga nhd su dung vi khudn da chuyén
sang dang mat doc luc.

1880 Ph4t hién nao md ciu khudn (cung véi Chamberland, Roux va Thuillier)
1881 Tim ra vacxin chéng bénh than.
1883 Phat hién tu huyst khudn lgn (cung v6i Thuillier)

1880 - 1885 Nghién cdu vacxin chdng bénh dai. Ngay 6-7-1885 em bé 9 tudi Joseph
Meister 12 ngudi ddu tién dugc cdu séng nhd vacxin chéng dai cua
L. Pasteur.

1888 Trd thanh vién trudng ddu tién cta Vién Pasteur & Paris (cho dén khi
qua doi). :

Tiép tuc phat huy cac thanh tuu cia L.Pasteur trong viéc kham pha ngudn géc
cia cdc bénh truyén nhiém trong cdc nam tiép theo hau hé&t cac vi sinh vat gay bénh
da phan lap, nuéi cdy va dinh tén. Duéi day 12 mot sd vi du :

Bénh Vi sinh vat Nam phat hién
S6t héi quy Borrelia recurrentis 1868-1873
Phong (hui) Mycobacterium leperae 1873-1874
Thuong han Salmonella typhi 1880
Lao Mycobacterium tuberculosis 1882
Ta Vibrio cholera 1883
Bach hiu Corynebacterium diphtheriae 1883-1884
Ubn van Clostridium tetani 1884
Viém mang nao Neisseria meningitidis 1887
Li Shigella spp. 1891-1898
Dau mua Virut ddu mua 1892-1906
Dich hach Yersinia pestis 1894
Ngoé doc thit Clostridium botulinum 1896
S6t vang Virut s6t vang 1901
Giang mai Treponema-pallidum 1905
Bai liét Virut bai liét 1908-1909
Cim Virut cim 1933
Viém nao Nhat Ban Virut viém nao Nhat Ban 1934-1938
S6t Dango Virut Dengue 1940-1946
Viém gan truyén nhiém Virut viém gan 1942-1962

Nha bac hoc Duc Robert Koch (1843 - 1910) la nguoi da cong su mat thist vai
Pasteur. Ngoai cong lao to 16n trong viéc kham pha ra vi khudn lao, vi khu&n ta, éng
con tim ra phuong phdp phan lap thudn khiét vi sinh vat trén cdc méi trudng dac
(solid medium). Hoc tro ctia 6ng la J.R. Petri (1852 - 1921) da phat kién ra loai hop
16ng lam bang thuy tinh“RKoch da phat hign ra phiong phip nhuém mau t& bao vi
sinh vat. V& sau céc ki thuat nhuomtieuban |d& [duoc cai tién boi Ehrlich (1881),
Ziehl va Neelsen (1883), Loeffler (1884), Gram (1884)... R. Koch dugc nhan giai Nobel
nam 1905. Ngudi c6 ‘cdng ddu tién trong-viéc-c¢hing minh cd sy tén tai cta loai vi
sinh vat nhé bé hon vi khufin nhiéu l4n 1a nha sinh Ii hoc thuc vat Nga D.I. Ivanovskii

13



(1864 - 1920). Ong ching minh c6 sy tén tai cua loai vi sinh vat siéu hi€n vi gay ra
bénh kham (mosaic) & 14 thuéc 14 vao nam 1892. Dén nam 1897 nha khoa hoc Ha
Lan M.W. Beijerinck (1851 - 1931) goi loai vi sinh vat nay la virut (virus) theo géc
La Tinh cd nghia 1a "noc déc". Dén nam 1917 thi F.H. d’ Hérelle (1873 - 1949) phat
hién ra cdc virut cta vi khudn va dat tén la thé thuc khuin (Bacteriophage).

Mac ddu L.Pasteur la ngudi ddu tién ching minh co sd khoa hoc cua viéc ché tao
vacxin nhung thuat ngit vacxin (Vaccin, tit gdc La Tinh Vaccinae c6 nghia la bénh dau
mua bd) lai do bac si nong thén ngusi Anh Edward Jenner (1749 - 1823) dat ra. Ong
la ngudi diu tién nghi ra phuong phdp ching mu dau bd cho ngudi lanh dé dé phong
bénh dau mua hét sic nguy hiém cho tinh mang con ngusi.

Nguoi dat nén mdng cho khoa Mién dich hoc (Immunology) 1a nha khoa hoc Nga
Ilya Ilitch Metchnikov (1845 - 1916). Ong da dén Paris nam 1887 dé gap L. Pasteur
tud nhitng ngay ddu xay dung Vién Pasteur Paris. V@i li thuy&t "thuc bao" ndi tiéng
6ng da duogc nhan giadi thudong Nobel nam 1908 (cung véi P. Ehrlich).

Can phai ndi thém cong lao cua nha khoa hoc ngudi Anh J. Lister (1827 - 1912),
ngudi da dé xuit ra viéc sit dung cac hda chat diét khudn va viéc st dung phuong phap
vo trung trong phiu thuat.

Nha khoa hoc Phap géc Nga S.N. Vinogradskii (1856 - 1953) la nguti ddu tién phat
hién ra vi khudn sit (1880), vi khudn luu huynh (1887), vi khuidn nitrat héa (1890).
Nha khoa hoc Ha Lan M.W. Beijerinck (1851 - 1931) la nguoi dau tién phan lap duge
vi khudn nét san Rhizobium (1888), vi khuin c6 dinh dam higu khi Azotobacter (1901),
vi khudn lén men butilic, vi khudn phan giai pectin va nhiéu nhdm vi khuin khac.

Ngudi dau tién phat hién ra chdt khang sinh la bac si ngudi Anh Alexander Fleming
(1881 - 1955). Nam 1928 ong la nguoi diu tién tiach dugc ching ndm sinh chit khédng
sinh penixilin, md ra mét ki nguyén méi cho kha nang ddy lui nhanh chdng cdc bénh
nhiém khuin. Ong dugc nhan giai thudng Nobel nam 1945 (cung voi B.E. Chain va
H.W.Florey). Nam 1944 nha khoa hoc Mi géc Nga S.A. Waksman phat hi¢n ra Streptomixin
va dugc nhan giai thudng Nobel vao nam 1952. Hang loat cac chdt khang sinh quan
trong khac da dugc lién ti€p phat hién va dng dung vao cdc nam tiép sau : baxitraxin
(1945), cloramphenicol (1947), polimixin (1947), clotetraxiclin (1948), xephalosporin (1948),
neomixin (1949), eritromixin (1952), grizeofulvin (1959), gentamixin (1963), kasugamixin
(1964), bleomixin (1965), validaxin (1970)...

Nam 1897 Eduard Buchner (1860 - 1917) lan d4u tién ching minh duge vai trd cua
enzim trong qua trinh lén men rugu. Ong da nghién nat t€ biao nim men bang cat thach
anh va ldy chat dich v6 bao chiét rit ti men dua vao mét dung dich chda 37% dudng,
sau nita gig da bat ddu thdy san sinh CO, va rugu etilic. Khoa hoc vé enzim (Enzymology)
hinh thanh va phat trién nhd hang loat cac thanh cong tiép theo : Nam 1897 B. Bertrand
phat hién ra va dat tén cho nhom coenzim ; A. Harden va Young c6 dac dugc mét nhém
coenzim goi 12 cozimaza (sau nay dugc xdc dinh la NAD - nicotinamid adenin dinucleotid)
vao nam 1905 ; Sorensen ching minh anh hudng cia pH dén hoat dong cua enzim
(1909) ; Neuberg dé xudt con dudng hda hoc cia qui trinh 1én men (1912) ; Batelli va
Stern kham pha ra dehidrogenaza.(1912).;.Warburg.nghién.ciu.vé enzim tham gia vy,
qua trinh hé hdp (1912) § Michaglis-va Menten dé xudt ra dong hoc cia hoat dong cia
enzim (1913) ; J. B. Sumner (1887 - 1955) gidi Wobal 1946,/ 14n ddu tién két tinh dyge
moét enzim va ching minh bAn chat protein cua enzimeureaza nay (1926) ; J.H. Northrop
két tinh lién tiép dugc nhiéu enzim khic nhu pepxin (1929), tripsin (1931), chimotripxiy
(1933) ; Kelin phan lap dwoe-xitoecrom=ec=(1933);~H-A:Krebs-va-Henselei khdm pha ry
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chu trinh ure (1933) ; Embden va Meyerhof ching minh qua trinh phan giai dudng
(1933), Kuhn xic dinh vitamin BZ la mét thanh phan ctia enzim vang (1935) ; HA.
Krebs tim ra chu trinh axit xitric (1937), gidi Nobel 1953 cung voi F. A. Lipmann ;
Lipmann xdc dinh vai tro trung tam cia ATP trong qua trinh van chuyén nang luong
(1939 - 1941) ; G. W. Beadle va E.L. Tatum ching minh li thuyét "l gen - 1 enzim"
(1940, giai Nobel 1958 cung véi J. Lederberg) ; A. Kornberg kham pha ra ADN polimeraza
(gidi Nobel 1959 cung véi S.Ochoa).

Tinh dén nam 1984 ngudi ta da biét dén 2477 loai enzim khdc nhau va enzim da
cd mat trong rdt nhiéu hoat dong sian xudt va doi séng cia con ngudi. Cung vdi viéc
st dung enzim bit dong (immobilized enzymes), cong nghé enzim da trd thanh mot trong
cdc mii nhon ctia Céng nghé sinh hoc.

Céac nha vi sinh vat con tao ra budc ngoat cta di truyén hoc. D.T. Avery, C.M. MacLeod,
M. Mc. Carty vai thuc nghiém trén vi khudn (1944) da ching minh qua trinh bién nap
duge thuc hién théng qua ADN ; H. Fraenkel - Conrat va B. Singer thi nghiém 'lap
rap" virut kham thuéc la (1957) va da ching minh thém vai trd cta axit nucleic trong
viéc chuyén giao thong tin di truyén. Nhu vay 1a cung véi phat hién vi dai vé cdu tric
ADN xo4n kép cua J.D. Watson va F.H.C. Crick (1952, giai Nobel 1962 cung v6i M.H.F.
Wilkins), phdt hién vé vai trd cia operon trong viéc "déng, md gen" cua F. Jacob,
J. Monod (1961, giai Nobel 1965 cung vo6i A.Lwoff), viéc xdc dinh ra ma di truyén
cia M. Nirenberg, G. Khorana (1961 - 1965, gidi Nobel 1968 cung vdi R.Holley)...
con ngudi da du nhan thdc d€ cd duge buc tranh toan cadnh vé cdu tric chuc nang
va cdc quy luat van dong cua vat liéu di truyén, md ra ki nguy2n tao ra cic cd thé
hoan toan méi la moét cach chi dong nho mang gen tdi t8 hgp. Cac chung vi sinh
vat dugc tao ra nho thao tdc di truyén sé c¢d mat trong doi s6ng nhan loai ¢ moi
linh vuc khdc nhau. DS 1a hi vong d€ thdo gd moi khd khan vé luong thuc, vé thuc
phdm, vé thu6c men, vé bdo vé mdi trudng. Mat khdic cing la méi de doa khung
khi€p d6i v4i nhan loai néu cac vi sinh vat da thay d6i gen duge st dung trong chién
tranh nhu nhing loai va khi phan ti v6 phuong cdu chira.

Mot vai méec quan trong cd thé k€ dén la :

Nam 1970 mét s6 nha bac hoc (H.O. Smith, K. W.Wilkox, T.J. Kelly lan dau tién
tach duge loai enzim (men) cd khd nang cdt ADN ¢ nhitng vi tri xdc dinh (restriction
endonuclease). Nam 1972 nhdm bac hoc Mi H. Boyer, P. Berg, S.N. Cohen lan dau tién
téng hgp ra dugc mot ADN theo y muén, ngudi ta goi la ADN tdi t8 hgp (recombinant
DNA). Trong khodng 1975-1977 nhém bac hoc Mi F. Sanger, va W. Gilbert (giai Nobel
1980) va A. Maxam phat hién ra mét ki thuat cho phép xdc dinh nhanh chdng trat ty
cdc nucleotit trong ADN (DNA sequencing).

Nam 1978 lan dau tién sidn xudt ra insulin (chita bénh ti€u dudng) bing cong nghe
gen (dung vi khudn da dugc ghép gen ma hda vige sinh tdng hgp ra insulin. Nam 1982
thudc insulin tdi t8 hgp duge Mi va Anh cho phép ung dung rong rii. Cing vdao nam
ndy ngudi ta da ché tao thanh cong kich t6 sinh trudng ngusi (HGH - Human Growth
Hormone). Nam 1988 J.D Watson nhan cha tri Dy 4n hé gen nguoi (HGP - Human
Genome Project) vai kinh phi duge Chinh phu Mi ddu tu la 3 ti USD. Nam 1996 hoan
thanh viéc kham pha hé gen (genom) cia men rugu (Saccharomyces cerevisiae). Nam
1997 Jan Wilmut va cac cong sy ¢ Vién nghién cdu Roslin, gan Edinburgh (Scotland)
lan dau tién cho ra doi c6 cltu Dolly bing ki thuat sinh san v6 tinh (cloning) khéng can
téi qua trinh thu tinh.

Ngay 26/6/2000 cting mét lic cac, nha khoa hoc thudc hai nhém nghién cdu doc lap
l1a nhém Consortium eua F. Collins va nhom Celera, Genomics c¢tia C. Vainter da céng bs
viéc kham pha ra hdu nhu'todn bé hé gen'(genom) cia ngudi.
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He¢ théng phan loai 5 gidiycua Rads Whittaker (1920-1981)
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MOT SO MOC TRONG LICH SU VI SINH VAT HOC

Hooke- Lan diu tien quan sat thay té bao

Van Leeuwenhoek - Lan ddu tién quan sat thay vi sinh vat séng
Linnaeus - Phan loai cac sinh vat

Jenner - Lan diu tién tiém ching vacxin dé phong bénh dau mua

Bassi - Phat hién bénh nam cua tim

Semmelweis - Phat hién st ¢ tré so sinh do nhiém khuan

DeBary - Phat hién bénh ndm o thuc vat

Pasteur - Phat hién qua trinh 1én men
Pasteur - Bidc bo thuyét tu sinh

Lister - Dé xuat phuong phap phau thuat vé trung
1870\ Abbeé - Dé xuat ki thuat kinh hién vi soi ddu

Koch - Dé xuat li thuyét mam bénh (Germ theory )
Neisser - Phat hién lau cau

Koch - Dé xuat phuong phap phan lap thuan khiét vi sinh vat

Koch - Phat hién truc khuan lao

Hess - Dé xuat méi truong thach ( Méi truong dac )

Koch - Phat hién vi khuan ta

Metchnikoff - Dé xuat hoc thuyét thuc bao

Gram - Dé xuat phuong phap nhuém Gram

Escherich - Phat hién truc khuin coli

Petri - Dé xuat dung hép 16ng ( Hop Petri )
Von Bering - Phat hién khang déc té bach ciu

Ehrlich - Dé xuit i thuyét mién dich

2 Winogradsky - Dé xuit chu trinh luu huynh

8 Shiga - Phat hién truc khuian i

910 Ehrlich - Phat hién xoan thé giang mai

8!
3!

Fleming, Chain, Florev - Kham pha ra Pénixilin
Griffith - Phat hién hién tuong bién nap ( Transformation)

Stanley, Northrup, Sumner - Phat hién vi rut két tinh( Crystanllizet virut)
Beadle and Tatum - Dé xuit méi quan hé giia gen va enzym
Delbruck and Luna - Su xam nhiém cua vi rut vao vi khuan
Avery, MacLeod, McMarty - Chung minh vat héu di truyén la ADN
Lederberg and Tatum - Phat hién hién tuong tiép hop
Watson and Crick - Kham pha ra cau tric cia ADN

Stewart - Nguyén nhan virut déi vél ung thu
Edelman and Porter - Phat hién khang thé
4 Epstein, Achong, Barr - Phat hién ra virut Epstein-Barr gay ung thu & ngua
Whittaker - Dé xuat hé théng phan loai 5 gigi sinh vat
Nathans, Smith, Arber - Phat hién men Pestrictaza ( Dung trong ki thuat di truyén)
Berg, Boyer, Cohen - Dé xuatki thuat di truyén
Dulbecco, Temin. Baltimore - Phat hién men Transcriptaza nguoc
Arber, Smith, Nathans - Phat hién men Endonucleaza gié han
Mitchell - Phat hién co ché tham thau hoa hoc
Margulis - Dé xuat nguén gdc cac té bao c6 nhan that
Klug - Phat hiéncau truc cia virut dém thuéc la ¢ Kham thuée la )
McClintock - Phat hién gen nhay

Deisenhoter, Huber, Michel - Phat hién cac sae 18 quang hep vikhaan
Bishop and Varmus - Phat hien gen vng thu (Oncegeness

Murray and*Thomas='Ghep co quan cualcaithe
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Kinh hién vi cua Lecuwenhoek
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Louis Pasteur (1822 - 1895)
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Robert Koch (1843-1910)
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CHUONG 11

HINH THAI VA CAU TAO TE BAO
CAC VI SINH VAT NHAN NGUYEN THUY (PROKARYOTES)

Vi sinh vat nhan nguyén thuy bao gém : Vi khudn that (Eubacteria) va vi khudn
c8 (Archaebacteria). Trong vi khudn that lai gém r4t nhiéu nhdm khic nhau. Nhing
nhém chd y&u 1a vi khufn (Bacteria), xa khufin (Actinomycetes), vi khudn lam
(Cyanobacteria) va nhdm vi khudn nguyén thuy Micoplatma (Mycoplasma), Ricketxi
(Ricketsia), Clamidia (Chlamydia).

1. VI KHUAN
1.1. Hinh th4i, kich thuée, nhuém mau

Vi khudn ¢ nhiéu hinh thai, kich thuéc va cdach sdp xép khic nhau. Dudng kinh
cia phdn 16n vi khudn thay d8i trong khoang 0,2 - 2,0um, chiéu dai co thé khoang
2,0-8,0um. Nhitng hinh dang chu y&u ciua vi khudn 12 hinh cdu, hinh que, hinh d4u
phdy, hinh xoin, hinh ¢é cuéng, hinh cé sgi ...

O vi khudn hinh cdu (cu khu&n - Coccus, s6 nhiéu la Cocci, tit chit Hi Lap Kokkys
la qua mong) tiy theo phuong hudng ciia mit phidng phan cit va cach lién két ma ta
cd : Song cdu khudn (Diplococcus), Lién cdu khudn (Streptococcus) td cdu khudn
(Gaffkya), tu cdu khudn (Staphylococcus). & vi khusn hinh que - tryc khudn (Bacillus),
(nghia tiéng La Tinh 1a que ngidn) ; Bacterium, (ti chit Hi Lap Bakterion la que
ngin) cé thé gip dang don, dang déi, dang chuéi...

O vi khuin hinh xoin cé dang hinh d&u phdy : Ph&y khudn (Vibrio), hinh xoin
thua (xodn khuin - Spirillum), hinh xoidn khit (xo4n thé - Spirochaetes).

Con cé thé gap cac hinh dang khac ¢ vi khudn (hinh khéi vuéng, khéi tam gidc,
khéi hinh sao...). Chi Beggiatoa va Saprospira cé t&€ bao néi dai thanh dang soi, chi
Caryophanon c6 t€ bao hinh dia x&p 16ng vao nhau nhu mét xau ciac déng xu...

Méi t& bao vi khufin déu rit nho va rdt nhe. Ldy truc khu&n dai trang Escherichia
coli lam vi du. Vi khuin nay cé kich thuéc 2,0 x 0,5u¢m, 1 ti vi khuin nay méi c6
lmg ma thoi.

Vi t€ bao vi khudn vita r&t nhd bé, vita trong subt cho nén né&u soi tuoi (phuong
phap giot treo) dudi kinh hi€n vi chi c§ tHé thiy duoe dai thé vé hinh dang va tinh
trang di dong. Mudn quan sit ki hon dudi kinh hién vi quang hoc cdn phai nhuém
mau. C6 rédt nhiéu phuong phdp nhuom mat, (cd¢-phuong phdp chinh gém c6 :
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A. Phuong phép nhuém vi khudn chét bao gdm :
(a). Phuong ph4ap nhuém anh duong
1. Phuong phdp nhuém don
2. Phuong phip nhuém phan biét
- Phuong phdp nhuém Gram
- Phuong phdp nhuém khing axit
- Phuong phdp nhuém bao td néi sinh
- Phuong phdp nhuém Giemsa.

(b). Phuong phdp nhuém anh &m. Chidng han ding muc tau d€ lam néi lén bao
nhdy (capsule) cua vi khuén.

B. Phuong phép nhuém vi khuén séng

Dung thudc nhudém xanh metilen, thuéc nhuém TTC (triphenyl tetrazolium chloride)

Dac biét quan trong la phuong phdp nhudm Gram do nha vi khu&n hoc Dan Mach
Hans Christian Gram (1853-1938) phat minh ra tit nam 1884. Nhd phuong phép nay
cé thé phan biét vi khuidn ra thanh 2 nhém 16n : vi khu&n Gram duong (gram -
positive) va vi khu&n Gram 4m (gram - negative).

D4u tién cd dinh tiéu ban vi khudn bing ngon lta réi nhuém thuéc ddu bing dung
dich tim tinh thé€ (crystal violet) trong khoiang 1 phit. Rta bing nuéc. Nhudm ti&p
bing dung dich i6t (dung dich Lugol) trong mét phiat. Rita bing nuéc. Phu 1én vét boi
dung dich etanol 95% : axeton (1 :1) trong khodng 1 phit. Lai ria bing nuéc. Sau dé
nhuém ti€p bing thu6c nhuém mau d6 (nhu safranin hay Fuchsin Ziehl) trong 30-60
gidy. Ria qua nudc, d€ kho r6i soi kinh. Nhém vi khuin Gram duong cé dic tinh
khong bi dung méi hitu co (etanol, axeton) tdy phuc ch&t mau giita tim két tinh va
i6t. K&t qua cubi cung s& bit mau tim. Nhém vi khudn Gram am bi dung moi tdy
mau thuéc nhuém ddu do d6 sé bat mau véi thuc nhudm b8 sung (dd vang véi Safranin
hay dé tfa v&i Fuchsin). Gram duong va Gram am thudng dugc viet tat 1a G* va G,

Dang chd y 1a 2 nhém vi khufn Gram duong vad Gram &m cd rdt nhiéu dic di€m i
khac nhau ma ching ta sé xem xét téi trong cdc phén sau.
Duéi day 12 mét s6 vi du vé cédc chi vi khu&n thu¢c Gram duong va Gram am :

Gram duong : Micrococcus, Deinococcus, Planococcus, Marinococcus, Saccharococcus (clu
khu&n hi€u khi), Staphylococcus, Aerococcus, Enterococcus, Gemella, Lactococcus, Leuconostoc,
Pediococcus, Melisococcus, Stomatococcus, Streptococcus (cAu khufn kj khi khong b4t buéc),
Peptococcus, Coprococcus, Peptostreptococcus, Ruminococcus, Sarcina (c8u khufn ki khi),
Brochothrix, Carnobacterium, Lactobacillus, Caryophanon, Erysipelothrix, Kurthia, Listeria,
Renibacterium, (truc khufin khéng sinh bao ti), Arthrobacter, Aureobacterium, Brachybacterium,
Brevibacterium, Caseobacter, Clavibacter, Curtobacterium, Deinobacter, Exxguobtwtenum,
Jonesia, Microbacterium, Pimelobacter (truc khufn khéng sinh bao ti cé hinh khéng déy,
hi6u khi), Actinomyces, Agromyces, Arcanobacterium, Cellulomonas, Corynebactenum
Gardnerella, Propionibacterium, Rarobacter, Rothia (nhu nhém trén nhung ki khi khéng b4t
buéc), Acetogenium, Bifidobacterium, Butyrivibrio, Coriobacterium, Eubacterium, Lachnosp;ru
Thermoanaerobacter (nhu nhém trén nhong kil -khi).

Gram  m Aquaspirillum, 5 Azospirillum, _"Bdellovibrio, Campylobacter,
Herbaspirillum, Oceanospiritlum, Spirillum, Vampirovibrio (phdy khufn, xoin khu#n g;
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dong), Flectobacillus, Meniscus, Ancylobacter, Runella, Spirosoma (hinh cong, khong di
dong), cdc chi thudc cac ho Pseudomonadaceae, Azotobacteraceae, Rhizobiaceae,
Methylococcaceae, Acetobacteraceae, Legionellaceae, Neisseriaceae, cac chi Achromobacter,
Acidiphilium, Agromonas, Alcaligenes, Alteromonas, Beijerinckia, Bordetella, Brucella,
Curpriavidus, Deleya, Derxia, Flavobacterium, Francisella, Halomonas,
Janthinobacterium, Lampropedia, Marinomonas, Methylobacillus, Methylobacterium,
Methylophaga, Methylophilus, Mycoplana, Ochrobacterium, Paracoccus, Rugamonas,
Serpens, Sphingobacterium, Taylorella, Thermomicrobium, Thermus, Weeksella,
Xanthobacter (cdu khudn, truc khufn hi€u khi), cdc chi thudc cdc ho Enterobacteriaceae,
Vibuonaceae, Pasteurellaceae, Aeromonadaceae, cdc chi Chromobacterium, Zymomonas,
Streptobacillus, Cardiobacterium... (truc khudn ki khi khéng bat bu6c) v.v...

1.2. Thanh t€ bao (cell wall)

Thanh t& bao 1a 16p cdu tric ngodi cung, cd dd ridn chic nhdt dinh dé duy tri
hinh dang t& bao, cé kha nang bio vé t€ bao d6i v6i moét s6 diéu kién bat lgi. Néng
d6 dudng va mudi bén trong t€ bao thudng cao hon bé ngoai t€ bao (4p suft th&m
thdu tuong duong véi dung dich glucozo 10-20%) do dd t& bao hdp thu kha nhiéu nudc
ti bén ngoai vado, néu khoéng cd thanh t€ bao ving chic thi t& bao sé bi vd. Khi thuc
hién qué trinh co nguyén sinh réi quan sat du6i kinh hién vi tiéu ban t& bao vi khufn
ta cd thé nhin thdy l6p thanh t€ bdo. Quan sat dudi kinh hi€n vi dién ti cang thdy
ré6 hon nhiéu.

Trong nhitng truong hop sau day cé thé khéng quan sat th5y cé su tén tai cua
thanh t& bao : [k Ald '/ },’{“ Dt [“ mang ;.‘ It '

Iy 0

Thé h{Lguyen,smh (protoplast) Sau khi dung lizozim d& phé vd thanh t& bao hoic

dung pet_nxnlm dé wc ché viéc téng hop thanh t& bao cd thé tao ra nhing t€ bao chi
duuc bao boc bang mang té bAo chit. Thubng chi gap é vi khuén G*. " Ha

’Thé cbu (t& béo trén, sphaeroplast) Thé nguyén smh chi con sét lai mét phén cua
thanh t& bao, thudng chl gap & vi khudn G~. |/ - (i '

Vi khudn deng L (L - formes hay L - phase variants). Nam 1935 Vién nghién
cdu y hoc du phong Lister & Anh phat hién ra mét dang dot bi€n khéng cd thanh t&
bao ¢ truc khudn Streptobacillus moniliformis. T€ bao cua ching phinh to lén va rit
min cdm v6i 4p sudt th&m th4u, trén méi trudng dic, khudn lac nhé bé va cé dang
6p l6t. Dung chit L & day 1a 14y chit ddu cua Lister Institute (Vién Lister). Nhiéu vi
khu&n cad G* lin G~ déu cd thé€ hinh thanh ra dang L. Truéc kia nhiéu ngudi da nhim
14n, x&p ca thé nguyén sinh va th€ cfu vao dang L. Hién nay ta chl coi dang L la
chiing vi khudn thi6u thanh t& bao dugc sinh ra do dot bién trong phong thi nghiém
va cd th€ mang tinh di truyén 8n dinh. o

P(Mzcoplatma Mot dang vi khuin khéng cd thénh té bao sinh ra trong qui trinh

tién hdéa lau dai cia ty nhién (xem phan sau).

Thé nguyén sinh va thé€ cdu cd cdc.dac.di€ém.chung.la khéng cd thanh t& bao, t&
bdo trd nén cé hinh ciu, rét-min cam_vai 4p ,sudt.thdm th&u, cé th€ cd tién mao
nhung khong di dong duge, khéng mén cam véi thé' thuc khuin (phage, bacteriophage),
t€ bao khong phan cdt dugc... Néu truéc khij hinkD thanh thé nguyén sinh va thé cdu
da c6 sy xAm nhap ciia thé€ thue khudn thl cac thé thuc khufn nay vidn sinh sbi nay
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nd va lam pha vo t& bao. Cing nhu vay n&u dang hinh thanh bao tu trudc khi sinh
ra th€ nguyén sinh thi bao ti nay vdn-dugc hinh thanh mét cach binh thudng

Thanh t&€ bao cd cac chic nang chu y&u sau day :

—~ Duy tri ngoai hinh cua té& bao

- Hé trg su chuyén dong cua tién mao

- Gidp té€ bao dé khang vdi céc luc tdc dong ti bén ngoai (chang han vi khudn
G* chiu dugc 4p sudt thdm th&u téi 15-20 atm, vi khudn G~ chiu dugc téi 5 - 10atm).

- Can thiét cho qua trinh phdn cat binh thudng cta t& bao.

- Can tré su xam nhap vao t&€ bao ctia moét s6 chdt cé hai (chdng han thanh t€&
bao vi khudn G~ c¢d th€ ngan can su xam nhép cia cdc chit khang sinh cé khéi lugng
phan td vugt qua 800).

- C6 lién quan mét thiét dén tinh khang nguyén, tinh gay bénh, ching han nhu
kha nang sinh néi doc t6, tinh mdn cam véi thé thuc khudn...

Thanh phdn cdu tao cta thanh t€ bao riat phic tap. C4u tric cta thanh t& bao vi

khuin G* va G~ rit khic nhau. C6 thé nhic dén mét sai khac chui y&u nhu sau vé
ti 16 cac thanh phdn cta thanh t& bao :

Ti lé % d6i véi khéi lugng khé cua
Thanh phan thanh t€ bao vi khuin
G* G-
Peptidoglican ‘ 30-95 5-20
Axit teicoic cao 0
Lipoit hdu nhu khéng cd6 20
Protein khéng c6 hoac it cao

Peptidoglican la loai polime x6p, khong tan, kha cing va bén viing, bao quanh t&
bao nhu mé6t mang ludi. Cdu tric co ban cia peptidoglican gém cé 3 thanh phén :
N - axetylglucozamin (N - acetylglucosamine), axit N - axetylmuramic va tetrapeptit
chia cA L va D axit amin.

Dé tao thanh mang ludi cing, tetrapeptit trén méi chudi peptidoglican (PG) lién
két chéo véi cdc tetrapeptit trén chubi khdc. Déng thai cdc thanh phén cta lusi phai
dugc lién tuc mé ra bdi cdc enzim autolizin d€ polime méi ¢ thé lap thém vao va t&
bao ¢é thé sinh trudng, phédn cat.

3 cac vi khudn G~ 16p ngoai cing cua thanh phdn té& bao la 2 16p lipopolisaccarit
¢ dan xen véi cdc phan tu protein. Cédc protein nay da dugc ching minh 1a cg kha
niang chdng lai sy tdn cong cua cdc vi khudn khac. Thanh t& bao cho phép céac chat
dinh dudng di qua nhung lai cd th€ ngan cdn su x&m nhip cia mot s6 chAat cg hai
dsi voi t& bao (thudc nhuém, mot s6 chdt khang sinh, muéi mat, musi kim loai nang
mot s6 enzim phan gidi).

ang,

Thanh t& bao vi khuin G*-co-thé bi_phd huy hoan toan dé trd thanh thé nguyén
sinh khi chiu tdc dong cha lizozim (e6 chda’ trong/long! trang tring, nudc mat, nuge
mudi, dudi cia thé thue khuan..). Thanh t& baovijkhuédn G cd sic dé khang lon hon
véi lizozim do dé bi pha hly-{t“hen voi lizozim.
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O vi khudn G* c6 téi 50% trd lén khéi lugng khd ctia thanh té& bao la peptidoglican
trong khi & vi khudn G~ ti 1é nay chi khoang 5-10% ma théi. Hién da biét dugc toi
100 ki€u peptidoglican khac nhau dugc goi 1a cdu trung gian (interbridge). Mot s6 axit
amin khong bao gié thdy cd trong cdc cdu trung gian chiang han nhu valin, loxin,
izoloxin, xixtein, metionin, histidin, acginin, prolin, phenylalanin, tirozin.

Axit teicoic 1a moét thanh phdn dac trung cta t& bao vi khuan G*. Chir "teichoic”
la tu tiéng Hi Lap "teichos” la thanh, vach. Axit teicoic 14 polime cua ribitol va glixerol
photphat lién két véi PG hoiac mang t& bao chédt. Loai lién két véi mang t& bao chat
dugc goi la axit lipoteicoic. Do tich dién a4m axit teicoic giip cho viéc van chuyén cic
ion duong vao, ra t& bao va gitp t€ bao du trit photphat. Ngoai ra axit teicoic con
lién quan dén khing nguyén bé mat va tinh giy bénh cta mét s6 vi khudin G*. Ching
con goi la thu thé hdp phu diac biét d6i v6i moét s6 thé thuc khudn.

Vi khudn G~ cé thanh t€ bao vdi cdu tric kha phdc tap. Trong cung la mot ldp
PG moéng. Cach mot 16p khong gian chu chdt 1a téi 16p mang ngoai. Mang ngoai cd
cdu tric gin giéng véi mang t€ bao chit nhung photpholipit hdu nhu chi gip & lép
trong, con 16p ngoai la lipopolisaccarit (LPS). LPS day khoidng 8-10nm va cdu tao bdi
3 thanh phdn nhu sau :

- Lipit A : 2 phan tit N - axetylglucozamin, 5 chudi dai axit béo

+ Polisaccarit 16i :

Vung 16i trong :

+ 3 phan tad KDO (ketodexyoctulosonic acid)
+ 3 phan td Hep (L - glixerin - D - heptose)

Vung 16i ngoai : Cac phan tu hexozo (bao gém glucozamin, galactozg, glucozo).

+ Khang nguyén O : Phén polisaccarit vuon khoi mang vao méi trudng, gém céac
phan tu hexozo (bao gém galactozo, ramnozo, mannozd, abequoza).

Phéan lipit A la néi déc t6 cua vi khudn, gay ra s6t, tiéu chay, pha huay héng cau
va din dén s6c (shock) nguy hiém.

Khing nguyén O quyét dinh nhiéu dac tinh huyé&t thanh cta cac vi khudn cd chda
LPS va la vi tri gdn (thu thé) cua thé thuc khudn.

Mang ngoai cta vi khudn G~ cdon cd thé cd mot s6 loai protein, dé la :

- Protein co chidt (matrix protein) : Ching han porin & vi khudn Escherichia coli.
Porin con goi 1a protein 16. Cdc protein ndy ndm xuyén su6t qua mang ngoai va cho
phép di qua ching mot sé loai phan ti nhu dudng (nhit 1a disaccarit), axit amin,
dipeptit, tripeptit, penixilin va cac ion vé co.

- Protein mang ngoai (outer membrane protein, OMP) : OMP la loai protein cd
nang luc van chuyén chuyén biét mét s8 phan ti kha 16n va dua ching di qua mang
ngoai, nhu vitamin Bn' nucleotit, fericrom, enterokelin.

- Lipoprotein : R4t nhiéu chung loai, cha y&u la cic lipoprotein ¢ khéi lugng phan
tt 7200. Ching cd vai trdo lién két gita lép PG bén trong véi 16p mang ngoai.

- Lop khong gian chu chdt : Lép khéng gian chu chdt khong chi ¢ gita 16p mang
ngoai va 16p PG méng & thanh t€ bao vi khuin G ma con c6 § gita 16p thanh té&
bao va 16p mang t€ bao chét eia ca vi khuvan G'\Jan"G . Trong lép nay cé nhiéu loai,

chdng han proteinaza, nucleaza, protein van chuyén.qua mang, protein thu thé (lam
ché bam cua thé thuc khuin)..
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Trong qua trinh nhuém Gram t& bao truéc hét duge xi 1 véi tim tinh thé réi voi
i6t. K&t qua la cd sy tao thanh phiéc chat tim tinh thé - i6t bén trong t€ bao. Khi
vi khudn G~ bi tdy con, lipit cia 16p mang ngoai bi hoa tan lam tang tinh th&m cua
mang din dén sy rda troi phdc chit tim tinh thé - i6t va lam cho vi khuin m&it mau.
I’{hi nhuém b3 sung ching sé bit mau v6i thuéc nhuém nay (mau doé vang hay do tia).
O vi khudn G* c6n lam cho cac 18 trong PG co lai do d6 phuc ch4t tim tinh thé -
i6t bi gitt lai trong t& bao.

1.3. Mang t&€ bao chit (cytoplasmic membrane)

Mang t&€ bao chit con dugc goi la mang t€ bao hay mang chit (cytoplasmic
membrane), viét tat la CM. CM day khodng 4-5nm.

CM c&u tao boi 2 16p photpholipit (PL), chiém khodng 30-40% khdi lugng va cac
protein nidm phia trong, phia ngoai hay xuyén qua mang chiém 60-70% khéi luong.
Méi phan td PL chda mét dau tich dién phan cuc (dau photphat) va mét dubi khong
tich dién, khéng phan cuc (d4u hidrocacbon). Ddu phan cuc tan trong nudc nim phia
trong. Ddu photphat cdon goi 1a ddu hdo nuéc con ddu hidrocacbon con goi la ddu ki
nudc. Cac PL trong mang lam mang hda ldng va cho phép cac protein di déng tu do.
Su hda long dong hoc nay la can thiét cho cdc chdc niang cia mang. Cach sip xEp
ctia PL va protein nhu vay goi 12 mé hinh kham léng.

Hau hé&t mang t& bao chdt cia vi khuidn (vi khudn that) khéng chda céc sterol,
nhu colesterol, do d6 khoéng ciing nhu CM cua cdc t€ bao cd nhan that. Micoplatma la
nhém vi khudn that khéng cd thanh t&€ bao. CM cua ching cd chya sterol do dé kha
viing chéc.

CM la hang rao d6i v6i da s§ cdc phan tit tan trong nudc va cd tinh chon loc hon
nhiéu so véi thanh t&€ bao. Tuy vay do CM c6 chia cdc protein dic biét goi la pecmeaza,
ching c6 thé van chuyén cic phan tid nhd vao t€ bao theo co ché thu dong, khéng
cdn niang lugng hodc chi dong, cdn nang luong.

CM & vi khudn la vi tri lam nhiém vu hé hép (tuong tu nhu mang trong cé dang
gdp khic & ti thé cua céac t€ bao cd nhan that). CM cé chia cac protein cua chubi hd
hdp va cdc enzim tdng hop ATP (ATP synthetase). O csc vi khudn luu huynh mau tia
CM con cé chita cad b6 mdy quang hop.

& CM ta con gap cac enzim tham gia vao cdc qua trinh téng hop lipit mang, PG,
axit teicoic, LPS, va con giap ca cac polisaccarit don gian.

CM con chda cdc vi tri gdn vdi nhiém sic thé (NST) va plasmit, dong vai tro quan
trong trong viéc phan phéi cdc y&u t6 di truyén vao ting t€ bio con.

O nhiéu vi khusn, nhét 1a vi khuin G*, CM xam nhap vao t€ bao chat va tao
thanh cac hé théng 6ng goi 12 mezoxom. Mezoxom ndm gidn CM hay dam sau vao
trong t€ bao chdt. Loai thd hai co lé gin v6i NST va cd chuc nang nh4t dinh trong
qua trinh sao chép ADN va qué trinh phan bao. Mezoxom loai ddu cd vai trd nhat
dinh trong viéc sinh penixilinaza va mét s6 enzim khac.

Su gip khic cta CM vao-bén-trong chi gap ¢ mot s6 nhom vi khudn quang hop
hay cac vi khudn cé hoat tinh ho hdp cao chang han mhu Azotobacter, vi khudn nitray
héa. Do c6 gdp khic ma dién tich cia CM da,tang lén mot cdch dang k€, thich ing
duge véi cac hoat doéng ho hdp vA quang hop &ede’nhom vi khuidn nay.
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Nhin chung, CM c6 c4c chic ning sau day :
- Kh6ng ché& su van chuyén trao déi ra, vao t€ bao cua cdc chit dinh dudng, cac
san ph&m trao d8i chAt. l

— Duy trl mét 4p suit th&m th&u binh thudng bén trong té€ bao.

- La noi sinh t6ng hgp cdc thanh phdn cta thanh t& bao (GP, LPS, axit teicoic)
va cdc polime cua vé nhiy.

- La noi tién hanh céc qui trinh photphoryl oxi héa va photphoryl quang hop.

- La noi t6ng hop nhiéu loai enzim (8 - galactozidaza, cic enzim lién quan dén
tdng hop thanh t&€ bao, vé nhdy, ATP - aza), cdc protein cua chuéi hé hdp.

- Cung cdp nang luong cho sy vin ddng cia tién mao (l6ng roi, flagella).

1.4. T bao chat (cytoplasm)

T& bao chdt (TBC) la vung dich thé & dang keo chita cdc ch4t hoa tan trong suét
va cdc hat nhu riboxom, gdm khoang 80% nudéc. Trong TBC cé protein, axit nucleic,
hidratcacbon, lipit, cdc ion v6 co va nhiéu chit cé kh6i lugng phan ti thdp khac. TBC
cuia vi khudn khong di dong bén trong t€ bio cing khéng chda bd khung té& bao tuc
la mang luéi céc sgi gitp duy trl hinh dang cia t& bao. Diéu nay khac hin véi TBC
cua cdc t€ bao nhan that.

Riboxom ndm tu dc trong TBC chiém t&i 70% khéi lugng kho clia t& bao vi khusn.
Phén c6 chic nang t6ng hop &E;roteln ti6t gdn véi phia trong ctia mang t& bao ch4t.
Riboxom g6ém 2 ti€u phdn : 50S va 30S. Hai ti€u phdn nay két hop véi nhau tao thanh
monoxom 70S. S 1a don vi Svedberg, dai lugng do t6c do ling cta cdc hat trong mét
huyén dich khi li tam cao tfc. Riboxom cua vi khudn chiu tac dOng cia nhiéu chat

khing sinh nhu streptomixin, neomixin, tetraxiclin... — / : /

Trong méi trudng gidu cacbon nhung ngheo nito t€ bao chdt cia nhiéu vi khudn
thudng tich luy cic chdt dy trit. Cac chat néy khéng tan trong nuéc vé trd vé ap suft
thdm th4u. (m /',u (6 /f"" 2y Y | f-cefl ‘ v

Co thé chia cac ch4t du trit thanh cdc nhém nhu sau :

A - Chét hitu co
(a). Nguén C va nang lugng :

+ Glicogen

+ PHB (poly - B - hydroxybutyrate)
(b). Nguén N :

+ Xianophixin

+ Phicoxianin

B - Chét v6 co

(a). Hat di nhiém(metachromatic body)

(b). Hat luu huynh

Khi nuéi cdy Bacillus megatheriumytr8n mbéi/ trudng cd chda axit axetic vl axit
butiric lugng PHB tich My trong t& bio cs thé dat tdi 60% khéi luong kho. Trong
nang xdc (kyste) cua Azotobacter ciing cé thfy cd~PHB.
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Cong thuc chung cia PHB nhu sau :

H H O
| | I
HL4O0-C-C-C O =H
| |
n
CH3 H
PHB & vi khudn thudng cd s6 n khoang 60. Gan day & nhiéu vi khuan G* va G~
higu khi, vi khuidn quang hgp ki khi ngudi ta thdy nhitng hgp ch4t tuong tu nhu PHB
nhung géc CH, cd thé thay thé& bing mot gdc R nao khac. D6 1a chit polihidroxialkanoat :

HO—CH-—CHZ—C—[O—CH—CTE—C-—]O—CHA—CHZ—COOH
| I | I n |
R (6] R . (0] R

Hat di nhiém 14n dau phat hién thdy trong t€ bao vi khudn Spirillum volutans.
Kich thudc cia hat di nhiém vao khoang 0,5-1,0um, cd vai trd du trit P va nang luong,
cing cd thé gitp 1am gidm thdp 4p sudt thdm thiu. K&t cdu hda hoc nhu sau :

OH
I
H+ 0O =P O -H
|
O n
Xianophixin ¢é dang hat. D6 12 moét peptit phan nhanh cua acginin va axit aspactic

(ti 16 = 1 : 1), khéi lugng phan ti khoang 25.000 - 125.000. Xianophixin cua Anabaena
cylindrica cé cdu tric nhu sau :

llkrg ! A‘rg AIArg
NH ‘ I\llH NH
| | i |
o | co ; co
I ! | |
HN' -Asp |- Asp | - Asp - COJ

3

3 mot s6 vi khudn tu dudng hda nang con thdy cé trong t& bao chit nhing hat
nhung khéng phai la chdt dy trit. D6 la cacboxixom. Ching cd kich thudc nhu phan
ddu ctia thé thuc khudn (khoidng 10nm). Cé thé thdy dé dang cac hat nay & t& bao
cic vi khudn Thiobacillus thioparus, Thiobacillus neapolitanus, Beggiatoa spp.,...
Cacboxixom c6 vai trdo nhit dinh trong qua trinh c6 dinh CO2 ¢ cdc vi khudn tu duong.
Cacboxixom chia ADN, ribulozo - bis - P - cacboxylaza / oxigenaza.

Nhiing loai hat nhu vay cung vdi cidc hat chdt du trit deu dugc goi 1a cac thé an
nhap. Thudc vé cac th€ dn nhap con c6 khdéng bao khi, tinh thé diét coén trung

Cac vi khudn quang hgp-thuy.sinh _khéng tién mao cd chda cdac khéng bao khj
trong t€ bao ch&t. Chung duge bao boc bdi’ moét lopiimang protein day khoang 2npm
Khong bao khi dong vai'tro diéu tiét ti trong,cla-tésbao dé ndi lén dén nhing tang
nuéc thich hop. Thudng gap & edc chi vi' khuan' nhu Halobacterium, Pelodictyon,
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Rhodopseudomonas cdc chi vi khuian lam nhu Anabaena, Gloetrichia, Microcystis,

Oscillatoria...

Tinh thé diét c6n trung cd hinh qua trdm, co ban chit protein va c¢d mat trong
t&€ bao mét s6 vi khudn nhu Bacillus thuringientis. B. sphaericus, B. lentimorbus...

1.5. Thé nhan (nuclear body)

Thé nhan la nhan nguyén thuy chua céd mang nhan dac trung cho cac co thé thudc
giéi Monera (hay Prokaryota). Thé nhan con goi la ving nhan, thé giéng nhan. Khi
nhudém bang thudc thi Feulgen cd thé quan sat thdy thé nhan cd hinh dang bit dinh
va bit mau tim. Thé nhan ctia vi khufdn 12 mét nhiém siac thé (NST) duy nhdt cidu
tao bdi moét sgi ADN xo0dn kép (tuy nhién & Streptomyces cing gap NST & dang thang)
con gan v8i mang t€ bao chdt. Nhu vay la phdn 16n cdc t& bao cua sinh vat nhan
nguyén thiy la t& bao don boi. NST cua vi khudn c6 chidu dai thay d8i trong khoang
0,25-3,0um (chiéu dai ADN cta vi khudn E.coli 1a khoang lum). NST cua vi khudn
chia 6,6-13,0 x IQ(’ ciap bazo nito. NST cua vi khudn E.coli gébm 4,6 x 106 cap bazo
va cd khéi lugng phan ta la 3 x 10°. S6 lugng hé gen hay genom trong t€ bao vi
khudn thay déi tuy thudc vao loai va diéu kién nuéi cdy. Khi nuéi cdy tinh té& bao
E.coli chia 1 - 4 genom, té€ bao Azotobacter chroococcum chda 20-40 genom, té bao
Desulfovibrio gigas chida 10-15 genom.

Ngoai NST, nhiéu vi khu&n con cé chita ADN ngoai nhiém sic thé. Ddy cing la
nhing sgi ADN kép, dang vong kin, ¢ kha nang sao chép doéc lap va goi la plasmit.
Mb6t s6 xa khudn, lién cdu khudn va Nocardia opaca cd chda loai plasmit nay bang co
c}}e nao'ma tranh, ducc su phan g1a1 cua enzim exonucleaza. |0

Thé 'nhan 1a cd s& vat chit chua dung thong tin di truyén cua vi khudn.

/
g

1.6. Bao nhay (capsule)

& moét s6 loai vi khudn bén ngoai thanh t& bao con c¢6 moét 16p bao nhay hay con
goi la gidp mac. DJ 1a moét 16p vat chdt dang keo, cd do day bat dinh.

Can cd vao muc do kich thudc cia véo nhdy ma nguoi ta chia thanh :

- Bao nhdy mong (vi giap mac, microcapsule)

- Bao nhay (giap mac, capsule) ;

- Khéi nhdy (khudn giao doan, zooglea) ~ 10 -1

Khéi nhay thuc chit la cdc bao nhdy lién két lai v6i nhau ma tao thanh.

Khi quan sat dugi kinh hién vi ngudi ta dung phuong phdp nhudém bang muc tau
dé thdy r6 bao nhdy mau trdng ndi lén trén mét nén den.

Thanh phdn chi yéu cua bao nhdy la polisaccarit, ngoai ra con cd polipeptit va
protein. Bao nhdy polisaccarit chiém ti 1é¢ lon (Streptococcus mutans, Streptococcus
salivarius, Xanthomonas, Corynebactenum .). Ngoai glucozo trong bao nhay polisaccarit

con cd glucozamin, ramnozo, axit 2 keto — 3 deoxigalacturonic, axit uronic, axit piruvic,
axit axetic.

O vi khudn Acetobaeter xylinpm bao_nhéy\cAu-tao boi xenlulozo. Ngudi ta dung
loai bao nhdy nay dé€ an khi nuéi ciy A.xylinum trén nude dita. Loai san phdm cd
huong vi cui vai, cui nhan nay ed tén goildal "Natol de coco”,

3 VSVH
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Bao nhdy cua mét s6 loai Bacillus (nhu Bacillus anthracis, B. subtilis...) cdu tao
bdi polipeptit, chu y&u la axit poliglutamic.

Vi khuidn Leuconostoc mesenteroides cé 16p bao nhiy rat day, tao thanh khéi nhay
Dang nay cing gap ¢ vi khudn Acinetobacter.

Vi khudn Streptococcus pneumoniae (typVI) cé bao nhdy chia hetero polisaccarit,
bao gém cdc monome la glucozo, galactozo va ramnozo.

Bao nhay cua Leuconostoc mesenteroides ciu tao bdi mot loai polisaccarit 1a dextran,
mot polime dugc san xudt d€ thay thé& tam huyét tuong khi cdp cdu ngudsi miat mau
nhidu. Mat khac vi pha hiy dudng saccarozo dé€ tao ra dextran cho nén vi khuidn nay
cd thé gay tdc hai 16n cho cdc nha may dudng néu bi nhiém vao cic b& chua nudc
ép mia. Co ché cua qua trinh téng hgp dextran ti saccarozo 1a nhu sau :

dextransucraza
n saccarozo ———>dextran + n fructozo
San phdm dextran - Fe dugc dung lam thuéc b8 mau trong chan nuai.

Bao nhdy cd thé cd cac chdic ning sau day :

- Bao vé vi khudn tranh bi thuong t6n khi kh6 han, bdo vé tranh khoi hién tugng
thuc bao (phagocytosis) cua bach cau.

- Du trit thic an, dé phong khi thi€u thdc an c6 thé st dung vo nhdy nhu nguén
chdt dinh dudng.

- Tich liy mét s6 san phdm trao d8i chat.

- Nho bao nhdy va mét s6 ciu tao cd lién quan ma giip cho vi khuidn bam dugc
vao bé mat cia moét s6 gia thé. Vi du truong hop cdc vi khuan gay sau rang Streptococcus
salivarius va Streptococcus mutans da sinh ra enzim hexozo transpheraza lam tao ra
hop chat polime cua fructozo, giip cho vi khuin bam dugc trén bé mat cta rang, lén
men dudng sinh axit lactic va ddn ddn lam héng men rang, gay sau ring. Bao nhdy
tao thanh bao 6 mo6t s6 loai vi khudn thiy sinh déng vai trd bam gi vao cic gia thé
trong nudc.

Ngoai Nato de coco, dextran, hién nay ngudi ta con cd nhiéu dng dung quan trong
khac déi v6i bao nhdy. Ching han viéc ch& tao ra sephadex dé€ lam sic ki phan tdng,
viéc sdn xuit xantan (xanthan, Xc) d€ lam ch4dt phu gia trong céng nghé diu mo...

1.7. Tién mao (flagella) va khuin mao (pilus hay fimbria)

Tién mao (hay long roi) la nhing soi 16ng dai, uén khic, moc & mat ngoai mot
s6 vi khudn va cd tac dung giup cac vi khuin nay cd thé chuyén déng trong moéi
truong 1ong. Nhd su chuyén déng cia tién mao ma cé thé giap cho vi khuin di dong
trong dich long véi t6c d6 khodng 100um/s (gdp 3000 ldn chiéu dai co thé&/phut).

Quan sat tién mao dé dang nh4t l1a s dung kinh hi€n vi dién td. Muén thdy duoc
dudi kinh hi€n vi phai xu li tiéu ban va nhudém theo nhitng phuong phap nhuém tién
mao dac biét. Khi quan sat su di dong cua vi khudn trong giot treo (dung loai phién
kinh dac biét cé ché 16m & gita) ta cd thé biét dugc ting loai vi khusn cé tién mao
hay khong ? Khi cdy trich sau bang que cdy ddu nhon trén méi trudng thach mém
(chi chua 0,4% aga - aga) cing-eo.thé xdc dinh duoc kha nang di déng nho tién mao
cua vi khuin. Quan sat khudn lac ctia vi khufin moe trén moi trudng dac cing co the
phan doan dugc vé kha nang sinh tién mao cia ching, N&u khuin lac méng, lan nhanh,
mép khong déu, hinh khéng tron thi ching to! dowla-loai vi khudn cd tién mao va co
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kha nang di déng. Nguoc lai néu khuén lac rdt tron, mép phéng, kha ddy thi thudng
la khu&n lac cia cdc vi khu&n khong cd tién mao va khong di dong.

Tién mao cta vi khufn gém cédc phdn chi y&u sau day (ldy vi du & vi khudn G7) :

Thé g6c : gém mot tru nhé dugc gin voi 4 dia trdn cé dang vong, ki hiéu la L,
P, S va M. Vong L nim & ngoai cung, tuong Ung voi 16p LPS cia mang ngoai. Vong
P ti€p theo vé phia trong, tuong dUng v6i 16p PG. Vong S & sau hon, tuong ung voi
16p khong gian chu chdt. O vi khuin G* chi thdy cd 2 vong goi la vong protein ngoai
(ndm & vi tri thanh t€ bao) va vong protein trong (ndm & vi tri mang t& bao ch4t).
Tru nhé (rod) xuyén chinh gita cic vong. Gilta vong P va L cdn cd éng hinh tru néi
2 vdng véi nhau. Bao boc bén ngoai tién mao & phan phia ngoai 16p LPS la mét bao
hinh mdc (hook). Sgi tién mao (filament) cd chiéu dai khodng 10-20um va cd dudng
kinh khoang 13,5nm (dudng kinh ngoai cia bao hinh mdc 12 17nm). Khoang cé4ch giita
vdng S va vong M la 3nm, gilta vong P va vdong L la 9nm, gitta vong P va vong S 1a
12nm. Dudng kinh cta ciac vong 1a 22,5nm. Dudng kinh tru nhé 12 7nm. Dudng kinh
16 & cdc vong la 10nm. Khoang cach tlit mit ngoai clia vong L dén mat trong cia vong
M la 27nm.

Tién mao hoat déng theo cach quay nhu ki€u van nut chai. Nhd cdc phan dng hoa
hoc ma cic vdong cua th€ géc cd thé lam quay tién mao. Bao hinh mdc gitt cho sgi
tién mao quay déu dan quanh mét truc doc.

Soi tién mao cdu tao bdi cdc phan ti cia mot loai protein dic biét goi la flagellin.
Céc protein nay dugc t6ng hgp trong t& bao chit, sau d6 chuyén qua tru nhd (réng)
ma din dén sogi.

Khéng phai moi vi khudn déu cé tién mao. S8 lugng va vi tri gan cia tién mao
trén t€ bao cd gia tri trong phan loai, dinh tén vi khudn.

Cé nhitng hinh thdc khac nhau sau day :

A. Moc 6 cuc (cuc mao)

(a). Moc & 1 cuc :

+ Chi ¢6 1 sgi (monotrichous) : vi du & vi khudn Vibrio cholerae, Bdellovibrio spp.,

Pseudomonas diminuta...

+ C6 1 chum (lophotrichous) : vi du & Pseudomonas fluorescens.

(b). Moc ¢ 2 cuc (amphitrichous) :

+ Chl c6 1 sgi : vl du & Spirochaeta morsusmaris

+ C6 1 chum : vi du & Spirillum rubrum, Spirillum serpens.

B. Moc khdp xung quanh b& mdt té bao (peritrichous, chu mao) : Vi du & cac chi
Salmonella, Proteus, Escherichia, Shigella, Bacillus, Clostridium...

C. Moc tit giza t€ bao : Vi du d Selenomonas ruminantium.

Xo4n thé (Spirochaeta) cé dang tién mao dic biét goi 1a tién mao chu chat, xuit
phat ti cuc t€ bao va quin quanh co thé, phia duéi mang ngoai ctia thanh t& bao.
Tién mao chu chdt con dugc goi 1a sgi truc. Ching sé giup cho xodn thé chuyén doéng
dugc nhd su udn vidn t€ bao theo ki€u van nit chai.

Vi khudn di dong trong mbi trudng 18ng theo kifu nao phu thudc vao nhiéu li do
khac nhau. Nhiéu khi hoan todn la ngit nhiet. Caing khong it trudng hop la do tim
dén hoac tranh khéi mot y&u t6 nao do. Vi du tim dén ngudn thdc an, tim tai ché co
anh sang, tim dén ché &m &p, tranh ché cé=axit,~irénh ché ndng, tranh ché cd hda
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chdt doc hai... Néu vi khufn tim dén hosc tranh khdi mét tic nhan hda hoc thi hién
tuong dd duoc goi la hda huéng dong. Hda ch&t cé tinh ddn du vi khudn duoc goi l2
chdt dan du con hda chit gay ra hoa hudng dong am dugc goi la chit xua dudi. Cing
mot chdt cé khi ¢ néng d6 thdp la chdt ddn du nhung & néng do cao lai la chat xua
dudi. Dua mo6t 6ng thiy tinh cd chda chdt ddn du hay ch4t xua dufi vao mot modi
trudng dich thé cé chia vi khu&n. Sau mét thoi gian rat ra va ti€n hanh phan tich
s6 lugng vi khudn trong 6ng thiy tinh ta c6 thé xdc dinh dugc hda chit cd chua trong
6ng la chdt ddn du hay chdt xua dudi. Ngudi ta da tim thdy nhing protein truyén
cdm & vi khudn. D6 12 nhing protein héa huéng déng ti€p nhan metyl (MCPS, methyl
- accepting chemotaxis proteins) hay con goi 12 nhitng chdt truyén cadm. Nhing chit
truyén cam nay sé ddn dén nhitng qua trinh hda hoc lam tién mao chuyén déng mot
cach dinh huéng tuy thudc vao hda huéng dong duong tinh hoac a4m tinh.

Su sip x&p cua tién mao cd lién quan dén ki€u di dong cua vi khuZn. Tién mao
& cuc gidp vi khudn di dong theo ki€u tién lui. Chung dao ngugc hudng bang cich
dio ngugc hudng quay cla tién mao. Vi khudn chu mao chuyén déng tdi hudng nao
thi cdc tién mao lai hoat déng & hudng ngugc lai. Khi bd tién mao tan ra vi khuin
khéng boi vé mot phia ma nhao 16n theo cdc hudng lung tung.

Tién mao thudng gap & cdc chi vi khudn nhu Vibrio, Spirillum, Pseudomonas,
Escherichia, Shigella, Salmonella, Proteus... o] Clostridium, Bacterium, Bacillus... cdé
loai c¢d tién mao cd loai khong. O cidu khudn chi co mét chi (chi Planococcus) cé kha
nang di dong nho tién mao.

N6i chung t8c d6 di dong cia vi khu&n cd tién mao la khoang 20-80um/giay, nghia
la cd thé gdp 20-30 14n so v6i chiéu dai cia co thé chung.

Khuidn mao (pilus hoac fimbria) c6 khi con goi la nhung mao. Ching r4t ngin, rit
nhé (dudng kinh 7-9nm), réng gita (dudng kinh trong 2-2,5nm), s6 lugng rdt nhiéu
(250-300 sgi/t&é bao), cé ban chat protein. Vi khudn G~ thudng c¢é khuidn mao. K&t cdu
cia ching gidn don hon so véi clia tién mao. Chic nang cua khudn mao la gitp vi
khudn bam giit vao gid thé (mang nhidy cia dudng hé hdp, dudng tidu hda, dudng tist
niéu --sinh duc cta ngudi va dong vat). R4t nhiéu vi khudn G~ ¢é khudn mao 12 cac
vi khuidn gay bénh (ching han vi khudn gay bénh lau Neisseria gonorrhoeae).

CS moét loai khu&n mao dac biét goi la khudn mao gi6i tinh (sex pilus, F - pilus,
sex fimbria). NJ giéng khuidn mao nhung dai hon nhiéu. M&i vi khudn c6 thé c6 1 -
4 khudn mao gi6i tinh. Céng dung cla ching 13 lam cdu néi gitta 2 t& bao khac gisi
tinh va qua cdu ndi nay nhing doan ADN tif t€ bao nay dugc chuyén sang t€ bao
khic. Khudn mao gi6i tinh con la thu thé d€ cho cac thé thuc khuin ARN hdp phu.

Dudi day la mot s6 tinh chdt so sanh gita tién mao va khuidn mao :

Tién mao Khuén mao
- Thanh phan Protein tién mao Protein khuidn mao
- Kich thuéc 0,1-0,2 x 2-70um 0,007-0,09 x 0,5-20um
- S6 lugng 1. - vai tram 1 - vai tram
- Chuic nang Van, dong Bam giu, ti€p hop
- Noi sinh ra Théygc ndm trong T& bao chit

thanh té bao
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1.8. Bao ti (spore, endospore)

Mot s6 vi khudn vao cudi thdi ki sinh trudng phat tri€n sé sinh ra bén trong té&
bao mot thé nghl c6 dang hinh cdu hay hinh bdu duc dugc goi 1a bao ti hay ndi bao
ti. Vi m6i t& bao chi sinh ra cé 1 bao td cho nén day khong phai la loai bao tu cd
chic nang sinh s6i niy nd nhu & ndm.

Bao ti cd tinh khang nhiét, khang buc xa, khdng hda ch&t, khang 4p sudt thdm
thdu. Ching han bao ti cua vi khufn giy bénh ngd doéc thit Clostridium botulinum
dun s6i 100°C trong 5,0 - 9,5 gid mdi chét, phai & 121°C méi chét duge sau 10 phiit.
T& bao dinh dudng ctia vi khufn Clostridium thermosaccharolytium & 50°C cing chét
rdt nhanh, nhung bao t& cua ching cé thé chiu dugc nhiét dé rdt cao, dua lén dén
132°C trong 4,4 phit ma méi chl gigt duoc khoang 90% t& bao. Nang luc dé khang
véi bic xa td ngoai cua bao ti thudng gdp d6i cia t€ bao dinh dudng. Nang luc dé
khang véi tia phdng xa cua bao ti Bacillus megaterium gdp 36 14n so véi cua t& bao
dinh dudng vi khudn E.coli.

Trong thdi ki nghi khéng thdy bao t& vi khufn thé hién b&t ki mot hoat luc trao
déi ch&t nao ca. Ngudi ta goi d6 la trang thdi s6ng &n (cryptobiosis). Bao ti cd thé€
giit sic s6ng tit vai nam d&n vai chuc nam. P4 c¢6 nhitng ching cd vé viéc duy tri
sic s6ng 200-300 nam cua bao ti vi khudn Bacillus subtilis. Trong d&t da trAm tich
duéi ddy cdc h6 siu cdé nhitng bao ti vi khudn duy tri dugc sdc séng téi 500-1000
nam. Da cé nhitng théng bdo tim duge nhitng bao ti trong cidc tidu ban khao c8 cich
dday 3000 nim ma vin duy tri dugc sidc séng.

Chi ¢ mét s6 chi vi khudn cé nang luc san sinh bao ti : Bacillus, Clostridium,
Sporosarcina (G*) va Desulfotomaculum (G~). Bacillus va Clostridium déu cd hinh que
nhung khdc nhau & ché loai truéc s6ng hi€u khi va khi sinh bao td khéng bién dang
hinh thdi t& bao, loai sau s6ng ki khi va khi sinh bao ti bié€n t& bao thanh hinh thoi,
hinh dinh ghim... Sporosarcina cd hinh kh&i gém 8 cdu khu#&n. Desulfotomaculum la
vi khudn kht# luu huynh cé hinh que cong, ding riéng ré hay xép thanh chuéi.

@ vi khudn sinh bao ti thi nang bao la vé t& bao me. Mang ngoadi nim & ngoai
cung, dé 12 cdc phdn con sét lai cua t€ biao me, khi cé khi khdng, khi day, khi x&p,
chiém khoang 2-10% kh6i lugng kh6 cua bao tit. Mang ngoai gém cé 2 16p, 16p ngoai
ddy 6nm, l6p trong ddy 19nm. Thanh phdn chu yé&u la lipoprotein, cing cd chda mot
lugng nhé axit amin, cé tinh th&m thfu kém. Da cé tai liéu phan tich thdy mang ngoai
chia 52% protein, 20% hidrat cacbon, 12,5% lipit ; 5,6% photphat va 3,8% ch4t khoang.
Cé thé th&y r6 mang ngoai khi quan sit bao ti cua vi khufn Bacillus cereus.

Lop do bao ti (spore coat) nim dudi mang ngoai ddy khoiang 3nm, ciu tao bdi
3-15 16p, chi y&u la protein sing (chiém 50-80% protein t8ng s6 cia bao ti) va mot
it photpholipoprotein. Ao bao ti cd sic dé khing rdt cao véi lizozim, proteinaza, cic
ch&t hoat dong bé mat, cd tinh thdm thdu kém d6i véi cac cation.

Duéi 4o bao tit 1a 16p vé bao td. VO bao ti chi€m thé tich rit 16n (36-60%) trong
bao ti. Vo bao ti chita moét lugng 16n peptidoglican didc biét, it lién k&t chéo, ngoai
ra con c6 7-10% (tinh theo kh6i lugng khé cta bao ti) chit dipicolinat canxi (DPA - Ca),
khéng chia axit teicoic. A’p sudt thdm thdu cua l6p vo bao tu cao t6i 20atm, lugng
chia nuéc la 70% (lugng-chia nuée-cha t& bao dinh dudng 124-80%), cao hon nhiéu so
v6i lugng chia nudc binh_quén trong bao- ti j(khoang 40%).

Duéi 16p vd bao ti 1a 16i bao t&t con goi 12 th& ch&t nguydn sinh cua bao ti. Lai
cfu tao boi 4 thanh phin : thanh bo ti, mdng bdol ti, bao ti ch&t va vung nhan.
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Lugng chda nudc trong 16i rdt thdp. Ngoai viec khong thdy cd axit teicoic nhung lai
c6 DPA - Ca trong bao tu chédt, con thi cdc thanh phan khac cta 16i bao ti cung
tuong tu nhu & cdc t€ bao binh thudng cua vi khuén.

Quéi trinh hinh thanh bao td : Cic t&€ bao sinh bao ti khi gap diéu kién thiéu
thic an hodc cd tich liy cdc sin ph&m trao di chit cé hai sé bt ddu thuc hién qué
trinh hinh thanh bao ti. V& mit hinh théi cd thé€ chia qua trinh hinh thanh bao t&
ra thanh cac giai doan :

- Hinh thanh nhitng bidi chdt nhiém sic.

- T& bao bat ddu phan cit khong d6i xding, tao ra mét vung nhd goi la tién bao tu.

- Tién bao td hinh thanh 2 18p mang, ting cao tinh khang buc xa.

- Lép v6 so khai hinh thanh gita 2 16p mang cua bao ti sau khi da tich ldy nhiéu
PG va tdng hgp DPA, tich liy canxi. Tinh chiét quang tang cao.

- Ké&t thic viéc hinh thanh 4o bao tu.

- Két thic viéc hinh thanh vé bao ti#. Bao td bit ddu thanh thuc, bit ddu cd tinh
khang nhiét.

- Bao nang vd ra, bdo td thoat ra ngoai.

Su ndy mam cua bao ti : Qua trinh chuyén ti bao ti & trang thai nghi sang t&
bao sinh dudng cua vi khudn dugc goi 12 qua trinh ndy midm cua bao ti. Qua trinh
nay gébm 3 giai doan : hoat hda, ndy mdm va sinh trudng.

- Hoat hda : C6 th€ hoat hda bing cich nang nhiét trong thdi gian ngin, ha thdp
pH, xu I bing hda ch&t khi. Ching han sau khi cho bao td cta Bacilus subtilis t6n
tai & trang thai nghi 7 ngay ta x li & 60°C trong 5 phit cé thé lam xuc tién sy nay
méam. Cing cd khi phai hoat hda bing cich xt li & 100°C trong 10 phut. Sau khi xi
li chuyén bao ti vao méi trudng nudi cdy thich hgp sé thuc hién dugc muc dich cua
hoat hda. Cé mét s6 hda ch&t dic biét cé thé xuc ti€n qua trinh ndy mim cta bao ti.
Céac chdt nay dugc goi 1a thubc ndy mam. Thudc vé loai nay cd thé k€ dén L - alanin,
an", chdt hoat dong bé mat, glucozo... Cling cd nhitng chit lai cé tdc dung dc ché&
qué trinh ndy mam (vl du nhu D - alanin, natri bicacbonat...).

- Ndy ma&m : Protein cd chia nhiéu xixtein trong 4o bao ti& hda x8p lén lam cho
ting tinh thdm, xGc tién sy hoat dong cia enzim proteinaza. Khi d6 lugng protein
trong bao ti do gidm xudng. Céc cation bén ngoai cé thé xam nhap vao lép vé bao
td va lam truong 16p vo 1én, sau dé lam tan ra va tiéu thodi di. Khi d6 nudc bén
ngoai sé xam nhap vao 16p 16i bao tu, lam cho 16i truong to lén, cic loai enzim b4t
ddu dugc hoat hda lén, bat ddu qua trinh t8ng hgp thanh t& bao. Trong qua trinh nay
mdm cdc dac tinh chiu nhiét, chiét quang cao.. bat ddu gidm d4n, lugng BPA - Ca,
axit amin, polipeptit dan di4n mit di, bit ddu xay ra viéc t6ng hgp ADN, ARN va
protein trong 16i bao tu. Bao td chuyén sang thanh t&€ bao dinh dudng. Khi ndy mé&m,
bao td mim cd thé dam ra theo phia cuc hoic dam ngang ra. Lic d6 thanh t& bao
con rdt moéng va chua hoan chinh do d6 nang cao kha nang ti€p nh&n thém ADN
ngoai lai dé thuc hién qué trinh bién nap.

Vé co ché khang nhiét cua bao ti chua cé nhitng giai thich that ddy du. Nhing
két qua nghién ciu gdn day cua li-thuyét diéu tiét thdm thdu va truong vé (osmoregulatory
expanded cortex theory) cho thdy do co su chénh llech-cao vé cic cation va tinh thgm
nuéc gitta 16p do va ldp'vé clia bao ti lam cho, lop, vo. c6 4p suft thAm th4u cao, hut
hét nudc cua 16i bao ti. Két qud la 16p vo thitrueng to 1én con cdc chdt sbng o |sf
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thl m4t nuéc r4t nhidu, khi€n ning cao dugc tinh khang nhiét. Lép vé bao ti chia
loai PG bao ti mang dién &m cao, lugng lién két chéo th4p 1am cho c6 4p sudt thdm
thdu cao. Lic d6 lugng nuéc trong l6p vo tang lén, thé tich cing tang lén. Véi t6ng
thé tich bao t& ma ndi thl lugng chda nudc khéng thdp nhiéu ldm so véi t€ bao dinh
dudng nhung lai tén tai sy chénh léch 16n vé& lugng chia nuéc gida 16p vé va 16p loi
cia bao td, do d6 cS th€ hi€u dugc vi sao tinh chiu nhiét cta bao ti khiac biét rit
xa so vdi tinh chiu nhiét cua t€ bao dinh dudng.

Cing c6 li thuy&t cho ring viéc két hgp cia Ca?* véi DPA sé din dén su ngung
két clia cic polime sinh hoc trong bao ti va do d6 lam tang kha nang chiu nhiét cta
bao ti.

2. XA KHUAN

Xa khu#n (Actinomycetes) 12 m¢t nhom vi khufin that (Bacteria) phan b6 rdt rong
rdi trong tu nhién. Trong méi g dit ndi chung thudng cd trén 1 triéu xa khuén (tinh
theo s6 khudn lac moc trén méi trudng thach). Phdn 16n xa khudn 1a cdc t€ bao Gram
duong, hi€u khi, hoai sinh, ¢6 c4u tao dang &gi phan nhanh (khugn ti). Xa khudn dugc
nghién cdu moét cdch siu sic vi cd th€ san sinh nhiéu sin phdm trao d8i ch&t quan
trong. Trong s6 8000 ch4t khdng sinh hién da dugc biét dén trén thé& gi6i thi trén
80% la do xa khufn sinh ra. Xa khufn con dugc dung d€ san xudt nhiéu loai enzim
(nhu proteinaza, amilaza, xenlulaza, glucoizomeraza...), m6t s6 vitamin va axit hitu co.
Mot s6 {ft xa khudn ki khi hoac vi hi6u khi c6 th€ gay ra cac bénh cho ngudi, cho
dong vat va cho cay tréng. Mot s6 xa khufn (thuéc chi Frankia) cé th€ tao nét sén
trén ré mot s8 ciy khong thudc bd Dau va cd kha nang c6 dinh nito.

2.1. Vj tri cia xa khudn trong vi sinh vat

Tru6c th€ kl 19 ngudi ta x8p xa khufn vao ndm. V& sau do nghién citu su hon
ngudi ta méi thdy ching c6 nhan nguyén thiy, cé kich thuéc nhé bé nhu vi khudn
nén x&p vao vi khuén that.

_Nam 1978 Gibbens va Murray chia cdc vi khu&n nhan nguyén thiy thanh 4 nganh :
nganh Gracilicutes (gém cédc vi khudn Gram am), nganh Tenericutes (g6m xa khu&n
va cdc vi khufn Gram duong), nganh Mendosicutes (gém cédc vi khufn ma thanh té&
bao khong chita peptidoglican) va nganh Mollicutes (g6m céc vi khudn chua c¢é thanh
t& bao).

Nam 1977 va 1980 Woese va cOng su chia vi khudn nh&n nguyén thiy thanh 2
gi6i : gi6i Vi khudn that (Eubacteria) tuong duong véi 3 nganh Gracilicutes, Tenericutes
va Mollicutes theo Gibbens va Murray, gigi Vi khudn c6 (Archaebacteria) tuong duong
v6i nganh Mendosicutes.

Theo hé théng phan loai cia Bergey xu4t ban gin day (Bergey’s Manual of Systematic
Bacteriology, 1994) thi xa khufn cd mat trong tap 2 va tap 4. Trong tap 2 cd chi
Mycobacterium (thudc ho Mycobacteriaceae) va cac chi thudc Nocardioform actinomycetes
(bao gém 9 chi Nocardia, Rhodococcus,.] Nocardisides, Pseudonocardia, Oerskovia,
Saccharopolyspora, Micropolyspora, Promicromonospora, Intrasporangium. Trong
tap 4 thu¢c vé Norardioform edn oS Faenia (Micropolyspora), Actinopolyspora,
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Saccharomonospora, Amycolatopsis, Amycolata. Thudc vé cac xa khuin cé nang bao tu
nhiéu mui (multi-locular sporangia) cd céc chi Geodermatophilus, Dermatophilus, Frankia
Thudc vé cac xa khudn di dong (Actinoplanetes) ¢ cac chi Actinoplanes, Ampullariella,
Pilimelia, Dactylosporangium, Micromonospora. Thudc vé Streptomycetes va cac chi co
lién quan gém cac chi Streptomyces, Streptoverticillium, Kineosporia, Sporichthya. Thudc
vé nhém xa khudn Madura (Maduromycetes) cé cac chi Actinomadura, Microbispora,
Microtetraspora, Planobispora, Planomonospora, Streptosporangium. Thuéc vé xa khudn
don bao ua nhiét va cic chi c¢d lién quan gém cédc chi Thermomonospora, Actinosynnema,
Nocardiopsis, Streptoalloteichus. Thudc vé xa khuidn ua nhiét c6 chi Thermoactinomyces.
Thuoéc vé cac chi xa khudn con, lai cd Glycomyces, Kibdelosporangium, Kitasatosporia,
Saccharothrix.

Ngoai cdc chi ndi trén con phai ké thém 2 chi xa khudn do Lechevalier (1986)
phat hién 1a Amycolata, Amycolatopsis va 4 chi xa khu&n do cdc nha khoa hoc Trung
Quéc (Nguyén K& Sinh, 1990) phat hién la Microstreptospora, Actinoalloteichus,
Trichotomospora, Streptomycoides.

2.2. Dic di€ém hinh thai cia xa khuin

Hé sgi cia xa khudn chia ra thanh khudn ti co chdt va khudn ti khi sinh. Chi
Actinomyces va vai chi khic chi c6 khu&n ti khi sinh. Loai khudn ti khéng mang bao
tt dugc goi chung la khudn ti dinh dudng.

Dudng kinh khu#n ti xa khudn thay d8i trong khoang tit 0,2 - 1,0um dé&n 2 -
3um. Da s6 xa khudn cd khudn ti khéng cd vich ngan va khéng ty ddt doan. Mau
sidc cua khudn ti & xa khufdn hét sic phong phu. Cé thé gip cdc mau tring, vang, da
cam, dé, luc, lam, tim, nau, den... Khu&n ti co chidt ¢S thé€ ti6t ra méi trudng mot sé
loai sidc t6. Co sic t6 tan trong nudc, cd sic t6 chl tan trong dung méi hitu co.

Khudn ti co chdt phéat trién mot thoi gian thi dai ra trong khéng khi thanh nhitng
khudn ti khi sinh. Ngudi ta con goi khu&n ti khi sinh l1a khudn ti thd c4p dé phan
biét voi khudn ti so cip 12 loai khudn ti bdt ddu phat tri€n tit cic bao ti nay mam.

Sau mét théi gian phat tri€n trén dinh khu&n ti khi sinh sé xuit hién cac sgi bao
td. Soi bao ti cé th€é cd nhiéu loai hinh dang khac nhau : thang, lugn séng, xodn,
moc don, moc vong... CS loai moc vong don cdp, c6 loai moc vong hai cdp. Nhing dic
diém nay déu rit quan trong khi dinh tén xa khudn. Mot s6 xa khudn cd sinh nang
bao ti bén trong cd chia cdc bao ti nang.

Bao ti cua xa khudn dugc hinh thanh theo ba phuong thdc sau day :

- Phuong thitc phat tri€n toan bo : toan bé hay mét bé phan cua thanh khu#n ti
hinh thanh ra thanh cua bao ti.

- Phuong thic phéat trién trong thanh : thanh bao ti sinh ra tit ting nam gita
mang nguyén sinh chdt va thanh khudn ti. Trudng hop nay gap & Planomonospora.

- Phuong thic phat tri€n bao td ndi sinh that : thanh khu&n ti khéng tham gia
vao qua trinh hinh thanh ra bao t&. Trudng hop nay gip & Thermoactinomycetes.

Bao tu tran (conidiospore) cua xa khudn co thé co hinh tron, hinh bau duc, hinh
que, hinh tru... Hinh dang va kich thudc cua-bao tit co-vai trd quan trong trong dinh
tén xa khudn. Bé mat cua bao it xa khuin cg dapg tron nhdn, xu xi, cé vdy, cd gaj,
co long...
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Mot s6 xa khudn cdé bao sgi 1a mot bao méng boc quanh bén ngoai khudn ti khi
sinh, c¢6 thé thdy rdt r6 khi phan hda thanh bao tit. Bao sgi dugc tao thanh tu cac
Yéu t6 soi cia 6ng réng.

Thanh t& bao xa khuin cd dang k&t cdu ludi, day khoang 10 - 20nm, cd tac dung
duy tri hinh ddang cia khudn ti va bao vé t& bao.

Can cd vao két cdu héa hoc ngudi ta chia thanh té€ bao cia xa khudn ra thanh 4
nhém :

- Nhém CW I : ¢6 chia L, L-DAP (diaminopimelat) va glixin.

- Nhém VW II : cé chia mezo-DAP (meso-diaminopimelat) va glixin.

- Nhém CW III : chia mezo-DAP.

- Nhém CW IV : c¢6 chia mezo-DAP, arabinozo va galactozo.

Thuéc nhém CW I c6 Streptomyces, Streptoverticillium, Sporichthya, Nocardioides.

Thuéc nhom CW II c6 Micromonospora, Actinoplanes, Ampullariella.

Thudéc nhém CW III c6 Dermatophilus, Geodermatophilus, Frankia, Actinomadura,
Nocardiopsis, Microbispora, Thermoactinomyces, Thermomonospora, Planomonospora,
Planobispora, Streptosporangium, Actinosynnema.

Thudc nhdm CW IV cé Nocaridia, Oerskovia, Promicromonospora, Pseudonocardia,
Rhodococcus, Mycobacterium, Saccharomonospora, Saccharopopyspora, Actinopolyspora.

Mang t&€ bao chdt cia xa khuidn day khoang 7,5 - 10,0nm. Ching ¢ cfu tric va
céng nang cing tuong tu nhu mang t€ bao chit cua vi khuén.

Thé trung gian hay mezoxom nidm & phia trong cia mang t& bao chit (CM) va cd
hinh phién, hinh bong hay hinh &ng. Céng dung cua thé trung gian 12 lam tang dién
ti€p xic cia CM va do d6 lam tang cudng hoat tinh enzim, tang chuyén dién tu...

C4c vat thé 4n nhap trong t&€ bao chdt cua xa khudn gém cd cdc hat poliphotphat
(hinh cdu, bit mau véi thudc nhudm Soudan III), cdc hat polisaccarit (bit mau vdi
dung dich Lugol).

Bao ti trdn 1a co quan sinh san chu y&u cua xa khudn. Bao tua trdn dugc hinh
thanh theo 2 phuong thic khac nhau :

- Viach ngan hinh thanh dan ti phia trong cia CM va tién ddn vao trong tao ra
nhitng vdch ngan kh6ng hoan chinh sau d6 sgi bao tit méi phan cit thanh cac bao
tu trdn.

- Thanh t& bao (CW) va CM déng thdi xuit hién vach ngan tién didn vao phia
trong va 1am cho sgi bao ti phan cit déng thoi tao thanh mot chudi bao td tran.

Khu&n lac va xa khudn rit dac biét, né khéng tron udt nhu § vi khuidn, ndm men
ma thudng cé dang thd rdp, dang phdn, khéng trong sudt, c6 cdc nép téa ra theo hinh
phdng xa vi vy mdi cd tén xa khufn (actinomycetes, ti€ng Hi Lap : Aktis, aktinos la
“tia", mykes 12 "ndm"). Dimg que cdy khong di duoc khudn lac cia xa khufdn vi khuin
ti co chdt bdm sdu vao trong thach. Tuyvay! khudn! 12¢\é¢ta xa khudn cing khong thé
lin dugc véi khufn lac/cBia nfm vi khudn ti ndm cé duong kinh thudng gip téi 10
14n dudng kinh khudn ti~xa khufn.
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3. VI KHUAN LAM®)

Truge day Vi khudn lam (Cyanobacteria) thudng duge goi 1a Tao lam (Cyanophyta
hay blue algae) hay Tao lam luc (blue green algae). Thuc ra thi day 1a mot nhom vi
sinh vat nhan nguyén thiy thudc vi khu&n that. Vi khudn lam cé kha nang tu dudng
quang nang nho chia sic t6 quang hgp la ch4t diép luc a. Qua trinh quang hop cua
vi khuén lam 1a qua trinh photphoryl héa quang hop phi tuin hoan, cé giai phdng oxi
nhu & cay xanh. Qua trinh nay khac hdn véi qua trinh photphoryl héa quang hop tudn
hoan khong gidi phéng oxi ¢ nhom vi khudn ki khi mau tia khéng chua luu huynh
trong t& bao thudc bd Rhodospirillales.

Vi khudn lam khong thé goi la tdo vi ching khic biét r&t 16n véi tao : Vi khuidn
lam khéng cd luc lap, khéng cd nhan thuc, ¢d riboxom 70S, thanh t& bao cdé chda
peptidoglican do d6 rdt min cam v6i penixilin va lizozim.

Vi khudn lam phan b8 rit réng rai trong ty nhién. Dai bd phan vi khudn lam
séng trong nudc ngot va tao thanh thuc vat phi du cta cic thuy vuc. Mot s6 phan
b6 trong nhitng viing nudc man giau chit hitu co hodc trong nudc lg. M6t s6 vi khudn
lam séng coéng sinh, chang han loai Anabaena azollae cdng sinh trong béo hoa dau
(Azolla), mot s6 s6ng cong sinh trong ré cdc cly thudc chi Cycas, Gunera, mét s cdng
sinh voi ndm trong dia y. Nhiéu vi khudn lam c6 kha nang c6 dinh nito va cé sic dé
khing cao véi cdc didu kién bat lgi cho nén cé thé gip vi khudn lam trén bé mait cic
tAng d4 hoac trong vung sa mac. Nguoi ta cho ring vi khudn lam la "nhing sinh vat
tien phong", di cd nhitng d4u hiéu cta vi khudn lam ¢ nhitng noi cé nién dai céch
day t6i 3 ti nam. Da tim thdy vi khudn lam & ca trong cac sudi nudc ndng cé nhiét
d6 cao toi 87°C trong cac vung bi€n c6 néng d6 mudi tdi 0,7%. o] ddy ao h6 thudng
gap cédc chi vi khudn lam la Oscillatoria, Lyngbya. 3 be mat ao hé vao mua hé cd lic
vi khufn lam (thudng thuéc cac chi Microcystis, Merismopedia, Anabaena) phat trién
quia manh tao ra hién tugng "nudc nd hoa". Khi dé nuéc ¢6 mau xanh xin va cé muii
vi khd chiu, lam gidm lugng oxi trong nudc, lam ddi dong vat phu du, gay hai cho c4,
nhiéu khi anh hudéng té6i nguén nudc cung cép cho cidc dé thi, cdc khu céng nghiép.

Mot s6 vi khudn lam vi cé giad tri dinh dudng cao, c6 chda mét s6 hoat chit cd
gia tri y hoc, lai c6 téc do phat trién nhanh, khd nhiém tap khu&n vi thich hop duac
voi cac diu kién méi trudng kha dac biét (vi du Spirulina thich hop véi pH r4t cao)
cho nén da dugc san xuit & quy md cong nghiép d€ thu nhan sinh khéi. Tao Spirulina
da dugc nudi thi & quy moé khd 16n ti ngubn nuéc khoang & Binh Thuan hoic tit
nguén nudc thai cia nha may phan dam Bic Giang. Viéc nu6i ciy tdo Spirulina tit
nudc thai cua ciac bé khi sinh hoc (b€ metan) cd th€ phat tri€n réng 16n § cac ving
noéng thén dé vita gép phén cai thién diéu kién moi trudng sdng vira tao ra nguén
thic an b8 sung cho chian nudi hoic cho nghé nubi tém ca.

Nhitng ching vi khuin lam cé hoat tinh c8 dinh nito cao (thudng thuéc cac chi
Nostoc, Anabaena, Gloeotrichia, Tolypothrix, Scytonema...) da dudc sdn xuit thanh c4e
ché phdm ding d€ lay nhiém cho rudng lia nham gidm b6t viéc tiéu dung phan dam
hdéa hoc. Cac thuc nghiém & moét s§ vung thuéc tinh Ha Tay cho thdy méi sao lua cg
thé ti6t kiém dugc méi vu téi 2 - 3kg ure. Trén thé€ gidi ngudi ta da tim duge trén
100 loai vi khudn lam c8 dinh nito, 40 loai trong s6 nay da dugc tim thdy ¢ nuyg. ta.

Vi khufin lam c6 hinh dang va kich thudc rdt khdc nhau. Ching cd thé |3 don
bao hoac la dang soi da bao:

(+) Phin nay dugc bien soan voisu-eorg tac cia GS. TS Dwong Dic Tién
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Theo hé théng Bergey (1994) thi vi khudn lam dudc x&€p vao 5 b6 khac nhau kha
r6 rét vé hinh thai :

- Bo Chrococcales (gém céc chi Chamaesiphon, Gloeobacter, Gloeothece) : don bao
hodc s6ng thanh tap doan, sinh san theo 16i chia d6i t& bao (Binary fission).

- Bo Pleurocapsales (gbm cac chi Dermocarpa, Xenococcus, Dermocarpella,
Myzxosarcina, Chroococcidiopsis) : don bao phan cit nhiéu ldn, c6 thé tao thanh dang
sgi, thudng cé dang tan (thallus).

- Bo Oscillatoriales (gm cdc chi Spirulina, Arthrospira, Oscillatoria, Lyngbya,
Pseudanabaena, Starria, Crinalium, Microcoleus) : da bao, dang sgi, khong cé cic t&
bao di hinh (heterocyst).

- Boé Nostocales (gébm ciac chi Anabaena, Aphanizomenon, Nodularia,
Cylindrospermum, Nostoc, Scytonema, Calothrix) : da bao, dang sgi, cd cac t& bao di
hinh tham gia vao hoat déng c8 dinh nito (nitrogen fixation).

- Bo Stigonematales (gém cac chi Chlorogloeopsis, Fischerella, Stifonema, Geitleria) :
da bao, dang sgi phan nhanh thuc hay phan nhdnh ludng phan, thudng cd di tan
(heterotrichous) nghia 1a ¢6 su phan hda ngang va thing.

Theo hé th6éng phan loai cia Gollerbac (1977) thi c¢6 bd Chamoesiphonales nhung
khoéng cé bo Oscillatoriales. Ong x€p cédc chi Lyngbya, Oscillatoria... vao b6 Nostocales.

T& bao sinh dudng cta vi khuin lam c6 th€ cé hinh cdu, hinh elip réng, hinh qua
18, hinh tring, hinh kéo dai vé mot phia, hinh elip kéo dai, hinh thoi, hinh 6ng. Cg
t€ bao dudng kinh chi khoang 1 um (nhu chi Synechococcus) nhung cing cd t€ bao
chiéu ngang cia sgi vugt qua 30 um (nhu chi Oscillatoria).

T& bao vi khuén lam gén gii v4i c4u tao cia vi khudn G™. Thanh t&€ bao kha ddy
phan thanh 2 ting, tdng ngoai la tang lipopolisaccarit, ting trong la tdng peptidoglican.
Nhiéu vi khudn lam con ti€t ra bén ngoai mot 16p bao nhdy cd ciu tao polisaccarit.
Bao nhdy c6 thé cd nhiéu hinh thai khac nhau : l6p dich nhay, vdé nhdy, bao nhay.

Bo phan thuc hién quéd trinh quang hgp trong t€ bao vi khuin lam dugc goi la
tilacoit (thylakoids), ching cd s6 lugng r&t nhiéu, ¢ dang ban x&p song song hay cd
dang u6n khic nidm & gidn mang t€ biao chdt. Trén mang cua tilacoit cé chya ch4t
diép luc a, f-caroten, caroteno (nhu myxoxanthophyll, zeaxanthin, ...) va cdc thanh
phin cé lién quan d&n chubi chuyén dién tu trong quang hop. Trén mat ngoai cua
tilacoit c6 chwéa phicobilixom (mét cdu tric protein cé dang dia cdu tao vdi 75%
phicoxianin, 12% phicoeritrin, 12% allophicoxianin. Su hién dién ctia phicobilixom va su
vang mit cua clorophin b 12 dac trung cua vi khudn lam va chdng té vi khu&n lam
cd ngubn gbc c6 xua (trudc khi xuft hién clorophin b ctia thuc vat).

Chic nang hdp thu anh siang dugc thuc hién bdéi hai sic t6 la phicoxianin mau
lam va phicoeritrin mau dé. Chung dua dnh sang vao hé théng quang hgp II con clorophin
a thi lai phat huy tac dung trong hé théng quang hgp I. Tuy diéu kién méi trudng,
vi du trong anh sang lam, luc thi viéc téng hogp phicoeritrin chim uu thé, con trong
4anh sédng dé thi viéc téng hop phicoxianin lai chiém wu th& Nho dé ma vi khudn lam
cé kha nang thich dng cao véi tiung sinh canh.

Cac chdt du tri gip trong t€~bao pvi, s/khudn lam la glicogen (glycogen),
poli-f-hidroxibutirat (pely-8-hydroxybutyrate, PHB), volutin (poliphotphat), xianophixin
(cyanophycine)...
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Trong t&€ bao vi khudn lam cd nhitng co quan kha dac trung, dd la t& bao di hinh
(di hinh bao, heterocyst), 12 bae ti nghi (akinete), tdo doan (hormogonia), vi ti€u bao
nang (mannocyst), hat sinh san (gonidium)...

Té& bap di hinh cé thanh day, mau nhat, khong chita sic t6 quang hgp, khong chua
cdc hat du trit, hinh thanh td t€ bao dinh dudng trén cic vi tri khdc nhau cua soi.
Té€ bao di hinh c¢d thé hinh thanh don déc & ddu soi (nhu & Gloeotrichia, Cylindrospermum)
nhung thudng x&p thanh day (ti 2 dén 10 t&€ bao di hinh). Tuy vi trf ma t& bao di
hinh ¢é mét nat (khi & ddu hay & bén) hoac 2 - 3 16 (khi ndm & gita). Nhitng 16 nay
cé thanh day va ndi tiép gita t& bao di hinh véi cdc t& bao dinh dudng k& tigp. Nhiéu
nghién cdu cho biét t& bao di hinh la noi ¢ kha nang thuc hién qu4 trinh c6 dinh
nito khi cd oxi.

Bao ti nghi (hay bao td tinh) la loai t€ bao ndm & d&u hoac & gilta soi, c6 thanh
day, mau thdm va cé tiac dung chéng chiu cao d6i vdi cdac diéu kién bt lgi cia méi
truong séng.

Tao doan (hay doan sgi lién) l1a chubi cdc t€ bao ngidn dugc dit ra ti sgi vi khudn
lam. D6 1a ki€u sinh sb6i ndy nd dic trung cia mét s8 chi vi khudn lam. Tao doan cd
kha ning chuyén dong trong nudc nhd kha nang ti€t ra chdt nhdy. Khi ding chuyén
dong tao doan cd thé phat tri€n thanh mot soi méi. Trong tdo doan cd thé€ giap cic
khong bao khi. C4u tric nay giip cho vi khuén lam cd thé€ tr6i néi gdn mat nudc.

Vi ti€u bao nang la céac tii nhd bé duge sinh ra ti bén trong t& biao me do su co
nguyén sinh.

Hat sinh san la moét t€ bao ¢ mang nhdy dugc tach ra tu sgi vi khuidn lam va
lam chdc nang sinh san.

O b6 Nostocales thuong gip dang bao td cua vi khuidn lam. Bao ti hinh thanh
ting chi€c mét tu t& bao dinh dudng va cd thanh day. 3 mot s6 chi (nhu Gloeotrichia,
Anabaena) bao tit cé th€ dugc sinh ra do su dinh k&t mé6t s§ t&€ bao dinh dudng lai,
chiéu dai cua ching cé thé dat t6i 0,5mm. Thanh bao td cé 16p trong va 16p ngoai,
giip cho vi khudn lam chéng chiu dugc véi cic diéu kién s6ng bat lgi. Khi cé diéu
kién thuin lgi bao td sé ndy mdm dé€ tao ra mot doan sgi méi.

C6 trudng hop bao ti duge hinh thanh v6i s6 lugng 16n (trén 100) bing cach phan
chia lién tuc t& bao chit cua t€ bao me va phin hda din thanh cidc bao tu.

& vi khudn lam chua phat hién thdy cdc hinh thdc sinh san hiu tinh.

4. NHOM VI KHUAN NGUYEN THUY

Nhom vi khudn nguyén thiy cd kich thudc rdt nhoé bao gém ba loai : Micoplatma,
Ricketxi va Clamidia. Nhiéu tdc gid cho ring ba loai nay c6 vi trl trung gian giwa
virut va vi khuén.

4.1. Micoplatma (Mycoplasma)

Nam 1898, E.Nocard. va cong sy lan) ddu tién phan 14p duoc| Micoplatma tu bo bi
bénh viém ph8i mang phéi-truyén nhiém. Khi~dé_dwoc goi 12 vi sinh vat viém phéi
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mang phdi (PPO, pleuropneumonia organism). Vé sau ngudi ta tiép tuc phan lap duoc
PPO tit cdc dong vat khdc va d8i tén la vi sinh vat loai viém phdi mang phéi (PPLO,
pleuropneumonia-like organisms). Ti nam 1955 PPO va PPLO dugc chinh thic d8i
thanh Micoplatma.

Nam 1967 cac nha khoa hoc Nhat Ban phat hién ra cac loai Micoplatma gay bénh
cho thuc vat (dau, khoai tay, ...). Cdc loai Micoplatma giy bénh thuc vat hién dugc
goi 1a MLO - vi sinh vat loai Micoplatma (Mycoplasma - like organisms).

Micoplatma 1a vi sinh vit nguyén thiy chua cd thanh t& bao, dd 1a loai sinh vat
nhé nhdt trong sinh gi6i ¢ doi séng dinh dudng déc lap.

Nhiéu loai Micoplatma gay bénh cho dong vat (bo, citu, dé, lgn, ga, vit..) va gay
bénh cho nguoi. Mot s6 loai MLO gay bénh cho lda, ngd, dau, khoai tay, tre, nida. Mot
s6 Micoplatma cd doi s6ng hoai sinh, thuong gip trong d4t, trong nudc ban, trong
phan u. Micoplatma cd thé lam nhiém bdn cdc dung dich dung d& nudi cdy t8 chuc
dong vat.

Micoplatma cd kich thuéc ngang khoang 150-300nm thudng la 250 nm, khd thdy
dugc duéi kinh hi€n vi quang hoc binh thudng. Micoplatma khéng cé thanh t& bao,
b4t mau G, cd tinh da hinh th&i, ¢cd dang nhd dén mic lot qua né&n loc vi khuidn, dé&
min cdm véi dp sudt th&m th&u, min cam voéi cbn, véi cdc ch4t hoat déng bé mat
(xa phong, bot giat...), khéng min cam vdi penixilin, xicloserin, xephalosporin, baxitraxin
va cdc chit khang sinh khdc dc ché qua trinh t6ng hgp thanh té& bao.

Micoplatma tao ra nhitng khuidn lac rit nhoé trén méi trudng thach, dudng kinh
khufn lac thudng chi vao khoang 0,1 - 1,0mm, nhleu kh1 g dang nhu tring 6plép
(tring ran cdé long d6 o giita). G I

Micoplatma thudng sinh sian theo phuong thdc cit d6i. Ching cd thé sinh trudng
doéc lap trén cdc méi truong nudi cdy nhan tao giau chit dinh dudng (cé chia mau
hoidc cao ndm men. Micoplatma cd thé phat trién ca trong diéu kién hi€u khi (aerobic)
14n ki khi (anaerobic) nghia 1a c¢6 ca ki€u trao d8i chit oxi hda 1an ki€u trao d8i chit

lén men.

Micoplatma chiu @c ché& bdi cdc chdt khing sinh ngan can qué trinh sinh téng hop
protein (nhu eritromixin, tetraxiclin, lincomixin, gentamixin, kanamixin...).

Mang té& bao chit cua Micoplatma cd chda sterol cho nén rit min cam véi cac

chdt khang sinh thuéc nhdm polien nhu mstatm amphoterlxm candxxldm
{( I W clw

Hién nay da biét dugc khoang 80 loai mlcoplatma Theo hé th()'ﬂg phan loai Bergey
(1994) thi thuéc vé bd Micoplasmatales cd 3 ho : Ho Micoplasmataceae (gém chi
Mpycoplasma va Ureaplasma), ho Acholeplasmataceae (chi Acholoplasma), ho
Spiroplasmataceae (cd chi Spiroplasma). Khéong thuéc bé Mycoplasmatales cd cic chi
Anaeroplasma, Thermoplasma va cidc MLO (microplatma gay bénh & thuc vat). Bo
Micoplasmatales thudc vé 16p Mollicutes, nganh Tenericutes.

4.2. Ricketxi (Rickettsia)

Nam 1909, H.T. Ricketts (1871 - 1910) 142n didu tién phat hién ra madm bénh cua
bénh s6t thuong han phat ban (sau nay goi 13 benh sdt Ricketxi phat ban). Nam 1910
ong da hi sinh trong khi nghién cu bénh nay. Nhom vi sinh| vat nay vé sau dugc goi
la Ricketxi dé ki niém edng lao ctia nha khoa_hgt nay.
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Ricketxi la loai vi sinh vat nhan nguyén thiy G~ chi c6 thé tén tai trong t& bao
cdc sinh vat nhan that. Chung khac vai Micoplatma & chd da cd thanh t& bao va khéng
thé séng doc lap trong cdc moi trudng nhén tao. Ching khac véi Clamidia & ché t€
bao 16n hon, khéng cd dang qua loc, ning luc sinh t6ng hop khd manh va khéng tao
thanh cac thé bao ham.

Trudc day ngudi ta cho ring Ricketxi chl ki sinh 6 déng vat, nhung nam 1972
I.M. Windsor da tim thdy nhing loai Ricketxi ki sinh trén thuc vat. Ngudi ta goi nhdm
nay la RLO (Rickettsia-like organism, co thé€ loai Ricketxi hoac la RLB (Ricketssia —
like bacteria, vi khudn loai Ricketxi). Tinh dén nam 1985 ngudi ta da phat hién dugc
30 loai ricketxi. A

Ricketxi ¢ cdc dac di€m chung sau day :

- T& bao cé kich thudc thay ddi, loai nhé nh&t chi 1a 0,25 x 1,0 um, loai 16n nh4t
la 0,6 x 1,2 um hoac 0,8 - 2,0 um.

- Té& bao cé hinh thai bign hda, cé thé cé hinh que, hinh cdu, hinh song cdu, hinh
sgi... Trong t€ bao bi cdm nhiém Ricketxi sip x&p vé quy tdc nhung thudng tu tap
thanh tiung khéi day dic.

- Co thanh t& bao, b4t mau G~ nhung khé nhuém, thudng dung cdc phuong phap
nhuém Giemsa, Giménez, Macchiavello.

- Ki sinh bit budc trong t& bao cic sinh vat nhan that.

Vit chu thudng la cdc dong vat cé chan d6t nhu ve, bét, bo, ran... Dang chid y la
céc loai Dermacentor andersoni, Dermacentor guariabilis, Pediculus humanus, Xenopsylla
cheopis. Cac dong vat nhd bé nay sé truyén mam bénh qua ngudi va cdc doéng vat cé
xuong s6ng khac.

- Sinh san bing phuong thiuc phan cit thanh 2 phdn déu nhau.

- Min cadm v6i cdc chdt khang sinh nhu penixilin, tetraxiclin, cloramphenicol,
lincomixin...

- C6 cédc chu trinh trao d8i nang lugng khéng hoan chinh, phdn 16n chi cé thé si
dung axit glutamic d€ sinh nang lugng chi khoéng st dung dugc glucozo.

- Thudng dugc nudi cdy trong phoéi ga, trong cdc dong vat min cam, trong cic td
chic nu6i cdy (nhu dong t&€ bao Hela).

- MAn cam véi nhiét d6. NGi chung bi chét & 56°C trd lén sau 30 phit.

Theo hé théng phan loai Bergey (1994) thi tdt cid Ricketxi dugc x&p vao mét bs,
bé Rickettsiales. Trong bé nay cé 3 ho véi tdt ca 14 chi :

A. Ho Rickettsiaceae

(a). Téc (Tribe) Rickettsieae.
+ Chi Rickettsia
+ Chi Rochalimaea

+ Chi Coxiella
(b). Toc Ehrlichieae
+ Chi Ehrlichie

+ Chi Cowdria

+ Chi Neorickettsia
(c). Toc Wolbachieae
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+ Chi Wolbachia
+ Chi Rickettsiella’
B. Ho Bartonellaceae
+ Chi Bartonella
+ Chi Grahamella
C. Ho Anaplasmataceae
+ Chi Anaplasma
+ Chi Aegyptianella
+ Chi Haemobartonella
+ Chi Eperythrozoon

Céc loai ricketxi gy bénh chu y&u ¢ ngudi gém cd Rickettsia prowalzekii (giy bénh
s6t ricketxi phat ban), R.tsutsugamushi (hay con goi la R. orientalis giy bénh
tsutsugamushi), R. mooseri (hay con goi la R. typhi, gy bénh st ricketxi phat ban
dia phuong), Rochalimaea quintana (giy bénh s6t chién hao hay con goi la s6t nam
ngay), Coxiella burnetii (gdy bénh s6t Q, hay gén goi la s6t Query), R. rickettsii (s6t
phat ban nii dd - Rocky mountain spotted fever).

4.3. Clamidia (chlamydia)

Nam 1907 hai hoc gid Tiép Khic (ci) 14n ddu tién phat hién ra thé bao ham trong
t€ bao k&t mac ciia cdc bénh nhian dau mit hét (trachoma). V& sau nhiéu hoc gia cho
ring cdc th€ bao ham méit hot 12 tdp doan cia nhitng virut cd kich thuéc 16n. Thuat
ngit Chlamydia (ti g6c Hilap Chlamys la cdi 4o choang) dudc Jones, Rake va Stearns
dé xuit td nam 1945. Nam 1950 Zhdanov va Korenblit goi la Rickettsiaformis, nam
1953 Coles goi 1a Prowazekia, nam 1953 Meyer goi 12 Bedsonia, nam 1964 Levaditi va
cong su lai goi 12 Rakeia. Mai dén nam 1970 tai Hoi nghi qudc t€ vé mit hot tai Mi
méi chinh thdc goi nhdm vi sinh vat nay la Chlamydia.

D6 12 moét loai vi khufin rit bé nhod, qua loc, G?, c6 chu ki phat trién doc ddo, ki
sinh bit budc trong t€ bao cdc sinh vat nhan that.

Clamidia khac virut & cdc di€m sau day :

- CG6 c4u tao t&€ bao wa

- C6 chia déng thdi hdi loai axit nucleic : ADN va ARN

- C6 thanh phdn t& bao chia peptidoglican dac trung cho vi khudn G™.

- C6 riboxom trong t&€ bao

- C6 hé théng enzim khong hoan chinh, thi€u cdc enzim tham gia vao qua trinh
trao d8i sinh nang lugng, do dd bat budc phai ki sinh trong cac t& bao cd nhan that.

- Phan cit thanh 2 phdn bang nhau lic sinh s6i ndy nd L

- R4t min cam vdi cac chdt khing sinh va sunphamit (riéng Chlamydia psittaci
cé tinh dé khing cao d6i vdi sunphamit)

- Trong phong thi nghiém c6 the nusi ¢4y trong mang bao long doé tring ga, trong
khoang bung chuét bach, trén té& bao Helay,

Clamidia c¢6 mot chu ki s6ng kha dac biét : dang'cd thé c6 kha nang xam nhiém
dugc goi 1a nguyén thé. DG 1a loai t€ bao hifih.edl ¢ thé chuyén déng, dudng kinh
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nhé bé (0,2 - 0,5 um), nhuém Giemsa b4t mau tim, nhuém Macchiavello bit mau
Nguyén thé bam chac dugc vao mat ngodi ctia t§ bao vat chu va c6 tinh cAm nhiém
cao. Lic nguyén thé gap t€ bao dé cAm nhifm phan khdng chiu nhiét & bé mat nguyén
th€ hdp phu lén phdn thu thé méin cidm véi men cia tuy tang. Nho tic dung thuc
bao cua t&€ bao vat chi ma nguyén thé xam nhap vao trong t€ bao, phan mang bao
quanh nguyén thé bién thanh khéng bao. Nguyén thé 16n din l&n trong khong bao va
bién thanh thuy thé.

Thuy thé (thuy = nguyén thiy), con goi la thé dang ludi, la loai t& bao hinh ciu
mang mong, kha 16n (dudng kinh 0,8 - 1,5 um). Thuy thé lién tiép phan cat thanh
hai phdn déu nhau va tao thanh vi khudn lac trong t& bao chit cta vat chua. Vé sau
mot lugng 16n cic t€ bao con nay lai phan hda thanh cdc nguyén thé nho hon nia,
mang day va cd tinh cAm nhiém. Khi t& bao vat chu bi pha vd cac nguyén thé dugc
gidi phong ra sé xim nhiém vao cic t€ bao khac. Dudi day la tom tat vai dic di€m
so sinh giita nguyén thé va thiy th€ cia Clamidia.

Nguyén thé Thuy thé
Kich thudc 0,2 - 0,5 um 0,8 - 1,6 um
Thanh té& bao 4 Ving chic, khéong cho cac Mém yéu, cho cac
cao phan td di qua cao phan tu di qua
ADN Day dac Phan tan
ARN : ADN 1:1 3:1
Metionin, Xixtein Co Khéng co
Hoat tinh trao d8i chit Thip Cao
Niang luc dé khang "~ Manh Yéu
Chudc nang sinh hoc Cam nhiém Sinh san (phan cit)

Theo hé théng phan loai Bergey thi Chlamydia chi la moét chi, thuéc ho
Chlamydiaceae, b6 Chlamydiales. Nhiéu loai Chlamydia gay ra ciac bénh nguy hi€m
cho nguoi, cho dong vat.

Chlamydia mat hot gidy bénh méat hot & ngudi va ¢ chuét nhat, cd tén chung la
Chlamydia trachomatis. Thuéc loai nay cd ba bién chung : BT (Biovar trachoma), LGV
(Biovar lymphogranuloma venereum) va BM (Biovar mouse).

Bién chung BT cua Chlamydia trachomatis gay ra bénh dau mat hét cho nguai tu
cdch day it ra la 3000 nam. Theo T8 chuc Y t& th& gigi (WHO) thi hién cd khoang
400 triéu ngudi bi dau mit hot va da cé khodng 6 - 19 triéu ngudi bi mu vi bénh
nay. Bién ching LGV gay bénh u hat limpho dudng sinh duc (lay truyén qua dudng
tinh duc).

Ngoai Chlamydia trachomatis con cd mot s6\ o3 Chlamydia khac giy bénh cho
dong vat : C. psittaci, \'C. ornithosis, C.miningozpneumonitis, C.feline pneumonits,
C.guinea pig conjunctivitis;~C. bovine encephialontyelitis.
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Cau khudn

Xo#n thé

cudng sQi Chup qua kinh hién vi dién i quét. TU trén xubng :
Céic nhém hinh thai cha yéu cua vi khuin Lién cdu khudn, Ty cdu khuin, Lién truc khuin

Vi khudn hinh sao (chi S:c/la) Vi khudn hinh kh6i (chi Haloarcula)
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1 - Thanh t€ bao

2 - Mang t€ bao chét
3 - Thé nhan

4 - Mezoxom

5 — Ch4t dy trd

6 - Té€ bao chit

7 - Bao wl

8 - Tién mao

9 - Khuin mao

10 - Khuan mao gidi tinh
11 - Bao nhiy

12 - Téng dich nhdy

“"[;fﬂlél%ﬁ/_/y -+—- i oo o by

Mo hinh cfu tric té bio vi khudn

G* -

OMP( Frotein mang rgozr)
/é‘////a]/[zﬂ Lpgprosen
frarens co chif
: hazc fritem )i
/l(//c’/[ﬂ/z‘ N ) T J 5 )
/ﬁ;}z/? faber\ N ks At SRR Mg ngeyén G
T\ AR s LF3(lypapot: -
At tercane MY gl 6 ‘ j(gﬁv .
f& bao Fhetats byt ) o)
Ly KOG 7 Khdrng grarr che chit
179 Q17 :
Zy [ﬁi/'] 7 Sopltidoghiay
A”.l/f//f_ 7 chhi chzF
Moing 7 by cH 7

Mo hintrcAll friic-etia thanh (&"Ba0_yirkhudn G* va vi khudn G’
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Ve

Bozo /7/5{&
Thank /5 by

Hlezsrrmt /i/;/:;/ JE b ch

SG d6 cfu tric té bao vi khuidn

VI KHUAN G VI KHUAN &
(Arthrobacter crystalopoietes) (Leuwthrix mucan

= Lipopoli saccarit
va chu chat

Peptidoglican \ Peptidoglican
Mang té bao chat
Mang té bao chat ]
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Mang té bao
chat

Peptidoglican

B. subuilis (G E col ((‘._)

Somvanh 1e” bao vi khDanhG e &
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Mang

Thanh té€ bao vi khuin G+ (Bacillus fastidosus)

Mang ngoai
-Peptidoglican

Mang
té bao chat

Thiinh t&'ba0"vi khuin |6 (Azeramenas insignis)
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NGCGAI BAD

Potysaccd/s”

Lpap!
saccarr’
\
g = Jrrrr?
fhatoholiz!
A/‘@afvfe/)r
0555050595040, p "6.5.0 .0 4 0000 ;0T 0.0, 0,00
oOAOO O O O/b Q.OQIOOAOO OOO 00-090009.0'_0 ° OOOO c>O
/////j/:aﬂ
MO BAT
M G
M M M M by M M
A JA ZA E.’A» (./\ {‘ /1 CH,OH cn,on
G G
L = b 0 7 A
M M M M /|M / M} M /‘ \j
3A {] é G G G G NH-CO- CH NH-CO-CH
AR S Vil e 2 i
M M M M MTM SHgClE ?— o
_A / 7 / / | L - Ala (alanin)
d 6 6 ¢ e
G 3
4 {1 4 / )
M M M M M M M C-C-H
GA é _A EA_ A A /1 (CHg)y D - Glu (glutamic axit)
G T
VAN N{G M/G ©° P S
.,AM —AM —A —A /1 / ?/r H-‘l:-(CHz,’.NH’ L - Lys (lizin)
So sanh €=0
G G G G S S ke
dogl \ i
? 7 4 / / 2 / ::r:h:gi:aGE CHy-C-H D - Ala (alanin)
COOH

G
M M M M/ M—T—M M7M
A28 L /4L .

G G G
(E. coli)

(a) S. aureus (b) E. coli

D Al D-ala rd

PG 0 Corynebacterium poinsetiiae.

M = Axit N-uxetj muramic
G= N-Axelyl glucozamin

D Glu D- Glu

,m!- DAP ‘“\,m - DAP
o-
D- Ala <€ D-ala ”

PG G E coli

Cdu tnic cua peptidoglican (PG) & thanh t€ bao vi khuidn
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CH,0H

CH,
O\
Glixerol NH-CO-CH, NH-CO-CH,

CH,CHCO- Peptidoglican
CAu tric cua axit teicoic va cich lien két vdi PG

Man — Abe
Rha

(|ial

Glc— GlcNAc
Gal

(IIEIc —Gal

O-polisaccarit

,]_‘ ep polisaccarit

o

KDO ﬁ’
+

KDO -- KDO —O0—P —OCH,CH,NH;

|
o

POZ™-0 —{ GIeN |- GIeN }-0POY’

Cautnic cua LPS j¢ldipopahsactarit)
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thopl;oxem . Glicolipit
7 % 1 / Khéng gian ngoai bao

Mang lipit 2 I6p /

Protein ~

@
( o) 2
:
' " A,
Té bao chat %

Dau hi€u nuac /

Phan tur photpholipit

Bau ki nudc

Ciu tric cua mang (€ bao chit va phan i photpholipit
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705

35

505

Riboxom cua vi khuin

Thé nhan & vi khuin (anh chup qua kinh hién vi di¢n t 14t cit mong qua t€ bao E. coli)
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Bao nhdy cua vi khudn Acinetobacter sp.
(nhudm muc tau va chup qua kinh hién vi quang hoc)

Ldp dich nhdy

Bao nhiy

Bao nhdy cua vi khudn Rhizobium trifolii
(chup qua kinh hién vi dien w)




Thanh té bao

Mang ngoai  Peptidoglican

Mang té bao chat
’——A'ﬁ

Sgi tien mao
(filament)

Bao hinh
méc (hook)

Vong ngoai Tru
(LvaP) nhé

Vong trong
(Svam)

Tién mao & vi khuidn G
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vong Vang |
Protein = trong 1
ngoai

Tru nho

Soi
tién mao

Bao )
hinh méc Thanh
té bao

Tién mao O vi khudn G*

Nhao 16n

Cuc mao

Di"ddng nho tién mao & vi khudn



N6ng do tang

Tién

Mang ngoai
Ao bao ti
Vo bao tir
Bao tir chat

" s L&i
Vung nhan bao tU

. - bao
Mang bao tu 5

tu

Thanh bao tI

Bao i cia vi_khudn Bacillus megatherium

1~ Ao bao i
R%NVO bag=it
3="Mang ngoai
45="/Thanh 16k(core Wwall)

$"- ADN ; 6 - Riboxom
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Giai doan 0

Thanh t€ bao

— Mang té bao chat

o Bz > ADN

Mang ngoai

Mang ngoai

Mang trong

Vo so khai
Mang ngoai

Chc giai doan cia qua trinh hinh thanh bao w

62



Sy phat trién cua khudn ti & xa khudn
A : Bao ti ndy mdm ; B : Hinh thanh khudn ti co chit ;
C : Hinh thanh khudn ti khi sinh.

Bao tr trédn

Khu3n ti

khi sinh Sai bao t

“—— Cochatdac

SR v Khudn ti co chat

Cac loai khuin ti 0 xa khudn
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Moc thanh vonsk

) (khéng xozn)

Vong don (co xoan)

Udnkhtic ———— o Moc thanh chim

Vong déi (khéng xoan)

Céc dang s¢i bao t 3 xa khudn

g @
Vong doi (cé xoén)



¢ bao chit

mang 1¢ bao chit
thanh ¢ bio
mezoxom

vich ngin
riboxom

chat du
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Mot s6 dang bao 1 & xa khuidn
- Bao ti don (Monosporous) Micromonospora (A) ; Thermomonospora B)
Saccharomonospora (C) ; Thermoactinomyces (D).
- Bao U kép (Disporous) : Microbispora (E).
- Chudi bao 1 ngén (Olygosporous) : Nocardia brevicatena (F) ; Catellatospora (G).

66 Su hinfl (thank [b36HU rone TH46) bad! Hi(Sporangia) )0 xa khuin



Su hinh thanh chubi biao 1 dai & xa khudn chi Streptomyces ; (A. B. C. D) . chi Nocardiopsis (E)

Nocardioides

Streptomycey
Streptomyces

. . Nocardioides
Propionibacterium

Aeromicrobium

Nocardioides Streptomyces Renihacterium

* Catenuloplanes
* Catenuloplanes

* Catenuloplanes )
Glycolyl - )
Ype Couchioplanes

Arthrobacter
Micrococcus
Clavibacier

Terrabacte

Actinomycey

* 17 q
Actinoplanes Amycolata

* Rhodococcus

* Gordona

* Tsukamurella Glveolvl

* Dactylosporangium

Kibdelosporangium

e
Saccharomonospora :

* Nocardia

Pseudonocardiua * Mycobacterium

Saccharothrix
Amycolatopsis

Corynebacterium

SUCTRaTopoRSPoTU

Syt el op olySpokd

Sacchuropolyspol

Cay phat sinh (phylogenetic tree) cla cac chi ¢ xa khuin (Tamurd va cong su, 1994)
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riboxom (rARN)

Actinomadura
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SO DO CAC CHI XA KHUAN (BERGCY - 2000)

= mg) S N -
P e P aNETIIL I 4 4
R T

P
"‘\;%’;‘:iT\ [/ e —
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Actinomyces Jonesia Gordona
Rothia Rhodococcus
Agromyces Tsukamurelia

T
|

M:,Eﬂ‘:l/ B

Nocardia Actinobispora Actinokineospora

Actinopolyspora Amycolata Pseudonocardia
Amycoiatopsis
Pseudomycolata

o

Kibdelosporangium Saccharomonospora Saccharopolyspora

)__L.)xi.__,a

e i
|

Nocardioides Terrabaeter Promicromonospora
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Microtetrapora

Spirillospora

= —

Actinosynnema

Thermomonospora

Streptosporangium

Nocardiopsis
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Thermoactinomyces
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/
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fﬁ.v

OB Tao doan (hormogonium)
'{.v Bty dang tach ra khoi soi
vi khuan lam

Téo doan

| Bao trnghi

M (akinete)

Vi khufn lam Prochloron (anh chup Ban cait sicu,hiép yi), Duong kinhité bao khoang 10um



1
4

Hinh thai chung cta vi khuin lam

. Dang don bao khong c6 mang nhdy ; 2 . Dang tap doan ; 3 . Dang soi ;
. Hinh try, hinh cdu, hinh clip (c6 mang nhdy) ; S . Oscillatoria ; 6 . Phormidium ;

7 . Lyngbya ; 8 . Schizothrix, Hydrocoleus ; 9 . Spirulina, Arthrospira ;

. Dang s¢i ¢o 1€ bao dj hinh ; 11 . Dang sdi c6 bao 1 ; 12. Soi dinh vai bao 1 ;

. S0i & cachfxa bao td ; 14 . T¢& bao dj hinh & bén canh sdi ; 13 . Nhanh gia don doc ;
. Nhanh gia tung.ddi-mot; 17.. Soigphannhénh rhues

. Phan nhanh J 80i cd bao (nhanh moi ndy=sinh’;

. Phan nhanh 3. s¢i €6 bao (nhanh da phat (nén) % 20: Phan nhanh bén ;

. Phan nhanh d61™=227" "Phan“nhanh dang éhVenguoc
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Nt

(=

23
24.
25.
26.
27.
28.
29.
30.
31
32.
33.
3%
35

364
37
38

NP\ D

Vi tifu bao nang (nannocyst) ;

Sy hinh thanh ngoai bao w

Su hinh thanh nodi bao W ;
Hormocyst ;

Hormocyst ;

Pscudohormogenia ;

Tao doan (hormogonia)

Bao Wi nghi (akinete) ¢ 2 phia cua 1€ bao di hinh ;
Bao i nghi ¢ xa té bao dj hinh ;
Gloeocapsa ;

Lyngbya ;

Oscillatoria;

Phonmididims;

Anabaenopsis ;

Cylindrospermuni

Ariabaena
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1

Khuin lac ctia Mycoplasma hominis (1dn, mau nhat c6 dang tring 6p-1¢p)
va ctua Ureaplasma urealyticum (nho, mau dam)

! 4

Mycoplasma niycoides dang.c8d ndi thanh sdy, dai
(anh-chup hidn'vi' ditn 1)
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Rickeusia rickettsii trong 1€ bao vat chu

Rickettsia

74

Rickertsia tromg-ié=B30 vat chu (arth“phofig dar x 59 000 14n)



Cac_vat_chu_trung gian truyén Rickettsia
I - Dermacentor andersoni

2 - Dermacentor.variabllis

3 - ‘Pediculus humanus

4 -\ Xcnopsylla cheop:s

it}
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1 - Coxiella burnetii ¢6 chia n6i bao i (E)
2 - Su hinh thanh bao t vdi vo day bao boc O Coxiella burnetii



Cac € bao
cla vat chd
mdi

Nhan

(e)
Thé thuc bao

Chu ki song ¢ua Chlamydia
EB = nguyen thé (Elementary body)
RB = IB = Thé dang Iudi (Rcticulatdubolly) hdy thuy thé (Initial body)
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% Thé dang
@_‘— [VEe]]

dang phan
cat

— Nguyén thé
|_ Thé dang Iui

|~ Thé trung gian

Chlamydia psittaci trong t6 bao vat chu

Anh chup hién vi dién w6 bao Chlamydia, pstizagr khi dang phan cit



CHUONG Il

HINH THAI VA CAU TAO TE BAO
CAC VI SINH VAT NHAN THAT (EUKARYOTES)

Vi sinh vat nhan that bao gom cdc vi ndm (microfungi), mét s6 dong vat nguyén
sinh, m6t s6 tdo don bao. Vi nim lai dugc chia thanh ndm men (yeast) va ndm sgi
(filamentous fungi). V& viéc cdc déng vat nguyén sinh va tdo don bao dugc coi la vi
sinh vat chinh la do ¢6 co th& nhé bé, cdu tao don gian, ching dugc x&p vao gidi
Nguyén sinh theo hé théng phan loai 5 gisi cia R.H. Whittaker (xem chuong I).

Trong chuong nay ching ta chi xem xét vé vi ndm.

1. PAC DIEM CHUNG CUA VI NAM

Vi ndm gém t&t cA céc loai ndm men va cdc ndm sgi khong sinh thé qua 16n (md
nam). Cic n&m sinh thé qua dang l1én thuong dudc goi 1a ndm 16n (mushroom). Tuy
nhién giai doan sgi ndm cua cdc ndm lon cing vin la d6i tugng nghién cdu cua vi
sinh vat hoc.

eN4m ndi chung la cac sinh vat thubc mot gidi riéng biét (gisi NAm - Fungi), ching
cé chung 7 dac di€m sau day :

a. Co thé ndm la mot tan (thallus), tic 12 mét co thé cé bd may dinh dudng chua
phan hda thanh cdc co quan riéng biét. Tan cia nidm cd thé 12 don bao hoac da bao,
da s6 c6 dang sg¢i goi la sgi ndm hay khudn ti (hypha). Sgi ndm cd thé cé hoac khong
¢6 vach ngang (sept). Soi ndm cd dudng kinh trung binh la 5-10um, do6i khi rit l6n
(t6i 25 um) nhung cing cd khi rdt nhé (1 - 2Zum). Dic biét sgi ndm cua loai Achlya
conspicus cé dudng kinh rong téi 160 - 170um. C6 s¢i ndm trong sudt, khong mauy,
6 sgi cd mau. Mot s§ sgi ndm tist sdc td vad moi trudng nudi cdy. Mot s6 soi ndm
khac cé thé tiét ra cac chdt hitu co, két tinh trén bé mat soi nidm. Da s6 soi ndm
phan nhanh nhiéu l4n nhung cing cd loai sgi n&m khong phan nhanh. Ti moét bao tu
hay mét doan sgi ndm gap diéu kién thuan tién sgi ndm sé phat trién ra theo cd ba
chiéu tao thanh mot khéi soi ndm, ta goi la hé soi ndm hay khudn ti thé (mycelium).
o] mot s§ ndm cdc sgi ndm quin chat voi nhau, tham chi dinh lién vdi nhau theo
chiéu doc tao ra nhitng dang hinh thai dac biét ctia ndm nhu thé dém (stroma), hach
nim (aclerotium), ré gia (rhizoid), bd sgi_ndm (synnema), thé qua (fruiting body hay
sporocarp) V.v....

b. Cac vach ngang 0/80i ndm ngan vach ‘déu ‘ed 16 thong. Tuy loai ndm ma vach
ngang cé thé cd mot 16 théng kha lon ¢ chirthy gitra” (vi du @ Ndm tui va Ndm bat
toan), c6 th& cd nhiéu nhing l6-thong tuong d6i nho (vi du @ Geotrichum candidum
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va nhiéu loai Fusarium), cing cd th€ cd mot 16 théng & chinh gita nhung mép 16 day
lén bén ngoai ¢c6 moét mang mong che phu (mang parenthesome). Qua 16 thong khong
nhitng chdt nguyén sinh cd thé di qua ma nhan t&€ bio cing cé thé thét nho lai dé
chui qua. Nhan t&€ bao trong sgi ndm thudng di chuyén t6i nhitng phan soi ndm dang
c6 hoat dong sinh li manh mé. Nhu vdy la ¢ cid sgi ndm khéng ngan vach lan & soi
ndm cé ngan vach vé thuc chat chi la nhitng 6ng dai chda chit nguyén sinh va nhiéu
nhan t€ bao. Tri cac t€ bao nim men don bao con sgi ndm ré rang chua cd cdu tao
t€ bao dién hinh nhu & cidc sinh vat nhan that khac. Méi t&€ bao trong mot soi ndm
chua cd hoat dong trao d8i ch&t doéc lap vi chua cd gigi han r6 rét.

c. Du sao thi ndm cing cd ridt nhiéu dac di€m chung, véi cic sinh vat cé nhan
that, nhit la vé cdu tao cua nhan. N4&m khac hidn vé nhiéu mat vdi cac vi sinh vat
thuoc nhém nhan nguyén thiy nhu vi khudn va vi khudn lam.

d. Ndm c¢d nhitng dac di€m riéng biét vé mat hda hoc t&€ bao. Ndm khéng cd cdu
tric thdng nhdt gita cdic nhém vé thanh phin cua thanh t&€ bao. Chi ¢ mét s§ it cé
chita xenlulozo trong thanh t& bao. Ch&t du tri cta ndm khong phai la tinh bét nhu
d thuc vat ma la glicogen nhu § déng vat.

Thanh t€ bao cia cdc nhédm ndm chu y&u cé cdu tric nhu sau :

Nhom nim Thanh phén chinh cta thanh t& bao
+ Nganh Myxomycota (Gymnomycota)
- Myxomycetes Xenlulozo
- Acrasiomycetes. Xenlulozo - Glicogen

+ Nganh Eumycota :
Nganh phu Mastigomicotina

— Plasmodiophoromycetes Kitin

- Oomycetes Xenlulozo - Glucan

- Hyphochytridiomycetes Xenlulozo - Kitin i

- Chytridiomycetes Kitin - Glucan
Nganh phu Zygomycotina

- Zygomycetes Kitin - Kitozan

- Trichomycetes Poligalactozamin - Galactan
Nganh phu Ascomycotina

va Deuteromycotina Kitin - Glucan

Loai tru :
- Saccharomycetaceae Glucan - Mannan

va Cryptococcaceae
- Rhodotorulaceae
va Sporobolomycetaceae Kitin — Mannan
Nganh phu Basidiomycetes Kitin - Glucan
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Xenlulozo 1a hgp chit cao phan ti cia D - glucozo, mannan la hgp chdt cao phéan
td cia D - mannozo. Glucan la homopolisaccarit cia glucozo. Poligalactozamin la
homopolisaccarit cia galactozamin. Glicogen cé cdu tao nhu amilopectin nhung sé goc
glucozo nhiéu hon & tinh bot (thuong tdi 600.000 gdc glucozo).

e. Khac v6i thuc vat va cac vi khuidn quang hgp ndm khéng chida trong t& bao cac
sic t6 quang hgp va vi vay khong c6 kha niang quang hop, khong cd kha nang séng
tu dudng. Ndm chi cé doi séng hoai sinh (trén chit hitu co chét), ki sinh (trén co thé
s6ng) hodc cong sinh (v6i tdo hoac vi khudn lam trong dia y, vdi ré cay trong ndm
ré hay khudn can (mycorrhiza).

f. Ndm sinh san bing bao tu v6 tinh va bao t¥ hiu tinh.

Cac bao tu vo tinh khac nhau & hinh thai va & nguén géc phat sinh. Can cd vao
dac di€m phat sinh ngudi ta phan ra thanh bao tu kin va bao ti trdn. Mot dang bao
td vo tinh khong phai la dang sinh san dugc goi la bao td mang day hay bao tu &o.
Ching do mét doan sgi ndm tich ldy nhiéu ch4dt dinh dudng va cd thanh té& bao day
lén ma tao thanh nhadm muc dich thich dng véi cdc diéu kién bit 1gi cia méi trudng.
Mot ki€u bao ti vo tinh khac dd 1a cdc bao td cd roi c¢é kha nang boi 18i trong nudc,
ngudi ta goi 1a cac bao tu dong. Vé bao ti vé tinh & ndm con phai ké dén bao tu
dét, bao tit phdn, bao tu chéi.

Cac bao ti hitu tinh ¢ ndm rdt da dang. Co thé ké dén bao ti noan, bao ti ti€p
hgp, bao tu tui, bao tu dam.

g. Ndm khéng c6 mét chu trinh phat trién chung. Cé thé phan biét duoc 5 ki€u
chu trinh phat tri€n cua ndm :

- Chu trinh luéng b6i : Giai doan don bdi tuong dWng vdi thé giao tli giéi han g
cdc giao td hoac cdc nang giao tit. Thé bao ti ludng boi chi€m uu th& r6 rét so vdi
thé giao td. Nhiéu loai ndm thudc 16p Chytridiomycetes va l6p Oomycetes c6 ki€u chu
trinh phat tri€n nay.

- Chu trinh hai thé hé : Trong chu trinh nay thé giao ti don boi xen ké vai thé
bao ti ludng boi va vé& nguyén téc la tuong duong nhau. Mot s6 loai ndm thudc l6p

. Oomycetes cd ki€u chu trinh phit tri€n nay.

- Chu trinh don b6i : Sy giAm phan néi tiép ngay vdi qua trinh phdi nhan (karyogamy)
dé tao thanh thé giao ti don bdi. Thé giao ti don boi phat tri€n bang cac bao tu vo
tinh don bdi va sinh ra mét thé hé thé giao ti don boi thd hai. Th€ hé nay tiép tuc phat
trién bing cic bao ti v6 tinh don bdi hodc tao thanh cic giao ti rat it phan hda vé hinh
thai. Giai doan ludng boi tuong dng véi thé bao ti chi ton tai trong mét thoi gian rit ngin.
Nhiéu loai nim thudc l6p Zygomycetes cé ki€u chu trinh phat trién nay.

- Chu trinh don b6i — song nhan : Day la mot bién dang cda chu trinh don béi.
O n&m tii (Ascomycotina) giai doan don béi chi€m wu th& so véi giai doan song nhan.
Cdc sgi nim don boi sau mot thai gian phat trién sé tao ra céac giao t rdt it phan
héa vé& hinh thai. Sau khi phéi sinh chit (plasmogamy) nhan t&€ bao vin ton tai riéng
ré thanh ting doi. Giai doan nay ngin hon giai doan don bgi. Vi chua x4y ra su phéi
nhan cho nén ta coi cad-hai-giai-doan-nay-déu-thuée-thé.giao ti. Giai doan ludng boi
¢ chu trinh nay la khong dang k€. Saw  khi ,phdi,nhan, ¢ t€ bao sinh tui (ludng boi)
sé x4y ra ngay su giam phan de tao ra cac'babp’tl don=bbi 0 N&m dam (Basidiomycotina)
hai doan sgi ndm don bdi két hdp lai voi nhau|d8 tdo thanh doan sgi ndm song nhan
dau tién. Giai doan song nhan ni3y chiém phin 16n chu trinh cia ndm nay. Giai doan
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ludng bodi tuong Ung voi thé bao td chi gidi han & t& bao sinh dAm va dam non Khi
dé nhan lugng boi chua phan chia gidm nhiém.

- Chu trinh vé tinh : Dac trung cho Ndm bit toan (Deuteromycotina), hoan toan
khong cd giai doan hitu tinh. C6 thé ki€u chu trinh nay hoan toan khéng cé that trong
ty nhién, chidng qua chi vi cho dén nay ngudi ta chua tim thdy giai doan hiu tinh
cia cidc nidm nay.

2. NAM MEN

Nim men (Yeast, Levure) la tén goi théng thudng cua mét nhém ndm cG vi tri
phan loai khéng théng nhit nhung cd chung cdc diac di€m sau day :

- N6i chung c6 ton tai trang thai don bao.

- Da s6 sinh s6i ndy nd theo 16i nay chéi, cing cd khi hinh thdic phan cat t& bao.
- Nhiéu loai c6 kha nang lén men duong

- Thanh té& bao c¢é chda mannan

- Thich nghi v8i méi trudng chia dudng cao, cd tinh axit cao.

Ndm men phan b8 rit rong rii trong tu nhién, nhit la trong cdc méi truong co

chita dudng, cé pH thdp, ching han nhu trong hoa qua, rau dua, mat mia, ri dudng,
mit ong, trong dit ruéng mia, dit vudn cay an qua, trong ciac dit cd nhiém ddu mo.

2.1. Hinh thai va ciu tric cua té bio nim men

N4im men la vi sinh vat dién hinh cho nhém nhan that. T€ bao ndm men thudng
l6n gdp 10 ldn so voi vi khudn. Loai nfim men nha may rugu, nha mady bia thudng
st dung la Saccharomyces cerevisiae, cd kich thudc thay d&i trong khoang 2,5 - 10um
x 4,5 - 2lum do do da cJ thé thdy ro6 dugc dudi kinh hién vi quang hoc.

Tuy loai nim men ma t€ bao cd hinh cdu, hinh tring, hinh 6van, hinh chanh (chanh
chau Au), hinh elip, hinh mid phdt, hinh mun com, hinh sao thd, hinh cai liém, hinh
thuén, hinh thoi, hinh ong, hinh cung nhon, hinh tam gidc, hinh chai, hinh kéo dai,
hinh mi sit, hinh qua dc chd, hinh ban cdu, hinh than, hinh ludi liém, hinh th4u kinh,
hinh elip dai, hinh qua 1é, hinh kim khong cd phdn phu, hinh con suét cé phan phuy,
hinh ban cdu cd ria hep, hinh mad ludi trai...

Co loai ndm men cé khudn ti hoac khudn ti gid. Khudn ti gid chua thanh sgi ré
rét ma chi 12 nhiéu t&€ bao néi véi nhau thanh chudi dai. Co loai co thé tao thanh
viang khi nudi cdy trén méi trudng dich thé.

Thanh t€ bao ndm men diy khodng 25nm. (chi€m 25% khé6i lugng khd clua té& bao).
Da s6 ndm men cd thanh t€ bao cdu tao bdi glucan vd mannan. Mét s6 ndm men cé
thanh t& bao chda kitin vd mannan. Trong thanh t€ bao ndm men con cé chida khoang
10% protein (tinh theo khéi lugng kho), trong s6 protein nay cé mét phin la cac enzim.
Trén thanh té bao con thay-ed-ecad-moét-luong-nho-lipit:

St dung dich tiéu hoa ctéa 6¢ sén Heli¥ pomatic/c6.thé lam pha vd thanh t& bao
ctia ndim men va lam sinh ra nhitng té bao tran. Chidt dich nay co chda téi tren
30 loai enzim khac nhau."Coén ¢é thé dung dich may dé phd vd thanh bao tu tyj
cia ndm men.
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Dugi 16p thanh t& bao la 16p mang té bao chit. Liy t& bao trdn cia ndm men roi
dua vao trong mét dung dich cd 4p sudt thdm thdu thidp, li tam dé€ 14y ra mang té
bao chdt, rita va li tam lai dé thudn khiét mang, quan sat dudi kinh hién vi dién tu
thdy né cd 3 tdng k&t cdu khiac nhau. C4u tao chu y&u la protein (chiém 50% khéi
lugng kho), phdn con lai la lipit (40%) va mot it polisaccarit.

- Protein
Thanh phén, cta - Lipit glixero-mono, di, trieste
mang té€ bao - Lipit - Glixero-photpho lipit
chdt ndm men - Sterol

- Hidrat cacbon

Phén sterol trong mang t&€ bao chidt ndm men khi dugc chiu tia ti ngoai cd thé
chuyén hda thanh vitamin D,. Lugng sterol trong t& bao cia loai ndm men Saccharomyces
fermentati cd th€ chi€m téi 22% khéi luong khé cta t& bao. Nhan ctia té bao nim men
dugc bao boc bdi mét mang nhian nhu & cac sinh vat ¢ nhan that khiac. Mang nhan
cia ndm men cd cdu tric 2 16p va cd rdt nhiéu 16 thung.

Nhan cua t€ bao men rugu Saccharomyces cerevisiae c6 chda 17 d6i nhiém sac thé.
ADN trong t€ bao nim men don bdi c6 khéi lugng phan tu la 1 x 10'° Da (Dalton,
1 Da = 1,67 x 10_24g), so v8i khéi lugng phan tu cia ADN vi khudn Escherichia coli
thi 16n hon 10 ldn nhung so v6i ADN cua ngudi thi lai nhé hon 100 lan.

Ti thé cia ndm men cing giéng v6i cdc ndm sgi va cac sinh vat ¢ nhan khic.
ADN cta ti thé ndm men lad mot phan td dang vong cé khéi luong phan tu la 50 x
10® Da (g&p 5 14n so véi ADN ti thé dong vat bac cao). ADN cua ti thé nim men
chiém 15 - 23% tdéng lugng ADN cua toan té bao ndm men.

Cé moét loai plasmit dugc phat hién nam 1967 & t€ bao ndm men Saccharomyces
cerevisiae dudc goi 1a "2um plasmit" cd vai tro quan trong trong thao tiac chuyén gen
ctia ki thuat di truyén. Loai plasmit nay la mét ADN vong chia 6300 déi bazo.

Cac t€ bao ndm men khi gia sé xudt hién khéng bao. Trong khoéng bao cd chia cac
enzim thuy phan, poliphotphat, lipoit, ion kim loai, cac san phdm trao d8i chit trung
gian. Ngoai tdc dung moét kho du trit, khong bao con cd chdc nang diéu hoa dp suit
thdm thidu cua té& bao.

Trong moét s6 t& bao ndm men (vi du d loai Candida albicans) cdn thdy cic vi thé.
DG 1a cac thé hinh cdu hay hinh tring, dudng kinh 3um, chi phi mét 16p mang day
khodng 7nm. Vi thé cd vai trdo nhit dinh trong qua trinh oxi hda metanol.

2.2. Sinh san va cac chu ki s6ng cia nim men

N4m men cé nhiéu phuong thdc sinh sb6i nady nd khac nhau :
'A. Sinh sdn vé tinh :
(a). Nay ch6i ;. .¢ tdt ca cdc.chi.nim. men
(b). Phan cat : & chi Schizosaccharomyces
(c). Bang bao tu :
+ Bao~tu=d6t-" ¢ chi GedtFickhtnt
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Bao ti ban : 6 chi Sporobolomyces

Bao ti do : & ndm Candida albicans ching han.

B. Sinh sdn hitu tinh : Bao ti tdi & cac chi Saccharomyces, Zygosaccharomyces va
nhiéu chi ndm men khac thuéc bé Endomycetales.

Nay chéi 12 phuong phap sinh sian ph8 bién nhdt ¢ ndm men. 3 disu kién thuan
lgi ndm men sinh s6i ndy nd nhanh, quan sat du6i kinh hi€n vi thdy hdu nhu t& bao
nim men nao cing cd chdi. Khi mét chéi xudt hién cdc enzim thuy phan sé lam phan
giai phan polisaccarit ctia thanh t€ bao lam cho chéi chui ra khoi t€ bao me. Vat chat
méi duge t8ng hgp sé duge huy déng dén chéi va lam chéi phinh to ddn lén, khi d¢
sé xuit hién moét vach ngan giita chéi va t& bao me. Thanh phdn cua vach ngan cing
tuong tu nhu thanh t€ bao. Khi t& bao chéi tdach khoi t&€ bao me & chd tach ra con
gitt lai moét vét seo cua chdi, trén t&€ bao con ciing mang moét vét seo. Cac vét seo nay
cd thé thdy rit r6 khi xi li bing cdc thudc nhuém nhu calcafluor hodc primulin réi
quan sat dudi kinh hi€n vi huynh quang. Duéi kinh hién vi dién td cang cd thé thdy
rdt r6 hon. ’

Phan cat 1a hinh thdc sinh sdn thdy & chi ndm men Schizosaccharomyces. L6i phan
cit nay tuong tu nhu & vi khudn. T€ bao dai ra, § gita moc ra vach ngan chia té&
bao ra thanh 2 phidn tuong duong nhau, méi t& bao con sé cd mét nhan.

Bao ti ban thudng gap 6 chi ndm men Sporobolomyces, Sporidiobolus, Bullera va
Aessosporon. Loai bao ti ndy ¢ hinh than sinh ra trén mét cu6ng nhé moc & céc té&
bao dinh dudng hinh trdng. Sau khi bao ti& chin, nhd m6t co ché& dac biét bao tu sé
dugc ban ra phia d6i dién. Khi cdy cic nim men nay trén thach nghiéng theo mot
dudng zichzdc, it hém sau sé thdy trén thanh 6ng nghiém phia d6i dién véi bé mat
thach sé cd mot dudng zichzdc khac do cic bao ti bin tao thanh.

Bao ti mang day hay bao ti 4o thudng moc & dinh cia cac khudn ti gia
(pseudomycelium) moét s6 ndm men (nhu Candida albicans)

Bao tit tdi dugce sinh ra trong cic tdi. Hai t€ bao khac gigi (mang ddu + va -) ding
gdn nhau sé moc ra hai m4u 18i. Ching tién lai gdn nhau va ti€p n6i véi nhau. Ché
ti€p néi sé tao moét 16 théng va qua dS chit nguyén sinh c6 thé di qua dé€ ti€n hanh
phdi chat, nhan cung di qua d€ ti€n hanh ph6i nhan. Sau d6 nhan phan cit thanh 2,
thanh 4 thanh 8. M6i nhan dugc bao boc bdi chdt nguyén sinh ré6i dugc tao mang day
chung quanh va hinh thanh cdc bao tu tui. T& bao dinh dudng bi&én thanh tui.

Chu ki s6ng cua ndm men ¢S thé phan ra thanh 3 loai hinh :

- Céc t€ bao dinh dudng don boéi (n) cd thé ti€p hgp véi nhau d€ tao ra t& bao
dinh dudng ludng boi (2n). Sau qua trinh gidm phén sé sinh ra cédc bao td tdi (thuong
1a 4 bao ti tai). Binh thuong khi khong cé sinh san hitu tinh ching vin lién tuc nay
chéi d€ sinh s6i ndy nd. Chu ki s6ng nay thdy & nfm men rugu Saccharomyces cerevisiae.

- Cac t€ bao dinh dudng don bdéi (n) sinh sin theo 16i phan cat. Hai t& bao khac
ddu & gin nhau sé ti€p hop voi nhau va sau qud trinh phan cit 3 ldn, l4n ddu giam
nhiém sé tao ra 8 bao tu thi. T& bao. marg 8 baa it nay trd thanh tai. Khi tui va
cdc bao ti tii sé thoat ra ngoai va khi gip difu kién thuan loi sé phat tri€n trg laj
thanh cdc t€ bao dinh dudng. Chu ki séng nay thly ¢ Schizosaccharmyces octospora
chang han.
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- Thé dinh dudng ‘chi ¢6 thé tén tai dudi dang ludng bdi (2n), sinh san theo 16i
nay chéi kha lau. Bao tu tui don boi ti€p hop tiung doi v6i nhau ngay ca tu khi con
nam trong tui. Giai doan don boéi tén tai dudi dang bao tu tdi ndm trong tui va khéng
thé s6ng mét cich doc lap. Co thé€ thdy ré chu ki s6ng nay & Saccharomycodes ludwigii

2.3. Phan loai nAim men
J. Lodder (1970) da xac dinh c6 349 loai ndm men, thuéc 39 chi khic nhau.

J.A. Barnett, R.W. Payne va D.Yarrow (1983) xac dinh c¢6 483 loai nim men, thuéc
66 chi khac nhau :

- Aciculoconidium : 1 loai ; Ambrosiozyma : 3 lodi ; Arthrooascus : 1 loai ;
Botryoascus : 1 loai ; Brettanomyces : 7 loai ; Bullera : 6 loai ; Candida : 155 loai ;
Citeromyces : 1 loai ; Clavispora : 1 loai ; Cryptococcus : 24 loai ; Cyniclomyces : 1
loai ; Debaryomyces : 11 loai ; Debaryozyma : 1 loai ; Dekkera : 2 loai ; Eeniella : 1
loai ; Endomyces : 1 loai ; Endomycopsella : 2 loai ; Filobasidiella : 1 loai ;
Filobasidium : 3 loai ; Geotrichum : 10 loai ; Guilliermondella : 1 loai ; Hanseniaspora :
7 loai ; Hansenula : 27 loai ; Hormoascus : 1 loai ; Hyphopichia : 1 loai ; Issatchenkia :
4 loai ; Kloeckera : 1 loai ; Kluyveromyces : 11 loai ; Leucosporidium : 6 loai ;
Lipomyces : 5 loai ; Lodderomyces : 1 loai ; Malassezia : 2 loai ; Mastigomyces : 1
loai ; Metschnikowia : 6 loai ; Nadsonia : 3 loai ; Nematospora : 1 loai ; Oosporidium :
1 loai ; Pachsolen : 1 loai ; Pachytichospora : 1 loai ; Phaffia : 1 loai ; Pichia : 62
loai ; Rhodosporidium : 9 loai ; Rhodotorula : 18 loai ; Saccharomyces : 7 loai ;
Saccharomycodes : 2 loai ; Saccharomycopsis : 2 loai ; Sarcinosporon : 1 loai ;
Shizoblastosporion : 1 loai ; Shizosaccharomyces : 4 loai ; Schwanniomyces : 1 loai ;
Sporidiobolus : 5 lodi ; Sporobolomyces : 6 loai ; Sporopachydermia : 3 loai ;
Stephansascus : 1 loai ; Sterigmatomyces : 6 loai ; Sterigmatosporidium : 1 loai ;
Sympodiomyces : 1 loai ; Torulaspora : 3 loai ; Trichosporon : 8 loai ; Trigonopsis :
1 loai ; Wickerhamia : 1 loai ; Wickerhamiella : 1 loai ; Williopsis : 5 loai ; Wingea :
1 loai ; Yarrowia : 1 loai ; Zygosaccharomyces : 8 loai.

Dic di€m sinh hoc cuia tiung loai va khoa phan loai dén chi, dén loai cé thé tham
khao cuén Phin loai NAim men do Bao tang giéng chuin vi sinh vat (Dai hoc quéc gia
Ha No6i) xudt ban nam 1995.

R4t nhi6u loai nim men da dudc Ung dung réng rdi trong san xuit : cong nghiép
san xu4t bia, rugu, nudc giai khat, sinh khéi phuc vu chan nu6i, vad cao ndm men,
lipit nfm men, cdc enzim nhu amilaza, invertaza, lactaza, uricaza, poligalacturonaza,
sdn xufit ergosterol, axit ribonucleic, riboflavin (vitamin Bz)' cac axit amin nhu lizin,
xixtein, metionin.

Loai Saccharomyces cerevisiae hién dang dugc st dung nhu mét cong cu dac luc dé
mang cic ADN tai t8 hop phuc vu cho viéc san xudt cdc san phdm th& hé moi cua
ki thuat di truyén.

Tuy nhién bén canh_cdc_nim men cd ich ciing cd khoéng it cic ndm men cd hai,
ching gay ra hién tugng lam hu-hdéng thuc phim tuci séng hoac céc thuc phdm ché
bién. Cé khoang 13 - 15 loai nfm men cd kha nang.gdy bénh cho ngusi va cho dong
vat chan nudi. Dang chi ¥ nhét l1a eac loai Gandide, eibicans, Cryptococcus neoformans,
Trichosporon cutaneum, T. eapitatum...
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3. NAM SOI

Ndm sgi la tdt cAd cdc ndm khong phdi ndm men va cing khong sinh mi ndm (thé
qua cé kich thudc 16n) nhu & cidc ndm lon. Tuy nhién § tdt ca cac giai doan chua
sinh md ndm thi khudn ti thé (hé sgi nim) ctia ndm 16n vidn dugc coi la ndm soi va
dugc nghién cdu vé cdc mat sinh li, sinh hda, di truyén... nhu ciac ndm sogi khac.

N&m sgi con duge goi la ndm méc, tdc 1a chi t4t cA cdc méc moc trén thuc pham,
trén chi€u, trén quian 4o, trén gidy dép, trén siach vd... Ching phat trién rdt nhanh
trén nhiéu nguén co chdt hitu co khi gap khi hau ndng d@m. Trén nhiéu vat liéu vo
cd do dinh bui bam (nhu cdc thdu kinh & 6ng nhom, may anh, kinh hi€n vi...) ndm
méc van cd thé phat trién, sinh axit va lam md cac vat liéu nay.

Nhiéu ndm sgi ki sinh trén ngudi, trén dong vat, thuc vat va giy ra ciac bénh ndm
khi nguy hiém. Nhiéu ndm sgi sinh ra cdc doc t6 ndm cd thé gay ra bénh ung thu
va nhiéu bénh tat khac.

Trong tu nhién ndm sgi phan bd rit rong rai va tham gia tich cuc vao cac vong
tudn hoan vat ch4t, nh4dt 1a qud trinh phan giai chdt hitu co va hinh thanh ch&t mun.

R4t nhiéu loai ndm sgi da dugc st dung rong rai trong cong nghiép ché bién thuc
phdm (lam tuong, nudc chdm, ndu cbn, rugu saké, san xudt axit xitric, axit gluconic...),
trong cong nghiép enzim (sdn xudt amilaza, proteinaza, xenlulaza, pectinaza, ...), céng
nghiép dugc phdm (sdn xudt penixilin, xephalosporin, ecgoalcaloit, cac steroit,...) sin
xuét thubc tri siu sinh hoc, kich thich t8 sinh trudng thuc vat (gibberellin...), dé phi
nhiéu va dinh lugng cic chit hoat dong sinh hoc bing cdc loai ndm chi thi, san xuit
sinh kh6i ndm sgi phuc vu chan nuéi va dinh dudng cho ngudi (mycoprotein), st dung
ndm sgi d€ xi 1i 6 nhiém moi trudng, san xuit cdc binh giéng ndm d€ md rong nghé
tréng ndm an cac loai (ndfm md, ndm huong, nidm rom, nim bao ngu hay nim so,
ndm linh chi, méc nhi hay ndm meo, ngan nhi..).

3.1. Hinh thai va ciu tric cia sgi nim

Céc sgi nim déu cd chiéu ngang tuong tu nhu dudng kinh ndm men. C4u tric cua
sgi ndm cing tuong tu nhu ciu tric cia t€ bao ndm men. Bén ngoai cé thanh té& bao,
r6i dén mang t€ bao chit, bén trong la t& bao chit v6i nhan phan hda. Mang nhan
c6 cdu tao 2 l6p va trén mang cd nhiéu 16 nhé. Trong nhan cé hach nhan. Bén
trong t&€ bao ndm con cé khong bao, ti thé, mang lugi noi chit, bao nang, thé mang
bién... Th€ mang bién la mot két cAu mang dic biét, nAm J gita thanh t& bao va
mang té bao chidt, bao boc bdi mét 16p mang don va cd hinh dang bién hoa rat
nhiéu (hinh 6ng, hinh tdi, hinh cdu, hinh trdng hoac hinh nhiéu 16p...). Céng dung
cia th€ mang bién con chua dugc lam siang t6, cé thé 1a cd lién quan dén su hinh
thanh thanh té€ bao.

Dinh sgi ndm bao gém mot-ehép non, khong tang trudng va cd tdc dung che chg
bido vé cho phdn ngon cua sgi ndm. Day 12 phdn ma chidt nguyén sinh khéng co nhan
va it chda cdc co quan tu. Phdn nay rat détaeh rgivoi cdc phén con lai cia ngon
soi ndm vi dudi chép nén l& mét-phan c6 thinh rAt mong. Dubi nia la phén tao ra
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thanh t& bao. Cac sgi nhé trén thanh t& bao x&p ngang (chéo gde véi truc sgi ndm).
Dudi nita 1a phdn tang trudng. Thanh cia phdn nay cé cdu tric sgi dang mang ludi.
Ngon sgi ndm tang trudng dugc 12 nhd phdn nay. Du6i nita 12 phdn thanh cding hay
con goi la phdn thanh thuc cta sgi ndm. Thanh t& bao 6 phdn nay ngoai cac sgi ngang
con dugc tang cudong bodi cac soi doc. Bat ddu ti phdn nay trd xudng la chdm ddt su
tang trudng cua sgi ndm. Gika hai phdn ndi trén la moét mién yéu va dé gay. o) phan
tang trudng sgi ndm chia ddy chdt nguyén sinh v6i nhiéu nhan, nhiéu co quan ti,
nhiéu enzim, nhiéu axit nucleic. Day la phin quyét dinh sy tang trudng va su phan
nhanh cua sgi ndm.

Chung ta dé dang ching minh su ting trudng chi & ngon cta sgi ndm bing cich
ngdm mot it soi ndm dang phat tri€n vao dung dich FeCl, 0,5%, git 1 phit r6i lai
d€ cho sgi ndm phat tri€n ti€p trong nhitng moéi trudng thich hgp. Sau mot thoi gian
ta ldy sgi ndm ra xu li tiép v&i dung dich K, Fe(CN),. Soi dusi kinh hién vi ta thdy
t4t ca sgi ndm bit mau xanh (xanh Prussian) riéng phdn & sat dinh sgi ndm (vi méi
tao thanh) nén khéng bit mau. C6 nghia 1a chi ¢é phan nay dugc dai ra ké tu lic
da ngam vao dung dich FeCls. Phén ngon sgi ndm thudng dai khoang 100um va thuong
tach cic phdn bén dudi bing moét khong bao kha 1dn.

& cac loai ndm khudn ti khéng cd vich ngan duong nhién la bén trong khuén ti
cé nhiéu nhan. Nguoi ta goi dg la cac té€ bao da nhan. @ cac loai ndm cd véch ngan
thi do kha nang di chuyén cta nhan ma ting t€ bao cé thé cd chia 1 nhan, 2 nhan,
nhiéu nhan hoiac ching c6 nhan nao. Ndm cé sgi ndm khoéng ngan vach gap & cic lop
Chytridiomycetes, Plasmodiophoromycetes, Oomycetes, Zygomycetes, Trichomycetes. Nim
thudc tdt ca ciac l6p khidc trong nganh N&m that (Eumycota) déu cd sgi ndm ngan
véach.

3.2. Cac dang bién hoa cia hé s¢gi nam

Lic bao ti ndm roi vao mot diéu kién moi trudng thich hgp nd sé ndy mam moc
ra theo ca ba chiéu thanh moét hé sgi ndm hay goi 12 khudn ti thé. Trén khudn ti thé
ta phan biét dugc hai loai khudn ti. Khuén ti co chdt hay khudn ti dinh dudng va
khudn ti khi sinh. Khudn ti co chdt cdm sau vao méi trudng cdon khuidn ti khi sinh
phat trién tu do trong khéng khi.

Hé sgi nAm cd thé bién hda d€ thich nghi vdi cac diéu kién s6ng khac nhau thanh
cic dang dac biét sau day :

- Ré gid (rhizoid) : Trong gdn giéng nhu mot chum ré phan nhanh, cd tac dung
gitip ndm bam chat vao co chdt va hdp thu chidt dinh dudng tit co chit. Co thé thdy
r6 ré gia khi quan sit ndm Rhizopus.

- Soi hut (haustoria) : Gap & cdc n&m ki sinh bat budc. Chung dugc moc ra ti
khudn ti va phan nhanh r6i dam siu vao t€ bao vat chu, d dé ching cd thé bién thanh
hinh cdu, hinh ngén tay hay hinh soi Chiing st dung cdc sgi hut nay dé hat chAt
dinh dudng ti co thé€ cua vat chu.

- Soi ap (appressoria)’: Gap & ede nim ki sinh=@+thuc vit. Phin sgi ndm ti€p xuc
v6i vat chu sé ph6ng to ra,tang dién ti€p xic V6T vAt chi. Phdn nay thusng cdé hinh
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dia, cd nhiéu nhan t& bao, ap chat vao vat chi. Cac mé cta vat chu dudi tac dung
cia enzim do n&m sinh ra sé bi pha huy ting phdn hay hoan toan. Qua mo6 bi pha
hiy nay cac sgi ndm sé l4n siu vao bén trong vat chi va ti€p tuc sinh enzim dé tiéu
héa co thé vat chu. Khac véi sgi hiat, sgi 4p khong phat trién thanh ciac nhanh dam
sdu vao t€ bao con séng cua vat chu.

- Soi bd hay than bd (stolon) : Do la doan sgi ndm khi sinh khéng phan nhanh,
phat sinh ti cdc sgi ndm co chit, cé hinh thang hoac hinh cung. Ddu mut cua céac
sgi bd cham vao co ch&t phat trién thanh cdc ré gia dé bam chic vao co chit. Soi bd
cd lan ddn ra moi phia ké ca trén thanh thdy tinh cia 6ng nghiém, cua nap hép
Petri... Sgi bd va ré gid thudng gap & bd Mucorales.

- Vong ném hay mang ndm : DS 1a nhiing bién d6i & cac loai ndm cé kha nang
bdy cdc dong vat nhd trong dit (nhu amip, tuyén trung...). Vong ndm co thé co
dang bong dinh moc ra ti nhitng cubéng ngidn x&p thing gdc véi sgi ndm chinh.
Dinh cta cidc cuéng nay phinh to ra thanh bong hinh cdu. Bong nay tiét ra mét
ch4dt dinh trén khadp bé mat. Khi mét con méi cham vao chdt dinh nay sé bi giit
chat lai va moc ra mét nhanh dam siu xuyén qua vo ngoai cuia con vat. Cac nhanh
nay lai phéng lén thanh mét bong nhd bén trong co th€ con vat va ti€p tuc phan
nhanh thanh c4c sgi hit.

Vong ndm cd dang céc sgi thong long cé khuyén trdn doc sgi ndm. M6i khuyén ciu
tao bdi 3 t€ bao x&p nbi ti€p nhau va néi vao sgi ndm chinh bing mét doan ngin.
Khi mat trong ciia 3 t&€ bao nay ti€p xdc vdi con méi (hay bat ki vat gi khac) thi lap
tic cdc khéng bao sé phéng to ra va cing manh vao phia trong, thit chat con méi
lai. Sau dd lai moc ra cdc nhanh xuyén siu vao co th€ con méi va ti€p tuc phat sinh
ra cdc sgi hut.

Mang nim hay cdn goi la luéi dinh 1a mét mang sgi dinh véi nhau nhu tdm lusi
nh6. Cdc con trung cham vao sé bi git chat ldy. Sau dé mét t& bao cta mang nim
sé phat trién thanh moét bong nhé va cdc sgi hit d€ tiéu hda ddn cad co thé con méi.

Tu khudn ti khi sinh cd th€ moc ra nhitng sgi sinh sdn v6 tinh hoac hitu tinh sau
day :

- D&u bao tu trén (conidial head) : Cic co quan sinh sian vé tinh c6 thé cd ciu
tao chita cdc bao ti vé tinh. 3 nim thudc cidc chi Penicillium va Aspergillus cé cic
d4u bao td trdn véi nhiéu sgi ndm phan hda khac nhau. Ching han & chi Penicillium
b4t ddu td doan sgi chua phan nhdnh goi 12 cu6ng ndm r6i dén cic sgi phan nhanh
bac moét goi la canh ti€p d6 12 sgi phan nhanh bac hai goi 1a canh nhanh. Phén sinh
ra cédc bao ti trdn goi la th€ binh. Thé binh c6 th€ cé mot 16p hoic hai l6p. O
Aspergillus thuong chi c6 cdc canh nhdnh moc ra ti mét bong con goi 1a bao nang.
Cac bao tu trdn § Aspergillus cé thé toa tron ra thanh hinh phong xa, cing cd thé
huéng ca vé mot phia tao thanh hinh tru.

- Nang bao tu kin (sporangia) : 1a dang bién d8i & bd Mucorales, moc lén tir cuéng
nang. M6i nang bao ti kin cd mét nang tru néi ti€p v6i cubng nang va ndm bén trong
ctia nang bao tu kin. Céc bao ti kin duoc sinh ra bén- trong cdc nang nay.

- Ddm (basidia) : 12 cg quan sinh sian hiul tink) d6 t€é bao song nhan & dinh soi
phinh to ra ma tao thanh. Trong dim hai nhan sé ph6i hop véi nhau dé€ hinh thanh
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moét nhan ludng boi. Sau d6 do phan cit gidm nhiém ma sinh ra 4 nhan don boi. Khi
dé trén ddm sé moc ra 4 cubng nhd ddu phinh to ra. Cac nhan don boi sé di vao 4
cudng nhé nay va vé sau phat trién thanh 4 bao ti dam.

- Tui gié (picmidium) : 12 dang hinh thai c¢d hinh cdu hay hinh chai ma vé ciu
tao bdi cdc l6p sgi ndm quédn chat lai véi nhau. Thanh trong clia vé mang cic cudng
bao ti trdn. Cdc bao tl& trdn sinh ra tit dinh cdc cudng nay.

- Cum gia (sporodochium) : cfu tao bdi cic cubng bio ti trdn ngin xé&p lién véi
nhau tao thanh mot khéi kha ddy. Bao ti trdn sinh ra trén dinh cudng, tao thanh
modt cdi dém g6ém nhiéu cuéng dinh vdi nhau mét phdn hosc tdt ca.

- Dia gia (acervulus) : gap & cac nidm ki sinh trén thuc vat, nidm bén dusi biu bi
hoac tdng cutin. Dia gid gém moét dia phing cdu tao bdi cac sgi ndm quén chat ldy
nhau trén dé cé cdc cudng bao ti trdn moc thidng dding. Khi bi€u bi cua cay chu va
ra, dia gia sé 16 ra bén ngoai. Bén canh cdac cudng bao ti tran cdn thdy cd cic
léng cing.

- 'B6 gia (coremium ; synnema) : la nhiéu cuéng bao ti trdn dai, xép song song vdi
nhau & phdn géc hoac subt doc cudng, mang cdc bao ti trdn & phdn ngon hoic suét
doc than.

- Hach ném (sclepotium) : 1a moét khdi sgi ndm rin chic thuong cd tiét dién tron,
khéng mang cdc cd quan sinh san. Hach n&m chi ¢ & cdc nim cd sgi ndm ngan vich.
D6 1a mé6t dang s6ng nghi cia ndm d€ bao vé ndm trai qua dugc cic diéu kién b4t
lgi cia méi trudng séng. Hach ndm thudng cé kich thudc tit 100um dén 1mm. Thudng
cé ciu tao 2 l6p : bén ngoai la 16p v6 ran cdu tao bdi nhu mo gia cd thanh ddy, phu
cutin va cd sidc t6 hach ndm cé mau vang, nau, tim den...,, 16p trong thudng mém hon,
cfu tao bdi mé cdc t€ bao hinh thoi, gébm cdc sgi ndm binh thuong hoac gelatin hda,
v8 mau, chda nhiéu chit du trit thudc loai hidrat cacbon va lipit.

- Thé dém (stroma) : con goi la dém ndm, 12 mét khdi sgi ndm cd thanh t€ bao
dinh lién nhau theo nhiéu huéng. Trén hoac trong th€ dém cd mang cdc co quan sinh
san. Thé dém chi gap & N4m tai (Ascomycotina) va Ndm dam (Basidiomycotina).

C4c t& bao trong dém ndm chua tao thanh mé that nhu & dong vat, thuc vat ma
chi 12 cdc mo6 gid. CS hai loai mé gia : mé t& bao hinh thoi va nhu mé gia. Mo té&
bao hinh thoi cd ciu tao x8p, cic soi x6p song song voi nhau va vdn cd thé phan biét
dugc tling soi riéng biét. Nhu mé gid cd cdc t€ bao hinh da giac hay hinh tron dinh
chat v6i nhau, khdng tach roi dugc thanh tiung sgi.

- Qud tui (fruit — bodes) : 1a loai thé dém gap 6 Ndm tii. Cé dang qua tui hinh
cdu (cleistothecium) cé loai qua tdai hinh chai (perithecium), c¢d loai qua tdi hinh dia
(apothecium), loai qua tdi hinh cdu gap & 16p Plectomycetes, loai qua tui hinh chai gap
4 l6p Pyrenomycetes, loai qua tdi hinh dia gap & l6p Discomycetes.

3.3. Hé thong phan loai nim

Cho dén nay chua c¢6 hé-th8ng phan.loai nfm nac dugc t&t cad cdc nha nim
hoc th6ng nh&t cong nhd@n. Tuy nhién 'hé’ théng ‘phan loai cia G.C. Ainsworth
(1973) la dugc st dung tdng rai hon ci. Dubi ddy T2 bang gi6i thiéu vén tat heé
théng phan loai nay.
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Gigi Ndm (Fungi)
a. Toén tai nguyén chit doan (plasmodium) hoac dang nguyén ch&t doan gia (pseudo

plasmodium)

. Nganh N&m nhdy (Myxomycota)
aa. Khong cd dang nguyén chit doan hoac gid nguyén ch4t doan, giai doan dinh

dudng la hé sgi ndm (khudn ti thé) dién hinh

. Nganh Ndm that (Eumycota)
b. Cé bao ti déng, bao ti hiu tinh la bao ti noan
. Nganh phu Mastigomycotina.
bb. Khong cd bao tit doéng . . . . . xem c
c. Cé giai doan hiu tinh . . . . . xem d
cc. Khong cd6 giai doan hiru tinh ... Nganh phu Deuteromycotina
d. Bao ti hitu tinh 1a bao tu ti€p hop (zygospores)
... Nganh phu Zygomycotina
dd. Khéng c6 bao tu ti€p hop . . . . xem e
e. Bao ti hdu tinh la bao tu tadi
. Nganh phu Ascomycotina
ee. Bao td hitu tinh la bao ti dam
... Nganh phu Basidiomycotina

* Nganh phu MASTIGOMYCOTINA (Sparrow, 1960) (Bao t& hitu tinh 1a bao tu

noan)

+ Ldp Chytridiomycetes
- Bo6 Chytridiales
Céc ho : Olpidiaceae ; Achlyogenotaceae ; Synchytriaceae ; Phlyctidiaceae ; Rhizidiaceae;

Cladochytriaceae ; Physodermataceae ; Megachytriaceae
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- B6 Harpochytriales

Ho : Harpochytriaceae

- B6 : Blastocladiales

Céc ho : Coelomomycetaceae ; Catenariaceae ; Blastocladiaceae
- B6 Monobleparidales

Cac ho : Monoblepharidaceae ; Gonapodyaceae

+ Lop Hyphochytridiomycetes

- Bo Hyphochytridiales

Céc ho : Anisolpidiaceae ; Rhizidiomycetaceae ; Hyphochytriaceae
+ Ldp Plasmodiophoromycetes

- Bo Plasmodiophorales

Ho Plasmodiophoraceae

+ Lop Oomycetes
-'B6 Lagenidiales

Cac ho : Olpidiopsidaceae™;=Sirzolpidiaceae Lagenidiaceae



- B6 Saprolegniales

Cac ho : Ectrogellaceae ; Haliphthoraceae ; Thraustochytriaceae ; Saprolegniaceae ;
Leptolegniellaceae

- B6 Leptomitales

Cac ho : Leptomitaceae ; Rhipidiaceae ; Euglerulaceae ; Pseudosphaeriaceae ;
Capnodiaceae ; Dothideaceae ; Dothioraceae

- Bo Pleosporales

Ciac ho : Dimeriaceae ; Venturiaceae ; Mesnieraceae ; Botryosphaeriaceae ;
Lophiostomataceae ; Sporormiaceae ; Pleosporaceae ; Mycoporaceae

- Bo Hysteriales

Cic ho : Hysteriaceae ; Arthoniaceae ; Opegraphaceae ; Phyllipsiellaceae ; Patellariaceae ;
Lecanactidaceae

- B6 Hemisphaeriales

Cic ho : Microthyriaceae ; Trichopeltinaceae ; Munkiellaceae ; Asterinaceae ;
Aulographaceae ; Brefeldiellaceae ; Parmulariaceae ; Stephanothocaceae ; Schizothyriaceae;
Leptopeltidaceae ; Micropeltidaceae (Hemisphaeriaceae)

+ Lép Laboulbeniomycetes

- B6 Laboulbeniales

Ciac ho : Ceratomycetaceae ; Laboulbeniaceae ; Peyritschiellaceae ;
+ Lop Discomycetes

- Bo Medeolariales ;

Ho Medeolariaceae ;

- Bo Cyttariales ;

Ho Cyttariaceae

- Bd Tuberales

Cac ho : Elaphomycetaceae ; Terfeziaceae ; Protomycetaceae ;
- BO Taphrinales

Ho Taphrinaceae

+ Lop Plectomycetes (Fennel, 1973)

- B6 Eurotiales

Cic ho : Amorphothecaceae ; Gymnoascaceae ; Monascaceae ; Onygenaceae ;
Pseudeurotiaceae ; Thermoascaceae ; Trichocomaceae ; Eurotiaceae ; Cephalothecaceae;

+ Lop Pyrenomycetes (Muller, 1973)
- Bo Erysiphales
Ho Erysiphaceae
- Bé Meliolales
Ho Meliolaceae
- Bo Coronophorales
Ho Coronophoraceae
- B6 Sphaeriales
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Cac ho : Ophiostomataceae ; Melanosporaceae ; Sphaeriaceae ; Hypocreaceae ;
Polystigmataceae ; Coryneliaceae ; Sordariaceae ; Diaporthaceae ; Halosphaeriaceae ;
Diatrypaceae ; Amphisphaeriaceae ; Xylariaceae ; Verrucariaceae ; Clavicipitaceae ;
Hypomycetaceae

+ Lop Loculoascomycetes (Luttroll, 1973)

- B6 Myriangiales

Céc ho : Atichiaceae ; Myriangiaceae ; Saccardiaceae ; Saccardinulaceae
- Bo Dothideales

Cac ho : Trichothyriaceae ; Chaetothyriaceae ; Parodiopsidaceae

- B6 Peronosporales

Cac ho : Pythiaceae ; Albuginaceae ; Peronosporaceae

* Nganh phu : ZYGOMYCOTINA (Bao td hitu tinh 12 bao tu ti€p hop)
+ Ldp Zygomycetes (Hesseltine, 1973)

- B6 Mucorales

Cac ho : Choanephoraceae ; Cunninghamellaceae ; Dimargaritaceae ; Endogonaceae ;
Helicocephalidaceae ; Kickxellaceaee ; Mortierellaceae ; Mucoraceae ; Pilobolaceae ;
Piptocephalidaceae ; Radiomycetaceae ; Saksenaeaceae ; Syncephalastraceae ;
Thamnidiaceae

- Bo Entomophthorales

Céac ho : Entomophthoraceae ; Zoopagales ; Zoopagaceae ; Cochlonemaceae ;
+ Lop Trichomycetes (Bichtwardt, 1973)

- B Harpellales

Céac ho : Harpellaceae ; Genistellaceae

- B6 Asellariales ;

Ho Asellariacea

- B6 Eccrinales

Cac ho : Palavasciaceae ; Parataeniellaceae ; Eccrinaceae

- Bd Amoebidiales

Ho Amoebidaceae

* Nganh phu : ASCOMYCOTINA (Bao tu hitu tinh la bao tu tui)

+ Lop Hemiascomycetes

- Bo Endomycetales

Cac ho : Ascoideaceae ; Saccharomycetaceae ; Endomycetaceae ; Spermophthoraceae
- B6 Protomycetales A

Céac ho : Geneaceae ; Tuberaceae

- Bd Pezizales

Cac ho : Sarcosomataceae ;. Sarcoscyphaceae ; Ascobolaceae ; Pezizaceae ; Morchellaceae;
Helvellaceae ; Pyronemataceae

- B6 Phacidiales

Cac ho : Rhytismataceae ; Cryptomycetaceae ; Phacidiaceae
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- Bo Ostropales
Ho Stictidaceae
- Bo Helotiales

Céc ho : Ascocorticiaceae ; Hemiphacidiaceae ; Geoglossaceae ; Sclerotiniaceae ;
Orbiliaceae ; Dermateaceae ; Hyaloscyphaceae ; Leotiaceae

* Nganh phu : BASIDIOMYCOTINA (Ainsworth, 1966) (Bao ti hitu tinh la bao ti dam)
+ Lap Teliomycetes

- B6 Uredinales

Cac ho : Melampsoraceae ; Colec;sporaceae ; Pucciniaceae

- B6 Ustilaginales

Cac ho : Ustilaginacea ; Yeniacea ; Tilletiaceae

+ Lép Hymenomycetes (Talbot, 1968)

- B6 Tremellales ; Tremellaceae ; Sirobasidiacea ; Hyaloriaceae
Bo Auriculariales ; Auriculariaceae ; Phleogenaceae

- Bo Septobasidiales

Ho Septobasidiaceae

- Bd Exobasidiales

Ho Exobasidiaceae

- Bd Brachybasidiales

Ho Brachybasidiaceae

- Bo Dacrymycetales

Ho Dacrymycetaceae

- Bo Tulasnellales

Cac ho : Tulasnellaceae ; Ceratobasidiaceae

- Bd Aphyllophorales (Polyporales)

Cac ho : Cantharellaceae ; Coniophoraceae ; Corticiaceae ; Gomphaceae ;
Punctulariaceae ; Stereaceae ; Thelephoraceae ; Schizophyllaceae ; Cyphellaceae ;
Clavariaceae ; Clavulinaceae ; Sparassidaceae ; Auriscalpiacea ; Bankeraceae ;
Echinodontaceae ; Hericiaceae ; Hydnacea ; Bondarzewiaceae ; Fistulinaceae ;
Ganodermataceae ; Hymenochaetaceae ; Polyporaceae ; Podoscyphaceae

- Bo Agaricales

Céc ho : Boletaceae ; Hygrophoraceae ; Tricholomataceae ; Entolomataceae ;

Amanitaceae ; Pluteaceae ; Lepiotaceae ; Agaricaceae ; Bolbitiaceae ; Strophariaceae ;
Coprinaceae ; Cortinariaceae ; Paxillacea ; Gomphidiaceae ; Russulaceae

- B6 Hyphomycetales "(Monilliales)

Cac ho : Graphiolaceae ; Hyphomycetaceae ; Dematiaceae
- Bo Stilbellales

Ho Stilbellaceae (Stilbaceae)

- Bo6 Tuberculariales

Ho Tuberculariaceae
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+ Lop Coeclomycetes (Sutton, 1973)
Bo Melaconiales

Ho Melaconiaceae

Boé Sphaeropsidales

Cac ho : Sphaeropsidaceae ; Nectrioidaceae (Zythiaceae) ; Leptostromataceae ;
Excipulaceae (Discellaceae)

+ Lop Gasteromycetes (D. Dring, 1973)
- Bod Podaxales
Ho Podaxacecae
- Bo Phallales

Cac ho : Clathraceae ; Phallaceae ; Hysterangiaceae ; Protophallaceae ; Gelopellidaceae;
"Claustulaceae )

- Bo Lycoperdales

Cdc ho : Arachniaceae ; Mesophelliaceae ; Geastraceae ; Lycoperdaceae ; Gautieriaceae
- B6 Hymenogasterales

Céac ho : Gastrsporiaceae ; Protogastraceae ; Hymenogastraceae
- B6 Nidulariales

Cac ho : Sphaerobolaceae ; Nidulariaceae

- Bd Melanogastrales

'Céc ho : Melnogastraceae ; Torrendiaceae

- Bo Sclerodermatales

Ciac ho : Astraceae ; Glishrodermataceae ; Broomelaceae ; Sclerodermataceae
- B6 Tulostomatales

Cac ho : Calostomataceae ; Tulostomataceae

* Nganh phu DEUTEROMYCOTINA

+ Lop Blastomycetes (Ainsworth, 1971)

- B6 Cryptococcales

Ho Cryptococcaceae (Pseudosaccharomycetaceae)

- Bo6 Sporobolomycetales

Ho Sporobolomycectaceae~(Nectaromycetaceae)

+ Lop Hyphomycetes (Kendrick, 1973)

- Bo Agonomycetales

Ho Agonomycetaceae
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Gan day (1998) bao tang giéng chudn
th6ng phan loai khac d6i véi gisi Ndm.
bang sau day :

GIOI PHU LOP
Chytridiomycota
Chytridiomycetes
Zygomycota
Zygomycetes
Trichomycetes
Ascomycota
Archiascomycetes
Saccharomycetes
Ascomycetes
discomycetes

vi sinh vat CBS (Ha Lan) lai dua ra mét hé
Cic nhém Nidm chinh dugc trinh bay trong

cAc BO TIEU BIEU

Chytridiales, Spizellomycetales, Blastocladiales,

Monoblepharidales, Neocallimastigales

Mucorales, Endogonales, Glomales,
Entomophthorales, Kickxellales,
Dimargaritales, Zoopagales

Amoebidiales, Asellariales, Harpellales,
Eccrinales '

Taphrinales, Neolectales,
Schizosaccharomycetales, Pneumocystidales

Sac-charomycetales, Endomycetales,

Dipodascales

Leotiales, Pezizales, Rhytismatales

major lichenized
orders (cdc bd
chinh thuéc Dia y)

Caliciales, Lecanorales, Ostropales,
Peltigerales, Teloschistales

plectomycetes
Eurotiales, Onygenales

pyrenoxr{ycetes
Diaporthales, Hypocreales, Sordariales,
Xylariales

loculoascomycetes

Dothideales, Melanommatates, Pleosporales

powdery mildews (ndm; suong phin dang bot)

7 VSVH

Erysiphales
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Laboulbeniomycetes

conidial ascomycetes
hyphomycetes
coelomycetes

Basidiomycota
Urediniomycetes

Platygloeomycetidae

Urediniomycetidae

Ustilaginomycetes

Hymenomycetes

Tremellomycetidae
Dacrymycetidae
Auriculariomycetidae

Hymenomycetidae

Laboulbeniales

(ndm tdi cé bao t¥ tran)

Cryptomycocolacales, Atractiellales,
Agaricostilbales, Platygloeales,
Sporidiales, Heterogastridiales,
Cryptobasidiales

Uredinales, Septobasidiales

Ustilaginales, Tilletiales,
Exobasidiales, Graphiolales

Tremellales, Filobasidiales

Dacrymycetales

Auriculariales

- Tulasnellales, Ceratobasidiales,
Thelephorales, Cantharellales,

Poriales
- Boletales, Agaricales, Russulales
- Hymenogastrales, Lycoperdales,
Melanogastrales, Sclerodermatales,

Tulostomatales, Nidulariales,
Phallales

Conidial basidiomycepes j(n&m, dam jcé bao td trén)
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Sgi nam khong cé vach ngan

Sgi nam

Vach ngan

Soi nam c6 vach ngan

Khudn ti cua ném

Cau truc cua 1€ bao nam
1 - Thé bien

2 - Thanh t¢ bao

3 - Mang &€ bao chat
4 - Nhan ¢ bao

5 - Hat nhan

6 - Mang nhan

7 - Khong bao

8 - Mang ludi noi chat
9 - Hat du tr

10 - Ti thé

11 - Té bao chat

Sy nay mim bio W détao rahe soFmim
y

| - O ndm Coprinus sterquilinus
2 - O nim Lac/mellula willkommii
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parenthesom

Céc dang vach ngin 3 vi nfm

C4u tric cia thanh t€ bao O vi ndm
a - Téng glucan vo dinh hinh //, \
b - Mang gluco- protein S
¢ - T4ng protein

d - Sg¢i nhé kitin

€ -~ Mang t€ bao chit

Sy hinh“thanh d6ng bao i v&“cac kil dong bao t
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Cac kiéu bao i vo tinh & ndm
Bao nang 8 ndm Pythium aphanidermatum
Bao nang & nm Pythium nagaii
Nang d0ng bao t va cic dong bao td 3 ndm
Phytophthora citrophthora
Bio nang (nang bao i kin) va bao td kin & Mucor

6 - Bao tU ph4n (oidium) & Oidium sp. (5) va o

Candida albicans (6)
Bao t chdi 6 ndm men
Bao t 4o (bao ! mang ddy)
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Cac kiéu tiép hop hitu tinh & nim
A - Tiép hop boi cac giao td dong
a - Déng hinh

b - Di hinh
¢ - Giao W duc xAm nhap tui cai
dé thy tinh

B - Tiép hgp 8 N4m noan
C - Tiép hogp O tui giao wi (giao I nang)
D - Ti€p hgp cua tinh i
a - Tinh td
b - Thé sinh nang va sgi thu tinh
c - Tinh 1 bam vao sdi thu tinh
E - Tiép hop cua 2 bao t ndy mim.

Ong thu tinh

Noan cau

Si hinhsthanh~bao i nofifi @ N4 noan



onl

S loai chu ki s6ng cua nim
S - Chu trinh ludng boi
4 - Chu trinh hai thé he
3 - Chu trinh don boi
2 - Chu trinh don bgi - song nhan
1 - Chu trinh v6 tinh

Su tao thanh bao tu ti€p hop va bao ti kin ¢ ndm
Rhizopus (1t A dén J)
1123 |4R5

Sy hinh thanh bao i tiép hop vao bao td kin

® )
Z)

}

XN

}

= HOREO®)

E - G H

Qué, thinh hinh thanh bao t tui (LU A dén J)
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Cac kiéu'ndy ch6i vaicic hinh™dang cub (€536, \bao 103 ndm men
A. Nay chéi nhiéu cye : B. Nay-chéi /don cyc, ; C. Nay chdi ludng cdc ; D. Phan ci ;
E. Khudn ti gia ; F.\Khuin ti ; G Bao 1 dot # HLUNGI bao 1 ; 1. Bao i ban ; J. Bao i tr4n
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Sy hinh thanh bao tu tii & Saccharomyces octosporus

Q Q%Q/[‘I é@

Sy nay ch6i va hinh thanh bao tU tui 6 Nadsonia elongata

Cac dang bién ddi cua h¢ soi ndm

Thanh 16 bao c6 mdu x3m

Biu bl r8ng Téng ngosi

Téng trong

Hach nim
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Co quan sinh san

7 i L (L
\‘\um?{'{.”“ d - '”("i

2\ .
NN\ b I
i \Q.unlli \

\

e nu‘»”.p[(lﬂ i mi]h -,
(- \ia 0 J )
ml"\m e Wi o e V”f’ e

Thé dem

Cac loai thé qua & ndm tui i R L =
a : qua thé hinh dia & nfm Pczizales, ] ( (

Helotiales
b : qua thé & nfm (hude ho Tuberaceae
¢ : qua thé hinh chai,
d va e : qua thé & ndm Dothidealcs Sei ap
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Dia gis Cum gia

Lz 1t

Cac loai bao tu trin
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CHUONG IV

VIRUT

1. LICH SU PHAT HIEN VA DINH NGHIA VIRUT

Khoang 1500 nam trudc Cong nguyén, vao doi vua Ai Cap thd 18 dia cd nhing
bing ching vé bénh bai liét. Nha triét hoc c8 Hi Lap Aristotle (384 - 322 truéc CN)
da miéu ta cdc triéu chung cta bénh dai. Khoang 2 - 3 th& ki trudc Céng nguyén
ngudi Trung Hoa va ngudoi An Do da miéu tad vé bénh ddu mua. T4t nhién khi d6 con
ngudi chua bi€t dugc nguyén nhan giy ra cic bénh hi€m ngheo nay.

Nam 1886 moét ngudi Didc 1a AMayer ldn dau tién phat hién thdy bénh kham &
la cay thu6c l4 va ching minh d6 12 mét bénh truyén nhiém. Nam 1892 nha sinh li
hoc thuc vat tré tudi D.I. Ivanovskii, ngudi Nga, bit tay vao viéc nghién cdu mim
bénh kham & thudc 1l4. Ong ching minh duge ring mam bénh nay nhé hon vi khuin vi
c6 thé chui qua cdc nén loc vi khufin bing si. Ong cho ring dé la "ddc t6 vi
khudn" hosc "vi khudn cuc ti€u". Nam 1898 nha vi sinh vat hoc Ha Lan M.W Beijerinck
(1851 - 1931) cing nghién cu moét cidch doc 14p mam bénh cia bénh kham thuéc 14
va 6ng cho ridng do 1a moét "ch4t dich cé hoat tinh truyén nhiém", éng dung tiéng La
Tinh 12 Virus (midm d¢c) d€ goi mdm bénh nay. Thuat ngit Virus cd tit b4y gis. Nam
1898 F.Loeffler va P.Frosch phat hién ra virut gay bénh 18 mém long mdng & bd. Nhiéu
nha khoa hoc khéac tiép tuc phdat hién ra cac virut qua loc (filtrable virus) khic gay
ra bénh s6t vang (1902), bénh dai, bénh u Rous & ga (1908), bénh u & niém dich tho,
bénh X & khoai tay... Cing cin nhic lai ngay tit nam 1884 Louis Pasteur da chding
minh mdm gay bénh dai c6 thé lay truyén va cd th€ nuéi cdy biang cach tiém truyén
qua déng vat thuc nghiém.

Nam 1915 nha khoa hoc Anh F.W.Twort (1877 - 1950) vaA nam 1917 nha khoa
hoc Phap F.H.d’Herelle (1873 - 1949) ph4t hién ra virut cia vi khuédn li. F.H.d’ Herelle
da dat tén cho loai virut nay la Bacteriophage (tit g6c La Tinh Bacteria 1a vi khudn
cdn phagein 12 an). Ta dich 1a thé thuc khuidn. Sau nay ngudi ta thudng goi tat la
phago (phage).

Nam 1935 nha héa hoc Mi W.M Stanley ldn ddu tién tach biét va k&t tinh dugce
virut kham thuéc la (TMV = tobacco mosaic virus). Day 12 mét budc doét pha quan
trong trén budc dudng nghién ciu virut. Ti€p dé Bawden va cdng su ching minh ban
chdt hda hoc cia TMV khéng phai 1a protein ma 12 nucleoprotein. Nam 1940 lin diu
tién nha khoa hoc Ddc Kausche va cong su chup dugc hinh dang TMV duéi kinh hién
vi dién ti¥. Nhd cd .kinh_ hi€n vi dién ti ma virut hoc.bit diu cé buéc phit trién
nhanh chdng.

Nam 1952 AD. Hershey (ngudi Mi, giai Nobel '1969) va M Chase dung chit déng
vi phdng xa d€ ching minh vat chdt di truyén ©-th€ thuc khufn la ADN, md diu
cho giai doan nghién cdu sinh hot phan ti & virut. Nam 1955 H.L. Fraenkel-Conrat
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(ngudi Mi) tién hanh thanh céng viéc lap rap nhan tao vo protein va 16i axit nucleic
cia TMV. Nam 1960 Anderer xic dinh dugc trit tu axit amin trong capsome cua vé
protein (capsid) cia TMV. Nam 1965 ldn dau tién Spiegelman (ngusi Mi) lap rap nhan
tao thanh céng chuéi ARN cta thé thuc khuin cta vi khuin E.coli, ti€p do lai lap
rap thanh céong ADN cua thé thuc khudn ¢X 174, pha vd quan niém truyén théng la
thé thuc khudn chi cd thé nhan lén trong co thé séng. Nam 1970 D.Baltimore va
H.M.Temin (hai ngudi Mi, chung giai Nobel 1975) phdt hién ra men trancriptaza nguoc
(reverse transcriptase) trong cac virut chi cd 1 chudi don ARN, md ra moét tuong lai
hoan toan mdi mé trong ki thuat di truyén, trong virut hoc, ung thu hoc... TU nam
1971 ngudi ta lién ti€p phat hién ra cac loai viroit (viroids) (T.O.Diener, 1971), virino
(virino hay prion) (S.B.Prusiner, 1982) va virusoit (virusoids hay viroid-like) (Gibbs,
1983). Gan nhu ddéng thoi véi nhau, nhiéu phong thi nghiérﬁ lién ti€p kham pha ra
cdu tric bac 1 cua axit nucleic 8 ARN thé thuc khuan MS2 (Fiers, 1976), ¢ ADN thé
thuc khudn ¢X174 (Sanger, 1977), & viroit PSTV khoai tay (Gross, 1978), & virut déng
vat SV40 (Fiers, 1978) v.v...

Nho cdc thanh tyu méi mé nh&t trong nghién ciu ki thuat di truyén & virut ma
nhan loai da lam ra dugc nhiéu loai vacxin virut th& hé mdi, gép phdn quan trong
vao viéc ddy lui nhiéu bénh virut hi€ém nghéo ¢ ngudi va gia sic, gia cdm.

Do su phét trién trong nghién cdu vé virut ma tu truéc dén nay da cdé kha nhiéu
dinh nghia khic nhau vé virut :

—-Luria (1953) : "Virut l1a thuc thé duéi hién vi (submicroscopic) cé thé xam nhap
vao t& bao séng va chi cé thé sinh san trong cdc t€ bao nay"

- Lwoff (1957) : "Virut 12 mot thuc thé giay bénh s6ng ki sinh bat budc trong céac
té€ bao cam nhiém dac trung. Virut chi c¢d 1 loai axit nucleic, chi tang vat ch4t di
truyén, khong tu sinh trudng va phan déi, khéng cé hé théng Lipmann (hé théng enzim
san sinh nang lugng".

- Luria (1959) : "Virut la don nguyén cua vat chdt di truyén, khi sinh san trong
t&€ bao cé thé sinh tdng hgp ra nhing k&t cdu chuyén biét khi€n chung cd thé tu
chuyén dich vao trong cac té€ bao khac"

- Lwoff (1966) : "Virut khac biét véi cac sinh vat khac chu y&u & ché : chi cé
moét loai axit nucleic, hodc l1a ADN hoac la ARN, c6 thé ti€n hanh t4di tao axit nucleic
nhung khéng thé sinh trudng, khong phan cat thanh hai phdn déu nhau, khéng cd cic
enzim tham gia vao trao ddi' nang luong, khong cd riboxom cia minh."

- Luria (1967) : "Virut la loai thuc th€é ma hé gen cta chuing c6 thé st dung co
cdu tdng hgp t& bao trong t& bao séng d€ ti€n hanh tai tao ra cac don nguyén cua
axit nucleic va lam cho hé gen cua virut c¢d thé chuyén sang nhitng t& bao khac".

- Theo R.M.Atlas (1994) thi "Virut 12 moét thuc thé vé bao cd chia mét lugng téi
thiéu protein va axit nucleic ma chi c6 thé sao chép sau khi da xAm nhap vao nhiing
t& bao séng chuyén biét. Ching khong cd qua trinh trao 18i chit ndi tai, su sao chép
dua vao viéc diéu khién trao d8i chat t€ bao nhd hé gen cua virut. Trong t& bao chu
cdc thanh phdn cia virut dudc t8ng hop mot cach riéng ré ma dugc ldp rdp bén trong
té bao thanh dang virut-thanh thuc'.

T cac dinh nghia 06i trén co thé thiy;yirut, khac biét vdi cac sinh vat khac &
cic dac di€ém sau day :
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- Virut ¢ két c4u dai phan ti vo bao, khéng cé hé théng sinh nang lugng, khong
¢ riboxom, khong cd hién tugng sinh trudng ca thé, khéong phan cit thanh hai phidn
déu nhau, khéng man cam véi cdc chdt khing sinh ndi chung.

- C6 su giao th& tuong hé gilta trang thai sinh vat ki sinh trong t& bao séng
chuyén biét va trang thai khong phai sinh vat s6ng & bén ngoai t& bao.

- Méi loai virut chi chda mot loai axit nucleic, hoac la ADN hoac la ARN.

Cac sinh vat v6 bao ngoai virut con ¢d 3 loai khic bao gém :

- Viroit : chi chéa thanh phdn ARN c6 tinh truyén nhiém don doc.
- Virusoit : chi chda thanh phan ARN khéng c6 tinh truyén nhiém don déc.

- Virino : chi chda thanh phéan protein (v&n dé con dang duoc thao luan).
Gido su Chu Ddc Khanh (Dai hoc Phiuc Dan, Trung Quéc) dinh nghia virut
nhu sau :

"Virut 12 mét loai sinh vat phi té€ bao, siéu hién vi, méi loai virut chi chia mot
loai axit nucleic. Ching chi c¢6 thé ki sinh bit budc trong cac t& bao séng, dua vao su
hiép trg cta hé théng trao d8i ch&t cia vat chi ma sao chép axit nucleic, t8ng hgp
cdc thanh phian nhu protein... sau dd tién hanh lap ndi dé sinh san s trong diéu kién
ngoai co thé ching cd thé tén tai lau dai ¢ trang thai dai phan ti hda hoc khong
_séng va cd hoat tinh truyén nhiém".

Nguoi ta da phat hién dugc 1671 loai virut con trung (1990), 931 loai virut dong
vat cd xuong sdng (1981), 300 loai virut nguoi (1984), 600 loai virut thuc vat (1983),
100 loai virut n&m, trén 2850 loai va chung thé thuc khudn (1987).

Cac virut ki sinh trén ngudi hoac trén cdc loai déng vat, thuc vat, vi sinh vat co
ich d6i véi ngudi la cdc virut cd hai. Nguge lai cing ¢6 mét s virut cd ich, dé la céac
virut ki sinh trén cdac cén trung va ciac déng vat khac cd hai, c6 dai va cac thuc vat
khiac cé hai, cic vi sinh vat gdy bénh cho ngudi va ciac déong vat chan nuébi.

2. HINH THAI VA CAU TRUC CUA VIRUT

2.1. Kich thudc caa virut

Tuyét dai da s6 vi rit cd kich thudc rdt nho, cé thé lot qua cdc nén loc vi khudn.
Chinh vi th€ ma khéng thé quan-siat thdy virut qua kinh hi€n vi quang hoc. Nguoi ta
thudng do kich thuéc virut bang don vi nanémet (nm, lnm = 10"%m). Véi kinh hién
vi dién td va cac ki thuat phu trg, ngay nay ta cé thé do dac, quan sat ti mi hinh
thai tung loai vi rut.

Duéi day la kich thuéc cia mot s6 loai virut tiéu bi€u :

Tén khoa hoc ho virut Kich thudc (nm)
* Virut ARN : - Piconaviridae 20 - 30

- Caliciviridae 35 - 40

- Togaviridae 40 - 90

- Coronaviridae 80 - 100

- Retroviridae 100 - 120

- Reoviridae 60 - 80
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- Bunyaviridae

- Orthomyxoviridae

- Arenaviridae

- Rhabdoviridae

- Paramyxoviridae
* Virut ADN :

- Parvoviridae

- Hepadnaviridae

- Papovaviridae

- Aenoviridae

— Herpesviridae

- Iridoviridae

- Poxviridae

80 - 120
80 - 120
110 - 130
60 - 180
150 - 300
18 - 26
42

45 - 65
70 - 90
150 - 200
130

130 - 300

Virut cia vi khudn hay thé thuc khu&n cé cfu tric hinh ndng noc hay hinh tinh

trung gém 2 phdn : phidn ddu va phan duébi.

thé thuc khuidn cta vi khudn E. coli :

Duéi day 1a kich thudc cia mot s6

Kich thuéc (nm)
Ki hiéu thé thuc khuidn
Dau Duesi
T 50 10 x 150
T,T T 65 x 95 25 x 110
T T 47 10 x 156
X ¢ 65 10 x 170
P 54 10 x 140
P 65 12 x 150
¢X174, S13 50 10 x 150
£, MS2 30 khéng c6
f, fd 24 khéng c6
khong c6 6 x 800
x (thé thuc khudn ctia Salmonella) 67,5 12,5 x 230

2.2. Hinh thai cda virut

Virut chua cé cdu tao t& bao, mébi virut khong thé goi 12 mét t& bao ma dugc goi
la m6t hat virut hay virion (virion, virus particle). D6 12 mét virut thanh thuc, co két
cdu hoan chinh. Thanh phén chu yéu cia hat virut la axit nucleic (ADN hay ARN)

dugc bao quanh bdi mét vd protein.

Axit nucleic ndm ¢ _gitta_hat virut tao thanh 15i_hay hé gen cta virut. Protein boc
bén ngoai 16i tao thanh mét vé goi-la capsit, Capsit mang cac thanh phdn khang nguyén
va cd tdc dung bdo vé Ioi axit nucleic. Capsit.ciu’ tac. bdi cdc don vi phu goi la hat
capsit hay capsome. L&i va v6 hop lai tao thanh ymét- nucleocapsit, d6 1a két ciu co

ban cua moi virut.
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Mot s6 virut kha phdc tap, bén ngoai capsit con c6 mot mang bao cdu tao bai lipit
hay lipoprotein. C6 lic trén mang bao cdn cd cdc miu gai (spikes) bam ddy chung
quanh. Mang bao thuc chit la mang t€ bao chidt cta vat chd nhung da bi virut cai
tao thanh va mang tinh khdng nguyén dac trung cho virut. Mang bao cd thé bi cac
dung méi hoa tan lipit (nhu éte...) pha huy.

Tom lai méi hat virut cé thé cd cdu tric nhu sau

L6i : do ADN hoac ARN tao thanh
T Capsit

Nucleocapsit (két cdu co ban)

: do nhiéu capsome tao thanh
Virion
Mang bao (k& cdu khong co ban) : Do lipit hoac lipoprotein tao thanh

Can cd vao cac nghién ctu dung ki thuat nhiéu xa tia X, dung kinh hién vi dién
th ta thdy virion thudng cé ciu tric d6i xding xodn hodc d6i xdng 20 mat hoac dsi
xing ddng truc. Loai thd ba la d6i xing phdc hop khong giéng hai loai d6i xing trén.
M4éi loai d6i xding lai phan thanh loai ¢ mang bao va loai khéong ¢6 mang bao.

Duéi day 1a mét s6 vi du :
A. D6i xdng xodn
(a). Khong cé mang bao
1. Hinh que : vi du virut kham thuéc la (TMV)
2. Hinh sgi : vi du thé thuc khudn f1, fd, M13 cua vi khudn E.coli
(b). Co mang bao : .
3. Dang uén khic : vi du virut cim (ho Orthromyxoviridae)
4. Dang dan : vi du virut dai (ho Rhabdoviridae)
B. D6i xing 20 mat (dang truc)
(a). Khéong c6 mang bao
5. Dang nhd : vi du virut viém tiy xdm (ho Picornaviridae)
6. Dang 16n : vi du virut mun com (ho Papovaviridae)
(b). Cé mang bao :
7. Vi du virut sdéi (ho Togaviridae)
C. Dé6i xdng phic hop
(a). Khong c¢6 mang bao :
8. Vi du thé thuc khudn T cua vi khudn E.coli
(b). Cé mang bao :

9. Vi du virut dau mua (ho Poxviridae)

2.3. Hinh thai quin thé cia virut

Lic t& bao nhiém virut duéi kinh hién vi quang hoc vdn c¢d thé thdy moét dam lgn
c4c hat virut tap hop lai véi nhau tao ra cac thé bao ham cé thé thdy thé bao ham
& cdc t& bao thuc vat ldn t€ bao déng vat. €ac vét lam tan vi khudn trén ban thach
dia goi la vét thuc khudnymat thudng cing thiy, duge. Do cung la mét tap hgp rat
16n cac virut.
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Thé bao ham cé hinh thai va kich thuéc khong gidng nhau. Da s6 nim trong té&
bao chit cua vat chi nhung cing cé mét s6 it nim trong nhan t& bao. Loai trén cd
tinh ua axit, loai duéi c¢é tinh uva kiém. CJ lic thé bao ham vita tén tai trong té bao
chdt vira tén tai trong nhan. '

Can ct vao dac di€m cua cdac thé bao ham ngudi ta chia ching ra thanh 4 loai
sau day :

- Thé tu tap virut : vi du thé bao ham protein sinh ra trong té bao con trung
cta virut NPV (nuclea polyhedrosis virus) hay cia virut CPV (cytoplasmic polyhedrosis
virus). Loai thé bao ham nay con goi la thé da gidc (polyhedron), bén trong cé chua
mot lugng 16n virion. Loai thé tu tdp virut nay con gap ¢ moét s6 co thé dong vat
nhiém virut adeno (Adenoviridae), virut dudng hé hdp - tiéu hda (Reovirus) cing gap
d cA cdc cdy nhiém virut TMV.

- Thé bao ham & phén l6n virut dong vat 1a bo phan do virut t6ng hop nén.

- Thé bao ham do nhiéu virut thuc vat tao ra la protein cua virut va cdc protein
co lién quan dén su cam nhiém virut.

- Thé bao ham khong phai la quan thé virut ma la do mét s6 nhan t6 hda hoc
sinh ra khi ¢é su cAdm nhiém virut.

Can ct vao hinh thdi, cdu tao dac tinh cua virut ngudi ta cd thé co thém can ci
dé x4c dinh, chdn doan virut. Vi du virut ddu mua tao ra th€ bao ham Guarnieri trong
t& bao ch4t, virut dai tao ra thé bao ham Negri trong t€ bao chit, virut Herpes tao
ra thé bao ham Cowdry A trong nhan...

Khéng phai moi virut déu sinh ra th€ bao ham, cd nhan t8 khdng phai virut cing
sinh ra dugc thé bao ham, vi vay dac di€ém vé thé bao ham chi 1a chi tiéu b8 tro khi
xac dinh virut.

Vi virut NPV va CPV c6 thé tao ra nhing thé bao ham chia mét lugng 16n virut
c6 hoat tinh trong co thé€ cén trung ki chu cho nén cé thé dung cac thé bao ham nay
dé san xu4t thudc tri siau sinh hoc.

Khi dua mét it thé thuc khudn tréon véi mot s6 lugng 16n vi khudn (hoac xa khuin)
tuong dng réi hén dich nay cho vao moéi truong thach da dun chay va git & 45°C, sau
do d8 vao dia Petri. Sau ti vai gio dén 10 gid trén mat thach sé& thdy vét moc cia
vi khuan nhung cing c6 nhitng vét tron trong su6t khéng cé vi khuidn moc. D6 1a cic
vét thuc khudn (plaque). Lic 1 thé thuc khudn xam nhiém vao 1 t& bao vat cht mén
cam, chdng bao lau chung sé lam giii phdng ra mét dam thé€ thuc khudn mai, ching
lai xam nhap ti€p vao cdc t&€ bao vat chu va lai lam pha v& cac t& bao nay. Cu lap
lai nhu vdy ma tit moét thé thuc khuidn ban ddu da tao ra mét vét thuc khudn chua
rdt nhiéu thé thuc khudn. Cé thé€ coi day la dang "khudn lac Aam" ctia thé thuc khuin
va cd thé dung dé dém sd lugng, d€ phan lap, thuan hda...

Véi cac virut déng vat va virut nguoi, Dulbecco va Vogt (1943) da tim ra phuong
phap phu 1 tdng thach modng lén trén 1 phién t€ bao don tdng. Do virut néu cam
nhiém vao 1 t& bao s& phat tri€n va khuéch tan ra cic t€ bao xung quanh, két qua
la sé tao ra nhing vét-tréng=Néu-nhuém-bing-dé-trung-tinhy (Neutral Red) sé khéng
nhitng phan biét dugc té bao séng, t€ bae chét;ma jeon lam ré duge cdc vét tréng. Néu
t& bao don tdng cdm nhiém virut ung thu 's&" thdy ro ‘cic vet néi lén nhu khu4n lac
(do su tang trudng nhanh eta t& bao). Voi.céc virut thuc vat ngudi ta con cd thé
ki€m tra va phan lap virut d@a Vvao cac vét khé trén la cay nhiém virut.
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2.4. C4u tric cia 3 dang hinh thai virut dién hinh

2.4.1. Cdu triic d6'i xitng xodn
Lay virut kham thuéc 14 (TMV) lam vi du. Loai virut nay dugc phat hién sém va
nghién ciu sdu hon ca.

TMV c6 hinh que thing, dai 300nm, rong 15nm, 16i réng roéng 4nm. TMV chia
95% protein va 5% chuéi ARN don (ss RNA). Capsit chia 2130 capsome hinh chiéc
gidy. M6i capsome c&u tao bdi 158 gdc axit amin, khGi lugng phan ti la 17500. Cac
capsome bim vao sgi ARN xodn trén 6c. CS ca thdy 130 vong xoin. M&i vong xodn
dai 2,3nm, trén dd cd trung binh 16,33 capsome. Sgi ss ARN cé chda 6390 don vi
nucleotit, khéi luong phan tir la 2 x 10° Cu 3 nucleotit thi két hop vai 1 protein,
mdi vong cd 49 nucleotit.

Vi TMV c6 vo protein bao quanh sgi ARN xo04dn 8c cho nén cé két cdu hét sitc én
dinh. Cd tdc gia cho biét, bdo quan & nhiét d6 thudng trong 50 nam TMV van cd thé
git dugc nang luc cam nhiém.

TMV giy t6n thit dang ké & thudc 14, dau d6 va mot s6 cay tréng khac. Gan day
ngudi ta da nghién cdu tdi cac loai vacxin TMV dé phong bénh virut cho ca, khoai
tay v.v...

2.4.2. Dgi xueng 20 mat

L4y Adenovirut lam vi du. D6 la loai virut gy bénh cho nguoi va dong vat dudgc
phan lap tit nam 1953. Ching xa4m nhiém vao dudng hé hidp, k&t mac cua mat, cac
t8 chdc limphé. Ching giy nén nhiéu bénh & ngudi nhu viém hong cdp, viem k&t mac
mat, viém két-gidc mac dich, viém khi - ph& quan cd s6t, bénh phé quan - phdi, viém
hach mac treo... TU thap ki 80 ngudi ta da biét toi 80 loai adenovirut. Vat chu tu
nhién cd thé 1a ngudi, khi, trau, bd, chd, chudt, chim va ca &h nhai nita.

Adenovirut cé cdu tric 20 mat, thoang trong gin gidng hinh cdu, khong cd mang
bao, dudng kinh khodng 70 - 80nm. Chung cd tdt ca 12 gdc, 20 mat, 30 canh. Capsit
cu tao bdi 252 capsome, trong d6 cd 12 thé ngu lan ¢ khéi lugng phan ti 70.000,
phan bd & 12 gdc va 240 thé luc lan cd khéi luong phan tu 120.000, phan b déu &
trén 20 mat. Thé ngi lan cdu tao bdi 5 monomer protein, con c6 thé luc lan ciu tao
bdi 6 protomer. & méi the ngi lan ¢d mot sgi protein moc thing ra dau cd dinh hinh
cidu (nhu hinh dinh ghim), nhitng s¢i nay dugc goi la sgi ADN xodn kép (ds ADN)
T4t cA moi adenovirut bit ké thuéc ki chi nao hodc cd tip huyét thanh ra sao déu
cé 36.500 doi nucleotit.

Chi nuéi cdy dugc adenovirut trén cac td chic té bao ngudi (duong mac, té€ bao
Hela, t& bao HEp...), thich hgp nh4t 1a nuoi cdy trén t& bao t6 chdc than, khong phat
trién dugc trén phodi ga. Vi adenovirut phat trién va lap bén trong nhan té bao vat
chti cho nén cé thé lam cho t& bao vat chd tao ra cdc thé bao ham.

2.4.3. Cdu tric déi xung phitc hop

Ldy thé thuc khudn T s6 chin cta vi khudn E.coli d€ lam vi du. Loai nay gém
e T, T, va T, phan b8 rat rong rai trong tu nhién. Day la mo hinh rdt tét dé
nghién cdu vé virut hoc va vé sinh hoc phan ti va vi vay da dugc nghién ciu rat
sAu sdc, nhat la ddi v6i thé thuc khuidn T4.

Thé thuc khuidn T4 cau tao boi3.bo phdn : dau, ed\va dudi. Dau cd cdu truc déi
xing 20 mat con dudi lai ed d&i xing xoan. Chinh 'vi vay ma nguoi ta goi la déi
xing phuc hgp. Dau dai 95nm, réng 65nm, dudi kinh hién vi dién ti cd thé thiy ro
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20 mat. Capsit cdu tao bdi 8 loai protein, lugng chda protein chi€m téi 76 — 81% trong
thé thuc khuan. Méi capsome cé dudng kinh 12 8nm. C6 ca thdy 212 capsome. Bén
trong ddu cd soi ds ADN. D4u néi véi dudi qua c8. D6 1a mét dia hinh luc giac tao
thanh, dudng kinh 37,5nm, cé 6 tua c8 (canh tu) moc ra tit c8. Dubdi gém cd bao dudi,
6ng dudi, dia gbc, 6 miu ghim va 6 sgi du6i. Bao dudi dai 95nm, cé 24 vong xoin
cdu tao bdi 144 capsome (mdi capsome cd khéi luong phan ti la 55.000) ciu tao nén.
6ng dudi dai 95nm, dudng kinh 8nm, & gitta c6 16 thung dudng kinh 2,5 - 3,5nm. Day
12 con dudng dé ddn ADN trong ddu cua thé thuc khuidn xAm nhiém vao t& bao vat
chu. 6ng dudi cing cdu tao bdi 24 vdng xodn, tuong uUng vdi 24 vong xoidn trén bao
duodi. Dia géc cing tuong tu nhu dia ¢, d6 1a mét dia hinh luc gidc, réng & gitta.
Dudng kinh dia géc la 30,5nm, trén dé moc ra 6 sgi dudi va 6 m&u ghim. M&u ghim
dai 20nm c6 chic nang hdp phu. Sgi dudi dai 140nm cd thé gidp lai & chinh giua,
dudng kinh 2nm. Sgi dudi cdu tao bdi 2 loai phan ti protein kha 16n va 4 loai phan
td protein kha nhé. N6 cd tdc dung hdp phu chuyén hda va ving méin cam cua bé
mat té bao vat chu.

Sau khi sgi duéi hdp phu dia g6c sé bi kich thich, din dén viéc co rit bao dudi
va lam cho 6ng du6i dam vao t& bao viat chu. Khi d6 144 capsome cua bao dusi sé
phat sinh nhitng phan @ng thay d8i vi tri kha phuc tap lam cho chiéu dai dudi co lai
chi con 50%, rit gi6ng véi su co cia cdc protein sgi co.

2.5. Axit nucleic cua virut

Axit nucleic 1a co sd luu gilt, tai tao moi thong tin di truyén, vi vay la thanh phin
quan trong cia moi virut. Virut cd nhiéu loai hinh axit nucleic va 1a co s& phan tu
dang tin cay d€ phan loai virut. Cac loai hinh axit nucleic cta virut dugc phan biét
dua trén midy di€m chu yéu sau day :

- La ADN hay ARN ?
- La chuédi don (ss, single strand) hay chuéi kép (ds, double strand) ?
- La dang sgi hay dang vong ?
- La dang vong kin hay vong hg ?
- Hé gen 12 mét thanh phén, hai thanh phin, ba thanh phdn hay nhiéu thanh
phan ?
Duéi day la mét s6 vi du :
A. ADN
(a). Chubi don : (ss ADN)

+ Dang sgi : ho Parvoviridae (gidy bénh ban diao ¢ .tré em...), cdc virut song sinh
giy bénh & ng6, san...
+ Dang vong : Thé thuc khuin ¢X 174, M13, fd, f1 cua E.coli
(b). Chuéi kép (ds ADN) :

+ Dang soi : - Ho Adenoviridae (gay bénh duong ho hip)
- Ho Herpesviridae (gdy bénh mun roép hecpet & ngudi, gay bénh
dau ga...)

- Ho Poxviridae (gay banh dau/mua, 'bénh dau bo...).

- Thé\thuc khuin T, Pl, Pz' Mty etra E.coli, th€ thuc khuidn PBSX,
SPO1 cua Bacillus subtilis, thé-thic khuidn P22 clia Salmonella...
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+ Dang vong : Ho Papovaviridae (gay mun com), virut SV40. Nhém virut giy bénh
kham & la cay hoa cic, 1a cai. Thé thuc khudn A cta E.coli, th€ thuc khudn PM2 ¢
Pseudomonas aeruginosa...

B.. ARN
(a). Chuéi don (ss ARN), dang sgi :

- Ho Picornaviridae (gay bénh viém tiy xdm, viém gan A do virut, bénh do virut
Coxsackie, bénh dudng hé hdp do Rhinovirus, bénh 16 mém long mdng d trau bo..).

- Ho Calciviridae

- Ho Togaviridae (gay bénh s6t vang, bénh Dango xuit huyét, bénh rubcon...).

- Ho Bunyaviridae (gay bénh s6t thung ling Rift...).

- Ho Orthomyxoviridae (gidy bénh cim).

- Ho Paramyxoviridae (giy bénh sdi, quai bi, bénh Newecastle — ga toi...).

- Ho Rhabdoviridae (giay bénh dai).

- Ho Retroviridae (gay bénh ung thu, bénh AIDS, bénh bach ciu...).

- Ho Arenaviridae (gay bénh s6t Lassa, bénh viéem mang mach - méiﬂg nio limpho
bao...).

- Ho Cornaviridae (gay bénh viém phé quan truyén nhiém, gay viém mii do
Caronavirus...).

- Virut TMV (gay bénh kham thudc 14) virut Y, S (gay bénh X & khoai tay) virut
gy bénh kham & dua chuét, virut gay bénh lun & ca chua, virut giy bénh vang lui
khoai tay, virut kham l4 muc tdc...

- Cac loai thé thuc khudn chda ARN nhu thé thuc khudn MS2, A8, f2, R17 cua
vi khudn E.coli...

(b). Chubi kép (ds ARN), dang sgi :

- Ho Reoviridae : gy bénh la chay & tré em bi me va nhiém khudn hé hip do
Rotavirus, s6t do virut truyén qua ve Colorado, virut CPV gay bénh cho con trung...

- Virut gay bénh vang lui & ngd, ¢ lua...

- Céc loai virut cia ndm. Thé thuc khudn ¢6 cua Pseudomonas...

Nhin chung ta thfy rang cac virut cua ngudi va déng vat cé dang ADN kép dang
soi va ARN don dang sgi la chinh, cdc virut thuc vat cé dang ARN don la chinh con
thé thuc khudn cé dang ADN kép la chinh.

3. CAC PHUONG THUC SINH SAN O VIRUT

Ching ta ldy thé thuc khudn dé€ lam vi du chinh khi xem xét cic phuong thic
sinh san cua virut.

Thé thuc khudn phan b8 rit rong rdi trong tu nhién. Cho dén nay h&u nhu phén
16n cdc nhém sinh vat [AHaT-nguyen-thuy-déu~cé-cdc thé-thue-khu&n tuong dng. Theo
Ackerman (1987) hién nay da e6 it ra 12-2850; loai hode ching thé thuc khudn da dugc
nghién ciu bang kinh hi&n vi dién ti, trong s6"nay'cs t6i 2700 loai hodc ching (94,74%
la cé dudi). Bradley (1967) chia thé thuc khuda r&’thanh 6 loai hinh thai.
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A. Hinh nong noc :

(a). Dudi co rut... Nhom A
(b). Dubdi kho it
1. Bufi khong oo ADN chubi kép
+ Duébi dai ... Nhom B

+ Du6i ngan ... Nhom C
B. Hinh cadu (khéng duéi) :

(a). Capsome dinh l6n ... Nhém D — ADN chuéi don
(b). Capsome dinh nhé ... Nhém E — ARN chudi don
C. Hirh soi (khong dau) .. Nhom F — ADN chuéi don

Thuéc nhém A ¢ thé thuc khuidn T2, T4, T6 cua E.coli ; 12S, PB - 1 cua
Pseudomonas ; SP - 50 cua Bacillus, MX - 1 ctia Myxococcus 66t cua Salmonella.

Thudc nhém B cd thé thuc khudn T1, ¥ cua E.coli, PB - 2 cua Pseudomonas ; B
cua Corynebacterium ; K1 cua Streptomyces.

Thudéc nhém C c6 thé thuc khudn T3, T7 cia E.coli ; 12B cua Pseudomonas ;
PR - 1001 cua Agrobacterium ; GA/1 cua Bacillus ; P22 cua Salmonella.

Thudéc nhdm D cd thé thuc khudn ¢X 174 cta E.coli ; ¢R cia Salmonella.

Thuéc nhém E c6 thé thuc khuén 2, MS2, QB ctua E.coli ; 7S, PP7 cta Pseudomonas ;
mot s6 thé thuc khudn cua Caulobacter.

Thuéc nhém F c¢6 thé thuc khuidn fd, fl, M13 cia moét s6 thé thuc khuin cta
Pseudomonas.

Su sinh san cta th€ thuc khudn khéng phai la su sinh s6i ndy nd nhu & vi khufn
ma chi 1a sy téng hgp cua hai thanh ph&n co ban réi lap rap lai v6i nhau :

Sao chép axit nucleic + Téng hgp lap rdap
protein

Nucleoprotein
(virion)
Ndi chung su sinh san cta virit dugc chia thanh 5 giai doan :
H4p phu — Xam nhap — Sao chép — Thanh thuc — Phdng thich.
Co tac gid lai chia thanh 6 giai doan : Hdp phu — Xam nhap — Cé&i 40 — Té8ng
hgp protein va axit nucleic — Lip rdap — Phdng thich.
Lay su sinh san cua thuc khudn thé T & E.coli d€ lam vi du :

3.1. Su hap phu

Trong dung dich khi thé thuc khudn ngdu nhién gap t& bao vat chu tuong dng cé
thé cd su ti€p xic gita mit cua sgi dubi voi thu thé dic di trén bé mat té bao. Cé
tac gia cho ring dd la moét qud trinh hda hoc hinh thanh gita géc - NH, trén soi
dudi va géc - COOH trén thu thé. Co thé do cham vao cdac tua c¢8 ma bui sgi dudi
dugc go tung ra. Sau khi cdc sgi du6i da bam trén thu thé, cdc m&u ghim va dia géc
sé 4p siat bé mat t€ bao. Ngudi ta nhan thdy trén bé mat méi vi khuidn cé khoang
300 diém hdp phu. Cac thé thuc khudn khiac nhau cé ciac vi tri khac nhau vé diém
hdp phu. Vi du thé thu¢khudn T3, T4, T7 ¢ta Ecoli ¢6 diem H&p phu la lipopolisaccarit.
Thé thuc khuidn T2 va T6 lai c6 diem Hap.phi' la/lipoprotein, thé thuc khuin SP-50
cua B.subtilis, c6 di€m hdp phu 13 axit teichoic, con thé thuc khudn X cua Salmonella
c6 diém hdp phu la tién mao, thé thuc khuidf £2,/MS2 cd di€ém h&p phu trén pili F...

118



Viéc hdp phu chiu anh hudng cta nhiéu nhan té moi ngoai canh. Vi du :

- S& lugng thé thuc khudn : Vi s8 diém h&p phu trén bé mat t& bao vat chu cd
han do d6 s6 thé€ thuc khudn cé thé hfp phu cing chi ¢6 han. S8 lugng thé thuc
khudn tuong dng cd th€ hdp phu trén méi t& bao min cam dudc goi 1a phic s6 cam
nhiém M.O.I. Phuc s8 cam nhiém thudng rit 16n, téi 250 - 360. N&u mot lugng 14n
thé thuc khudn dong thdi hdp phu 'l t& bao min cam, vi ddu 6ng dudi cua ting thé
thuc khudn déu cd mét it lizozim lam cho bé mat t& bao vat chu nhu cé nghin nhot
tram 18 va khién t& bao bi pha vd. D6 la do M.O.I qua cao gay nén. Trudng hop nay
su pha v3 t& bao khong lam sin sinh ra cdc th€ hé thé thyc khuin méi, ngudi ta goi
la sy phéd v3 tu ngoai.

- Céc ion duong : Céac cation Ca?*, Mg* va Ba?*.. déu cd tac dung xtc tién su
h4p phy, ngugc lai, cation AI**, Fe**, Cr*.. lai cd tac dung lam b4t hoat.

- Céc nhan t6 b8 trg : Triptophan cd thé xuc tién sy hdp phu cua thé thuc khuan
T4, biotin c6 thé xic ti€n sy hdp phu cta thé thuc khudn & vi khuin sinh axit glutamic
(sdn xuit bdt ngot, mi chinh).

- pH : moi trudng trung tinh c6 1gi cho sy hidp phu. Khi pH < 5, hoac > 10 thé
thuc khudn rdt khd hdp phu.

- Nhiét do : Nhiét do thich hgp cho sy phat trién cing la thich hgp cho su hidp
phu.

Cdn nidm vitng anh hudng cua cic yéu t6 ndi trén dé€ cé thé xic tién sy hdp phu
khi cdn tiéu diét vi khudn gay hai hoic d€ dc ché& su hdp phu khi st dung vi khuidn
hoac xa khudn trong cong nghiép lén men. ;

3.2. Su xam nhap

Sau khi hdp phu, dia g6c va sgi du6i sé nhan dugc mét su kich thich, lam cho
144 capsome cta bao duéi sé cd nhitng van ddng phic tap. Ching co lai chi con mét
ntta chiéu dai va dam 6ng dudi vao qua thanh t€ bdo va mang t€ bao ch&t. Trong qui
trinh nay cdc men lizozim & d4u 6ng dudi cd tdc dung lam hoa tan peptidoglican &
mét bé phan cta thanh t& bao. Thoi gian hdp phu dén x4m nhap la rit ngén,_d nhiét
d6 thich hgp véi thé thuc khudn T, chi c4n cé 15 giay. N&u cd tu 2 thé thuc khudn
khic nhau trd 1én xAm nhap vao cung moét t€ bao vat chu thi cuéi cung cing chi co
mét thé thuc khudn sinh sin ma théi.

3.3. Su sao chép

Quéi trinh sinh sidn xdy ra cing véi sy sao chép axit nucleic va su sinh t6ng hgp
protein. D4u tién thé thuc khufn cung cdp thong tin di truyén cho t& bao vat chu va
bat t& bao nay téng hop ra cdac "nguyén liéu" dua trén hé théng trao d8i chit cua té&
bao vAt chu. Cdc nguyén liéu sé dugc ti€p tuc tao thanh cac bd phan cia thé thuc
khudn (vdé protein va 16i axit nucleic). Sau cung sé l4p rap thanh cac thé thuc khudn
hoan chinh, dé 1a cdc thé thuc khudn th& hé "con" cd kich thudc nhu nhau.

Trong t€ bao vat chi ADN chudi thidng cia thé thuc khudn dugc khép vong nho
moét trong hai co ché& tuy thuéc phan ti chubi thdng cé cac ddu dinh hay cé dau
du thua.

DA&u dinh la cdc vung-ngan, cd s¢i don, b8 sungchelnhau. Bén trong t€ bao vat
chu ching khép lai tao thanh mét phan td vong, d& lai mot ché hd trén méi soi
Nhitng ché hd dy sé dugc han gan lai nho tée dupg cia ligaza.
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Céc phan ti ADN chuéi thang cd ddu du thita dugc khép vong nho c6 su tai t8
hop bén trong cac vung tan cung déng dang.

Nhiém sic thé vong ctia virut md ddu sao chép & mot vi tri dac biét va dién ra
theo hai huéng quanh phan tud theo mét qua trinh tuong tu nhu & nhiém siac thé cua
vi khudn. Nhing l4n sao chép tiép theo trong nhiéu trudng hgp dién ra theo mot qua
trinh goi la vong xody. M6t endonucleaza dac biét cat mét trong hai sgi va dau 3'-OH
cia sgi bi cat sé dugc dung lam ngodi dé gan thém cac nucleotit khac. Sgi nguyén ven
bé sung dugc dung lam khuén. Nhu vay ddu 5 bi thay th& va sau dé duoc sao. chép.
Theo cach nay phan ti sgi kép duge téng hop cd thé dai gdp nhiéu ldn nhiém sic thé
cia virut. Cac phan td nhu vay dugc goi la thé da lién, sau d6 sé bi cat thanh cac
nhiém sac thé cua virion thudng.

Trong mot s6 trudng hop sy khép vong khong dién ra trudc sao chép. Phan ti
dang chu6i thing dugc sao chép nhiéu ldn thanh mét s6 phan tit gidng nhau, sau dd
tai t6 hgp dé€ tao ra cac thé da lién. Cudi cung cac thé da lién sé dugc mét endonucleaza
cat thanh cdc nhiém sic thé cé ddu du thua.

Bay gio ching ta xem xét dén su sao chép & cdc virut chia ARN.

Triu Retrovirut cd nhiém sic thé sao chép qua chit trung gian ADN, cac nhiém
sac thé 1a ARN dugc sao chép qua chit trung gian ARN sgi d6i. Khi ARN cua virion
la soi duong (+) nhiém sac thé dugc dich ma ngay sau khi xam nhap vao t& bao vat
chu. Do d6 mot protein ma virut phai t6ng hop la replicaza (ARN - dependent ARN
polymease) ARN - polimeraza phu thuéc ARN khong gap d t€ bao vat chu chua bi
virut xam nhiém. Replicaza xtc tdc tdng hop mét phan tit ARN goi la sgi don b8 sung
cho nhiém sic thé. Nhu vay nhiém sic th€ dugc sao chép qua hai chang. Trudc hét
sgi am dugc tdng hgp ra dé€ tao thanh phan ti sgi doéi dang sao chép. Sau dJ replicaza
sé dung sgi am lam khuén dé€ t6ng hop ra moét ban sao méi cua sgi duong.

Khi ARN cua virion 12 sgi am (-) hoidc sgi kép sé khong thé€ dich ma vi thiéu céac
vi tri gan riboxom. T4t cA cédc virion chia nhiém sic thé nhu vdy déu chda cac phan
tit replicaza di vao t& bao chu cung voi nhiém sic thé. Replicaza xic tdc su sao chép
cta nhiém sic thé cua virut qua mot dang trung gian sgi kép. O nhiing virut nay cac
sgi duong (+) tiép theo sé dugc tdng hop tit dang trung gian sao chép dung lam ARN
thong tin (mARN) d€ téng hop cac protein cuia virut.

Vé mat di truyén cdac thé thuc khuidn ARN (R17, NS2, f2, QB) thuéc loai virut
don gian nh4t. Nhiém sic thé cua ching chi doc ma cho 4 protein : protein capsit chu
yéu - protein vo, protein capsit thd yéu - protein thanh thuc, protein dung giai va
ARN replicaza.

Cac virut phic tap hon chda nhiéu gen doc ma cho cac protein capsit ciing nhu
cho qua trinh tap hop. Ching han cac thé thuc khudn T chin c&n t6i hon 40 gen dé
tong hop capsit.

Cac don vi kién tric va bo may sinh tdng hgp bao gém cac axit amin, riboxom,
cac nucleozit triphotphat cdn cho su sao chép cua virut déu do t& bao vat chu téng
hop nén. Tuy nhién, moét s6 nhiém sic thé virut cd chda cac nucleotit cai bién khoéng
thdy cd trong t& bao vat chi. Trong truong hop nay ADN cua virut doc ma cho cic
enzim xic tdc mot s6_budc trong. qua. trinh. tdng. hop.cua.cac nucleotit khong binh
thuong nay.

Trong da s6 trudng hop viée téng) hop cat bazd Khong binh thudng bit ddu bing
mét nucleotit monophotphat binh thuong. Mét-enzim do virut doc ma cai bién nucleotit

120



nay, cdc enzim khac cta virut chuyén nucleotit trén thanh NTP khéng binh thudng.
Cubi cung mét polimeraza do virut doc ma lap nucleozit nay vao nhiém sic thé cua
virut. D€ ngan can viéc lap cua bazo binh thudng vao nhiém sic thé virut, mot sé
virut téng hop cdc enzim cé chdc nang'phan hiy NTP binh thudng bing cich chuyén
né thanh NMP tuong dng, do d6 da cung cdp nhiéu co chit hon cho viéc téng hgp
céc triphotphat khéng binh thuong. Axit nucleic chda cdc bazo khdng binh thudng cd
uu di€m chon loc 1a khang lai tdc dung phan gidi cia cac nucleaza trong t& bao chu.
Vi du céac thé thuc khudn T chdn binh thudng cta E.coli chita 5 - hidroximetilixitozin
dugce glucozyl héa & vi tri 5°~OH ; cdc thé thuc khudn dot bién mit kha nang glucozyl
hoa, ADN sé bi b4t hoat boi mot nucleaza gap trong E.coli.

Dudi day la cdc bazo cai bi€n gap trong ADN ciia mé6t s§ thé thuc khudn :

Bazo cai bién Bazo bi Mdc do Thé thuc Vi khudn chu
thay th& |cai bién (%) khudn
5 - Hidroximetilxitozin Xitozin 100 T, T, Ty E.coli
5 - Metylxitozin Xitozin 100 XP12 Xanthomanos
ozyzae
5 - Hidroximetyluraxin Timin 100 ¢e B.subtilis
Uraxin Timin 100 PBS2 B.subtilis
a - Putresxenyltimin Timin 50 PW14 P.acidovorans
5 - Dihidroxipentyluraxin Timin 41 SP15 B.subtilis
a - Glutamiladenin Adenin 20 SP10 B.subtilis
2 - Aminoadenin Adenin ] 100 S2L Synechococcus
elongus

Viéc téng hgp cdc protein cua virut trong chu trinh sao chép dudgc diéu chinh chat
ché bio dam sao cho & mét thdi di€m xic dinh chi ¢d mot s6 lugng nhit dinh cac
protein dugc téng hgp. Viéc diéu chinh téng hop dugc thuc hién nhd mét sé co ché&
tuy theo nhdm virut.

Trong su sao chép cta cdc thé thuc khuin chida ARN viéc diéu chinh chi cd thé
dién ra qua su bién diéu (hay diéu bién, chuyén diéu - modulation) cia qua trinh dich
mia. Co 2 loai co ch& nhu sau :

- Tao thanh cdu tric bac hai trong ARN cua virut

- Su lién két cdc protein dac biét vao ARN

(3 co ch€ diéu chinh thi nhit ¢ thé 14y lam vi du sy bat hoat vi tri gdn riboxom
gin gen doc ma cho protein capsit thi yéu ctia thé thuc khudn MS2. S¢ di nhu vay
vi vi tri nay dugc gip khic thanh mot cfu tric bac hai dang cap téc do hau qua cua
su cap d6i baza.

Tuy nhién, riboxom cd thé dich ma gen trong moét thdi gian ngin ti€p theo viéc
t6ng hgp mot sgi duong méi cia vi trl gin nay (truéc khi c&u tric bac hai hinh thanh).

Vi du cta ki€u diéu chinh thit hai 13 su kim ham t8ng hop replicaza virut trong
giai doan sau cta viéc nhiém thé thuc khudn MS2. Nguyén nhdn cta sy kim ham nay
la viéc tich ldy protein capsit, mét s6 phin- tif cia protein nay gdn véi ché gidn gen
ma hda replicaza, do d6 ngén ean riboxom lién k&t va ngin can su dich ma tiép theo
cua gen.
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Trong trudng hop cdc virut chda ADN, su bi€u hién gen dugc diéu chinh bdi mét
s6 co ché&, phd bién 1a co ché do cic protein khang gen ké&t thuc, kim ham su két thic
phién ma phu thudc vao y&u t6 rho. Ching han diéu chinh sy bigu hién gen & thé
thuc khudn A. M6t s6 gen dugc bi€u hién ngay ‘sau khi nhiém (pha r4t som, immediate
early stage), mot s6 khic dugc bi€u hién mudén hon moét chit (pha som, delayed early
stage), s6 khac nita chi dugc bi€u hién trong cdac chang cudi cia qua trinh xam nhiém
(pha mudn, late stage). Mot gen cua thé thuc khuZn dugc bi€u hién ngay sau khi
nhiém 12 gen N doc ma cho protein N - protein khidng gen k&t thic. Nhdm gen khac
doc ma cho cdc protein dugc biu hién trong pha sdm thi khéng dugc bi€u hién ngay
vi truée ching la cac vi tri két thic phu thudc y&u té rho. Chi sau khi protein N da
dugc téng hgp véi s lugng ddy du, su két thuic d nhing vi tri ndy méi bi kim ham.
Sau d6 cic gen sdm dugc bi€u hién.

Su bifu hién cua cic gen trong pha mudén dugc diéu chinh theo mot cich tuong
tu. Mot protein thd hai khang gen két thic - protein Q (san phdm cua gen Q) duoc
tdng hop trong pha sém do két qua diéu chinh cia protein N. Khi n6éng dé ndi bao
cia protein Q dat téi muc d6 nh4t dinh nd sé kim ham su két thic 6 mét vi tri ding
truéc nhom thd ba cho phép cidc gen nay dugc bi€u hién trong pha 'muén. Nho nhitng
co ch& nay ma cdc protein dugc téng hgp ding vao thdi gian ma virut cdn. Chang han
cdc thanh phédn protein cia ddu va duéi cia th€ thuc khudn cing nhu cic y&u t6 dung
giai chi cdn trong chang cudi cia qua trinh tap hop virion va trong viéc giai phdng
khoi t€ bao. Ciac gen doc ma cho cédc protein nay chi dugc bi€u hién trong pha sau.

Nhiéu co ch& khac diéu chinh sy bi€u hién gen theo thdi gian hoat ddng trong qua
trinh sao chép néi bao cta cac thé thuc khudn khac. Trong da sd trudng hop viéc diéu
khién su bi€u hién cia gen theo thdi gian dién ra theo cung mét nguyén tic : sy biéu
hién gen trong cdc pha sau phu thudc vao su bi€u hién truéc dé cia moét gen khéc.
Ching han trong trudng hogp thé thuc khu&n A, su bi€u hién cia cic gen mudn phu
thuéc vao sy bi€u hién truéc dé cia mot protein khang gen k&t thic. Trong trudng
hop cta thé thuc khudn T7 va PBS2 su bi€u hién trudc cua gen doc ma cho mét ARN
- polimeraza dac biét (transcriptaza) quyét dinh su bi€u hién cua cdc gen mudn. Coén
trong trudng hop cac thé thuc khuidn T chidn gen doc ma cho enzim cai bién ARN -
polimeraza trong t&€ bao chu sé xdc dinh sy bi€u hién cia cdc gen muén.

Su sinh trudng ndi bao cta virut gdy nén nhiéu hau qua cé hai cho t€ bao vat
chi. Su sao chép cia mét s6 thé thuc khuin dang sgi chda ADN chi kim ham nhe
téc d6 sinh trudng cua vat chu. Trong khi d6 su sao chép cua cac thé thuc khu&n T
chin kim ham sy bi€u hién cua t4t cd cac gen chu do t6ng hgp moét s8 nucleaza phan
hiy ADN cia t€ bao vat chi. Tham chi cdc gen thoat duge tic dung cia nhitng nucleaza
nay cing khong thé phién ma vi cdc enzim do virut doc ma da adenyl hda va vi vay
b4t hoat héa ARN - polimeraza cia t& bao vat chu khi€n enzim nay m&t kha nang
nhan ra cic ddu (promotor)~trong~hé-gen-cia~t&é bao-vat-chu:

122



Sau day 12 mot s& sin ph&m gen cua thé thuc khudn diéu chinh su phat trién.

Protein Thé thyc khudn Chic nang diéu chinh

Protein N A Khang gen két thic

Protein Q A Khang gen két thic

Protein cta gen I PSO1 Khang gen két thic
Transcriptaza T7, PBS2 Phién ma cac gen mudn
San phdm cua cac gen 33, 45 va 55 T; Yé&u t8 tuong tu sigma

3.4. Su thanh thuc

Su thanh thuc con dugc goi 1a sy lip rap la giai doan thu tu C\'la.qué trinh sinh
san cua virut.

Sau khi cdc protein capsit va axit nucleic cia virut da dugc tich lay phong phu
trong t&€ bao vat chu thi sé bat ddu qua trinh lap rap (hay tap hop - assembly). o]
virut thuc vat TMV va d céc virut cd cfu truc d6i xdng xodn 6c su lap rdp tuong dai
don gian. C4c protein capsit sé lién két voi nhiém sic thé€ ctia virut va cudn lai thanh
dang xodn Gc. Su lap rap ctia cac thé thuc khudn cd d6i xding phdc tap hon. Khi d¢
quéa trinh l4p rdp va giai phdng céc virion thanh thuc lién quan v6i nhau. Viéc tap
hop dién ra & mat trong ciia mang t& bao ch4t va khi cdac protein capsit gdn vao ADN
thi sgi virion dang sinh trudng bi ddy qua thanh t& bao.

Viéc ldp rdp ctia cdc virut cd d6i xdng 20 mat va cic th€ thuc khuidn hoac virut
¢ d6i xdng phic hgp (vi du cé ddu va dud6i) sé khdc moét chit. Trong da sé trudng
hgp cac protein capsit tap hgp tao thanh mot cfu tric réng goi la procapsit hay tién
capsit cd hinh dang va kich thuéc cia capsit (hoac cia ddu trong trudng hop cdc thé
thuc khu&n khéng cd dubéi). Sau dd axit nucleic cia virut di vao ciu tric nay va két
hgp thanh mét trang thai chat cheé.

Véi cac virut d6i xing 20 mat procapsit sé dugc han lai va trd nén khong thdm
cdc phan ti 16n. O cdc th€ thuc khusin gém hai thanh phdn thi dudi duoc tap hop
riéng biét sau dé mdi gin vdi ddu cd chda ADN.

Trong hdu hé&t trudng hop budc cubi cung trong giai doan lip rdp cia mot virut
¢6 vé la viéc ti€p nhan moét phdn mang cua t& bao vat cha bao boc 14y 16i nucleocapsit
khi virut di qua mang t& bao chdt cia vat chu. Trudc khi dién ra budc nay cac protein
do virut doc ma sé tich tu & mang t€ bao chdt hoac ¢ mang trong cia nhan. 3 cac
virut dong vat cd vd cdc protein cua virut dugc tdng hgp trén riboxom gin vao mang
lugi nodi chdt thé va dugc mang bén canh bao 1dy khi ching dugc téng hop. Thuong
cac protein nay dugc glicozyl hda bdi cdc enzim cd mat trong mang lugi noi chat. Cac
virut cé vé chia ARN thi protein vé cta virut di chuyén dén mang t& bao chat nho
b6 may Golgi. Sau d6 16i nucleo protein cia virion di chuyén dén mat trong cia mang
va dugc bao boc bdi mang chia cac protein virut khi 16i roi t€ bio nhd mot qua trinh
tuong ty nhu qua trinh_nay chéi, O cdc virut cé vé chta ADN thi protein mang di
chuyén dén mang trong cua.nhén. o] diy nucleocapsit_tap hoptrong nhan sé lién két
véi cdc ving cia mang trong nhdn da gin Vdi'cac pritein mang cua virut. Mang nay
bao quanh 16i nucleoprotein va virion tach khoi,nhap~Virion thanh thuc sé chuyén téi
mang ludi ndi chat.
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3.5. Su phong thich

O cac virut ARN c6 vé va & cdc thé thuc khudn dang sgi, su phéng thich khoi té
Hao nhu mét phian ciua qua trinh lap rdap cudi cung cua virion. Virut ADN cd vé cd
thé di chuyén td mang luéi ndi chdt dén cic biao nang. Tu day ching duoc phdng
thich nhd qua trinh dao thai khoi t& bao l1a qua trinh xudt bao. & mot s6 virut dong
vat khéng cd vo (nhu Adenovirut) virut truc ti€p phong thich qua mang t& bao chat
ma khong lam t6n hai dén t€ bao vat chi. Tuy nhién, nhiéu virut déng vat va virut
thuc vat sé lam gi&t chét t€ bao vat chi va thodt ra ngoai sau khi t€ bao chu da bi
tu phan. Trong phén lén truong hop thé€ thuc khuin duoc gidi phéng théng qua viéc
lam phan giai vi khuin. Trong mét sd trudng hop mét gen cia thé thuc khuin duge
bi€u hién trong pha muén sé doc ma cho lizozim phan gidi cac lién ké&t glicozit cua
peptidoglican. Trong mét s6 trudng hop khac moét gen cta th€ thuc khudn doc ma cho
moét enzim phan giai lién k&t chéo peptit trong peptidoglican. Tuy viy cho dén nay vén
cdn chua ré6 nguyén nhan lam dung giai t&€ bao trong khéng it trudng hop.

3.6. Phan loai virut

Nam 1987 Uy ban quéc t& vé phan loai virut (KTV) da dua ra 2 hé théng phan
loai virut dong vat va virut thuc vat nhu sau :

PHAN LOAI VIRUT DONG VAT

Ho Ho phu Cac chi
+ Poxviridae - Chordopoxvirinae — Orthopoxvirus, Parapoxvirus, Avipoxvirus,
Capripoxvirus, Leporipox,virus, Suipoxvirus.
- Entomopoxvirinae
+ Baculoviridae
+ Polydnaviridae - Polydnavirus.
+ Iridoviridae - Iridovirus, Chloriridovirus, Ranavirus,
Lymphocystivirus.
+ Herpesviridae
~- Alphaherpesvirinae - Symplexvirus, Poikilovirus.
- Betaherpesvirinae
- Gammaherpesvirinae - Lymphocryptovirus, Thetalymphocrytovirus,
Rhadinovirus.
+ Adenoviridae - Mastadenovirus, Aviadenovirus.
+ Papovaviridae - Papillomavivirus, Polyomavirus.
+ Hepadnaviridae
+ Parvoviridae - Parvovirus, Dependovirus, Densovirus.
+ Reoviridae - Reovirus, Orbivirus, Rotavirus,
Phytoreovirus, Fijivirus, Cypovirus.
+ Birnaviridae =1 Birpauirus:
+ Togaviridae - Togavirus,* Rubivirus, Pestivirus,

Arterivirus.
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+ Flaviviridae - Flavivirus.
+ Orthomyxoviridae - Influenzavirus.
+ Paramyxoviridae - Paramyxovirus, Mobillivirus,
Pneumovirus.
+ Rhabdoviridae - Vesiculovirus, Lyssavirus.
+ Bunyaviridae - Bunyavirus, Phlebovirus, Nairovirus,
Hantavirus.
+ Arenaviridae — Arenavirus.
+ Retroviridae
- Oncovirinae
- Spumavirinae - Spumavirus
- Lentivirinae — Lentivirus
+ Picornaviridae - Enterovirus, Cardiovirus, Rhinovirus,
Aphthovirus
+ Caliciviridae - Calicivirus
+ Coronaviridae — Coranovirus
+ Toroviridae - Torovirus
PHAN LOAI VIRUT THUC VAT
C4u tric Nhém
+ ARN 1 sgi : Capillovirus, Carlavirus, Closterovirus, Potexvirus,
Potyvirus, Tobamovirus, Carmovirus,
Luteovirus, Virut xanh-.lui ngé (MCDV),
Marafivirus, Necrovirus. Virus dém vang cay cu
cin (parsnip), Sobemovirus, Tombusvirus,
Tymovirus, Rhabdovirus thuc vat, Furovirus,
Tobravirus, Comovirus, Dianthovirus, Nepovirus,
Virut kham gan 14 ddu Ha Lan, Hordeivirus,
Bromovirus, Cucumovirus, Fabavirus, Ilarvirus,
Virut kham Alfalfa, Tenuivirus, Virut héo dém
ca chua.
+ ARN 2 sgi : Crytovirus, Reovirus thuc vat.
+ ADN 1 sai : Geminivirus
+ ADN 2 sgi : Caulimaqvirus
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D.I. Ivanovski (1864 - 1920)

Virut
ADN

Vi rut dau mua Vi rut Hecpet Thé thuc khuan T, Vi rut Adeno Vi rut Papora Vi rut Pacvo

Virut
ARN

Vi rut Paramyxo

. : Vi ru: Coronu Vi rut Reo l

) . Vi rut kham v |

Virutdai __ thudcla Vi rut Myxo Vi rut Toga f s
a




Té bao héng cau 7.500

Vi khuén: 750
Ricketxi 250
Virut: D
Virut dau mua 210
Virut hecpet 130 O
Virut dai 125 @
Virut cum 85 O
Adeno virut 25 o
Thé thuc khudn T2 65 O~
Virut viém tiy xam 27 O
Virut sét vang 22 a
Virut 16 mém long méng 21 o
Virut kham thuéc la 15 (chiéu dai 250) —_—
Phan tu: '
Phan ti hemoglobin 15 o
Phan td albumin 10 =

So sanh kichwth#ée"cla-virut véi phan W séng Va vi khudn héng ciu
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(VI RUT ARN )
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PICORNA-| CALICI- | TOGA- |CORONA- |RETRO- RRO- |
[
i ~ |
O O QO |
c=32° C=32(holes) | Thé 20 mat Pa hinh Thé 20 mat C=132
20 - 30nm 35-40nm 40 - 90nm 80 - 100nm 100 - 120nm 60 - 80nm
BUNYA-  |ORTHOMYXO-| ARENA- RHABDO |PARAMYXO-|
C=122 Xoén da hinh Pa hinh Xodn Xo&n da hinh
80 - 120nm 80 - 120nm 110 - 130nm 60 x 180nm 150 - 300nm
(VIRUT ADN)
PARVO- PAPOVA- ADENO- HERFES- POX-
o o | 0| @
c=12° c=72 C=252 C=162 Thé phic hop
18 - 26nm’ 45 - 55nm 70 - 90nm 150 - 200nm 240 x 300nm
Chu thich : C : s6 capsome, ¢ : d6i xing 20 mat



Thé thuc khugn Lap Té bao wi

pha loing thach trén khuan

Dan déu tren
mat thach

Lép thach
dinh dudng
bén dudi

Hai Idp thach
trén va dudi

Vét thuc
khuan
(plaque)

Thisnghiém dé quaf sdLv&ahdc khuin
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Thé bao ham cua virut

Protein v4 ngoai

Protein v3 gia mang

Virdt Retro



0.1 pm

TSRS
LS
£ O
SN

PR

Axit nuclel

£

NHOM9 HEXON

Géc
HEXON O -

Géc
PENTON

<~———— PENTON @
NHOM NHIEU HEXON ©
—e

Mau gai
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Virut d6ifxgngd20-mit



Mifut kham thudc 14 (TMV)

132




ARN [6i

Virut Hecpet (Herpesvirus)

Axit nucleic capsome

Virut da [dang ed=vo
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Virut Rhabdo gdy bénh dai

240-300 nm

Axit nucleic

V& ngoai

Khang nguyén protein tan

Thé bén (Lateralbody)

Clu truc cua virug dau mua



Nucleocapsit

Virut d6i xiing xodn c6 vo

Axit nucleic

Capsome

Virut ¢6 vo ¢ miu gai

L
o
]
3
=
=
<

VirGt khong jed vo
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Vong cé voi
céc tua cé
Bao dudi
(24 vong)
6ng duoi

|

95 nm

Mai ghim

T AT,
Nel
wn
=
=

Thé thuc khudn

Véng ¢4 véi
cac tua cd

Bao dudl
(24 vong)

(3ng duoi
M3&u ghim

Soi
duoi

Thé_ihud khudd

65 nm




Bao dubi co lai
con 12 vong

\ Cdi 4o

RV AVAVAVAVA
/ \
Phién ma

Sz [ifﬁ
v

Dich ma

e

S :

O e
D@

QuA trinh sinhesan-clia virut ddu mia [Poxviruses) trong t€ bao vat chu
N g

137



Nhiém sic thé cta vi khudn

Thanh
1& bao

Capsit

. ADN

J

2 - Xam nhap

i_'s_
@

J@&

AVZ AN
)@

3 - Sinh
t8ng hop

4 - Thanh thuc

5 - Phéng thich
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D4u capsit

s o dvevevve)

Bao dubi
- Sai dudi

Fe—— Thanh t6 bao
—:d— Mang t6 bao

chét

Bao dusi
| _ colai

L3i dusi
(tail core)

Cae qua.trinh sinh san cua thé [fRue khlidn trong (¢ bag vi khudn



5.p mARN cUla Poliovirut 3'-0OH
Polimeraza
phu thuéc ARN
5-P
Dang sao
' ) . . chép
Poliprotein Cét doan bdi proteaza Polimeraza
phu thuéc ARN
5.p v 3-0H
‘ ' ‘ || ARN poliovirut méi
Protein va ARN polimeraza
cla virut

Qua trinh sinh san trong t€ bao vat chu cia cic virut Polio

Giai doan mudn (pha mudn) cta su sao ¢hép thte vong xody o thé thyc khuin
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CHUONG Vv

DINH DUONG CUA VI SINH VAT

1. THANH PHAN TE BAO VA DINH DUONG CUA VI SINH VAT

Céac chit dinh dudng d6i véi vi sinh vat 1a bat ki ch&t nao dugc vi sinh vat hdp
thu ti méi truong xung quanh va dugc ching st dung lam nguyén liéu d& cung cip
cho cdc qua trinh sinh tdng hop tao ra cac thanh phédn cia t& bao hoac dé cung cdp
cho cic qua trinh trao d8i nang lugng.

Qui trinh hip thu cac chdt dinh dudng dé théa man moi nhu cdu sinh trudng va
phat tri€n dugc goi 12 qua trinh dinh dudng.

Hi€u biét vé qua trinh dinh duong 1a co s& tdt y&u dé cd thé nghién ciu, tUng

dung hoac dc ché& vi sinh vat.
. Khong phai moi thanh phan cia méi trudng nudi cdy vi sinh vat déu duoc coi la
chit dinh dugng. M6t s6 chdt rdn cdn thiét cho vi sinh vat nhung chi 1am nhiém vu
bio dim cic diéu kién thich hgp vé th& oxi héa - khi, vé pH, vé ap suidt thdm thiu,
vé can bing ion... Chdt dinh dudng phai 1a nhiing hgp chit ¢ tham gia vao céc qua
trinh, trao ddi chdt n6i bao.

Thanh phan hoa hot cta t& bao vi sinh vat quyét dinh nhu cdu dinh dudng cua chuing.
Thanh phdn hda hoc cdu tao bdi cdc nguyén t6 C, H, O, N, cdc nguyén t6 khoang da
lugng va cic nguyén t6 khodng vi lugng. Chi riéng cic nguyén t6 C, H, O, N, P, S, K,
Na da chiém dén 98% khéi lugng khd cua t€ bao vi khuidn E.coli :

TI{ANH PHAN CAC NGUYEN TO CHU YEU
CUA TE BAO VI KHUAN E. COLI (S.E. Luria)

Nguyén té % chidt kho Nguyén té % chat kho

(0] 50 Na ) 1,0

(6] 20 Ca 0,5

N 14 Mg 0,5

H 8 Gl 0,2

P 3 Fe

S 1 Cacl nguyén 0,3

K 1 tdkhac
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Lugng chita cdc nguyén t8 & cac vi sinh v4t khac nhau la khéng giéng nhau. o}
cdc diéu kién nubi cdy khéac nhau, cdc giai doan khic nhau lugng chua cac nguyén
t6 trong cung moét loai vi sinh vat cing khéng giéng nhau. Trong t€ bao vi sinh
vat cac hgp chidt dugc phan thanh 2 nhém 16n : (1). Nuéc va cdc mudi khodng ;
(2). Cac ch4t hitu co.

CAC NHOM HOP CHAT CHU YEU CUA TE BAO VI KHUAN E. COLI

Loai hop Nudc Protein ADN ARN Hidrat C Lipit Ch4t hiu | Cic phan
chdt co phan wl vo co
Wl nho
Lugng 70 15 1 6 3 2 2 1
chita (%)

1.1. Nudc va mudi khoang

Nuéc chi€ém dén 70-90% khéi lugng co thé vi sinh vat. T4t cd cdc phan Ung xay
ra trong t&€ bao vi sinh vat déu ddi hdi c6 sy tdén tai cia nudc. O vi khudn lugng chia
nudc thuong la 70-85%, d ndm sgi thudng 12 85-90%.

Ti cd xua ngudi ta di bist st dung phuong phdp sy khd thuc phdm d€ dinh chi
su phat tri€n cta vi sinh vat. Viéc sit dung mudi hoic dudng d€ bio quan thuc phim
ching qua cing chi nhim tao ra mét sy khé can sinh li khéng thich hgp cho su phat
trién cua vi sinh vat.

Yéu cdu cua vi sinh vat d6i véi nudc duge bi€u thi mot cach dinh lugng bing do
hoat dong cua nuéc (water activity, aw) trong méi trudng. D6 hoat dong clia nudc con
dugc goi 1a th€ niang cia nudc (water potential, pw) 2

o] day p la ap lyc hoi clia dung dich con p 14 4p lyc hoi nude. Nudc nguyén chit
c6 a = 1, nubc bi€én co a, = 0,980, mdu ngudi cd a, = 0,995, cA muéi cé a, = 0,750 ;
keo, mit co a = 0,700.

M6i vi sinh vat thudng cé mot tri s6 a_ t6i thich va mot tri s6 a, toi thi€u. Mot
s6 vi sinh vat ¢ thé phat tri€n duogc trong méi trudng cd tri sb a  rdt thdp, nguoi
ta goi chiung la cdc vi sinh vat chiu 4p (osmophyl). Ching han a, cé th€ chdp nhan
dugce cua Saccharomyces rouxii 1a 0,850, ctia Saccharomyces bailii, cia Pennicillium la
0,800, cta Halobacterium, Halococcus 1a 0,750, cia Xeromyces bisporus 1a 0,700...

Phin nudc cé th€ tham gia vao cdc qué trinh trao d8i ch4t cta vi sinh vat duge
goi l1a nuéc tu do. Da phdn nudc trong t& bao vi sinh vat “6n tai d dang nuédc tu do.
Nudc két hgp la phan nudc lién két véi cdc hgp ch&t hitu co cao phan td trong té€
bao (protein, lipit, hidrat cacbon. ). "Nugc 1ién k&t mAt khd ning hoa tan va luu dong.

Muéi khodng chiém khodng 2-5% khoi lugng\kho cia té bao. Ching thudng tén
tai dudi dang cdc mudi sunphat, photphat, cacbonats¢clorua... Trong t& bao ching thuang
& dang céc ion. Dang cation-chdng han nhu Mg# “€a?*, K, Na'... Dang anion ching
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han nhu HPOi_ , SOj' , HCO;, CI™... C4c ion trong t& bao vi sinh vat luén tén tai o

nhitng ti 1¢ nh4t dinh nhim duy tri d6 pH va luc th&m th&u thich hop cho tiung loai

vi sinh vat.

1.2. Chat hdu co

Chit hitu co trong t&€ bao vi sinh vat chu yéu cdu tao bdi cic nguyén t5 C, H, O,
N, P, S... Riéng 4 nguyén t6 C, H, O, N da chiém tdi 90 - 97% toan bd chit khé cua
t& bao. D6 la cdc nguyén t6 chi chét d€ cdu tao nén protein, axit nucleic, lipit, hidrat
cacbon. Trong t& bao vi khudn cdc hgp chit dai phan t& thudng chiém téi 96% khsi
lugng khd, cdc chdt don phan ti chi chiém cd 3,5% con cic ion vé co chi ¢ 1%

ma théi.
THANH PHAN HOA HOC CUA MOT TE BAO VI KHUAN
(F.C.Neidhardt, 1987)
Phan tu % kh6i luong [S§ phan tu/t€ bao| S8 loai phan tu
khé (1)
Nudc - 1
Téng s6 cic dai phan tu 96 24.609.802 khoang 2500
Protein 55 2.350.000 khoang 1850
Polisaccarit 5 4.300 2(2)
Lipit 9,1 22.000.000 4(3)
ADN 3,1 2,1 1
ARN 20,5 255.500 khoang 660
T8ng sé cac don phan tu 3,5 khoang 350
Axit amin va tién thé 0,5 khoang 100
Dudng va tién thé 2 khoang 50
Nucleotit va tién thé 0,5 khoang 200
Cac ion vé co 1 18
100

T8ng cong :

13

Chu thich : (1) Kh6i lugng kho cua 1 1€ bao vi khudn E.coli dang sinh trudng manh la 2,8 X 10~ g

(2) : Peptidoglican va glicogen

(3) : D6 l1a 4 loai photpholipit, m&i loai c6 nhiéu nhém khac nhau phu thu¢c vao thanh phén axit béo.

Protein cdu tao chi y&u bdi cic nguyén té : C (50-55%), O (21-24%), N (15-18%),
H (6,5-7,3%), S (0-0,24%), ngoai ra cdn cd th€ cd mét lugng rdt nhé cdc nguyén té
khiac nhau P, Fe, Zn, Cu, Mn, Ca...

Protein dugc tao thanh ti cdc axit amin.
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Khi hinh thanh protein cdc axit amin néi lién v6i nhau qua lién két peptit (lién
két cong hoa tri). Lién két nay (-CO-NH-) dugc tao thanh do phan dng két hop gida

(0}
Z

nhém a-cacboxyl (—C/
o-

)cﬁa mot axit amin nay v6i nhém a-amin ("H;N-) cuia

moét axit amin khic va loai di mét phan td nuée :

Ny
I
H-C-COOH
|
R
Dang khéng ion hda
clia axit amin

Dang ion ludng cuc
cua axit amin

o) 20
7 7
+H3N—CH—C " +*HN-CH-C —
| \0_ 3 1 \O_
R R,.
1 2
7 0
I 7
+H3N—CH—C—NH--CH—C + H.O
] — I \O— 2
R, lién két peptit R,

Tuy s6 lugng axit amin lién k&t véi nhau ma ta cd cac dipeptit, tripeptit, tetrapeptit,
pentapeptit... Tu phan td c6 15 lién ké&t peptit trd 1én ta goi la polipeptit. Polipeptit
nay cdon dugc goi 1a protein. CS luc 1 protein dugc tao thanh do vai polipeptit lién két
lai v6i nhau.

Cé 20 loai axit amin tham gia vao ciu tric cua protein, s§ géc axit amin la rit
16n vi vay cé thé tao ra dugc téi 20'8 loai protein khac nhau (hién da biét ré6 cdu tric
3 chiéu cta khoang trén 100 loai protein). Cic protein nay cd thé dugc x&p loai theo
hinh dang, theo cdu tric hoac theo chic nang :

Axit amin ——— oligopeptit (dipeptit, tripeptit...)
!

| — polipeptit

Protein :

- Xép loai theo hinh dang : - Protein hinh sgi
- Protein hinh cau
- Xé&p loai theo cdu tric :
- Protein don gian
- Protein phiuc tap (protein k&t hgp)
« Nucleoprotein
(Protein + axit nucleic)
» Glicoprotein
(Protein_+ hidrat cacbon)
«_Lipoprotein
(Proteiny/+ Mipit)
o Mucgoprotein
(Protein’+ mucopolisaccarit)
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« Photphoprotein

(Protein + axit photphoric)
« Cromoprotein

(Protein + hogp chit ¢ mau)
« Metaloprotein

(Protein + kim loai)

- Xé&p loai theo chic ning :
- Protein phi hoat tinh (kién tao, du tri...)

- Protein hoat tinh (xdc tde, van tai, chuyén dong, truyén xung
than kinh, diéu hoéa, bao vé...).

Trong t€ bao vi sinh vat ngoai protein, peptit cdn cd cad nhitng axit amin & trang
thdi tu do.

Axit nucleic cdu tao chu y&u bdi N (1-16%), P (9-10%), phan con lai la C, H, O.
Can cd vao dudng pentozo trong phin ti ma axit nucleic dugc chia thanh 2 loai :
ADN (axit deoxiribonucleic, chia deoxiribozo) va ARN (axit ribonucleic, chita ribozag).

Cédc san phdm thuy phan cua 2 loai axit nucleic nay 12 nhu sau :

Axit photphoric
ARN — Polinucleotit — Nucleotit/ D-Ribozo
Nucleozit
Bazo nito
- Adenin (A)
- Guanin (G)
- Uraxin (U)
- Xitozin (X)
Axit photphoric
ADN — Polinucleotit — Nucleotit D-2-Deoxiribozag
Nucleozit <
Bazo nito

- Adenin (A)
- Guanin (G)

- Timin (T)
- Xitozin (X)
Ti 16 G + X & cac chi vi sinh vat khac nhau la cé thé€ khong giéng nhau. Day la
mot chl tiéu quan trong dugc sit dung trong phan loai vi sinh vat trong giai doan hién
nay. Sau day 12 mot s6 vi du :

- Vi khuan Gram (-) :

Chi G + X mol %
Proteus 38-42
Vibrio 40-50
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Acinetobacter 40-47

Zymomonas 47-48
Nitrosomonas 47-51
Escherichia 50-51
Nitrosococcus 50-51
Salmonella ' 50-53
Enterobacter ’ 52-59
Acetobacter 55-64
Alcaligenes 57-70
Aeromonas 57-63
Pseudomonas 58-70
Rhizobium 59-66
Agrobacterium 59-63
Nitrobacter 60-62
Azotobacter 63-66
Chromobacterium 63-72
- Vi khudn Gram (+)

Chi G + X mol%
Clostridium 23-43
Sarcina 28-31
Corynebacterium 52-68
Propionibacterium 59-66
Staphylococcus 30-40
Planococcus 48-52
Bacillus 33-62
Streptococcus 33-42
Arthrobacter 60-72
Micrococcus 66-75

Hidrat cacbon (c4u tao bdi C, H, O) d vi sinh v4t c¢6 thé& chia thanh 3 nhém :
- Monosaccarit :
+ Pentozo : ribozo, deoxiribozo...
+ Hexozo : glucozo, fructozo, galactozo
- Oligosaccarit : .
+ Disaccarit : saccarozd, lactozd, maltozo...
+ Trisaccarit : rafinozo...
- Poligosaccarit : tinh.bot, glixerin;-dextrin;-xenlulozo;-axit hialuronic...
Lipit trong t€ bao vi sinh vat thuong(e6. 2 nhem| ilipit don gidn va lipit phuc tap
(lipoit).
- Lipit don gidn (este eua glixerin va axit béo) : chi y&u la triaxinglixerol

146



- Lipit phudc tap :

+ Photpholipit

: chu yé&u la photphoglixerit...

+ Glicolipit : galactozylglixerit, sulfoglucozylglixerit...

C6 nhitng loai ndm men lugng lipit chda téi 50-60% lipit. Photpholipit két hop vai
protein tao thanh lipoprotein. Ching tham gia vao cdu tric clia mang t€ bao chit,

mang ti thé...

Vé vitamin thi c¢d su khic nhau r4t 16n trong nhu ciu cua vi sink vat. Cé nhing
vi sinh vat tu dudng chdt sinh trudng (auxoautotroph) ching cé thé tu téng hop ra
cac vitamin cdn thiét. Nhung cling cd nhiéu loai vi sinh vat di dudng chit sinh trudng
(auxoheterotroph), ching doi hoi phai cung cép it hoac nhiéu loai vitamin khac nhau.
Vai trdo cia moét s8 vitamin trong hoat doéng séng cua vi sinh vat dugc hi€u tom tat

nhu sau :

Vitamin

Dang coenzim

Chic nang

Tiamin(anevrin, Bl)

Riboflavin
(lactoflavin, Bz)

Axit pantotenic (B,)

Niaxin (a.nicotinic,
nicotinamit, Bs)

Piridoxin (pirdoxal,
piridoxamin, B(’)

Biotin (B7, H)
Axit folic (folaxin,
Bg, M, Be...)

(Axit APAB
paraaminobenzoic, B, )

Xianocobalamin
(cobalamin, B, )
Axit lipoic

Axit ascocbic
(vitamin C)

Ecgocanxiferol
(vitamin D,)

Tiamin pirophotphat (TPP)
Flavinmononucleotit
(FMN), flavin adenin
dinucleotit (FAD)

CoenzimA

Nicotin adenin
dinucleotit(NAD) va NADP

Piridoxal photphat

Biotin

Axit tetrahidrofolic

Axit tetrahidrofolic
Metilxianocobalamit

Lipoamit

1,25—-dihidroxicole—
canxiferol

Oxi hda va khu cacboxyl
cac ketoaxit, chuyén nhdém
aldehit.

Chuyén hidro

Oxi hda ketoaxit va tham
gia vao trao d8i chit cua
axit béo.

Khu hidro va chuyén hidro

Chuyén amin, khit amin,
khi cacboxyl raxemin hda
axit amin

Chuyén CO, va nhém
cacboxilic

Chuyén don vi 1 cacbon
Chuyén CO, cic nhdm °
cacboxilic

Chuyén don vi 1 cacbon

Chuyén nhdm metyl
Chuyén nhom axyl

va nguyén tu hidro
La cofacto trong

hidroxyl hoa

Trao ddi canxi va photpho
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2. NGUON THUC AN CACBON CUA VI SINH VAT

Can cd vao nguén thiuc an cacbon ma ngudi ta chia vi sinh vat thanh cdc nhom
sinh li sau day :

a. Tu dudng
- Ty dudng quang nang. Nguén C la COZ’ nguén niang lugng la dnh sidng.

- Ty dudng hda nang. Nguén C la COZ, nguén niang lugng 12 moét s6 hop
chit v6 co don gian.

b. Di dudng
- Di dudng quang nang :

Nguén C 1a chit hitu co..., nguén ning lugng la anh sang, vi du & vi
khudn khéng luu huynh mau tia.

- Di dudng hda nang :

Nguén C 1a ch&t hitu co, nguén ning luong la tu su chuyén hda trao
d8i chdt cta chit nguyén sinh cia mét co thé khac. Vi du & dong vat
nguyén sinh, ndm, mét s6 vi khuédn.

- Hoai sinh :

Ngu6én C la chit hitu co. Nguén ning lugng la td su trao d8i chit cua
chit nguyén sinh cdc x4c hitu co. Vi du d nhiéu ndm, vi khuin.

- Ki sinh :
Nguén C 1a chdt hitu co. Ngudén ning luogng 1a ldy tu cac t8 chuic hoac

dich thé cia mét co thé€ séng. Vi du cdc vi sinh vat gay bénh cho ngudi,
dong vat, thuc vat.

Nhu vay la tuy nhém vi sinh vt ma nguén cacbon dugc cung cdp cd thé€ la chit
vé co (CO, NaHCO,;, CaCO,...) hodc chit hitu co. Gia tri dinh dudng va kha ning
hdp thu cdc nguén thdic an cacbon khdc nhau phu thudc vao 2 y&u t6 : mot la thanh
phan héa hoc va tinh ch4t sinh I cia nguén thdc an nay, hai la dac di€m sinh li cua
tung loai vi sinh vat. Trén th& gidi hdu nhu khéng c6 hgp chidt cacbon hitu co nao
ma khoéng bi hoic nhédm vi sinh vat nay hodc nhdm vi sinh vat khdc phan giai. Khéng
it vi sinh vat cd thé déng hda dugc ca cdc hgp ch4t cacbon rit bén vitng nhu cao su,
chdt déo, ddu mod, parafin, khi thién nhién. Ngay focmon 12 mot hda ch4t diét khuin
rit manh nhung cing ¢6 nhom ndm sdi st dung lam thdc an.

Nhiéu ch&t hitu co vi khong tan dugc trong nudc hoac vi cé khéi lugng phan tu
qué 16n cho nén trudc khi dugc hdp thuy, vi sinh vat phai ti6t ra cdc enzim thiy phan
(amilaza, xenlulaza, pectinaza, proteinaza, lipaza...) dé chuyén hda ching thanh cac hgp
chit dé hip thu (dudng, axit amin, axit béo...).

Ngudi ta thudng st dung dudng dé lam thdc an cacbon khi nudi cdy phdn lon cac
vi sinh vat di dudng. Cdn chu y rang dudng don & nhiét dd cao cd thé bi chuyén hda
thanh loai hgp chdt cé mau t8i goi la dudng chdy rat khé hdp thu. Trong méi truang
kiém sau khi khi trung dudng-edon dé bi axit hda va lam bién d6i pH moi trusng. D&
tranh cdac hién tugng nay khi khi trang mdi trudng chia dudng nguoi ta thudng chi
hdp & 4p luc 0,5atm (112,5°C) va duy tri trong,30, phut. Véi cdc loai dudng don tét
nh4t 1a nén st dung phuong phap hfp gian doan’ (phuong phap Tyndal) hoac loc rieng
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dung dich dudng (thudng dung néng do 20%) bang nén loc hoac mang loc vi khuin
sau d6 médi dung thao tdc vé trung d€ b8 sung vao cdc méi trudng da khu trung.

Khi ch€ tao cdc méi truong chda tinh bot trudc hét phai hé hda tinh bdt & nhiét
do 60-70°C sau d6 dun s6i r6i moéi dua di khi trung & néi hdp 4p luc.

Xenlulozo dugc dua vao cdc moi trudng nudi cdy vi sinh vat phan giai xenlulozo
dudi dang gidy loc, bong hoac cac loai bot xenlulozo (cellulose powder, avicel...).

Khi st dung lipit, parafin, ddu moé... d€ lam nguén cacbon nubéi cd&y mét s6 loai vi
sinh vat phai théng khi manh dé€ cho ting giot nhd cd thé tiép xiuc duoe véi thanh
t€ bao tung vi sinh vat.

D& nubi cdy cdc loai vi sinh vat khdc nhau ngudi ta dung cic néng d6 duong
khong gi6ng nhau. Véi vi khudn, xa khuén ngudi ta thuosng dung 0,5-0,2% dudng con
d6i v6i ndm men, ndm sgi lai thuong dung 3-10% duong.

Hau hét vi sinh vat chi déng hda dugc cac loai dudng & dang déng phan D. Cing
may la phin ldn cdc déng phan cua dudng don trong tu nhién déu la thudc loai D
chd khéng phai loai L.

Céc hgp chdt hitu co ch#a ca C va N (pepton, nuéc thit, nudc chiét ngdé, nudc
chiét nfm men, nuéc chi€t dai mach, nudc chiét gia dau..) cd thé st dung via lam
nguén C via lam nguén N d6i véi vi sinh vat.

Pham vi déng hda cdc ngudn thidc an cacbon cia tiung loai vi sinh vat cu thé rat
khac nhau. C6 thuc nghiém cho thdy loai vi khuidn Pseudomonas cepacia cé thé déng
hda trén 90 loai nguén thdc an cacbon khac nhau, trong khi dé cdac vi khufn sinh
métan chi cd thé déng hda dugec CO, va vai loai hgp chdt chda 1C hoac 2C ma théi.

Véi vi sinh vat di dudng nguén thdc an cacbon lam ca hai chdc nang : nguén dinh
dudng va nguén nang lugng.

Mot s6 vi khudn di dudng, nhit 1a ciac vi khudn giy bénh séng trong mau, trong
cdc t8 chuc hodc trong rubt cia ngudi va dong vat muébn sinh trudng dugc ngoai nguén
cacbon hitu co con cén phai dugc cung cdp moét lugng nhé CO, thi méi phat trién
duogc.

Trong c6ng nghiép lén men nguén rl dudng la nguén cacbon ré tién va rat thich

hop st dung d6i v6i nhiéu loai vi sinh vat khdc nhau.

Duéi day la thanh phdn hda hoc cia rl dudng mia va ri dudng cu cai :

Thanh phin Ti l& Ri dudng cu cai| Ri dudng mia
Dudng tdng s6 % 48-52 48-56
Ch4t hitu co khac dudng % 12-17 9-12
Protein (N x 6,25) % 6 - 10 2-4
Kali % 2,0-7,0 1,5-5,0
Canxi % 0,1-0,5 0,4-0,8
Magie % khoang 0,09 khoang 0,06
Photpho % 0,02-0,07 0,6-2,0
Biotin mg/kg 0,02-0,15 1,0-3,0
Axit pantotenic mglkg 80-110 15-55
Inozitol mglkg 5000-8000 2500-6000
Tiamin mg/kg khoang 1,3 khoang 1,8
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3. NGUON THUC AN NITO CUA VI SINH VAT

Ngudn nito dé hdp thu nhat d6i véi vi sinh vat la NH, va NH:. Trudc day co

quan di€m cho ring mot s6 vi khudn khong c6 kha nang déng héa mudi amon. Quan
diém nay khéng dung. Ngay nay ngudi ta cho rang tdt ca cic loai vi sinh vat déu co
kha nang st dung mudi amon. Doi khi cé nhitng loai vi sinh vat khéng phat trién
dugc trén ciac moéi trudng chia mudi amon thi nguyén nhan khéng phai d ban than
goc NH“+ ma la & do chua sinh li do cdc mudi nay tao ra. Sau khi déng hda géc
NH: trong méi trudng sé tich liy cdc anion vé co (SOi— . HPOi_ , CI"...) va vi thé
ma lam ha thdp r4t nhiéu tri s6 pH cia moéi trudng. Mubi amon cta cic axit hitu co
it 1am chua méi trudng hon do dd c6 lic duge st dung nhiéu hon (mac ddu dit hon).
Ure la nguén thic an nito trung tinh vé mit sinh li. Khi bi phan giai bdi enzim
ureaza, ure sé giai phéng thanh NH, va CO,. Phian NH, dugc vi sinh vat st dung ma
khong lam chua méi trudng nhu d6i vdi cdc mudi amon :

ureaza

NH, - CO - NH, + H,0

2NH, + CO,

Nhiéu khi dé nudi cdy vi sinh vat bing ngudén nito la ure ngudi ta phai b8 sung
thém muéi amon (nhu amon sunphat ching han). S& di nhu vay la bdi vi phai co thidc
an nito dé& hdp thu cho vi sinh vat phat trién da thi méi cé thé san sinh ra dugc
ureaza dé thuy phan ure.

Cing c6 loai vi sinh vat sd di kh6éng phat tri€n dugc trén méi trudng chi ¢ nguén
thic an nito 12 muéi amon khéng phai vi khong déng hda dugc mudi nay ma la do
ching doi hoi phai duge cung cdp thém mét vai loai axit amin khoéng thay thé& nao dd.

Mu6i nitrat la ngudn thdc an nito thich hgp déi véi nhiéu loai tdo, ndm sgi va xa
khudn nhung it thich hgp d6i véi nhiéu loai ndm men va vi khudn. Sau khi vi sinh
vat sit dung hét g6c NOj cac ion kim loai con lai (K*, Na*, Mg?*..) sé lam kiém hda
moi truong. D€ tranh hién tugng nay ngudi ta thudng si dung mudi NH,NO,; dé lam
nguén nito cho nhiéu loai vi sinh vat. Tuy nhién géc NH: thudng bi hdp thu nhanh
hon, r8i méi hdp thu dén géc NO;.

Nguén nito ¢d dy trd nhiéu nh4t trong tu nhién la nguén khi nito tu do (Nz)
trong khi quyén. Ching chim ti 1é rdt cao trong khéng khi (75,5% theo khéi lugng
hoac 78,16% theo thé tich). S& lugng nito trong l6p khi quyén bén trén méi ha dit
dai nhiéu t6i 85000 tdn, con téng sd nito trong cd khi quyén la khoang
4.000.000.000.000.000 tdn. Trong khi nito (Nz) hai nguyén tid N lién két v6i nhau bing
3 day néi rdt bén ving (N = N). Nang lugng cia 3 day néi nay cao téi 225kcal/M.
Chinh vi vay ma N, rdt khd két hop véi cdc nguyén t8 khac va nito cé rédt nhiéu
chung quanh ta ma ca ngudi, cd dong vat l4n cay tréng déu luén ludn thi€u thén
thic an nito. Muén phd vo 3 lién két nay ngudi ta phai st dung tdi nhitng nang
luong rat 16n. Ching han 6 nha may phan dam hda hoc, muén lam cho N2 lien két dugc
v6i H, dé tao thanh NH, ngudi ta da phai ding mot nhiét do la 500°C va m6t ap suit
cao toi 350 atm.

Da s6 vi sinh vat khéng cd khd niang déng hoa N_ trong khong khi. Tuy nhién c6
nhitng vi sinh vat cé thé chuyén hoa N2 thénh NH3 nhd hoat dong xitc tdc cia mot
hé théng enzim cd tén goi la nitrogenaza. Nguoi ta goi cac vi sinh vat nay 1a vi sinh
vat c6 dinh nito (nitrogen = fixing microorganisms)-con qua trinh nay dugc goi la qua
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trinh ¢8 dinh nito (nitrogen fixation). Ching ta s& xem xét qua trinh nay & mot
chuong khic.

Vi sinh vat con c6 kha nang déng hda rdt t6t nito chia trong cdc thdc an hiu
co. Cac thiuc an nay sé vira la nguén cacbon vita 13 ngudn nito cung cdp cho vi sinh
vat. Vi sinh vat khong cé kha nang hdp thu truc ti€p cic protein cao phan ti. Chi c6
cdc polipeptit chda khong qud 5 gdc axit amin méi c6 thé di chuyén truc tiép qua
mang t&€ bao ch4t cua vi sinh vat. R4t nhiéu vi sinh vat c¢é kha ning san sinh proteaza
xUc tdc viéc thiy phan protein thanh cic hgp chat phan t& thdp c6 kha nang xam
nhap vao t&€ bao vi sinh vat.

Ngudn nito hitu co thuong duge st dung d& nudi cdy vi sinh vat la pepton loai

ch€ phdm thiy phan khong triét d€ cia mét ngudn protein nao ddy. Ching khac nhau
vé lugng chda cac loai polipeptit va lugng chda axit amin tu do.

Céac thanh phian
Ché& phdm Phan dng Biure (t1 16 % so voi N téng s6)
1 2 3
Pepton Pharmacon + 63,5 9,7 27,8
Pepton Vitte %+ 44,1 26,7 29,2
Pepton Canbaum + 40,2 27,4 32,4
Pepton Gee + 445 23,2 32,3
San phdm thiy phan nhd
pepxin + 42,1 25,2 32,7
Pepton Roche + 25,3 11,7 63,0
San phdm thuy phan nhd
tripxin + 2,0 14,9 83,1
Dich thuy phan gluten -~ . 0 0 100
Dich thuy phan gelatin - 0’ 0 100

Ghi chi : 1. Cac polipeptit cao phan i dugc két tua bing tannin khi c6 mit 2% HZSO4.
2. Cac polipeptit dugc két tua bing tannin khi moi trudng cé phan dng trung tinh.

3. Nhilng axit amin ty do va cac peptit khong bj tannin lam két tua.

Vé axit amin ngudi ta nhan thdy cd thé c6 ba quan hé khdac nhau déi véi tiung
loai vi sinh vat. Cé nhiing loai vi sinh vat khéng cdn doi hoéi phai duge cung cAp bat ki
loai axit amin nao. Ching cé kha nang tdng hop ra toan bd cac axit amin ma ching cédn
thiét tu NH;r va cdc chidt hitu co khéng chda nito. Nguoi ta goi nhdm vi sinh vat nay la

nhém tu dudng amin. Cé nhitng loai vi sinh vat ngugc lai bat budc phai duge cung cdp mét
hodc nhiéu axit amin ma ching can thiét. Ching khéng cé kha niang tu t8ng hop ra dugc
cdc axit amin nay. Ngudi ta goi ching 12 nhém di dudng amin. Loai thi ba la loai cdac vi
sinh vat khéng cd cdc axit amin trong méi trudng vdn phat trién duge, nhung néu cd mat
mot s6 axit amin ndo dd thi su phéat trién cta ching sé dugc tang cudng hon nhiéu.

Nhu cdu vé axit amin cia cdc loai vi sinh vat khac nhau la r&t khac nhau. Trong
khi cdc loai déng vat khac nhau rdt xa thudng cing chi c¢6 nhu cdu gi6ng nhau vé
cdc axit amin thi gitta cic 10ai vi sinh vAt rit giéng nhau v& hinh thai va rit gin
nhau vé vi tri phan loai lai co thé ddi h3i rdt khdc nhan!vé cdc axit amin. Cac axit
amin ma co thé sinh vat doi héi phai duoc cung cip (cing tuc la cdc axit amin ma
co thé sinh vat khong tu t8ng hop ducc) goi 4 cae-axit amin khong thay th& Danh
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sdch ciac axit amin khong thay th& d6i v6i méi loai sinh vat dugc goi la aminogram
ctia loai 4y. Aminogram cia cédc loai dong vat thudng chénh nhau rait it. Cic axit amin
khong thay thé€ chu y&u & dong vat la metionin, treonin, valin, loxin, izoloxin, acginin,
lizin, phenylalanin, triptophan va histidin. Aminogram cua vi sinh vat rit khac nhau.
Nhiéu loai vi khudn tuy thudc nhém di dudng amin nhung chi doi hoi 1-2 loai axit
amin nao dd. Trong khi d6 cd loai vi sinh vat n€u khéng duge cung c4p du 17-18 loai
axit amin thi khong thé phat trién duogc. Khong cd cac axit amin khéng thay thé€ chung
cho tdt ca cac vi sinh vat. Cai la cdn thi€t vdi loai vi sinh vat nay cd thé la hoan
toan khéng cin thiét d6i voi loai vi sinh vat khac.

DGi voi da s6 cac loai vi khudn ngudi ta thuong nubi clﬁy ¢ thanh phan nhu sau :

Pepton 5g
Cao thit 3g
NaCl 8g
Nudc cit 1000 ml

Néu lam méi trudng dac thi b8 sung thém 15-20g thach (tuy theo chit lugng cua thach).
Tuy vay cd nhitng vi sinh vat dé nuéi cdy dugc ta phai chuidn bi méi trudng véi
rdt nhiéu thanh phdn khac nhau. Duéi day 1a vi du vé moéi truong dinh dudng cua vi
khudn Leuconostoc citrovorum :
Nuée : 1000ml ; Glucozo : 25g ; NH4C1 1 3g

KH, PO, : 600mg ; K2HP04 : 600mg ; MgSO4.7H20 : 200mg

FeSO4.7H20 : 10mg ; MnSOd.4H20 : 20mg

NaCl : 10mg ; Na axetat : 20g ; DL-Alanin : 200mg

L-acginin : 242mg ; L-asparazin : 400mg ; axit L-aspartic : 100mg

L-xixtein : 50mg ; axit L-glutamic : 300mg ; Glixin : 100mg

L-histidin-HCIl : 62mg ; DL-izoloxin : 250mg

DL-loxin : 250mg ; D-lizin-HCI : 250mg

DL-metionin : 100mg ; Phenynalanin : 100mg

L-prolin : 100mg ; DL-serin : 50mg ; DL-treonin : 200mg

DL-triptophan : 40mg ; L-tirozin : 100 mg ; DL-valin : 250mg

Adenin sunphat HZO : 10mg ; Guanin—HCl.ZHZO : 10mg

Uraxin : 10mg ; Xantin - HCl : 10mg ; Tiamin : 0,5mg

Piridoxin-HCI : 1,0mg ; Piridoxamin-HCI : 0,3mg

Piridoxal-HCIl : 0,3mg ; Ca pantotenat : 0,5mg ; Riboflavin : 0,5mg

Axit nicotinic : 1,0mg : APAB : 0,1mg ; Biotin : 0,00lmg

Axit folic : 0,0lmg

Cac d6éng phan axit amin day D thudng khong dugc vi sinh vat hd&p thu. Chiing

thudng mang doc tinh d6i v6i t€ bao. Ngudi ta biét cdc D-axit amin cé thé cé mat
trong moét s6 loai chdt khdng sinh (nhu gramixidin, polimixin, actonomixin...). Chi cd

moét s6 loai ndm mébc €6 chiya enzim raxemaza mdi ¢6 khad nang chuyén hoa D-axit
amin thanh L-axit amin.

D€ tim hi€u méi quan hé v6i axit amin cia mo6t 'chung vi sinh vaAt nao dé truée
hét ngudi ta cdy ching vi-sinh vat ndy léen mdt_moi trudng dinh dudng cé nguén nito
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duy nh&t la muéi amon. N&u ching phat trién dugc thi ching to ching thuéc nhom
ty dudng amin. Néu ching khéng phat trién dugc v3 sau khi b3 sung hén dich axit amin
(dich thuy phan cazein cd tron thém triptophan) lai phat trién t6t thi chdng to ching thudc
nhém di dudng amin. Néu b3 sung hén dich axit amin r6i ma ching vin khong phat trién
dugc thi phai tim xem con nhitng nhu cdu nao khac chua duge dap ung (vé ngudn cacbon,
vé vitamin, vé chit khoang, vé pH, vé th& oxi hda khit cia méi truong).

Muén biét r6 méi quan hé clia mot ching vi sinh vat véi ting loai axit amin riéng
biét, ngudi ta phai st dung nhing méi truong cd chia ddy du ngudén thic an cacbon,
khoang, vitamin (6 dang hda ch&t tinh khi€t) nhung khéng chia axit amin. Lan luot
bd sung tiung loai axit amin vao moéi trudng va theo déi anh hudng cta ching déi vai
sy phat tri€n cua ching vi sinh vat nay. Cing cd thé dua vao moi trudng moét hén
dich ddy du cac axit amin va cdc hén dich da loai bd mét cdch phan biét tiung axit
amin mot. Theo do6i sy phat tri€n cta vi sinh vat sé xdc dinh dugc nhu cdu cta ching
déi vai tiung loai axit amin.

Két qua thuc nghiém trinh bay trong bang dudi day cho thdy trong sé cic vi sinh
vat di dudng amin tuy loai, tham chi tuy ting typ khdc nhau, ma cd nhitng méi quan
hé rit khiac nhau d6i véi cac axit amin.

Ndi chung cac vi khudn giy bénh, vi khudn gay thdi, vi khudn lactic (séng trong
sita)... thudng doi hoéi phai dudc cung cdp nhiéu axit amin cd sdn. Cac loai vi khudn
thudng séng trong dit (Azotobacter, Clostridium pasteurianum, cac vi khudn tu dudng
hda nang..) cé kha nang tu téng hop t&t cad cac axit amin cdn thiét d&i véi ching.
N4&m méc, nim men va xa khudn cing thudng khong doi héi céc axit amin cd san.
Tuy nhién su cd mat cda cdc axit amin trong méi truong sé lam nang cao téc do phat
trién cua ching.

LOAI SINH VAT
Loai Dong vat Staphy— Lacto— Strepto— Corynebacterium Staphy—
Axit amin c6 vi lococcus bacterium coccus diphtheriae lococcus
ga:,;\fn casei faecalis . e aureus
Lizin + + +) + = - -
Acginin +) + + + = - -
Histidin + +) = + — -
Phenylalanin + + - + = -
Tirozin + + +) = = -
Triptophan + + + + + - +
Prolin = + - - - = -
Glixin - + - + + - -
Alanin = + +) # = = =
Valin + + + - + + -
Loxin + + + + = + <
Izoloxin + + (+) + = = =
Xerin — * + + = = =
Treonin + (+) + = = =
Xixtein + + +) + + =
Metionin L § * (+) = + =t +
Axit asparaginic - - + + - - -
Axit glutamic = x * + + + =

Ghi chu : + Can thiét
- Khéng cin thi€:
(+) C6 tdc dung kich-ihfch
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Nhiéu loai vi sinh vat cé kha nang dimg‘ mot loai axit amin nao dé lam ngudén
thic an nito duy nh&t. Ching sé phan gidi axit amin nay thanh NH3 r6i sau do tu
tdng hop nén hang loat cac axit amin khac.

Cé nhitng ching vi sinh vat bi€u hién méi quan hé rit mat thiét gita néng do
clia mot axit amin nao dé trong moéi truong va muc do phat tri€n cua ching. Nguai
ta goi chung la nhitng vi sinh vat chi thi va dung ching trong viéc dinh lugng axit

amin.

Cé thé dung cdc phuong phdp gay dot bién dé€ tao ra cac chung vi sinh vat "dinh
dudng khuyét" (hay khuyét dudng), tic la nhiilng ching m4&t di kha nang tu téng hop
mot chdt nao dd, ching trd nén méin cdm vdi su cd mat va voi néng d6 cia chit ma
ching cdn thiét (mét axit amin, moét vitamin hodc moét géc bazo nito nao dd). Phuong
phdp phan tich axit amin nhd vi sinh vat cang ngay cang dugc @ng dung rong rai trén
th& gigi. N6 cho phép phat hién nhitng néng do axit amin rdt th&p va ridt thich hop
trong cdc trudng hgp khong thuan tién st dung cdc phuong phap phan tich hda li
khdc. Bén canh cac phan tich dinh lugng (so véi d6 thi tiéu chu&n) cdc phan tich dinh
tinh dung cdc vi sinh vat chi thi nay nhiéu khi cing rdt cd gia tri. Ching han nhu
viéc st dung vi khudn chi thi min cadm véi axit glutamic d€ phat hién cic khudn lac
vi sinh vat phan lap ti thién nhién cé kha nang sinh tdng hop axit glutamic.

Duéi day la pham vi néng do ctia axit amin ma mét s6 vi khudn chi thi cd kha
niang man cam.

Vi khudn chi thi Pham vi néng do

mén cam (y/ml)

Loai axit amin

B-Alamin Corynebacterium diphtheriae 0-1,5
Alanin Streptococcus faecalis 0-50
Loxin Streptococcus faecalis 0-10
I1zoloxin Streptococcus faecalis 0-10
Acginin Streptococcus faecalis 0-8

Treonin Streptococcus faecalis 0-50
Valin Streptococcus faecalis 0-10
Axit asparaginic Lacrobacillus delbrueckii 0-50
Serin Lactobacillus delbrueckii 0-25
Tirozin Lactobacillus delbrueckii 0-8

Xixtein Lactobacillus mesenteroides 0-5

Glixin Leuconnostoc mesenteroides 0-10
Histidin Leuconnostoc mesenteroides 0-5

Lizin Leuconnostoc mesenteroides 0-20
Prolin Leuconnostoc mesenteroides 0-8

Axit glutamic Laciobacillus arabinosus 0-50
Metionin Lactobacillus arabinosus 0-10
Phenylalanin Lactobacillus casei 0-15
Triptophan Lactobacillus_casei 0-2,5

Thanh phén ciac méi truong tdng hop dung, dé~dimh luong axit amin nhd vi khu&n
chi thi thudng kha phtc tap.
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4. NGUON THUC AN KHOANG CUA VI SINH VAT

Khi s dung cdc mdi trudng thién nhién d€ nudi cdy vi sinh vat ngudi ta thudng
khong can thiét b8 sung cdc nguyén t6 khodng. Trong nguyén liéu dung lam cdc moi
trudng nay (khoai tay, nuéc thit, sita, huyét thanh, pepton, gia dau...) thuong cdé chua
du cac nguyén t6 khoang cdn thi€t d6i voi vi sinh vat. Nguge lai khi lam cdc méi
trudng téng hop (dung nguyén liéu 1a hda ch4t) bat budc phai b8 sung du cdc nguyén
t6 khoing cdn thiét. Nhitng nguyén t6 khodng ma vi sinh vat doi héi phai dugc cung
cdp voi liéu lugng 16n dugc goi 13 cdc nguyén t8 dai lugng. Con nhitng nguyén to
khodang ma vi sinh vat chi ddi héi v6i nhitng liéu lugng rit nhé dugc goi la cic nguyén
t6 vi lugng.

Néng do cdn thiét cia titng nguyén t6 vi lugng trong moéi truong thudng chi vao
khoang 107¢ - 1078M.

Ham lugng cac chdt khodng chda trong nguyén sinh chit vi sinh vat thuong thay
d8i tuy loai, tuy giai doan phéat tri€n va tuy diéu kién nudi cdy. Thanh phan khoing
ctia t& bao cdc loai vi sinh vat khdc nhau thudng la chénh léch nhau rit nhiéu. Chang
han c¢é nghién cdu (Mesrobiana va Peuneska, 1963) cho biét thanh phdn khodng & mot
s6 vi khudn gay bénh la nhu sau (% chdt khodng) :

P,0, 4,93 - 74,38 Na,O 0,2 - 28,08
K,0 2,4 - 39,8 Cl 0,03 - 43,69
50, 0,5 - 28,8 MgO 0,12 - 12,0
CaO 0,3 - 14,0

Nhu c8u cua vi sinh vat cing khéng gidng nhau d6i vdi tuy loai, tuy giai doan
phat tri€n. Ngudi ta nhan thdy néng d6 cin thiét vé cic mudi khodang déi véi vi khudn,
nim va xa khudn thudng thay ddi trong cac pham vi sau day :

Nong d6 c4n thiét (g/l) ’

Muéi khoang L < -

D6i vdi vi khuin D6i véi ndm va xa khuin
K2HPO4 0,2-0,5 1-2
KH2PO4 0,2-0,5 1-2
MgSO4 . 7H20 0,1-0,2 0,2-0,5
MnSOs4 . 4H20 0,005-0,01 0,02-0,1
FeSO4 . TH20 0,005-0,01 0,05-0,02
NazMoO4 0,001-0,005 0,01-0,02
ZnS04 . TH20 = 0,02-0,1
CoCl2 16i 0,03 13i 0,06
CaCl2 0,01-0,03 0,02-0,1
CaSO4 . SH20 0,001-0,005 0,01-0,05

Thanh phdn méi trudng cdé thé thay ‘ddi theo mét sy tinh todn nao dé dé€ sao cho
ndng do chung cia mébi cation hodc méi anion phu hgp véi s6 lugng da néu lén trong
bang ndi trén.

P bao git cing chidm ti 16 cao nh4t trong s6 cic nguyén t6 khoang cta t& bao vi
sinh vat (nhiéu khi P chiém dén.50% so v6i téng s6 chit khodng). P cé mat trong
cdu tao cua nhiéu thanh phin quan trong etia t& bao-(axit nucleic, photphoprotein,
photpholipit, nhiéu coenzim quan trong nhu ADP, ATP, UDP, UTP, XDP, XTP, NAD,
NADP, flavin... ; mot s6 vitamin nhu tiamin, biotin..J): Dé dam bao ngudn dinh dudng
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photpho, ngudi ta thuong st dung cac loai photphat v4 co. Viéc b8 sung photphat (nh4t
la photphat kali) vao cac moéi truong dinh dudng ngoai tac dung cung cidp P con co
tac dung tao ra tinh dém cia moi truong. Véi cac ti 1¢ thich hgp hén hop musi KH,PO,
va K,HPO, cd thé tao ra nhitng mic pH 6n dinh trong khodng pH = 4,5 - 80 trong mdi
truong axit K,;HPO, sé tao ra jon H' :

Hpoi" + H,0 = H,PO, + OH
- - +
H,PO, = Hpof + H

S cing la moét nguyén t6 khodng quan trong trong t& bao vi sinh vat. S cd mat
trong mét s6 axit amin (xixtin, xixtein, metionin), mét s6 vitamin (biotin, tiamin..),
xixtin, xixtein va moét tripeptit la glutation khong nhitng tham gia vao ciu tric protein
ma cdn c¢d vai trd quan trong trong cdc qud trinh oxi hda kht. Viéc chuyén nhém
sunphidrin thanh nhom disunphit cd vai trdo rdt 16n trong qua trinh chuyén dién tu tu
nguyén liéu hé hdp dén oxi phan tu :

2RSH = RS - SR + 2H

Céac hop chdt hitu co cé chia luu huynh & dang oxi hda thudng cé tac dung doc
déi véi t& bao vi sinh vat (co thé k€ tdi trudng hop streptoxit va cdc sunphamit khic).
Trong khi d6 cdc mudi sunphat vé co vdi nguyén ti luu huynh cing & trang thai oxi
hda thi lai dugc co thé€ vi sinh vat déng hda rdt t6t. Mot s6 vi sinh vat cé thé dung
ca SZO§- (tiosunphat) lam nguén thidc an luu huynh. M6t s6 vi sinh vat khac lai doi

hoi cac thic an chda luu huynh & dang khu (FH,S, xixtin, xixtein...). Fe la nguyén t6
rit can thiét dé giap vi sinh vat c6 thé tdng hop mét s6 men loai pocphirin chwéa sit
(nhu xitocrom, xitocromoxidaza, peroxidaza, catataza...). Nguyén td nito cua 4 nhin
piron nhd céac lién két hoa hoc théng thuong la cic lién két hda hoc phu. Mat s6 vi
sinh vat tu dudng quang nang con st dung sit d€ tdng hop ra cdc sic t6 quang hgp
c6 ciu tric pocphirin (clorophin, bacterioclorophin).

Mg la nguyén t8 dugc vi sinh vat dodi héi cing vdi lugng kha cao (1073 - 107°Mm).
Mg mang tinh ch&t mét cofacto, ching tham gia vao nhiéu phan dUng enzim co lién
quan dén cidc qua trinh photphoryl hda (chuyén H,PO, tit mot hop chdt hitu co nay
sang mét hgp chidt hiu co khac). Mg2+ cé thé lam hoat hda cac hexokinaza, ATP -
aza, pirophotphataza, photphopheraza, transaxetylaza, photphoglucomutaza, cacboxylaza,
enolaza, ciac men trao d8i protein, cdc men oxi hda khi cuia chu trinh Krebs (tit ca
khoang trén 80 enzim khédc nhau). Mg?* con c6 vai tro quan trong trong viéc lam lién
két cac ti€u phdn riboxom véi nhau.

Ca mac dau la nguyén t6 it tham gia vao viéc xay dung nén cac hop chit hitu co
nhung nd cd vai tro diang k€ trong viéc x4y dung cdc cdu tric tinh vi cua ‘t€ bao.
Canxi ddng vai trd cdu néi trung gian gita nhiéu thanh ph4n quan trong cua té& bao
séng (nhu gitta ADN va protein trong nhéan, gitta cic nucleotit vdi nhau, gita ARN va
protein trong riboxom). Canxi rdt cdn thiét d6i véi viéc hinh thanh cdc c4u tric khong
gian 8n dinh ctia nhiéu~bao~quan-nhu-riboxom;-ti-th& ~nhan:;

Zn cing la mot cofacto tham gia vao mhiéu qua trinh enzim. Zn cd tic dung dang
ké trong viéc hoat hoa' cdc enzim nhu cacboanhidzaza, enolaza, photphataza kiém,
pirophotphataza, loxitinaza:.
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Mn cd chda trong mét s6 enzim hé hdp. Mn cing c6 vai trd quan trong trong viéc
lam hoat hda mé6t s8 enzim nhu photphomonoesteraza, cacboxylaza, ATP - aza,
hidroxylamin reductaza, acginaza, aminopeptidaza, enolaza, photphoglucomutaza...

Viéc hoat hda cacenzimkhéng phai lic nao cing mang tinh chit dac hiéu. Liy vi
du nhu enzim izoxitratliaza (tdach tit vi khudn Pseudomonas aeruginosa) cé thé dugc
hoat hoa bdi nhiéu ion khac nhau (Mg?*, Mn?*, Fe?*, hoac Co?*). CG trudng hop mot
ion kim loai nay lai ¢ tdc dung d6i vdi moét ion kim loai khiac. Ching han ion Na*
cé thé lam dc ché& su phat trién cua vi khudn Lactobacillus casei nhung tac dung uc
ché nay cé thé bi mit di n€u b3 sung thém vao méi trudng cac ion K* chic rang da
c6 su canh tranh gitta hai ion nay trong viéc lién két véi cdc enzim hoac coenzim.

Cing c6 nhing nguyén t6 hda hoc ta chua hi€u ré vé vai trd sinh li cia ching.
Trong s6 cac nguyén t6 nay phai ké dén kali.

K 12 nguyén t8 chiém mot ti 1& khd cao trong thanh phan khoing cua t€ bao vi
sinh vat, nhung cho dén nay ngudi ta chua th&y kali tham gia vao bat ki thanh phan
nao cia nguyén sinh chét, cing chua tim thdy bit ki enzim nao cd chia K. Ngudi ta
nhan thdy kali thudng tén tai trong dang ion K* ¢ mat ngoai ctia ciu tric té bao.
Nhiéu nghién ctu st dung K*® cho biét mot phan diang k€ kali t6n tai § trang thai
lién k&t hoa li khong bén véi protein va cdc thanh phan khdc cia nguyén sinh chat.
Kali ¢6 thé tac dung nhu cdc ion kim loai khdc thong qua viéc anh hudng dén tinh
chit hda keo va hoat dong xuc tdac cua cdac enzim. Nhung nhiéu thi nghiém cho biét
viéc du dinh thay th& kali trong méi trudng dinh dudng bing cac ion kim loai kiém hda
tri 1 (nhu Na, Li, Rb, Cs...) déu khoéng cd ké&t qua. CS nhitng tai lieu cho biét kali
tham gia vao viéc hoat héa mot s6 enzim nhu amylaza, invectaza, photphotransaxetilaza,
axetyl CoA-xintetaza, piruvatphotphokinaza, ATP-aza, ketohexokinaza...). Kali lam tang
d6 ngdm nudc cua cic hé thdng keo do d6 anh hudng dén cac qua trinh trao ddi chat,
nhit 12 cdc qué trinh t8ng hgp. Kali c¢d thé cdn tham gia vao qua trinh téng hgp mét
s6 vitamin (nhu tiamin...) vd c6 nhitng 4nh hudng dang ké dén qua trinh hé hip cua
t&€ bao vi sinh vat.

Na va Cl cing la cdc nguyén t6 ma nhiéu vi sinh vat doi héi véi luong khong
nho, nhung cho dén nay ngudi ta vdn cdn biét rat it vé vai tro sinh li cua ching.
Ham lugng Na va Cl dac biét cao trong t€ bao cic vi sinh vAt ua man s6ng trong
nuédc bién, ddt vung ven bién hoac s8ng trén cac loai thuc phdm udp man. Cac vi sinh
vit va man cé thé dugc chia thanh ba nhom : nhém wa man it, thich hgp phat trién
trén méi truong chda 2-5% (khéi lugng : thé tich) NaCl, nhém ua man vua, thich hop
phét trién trén moéi trudng chda 5-20% NaCl va nhdm ua min cao, thich hgp phat
trién trén méi trudng chya dén 20-30% NaCl.

Binh thudng khi nuéi cdy vi sinh vat, ngudi ta khong cdn b8 sung cic nguyén té
vi lugng. Nhitng nguyén t6 nay thudng cé sén trong nudc mdy, trong cdc hda chat
diung lam méi trudng hoac cd 14n ngay trong thiy tinh cia cdc dung cu nuédi' cdy.
Trong moét s6 trudng hop cu thé ngudi ta phai b6 sung cdc nguyén t6 vi lugng vao
moi trudng nudi cdy vi sinh vat. Ching han b8 sung Zn vao cdc moéi trudng nudi cdy
nim méc, b6 sung Co vao cdc méi trudng nudi cdy vi sinh vat tdng hop vitamin B,
b8 sung B va Mo vao méi trudng nudi cdy cic vi sinh vat c6 dinh dam...

Su tén tai mot cach du thita-edc nguyén t6 khodng la khong cdn thiét va cé thé
din dén nhitng anh hudng x&u. Chang han viéc thita P/'¢s thé lam gidm thip hiéu
sudt tich liy mot s6 chdt khdng sinh, thua Fe sé lam.can.trd qua trinh tich ldy vitamin
B2 hoac vitamin B, ..
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5. NHU CAU VE CHAT SINH TRUONG CUA VI SINH VAT

Van dé mot s6 vi sinh vat mudén phat tri€n cdn phai dugc cung cdp nhing chit
sinh trudng nao d¢ that ra da dugc L. Pasteur phat hién ti khodng cdc nam 1859 -
1864. Pasteur nudi cdy vi sinh vat trén cdc méi trudng chda thdc an cacbon (dudng,
rugu, axit hitu co), muéi amon va mét s6 mudi khoang khac. C)ng nhan thdy vi sinh
vat phat trién ridt yéu. Nhung néu bd sung thém moét it nuéc chiét cac nguyén liéu
thién nhién vao cdc moéi trudng ndi trén thi su phat trién cua vi sinh vat sé tang lén
rat nhiéu.

Nam 1901 Winldiers phat hién thdy mét ndm men mudn phat trién t6t cdn phai
dugc cung cdp nhitng chit hitu co dac biét nao ddy, chia trong ban thian t€ bao nim
men, trong mam ldia hoac trong nhitng co chidt thién nhién khac. Ong goi loai chat
hitu co nay la "Bios" (c6 nghia l1a "su sdng"). Nam 1904 nha nghién ciu ngusi Nga
Nikitinskii phdt hién thdy ndm méc trong quéd trinh phat tri€n cd thé tiét vao méi
trudng nhitng chat hitu co nao ddy co kha nang lam tang cudng su phat tri€n cia
niam.

Thuc ra t¥ trudc dé Lunin, da phat hién thdy chudét bach muén phat trién binh
thudng khong nhing doi hoéi phai dugc cung cdp protein, lipit, gluxit, mué6i khoang
ma con cdn téi nhitng chdt hitu co dac biét ma theo 6ng thi nhitng chit nay cd
chda trong sita.

Nam 1912 K. Funk, nha sinh hda hoc nguoi Ba lan, nhan thdy trong ciam gao cd
chita mét chidt hitu co cd thé dung dé diéu tri dugc bénh té phu (beriberi) & ga. ()ng
cho rang nhitng chdt nay thudc loai axit amin khéng thay thé& va dat tén cho chung
1a "vitamin" (c6 nghia 1a cac axit amin cdn thiét cho su sdng). Thuat ngi nay hién
duge st dung rong rai dé chi hang loat cdc ch&t sinh trudng mac ddu cho dé&n nay
ngudi ta déu biét ridng vitamin khong phai 12 axit amin, nhiéu loai vitamin khéng cé
chita g6c amin nao trong ciu tric cua ching. Ngudi ta dinh nghia vitamin la nhiing
chdt hitu co ngoai sinh hoan toan cdn thiét d6i voi hoat dong sinh séng binh thudng
ctia co thé ngudi va déng vat, mac diu co thé thudng chi ddi hoéi cung cdp véi mot
s6 lugng rat nho. Thigu bat ki mot vitamin nao co thé ngudi va dong vat déu co thé
bi nhitng r6i loan nhdt dinh trong trao déi chat.

Vé ban chit thi hién nay ngudi ta da xdc dinh dugc phdn 16n cac vitamin la nhiing
thanh phan cua coenzim. Nhiing hgp chdt hitu co c¢d ban chit phi protein tham gia
vao nhitng bién d6i do enzim xidc tdc v6i tinh ch&t la nhitng y&u t6 phu hgp khéng
thé thiéu duogc.

Tuy nhién, khdi niém "chat sinh trudng" d6i véi vi sinh vat khong hoan toan gidng
nhu khai niém "vitamin" d6i v6i co thé ngudi va dong vat. Déi véi vi sinh vat thi chat
sinh trudng la mot khai niém rit linh déng. N6 chi cé y nghia la nhitng chit hitu co
can thiét déi voi hoat dong séng ma moét loai vi sinh vat nao dé khéng tu téng hop
duge ra chung tu cac chat khac. =

Tuy thuéc vao kha nang sinh téng hgp cua tiung loii vi sinh vat ma cung mot
chdt cd thé la hoan toan khong c&n thiét (néu vi sinh vat nay tu t6ng hop dugc ra
nd) cé thé la cd tac dung kich thich sinh trudng (n&U vi sinh vat nao tu téng hop
duoc nhung nhanh chong tiéu thu hét) “Hoae!co thé 13 w&t cdn thi€t d6i voi qua trinh
sinh trudng phat trién, giéng nhu l& truong hop cac vitamin d6i véi ngudi va déng
vat (néu vi sinh vat nay-hoan toan khong ¢d khd<nang tu téng hogp dugc ra nd).
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Nhu vay l1a nhitng chit duge coi la chit sinh trudng cua loai vi sinh vat nay hoan
toan cd thé khéng phai la chit sinh trudng déi véi mot loai vi sinh vat khac. Hau
nhu khéng cd chit nao 1a ch&it sinh trudng chung déi véi tdt cd cac loai vi sinh vat.

Dac di€m cua méi truong séng moét mat dnh hudng dén kha nang téng hop chat
sinh trudng cta vi sinh vat, mat khiac anh hudng dén dac diém trao ddi chit cua
ching. Chinh théng qua cdc 4nh hudng nay ma moéi trudng séng cua tiung loai vi sinh
vat da gdp phan quyét dinh nhu cau cia ching vé cac chdt sinh trudng. Khi séng lau
dai trong cdc moi truong thiéu cdc chdt sinh trudng, vi sinh vat sé ddn didn tao ra
dugc kha nang tu tdng hop cdc chidt sinh trudng ma chuing can thist. Mat khac do
song trong cac diéu kién moi truong khac nhau, cic loai vi sinh vat sé cé thé co
nhitng ki€u trao ddi chdt khac nhau cing cd nghia 1a doi hdi cac hé théng enzim khac
nhau (do dd doi hoi cdc chdt sinh trudng khac nhau). Viéc moét loai vi sinh vat khong
doi héi mot chdt sinh trudng nao dé cd thé do hai nguyén nhan : mét la vi sinh vat
nay khéng tu téng hop ra dugc chit sinh trudng dd, hai la trong qué trinh trao déi
chdt cua loai vi sinh vat nay khoéng cd su tham gia cua loai coenzim chuta chdt sinh
truéng do.

Cung mot loai sinh vat nhung néu nudi cdy trong cdac diéu kién khac nhau cing
c6 thé cd nhitng nhu cdu khac nhau vé chit sinh trudng. Ching han ndm méc Mucor
rouxii dugc ching minh la chi cadn biotin va tiamin khi phat trién trong diéu kién ki
khi. Khi nuéi cdy trong diéu kién hidu khi, chung sé tu t8ng hop ra dugc cac chat
sinh trudng nay. Diéu kién pH va nhiét d6 clia moéi truong nhiéu khi cing anh hudng
r6 rét dén nhu cdu va chdt sinh trudng cta vi sinh vat. Su cé mat cta moét s6 chit
dinh dudng khac cd khi cing anh hudng dén nhu cadu va chit sinh trudng cta vi sinh
vat. Ching han viéc doi héi axit pantotenic cia mot s6 vi sinh vat (vi du vi khudn
bach hau Corynebacterium diphtheriae) cd thé théa man khi chi cdn cung cdp cho
ching 8 - alanin. Ching cd thé tu tdng hgp dugc axit pantonic ma nhu ching ta da
biét axit pantotenic cdu tao tit axit pantonic va § - alanin.

Theo dé nghi ctia Shopfer (1938) thi nhitng vi sinh vat nao cé thé tu tic vé mat
chit sinh trudng dugc goi 1a cdc vi sinh vat "tu dudng chdt sinh trudng”, con nguoc
lai nhitng vi sinh vat ddi hoi phai dugc cung cdp moét hoac nhiéu chat sinh trudng
dugc goi la cac vi sinh vat "di dudng chit sinh trudng".

Vé sau theo dé nghi cta Davis (1950), ngudi ta lai con dung thém mdt khai niém
khic. TAt ca cac vi sinh vat di dudng amin va di dudng chat sinh trudng dugc xé&p
chung vao nhém "dinh dudng chat sinh trudng" con tdt ca cdc vi sinh vat cd thé phat
trién dugc ma khong cidn ddi hoi bat ki mot axit amin hoac mét chit sinh trudng nao
thi dugc x&p vao nhom "nguyén dinh dudng". Trudc day thuat ngi "nguyén dinh dudng"
thudng dugc dung d€ chi cdc vi sinh vat ty dudng hda nang va cac vi sinh vat cé
dinh dam.

Théng thudng cdc chat dugc coi la chat sinh trudng déi véi mot loai nao dé cd theé
thuéc vé mot trong cac loai sau day : cdc g6c kiém purin, pirimidin va cac din xuit cua
ching, cdc axit béo va cac thanh phdn cia mang té bao, cdc vitamin thong thudng..

Mot s6 g6c kiém purin khong-chi cd mat trong axit nucleic ma con cd mat trong
nhiéu coenzim, ching han/nhu su c6 mit eda_adanin-trong coenzim A, FAD, FMN,
ATP, ADP, NAD, NADP, S=adenozimmetionin, axiladenilat, su cd|mat cta uraxin trong
UDP, cua xitozin trong XDP,_ecuarguanin trong!GDE2.
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Nhu cdu vé cidc gbc kiém purin va pirimidin khéng giéng nhau d&i voi cac loai vi
sinh vat khac nhau. Phan dng duong tinh d6i vdi cac chdt nay thuong thdy o nguyén
sinh dong vat, nhiéu vi khudn gay bénh, vi khudn lactic, ndm ki sinh... Néng dd thich
hgp cta cac chdt nay d6i voi vi sinh vat thuong vao khoang 5 - 20 y/ml (trong khi
ndéng do vitamin thudng chi cdn vao khoang 0,1 - 0,5 y/ml). Ching ta biét rang ti le
cdc g6c kiém purin va pirimidin trong t& bao vi sinh vat thudng chiém dén 5 - 20%
tinh theo khéi lugng khé.

Mot s8 vi sinh vat khong tdng hop 1dy dudc nucleotit ti cdac g6c kiém purin va
pirimidin cd sdn trong mdi trudng. Ching doi hoi phai dugc cung cdp moét s6 nucleozit
(nhiéu loai trong cac giéng Thermobacterium, Lactobacillus), d6i khi doi hoi phai cung
cdp sdn cd mot s6 nucleotit (moét sé loai trong cac giéng Gaffkya, Mycoplasma,
Tetrahymena...). Néng d6 nucleozit va nucleotit ma ching yéu cdu thuong kha cao
(khoang 200 - 2000 y/ml).

Cd nhitng chit dugce coi 1a chit sinh trudng d6i véi moét s6 vi sinh vat (mycoplasma,
nguyén sinh déng vat, moét s6 vi khudn) vi nhitng ch4t nay tham gia vao thanh phédn
cia thanh t€ bao ma cédc vi sinh vat dé khéng tu téng hop dugc ra ching (S.H. Hutner,
G.G. Holtz, 1962). Chidng han Mycoplasma mycoides thudng doi hoéi phai dugc cung cdp
glixerin, nhiéu loai khac ddi héi cdac axit béo véi chubi cacbon kha dai. NGi chung nhu
cdu vé axit béo cuia Mycoplasma va nguyén sinh dong vat thuong la khong dac hiéu,
nghia 12 ¢ thé cung cdp bat ki axit béo nao thudc loai bao hoa hoic chua bao hoa.
Mot s6 xa khuidn (nhu Actinomyces israeli) doi hoi axit oleic. Ndm thudng it doi héi
céc axit béo mach dai nhung c6 moét s6 ndm men (nhu Pityrosporum ovale) mudn phat
tri€n cdn phai dugc cung cdp cac axit béo 14C hoac 16C. Mot s6 vi khudn s6ng trong
da co trau, bo doi hoi phai cé sdn moét s6 cdc axit béo mach ngan.

Nhiéu Mycoplasma ddi héi phai duge cung cdp cd mét sd xterin v8i cdc mach bén
cd cdu tao xac dinh. Nhiéu loai nguyén sinh dong vat cing doi hdi cdac xterin cd ciu
trac dac hiéu.

Inozit va colin tham gia vao thanh phan photpholipit cia mang t& bao do dd ciing
la ch&t sinh truéng d6i vdi moét s6 loai vi sinh vat. Ching thudng cdn:cdc chit nay
voi néng do trong moi trudng vao khoang 10-20 y/ml ; Ching han mezoinozit la ch4t
sinh trudng cta nhiéu loai ndm men, con colin la chit sinh trudng cia mét sd ching
Diplococcus pneumoniae.

Mot s6 vi sinh vat (nhu Haemophilus parainfluenzae, Neisseria perflava) doi hoi
phai cd cdc chit sinh trudng thudc loai diamin va poliamin dé hoat hda riboxom. D¢
la cac chit xpermin, xpermidin, putrisin. Ching thudng dugc cac vi sinh vat nay doi
héi v8i noéng d6 trong moi truong khoang 2 - 10 y/ml.

Tu khi phat sinh ra "men hé hdp vang" (Warburg va Christian, 1932) ma coenzim
dugc xac dinh la riboflavin photphat, ngudi ta da cha y rdt nhiéu dén viéc nghién ciu
co ché& tac dung cua cac vitamin. Ngay nay ngudi ta da xic dinh thidy rit nhiéu cac
vitamin tan trong nudc, tham gia vao thanh phin coenzim cua cdc enzim va nho do
ching cd vai trd rdt lén trong cac qua trinh trao d8i chit. Vai trd cua cac vitamin
tan trong lipit d6i v6i cdc chuyén hda trong co thé sinh vat dugc biét dén it hon.

Trong s6 cdc vi sinh vat.di-dudng chit sinh trudng thi cing tuy tiung loai ma cd
nhitng nhu cdu khac nhau d6i véi ting vitamin

Da ‘c6 khong it cdc tai liéu nghién cdu nhdm.lam sing té co ché, tac dung cua
ting loai vitamin trong cde hoat déng trao 'd6i=chdt ‘s co thé séng.
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Nhiéu vitamin cd vai trd quan trong trong qua trinh oxi héa khu. Vi du riboflavin tham
gia vao enzim flavin, nicotinamit tham gia vao enzim piridinhidrogenaza, axit ascocbic cing
cd tdc dung nhu mét hé oxi hda khd, con biquinon (cd ciu tric gan gui vdi vitamin E) duoc
ching minh 1a tham gia vao viéc chuyén electron giita flavoprotein va xitocrom C.

Nhiéu vitamin c¢d vai trd quan trong trong qua trinh hoat hda cic axit amin. Chéng
han piridoxin tham gia vao nhiéu enzim decacboxylaza axitamin va nhiéu enzim
trasaminaza. Phan ing déng phan hda axit glutamic thanh axit B-metylasparaginic va
phan ung déng phan hda axit xucxinic thanh axit metilamalonic ¢6 sy tham gia cua
cdc coenzim cobamit.

.

Coenzim A (cdu tao bdi axit adenilic, axit photphoric, xixteamin va axit pantotenic)
c6 vai tro quan trong trong viéc chuyén géc axetyl, ching con tham gia vao qua trinh
benzoyl hda glixin thanh axit hiuric.

Chuyén géc cacbon. Tiamin tham gia vao enzim decacboxylaza piruvic va cac
decacboxylaza cia a - ketoaxit khac. Biotin tham gia vao coenzim cta phan ing
p-cacboxyl hda (c6 vai trdo quan trong trong chu trinh Krebs). Axit folic tham gia vao
nhiéu coenzim quan trong nhu focmiltetrahidrofolic (cd tac dung chuyén focmin khi
téng hgp purin), metilentetrahidrofolic (cd tdc dung chuyén hidroximetyl, vi du chuyén
glixin thanh xerin, chuyén axit dezoxiuridilic thanh axit timidilic). Nhiéu vitamin tham
gia vao cac coenzim cd vai trd quan trong trong viéc thuc hién cdc phan dng ctua qua
trinh quang hop (chdng han cdc coenzim piridinnucleotit, flavinnucleotit, axit tioctanic).

Mot s6 vi sinh vat (cidc ching tu nhién hodc cic ching cé duge do gay dét bién)
khéng cd kha niang ty t8ng hop ra nhitng vitamin nh4t dinh nhung lai rit cin téi sy
cd mat cia cdc vitamin nay. M6t s6 ching cé miuc d6 phat trién ti 1&é thuan vdi néng
d6 cia nhiing vitamin nhdt dinh trong méi trudng. Ngudi ta da st dung ching dé
dinh lugng cdc vitamin nay. Phuong phap dinh lugng vitamin bing vi sinh vat c6
nhiilng wu di€ém ding k€. Mot mat nd cho -phép xdc dinh duge ca nhitng néng do
vitamin rdt nho, xdc dinh dugc cd nhitng lugng vat miu rit it va mat khac trong
nhiéu truong hop cho phép phan biét dugc nhing loai "vitamin that" (cé hoat tinh sinh
hoc) vdi nhitng "vitamin gid" c6 cdu tric tuong tu.

Duéi day la bang ké mot s6 vi sinh vat ¢ thé dung d€ dinh lugng vitamin va
pham vi néng d¢ vitamin thich hop khi ti€n hanh phan tich bing phuong phap nay.

Loai vitamin Vi sinh vat chi thj Pham vi néng do
vitamin trong miu phan tich
(lugng chia trorng 1ml)
) (2) 3)

1 - Tiamin (vitamin B1) Staphylococcus aureus 0-0,5 my(.)
Lactobacillus fermenti
ATCC 9338 0-5 my
Lactobacillus viridenscens
ATCC 12706 0-0,01 y
Streptococcus S20B 0-0,2 my
Saccharomyces cerevisiae
ATCC 77.53 0-0,3 my
Endomyces vernalia 0-0,1y
Phycomyces" blakesleeanus 0-0,01 y
Phytophthera cinnamemi 0-1,25 my

<) 9
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) (2) (3)

2 - Riboflavin (vitamin B2) Lactobacillus casei ATCC 7469 0-0,15 7

3 - Axil pantotenic Lactobacillus casei ATCC 7469 0-02 y

(vitamin B3) Lactobacillus arabinosus 0-0,02 y
Lactobacillus plantarum ATCC 8014 0-2,5y
Proteus morganii ATCC 8091 0-0,5 ¥
Saccharomyces cerevisiae hodc
Sacchoromycodes ludwigii 0-0,4 y
Saccharomyces caresbergensis ATCC 9080 0-0,04 y
Neurospora crassa N. 5531 0-1y

4 - Axit nicotinic Acetobacter suboxydans 0-3 y
Proteus vulgaris 19 hay HX. 19 0-0-3 y
Lactobacillus arabinosus 17-5 0-0,1y
Lactobacillus plantarum ATCC 8014 0-0,1 y
Shigella paradysenteriae 0-0,05 y
Leuconostoc mesenteroides ATCC 9135 0-0,05 y
Torula cremoris ATCC 2512 - 0-0,2 y

5 - Piridoxin Leuconostoc mesenteroides 0-0,02 y
Neurospora sitophilia ATCC 9276 0-0,25 y
Saccharomyces carlsbergensis ATCC 9080 0-0,1 y
Saccharomycodes ludwigii 0-0,2 y
Saccharomyces cerevisiae 0-0,01 y
Lactobacillus casei 0-0,4 my
Streptococcus faecalis 0-1,0 my
Ophi ltiannulatum 0-1,0 my

6 - Axit folic Streptococcus faecalis ATCC 8043 0-0,016 y
Lactobacillus casei ATCC 7469 0-10 my
Clostridium acetobutylicum 0-0,1 my

7 - Axit p-aminobenzoic Lactobacillus arabinosus 0-0,15 my

(APAB, vitamin B1o) Acetobacter suboxydans ATCC 621 0-0,05 my

8 - Biotin (vitamin H, B7) Clostridium butylis 21 0-0,01 my
Lactobacillus casei 0-0,1 my
Lactobacillus arabinosus ATCC 17-5 0-0,1 my
Lactobacillus plantarum ATCC 8014 0-0,2 my
Neurospora crassa N. 34486 0-0,1 my
Saccharomyces cerevisiae ATCC 7754 0-0,1 my

9 - Vitamin B2 Escherichia coli 113-3 0-0,2 my

(xianocobalamin) Escherichia coli M-200 0-0,05 my
Lactobacillus leichmannii ATCC 7830 0-0,05 my
Lactobacillus leichmannii ATCC 4797 0-0,08 my
Ochromonas methamenis ATCC 11532 0-0,05 my
Euglena gracilis ATCC 12715 0-0,08 y
Lactobacillus lactis ATCC 8000 0-05 y

10 - Inozit (vitamin Bs) Saccharomyces carlbergensis ATTC 9774 0-08 vy

11 - Colin (vitamin Ba) Neurospora crassa ATCC 9277 0-0,05 y

12 - Niaxin Lactobacillus plantarum ATCC 8014 0-50 my

Ngoai cac vi sinh vat chi thi midn cadm cao vdi mét s6 loai vitamin k& trén trong
thién nhién con rit nhiéu cac vi sinh vat khiac muén phat trién binh thudng cing cdn
phai dugc cung cdp moét hoic nhiéu loai vitamin khiac nhau. Cé thé k€ tdi mot s6 vi
du sau day : Nhiéu loai Leptospira, Staphylococcus cdn vitamin B,. Clostridium tetani
(truc khudn uén vén), vi khudn lactic cdn vitamin B_. Vi khudn lactic, vi khudn axetic,
nhiéu loai Clostridium, nfm men cin axit pantotenic. Mot s6 Pneumococcus (phé ciu
khu&n) cdn colin. Staphylococcus aureus (tu cZu vang), Shigella flexneri (truc khuin
li Flexne) Corynebacteriuny diphtheriae (tric khuin bachhfu) Salmonella paratyphi (truc
khudn phd thuong han) ‘moét sé loai Pasteurella, Prnegmococcus cdn vitamin PP. Nhiéu
loai Streptococus, Clostridium va vi khuin lactic|c&nivitamin Bé, Mot s6 lodi nAfm men va
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vi khuin lactic cdn biotin. Nhiéu loai Clostridium va vi khudn lactic cin axit folic.
Pneumococcus, Meningococcus (cdu khudn viém mang nio), Shigella (truc khu&n li) cdn axit
paraaminobenzoic. Nhiéu Leptospira va vi khudn lactic cdn vitamin B _. Vitamin C cd kha
nang kich thich sy phat trién cua Clostridium tetani, Clostridium perfringens kich thich su
lén men cia vi khuidn lactic. Vitamin K dugc biét 1a cdn thist d6i véi sy phat trién cta
Mycobacterium paratuberculosis (truc khudn phd lao)...

Mat khac ngudi ta nhan thdy rang r4t nhiéu vi sinh vat c6 kha nang tdng hop
vitamin. Sinh khéi vi sinh v4t thudng chda hdu hét cic loai vitamin chu y&u véi nhiing
ham lugng kha cao.

Nhin chung sinh kh6i nfm men thudng chda nhiéu vitamin hon so v&i sinh khéi
cac loai vi sinh vat khdc. Mat khidc nim men lai ¢c6 ham lugng protein cao (48 - 52%)
va c6 t6c do sinh s6i ndy nd rdt nhanh. Chinh vi nhitng li do nay ma tu lau ngusi
ta da xay dung cdc nha may nham san xudt sinh khéi vitamin ding lam thic an bg
sung cho ngudi va gia sic, gia cidm.

San lugng men gia sic (ndm men dung d€ nudi gia sic, gia cdm) tang lén rit
nhanh chdng d hdu hét cdc nudc cé cong nghiép phat trién. Chi tinh riéng ¢ Lién Xo
(ci) san lugng men gia sic (di ti nguyén liéu thuc vat) nam 1965 1a 93.000 t4&n, nam
1966 1a 124.600 t4n, nam 1970 : 260.500 tdn, nam 1971 : 314.200 tin. Quy md cla
viéc san xudt men cang dugc nhan 1én nhanh chdng sau khi cdc nha khoa hoc nghién
ciu thanh cong viéc san xuft sinh kh8i ndm men di td cdc phu phdm cta cong nghiép
ddu hoda. :

Ngudi ta da ki€m tra thdy trong lkg men gia sic san xudt & Lién X6 (cd) cd chua
khoang 13 - 18mg tiamin, 20 - 40mg riboflavin, 60 - 100mg axit pantotenic va nhiéu
vitamin khdc. T€ bao ndim men cd chia khad nhiéu ecgoxterin (tién vitamin D). Sau
khi st li bing tia ti ngoai ecgoxterin sé chuyén biér} thanh ecgocaxiferon (vitamin D,).
Mot s6 phan tich cho biét trong méi gam ndm men gia sic kho da chiéu tia ti ngoai
thudng chia dén 10.000 - 20.000 don vi qudc t& vitamin D,.

Ciac san phdm lén men (rugu, bia, banh mi, banh bao...) va cac loai dugc phdm
ch€ tao ti men bia khé déu chia phong phu vitamin. Viéc nghién cdu d€ san xuit
cdc loai "thit nhan tao" dung cho ngudi tit sinh kh6éi nfm men cing c6 nhing tri€n
.vong rit 16n.

Ngudi ta da stt dung thanh cong mot s6 loai vi sinh vat d€ sian xudt & quy mo cong nghiép
mot s6 loai vitamin tinh khiét dung trong y hoc. Dang chi y nhit la axit ascocbic (vitamin C),
riboflavin (vitamin Bz), xianocobalamin (vitamin Blz) va ecgocanxiferon (vitamin DZ).

Viéc oxi hoa socbit thanh socbozo 12 moét giai doan quan trong cua céng nghiép
sdn xuA&t vitamin C. D€ cé socbit ngudi ta dem tinh bot thuy phan bang axit thanh
D-glucozo. Sau d6 dua niken & dang khi vao dung dich chda 40 - 50% glucozo. Tién
hanh théi khi hidro & diéu kién 4p sudt cao (150 - 175atm) d€ khi glucozo thanh
socbit (D-gluxit). Loai bod niken r6i dung phuong phédp trao déi ion d€ tach socbit ra.
Muén chuyén hda socbit thanh socbozo ngusi ta phai su dung khd nang oxi hoa cua
loai vi khudn Acetobacter suboxydens. Khi dd socbit $& bi oxi hda thanh L-socboza.
Tiép dJ thong qua mot loat cde xu I{ hoa hoc, khée, Li=socbozd sé chuyén hda thanh

axit ascocbic.
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Co thé st dung phuong phap lén men bé mat hoic 1én men chim dé chuyén hoa
socbit thanh socbozo. Qud trinh lén men bé mat ddi héi khodng 7 ngay. Khi dé c6 khoang
80 - 90% socbit dugc chuyén hoda thanh socbozo. Né&u tién hanh 1én men chim trong diéu
kién cé 4p sudt khong khi cao thi qua trinh nay cd thé& rit ngin lai rit nhiéu. Mot s§
nha nghién cdu Anh (Wells, Stubbs...) cho biét khi lén men dung dich socbit 10% dudi ap
luc khong khi 12 2,1 atm sé thu nhan dugc socbozo vdi hiéu suit 1a 98% so vdi hiéu suit
li thuyét ngay sau khi bit ddu lén men khodng 14 gid. Véi dung dich socbit 20% thai
gian lén men cdn khoidng 24 gig, con vdi dung dich socbit 29% thi cidn khoang 40 gia.
Moi truong lén men chim thudng dugc s dung la méi trudng cé chdya khoang 10 - 25%
socbit ; 0,5% cao ngd (50% ch4t kho) va 0,1% ch4dt khi bot. Luogng cdy giéng la 3% (theo
thé tich) va nhiét d6 lén men la 30 - 35°C.

Nhiéu vi sinh vat c6 kha nang téng hop riboflavin. Trong méi gam sinh kh&i ndm
men (tinh theo kh6i lugng khd) thudng cd dén 40 - 120 riboflavin. Ndm men thudc
chi Candida (C. guillemondii, C. flareri..) thudong chia kha nhiéu riboflavin: Trong
nhiung diéu kién nuéi cdy thich hgp chung cd thé tich liy dugc dén 500 - 600y
riboflavin/g sinh kh6i khé. Mét s6 vi khudn cing cd kha nang tich lay riboflavin &
mic d¢ thdp hon (mébi g chdt khdé cua Bacillus subtilis c6 thé chia khoang 7,5y
riboflavin, con cua Clostridium butyricum khoang 90y).

Loai vi sinh vat cd kha nang t8ng hgp riboflavin cao nhdt la hai loai nim
Eremothecium ashbyii va Ashbya gossypii. Nhing loai ndm nay nguyén la cac loai
nidm ki sinh gay bénh & cay béng. Massey 1a ngudi dau tién phan lap duge E. ashbyii
d Xudang con Ashby va Nowell la nhitng nguoi dau tién phan lap dugc A. gossypii 6
quan dao Tay An do).

Hai loai ndm nay cé dic di€m hinh th4i kha giéng nhau nhung cé nhiéu diac diém
sinh li khac nhau. E. ashbyii cé thé phat trién t8t trén cdc méi trudng tdng hop.
Ching ¢ kha nang déng hda nhiéu loai dudng khac nhau, c6 kha nang st dung dam
vb co. A. gossypii khong déng hda dugc dam v6 co va ri dudng. Chung doi héi cic
loai dudng glucozo, maltozo hoac saccarozo ¢ dang kha tinh khiét va doi hoi ciac nguén
dam hitu co nhu pepton, cao ngd, cao ndm men...

Hai loai ndm nay cd th€ phat trién trong nhing bién doé kha rdng, nhung nhiét
dé thich hgp nh&t dé€ téng hop riboflavin 12 26 - 28°C E. ashbyii thich hgp riboflavin
0 diéu kién pH = 5,6 - 6,0 con A. gossypii ¢ diéu kiéen pH = 6,0 - 7,0.

Trén nhitng méi truong thich hop cdc loai ndm nay cd kha nang tich liy mot luong
riboflavin rat cao (dén 4,5 - 5 g/lit). Kha nang sinh tdng hop riboflavin cua E. ashbyii
thudng cao hon A. gossypii.

Ngoai viéc st dung cdc n&m nay dé sin xuit cdc ché phdm riboflavin tinh khiét
dung trong y hoc, ngudi ta con dung ching dé tao ra cdc ch& phidm thé dung trong
chan nuéi. Ch€ phdm riboflavin thé san xudt ¢ Lién x6 (ci) cd dang boét vang, do dm
8 - 9%, protein thd 20% va cé ham lugng riboflavin la 10 mg/g.

Vitamin B, hdu nhu chi dugc tdng hop nhd vi sinh vat. Da c6 du co sd dé khing dinh
rang toan bd s8 lugng vitamin B, chda trong co th€ ngudi va dong vat, hoac chia trong
d4t, trong nudc, trong bun, trong phan chudng.. déu c¢6 nguén gbc vi sinh vat.

Nhitng tdo cd khd nang t8ng hop vitamin B, thuong thuéc nhom, tdo nau hoac
tdo d6. Nhiéu vi khuén dam ecing ¢d, kha pang nay.-Nhiéu tdc gid cho ring vitamin
B,, tim thdy ¢ tdo cd th€ khong phai la do,tde.téng hop ra ma la dudc sinh ra tu
loai vi khudn séng trén b&-mat cac tdo nay.

164



Khuin ti xa khufn chda kh4 nhiéu vitamin B,,. Ngay nay ngudi ta da thu nhan
va su dung rdng rai trong chan nudi cac ché phdm vitamin B, thé di ti ba khuin ti
xa khudn cta cic nha may san xuit chdt khang sinh. Ch& phdm Biovit-40 di ti khudn
ti cua loai A. aureofaciens c6 chia khoang 35 - 40% protein, 7 - 10% lipit, 8 - 9%
mubi khodng va trong méi gam ché phim cd khodng 40.000 don vi clotetraxiclin
(biomixin), cung véi khodng 10 - 15 y vitamin B,,. Ngoai Biovit-40, ¢ Lién X6 (cd)
va ¢ nhiéu nudc con cé nhing ch€ phdm thé khic vita chia chidt khang sinh, vita chda
vitamin. Ching han nhu ch& phdm propomixelin lam tu khuin ti cua loai A. collinus
(sinh colinomixin) hoic ch& phdm eritromixel lam ti khudn ti cta loai A. erythreus
(sinh eritromixin).

Nhém vi khudn métan cing cé kha nang tich liy kha nhiéu vitamin B, Ngudi
ta cho lén men ba rugu (hoac ba cia cdc nha mdy san xuit axetonbutanol) bing nhém
vi khu&n métan sau dé sin xuit ra mot loai ché phdm thd c6 dac kha gidu vitamin
B, d Lién X6 (ci) ché phim nay cé tén goi la ch& phdm KMB-12. Méi gam ché
phdm nay cd chda t6i 25y vitamin B,, ; 70y axit folic, 5000y coli, 50y, vitamin B, ;
90y axit nicotinic ; 125y axit pantotenic...

Nhiéu loai vi khudn lactic ¢6 khad nang téng hgp vitamin B ,- Chinh vi vay cho
nén mac du thuc vat khéng chia vitamin B12 nhung sau khi 4 chua lai thdy chda kha
nhiéu loai vitamin nay khoang 5 - 10 y trong méi kg thic an thuc vat tuoi (Iu.l.
Ralskaia, 1963). Luong vitamin B _ sé tang lén r6 rét néu thdc an truéc khi 4 chua
dugc b8 sung thém moét it coban (0,1mg%).

Loai vi khuidn c6 kha nang t6ng hogp vitamin B,, manh mé nhit 12 mdt sd loai vi
khudn thuéc chi Propionibacterium (di€n hinh nhit 1a loai P. shermanii). Ngay nay
ngudi ta da st dung loai vi khudn nay mét cach rong riai dé san xudt ¢ quy mé cong
nghiép ch& phdm vitamin B, tinh khiét ding trong y hoc. D€ phuc vu chan nusi ngusi
ta con s& dung dich ép ca (phu phdm ciua cdc nha m&4y san xuit bot ca) dé nudi ciy
vi khudn P. shermanii va sian xuit ra mot loai ché phdm thé chda khoang 400.000 -
1.000.000y vitamin B,,/kg.

Tién vitamin D (ecgoxterin) 12 chdt dudi tdc dong cua tia ti ngoai sé dugc chuyén
hda thanh vitamin D, (ecgocanxipherol). Ecgoxterin chda phong phu trong t& bao nhiéu
loai ndm, nh4t 12 n&m men. Cac vi sinh vat khac (nhu vi khudn, nguyén sinh dong
vat) thudng chia rit it ecgoxterin.

Ecgoxterin la loai xterin chu y&u cia ndm. Cac loai xterin khic (nhu dihidro -
ecgoxterin, zimoxterin, epixterin, hipoxterin, ascoxterin, phecoxterin...) chi chiém khoang
10 - 14% so véi téng s6 xterin trong t€ bao. Ham lugng ecgoxterin & nhiéu loai thuéc
chi Saccharomyces (S. cerevisiae, S. carlsbergensis, S. oviformis) thudng kha cao (trén
2% tinh theo khéi lugng khé). Ham lugng ecgoxterin & cdc chi Endomyces, Nadosnia,
Mycoderma, Zygosaccharomyces thudng chi vao khoang 0,2 - 0,3%. Chung men bia
Saccharomyces carlsbergensis 10 D (cua Lién X6 ci) cé ham lugng ecgoxterin dat dén
3 - 3,5%. Cac loai ndm Candida thudng dung d€ san xudt sinh khéi protein ciing la
nhitng loai ¢ chda khéng it ecgoxterin. M6t gam nidm men gia sic san xuit & nhiéu
nudc sau khi dugc xu li bing tia t¥ ngoai c¢é thé chya téi 10.000 - 20.000 don vi
quéc t€ vitamin D,.

N&m mdc thubc céc giong Aspergillus va Penicillium cung chia kha nhiéu ecgoxterin.
Ngudi ta da nghién cdu quy trinh tach ecgoxterin’td ba khaan ti Aspergillus niger cia
nha mdy san xuét axit limonie hodc tit ba khu&n ti Penicillium chrysogenum cua nha
mdy san xuft penixilin.
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Vé mat sinh li mét s nghién ctu cho biét ndm men nubdi cdy trong diéu kién hiéu
khi chi#a mot lugng ecgoxterin nhiéu hon gdp 10 l4an so véi khi nubi cdy trong diéu
kién ki khi. Cac hop chét kich thich qua trinh hinh thanh ecgoxterin ¢ nim men la
glucozo, saccarozo, axit piruvic, etanol va axetat. Cdc ch4t kim ham hé hdp (nhu
acriflavin, cloramphenicol) cing sé tc ché& viéc tdng hop ecgoxterin.

6. CO CHE VAN CHUYEN CAC CHAT DINH DUONG
VAO TE BAO VI SINH VAT

Dé tén tai, sinh trudng va phat trién, t& bao vi sinh vat phai thudng xuyén trao
d6i vat chdt va nang lugng v6i mdi trudng bén ngoai. Mot mat ching nhan cac chit
dinh dudng cdn thiét td mé6i trudng, mat khic thai ra ngoai cdc san phdm trao ddi
chdt. Nhu thé& la gita méi trudng xung quanh va méi trudng bén trong t€ bao tén tai
moét hang rao thdm th4u, hang rao nay chinh la mang t€ bao ch&t lipoprotein. Nhitng
din ching sau day cd thé ching minh cho két luan ndi trén : cdc hgp chit ua lipit
(lipophil) thuong xa4m nhap vao t&€ bao nhanh hon cac hop chét ki lipit (lipophob). Hon
nita néu xu li vi sinh vat bang cidc dung méi cua lipit nhu butanol (gay nén viéc tach
cac hgp chit phan ti thdp khéi t&€ bao) thi hang rao thdm th4u cua vi sinh vat cé
thé bi huy hoai. R6 rang mang t& bao chdt phai cé kha niang diéu chinh tinh vi sy
ra vao cia cic chit khic nhau. T€ bao nh4n va thai cdc chdt mét ciach chon loc. Su
xam nhap cua nudc va cac chdt hoa tan qua mang t€ bao chit la moét qua trinh dong
hoc ; t& bao vi sinh vat s6ng khéng bao git d trang thai can bing vdi cdc ch&t cia
moéi trudng xung quanh. Su van chuyén cua cdc chit qua mang t€ bao vi sinh vat
tuan theo mot trong hai co ch& : khuéch tdn don gian hay cdn goi 1a van chuyén bi
dong va van chuyén hda khéng gian dac biét.

Theo co ch& khuéch tian thu dong ciac phan ti di qua mang nhd su chénh léch
ndéng do (trong truong hogp cdc chiat khéng dién phan) hay chénh léch dién thé& (trong
trudng hop cac ion) & 2 phia cia mang. Hang loat nghién ciu da khang dinh tri nuéc
ra rit it hgp chit cd thé qua mang theo co ché€ ndi trén. Trdi lai da s6 cdc chA&t hoa
tan qua mang do tdc dung cta cdc co ch& van chuyén dac biét : nhitng phan td van
chuyén sip xép trong mang lién két vdi cic phdn tu chdt hda tan rdi chuyén ching
vao bé mat bén trong cia mang : ti diy cdc phan td chdt hoa tan dugc chuyén vao
t€ bao ch4t. Ki€u khuéch tan nay dugc goi la khué&ch tan xuc ti€n. Cac phan tu protein
van chuyén (carrier protein) ndi trén goi la protein thAm - pecmeaza (Rickenberg,
Cohen, Buttin, Monod, 1956). Ban ch4t protein cua cdc pecmeaza da dugc khiang dinh
bdi cdac din chung sau day :

- Viéc t6ng hop pecmeaza thudng dudec cdm dng hoac bi kiém ché& theo cung mot
cich nhu tdng hop moét s6 men.

- Cloramphenicol dc ché& tdng hgp protein cing dc ché& qua trinh téng hgp pecmeaza.
- Hang loat protein mang mang tinh chdt ctia pecmeaza da dugc t4ch ra.

Té& bao vi sinh vat c¢d kha nang téng hdp mo6t lugng 16n cdc pecmeaza cua axit
amin va hidrat cacbon. Tuy nhién, néu cic hé théng van chuyén nay déu dugc t6ng
hop thudng xuyén theo Ki€u cdu tric thi +€ bio\sé hét sic phi pham vé vat chat va
nang lugng. Do d6 ta khéng ldy lam la la nhiéu pecmeaza dugc t8ng hop theo ki€u
cam ung hoac kiém ché&. “Ngoai protein thimileonied enzim vidn chuyén.
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Su van chuyén cac chit nhd pecmeaza cé thé la thu dong (khong cén nang lugng
cua t&€ bao) hoac chi dong (c4n nang ludng cia t& bao). Theo co ch& van chuyén thu
dong chit hoa tan lién két thuan nghich vao mét vi tri dac biét trén phan ti pecmeaza
nadm & bén trong mang (cd thé & cac 16 cia mang). Phic hgp "chat hoa tan - pecmeaza"
duge van chuyén theo ca hai phia cia mang nhd sy chénh léch néng do cia mot chit
nao dd, nghia la sy van chuyén dién ra theo ki€u "xudi dong". Su van chuyén thu
dong nho pecmeaza da dugc ching minh & mét sé vi sinh vat.

Tuy nhién vi sinh vat cd kha nang tich ldy mét s ch4t voi néng d6 cao hon nhiéu
so voi néng d6 bén ngoai. Ching han néng d6 K* bén trong mét s& t& bao vi sinh vat
cé thé 16n hon nbéng d6 bén ngoai hang ngan lan. D& dam bao db trung hoa dién té&
bao cing ddng thoi phai thai ra bén ngoai cac ion H' hoiac Na'. Thém vao dd, ngudi-
ta da phat hién thdy ¢ cdc mang vi khufn cé hoat tinh cua ATP-aza (adenozin
trifosfataza) 14 men cé lién quan dén viéc van chuyén ciac chit. R6 rang trong t& bao
vi sinh vat ngoai co ch& van chuyén thu déng con tén lai co ch& van chuyén chi dong
nho pecmeaza. Sy van chuyén nay dugc tién hanh ngugc véi gradien néng d¢, nghia
la theo ki€u "ngugc dong" ; nang lugng tiéu thu cé 16 do ATP (hinh thanh trong
mezoxom hodc mang t€ bao chit) cung cip. Trong sy van chuyén thu dong P duogc di
dong thuin nghich hoac & dang don doc (P) hodc & dang phic hgp véi S (PS) ; hudng
di chuyén cia S phu thuéc vao néng d6 cia nd ¢ hai phia mang t& bao. Trong sy van
chuyén chu déng cé ATP cung cdp ning lugng P bi chuyén thanh dang P, bat hoat ¢
phia bén trong mang cd 4i luc rdt thdp déi vai S. Sau khi S dugc tach khoi phuc hop
PS va dugc chuyén vao t& bao chit PI lai dugc chuyén thanh P hoat dong & phia ngoai
cia mang nhd mét phan dng cung cidp nang lugng nao dd.

Cin ndi thém ring theo miu & hinh trén thi cing moét pecmeaza cé thé dam nhan
ca chdc phin van chuyén thu déng l4n chu dong (tuy theo su cd mat hay ving mat
cia ATP) va phan dng cung cdp nang lugng nhd ATP dién ra d phia trong cia mang,
tuy nhién day méi chi gia thuyét.

Cho t6i nay nguoi ta da phan lap dugc hang loat protein van chuyén trong cic
loai vi sinh vat. Giéng nhu enzim, ching cé tinh dac hiéu co ch&t khiac nhau. M6t s6
c6 tinh dic hiéu hdu nhu tuyét d6i. Ching han pecmeaza cua galactozo & E. coli chi
vin chuyén galactozo. Cac pecmeaza cuia cdc dudng va axit amin khac thé hién tinh
diac hiéu y&u hon d6i véi ciac chiat hoa tan. Diéu dang chu y 1a trong vi khudn su van
chuyén chu déng cia hdu hét cic dudng phu thudc vao quéa trinh photphoryl hda. Nam
1964 Kundig phan lap dugc moét hé théng photphotransferaza tiu E. coli. Thi nghiém
cua nhiéu tdc gid cho bist hé théng nay didm nhan su vdn chuyén cua hdu hét dudng
trong vi khufn. Hé théng photphotransferaza bao gém hai men (E, va E, va mot
protein vadn chuyén bén nhiét (HPr) cd kh6i lugng phan ti thdp. Cac thanh phédn
protein ctia hé théng nay da dugc thudn khiét va phan tng dién ra theo hai budc.

Truéc hét E.l chuyén photphat ti photphoenolpiruvat (PEP) dén HPr :

E
1
PrH + PEP — HPr — P + Piruvat

Sau dé E, chuyé’n photphat tt HPr-P dén C-6 ctia duong don.

E 1a chung cho nhiéu loai dudng nhung E; lai ddc hiéu cho tung loai. Nghia la
mot d6t bién nao d6 anh hudng dén viéc t6ng hop E, sé din dén m&t kha niang van
chuyén nhiéu loai dudng. Trii lai v6i d6t bign nhi thé’ (s (o) o)} E chi anh hudng dén
st van chuyén cia mot loai dudng.

Viéc phat hién ra hé théng photphotransferaza lan dad tién cung cdp cho ta mdt vi du
vé mé6i lien quan gitta van chuyén du@ng va hé théng san sinh nang lugng trong t& bao.
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Vi khudn san sinh“enzim phan gidi cic thic ™&n hilu eo cao phan td trudc khi hdp thu
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(1) Khuéch tén
don gian Trén mang
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Bon kiéu-van-ehuyén chit dinh dudng vao 1€ bag
khic véi kitu van chuyén chu ddng O chd chdt hoa tan trudc va sau qui

Cht thich vé kiéu chuyén van nhém
trinh chuyén van c6 bién d6i két cAu(HP; - heat - stable carner protein - protein van chuyén bén nhiet,
PEP = photphoenolpiruvat, PA = axit piruvic)
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Qua trinh khuéch tan xic tién
Chu thich : N6ng d6 cht cin van chuyén ngoai t€ bao & hinh (a) nhd hon nhiéu so véi & hinh (b), nhung do
s6 lugng protein van chuyén tudng déi 6n dinh do dé hiéu suft van chuyén nhu nhau.
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Mang Té bao chat

Ngoai t€ bao

Tién mao

Su v4n chuyén céc chdt qua.iiang 1€ bad.chdy o vi khudn E. coli
FeS-="Protein chia Fe, S
FAD.= Flavin adedid 8iducledstt
NAD~=" Nicotinamit adenifndinucleotit



CHUONG VI

TRAO POI CHAT VA TRAO DOl NANG LUONG
O VI SINH VAT

1. MOT SO KHAI NIEM CHUNG

C4u tric va chdc nang clia moét t& bao s6ng lién quan truc tiép hoac gian tiép dén
cic phan Ung hda hoc. Trao d8i ch&t la t6ng cdc phan dng hda hoc do t& bao thuc
hién va gém 2 loai : cdc phan ing gidi phdng nang lugng hay con goi la cac phan
Ung téa nhiét va cdc phan dng thu nang lugng hay con goi 12 cdc phan dng thu nhiét.

T€ bao cidn sut dung nang lugng trong nhiéu muc dich khic nhau : t8ng hop cac
ciu tric t€ bao (thanh, mang...), cdc phdn phu bén ngoai (vé nhdy, tién mao, nhung
mao...), téng hop cdc cao phan tl& sinh hoc (axit nucleic, protein, polisaccarit, lipit...)
va cdc thanh phin hda hoc khéc, stta chita va duy tri t& bao, sinh trudng va sinh san,
tich liy chdt dinh dudng va bai ti€t cdc san phdm du thua, di déng, tiép hop...

D6i véi mo6t s6 nhdm vi sinh vat thi nguén nang lugng la cdc ch4t dinh dudng da
dugc t€ bao hip thu. Khi lién két hda hoc trong cac chit dinh dudng bi ddt, niang
lugng duge gidi phdng ra ¢ dang hda niang va sé dugc t€ bao thu nhan d€ st dung.
Véi mét nhém vi sinh vat khdc thi nguén nang lugng lai 14 4nh siang. Ching chuyén
hda quang nang thanh hda niang d€ st dung dugc trong cdc qua trinh trao déi chait.

Qua trinh chuyén hda cidc ch4dt dinh dudng va ché& bién lai dé tdng hgp ra cac hgp
chdt riéng cua t€ bao vi sinh vat duge goi 1a qua trinh déng hda. Qua trinh nay con
duge goi la qua trinh trao d6i chdt xay dung hay trao d8i chdt kién tao. Ngugc lai
véi quéa trinh déng hda la qua trinh phan huy cic thanh phdn cua co thé, dé 1a qua
trinh di hda.

Hai qua trinh déng hda va di hda tuong tic v4i nhau va dién ra déng thoi. Mac
ddu rit phdc tap nhung ta vdn c6 th€ tém tat trong ciac so dé (xem phan so dd).

Qua trinh déng hda con duge goi 12 qua trinh sinh t6ng hop. Trong qua trinh nay
bao gid nang lugng tu do cua san phdm clng l6n hon nang lugng tu do cuia cdc chit
phan dng (AG > 0). Nguogc lai, trong qua trinh di hda, nang lugng tu do cia ciac chit
phan dng bao gid cing 16n hon nang lugng tu do cua san phdm (AG < 0).

Cac qua trinh oxi hda - phan huy keém theo su gidi phong nang lugng cén thiét
cho hoat déng s6ng dudc goi 12 qua trinh trao d6i niang luong. 0 dong vat va cac thuc
vat bac cao cidc qua trinh nay thudng xdy ra véi cg chit 1a cdc chdt du trit cua co
thé (protein, polisaccarit, lipit). Nhung ¢ t&§ baa_vi sinh=vat, s6 lugng cdc ch&t du tri
thuong rdt nhé. Vi th& ching phai st dung chd yéu la cac chdt hdp thu ti moi trudng
xung quanh.
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Phén 16n cac loai vi sinh vat thuéc loai dinh dudng héa nang. Ching si dung cac
hgp chdt héa hoc dé lam ngudn sinh nang lugng. Nang lugng nay khéng bién thanh
nhiét nang ma truyén truc tiép ti hgp chidt nay sang hgp chit khac cung vdi cac dién
td hodc cdc nguyén td. Trong sd nay cic vi sinh vat di duong hda nang hay dinh
dudng hda niang hitu co st dung cac hop chdt hitu co cé sin. Con cac vi sinh vat tu
dudng hda nang hay dinh dudng hda nang vé co thi lai st dung cdc hgp chit vé co.
Céc vi sinh vat dinh dudng quang nang bao gébm nhom dinh dudng quang nang vd co
va nhom dinh dudng quang nang hitu co st dung truc ti€p nang lugng cia dnh séng.

D6i vdi cac nhom vi sinh vat ki khi qua trinh oxi hda sinh nang lugng khéng kém
theo viéc lién két véi oxi khong khi. Ngay nay ngudi ta hi€u ring oxi hda khéng chi
cd nghia la lién k&t v6i oxi ma con bao gém ca qua trinh mat hidro (RH, + A - R
+ AH,), qua trinh tach hidro ra sau khi két hgp véi nude (A + HZO —- B — C) hoac qui
trinh mﬁt electron va lam tang thém hda tri duong (Fe?* — Fe* + e, Cut — Cu®* +e.).

Nang lugng gidi phdng ra tu cdc phan dng oxi hda sé dugc gitt lai trong mét sé
hop chat giau nang lugng cé mat trong t€ bao vi sinh vat. D6 1a cdac hgp chit nhu
nucleozit triphotphat (ATP, UTP...), cdc axyl photphat, cdc didn xuit ctia axit cacbonic
(Axetyl — CoA...).

Hop chit giau nang lugng quan trong nh4t la ATP (adenozin triphotphat). N6 chda
2 lién két cao nang (-), mébi lién k&t chia khodng 1200cal (trong khi méi lién két
photphat binh thudng chi chta khodng 300 cal).

ATP dugc coi nhu "tién té" cta nang lugng trong t€ bao. Ching dugc tiéu dung
trong tit cid cic phan tng trao d6i cdn nang lugng. Cdc phan td giau nang lugng nay
dugc hinh thanh trong t€ bao cua vi sinh vat cing nhu trong t& bao ciia moi sinh vat
khac. Co th€ ndi su hinh thanh lién két cao nang gita P va O con goi 12 qua trinh
photphoryl hda la phuong thdic chu y&u d€ tich lay nang lugng cdn thiét cho t& bao

’_. Adenin
Photphat Agorsin _<)“I’\

o o o] ‘ NH _
HO- P~O— P - ]
: P
: 9 i Bl
: ! ! Ribozg
f | |
' | '

\ ' '
| ' ' L
f | ]
h | 1
: X ___ Adenozin monophotphat(AMP) — I
: ! Adenozin diphotphat (ADP}——n_J
1
t———————Adenozin triphophat (ATP) ——— |
*Q
AMR .+ H.PO,, /=,ADP
3 4
0
+Q
ADP +HROD = ATP
3 4 -Q
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2. SU OXI HOA SINH HQC VA SINH NANG LUQNG
O CAC VI SINH VAT DI DUONG

Su oxi héa sinh hoc 1a khai niém chung d€ chi mét loat cdc phan dng oxi héa
sinh nang lugng xay ra trong cédc t€ bao séng. Su oxi hda sinh hoc va sy oxi hda phi
sinh hoc (su chdy) cd nhitng di€m giéng nhau va nhing di€m khac nhau. Giéng nhau

la cung oxi hda ch&t hitu co d€ gidi phdng ra niang lugng. Con khac nhau cé thé ké
dén nhu sau :

Sy chay Su oxi hda sinh hoc
Phudng thitc phan Un, 10 02
& B 5 CeH1206 — 6H20 CeH1206 — —> —> 6H20
dong clectron
(=%
g
30 = -
g1.°
(e}
T
<
3
6CO2 6CO
Cac budc phan ng Phan dUng nhanh mot budc Phan {ng bac thang nhiéu budc
Diéu ki¢n Kich liet On_hoa
Chét xic tac Khong Enzim (6 vj tri nh4t dinh
y trong té bao)
Hinh thdc niang lugng sinh ra Nhiét, 4nh sang Phin 16n 1a ATP
Hiéu suft su dung ning lugng Thip Cao

Su m&t hidro cia co chit cd thé theo 4 con dudong khac nhau. 3 méi con duong
déu cé chic nang m4t hidro, sinh nang lugng va san sinh cdc san phdm trao d8i chat
phan ti nhé cung cip lam nguyén liéu cho cdc phan dng sinh t8ng hop. Hidro tich
ra dugc van chuyén va cubi cung dudc ti€p nhan bdi oxi d€ tao ra nudc.

Cé6 thé€ bi€u thi tdm tit nhu sau :

l Chuyén H II Tiép nhan H ]l
~
_L 2tawi - "
H] [ H] (H] H] 2 O;(hoac chat ox hoa hitu ca 6 co)
N 5 ADP ATP H,0 (hosc chal khi hitu ca. v co)
H
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Co thé bi€u thi cdc don 0
R i g chay electron t i
: i by : . ; ; rong di héa va trong sinh tdng hop ki€u

Chst trao d6i chat Di hoa __[chattrao ddi chat
dang khtt Y dang oxi hda
NAD* NADH

| Chuyénelectron _ |

VA

HyO
ATP
Transhidrogenaza .
giau nang lugng atithé

ATP _ |NAD? kinaza

Con duon%
Pentozo photphat

P

NAD* NADPH
Sinh \on%‘ hop

Chat trao ddi chat w__ kieuk Chat trao ddi chat
dang khut ~ dang oxi h6a
ATP )
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2.1. Con duong dudng phan (glycolysis)

Con dudng nay con goi 1a con dudng EMP (Embden - Meyerhof - Parnas pathway)

Trong diéu kién c6 hay vdng mat 02, glucozo déu dugc chuy&n thanh piruvat qua
10 phan dng trong d6 chi 3 phan #ng (1, 3 va 10) 12 m6t chiéu con lai 1a 2 chiéu.
Tri ch4t ddu (glucozo) va chit cubi (piruvat) cac chit trung gian déu ¢ dang photphoryl
hda. G8c photphoryl & day cé 3 chdic nang : 1. Gitp cho ch4t trung gian mang dién
tich &m cao khéng th€ thoat ra ngoai ; 2. La vi tri gin enzim ; 3. La vi tri cung c4p
lién k&t photphat cao nang (- @)

Can bang chung : Glucozo — 2piruvat + 2ATP + 2NADI—I2

ATP & day dudc tao thanh ti 2 phan dng 7 va 10. Phan dng 7 la phan dng
oxi hda :

3 - @ - glixeraldehit + NAD* + Pi — 1,3 - di - @ - glixerat + NADH,

Sau d6 : 1,3 - di - @ - glixerat + ADP — 3 - (P)- glixerat + ATP

Enzim xidc tac (3 -@ glixeraldehit dehidrogenaza) chta nhém SH, do dé bi kim
ham bdi cac kim loai nang. Mat khac, 1,3 - di —@— glixerat chya mot m(f‘) g C

Trong su ¢ mat cua arsenat, gbc AsO4, do tuong tu véi géc POg , da lién két

canh tranh véi -~ P & Cl. Két qua la sy tao thanh ATP & day bi kim ham. Phan ung
10 12 phan dng loai nuéc :

2 -(P) - glixerat—— PEP* + H,0 Sau d6 :

PEP + ADP —— Piruvat + ATP.

Su tao thanh ATP & 2 phan dng trén goi 1a photphoryl hda ¢ muc d6 co chit vi
photphat cao nang ( v\@) trudc dé la mot phdn cia phan tu ch&t trao d6i (1,3 - di
_K) gllxerat va PEP). Khi ¢c6 mat ADP ch4t trao d6i sé chuyén - (Dcho ADP :

X ~(P) + ADP —— X + ATP

Duong phan cing cung cip cho t& bao 6 trong s6 12 tién ch4t dung téng hgp cic
don vi kién tric : glucozo - 6 - @, fructozd - 6 -@, 3 —(@D —glixeraldehit,
3 —(\_Pi)— glixerat, PEP, piruvat, ribozo - § —@, eritrozo - 4 —-( P), axetyl - CoA,
a — ketoglutarat, oxalaxetat (AOA) va xucxinyl - CoA.

PEPs : photphoenolpiruvat
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CH,0H CH,OH

Sinh vat H O H H OH

nhan nguyén - o Sinh vat
thay HO OH HO OH nhan that
(Prokaryotes) H _OH H_ OH

Photphofructokinnaza
®oH,c O _ch0®
H O
H OH
OH H
Andolaza
Triozophotphat ﬁHO CHy o®
izomeraza H~=C—OH c=o0
] ]
cH,0(® CH,0H

\__/
\___/

NAD'
Glixeraldehit
3 - photphat

dehidrogenaza
H= f —OH
cH,0®
Photphoglixerat CADP
kinaza ATP
FOOH
H= tl: —OH
cH,0®
Pholphoglixerat
mutaza
coon
H=— c =OoH®
cr«,ou
Enolaza j t‘ 0
'coon
_o ®
ADP
Piruvat kinaza
COOH
c =8
I
CH,

180 Qué trinh dudng phan (glycolysis)

(Eukaryotes)

Glucozds

ATP
DP

Glucozo 6-photphat

|

Fructozo 6-photphat

ATP
OP

Fructozo 1, 6-di photphat

Glixeraldehit Dihidroxiaxeton
3 - photphat photphat

t 2NADH

2(1,3- Dlpho!phogluxerat)

k 2ATP

2(3- Photphoglixerat)

|

2(2- Photphoglixerat)

y 2N20

2( Photphoenolplruva(

|

2( Piruvat)



2.2. Con dudng Pento
- photphat (PP, Pentose phosphate path 0 i
con dudng Hexo-mono photphat (HMP). ’ pathway) con gl 2

Con dudng nay giip cho nhiéu vi khudn chuyén hda glucozo thanh piruvat khén
qua con dudng EMP (do bj dot bi€n & = 1 enzim ciia con dudng nay) déng thdoi p
cdp cho t& bao 2 tién chat khac l1a ribozo - 5 - Q (dung tdng hop ax)t.gnucle:lt:c)ung
eritrozo - 4 - \) (cung véi PEP dung t8ng hgp cdc axit amin thom) Ngoai ra on
dudng PP con cung cd4p NADPH cén cho cac phan dng t6ng hop khu : & o

Con dudng PP dién ra nhu sau :

Glucozo’ 6-photphat

NADP
Glucozd 6-photphat
dehidrogenaza

H® + NADPH
6-Photphoglucono-1,5-lacton
H,0 ~ X\

Gluconotactonaza

6-Photphogluconat

NADP 6-Photphogluconat
dehidrogenaza
H®+ NADPH CO,
Ribulozd 5-photphat

Ribulozd 5-photphat-3-Epimeraza Photphopentozd izomeraza

— Xilulozd 5-photphat Ribulozd 5-photphat
~a /

Transketolaza

Sedoheptulozo 7-photphat + Glixeraldehit 3-photphat

L Transaldolaza

Eritrozo 4-photphat + Fructozo Triozd photphat
6-photphat iZomeraza

Transketolaza

Fructozd 6-photphat + Glixeradehit Dihidrox iaxeton
3-photphat photphat

Aldolaza

Fructoze 6-photphat
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GH20H / H-C—OH GH2OH
H—G—OH En,0® ¢
H-C—-0OH C—-H
H=C—0H )

CH.0@® (I:

Giai doan 1

Glucozd

ATP
ADP

Glucozd 6-photphat

NADP*
NADPH

6-Photphoglucono-
8-lacton

tmo

6-Photphogluconat

NADP*
NADPH

CO2

Ribulozd 5-photphat

'd

Ribozo Xilulozo
5-photphat

5-photphat



GH,OH

=0
H—C—OH
H—C—-OH

Ribozdphotphat

Ribozdphotphat ! 3
izomeraza CH,OPO; 3-epimeraza
D-Ribulozd-5-photphat
(|3H10H

CHO
. H—C—OH =0
H—C—OH HO—E—H
H—C —OH OH
ahOPOf

| .
CH,OPO?

D-Ribulozo-5-photphat D-Ribulozd-5-photphat

Transketolaza (|:H,OH
(f=0
CIHO HO—(|: H
H—(I‘,—OH H—E—OH
CH OPO, H—C—OH
D-Glixeraldehit -3- photphat H—é—OH
aﬁOPOf

D-Sedoheptulozd-7-photphat

(l:HO
H—(I”,—OH
H,OH H—C—OH
= CH,0PO¥
HO E 3 D-Erythroz;-‘t-p;lotphat Transketiolaze
‘ OH CHO
i H= ﬁ: OH
CH20PO§' CH OPO:
D-Glixeraldehit -3-photphat

D-Fructozd-6-photphat

Giai doane2
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Qua 2 phan Ung oxi hda xic tdc bdi glucozo - 6 - @va 6 - (B = gluconat -
dehidrogenaza, glucozo dugc tdch thanh ribulozo - 6 - (\_/ va CO Qua trinh oxi hda
dugc két thuc tai day. Cdac phan ung ti€p theo chi 1a su chuyén hoa qua lai gilta
pentozo - \P va hexozo - ( P,, tt d6 con dudng dong kin thanh chu trinh nhd sy
xiic tdc cia 2 enzim : TK va TA. Néu 3 - @ - glixeraldehit di vao con duong EMP
va chuyén thanh piruvat ta sé cd :

Glucozd — Piruvat + 3CO2 + 6NADPH2 + NADH2 + ATP

Nhu vay, con dudng Pentozo photpho oxi héa (PPO) mang tinh chdt déng hoa la
ché yéu, vé nang lugng PPO cho 1ATP, nghia 1a chl bing nia con duong EMP.

2.3. Con dudng 2 - keto - 3 deoxi =~ 6 - P - gluconat (KDPG, 2 - keto -
3 deoxi - 6 - photphatgluconat pathway) hay con goi la con dudng Entner - Doudoroff,
con dudng ED (Entner - Doudoroff pathway).

Truéc hét glucozo - 6 - @ dugc chuyén thanh 6 - Q — gluconat nhu con dudng
PP. Sau dd, ch4t nay bi loai nuéc nhy P - gluconat - dehidraza thanh KDPG. KDPG
bi phan giai thanh piruvat va 3 - ( P) glixeraldehit nho mot aldolaza dac hiéu. Cuéi
cung, 3 - (P) - glixeraldehit lai di vao con dudng EMP dé cho piruvat. Do dd can
bing chung cua con duong KDPG la :

Glucozg — 2Piruvat + ATP + NADH.Z + NADP}B

Con dudng nay chl gap & mét s6 vi khuin.

Cac vi sinh vat khac nhau & muc d6 st dung mot trong 3 con dudng trén. Con
dudng EMP va PPO ph6 bién & moi sinh vat. Con duong KDPG giip cho nhiéu vi
khu&n st dung gluconat. Chang han, E.coli va nhiéu loai cia Clostridium chuyén hda
glucozo qua con dudng EMP nhung phan giai gluconat qua con duong KDPG.

Cac Clostridia va mot s6 vi khufn hi6u khi chuyén hda gluconat qua con dudng
KDPG cai bién : gluconat dugc chuyén thanh 2 - keto - 3 - deoxitgluconat nhd
gluconat-dehidrataza va dugc photphoryl hda véi ATP chi & buéc nay nhd
ketodeoxigluconokinaza ; KDPG b6 phan gidi nho @) - 2 - keto - 3 - deoxigluconat -
aldozo.

Su tham gia cia 3 con duong trong su phan gidi hexozo :

EMP (%) HMP (%) ED(%)
Saccharomyces cerevisiae 88 12 -
Candida utilis 66-81 19-34 =
Streptomyces griseus 97 3 =
Penicillium chrysogenum 77 23 -
Escherichia coli 72 28 a
Pseudomonas aeruginosa - 29 71
Pseudomonas saccharophila - - 100
Bacillus subtilis 74 26 -
Gluconobacter oxydans - 100 =
Alcaligenes eutrophus - - 100
Zymomonas mobilis - - 100
Sarcina lutea 70 30 =
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H A o H
OH H Glucozd
HO OH
H OH
ATP ATP
ADP ADP
CH,0@
HA O Glucozd 6-photphat
OH H
HO OH
H OH
NADP* NADP*
F:NADPH NADPH
CH20@®
H o 6-Photphoglucono-18-lacton
H
OH H2=0
HO Hz0
(|) H OH Lactonaza t
* H20
H
?OO 6-Photphogluconat
H—?—OH
HO=C—H
H—(IS—OH
H—JII—OH H20
CH,0®
H20
CIZOOH
= 2-Keto-3-deoxi-6-photphogluconat
G
H—-C—-0OH
H—-C—-0OH
éH;O@
CHO A COOH Glixeraldehit "
(': ri_ 3-photphat
- H—é—OH = NAD* |
|
NAD* H,0
0@ SHg ATP NADPH ATP
NADPH ADP ADP
cbo @ COOH - Photphoenol-
1,3- Diphotpho- p
H—C—OH ‘:{‘0 ® glixeralp piruvat
C) CH; AoP t
) H20 H,0
\COOH COOH AP
H-&—0H H-t-0® 2-Photpho-

Eh,00 " &H.00

3;;22:2:‘9.‘ ‘ glixerat

Con dUdng KDPG (hay con dudng ED)
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2.4. Qua trinh oxi héa piruvat

Piruvat chiém vai trd trung tdm trong trao d6i chit trung gian va la tién chit
cia nhiéu san phdm. Nhiéu vi sinh vat oxi hda piruvat thanh axetyl - CoA. Quan
trong nhdt d vi khudn la 3 phan ung :

(1) Piruvat + CoA + NAD" —— Axetyl — CoA + NADH, + co,
(2) Piruvat + CoA + 2Fd —— Axetyl — CoA + 2FdH + co,

(3) Piruvat + CoA —— Axetyl — CoA + Focmat
Focmat (Fd = ferredoxin)

Phan ung (1) do phdc hé piruvat - dehidrogenaza (PDH) xic tdc. PDH gap ¢ hau
hé&t sinh vat higu khi (khéng gap & vi khudn ki khi bit budc) va axetyl - CoA tao
thanh chu y&u di vao chu trinh ATC.PDH gém 3 enzim ; ngoai CoA va NAD" con cdn
TPP (tiamin - piro — photphat) va axit lipoic.

Phan,ing (2) xic tac boi piruvat - Fd - oxidoreductaza gap ¢ nhiéu vi khuidn ki
khi nhu Clostridium.

Phan ung (3) do piruvat, focmat - liaza xdc tdc. Enzim giap ¢ nhiéu vi khuin ki
khi tiét axit focmic (ho Enterobacteriaceae) cing nhu vi khudn quang dudng.
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+/
\C—-N\ gt
Piruvat -
cacbox,laza " /C L? i
C—S
RY C=
& co,
CH, R,
N ol (o]
c— i CH, R, CH;, R,
I /c;‘cl:-zfé\ H* \c—rf\/ cHs St cHh
r7TS Cc=0 S - I >C=C—OH
BT & C—s C—s
Vong tiazolium caa . R; R;
Tiamin Piruvat /-S\—S
pirophotphat H+ i
N
M \Enzim
Axit lipoic
H,. .}B
oL
O~ NADH + H*

Dihidmlipqq|
transaxetylaza

H
Ny s ;
" Dihidrolipoyl
M Erigim ey

SH SH

NAD*

H

N N
\Enzim . \En2|m
Axit axetyl lipoic Axit dihidrolipoic
(e]
Il

CoASH CoA—S— C—CH,
AxetylCoA

Qué trinh oxi héa piruvat vai s tham gia cua PDH (piruvat dehidrogenaza),
TPP (tiamin -~ piro = photphatypaxiy lipoicy coenzim A va NAD®.

187



2.5. Chu trinh axit tricacboxilic (Tricarboxylic acid cycle)

Chu trinh nay cdon goi tit 1a ATC (hay TAC, theo tiéng Anh) cing con dugc goi
12 chu trinh Krebs.

Chu trinh dung oxi hda axetat thanh CO va gidi phdng H Trong s6 8[H] tach
ra thi 6[H] dugc chuyén dén NAD* nho su xuc tdc cua 3 dehxdrogenaza (DH) :
a - ketoglutarat - DH, izo - xitrat — DH va malat - DH, con 2[H] dudgc chuyén dén
FAD nhd xucxinat — DH. Ciac DH sé chuyén hidro vao chuéi hé hip. Ngoai chic niang
oxi hda tan ciing, ATC con cung cdp cho t& bao 3 tién ch4t : oxalaxetat (dung t8ng
hgp aspactat), a - ketoglutarat (dung t6ng hgp glutamat) va xucxinyl - CoA (dung
téng hgp nhan hem cén cho cdu tric cia catalaza, xitocrom, clorophin, vitamin B12).

Vé nang lugng, chu trinh cung cdp 1ATP & muic d6 photphoryl hda co chit
(xucxinyl ~» CoA + ADP + Pi — xucxinat + ATP).

Trong diéu kién ki khi ATC khong cé chic ning sinh ning lugng nhung vin phai
cung cdp cho t& bao 3 tién ch4t trén. TE€ bao phai sit dung phin l6n piruvat dé€ lén
men thu nang lugng, con phidn nhé chuyén thanh axetyl -~ CoA nhd piruvat : Fd -
oxidoreductaza (phan dng 2 & trén) ATC vin phai hoat déng nhung dugc "cai bién"
theo dang "vanh mdng ngua" : bén phai 12 oxi hda dén a« - keto - glutarat, bén trai
la khi dén xucxinyl «~» CoA (¢ - KGDH va SDH bj kiém ché& trong diéu kién ki khi) ;
NADH, tao thanh nh& phan dng oxi héa a -ketoglutarat dugc ding d& khi AOA thanh
malat ; fumarat reductaza dugc cAm dng thay cho SDH.
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Piruvat

CH,
| CoASH
o
OOH NAD*
CO, </ NADH

CH,

|
C=0 " |
é—CoA xetyl-CoA

CHzO HZCI:—COOH
CoASH HO—C~COOH
Q A H.C —COOH
C—COOH Xitrat
| Oxaloaxetat itra H,C—COOH
H,C—-COOH A H,0
(":—COOH
NADT H—C—€O0O0H
NAD
I;i Xis-Aconitat
HO—CIZ—COOH
o s H;0  HiC—COOH
H—CII—COOH
HO-C-COOH
I1zoxitrat l-|1
H,O
NAD*
NADH
HOOC —C—H Fumarat
il
H—C—COOH
FADH, Oxaloxuxinat H;ClZ—COOH
FAD H—('Z—COOH
O=C—-COOH
H,C—COOH Xucxinat Cco,
H,C—COOH co, a-Ketoglutarat H,C—COOH
CoASH . éH
ATP Xucxinyl- Pl
ADPP, CoA SOASH O=C—-COOH
H,C'-—COOH NADH NAD
H,C
|
O=C — SCoA

ChE™tHTH aXit tricacboxilic (ATC)
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2.6. Chubi ho hdp (respiratory chain) va qua trinh photphoryl hoa oxi héa
(oxidative phosphorylation)

Trai véi vi khudn ki khi, vi khuidn hi€u khi c6 th€ t6ng hgp ATP manh mé hon
nhiéu nhd c6 chubi hé hdp va ATP - sintaza (yéu t8 Fo - F - Hai hé théng nay nim
¢ mang : mang t& bao hoac mang trong ti thé. H va e (electron) tach ra tu co chat
tham gia vao chuéi hé hdp ; cic e dugc chuyén dén O,. Nang luong thoit ra duge
chuyén thanh ATP, phdn nhd giai phdng & dang nhiét. Cac thanh phdn cua chubi nim
trong lop lipit kép gém nhiéu enzim véan chuyén e va hidro, cdc coenzim va nhém
thém, cac dehidrogenaza va hé théng van chuyén. Cic thanh phin quan trong nhit
tham gia vao oxi hda hidro la :

- Flavoprotein 1a cic enzim chda nhém thém la FMN hodc FAD, vdn chuy&n hidro.

- Protein Fe-S, van chuyén e chia nguyén ti Fe : vita lién két v4i S cua xixtein
vita lién két véi S caa HZS‘ Xixtein 12 mo6t phdn cia chudi polipeptit ; cé thé coi trung
tam Fe - S l1a nhom thém cua chuéi polipeptit. Trung tam [2Fe - 2S] chi van chuyén
le. Do d6 protein Fe-S thuéc typ [2Fe - 2S] chda 2 nguyén td, S va nguyén tiu Fe.
Fe giap ¢ mang té& bao thi téi 80% ndm trong protein Fe-S va 20% trong xitocrom.

Ciac protein Fe - S cing tham gia vao su c§ dinh nito, khi sunphit, khi nitrit,
quang hop, giai phdng va hoat héa H,. Ching cé Mr thdp va th€ oxi hda khu rit am ;
Eo ndm trong pham vi - 0,2 dén 0,6 V. Ngoai protein vgi trung tam [2Fe - 28] luc
lap, vi khuadn hi€u khi con cd protein véi trung tam [4Fe - 4S] (Clostridium, Chromatium)
cdn cd cac protein v8i trung tidm [4Fe — 48] (Clostridium, Azotobacter). Mot s6 protein
Fe - S quen thudc : ferredoxin, putidaredoxin, rubredoxin, hoac adrenodoxin.

- Quinon : & mang trong ti th€ va & vi khudn G~ 12 ubiquinon (CoQ), & vi khudn
G' 1a naphtoquinon va & luc lap la plastoquinon. Quinon, dic biét 1a ubiquinon cd dac
tinh wa lipit, do dd lap vao l6p lipit kép cia mang, vidn chuyén hidro hoac e. So vdi
cdc thanh phin khdc ctia chuéi thi ham lugng cia quinon du thua téi 10 - 14 l4dn va
la du tri hidro chuyén vao chubi h6 hdp qua cdc coenzim va nhédm thém khidc nhau
réi chuyén tiép hidro dén cac xitocrom.

- Xitocrom : van chuyén e, khong van chuyén hidro. Xitocrom nhén e ti quinon ;
trong qua trinh van chuyén mét s6 lugng H' tuong duong véi s6 lugng e bi tach vao
mdi trudng. Xitocrom chia nhém thém la hem. Cé mot s6 loai : a, a,, b, ¢, o. Xite
gap ¢ héu hét co th€ cd chudi ho hdp. Xit a.a; ( = xitocrom - oxldaza) chuyén 4e
truc ti€p lén oxi :

0, + 4Fe?" —— 207" + 4Fe**
Vi khudn cing chda )'(it.o,\phén dng vai 02.
Dang chu y, Desulfovibrio la vi khudn ki khi cing co xit.c; tham gia vao sy khu
sunphat di hda (hé hdp sunphat), vi khudn lactic chiu khi (Streptococcus lactis va
Leuconostoc mesenteroides) cing nhu vi khuin ki khi Bifidobccterium tao thanh xitocrom

khi sinh trudng trén méi trudng chia mau. Nhiéu vi khu&n ki khi khac cing téng hop
xitocrom va d chung cing dién.ra qua trinh photphoryl hoa oxi hda.

Cac thanh phédn cua/chubi h6 h&p dudc sdp xéptrém co s0 cua th& oxi hda khiu
bit dau voi NAD' (th& am nh&t) va két thuc véijxitoerom - oxidaza va 02. Tu NADH
céac e dugc chuyén qua 3 phite-hé-protein : NADH = dehidrogenaza (phdc I), xitrocrom-
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reductaza (phdc III) va xitocrom - oxidaza (IV) dén 02. Day la cac protein xuyén mang
chdya cdc nhém thém nhu flavin, xitocrom, trung tdm Fe-S-Xit.c 12 mét protein mang
ngoai vi. Hé théng sip x&p trén gip O ti th€ va mot s6 vi khudn higu khi. Hau hét
chudi hé hdp chia phidc hgp bc;, nhung moét s6 vi khudn c6 hé théng van chuyén e
phan nhanh cing nhu tinh da dang ctia oxidaza tan cung. Day la cac xitocrom tip. b va
dugce goi la xit.o, xit.d, ¢ cdu tric tuong tu xit. aa, va hoat dong nhu cac bom proton.
Su phan nhanh dién ra tit phic bcl hay ti du trd quinon phu thuéc vao diéu kién
méi trudng, trudc hét vao ap luc riéng phidn cua 02.

NADH .
NAD *q
NADH-DH
FMN FeS
=
bC1 FeS
xit.c-—}
it-oxidaza
aa; Cu
Cao fhé’t 02 Ca chat
cd chat-2H-Q- co chat-2H-Q-
reductaza reductaza
—

Xit-reductaza] quinon- quinon-| [ quinon-
bcy FgS oxidaza oxidaza oxidaza

x't c ¢ b b
it.
( j - Cou d
Xit-oxidaza [xit-oxidaza
o aa; Cu \
{ {
C2 02 . 02 02 02
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Buong phan

Chu trinh
ATC

Cac chit mang
electron
dang khit

g

Chudi h6 hip

& F.% cﬁFJ)

N Cac trung 1am

Fe-S

ADP

Coenzim Q

Cac Xitocrom
AT %

=)
| H:O]

Chudi h6 hdp-trong.qué trinh exi haas sinhhee (biolagical oxidation)

192



[NAD*- cd chat oxi hc’)aj

NAD*

[ FMN

[Céc trung tam Fe-SJ

Xucxinat

Coenzim Q ]

(Céc trung tam Fe-S

[Xilocrom b ( Fe3j

[Céc trung tam Fe-S]

> E(itocrom ¢y ( Fe3’J

[Xitocrom c( Fe3*)]

[Xitocrom a ( Fe3*)J

[Xitocrom a; ( Fe3‘)J

So"dé chubi ho=hdp
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FADH, FAD

Xucxinat-Q reductaza
(Complex I1)

[(Fe-S)ox (Fe-S)rels

H‘%NADH\ FMN X(Fe.shj \ Q Xxn b(Fe2®) X(Fe-S)ox Xit_c‘(Feze)\ (Xn_ c'(Fe;@)
e
NADJ(FMNHZ (Fe-S)OX) (Qm Xit.b(Fe3®) (Fe-S),,,dX Xit.c(Fe’®) Y kXit.c(Fe“’)
NADH-Q reductaza QH, -xit.reductaza (Complex IIl)
(Complex )

Xit.c(Fe?®) |/ Xit.a(Fe®) 4 » Xit ay(Fe*) \ 7 Cu*®4| »H,0
Xit.c(Fe*®) <] Xit.a(Fe?®) 7 - Xit a,(Fe3®) cue /] 0,

Xit-c oxidaza (Complex V)

Chubi van chuyén electron trong ho hép

Glucozd
2ATP
2NADH 2NAD + 6ATP
2 Piruvat 10, + 2H® H,0
BATP
2ZNADH —= 2NAD'+ 6ATP
2 Axetyl - CoA
2 x 3 NADH —————= 1BATP
2 x 1 GTP 2 x 1 FADH; ——————= 4ATP
2ADP
IATP

2 x 1/CDP
Téng odng 138ATP

Su sin sinh nAng ludng 1 chuetdnh [ATG va chubi ho hdp
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Mbt s6 chdt doc tdc dung lén chubi hé hép :

- Amital, rotenon, pierixidin A va doc t8 dich hach kim him NADH dehidrogenaza.
Rotenon gap trong hat ct diu (Pachishizus erosus) va cay day mat (Derris elliptica)
dugc sit dung lam ch4t tru siu.

- Antimixin A kim ham gita xit. b va c.
- Xianit (CN”) va CO kim ham xit.oxidaza

Trong quéa trinh van chuyén 2[H] tu NADH, dén O, c6 3 budc chuyén e lién quan
dén tao thanh ATP va dugc bi€u thi bang hé s6 P/O (mol ATP/mol nguyén tu oxi).
He s6 P/O = 3 khi 2[H] dugc chuyén qua NAD' va P/O = 2 khi 2[H] tit xucxinat
qua FAD dén 02.

Do d6 1 mol glucozo phan giii qua con dudng EMP va chu trinh ATC va t4t ca
hidro tdch ra déu dugc chuyén vao chudi hé hdp d€ tao thanh H20 sé cho t8ng cong
38ATP. Su tinh todn trén ding véi ti th€ va mét s6 vi khudn. Tuy nhién d hau hét
vi khuéin, do chi ¢ 2 vi tri photphoryl héa (P/O = 2) nén su hd hdp glucozo higu khi,
ching han & E.coli, chi cho 26ATP.

Co ché& photphoryl hda oxi hda (tic su tao thanh ATP trong chudi hé hdp) dugc
giai thich theo thuy&t hda thdm th4u cua P.Mitchell (1979). Theo thuyét nay, mang té&
bao vi khudn va mang trong ti th€ khong th&m cic ion k& ca H* va OH™, va kém
din dién. Su sip x6p cdc protein cua mang (cdc thanh phdn van chuyén e, permeaza,
ATP-sintaza...) khién mang mang tinh chdt khéng d6i xing. Su dinh hudng khéng gian
cia cidc phan ti enzim din dén trao d8i chdt cé dac tinh vects. Chudi hé hdp bao
gém moét day cac ch&t van chuyén hidro va e sip x&p luan phién trong mang. Do su
oxi hda co chdt ma phia trong mang cd su ‘tiéu thu H® va phia ngoai mang giai phdng
H*. Trong su oxi hda NADH, 6H' da dugc van chuyén ra phia ngoai qua 3 num. Viéc
van chuyén proton do h6 hdp lam xufdt hién moét gradien dién hoa gitta 2 phia cua
mang. Thé& proton nay sé la doéng luc cua su photphoryl héa nghia la su tao thanh
ATP. Quéa trinh dugc xic tdc bdi ATP - sintaza, enzim nay chuyén nang lugng phat
ra tit dong e thanh lién két este photphat cao nang cta ATP ; ATP-sintaza gap & cac
mang tham gia vao su chuyén hda nang lugng : mang ti thé, luc lap va mang t& bao
vi khufn, cdc enzim kha 16n (cé khéi lugng phan tu = 350.10%). C¢ ls, dong H* tu
ngoai da di qua ranh cia ATP-sintaza (= y&u t6 Fo-F)) trd vao bén trong ti thé hoac
vi khuin, nang lugng thoat ra dugc dung cho phadn ung photphoryl hda (tao thanh
ATP).

ATP - sintaza cing xuc tac thuy phan ATP.
ATP + H)O —— ADP + Pi + H"

Phan dng trén cin cho su tao thanh gradien proton trong diéu kién ki khi. ATP
xudt hién ¢ mic d6 photphoryl hda co chit, H' tach ra cing qua ranh cia ATP -
sintaza chuyén ngudc ra.ngoai.mang.t& bao.vi.khuidn..Gradien.H' khéng chi can cho
su photphoryl hda oxi hoa (trong diéu kién ¢d ,0;) ,ma. con cidn cho viéc van chuyén
chi dong chit dinh dudng vao t€ bao va su chuyén 'dgng cia tién mao (néu cd).
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2.7. Tac dung doc cia O, lén vi khudn hiéu khi va ki khi
Trong t& bao c6 3 loai hoat hoa O2 tuy theo s6 e dugc chuyén déng thoi dén O,.
(1) 0, +4e” —— 0> + 0*"
-— 2_
(2 0, +2 ——0;
(® 0, +1le —0O,
Phan tdng (1) do xit. -oxidaza xuc tdc van chuy&n déng thdi 4e” ; mébi ion 0% se
két hop voi 2H' tao thanh H,0.
Phan dng (2) dac trung cho mét s6 enzim chia flavin (gluco-oxidaza, oxidaza cia
axit amin, xantin - oxidaza), ion peroxit Og_ sé phan dng v6i H* thanh HZO2 . HZO2
d6c d6i voi t€ bao, ching han oxi hda nhdm SH. Catalaza va peroxidaza phan gidi

HZOZ, do d6 cd tdc dung bao vé t& bao

catalaza
2H,0, — ZH?O +0,
peroxidaza
H,0, + NADH, — 2H,0 + NAD"
Flavoenzim gip & nhiéu vi khudn ki khi va hi€u khi vi vay hdu hét vi khudn hiéu
khi déu chda catalaza
Phan ung (3) dugc xic tac bdi nhiéu oxidaza (xantin - oxidaza, aldehit - oxidaza,
NADPH - oxidaza) ; ion supe - oxit O_; la gdc rit hoat dong. 02_ va sadn phdm phan
Ung cua O,; véi HZOz (02_ + HZO2 + H" — O2 + HZO + OH") la géc hidroxyl déu
rit hoat dong, tao thanh trong t& bao cdc hgp chdt phan dng manh. Superoxit -
dismutaza chuyén hda g6éc Oz_ nén cé chdic nang bao vé t€ bao :

= + ’
202 + 2H ———»HZO2 + O2

Do dd, enzim nay cung vdi catalaza chuyén gdc superoxit thanh oxi vé hai (& trang
thai co sd).

2.8. Cac chu trinh b6 sung va sy tao thanh glucozo

Trong qué trinh sinh trudng khi mét hoic mét s6 chdt trung gian cua chu trinh
ATC dugc dung cho sinh t8ng hop t€ bao phai cd cic phan Ung b8 sung ciac ch4t trén
dac biét AOA, néu khéng chu trinh sé nging hoat déng. Trong trudng hgp nguén C
1a glucozo, dudng nay dugc dung d€ tdng hop tdt cad cdc thanh ph&n cua t&€ bao cd
chia glucozg, ribozo, dezoxiribozo va cdc din xuit khac chia dudng. Va cac phan dng
b8 sung biao dam trudc hé&t cho hoat déng lién tuc cia ATC. Hai phan #ng phd bién
b8 sung AOA la :

1. Piruvat + CO2 + ATP —— AOA + ADP
2. PEP + 002 + HZO —— ACA + Pi
duge xiuc tdc 14n lugt baipiruvat va PEP -'cacboxylaza va gap 6 md ddng vat (gan,

than) cing nhu & mot s6 pseudomonas.
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Khi sinh trudng trén lactat, piruvat va cic hop chdt C, khéac t& bao con phai tao
thanh cac ch4t trung gian cdn cho t8ng hop dudng. Viéc t6ng hop dudng tir lactat dién
ra qua cic chit trung gian nhu trong duong phan. Tuy nhién cac phan ing 1,3 va 10
la khong thuan nghich, phan dng theo hudng t6ng hgp glucozo c4n nang lugng va do
3 enzim khac xuc tac.

O E.coli va cac vi khufn khdc dién ra phan dng :
Piruvat + ATP + H20 —— PEP + AMP + Pi

PEP + CO2 + HZO —— AOA + Pi

do PEP - sintetaza va PEP - cacboxylaza l4n lugt xuc tdc. E.coli thi€u piruvat -
cacboxylaza.
Vi khudn Propionic, Acetobacter aceti, mot s6 vi khu&n quang dudng con chda
piruvat — ortophotphat - dikinaza xtdc t4dc phan ung :
Piruvat + ATP + Pi —— PEP + AMP + PPi
Dac biét, sinh trudng cta vi sinh vat trén axetat hodc cdc hgp chdt ma su phan
gidi ddn tdi axetat (axit béo, hidrocacbua) dién ra nhd chu trinh glioxilat (chu trinh
Krebs - Kornberg) qua 2 phan idng :
1. Izoxitrat —— xucxinat + glioxilat (CHO — COOH)
2. Glioxilat + Axetyl -~ CoA + HZO — Malat + CoA

do izoxitrat - liaza va malat - sintaza lidn lugt xic tdc Malat dugc chuyén thanh
piruvat nhy malat - enzim, vd AOA thanh PEP nhd PEP - cacboxykinaza. Mat khic
AOA vin dugc dung lam ch&t nhin axetyl ~ CoA d€ t8ng hgp xitrat (chu trinh ATC
va glioxilat dién ra déng thoi-so d6 dudi day) va dung lam tién chit cho sinh téng
hop axit amin.

Axit béo
v
Axetyl-CoA |.

Xitrat
‘sintaza

Xitrat
Oxaloaxetat

NADH + H' )
Malat dehidrogenaza Aconitaza

NAD'

Glucozd = «—e— Malat ‘ﬁ Glioxilat 4_7—__——- 1zoxitrat
CoA —SH AXe(yl-COAl I Xucxinat I
co,

+H"

Rrmarat a - Ketoglutarat

S 1A

Xiicxinat Xucxinyl-CoA

‘\/
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3. SU OXI HOA SINH HOC, SINH NANG LUQONG VA
CO DINH CO, O CAC VI SINH VAT TY DUONG

Nguén nang lugng dau tién cta vi sinh vat di dudng va vi sinh vat tu dudng tuy
rdt khiac nhau nhung ban chit cia qué trinh oxi hda sinh hoc cua ching la giéng
nhau, déu bao gém 3 giai doan : m4t H, chuyén H va ti€p nhan H, cic phan iuing
photphoryl hda xay ra trong qué trinh oxi hda da gitp tao ra ATP, ngudn nang luong
théng dung can thiét cho hoat déng s6ng.

Qua trinh oxi hda sinh hoc va sinh nang lugng & vi sinh vat tu dudng cé rit nhiéu
loai hinh khac nhau, co ché kh4 phdc tap, mét s6 qua trinh & nhiéu nhém vi khufn
tu dudng hda nang cho dén nay vin cdon dugc hi€u biét rdt it. Da 12 loai dinh dudng
hda nang v6 co hoac la loai dinh dudng quang nang vé co thi trong hoat dong séng
cia vi sinh vat phan dng quan trong nhit 1a dem CO2 khu thanh chdt hitu co gian
don & dang [CHZO], sau d¢ ti€p tuc sinh t8ng hop thanh cic thanh phdn phuc tap
cua t€ bao. D6 1A mo6t qua trinh tiéu hao nhiéu nang lugng va tiéu hao [H] co nang
luc khu.

Trong cac vi sinh vat dinh dudng hda nang v6 co t4t cd ATP dugc sinh ra théng
qua qué trinh oxi hda sinh hoc cdc ch4t v6 co & trang thdi khi, con [H] cd niang luc
khi thi dugc sinh ra trong qué trinh tiéu hao ATP d& chuyén H v6 co (H' + e) trong
chuéi hd hép.

Trong cic vi sinh vat tu dudng quang nang thi ATP va [H] dugc thu nhén ti qué
trinh photphoryl héa quang hgp tudn hoan, qua trinh photphoryl héa quang hop khéng
tudn hoan hoic quéa trinh photphoryl héa quang hgp théng qua mang.

CO;

Qua trinh oxi héa sinh hoc
Ja cac vi si at ty dudn
cla céac vi sinh vat tu g po

hda nang \
@® Chu trinh Calvin

(® Con dudng Axetgl- CoA

Qua trinh photphonjlhéa
quang hgp cua céc vi sinh vé;_’/ [H] \

tu dudng quang nang @ Con dung 4C

@ Con dudng ATC dang khu

[CH0]

Vat chat té bao

Diéu ki¢n va con dUSng déng héa CO, & 2 loai vi sinh vat i dudng
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3.1. Qua trinh oxi h6éa sinh hoc, sinh ning lugng

3.1.1. Nhém tu duéng héa ndng

Vi khuén ty dudng héa nang dé khi dugc CO, cdn ATP giau nang lugng va cén
[Hl c6 nang Iluc khid théng qua qua trinh oxi hda cac co chdt vo co

(NH:, NOZ_, st' 8% H,, Fe2+). Con dudng sinh nang lugng chu yéu duva vao cac

qua trinh oxi photphoryl hda cua chuéi ho hdp, do d6 tuyét dai da s6 vi khudn ty
dusng hda nang la vi khufin hi€u khi. Chl ¢cd mét s6 it vi khudn tu dudng hda ning
]a c6 doi s6ng ki khi, ching ti€én hanh sy hé hdp thiéu oxi, do cd th€é st dung oxi
trong nitrat hoiac cacbonat. Ngoai con dudng sinh niang luong théng qua chubi hé hip,
mot s6 {t vi khu&n luu huynh, nhu cac lodi Thiobacillus thioparus, T. denitrificans, T.
ferrooxidans, lic sinh trudng trong diéu kién cd cdc hop chat luu huynh con cé thé
photphoryl mét phdn co chdt d€ sinh nang lugng.

Cain thdy r6 vi sinh vat tu dudng hda niang khong nhitng cin tiéu hao ATP lic
khu CO2 ma con ciAn tiéu hao nhiéu ATP ca lic sian sinh [H] c6 nang luc khu.

CO:

Chuyén van thuan chiéu

NH3 Dung lam nguén chubi ho hap
i nang luogng dau ATP
NO., 1idn Tiéu hao [H], sinh ATP
H,S
s° Chuyén van nguoc chiéu
chudi ho hap
H, Dung lam nguén
Fe2+ cung cap hidro NAD (P) H
voca: Tiéu hao ATP sinh
[H]
[CHQ]

Nguén ATP va [H] ciia vi sinh vt ty dudng héa nang lic khi CO,
Chi c6 dua vao ATP sinh ra méi cé thé thong qua phuong thic chudi ho hdp dé
dem H v6 co (H' + e) bién thanh [H] cé nang luc khi d€ dung vao viéc khu COZ‘

T4t ca cdc ch&t vd co d tramg thdi khi, trit H, déu cd th8 oxi hda khi cao hon
NAD'/NADH, do dd lic oxi hda edc co chét vé cg déu '¢dn cd vi trl tuong dng dé
tham gia vao chubi ho h4p, va tdt nhién viéc tao thanh hiéu suit oxi hda photphoryl
héa (P/O) cua chubi ho hdp & vi khuén tu dudng hda nang la rdt thédp.
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" & s S,0F Fe* NO;
2 \&e\x \ /
¥ Fp Q Xit.cc, Xit.a,aas 0,(NG;)
Xit.b
ATP ATP ATP

Vi tri electron tham gia vao chudi h6 h4p sau khi c6 chdt vd co m4t hidro (chiéu xu6i 1a chiéu c6 thé sinh ATP,
chiéu ngugc la chiéu tieu hao ATP va san sinh [H] c6 ning lyc khu)

Do cac nguyén nh&n hiéu suft sinh ning lugng thdp, t6c d6 sinh trudng va hiéu
sudt sinh truéng cua vi khuidn tu dudng hda nang l1a ri&t thdp cho nén ngudi ta con
nghién cdu rit it vé qu4 trinh oxi hda sinh hoc va trao d8i nang lugng & cac vi khudn
nay. Néu so sanh vdi vi sinh vat di dudng, qu4 trinh trao d6i nang lugng ctia vi khu4n
tu dudng hda nang chu yéu cd 3 dic di€m sau day :

- Qua4 trinh oxi hda truc ti€p co ch4t cd lién hé voi chudi hé hdp. Do dehidrogenaza
va oxi-reductaza xuc tdc, co chdt vd co sé miAt hidro va m4t electron, sau dé tham
gia vao chubi hé hdp. Diéu nay khic hidn v6i qua trinh trao d8i ch4t phic tap theo
cdc con dudng EMP va ATC d€ oxi hda glucozo d cac vi sinh vat di dudng.

- Thanh phdn cua chubi h6 hdp dugc da dang hda hon hidro va electron cé thé
td nhiéu thanh phdn khic nhau tham gia vao chuéi h6o hép.

- Hiéu suit sinh nang lugng, tuc la ti 16 P/O ndi chung thdp hon so véi cac v
sinh vat di dudng.

Duéi day néu 1én mot s6 vi du vé cac vi sinh vat tu dudng hda niang :

Vi khuin nitrat hda thudc chi Nitrobacter dung nitrit 1am nguén niang lugng. Cc¢
thé bi€u thi chubi hd h&p cua vi khu&n nitrat héa nhu sau :

ATP ATP ATP [are]
1120,
NADHZCéFPCZ Xit. b Xit. ¢ Xit. a,==B> Xit. ay=L
Transhidrogenaza f % H0

NADPH, 2H'+2e  2H'+2e

[NOQH HNO-:J

H;0.NO, H,0.NO,

Chat cung cdp H vé co

Chubi“ho hdp cua vi khudn nitrat héa
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Vi khudn luu huynh, trong dé nhiéu loai thudc chi Thiobacillus, st dung mot loai

hay nhiéu loai hop chat luu huynh (H,S, $°, 8,057, 8,0.7) lam ngu6n nang lugng.

Ching chuyén cac hogp chit luu huynh, S° nguyén t6 hoac cdc mubi sunphit (chua

SO§_), sau dé oxi hda than

Nhém vi khudn luu huynh

Thiobacillus thioparus

h sunphat.

Chd't cho electron

. o 2—
st’ sunphit, S° SZO3

pH thich hop dé
sinh trudng

= 8

6
T. denitrificans HS, S?; SzOg_ 6 -8
T. neapolitanus s°, SZO;‘;_ 6 -8
T. thiooxidans s° 2 -4
T. ferrooxidans S°, sunphit, Fe?* 2 -4
.
T. novellus SZO3 6 -8
T. intermedius SZO§_ 3 -7
Beggiatoa HS, szog‘ 6 -8
Thiothrix HZS 6 - 8
Thiomicrospira szog’, HZS 6 -8
Thiosphaera st’ SZO3 , H2 6 - 8
Thermothrix HZS’ SZO;_, SOg_ 6,5 - 71,5
Sulfolobus H,S, §° 1-5
Acidianus se 1 -5
Qua trinh sénz sinh ATP va qua trinh sunphat héa dugc bi€u thi nhu sau :
S S,0%
e PN 2
+ Sunphua oxidaza 4 Rodenaza )
- (5] 3H,0
%02 // Sunphitoxidaza
+ =
2H0 +<—@ va @— 4H SO% Sey
1 AMP
4ATP APS reduct
AP ez w0 | o
M0 +L—@) va @) — 2H" +
0 @va® APS \2H@‘1
(Adenozin photpho sunphat)
-ZATP
C. Pi (Photphat v6 ca) ho
ADP SUNPHURYLAZA
ADP Adenozinic Xit.c
kinaza reductaza
SO 0,5 AMP  cla vi khuén
sunphit héa | so?
0.5 ATP

Chu thich

: @ va,Q.labitu thi vitri.cia ATE. sinhefastiCnschudi chuyén clectron
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Cac budc oxi hda cdc hgp chdt luu huynh & vi khudn Thiobacillus con co thé biéu
thi nhu sau :

2:

Sunphit
P l Se.\ Luu huynh nguyén t6
2
Hop chat lwu huynh R-S—* S S0;
quanh té bao Tiosunphat

€ Hé théng chuyén electron
Sunphit SO2

|

ADP

» g v
Chuyén electron .
«— photphoryl hoa ATR %
/. ADP Abs
Sun ph#t oxidazs Adenozin
‘/ ATP photphoﬁ.unphal

. p'\:,
Photphoryl hoa -7 N nop

d mifc co chat .

v v
s0? so?”

Vi khudn oxi hda sit trong diéu kién pH thdp cé thé sit dung ning lugng sinh ra
do oxi héa Fe* dé sinh trudng va phat trién. Da phat hién ra chét rustixianin
(rusticyanin), mot loai protein chia d6ng, trong chuéi h6 hdp cta vi khudn oxi hda
sat. Chung ciung vdi cdc enzim oxi hda vai loai xitocrom C va 1 loai xitocrom a, (cd
chita 2 hemoglobin a) tao thanh chuéi chuyén electron.
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Qua trinh chuyén electron khi vi khudn thuc hién viéc oxi hda sit (Fe?') c6 thé
bi€u thi nhu sau :

3 2 Té bao chat
Mang té bao btk
: of chat
Gp Khé an chu chat 1 .
oFe™ \ Lap khong gi 5 0:+ 2H
- 2e- 2e- 2e-
ee Rc ° Xit. Xit. a
j (Rustixianin)
2Fe™ H.0
pH =2 pH =65

Vi khuéin oxi héa hidro con goi 1a vi khudn hidro. Day 12 nhém vi khudn tuy dudng
hda nang v6 co khéng bat budc, ndéi cach khac ching cd thé 1a vi khudn tu dudng hoa
niang hitu co néu c¢6 mat chdt hitu co. Dai dién cia nhém vi khudn nay cd thé€ thuéc
G~ (nhu Acidovorax facilus, Alcaligenes eutrophus, A. ruhlandii, Aquaspirillum
autotrophicum, Pseudomonas carboxydovorans, Hydrogenophaga flava, Seliberia
carboxydohydrogena, Paracoccus denitrificaus, Aquifex pyrophilus, Hydrogenobacter spp.),
cing cé thé thuoc G (nhu Bacillus schlegelii, Arthrobacter sp. Mpycobacterium,
gordonae...).

Ching cd thé oxi hda H, thanh H,O va san sinh ra nang lugng tich lay vao ATP :
1
H2+§02—>H20+Q
Enzim xtc tdc cho qud trinh oxi hda nay la hidrogenaza. Enzim nay lam hoat hda
H, va kht NAD" :
H, + NAD* — NADH (+ H")
Theo chu trinh pentozophotphat ATP va NADH (+ H') sé st dung dé khu Co,
thanh ch4t hitu co. Phuong trinh 'tdng quéat la :
6H, + 20, + CO, — [CH,0] + 5H,0
chdt hitu co

CS 2 loai hidrogenaza tham gia vao quéa trinh nay : hidrogenaza dang hat va
hidrogenaza dé tan :
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3 & Xit. b, c, alay e
Hy = Hidrogenaza \_—, | CoenzimQ | —p 0O,
N dang hat Vitamin K

ADP+Pi A’]:P
NnaD™ .
Hidrogenaza e , Sinh t8ng hop
dé tan _.-=-""" chathiuco
NADH, - °~

Vi khudn oxi héa amon con goi la vi khudn nitrit héa. Ching 1a nhing vi khuin
hinh que (Nitrosomonas), hinh cdu (Nitrosococcus), hinh ddu phdy (Nitrosovibrio), hinh
xo0an (Nitrosospira), hinh da dang (Nitrosolobus).

Cd ché& cua qua trinh oxi hda amon cd thé biéu thi nhu sau :

XH,
2H'

NHj NH,OH [NOH] NOZ +H'
2e H,0

1
7 O, Ho

1
'2-02 +H'
NAD' « - - - Fp/Fe-S 4 - - -Co.Q/Xit.b € - - -Xit.c— Xit.a.a;0

f
N ho

Chu thich : Fp = Flavoprotcin
Fe - S§ = Protein Fe - §
CoQ = Quinon (Coenzim Q)

Xit. = Xitocrom

3.1.2 — Nhom tu duiong quang ndng
Cac loai sinh vat cd khd nang quang hop gém cic nhém sau day :
Sinh vat dinh dudng quang nang
A. C6 san sinh oxi
+ Thu6éc nhdm co nhan-that":'T46, cay' xanh

+ Thu6éc nhéminhan nguyén thuyd: Vizkhuin lam
B. Khéng san sinh oxi : vi khudn quang hop
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Vi khuin quang hgp dugc x8p chung vao bd Rhodospirillales, ching bao gém cac
nhom sau day :
a. B6 phu Rhodospirillineae
- Ho Chromatiaceae : chi Chromatium va 9 chi khac
- Ho Rhodospirillaceae : cic chi Rhodopseudomonas, Rhodospirillum...
b. B6 phu Chlorobineae
- Ho Chlorobiaceae : Chi Chlorobium va 4 chi khac
- Ho Chloroflexaceae : Chi Chloroflexus
T4t ca cac vi khudn quang hgp déu cé chda sic t6 quang hop. o) thuc vat sac té
quang hop la clorophin (chlorophyll, viét tit la chl). Sic t6 quang hgp & vi khudn dugc
goi la bacterio-clorophin (bacteriochlorophyll, viét tat 1a bchl). Clorophin va bacterioclophin
con dugc goi la chédt diép luc va chit khudn luc. Chat diép luc, chit khudn luc va
huyét sic t6 cd cdu truc tuong tu nhu nhau. DS 12 moét vong pocphirin do 4 nhan
pirol lién két v6i nhau. L6i cia chdt diép luc va ch&4t khudn luc 12 Mg con 16i cua
chdt huyét sic la Fe, chit diép luc a khac vdi chdt khudn luc a, b, ¢, d, e & 7 géc R
(t¥ R dén R.). Co thé thdy r6 su khac nhau nay trong bang sau day :

Su khéc nhau gita chét diép luc va céac chbt khuén luc :

Séc 16 R R, R, R, R R, R,

Chit €= 0= CHy

diep -CH=CH, -CH, -CH,-CH, -CH, I - C, H,gOH -H

luc a 0

Cht =€ =1CH, =C=0~-CH, - C,H,OH

khuin Il ='CH} | =€H, = el | - CH, It - C,H;;0H - H

. 2

luc a 0 o

Chit -C - CH, =@ = CH: ~Ci~ 0~ CH,

khudn 1l = CH;’ | - CH, I - C,H,,0H = H

luc b 0 H o

Chit H = (G H, i 8 = IG,{0,0H

khudn | - CH, - CH, | - G}H

luc ¢ - C-CH, |~ CH, = G;H; = ICHy - H - CH,,
|
OH

Chit H

khuin I = IGH, = (GH,

luc d -C - CH,_‘ - CH, = CH, = CHj = H - CH,,0H = H
| = G H,
OH

Chét H

khuin I =C=H 5 GH

luc e -C-cH, I - CH, = G, H; - H = CyHlOH |~ CH,
| o - CH,
OH

Chu thich : a. Gida C3 va C4 khong-co-noi «16i, khong thém H

b. Gida C,va C4 KhOng co-nGi ddi, C§ edwthém H.

3 3
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Cé thé thdy r6 hon sy ph&n biét cta vai loai chrophin, bacterioclorophin, hem...

bing cidch quan sit hinh sau day :

CHy CH=CH,

CHy=CH, CHs

CH, CH, CH;COOH

CHy CH, CH, COOH

Hem (Protoporphyrin IX)

H

CH,COOR

Clorophin a
PR O '
HC_ CH,CHs

CH,

Clorophin b

CH,CHs

CHsCQOR

Pheophitin a (Pheophytin a)
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CH,COOR hoac R’

Bacterioclorophina

H H

CH,CH,

chi,

CH;C

Bacterioclorophinb

CH,CH;

CHs

CHy H~ COOCH,
H
e
. CH,COOR hoac R

Bacteriopheophitin 2 (Bacteriopheophytin a)



Ngoai cac loai clorophin vi khuin tu dudng quang nang con cd chia mét sd cic
sdc t6 thudc loai carotenoit. Carotenoit & vi khudn khdng gi6ng vdi carotenoit & tdo
hoiac & thuc vat. Duéi day la vai vi du :

[3 - Caroten d tdo va
X X X A Y x A
cay xanh

Carotenoit & vi khuan
| mau tia

Carotenoit & vi khuan
mau luc

& vi khudn tu dudng quang ning c6 2 loai photphoryl hda quang hap : photphoryl
héa quang hgp tudn hoan va photphoryl hoa quang hop khéng tudn hoan.
Ki€u tudn hoan cd thé bi€u thi nhu sau :

_ Anh sang
" Bchl 7 Fd
CHU THiCH \/
Bchl* : trang thai kich phat Bchl*
clia Behl (bacterioclorophil) e I:/ P

Ru-5-P : Ribulozd-5-photphat. .
Ru-1,5-P : Ribulozd-1 ,5-diphotphat
HyA: Chat v cd cho hidro

Protein Fe-s

A. pantotenic

Sy

CO,+Ru = 5@—7—T~ Ru—15F—— — —

2H A 2A
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Trong diéu kién ki khi mét s6 vi khudn quang hgp c6 thé st dung nang luong
cia anh sang dé thuc hién phan udng photphoryl héa sin sinh ra ATP. Electron ti
bacterioclorophin dugc tdach ra duédi tdc dong clia anh sing, sau dé tham gia vao chubi
hé hdp tuidn hoan va quay trd lai Bchl. Trén dudng di da sin sinh ra ATP. Viéc sinh
ra ATP dugc thuc hién riéng ré véi viéc sinh ra [H] ¢ nang luc khua. [H] c6 nang
luc khi dugc sinh ra ti cdc chdt vo co cho hidro (nhu HZS“')' Qua trinh quang hop
nay khong san sinh ra oxi.

Kiéu khéng tudn hoan cd thé bifu thi nhu sau :

Chib

Pit
H‘+J—O' Chl b* - 1 AP L
2 2 2 e _e _ Xt bL—LX—H f =
Quang phan Ij e \
H20 Chib? \
Hé théng quang hop I \\ e
Hé théng quang hop T |
/ NADP*

o
£ b |

Chl.a*

NADPH + H" L FlavoprolclnA—Prolein oxi héa khir Fe
s eniind +
Chl.a
ADP
Pt

Chu thich : Chl b* va Chl a® 1a & trang thai kich phat.

Day la ki€u phan dng photphoryl héa quang hogp gap & vi khuin lam va cing
tuong tu nhu & tdo va & cay xanh. o] day chubi chuyén van electron 1a khéng tuin
hoan vi vdy con goi 12 dong chay electron khéng tudn hoan. Quang hgp xay ra trong
diéu kién co oxi va cd 2 hé théng quang hgp. Hé théng quang hgp I c¢d chya Chl a
(chat diép luc a) va c6 th€ su dung dugc tia sang do (budc song dai). Hé théng quang
hop II c6 chda Chl. b va cd thé st dung dugc tia sang lam (buéc séng ngin). Qué
trinh quang hgp nay cé san sinh oxi va xay ra déng thoi viéc sinh ATP (& hé thdng
quang hop II) va viéc sinh [H] ¢6 nang luc khu. [H] c¢6 nang luc khi (trong NADPH,)
la H" va e”, dugc sinh ra sau su quang phan li nudc (HZO)'

Sau quang phan li nudc san sinh ra 1/2 O2 + 2H" + 2e7, electron sé lién tiép di
qua chuéi chuyén electron (I va II), sau cing dem electron dén cho NADP' dé san
sinh ra NADPH + H'. D& tao ra nang luc khi CO,, trong qua trinh chuyén electron
con phat sinh 2 phan dng photphoryl hda dé sinh ra ATP. o} hé théng I cd sinh ra
NADPHZ va ATP, con ¢ hé théng II c6 sinh ra oxi va ATP.

Mot s6 vi khudn wa man tu dudng quang ning cd qua trinh quang hgp kha dac
biét. Dai dién cho nhdm nay la cac vi khudn hay gap trén cac hai san udp mudi (nhu
vi khuan Halobacterium halobium, H. cutirubrum...)

Mang t€ bao chat cua ching phin thanh 2 phdn Zphdn mau dé va phidn mau tia.
Phin mau dé cd chwa ¥itocrom, flavoprotein: s jcua-echuéi ho hdp dung d€ oxi hda
photphoryl hda. Phadn mau-tia r&t-ki la. Trén ‘mang ‘hién lén cdc v€t khoang (dudng
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kinh khoang 0,5 um), phan bd déc lap vdi nhau, chi€m téi mot nia téng dién tich cua
mang té& bao vi khuidn. Mang nay cd kha nang thuc hién mét qua trinh quang hop déc
ddo. Cé mot loai protein goi la bacteriorodopsin, rit gidng véi rodopsin, loai protein co
trong t& bao hinh tru & trén vong mac cua mat. Bacteriorodopsin chiém tdi 75% mang
mau tia.

Nhing vi khuidn nay cd thé sinh trudng dugc trong téi hoac ngoai sang néu cd
mat oxi, khi khong cd mat oxi ching chi sinh trudng dugc ngoai sang. Ching cé 2
con dudng thu nhan nang lugng : mét dudng oxi hda photphoryl héa khi ¢d oxi va
mot dudng oxi hda photphoryl khi dugc chiéu sang (quang hop). Téc do tao ra ATP
la cao nhat khi dugc chiéu sang bang budc séng 550 - 600nm.

Chiéu sing

.l 3Ll - 1
@O
D | . -
+Pi Mang té bao chat
@ Phan mang do
72T = Z X

3.2. Qua trinh ¢6 dinh CO,

Nang lugng thu dugc td cac qua trinh oxi hda sinli hoa chu y&u dugc cic vi sinh
vat tu duong dung d€ c6 dinh COZ' Hién nay nguoi ta da biét dén 3 con duung co
dinh CO2 khiac nhau ¢ vi sinh vat : chu trinh Calvin, con dudng axetyl-CoA ki khi va
chu trinh ATC khu.

3.2.1. Chu trinh Calvin :

ATP

Phan mang tia

Chu trinh nay con dugc goi la chu trinh Calvin - Bussham. chu trinh Ribulozo
diphotphat, hodc chu trinh pentozo kht. Day 1a con dudng chu yéu dé c6 dinh CO, g
vi khudn tu dudng hda nang va tu dudng quang nang. Co 2 loai enzim dac trung cho
qua trinh nay, dé la photpho-ribulokinaza va ribulozo cacboxylaza.

Co thé chia chu trinh Calvin ra thanh 3 giai doan :

- Phan ung cacboxyl hda :

3 phan td Ru - 1,6 — P (ribulose - 1,5 - biphosphate) nhd ribulozo diphotphat
cacboxylaza (ribulose biphosphate carboxylase) ma c¢é dinh duoc 3 COZ’ tao ra 6 phan
tu glixerat - 3 - photphat.

a) H,C— O — PO .H,
H,C— O — POH,

EipGi—0j— ROiH; -00C— C— OH
c-0 | I
| “00C—C—OH H
CO, + H—C— OH —_ e [
| c=0 lolelen
H— C— OH ! H,0 |
| H— G OH ; H— C—OH
H,C— O — PQH3 | |
- H,C— 0" — PO,M, H,C— 0 — PO H,

14 VSVH 209



Trong chu ki Calvin phan dng co ban nay xay ra 3 lan :

- Phan dng khd : Sau phan dUng cacboxyl hda lap tiéc xay ra phan dng nhém
cacbolxyl trén glixerat - 3 - photphat thanh nhém aldehit. Sy chuyén hda nay la thuc
hién theo xu hudng ctia con duosng EMP, tuc la nhd photphoglixerat kinaza ma photphoryl
héa thanh 1,3 - diphotphoglixerat. Sau dé théng qua tiac dong cua glixeraldehit 3
photphat dehidrogenaza vd NADPH ma khi 1,3 - diphotphoglixerat thanh glixeraldehit
- 3 - photphat. D€ hinh thanh 1 phan ti nay cdn tiéu dung 6 ATP va 6 NADPH.

b)
H,C— O — PO3H; H,C— O — PO3H;
H‘—é‘—OH + ATP —_— H—C—OH + ADP
coo~ PO;H,— O0—C =0
H,C— O — PO3H, HQ? — O — PO3H,
H—(l:— OH + NADPH ey H—(i:— OH + P, + NADP
|
POsH,— 0 —C =0 (|:=o
H

- Tai sinh thé nhan CO, : Trong chu trinh Calvin ngoai viéc hinh thanh phan ti
glucozo tu glixeraldehit — 3 - photphat théng qua con dudng EMP, cdn cd viée hinh
thanh 3 phan td Ru - 1,6 - P. Sau d6 lai ti€p tuc ti€p thu cac phan tu COZ'

c)
HG—0 — H H,C— O — POsH,
=0 =0
H—é—OH .+ ATP = —F H—c:"OH R
H—C— OH H—C—OH
H,C— O — PO3H, R POat,

D€ san sinh 1 phan ti glucozo thi theo chu trinh Calvin cd thé cd cong thic chung
nhu sau :

6CO, + 12NAD(P)H, + 18ATP — C.H ,O, + 12NAD(P) + 18ADP + 18Pi

Tu glixeraldehit — 3 - photphat ti€p tuc t6ng hgp ra cdc thanh phé&n cén thiét cua
t€ bao :

Disaccarit (saccarozo...)
Hexozo

Glixeraldehit Paolisacearit j(tinh /bat; pxenlulozo ...)
3 - photphat [->Glixerin —— lipophotphat, lipit

Axetyl-= CoA —— axit eachoxilic —= Axit amin —— Protein
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3.2.2. Con duiong axetyl — CoA ki khi (anaerobic acetyl — CoA pathway)
Con dudng nay con goi la con dudng axit axetic hoat tinh. Con dudng nay méi
dugc phat hién gdn day & cac vi khuidn metan, khit sunphat...

Ching han k&t qua nghién cdu & vi khufn Methanobacterium thermoautotrophicum
cho thdy nhu sau :

Hidrogenaza (H]

Hy ——7——— (¢] HSCoA
_L' I
COy =% =¥ CH;3X —|'—' CH;—>» C CH3CO ~ SCoA
CO;CO dehqdrogenaza' (O] X 2(H] co,
li Piruvat sintetaza HSCoA
CH3;COCOOH

Theo con dudng nay, 1 phan tu CO2 bi [H] cé nang luc khi thanh CH3—X, 1 phan
tu CO2 khac bi CO dehidrogenaza kht thanh CO. Qua quéa trinh cacboxyl hda CH,X
sé sinh ra axetyl-X, sau d6 thanh axetyl-CoA. Dudi su xuc tdc cua piruvat sintetaza,
axetyl-CoA sé ti€p thu 3 phan ti CO, d€ cacboxyl hda thanh axit piruvic. Axit piruvic
thong qua cdc con dudng trao d8i chdt quen thudc d€ t6ng hop ra cic chit hitu co
cdn thiét cho té& bao.

3.2.3. Chu trinh ATC khix
Con dudng nay gap d mdt s6 vi khuin quang hgp, chidng han nhu & vi khudn

Chlorobium thiosulfatophilum. O day CO2 sé thong qua xucxinyl-CoA ma caboxyl hda
khit héa dé dugc c6 dinh lai. Vi du :

CH,—COOH NADH, NADY  CH,—COOH

o &1
P

CO ~ SCoA CO, HSCoA CO — COOH

Xucxinyl - CoA Axita - ketoglutanc

Khi so sianh 3 con dudng c6 dinh CO2 ndéi trén ngudi ta nhin thiy con dudng cd
dinh CO2 ki khi 12 cd hiéu qua kinh t€ cao hon so vdi con dudng c6 dinh CO2 hié€m
khi. Chidng han, 3 mol CO, qua con dudng axetyl-CoA ki khi dé tdng hop ra dugc 1
phan tu glixeraldehit - 3 - photphat chi cdn tiéu hao cé 3 mol ATP, trong khi théng
qua con dudng ATC khi cdn tiéu hao t6i 5 mol ATP, con néu thong qua chu trinh
Calvin thi c4n tiéu hao t4i 9 mol ATP.
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4. CAC QUA TRINH LEN MEN

Ngudi ta goi qua trinh phan giai hidrat cacbon trong diéu kién ki khi la qua trinh
léen men. Lén men la qua trinh oxi héa khi co ch4t ma két qua 1a mot phan co chat
bi khi con mét phdn khac thi lai bi oxi hda. Oxi phan ti khéng tham gia vao qua
trinh oxi hda nay ma & day s& di cd sy oxi hda chi 1a do c6 viéc tach hidro ra khoi
co chidt. Hidro tach ra cd thé dugc thai ra dudi dang khi hoac cé thé lai dugc lién
két ngay véi cac san phidm phan gidi cua chinh co chdt hitu co dé. Nang lugng sinh
ra trong qua trinh lén men sé duoc chi phi mét phan cho cac phan dng khi, ngoai
ra con dugc tich liy lai mét phdn trong cac lién két cao nang. o] day r6 rang nang
luong sinh ra trong cac qua trinh lén men khéng thé€ nhiéu nhu trong ciac qua trinh
ho hdp hiéu khi.

Trong qua trinh 1én men NADH sinh ra khi dudng phan (chu trinh EMP) sé khong
dugc chuyén dén oxi phan td théng qua chudi chuyén dién ti ndi téi d phdn trén.
Viéc tdi tao NAD' duogc thuc hién nho tic dung véi axit piruvic hoac cic hop chat
sinh ra tu axit piruvic.

Trong t& bao cua cac vi sinh vat ki khi b4t budc, ngudi ta khéng thiy cé su c6
mét cua nhiéu loai men hé hdp (xitocrom a, b, ¢, xitocromoxidaza, peroxidaza, catalaza...).
Bang sau day cho thdy su khac nhau vé su t6n tai cia cdc men ho hdp trong moét sé
loai vi khuan :

Xitocrom Xitocrom oxidaza Feroxidaza Catalaza
Vi khuin
a b c
Mycobacterium tuberculosis + + + + * e
Bacillus subtilis + + + + + 3
B. anthracis + + + + o 3
B. mesentericus + + + + + +
B. mycoides = + - - = 2
Escherichia coli - + - - 4 +
Salmonella paratyphi + + - + +
Proteus vulgaris + + - - + +
Shigella dysenteriae + + - - + +
Clostridium perfringens = = - - = -
C. tetani - - - - - =
C. sporogenes = = = chua nghién citu | chua nghién ciu &
C. botulinum - =) = = N _
C. histolyticum - - - - - -

212



Sian phdZm ctia mét s qui trinh 1én men thong thuong :

San phim Loai lén men

Ten Cong thic 1 2 3 4 5 6
Khi cacbonic co, + + + + + #
Hidro H, - - - + + +
Axit focmic HCOOH - - - + + %
- axetic CH;-COOH + - + + + %
- lactic CH,-CHOH-COOH + - + - -
- propionic CH,;-CH,~COOH - - # = = =
- butiric CH,-CH,-CH,- COOH - - - - - §
- xucxinic HOOC-CH,-CH,-COOH - - - + - -
Rugu etilic CH,-CH,OH + + - + * %
Rugu izopropilic CH,;-CHOH-CH, - - - - 7
Rugu butilic CH;-CH,- CH,-CH,-OH - - - - = 4+
Axeton CH,-CO-CH, - - - - % 5
Axetyl metyl cabinol CH;-CO-CHOH-CH, - - - + + +
Butilen glicol CH;-CHOH- CHOH-CH, - - - + + ®
Glixerin CH,0H-CHOH-CH,0H + = + - -

Cha thich : 1 - lactic ; 2 - etilic ; 3 - propionic ; 4 - butilen-glicolic ;
5 - axeton—etilic ; 6 - axeton-butilic va butiric

Khéc véi ho hdp hifu khi, san phdm cu6i cung cia cic qua trinh lén men ngoai
COZ, cdn cd cad nhitng hgp chit cacbon chua duge oxi hda hoan toan (nhu rugu, axit
hitu co, keton, aldehit). Viéc chuyén hda tit giai doan axit piruvic tré di & cac vi, sinh
vat khac nhau la khéng giéng nhau, tuy thudc vao ting loai 1én men va cac sin phdm
tich ldy. Ngudi ta thudng dung tén cia sin phdm di€n hinh dugc tich lay trong tung
loai 1én men dé goi qua trinh 1én men 4y. Vi du khi tich lay axit axetic la chu yé&u
thi goi 12 qud trinh 1én men lactic.

Co ché& chung cia mét s§ qué trinh 1én men quan trong cd thé trinh bay bang so
d6 sau day :

Glucozo

ATP (H)
Vi khuan lactic Nam men
+——Axit piruwc?: Axetaldenit—»
(H) Co, (H)

Vi khudn propionic  Nhém vi khuan dudng ruét

co, W

Axit oxaloaxetic

(H) 1

l Nhom Clostridium

Axetyl CoA + | HCOOH \
e Mo

LAxi( a@[ Etanol H H, HCO;J :
Axit Xucxinic

Axetoaxetyl CoA
Axit axetic
o N\ [Aritaetc]
do, ATP Co,

cs, Neoole] [

(L) ATP (H) }y (H)

[ Butanou [Eopropanoq
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R6 rang bén canh viéc lam dut cac mach cacbon, trong mot s6 cac qua trinh lén
men con cé sy téng hop, tic la quéd trinh 1am dai thém chudi cacbon. Ching han nhu
vi khudn Clostridium butyricum cd thé tao thanh axit butiric (chda 4C) tu cac hop
chit chida 3C (glixerin va axit axetic).

Vé cac ki€u lén men, co ch& phan dng va cidc nhém vi sinh vat cha y&u gay ra

cac qua trinh 1én men nay cé thé trinh bay tdm t4t trong bang sau day :

Cac kiéu lén men cha yéu :

Kiéu lén men

Co ché phan lng

Vi sinh vat

Lén men etilic

"Lén men homolactic

(len men lactic déng hinh)
Lén men heterolactic

(Ien men lactic dj hinh)

Lén men propionic

Len men hén hop axit

Lén men butiric

Lén men butanol

Lén men caproic

“Lén men" homoaxetic

(len men axetic déng hinh)

"Leén men" metanogenic (lén men
sinh metan)

Lén men axctilen

[.tn men glixerol

Lén men resorxinol

Lén men xinamat

[.én men putresxin

"Lén men" xitrat
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Hexozo — Etanol + CO,
Hexozo — A. lactic

Hexozo — A. lactic
Etanol
co,
Lactat — Propionat
Axetat
co,
Hexozd — Etanol
2,3-butanediol
Yucxinat
Lactat
Axetat
Format
H, + CO,
Hexozo — Butirat
Axetat
H, + CO,
Hexozd — Butanol
Axetat
Axeton
Etanol
H, + CO,
Etanol + Axetat + CO, —
Caproat + Butirat + H,
4H, + 2CO, — Axetat

Axetat — CH, + CO,
2C,H, + 3!—{20 — Etanol +
Axetat + H

4 Glixerol + 2HCO; —

7 Axetat + SH* + 4H,0
2(C¢H,OH), + 6H,0 =
4 Axetat + Butirat + SH
2C/H,0, + 2H,0 —

3 Axetat + 3H

10 C,H,N, + 26H,0 —
6 Axetat + 7 butirat

+ 10NH, + 16H, + 13H"
Xitrat + 2H,0 —

Focmat + 2Axetat + HCOy +oH'

N4m men Zymomonas
Streptococcus

MOt s6 Lactobacillus
Leuconostoc

MOt s6 Latobacillus

Propionibacterium
Clostridium propionicum

Vi khuin dudng ruot :
Escherichia

Salmonella

Shigella

Shigella

Klebsiella

Enterobacter
Clostridium butyricum

Clostridium butyricum

Clostridium khuyveri
Clostridium aceticum
Acetobacterium

Methanothrix
Methanosarcina...
Pelobacter acetylenicus
Acetobacterium spp.
Clostridium spp.
Pelobacter massiliensis
(Pelobacter acidigallici)
Mot s6 vi khudn G*
ki khi chua dinh tén

Bacteroides sp




Len men glioxilat 4 Glioxilat + 3H" + 3H,0 —
6CO, + SH, + Glicolat Mot s6 vi khuin G™ chua dinh ten

‘Len men xucxinat xucxinat + H,0 — Propionigenium
Propinat + HCO;
Oxalat + H® —

Focmat + CO.
Lén men malonat Malonat + H 6 g Malonomonas rubra

Lén men oxalat Oxalobacter formigenes

Axetat + HCO, Sporomusa malonica

Qua bang trén ta th&y ngudi ta thudng 14y sin phdm lén men chu ygu dé goi tén
cic qua trinh 1én men thong thudng. V6i moét s6 qué trinh 1én men khéng thOng thuong
ngudi ta lai 14y co ch&t chu y&u d€ goi tén qu4 trinh 1én men.

4.1. Qua trinh 1én men etilic

Rugu etilic 12 loai san phdm lén men dudng kha ph8 bién cia nhiéu nhém vi sinh
‘'vat. Song tdc nhé&n lén men rugu chu y&u la cdc ndm men, dac biét la cidc noi
Saccharomyces cerevisiae. Nhiéu loai vi khufn ki khi va hig€u khi tuy tién (hi6u khi
khong bit budc) cing cé kha ning tao thanh rugu nhu la mot sin phdm chu yé&u hoic
san phdm phu cia qua trinh lén men cdc hexozo hay pentozo.

4.1.1. Lén men etilic nho ndm men

Qu4 trinh 1én men etilic nhd nfm men 12 co sd cia viéc ch€ tao céc loai rugu,
bia, c6n, va glixerin. Qud trinh nay cdn dugc ung dung trong viéc 1am nd bot mi va
ché tao mot s6 loai nudc gidi khat.

Trong qué trinh nay dudng sé& dugc chuyén hda thanh axit piruvic theo chu trinh
EMP. O giai doan chuyén hda tu glixeraldehit-3 photphat dén axit 1,3-diphotphoglixeric
sé ¢6 3 hidro duge tach ra dé gin véi NAD' tao thanh NADH,. Hidro nay vé sau sé
dugce sit dung dé khi axetaldehit (sinh ra ti axit piruvic) tao thanh rugu etilic (Phuong
trinh Neuberg 1).

2 CH,COCOOH
c0;

2 CH,CHO

NADH >

NAD’

Glucozd 2 CH;CH,OH
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Trong cong nghiép con, bia, rugu, cic loai nudc udng cé ruou ngudi ta thuong si
dung cac loai ndm men sau day :

- Saccharomyces cerevisiae

- S. wuvarum (= S. carlsbergensis)
- Schizosaccharomyces pombe.

- Kluyveromyces

Theo quan diém hién nay thi S. uvarum, S. carlsbergensis chi la nhitng déng danh
cua S. cerevisiae chd khong phai la cac loai khac nhau.

Schizosaccharomyces khac vdi Saccharomyces & ché té€ bao hinh que vi sinh san
bing phan cit chd khong phai biang nay chéi. Saccharomyces cé hinh thai té bao rit
giong voi Kluyveromyces nhung méi tdi (ascus) cta Saccharomyces thudng chi c 1 -
4 bao tu tui (ascospore) trong khi cua Kluyveromyces c6 thé c6 1 - 60 bao tu tdi.

Loai Saccharomyces cerevisiae c6 thé lén men nhiéu loai dudng nhung khong lén
men lactozo, xenlobiozo, inulin ; khéong déng hda socbozo, D-glucozamin, D-ribozo,
D-xilozo, L-arabinozo, D-arabinozo, L-ramnozo, xenlobiozg, salixin, arbutin, lactozg,
inulin, eritritol, ribitol, xilitol, L-arabinitol, D-glucitol, D-mannit, galatitol, D-glucono-
1,5-lacton, mio-inozitol, 2-keto-D-gluconat, 5-keto-D-gluconat, D-gluconat, D—-glucuronat,
xitrat, metanol, nitrat, nitrit, etylamin, L-lizin, cadaverin, creatin, creatinin.

Qua trinh lén men etilic dugc dng dung tu thoi c6 dai dé san xuidt rugu, bia va
dé udng cd gaz, 1én men lam nd bot mi... Trén cac di vat luu gitt duge tu thai ¢ Hi
Lap va trong cdc Kim Tu Théap ta cd thé thdy cac hinh vé minh hoa nghé ndu rugu.
Trong s6 cac chit tugng hinh it 6i khdc trén mai rua (gidp c6t van tu), trén chuéng
déng (chung dinh van tu) ta da thdy c6 chit Tiu (rugu). Trong Kinh thanh cing cd
doan miéu td canh No6é say tdy liy sau khi thoat khdi nan Dai héng thuy...

Tuy theo nguyén liéu va quy trinh lén men, quy trinh tinh ch& (c4t hay khong cit,
pha hay khéng pha) ma ngudi ta c6 thé lam ra rit nhiéu loai d6 uéng khac nhau cd
chia rugu etilic.

Duédi day 1a mot s6 vi du :

- Bia (beer) : san xudt tUt mam dai mach, cé khi thém ngé hoac théc mam, gao.
Enzim trong madm dai mach (a-amilaza, f-amilaza, proteinaza) &' cac nhiét do va
thoi gian thich hop (30 phit & 40°C va 30 phit ¢ 70°C) va pH thich hgp (pH = 5,1 -
5,2) sé chuyén hoa tinh bot va protein thanh duong, thanh axit amin. Con phai su
dung thém hoa bia (hoa houblon, hoppe, hoa cua cay Humulus lupulis). Hoa bia thém
vao véi s6 lugng 0,3 - 0,5% r6i dun s6i 30 - 60 phut. Hoa bia cd vai tro két tua
protein du thita trong bia, 1am uc ché& sy phat tri€n ctia cac tap khudn G*, lam tang
qué trinh tao bot, va nh&t la tao ra vi ding va huong thom dac trung cta bia. Sau
khi loai bd hét ba bia (ba malt, dung dé chan nubi) ngudi ta cdy men bia (S. cerevisiae,
cac chung chuyén dung) va lén men & nhiét do thdp (3 - 15°C) trong 8 - 12 ngay.
Lugng etanol dugc tao thanh trong khodng 3,6 - 5,2%. Sau d6 chuyén qua giai doan
lén men phu & nhigt d6 xdp xi 0°C trudc khi dugc loc va dong vao cic bom (bia tuoi)
hoac dong chai. Bia tuoi la loai dung ngay khong khu trung con bia chai la loai dugc
khu trung & 55 - 60°C trong-16-= 30 phit.

- Ruou vang (vin, wine) : Rugu vang la' nudc “ép nho lén men va thu dugc khéng
qua qua trinh chung cat. Ngay nay nguoi ta)cholph€p goi la rugu vang ca cac loai
ruou khong cdt ché ti cac loai qua khac hoac hén hop dich ép hoac dich chiét xuit
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(bang duong) n!miéu loai qua khac nhau. Co ngudi con goi ruou nép khong qua chung
cat la vang gao.

Nho dugc ép thanh nudc ép nho (must). Day 1a mot hén hgp chua 85 - 95% dich
nho, 5 - 12% vé qua nho va 0 - 4% hat nho. Can xu li biang cac chat sinh SO, (nhu
natri metabisunphit, natri bisunphit) dé dc ché su phat trién sau nay cua vi khuan.
ndm soi, ndm men dai. Khong duge dun séi nudc ép nho. Loai ndm men thuong dugc
st dung trong san xudt ruou vang la loai cd nang luc chéng chiu vdéi néng d6 dusng
cao, do CO2 cao, tao ra nhiéu etanol, khang SO2 va tao huong vi dac trung. Ngudi ta
thuong st dung dudi loai S. cerevisiae subsp. ellipsoideus. Ching ¢ kha nang tich lay
tgi 18 - 20% etanol trong dich ép nho. Luogng giéng dugec cdy thuong 2 - 3%. Cac
loai ndm men khac thuong duoc nhdc tdi trong cong nghiép rugu vang, nhu S. beticus,
S. bayanus, theo quan di€ém hién nay chi la déng danh cta loai S. cerevisice. Ruou
vang trang thudng dugc lén men & 7 - 18°C con rugu vang dé ¢ 21 - 27°C. Néng do
SO, thuong dugc st dung ban diu la 200 ppm (phdn triéu) con trong qua trinh lén
men la 50 - 100 ppm (dc ché dugc tdi 99% cac vi sinh vat tap nhiém).

Nguoi ta chia rugu vang ra thanh rdt nhiéu loai khac nhau :

« Vang khong gaz hay con goi la vang ban : cac loai ndi tiéng la Medoc, Pomerol,
Chablis...

« Vang co gaz : loai ndi tiéng la Champagne hay ta thudng goi la ruogu Sambanh.
Co 3 loai Champagne khac nhau : loai khéong ngot, loai it ngot, loai ngot.

« Vang cé pha thém rugu manh : loai vang ¢ thém rugu manh (brandy) la loai
c6 thé bdo quan rat lau. Thuoéc vé loai nay c¢d 3 nhom vang : Nhom Sherrg, bao gom
rugu Amontillado (khai vi, ngot), rugu Fino (khdéng ngot), rugu Oloroso (khai vi, ngot,
uéng v4i dd), nhom Port (bdo quan lau nam trong thung gé), nhdm Medeira (cé thé
bido quan tdi 200 nam & nhiét d6 thuong).

« Vang thom : Loai rugu vang nho c6 pha thém huong liéu ti c6 Wermut (rugu
Vermouth). O Phap c6 loai rugu thom Dubonnet rit ndi tiéng.

4.1.2. Hiéu wng Pasteur

Hiéu dng Pasteur la su dc ché& qua trinh lén men rugu khi ¢d mat oxi. Su chuyén
t¥ lén men sang hoé hdp nay ngoai viéc lam giam hiéu sudt tao thanh ruou va CO,
con lam giam ca su tiéu thu duong.

Hién tugng nay dugc Pasteur phat hién ldn dau tién. Nguyén nhan cua nd trong
nhing nam qua, gidn diay da dugc lam sang t6. Gilt vai tro quyét dinh trong hiéu dUng
Pasteur la trang thdi tich liy nang lugng cua t& bao (energy charge, viét tat la E.C).
Trang thai nay dugc xdc dinh bdi ti 1¢ gita cdc adenylat giau nang luong va cac
adenylat nghéo nang lugng. Ngudi ta thudng bi€u dién trang thai nang luong cia té&
bao bang phuong trinh sau day :

ATP +0,5ADP
ATP + ADP + AMP

Dé diéu chinh trang thdi nang lugng nay, cdc enzim di lap thé gitt vai tro hét sic
quan trong. Dudi diéu~kién—ki-khi;~lén-men-rugu-chi~cung-eip rat it ATP trén mot
phan tu glucozo tiéu thu.-D& duy tri sy cungs cip;mang luong cho té bao, phai dung
mot luong glucozo cao (Ti 1& ATP/AMP la qu4 nHo. ®Hi ¢ mat oxi, mot su tao thanh
ATP manh mé xay ra nhd su photphoryl hoaldhuéi N6 hip, trang thai nang luong E.C
cua té& bao nho do tang lén.

E.C =
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Enzim di lap thé cd tinh ch4t chia khéa d6i véi su st dung glucozo la
photphofructokinaza, enzim dac hiéu khéng thuan nghich ddu tién cua con dusng EMP.
N6 xtc tac cho su photphoryl héa fructozo - 6 - photphat thanh fructozo - 1,6 -
diphotphat nhy ATP. Enzim nay bi kim ham di lap thé bdi ATP. Su kim ham "feed -
back" nay din dén sy tang ndéng d¢ glucozo - 6 - photphat trong t& bao vi phan Ung
trudc dé dugc xic tdc bdi mét enzim thuin nghich (photphoglucoizomeraza), glucozo -
6 - photphat lai gidy nén mot sy kim ham di 14p thé d6i v6i hexokinaza va ca d6i véi
su hdp thu glucozo va do dd lam gidm tiéu thu loai dudng nay.

Khi ATP kim ham di lap thé enzim photphofructokinaza, AMP sé trd nén hoat
dong. Mot trang thai nang lugng thdp gi6ng nhu trong lén men sé leh thich su hdp
thu va phan giai glucozo :

Glucozao
Hexokinaza va
hé thdng hap thu| () - - ---, §
=
Glucoza-6-photphat - - — - _! ! E
Photphogluco-
izomeraza
Fructozd-6-photphat
ATP5| [ Photphofructo | () == ~=-==~- \
AD kinaza m: """ Yol
- |
Fructozd1,6 diphotphat L : I
L o |
. £ [

Gli xeraldeh 1-3-photphat s | :
1A e £ ' E
|1 |aMp|--- - - - 12 1S
v IEE

Piruvat [

' ]
Etanole KT LH'EU KNP Axetyl CoA o MG | !
+ o )
7 /
Oxaloaxetat E*E 2 /
Xitrat ~ ‘
H ATP| M

Xucxinat \_y

aKetoglutarat ~ Chuéi hé hap

s

Hoat dong photphofructokinaza ciing bi xitrat &c ch&. Nh& ch&t hidu d@ng Am thd
hai nay, tdc dung kim him cia ATP dugc ting cudng, ngugc lai cic ion amonium lai
gay ra tic dung kich thich d6i véi hoat déng ctia photphofructokinaza.

Su c6 mat cia hiéu dng Pasteur cing cdn, cd, thé gidi thich duge bing su canh
tranh ADP va photphat ¥6 co trong t& bao! Phan tmg loai hidro trong su phan giai
triozo photphat (glixeraldehit photphat) yéu ¢du ADPTva octophotphat :

GAP + NAD' + ADP + Pi —» a.3 - PG + NADH, + ATP
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Duéi diéu kién hi€u khi, ADP va Pi néi bao dugc huy déng cho qua trinh photphoryl
hoa ohubi hé h4p, diéu nay ciing ddn dén viéc gidm hiéu sudt tao thanh ruou. Co thé
ching minh diéu dé mét cdch dé dang néu dung dinitrophenol dé ngan can su photphoryl
hda ndi trén. Lic nay ADP va Pi (photphat v6 co) lai dugc st dung cho phan ng loai
hidro cua triozophotphat va do dé ngay ca trong diéu kién hiéu khi, su tiéu thu glucozo
vln tang ro rét.

4.1.3. Sw tao thanh glixerin trong lén men ruou

Cing cé thé si dung qua trinh lén men etilic dé sin xuit glixerin. Ngay ti
gitta th& ki 19, L. Pasteur da phat hién thidy khi 1én men rucu thudng lam sinh ra
mot luong nho glixerin. V& sau ngudi ta da phat hién thiy trong diéu kién mai
trudng kiém (pH khoang 8,0) lugng glixerin sinh ra sé tang lén rit nhiéu va trg
thanh mot trong nhing san phdm chu y&u. Phuong trinh chung nhu sau (phuong trinh
Neuberg 3) :

2CH,0, + HO = CH,COOH + CH,CH,OH + 2CH,0HCHOHCH,0H + 2CO,

a.axetic etanol glixerin

Luong glixerin cang sinh ra nhiéu hon néu qua trinh 1én men xay ra véi su cd
mat cia Na SO3 (Phuong trinh Neuberg 2). Trong trudng hgp nay axetaldehit sé lién
két vai sunp%xit va do do sé khong bi khit d€ tao thanh etanol. San phdm lén men chi
la glixerin, CO, va axetalsunphonat natri (CHBCHOHsosNa) (xem so dé).

V6i phuong phap kiém hda, ti 1é giita glixerin va axit axetic sinh ra trong thuc t&
c6 thé dat dén 2,90 : 1 - 3,12 : 1. Loai men rugu thudng dugc dung dé san xuit

glixerin theo phuong phdp nay la S. ellipsoideus var. Steinberg va S. ellipcoiveus var
californi.

Glucozo

Fructozo 1,6 - diphotphat

A N\
H€=o CH,0H
H-C-OH c=0
] 1
HC-0-(® H,c-0-@)
Glixeraldehit - Dihidroxiaxeton-
3-photphat’ o photphat
NAD
p e ﬂﬂﬂﬂ’
Axit dipho{phogli xeric H,C -OH
\ H-C -OH
0024 H,C-0-@®
CH,CHO Glixerin - 3 photphat

Axetaldehit

et
Phuong trinh, Phuong trinh -
Neubggg 7 Neuberg 3 | M€ -OH
+ NasSO, #Na,CO;  |H-C-OH
H ¥ H,C - OH

CH=C L OH CHICQO0H CHICEOH  Glixern
\50,Na

Axetaldehit'sufiphonat
natri
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4.1.4. Lén men etilic nho vi khudn

Trong cdc vi khudn lén men rugu, chi ¢ Sarcira ventriculi nguvi ta mai tim thdy
con dudng tao thanh etanol theo ki€u cia ndm men (EMP, piruvatdecacboxylaza). o}
Zygomonas mobilis, glucozo dugc phan gidi theo con dudng KDPG. Piruvat dugc tao
thanh, sau ddé sé dugc enzim piruvat - decacboxylaza phan giai thanh exetaldehit va
COz. Bén canh mét lugng nhd axit lactic, con lai etanol va CO2 la nhing sian phim
duy nhit.

Trong cdc qua trinh 1én men cia moét s6 vi khuidn dudng rudt va Clostridium,
etanol dugc hinh thanh nhu mét san phdm phu cua lén men. Song tién chit cua etanol,
tdc la axetaldehit, khong giai phdng truc ti€p ti piruvat nho piruvat-decaboxylaza ma
nho phan dng khi axetyl photphat.

O cac vi khudn lactic di hinh (nhu & Leuconostoc mesenteroides) etanol lai dugc
tao thanh mot con dudng hoan toan khac. ’

Trong nhitng nam gin day ngudi ta dac biét chu y dén qua trinh 1én men
etilic nhd loai vi khudn Zymomonas mobilis. Day la loai vi khudn hinh que, kich thudc
1,4 - 2,0 x 4,0 - 5,0 um, thudng xép thanh d6i, déi khi x&p thanh hinh chuéi ngin.
Dé sinh trudng ching doi héi phai duge cung cdp mét loai vitamin duy nhit la axit
pantotenic.

Khi 1én men 1 phan t# glucozo ching cd thé lam sinh ra 1,6 phan tu etanol va
1,8 phan ti CO,.

Nhiéu nuéc da nghién ciu st dung vi khudn Zymomonas mobilis dé san xuit etanol
theo phuong phdp lén men lién tuc hoac theo phuong phdp st dung t&€ bao bit déng
hda. Cé truong hgp san lugng etanol dat tdi 178g/l.

4.1.5. Cong nghé sdn xudt etanol tir cdc ngudn co chdt khdc nhau

Etanol khong chi duge st dung rong rdi trong cong nghiép thuc phdm, céng nghiép
hda hoc, trong y dugc hoc... ma trong tuong lai sé la nguén nhién liéu quan trong cho
nhan loai. Du bdo dén nam 2000 ddu mé sé chi ddp dng dugc khoang 37% nhu cdu
vé nang lugng trén thé€ gidi.

Etanol cé thé dugc san xuit ti cdc nguyén liéu chua dudng (mia, ct cai dudng,
ri dudng, nhd thanh lactoserum, dich kiém sunphit - waste sulgite liquors, nudc thai
cong nghiép thuc phdm..), tit cdc nguyén liéu chda tinh bét (duong hda bing enzim
hay thuy phan bing axit), ti cdc nguyén liéu chda xenlulozo (thiy phan bing enzim
hay bang axit).

Ti 1 ha tréng mia ngay nay ngudi ta cd thé€ thu dugc 63t mia (chia khoang 8,32
tdn dudng). Néu dung toan bé nubéc ép mia d€ san xuit etanol cd thé thu duoc
4460 kg etanol (tinh theo néng do6 100%). Néu dung dé két tinh dudng (khoadng 7 tdn)
réi dung ri dudng dé san xuit etanol sé thu dugc 675 kg etanol (tinh theo néng d6 100%).

Khi 1én men etilic theo phuong phdp gidan doan chi thu duge 2g etanol/l nhung
trong cdc ki thuat lén men cai ti€n theo hudng hién dai hda hiéu suit co thé nang
cao lén rat nhiéu.

'~ He théng lép men Hisu-sutr(g) EtOH/l/h)
Gian doan 2
Lién tuc 5
Lién tuc, nhiéu giai doan 12
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Gidan doan, cd quay vong

N6i lén men roto

Lién tuc, cd quay vong

Lién tuc, chan khong

Lién tuc, chan khéng, quay vong

4.2. Qua trinh lén men lactic

36
40
40
80

Lén men lactic 12 qua trinh chuyén hda ki khi dudng véi sy tich lay axit lactic
trong mdi truong. Nguoi ta da bi€t téi hién tugng nay tu lau va da dng dung rit rong
rai dé ché& bién cac loai thuc an chua (lam sita chua, muéi dua, muéi ca), u chua thic
an cho gia stc, hoac d€ san xuit axit lactic va cac loai lactat. Axit lactic la nguyén
liéu rdt can thiét cia cong nghiép thudc da (Iam mém va lam nd da), cong nghiép dét
(nhudém, in), cong nghiép tdng hgp chdt déo, cong nghiép thuc phdm. Lactat canxi la
loai dugc phdm nhim bd sung canxi dud6i dang dé hap thu cho co thé. Lactat sit dung

dé chia bénh thi€u mau. Lactat déng dung lam dung méi...

Nam 1780 nha hda hoc Thuy Dién Scheele lan ddu tién da tach dugc axit lactic
tt sta bd lén men chua. Nam 1857 Pasteur ching minh rang viéc lam chua siua la
két qua hoat dong cia moét nhdm vi sinh vat dac biét goi 1a vi khudn lactic. Nam
1878 Lister phan lap thanh cong vi khudn lactic ddu tién va dat tén la bacterium lactis
(hién nay goi la Streptococcus lactis) ; vé sau cac nha khoa hoc lién tié€p phan lap dugce
nhiéu loai vi khudn lactic khac nhau. Cong nghiép lén men d€ sian xuit axit lactic co

thé néi da dugc hinh thanh t& nam 1881.

Cac vi khuidn lactic dugec x&p chung vao ho Lactobacteriaccae. Mac du nhém vi
khudn nay khéng déng nh&t vé mat hinh thai (gém ci cdc vi khudn dang que ngan,
que dai 14n cdc vi khudn hinh cdu), song vé mat sinh li ching lai tuong déi dong
nhit. T4t cd déu la nhing vi khuidn Gram duong, khong tao thanh bao ti (ké ca
Sporolactobacillus inulinus) va hdu hét khéng di dong. Thu nhan nang lugng nhd phan
giai hidrat cacbon va tiét ra axit lactic. Khdac vdi cdc vi khudn duong ruot la bon cing
sinh ra axit lactic, cdc vi khudn lactic 1a bon 1én men bat budc, ching khéng chua cac
xitocrom va men catalaza. Tuy nhién, ching cé thé sinh truéng dugc khi ¢cd mat oxi.

Do la bon séng tu ki khi tdi vi hiéu khi.

Mot dac diém quan trong cua cac vi khudn lactic 1a ¢6 nhu cdu vé chit sinh trudng
phic tap. Khong moét dai dién nao thudéc nhom nay co thé€ phat trién trén moi trudng
mudi khoang thuan khiét chda glucozo va NH:. Da s6 trong ching can hang loat

vitamin (lactoflavin, tiamin, axit pantotenic, axit nicotinic, axit folic, biotin) va cac axit
amin. Vi thé ngudi ta thudng nudi cdy ching trén cac moéi truong phic tap chua mot
s6 lugng tuong ddi 16n cao ndm men, dich ca chua hoac tham chi mau. Diéu dang
ngac nhién 14 moét s6 vi khudn lactic khi sinh trudng trén cdc méi truong chia mau
c6 thé tao thanh cdc xitocrom va tham chi tién hanh cd qua trinh photphoryl hda
chudi ho hap. R6 rang rang cac vi khudn lactic khéng cé kha nang téng hop pocphirin,
song néu bé sung cac pocphirin vao méi truong nuéi cdy ching thi moét s6 vi khuidn

lactic c6 thé tao nén cac sic t6 hemin tuong ung.

Co hai ki€u lén men lactic, Trong lén men lactic déng hinh thuc t& chl xudt hién
axit lactic, con trong lén men lactic. di hinh e4dc, s&n- phdm cusi cung kha da dang :
axit lactic, etanol, axit axetic va CO,. Chi ¢6_léen_men lactic déng hinh la ¢6 y nghia

vé mat céng nghiép.
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Cac vi khudn lactic, dong hinh phan gidi glucozo theo con duong EMP, ching chia
cac enzim can thi€t cho su phan giai nay, ké ci enzim aldolaza. Hidro xuat hién trong
phan uing loai hidro cia triophotphat sé dugc chuyén cho piruvat.

Tuy thuéc vao tinh chuyén héa khéng gian cta enzim xic tic cho phan uUng nay,
lactatdehidrogenaza, va tuy thudc vao su tén tai cia médt enzim lactat - raxemaza ma cg
thé xuidt hién cac axit dang D (=), L (+) hay DL. Chi c6 mét phdn nhd piruvat duge
decacboxyl hda va chuyén héa thanh axit axetic, etanol va CO, cing nhu thanh axeton.
Mdc d6 tao thanh cac san phdm phu nay r6 rang la phu thudc vao su c6 mat cia oxi.

Cac vi khudn lactic di hinh thi€u cac enzim chu yéu cia con dusng EMP, dé la
aldolaza va trioxophotphatizomeraza. Vi th& giai doan ddu cua su phan gidi glucozo
x4y ra theo con dudng PP tic la qua glucoze - 6 - photphat, 6 - photphogluconat
va rubulozo - 6 - photphat (xem so d6 dudi). Chit nay nhd moét enzim epimeraza
dugc chuyén thanh xilulozo - 5 photphat va sau dd trong moét phan iung phu
thuéc tiaminpirophotphat dugc enzim pentozophotphoketolaza phan giai thanh
glixeraldehitphotphat va axetylphotphat. Su oxi hda trioazo thanh axit lactic xay ra
giéng nhu trong su lén men déng hinh, con axetyl photphat cd thé dugc chuyén hda
thanh etanol hoac axit axetic.

<I:HO ('I‘OOH co,
HC — OH HC — OH clH,OH (iH,OH
' : ' :
OH-—(‘iH (NADD ou—c|H GAdd c|=o c|=o
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I @ I @ I ® |
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Vi khusn lactic bao gém nhiéu loai thudc cac chi rdt khac nhau. Dudi day la khda
phan loai téi chi méi nhdt (1998) cua cac vi khudn cé kha nang lén men lactic :

I - TE BAO HINH QUE
1. Khéng hinh thanh bao td noi sinh
a) Ki khi khéng bat buéc

* Catalaza duong tinh
- Di dong, sinh trudng & 35°C ........ccooooiiiiiieiiee e Listeria

- Khong di dong, khong sinh trudng & 35°C ..........cooovvvennnnn, Brochothrix
* Catalaza am tinh
- Khéng sinh HZS’ peptidoglican ctia thanh t& bao cd cac a. amin chinh la L-lys,, m-DAP hoac orn.
+ Sinh trudng & pH =4,5, ti glucozo sinh
axit lactic L(#), D(=) VA DLis ossmmemmmmssississsomms i mamaies b Lactobacillus
+ Khong sinh trudong ¢ pH =4,5, tu glucozo sinh
a. lactic L(+), a. amin cta peptidoglican 1a L-lys ...................coooo. Carnobacterium
- Sinh st’ a. amin chinh cua peptidoglican 1a L - Lys.
b) Ki khi bat buéc
- Tu glucozo sinh a. axetic / a. latic theo ti 1& 16n hon 1.......... Bifidobacterium
- Tu glucozo chu y&u chi sinh a. lactic .......c.cooooivnciiiiicnn. Lactobacillus
2. Hinh thanh bao td ndi sinh

- Catalaza 4m tinb, lén men lactic déng hinh dién hinh sinh a. lactic D(-) ......cccooeuenrnane.
. ....... Sporolactobacillus

- Catalaza duong tinh, lén men glucozo sinh a. lactic L(+), D(-) va DL - ...
.......................................................................................................................... Bacillus

II - TE BAO HINH CAU

1. Ki khi khéng bit budc
a) Sinh trudng tét & diéu kién ki khi, t& bao x&p thanh 2, 4, hoac thanh chudi
- T€ bao x&p thanh 2 hoidc 4, tit glucozo sinh axit, khong sinh khi, sinh a. lactic
DL hoiac L(+)
+ Khong thé sinh trudng ¢ néng d6 NaCl 18% ................. Pediococcus

+ CJ thé sinh trudng 6 néng d6 NaCl 18%, tu glucozo chu y&u sinh a.lactic
. T T Tetragenococcus

- T& bao x6p thanh 2 hay thanh chubi, ti glucozo sinh axit va sinh khi, sinh
a. lactic D(-).
+ Sinh trudng trong nudc ép nho hay rugu vang cd pH =3,5 - 3,8, bat ddu
sinh trudng t6t ¢ pH =48 s Oenococcus
+ Khoéng sinh trudng trong didul.kien aba ) ..o Leuconostoc

+ Té& bao hinh ¢du, hinh que ngin, diu, tson-hay nhon, sinh trudng dugc 15°C,
khéng sinh trudng ¢ 45‘fC ............................................................................ Weissella
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- Té& bao x&p thanh 2 hay thanh chuéi, tit glucozo sinh axit nhung khong sinh khi.
+ Khong sinh trudng & 10°C nhung lai sinh trudng duge & 45°C .......... Streptococcus

+ Khong sinh trudng duge ¢ 10°C hoac 45°C, khéong sinh trudng & ndéng do
6,5% NaCl, thuong tao khudn lac dang vé tinh ... Abitotrophia

+ Khong sinh truéng dugc ¢ 10°C hoac 45°C, sinh trudng dugc 0 néng dé
6,5% NaCl,  pH=9,6 va g sita bo chita 0,1% xanh metilen .................... Enterococcus.

+ Sinh trudng dugc ¢ 10°C, khéng sinhk trudng dugc & 45°C, khong sinh
trudng dugc ¢ néng do6 6,6% NaCl, 6 pH=9,6 va ¢ sita chita 0,1% xanh metilen.

DT HOTE . ciiisin it sbmnnt s mmimemmbnisbo s R TS AR S SR R Vagococcus
. KHONE O AONE (inmmemsomnmasbunomsions 85653 e s i s A SRR Lactococcus

- Té& bao x&p thanh 2 hay thanh dam, ti glucozo sinh axit va sinh khi, co thé
1én men L = TACLIAL ..ottt Lactosphaera

- Té& bao x&p thanh 2 hay thanh dam, kich thudc t&€ bao khong déu, ti glucozo

sinh axit nhung khong sinh Kkhi ... Gemella
- T¢& bao khong x&p thanh dam, ti glucozo sinh axit nhung khong sinh khi, ua
nhiét, sinh trudng t6t nhat & 68°C ... ......... Saccharococcus
b) Sinh trudng yéu & diéu kién ki khi, t€ bao xép thanh 2 hay thanh 4, tu glucozo
sinh axit nhung khéng sinh khi, sinh axit lactic L(+) ............oooooeiiiiinin. Aerococcus
2. Ki khi bat buoc :
Té bao ngoai hinh cdu cdon cd dang hinh que ngan ... Atopobium

M6t s6 ndm mdc (nhdt la cdc loai thudc giébng Rhizopus) cing cd kha nang lén
men va lam tich ldy kha nhiéu axit lactic.

0 mot s6 nudc, ngudi ta da st dung Rhizopus oryzae d€ sin xudt ra axit lactic.
San lugng axit lactic ¢ thé dat dén 62 - 67% so v6i luong dudng tiéu hao.

Vi khudn lactic ing dung rit rong rai trong cong nghiép ché& bién sita, cong nghiép
sadn xudt axit lactic, trong viéc ch& bién rau qua va thdc an gia suc.

Sita chua la loai sdn phdm lén men cua sta tuoi. Stta chua' co gia tri dinh dudng
cao va ¢d huong vi thom ngon nén dudc nhiéu ngudi uva thich. O nhiéu nudc, sita chua
la mdn an hang ngay cta nhan dan. Vi ¢6 ham lugng axit lactic cao nén protein sita
khéng bi tiép tuc phan giai, mat khac vi ¢ cdc qua trinh lén men phu tao ra diaxetin,
cac este va cac axit h@u co bay hoi, nén sita chua c¢é huong vi thom ngon.

Co thé san xundt sita chua bang phuong phap lén men tu nhién hoac phuong phap
cdy giong thuan khiét.

Trong sita tuoi bao gid cing cé nhiém it nhiéu vi khudn (t¥ khéng khi, tu tay
ngudi hoac ti dung cu vat sita). Vi khudn sé mau chdng phat tri€én. Nhém vi khudn
gay théi lam phan gidi moét it protein cua sita va vi vay tao diéu kién cho nhom vi
khudn lactic phat trién. Vi khudn lactic sé lam tich liay dan axit lactic va do dJ lam
ngan can su phat tri€n cia nhdm vi khudn gay théi. Khi axit lactic da dugc tich lay
kha nhiéu réi thi ngay vi khudn lactic cing khong thé tiép tuc phat trién dugc nua.

Trong diéu kién sdn xuat ldn, nguoi ta thuong khu trung s@ta theo phuong phap
Pasteur (65°C trong 30 phit hoac 72.- 75°C trong 10 = 20 giay). Sau dd cdy vao sita
nhitng loai vi khudn cd kha nang lén men lactic, manh (S./actis, S.cremoris) va nhing
vi khudn cd kha nang téng hdp diaxctyl dé tao 'ra’ vi“thom cua slta chua (S.diacetilactis).
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Trong nhitng loai sita chua cé ph&m ch4dt t6t, nhdm vi khudn sinh chit thom thuong
chiém dén 5 - 10% so voi t8ng s6 vi khuin va ham lugng diaxetyl thudng dat dén
vai mg/l. Képhia (kefia) 1a mét loai sita chua c6 d6 chua kha cao (90 - 120°T)(") va
c6 mui rugu (chia 0,2 - 0,6% rugu etilic). Képhia thudng dugc ché& tao theo phuong
phdp lén men tu nhién nhd tdc dung cia mét tap doan nhiéu loai vi sinh vat khac
nhau (ndm men, vi khudn lactic). Cho dén nay ngudi ta vdn chua xac dinh duge mot
cich cu thé thanh phdn loai cia tap doan vi sinh vt nay.

Ngoai képhia, con cd thé k& dé€n nhiéu loai sita chua khac dugc ché tao va s
dung theo tdp quin cia ting nudc, ting vung khiac nhau. Ching han sita ngua chua
la mét mon an dan téc rdt dugc wa chuéng & Méng Cs.

Phomat (Fromage) cing la mot loai sdn phdm cJ gia tri ché tao ti siua. D& lam
phomat, ngudi ta phai si dung enzim déng két sita (presure) ldy ti da day trau bo
dé tach cazein cua sita ra, sau ddJ ti€p tuc tién hanh cho 1én men védi moét néng do
mudi lodng. Tuy loai phomat ma quéi trinh lam chin ¢6 th& do nhing tap doan vi sinh
vat khac nhau tham gia. Co loai phomat (phomat Ha Lan) dugc 1én men nhd vi khuin
lactic (nhdm ua 4m va nhdm ua ndng) cung véi vi khudn propionic. Cd loai phomat
dugc 1én men nhd vi khudn lactic (nhém ua dm), vi khudn sinh sic t6 dé va nim méc
(Penicillium candidum, P. camenberti). Cé loai phomat (phomat Roquefort) dugc lén
men nhd vi khudn lactic va ndm Penicillium roqueforti.

Co ch& tic dung cia men déng sita va cdc nhom vi sinh vat dugc trinh bay biang
sd d6 sau day :

Vi khudn lactic I,Vi khuan propionic

Axit axetic

Lactozo —— Axit lactic
Axit propionic CO,

Dac diém vi sinh vat hoc cia mgt s6 loai phomat néi tiéng

Tén phomat Vi sinh vat Dic diém
(1) (2) 3)
Parmcsan Streptococcus Lactobacillus casei
lactis, S.cremoris L. bulgaricus
S. Thermophilus
Romano S. thermophilus L. bulgaricus.
Chedar S. lactic L. casei
S. cremoris
S. durans Rén
Colby S. lactis L. casei
S. cremoris
S. durans
Edam S. lactis
S. cremoris
Gouda S. lactis
S. cremoris
Gruyere S. lacus L. helveticus Propionibacterium
’ S. thermophilus Shermanii hodc
P. freudenreichi

(*) 1°T hay 1° Tecne la d0 ‘chua dng voi Iml' NaOH 0,IN dufig @8 trung hoa 100ml sda tudng duong vai 9mg

axit lactic.
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1 2 3
Swiss S. lactis L. helveticus P. shermanii hodc
S. thermophilus P. freudenreichi
Gorgonzola S. lactis Penicillium Hoi mém
S. cremor:s roqueforti hodc
Monterey S. lacts P. glaucum
S. cremoris
Roquefort S. lactis P. roqueforti hodc
S. cremoris P. glaucum
Brie S. lactis P. camemberti Brevibacterium Mém
S. cremoris P. candidum linens
Camembert S. lactis P. camemberti
S. cremoris P. candidum
Cottage S. lactis Leuconostoc Mém
citrovorum
Men dong sita Vi khuin lactic va

moét s6 Micrococcus

Cazein — Paracazein —— Pepton — axit amin, NH3

N4dm mdc va mot
s6 vi khudn
lactic

Lipit — Axit béo bay hoi — Axit butiric
Axit capronic
Axit caprilic
Keton
Aldehit
Rugu
Este

Muéi dua, muéi ca cing la nhitng hinh thdc 1én men lactic tu nhién rit quen thudc
d6i véi nhan dan ta. Rau cai truéc khi mudi dua thuong duge phoi ché ram cho mit
b6t nudc, sau dd mdi dem mudi. D€ tao diéu kién ki khi, ngudi ta thuong nén dua
bing mot hon dd va mot cdi vi tre. Ap sudt thdm th4u cao do muéi sinh ra sé lam
rat chdt dich t&€ bao trong dua ra. Vi khuén lactic va vi khudn gay théi lic ddu cé
thé cung phat tri€n. Sau mot thoi gian lugng axit lactic dugc tich ldy sé lam uc ché
su phat tri€n cia nhdm vi khuidn gay th6i. Dua chua din lén va dén moét do chua
nhit dinh thi sé lam dc ché& ngay ci hoat dong ctia nhém vi khuan lactic. Khi dd, trén
bé mat dung dich cd th€ thdy xudt hién nhitng 18p vang tring. Do la moét loai ndm
men (chu yéu la Geotrichum candidum) cé kha nang phat tri€n ngay trong diéu kién
pH rat thdp. Nhitng loai ndm men nay cé kha nang oxi hda axit lactic thanh CO2 va
nudc, do d6 lam cho dua.giam.dan.dé.chua. Khi.dé.chua.gidm dén mét muc d6 nhat
dinh réi thi vi khudn gay th6i lai-bit ddu phat trién va dian dén viéc lam kha dua.
Khi dua dang lic an ngon trong méi\ ml nude dua’ thode nudc ca) thudng co khoang
5 - 10mg axit lactic. Bl quyét cla viéc mu6i duayngon la tao ra dugc diéu kién dé
cho vi khudn lactic ngay ti dau-di lin at dudc nhom vi khudn gay théi. Cho di muéi
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sé lam han ch& dugc nhém vi khudn gay thdi va rit duge dich t& bao cua dua ra cung
cdp cho vi khudn lactic phat trién (néu nhiéu mudi quéa thi dua sé man va cd thé lam
dua khong chua ndi vi da dc ch& luén cad nhdm vi khudn lactic). Cé thé thac ddy su
phat trién va lén men ctia nhém vi khudn lactic bang cac bién phap nhu : muéi dua
bing nudc 4m, thém mét it dudng kinh, vdt thém mot it chanh hoac thém mot it khé
chua va nhdt la bién phap "cdy giéng" bang mét it nuéc dua ci. Khéng can thist phai
nuéc dun sbéi dé nguodi dé mubi dua vi khi dua da chua réi thi hdu nhu khéng cd loai
vi khudn gay bénh nao cd thé€ s6ng nbi (cd bénh vién con dung nuéc dua chua dé uc
ché& cac loai vi khudn gay bénh dudng rudt. Tdc dung dc ch& vi khudn c6 thé la do
axit lactic va moét chdt khang sinh do vi khuidn lactic sinh ra (thudc loai polipeptit)
goi la nizin.

Dé han ché dugc su phat trién cta vdng ndm men nham kéo dai duge thoi gian
bido quan dua (trong diéu kién san xuit 16n) cé thé 14y mot tdm nhua mong (polietilen)
lam thanh moét cai tai 16n dung nudc mudi réi dat 4p sat lén toan bo bé mat cia bé
mudi dua.

Qué trinh lén men lactic cdn duge Ung dung dé 4 chua thic an dung trong chan
nubi gia sic. Nho 4 chua ma thdc an cd thé git duge kha lau ¢ trang thai tuoi ma
vin khong bi hao hut vé mat chdt lugng dinh dudng. Riéng vé mat vitamin thi thuc

5

an sau khi 4 chua lai gidu vitamin hon so véi trudc khi u.

Nguyén liéu tuoi (rau xanh, than 14 ngdé) dugc nhanh chdng U thanh déng hoac
dugc ch&t vao trong cac h8 dao sau xudng d4t. Cac vi sinh vat cd sdn trén nguyén
liéu (hoac dugec chu dong cdy vao) sé phat tri€n ddn lén. D4u tién cdc nhdm vi khuidn
hi€u khi hoat déng manh, ching st dung ché oxi cé trong déng thuc an u, lam tiéu
thu phdn thic an dé tiéu va lam phan giai ddn protein cia nguyén liéu. K&t qua la
tao ra diéu kién thuan lgi cho nhdm vi khu&n lactic phat trién va lam tich ldy dan
axit lactic.

Thudng ngudi ta cho ring G chua 1a rit t6t trong truong hop khéng ché dugc d€ cho
vi khudn lactic phat tri€én nhanh, tao ra duge pH < 4,2, trong thanh phan axit sinh ra
axit lactic chiém tit 60% trd lén, axit axetic chiém 40% trd xudng va khong tich liy axit
butric. U chua dat loai tét néu pH dat tu 4,5 trd xubng, lugng axit lactic chiém 40 -
60%, lugng axit axetic chiém 40 - 60% va khéng sinh ra hoac chi sinh ra ddu vét axit
butiric. U chua dat loai trung binh khi pH dat khodng 4,5 ; thanh phdn axit nhu
loai trén nhung trong dd cé khoang 0,2% axit butiric. U chua dat loai x&u khi pH
dat trén 4,7, tich lay axit lactic va nhiéu axit butiric. Con 0 chua dugc coi 1a rdt x&u
khi pH vugt qua 5,5 va tich ldy rdt nhiéu axit butiric, cing nhu cac axit bay hoi khac.

3 mot s6 nudc ngoai ta da nghién cdu st dung bién phdp cdy gi6ng thuan ching
(thudng dung L. plantarum) d€ nang cao chdt lugng cua qua trinh @ chua nguyén liéu
dung lam thdc an gia sic. G4n day & nhiéu nudc, ngudi ta con dang thi nghiém su
dung cd moét s6 ché phdm enzim sin xudt d quy mé cong nghiép (amilaza, xenlulaza...)
d€ cai thién diéu kién U chua thdc an gia suc.

Trong cong nghiép d€ sian xudt axit lactic va cic loai lactat, nguoi ta thuong su
dung loai vi khudn L. delbruckii va loai L. coagulans. Hai loai vi khudn nay déu thudc
loai vi khudn ua nhiét-va-cé-kha-nang-tich-liy-kha -nhiéu-axit lactic. D€ lén men axit
lactic ngoai ngudén thic an cacbon (dudng,ni dudmg,, dich thuy phan bst, dich thuy
phan inulin) con cdn si dung mot s6 loai thic an bd sung chia dam hitu co va cac
loai ch4t sinh trudng (nhu mam dai’ mach/.é4m[-e46 ngo...). Khong nén cho cic chat
b8 sung nay vao nhiéu mac-du b6 sung cang nhiéu vi khudn lactic phat trién cang
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manh, lén men cang nhanh, bdi vi b8 sung nhiéu dudng sé tieu hao nhanh va hiéu
sudt chuyén hda thanh axit lactic gidm, lai dé tao diéu kién nhiém tap khudn. Thudng
thudng qua trinh 1én men dugc thuc hién § 48°C trong 5 - 7 ngdy, ndng dé dudng
trong moi truong la 10 - 15%, lugng CaCO3 st dung 1a 10%, mam dai mach : 0,375%,
photphat amon : 0,25%. Dé& tach axit lactic ra khéi sidn phdm lactat canxi ngudi ta
dung axit sunphuric. SAn phdm phu cua qua trinh xi# li nay la sunphatcanxi sé két
tua lang xudng.

4.3. Lén men propionic

Axit propionic la sin phdm lén men cia mot chi vi khuin c6 tén goi la
Propionibacterium. Qua trinh lén men propionic ¢é vai trd quan trong trong qua trinh
ch& tao phomat. :

Chi vi khu&in Propionibacterium dugc phan lap vA miéu ta t¥ cudi th& ki thd 19
(Orla - Jensen, 1898). DG la loai vi khuidn ki khi khong bat budc, Gram duong, khong
di dong, khong sinh bao ti. Khi nuéi cdy trong méi trudng trung tinh & diéu kién ki
khi ching cd hinh cdu, xép thanh ting déi hay cé khi thanh ting chuéi. Khi nudi cdy
thoang khi ching c6 hinh que hay hinh phan nhdanh. Trong t& bao cé chita cac hemin
(hé thdng xitocrom, catalaza).

Céac vi khuadn propionic ¢cé nhiéu trong da cé va dudng rudt cua cidc dong vat nhai
lai, & d6 ching tham gia vao su tao thanh cidc axit béo. Khong thé phan lap vi khuin
propionic truc tiép tu sita, d4t hay nudc, ma d€ phan lap cdac vi khudn nay nguoi ta
phai lam phong phu chung trén dich dinh dugng lactat (cao nidm men), trén dé da
dugc cdy mot chut phomat. S di trong phomat cé chia vi khudn nay la vi ching da
dugc dua vao d6 cung véi men dong sita ldy tiu da day bé trong qua trinh ché bién
phomat. Cé nhiéu loai vi khudn propionic trong dd n8i tié€ng nhat la cac loai P. freudenchii,
P. shermanii va P. acidopropionici (trudc day goi la P. pentocaseum). Tac nhan giy
nén cic nét tring ca trén da ngudi cing thudéc vé mot loai vi khudn propionic (P.
acnis). Ngoai chi Propionibacterium, cac vi khudn thudc cdc chi khac nhu Veillonella
alcalescena  (Micrococcus lactilyticum), Clostridium  propionicum, Selenomonas,
Micromonospora va nhiéu loai khac cing tao thanh axit propionic.

Vi khudn propionic thu nhan nang lugng nhd lén men. Ching cd thé dung céc co
chdt nhu glucozo, saccarozg, lactozo, cac pentozo, axit lactic, axit malic, glixerin va céac
hgp chdt khac lam co chdt sinh trudng va lén men. Cdc dudng hexozo dugc ching
phan giai theo con duong EMP.

Su tao thanh axit propionic tit axit lactic dién ra theo phuong trinh tdng quit sau day :

3CH, - CHOH - COOH — 2CH, - CH, - COOH
+ CH, - COOH + CO, + H,0

Su khu axit lactic hoac piruvat thanh axit propionic xdy ra theo moét con dudng
khong théong thudng (xem so d6 dudi). Vai su tham gia cia m6t phic hé biotin - CO2
trugc hét piruvat duge khu CO2 thanh oxalaxetat (chuyén cacboxyl hda), sau dé qua
malat va fumarat ma bi khd thanh xucxinat. Xucxinat dugc chuyén thanh xucxinyl -
CoA theo con dudng théng thuong véi sy tham gia cia ATP va Coenzim A va sau dé
nhd men metylmalonyl~mutaza-véi—su-thamgiaehaecoenzim B12 ma tao thanh
metinmalonyl - CoA. Chidt nidy sau-dd méi bi khi GO, ya propionyl CoA dugc phan
giai thanh propionat va CoA. Nhd men CoA' = transferaza, CoA lai dugc chuyén cho
xucxinat. Sy phan gidi CO, xdy ra trén transeacboxylaza chia biotin, enzim nay sau
dd lai tham gia vao phan ung-eacboxyl hda piruvat.
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Mo6t s6 loai vi khudn Propionibacterium (nhu Propionibacterium shermanii,
P. freudenreichii, P. zeae) dang dugc chi y vi ¢d khd ning sin sinh ra kha nhiéu
vitamin B]2' Coéng nghiép ché€ tao vitamin B, nhg vi khudn Propionibacterium da duoc
hinh thanh ¢ rdt nhiéu nudc. Ngoai cdc ché phidm vitamin B, tinh khiét dung trong
y hoc, nguoi ta con st dung nhém vi khudn nay dé€ ché& tao ra cac san phdm tho dung
trong chan nudi.

4.4. Lén, men focmic

Mot s6 loai vi khudn, nhdt la cac vi khudn thudéc ho truc khuidn duong ruét
(Enterobacteriaceae) c6 kha nang lén men dudng tao thanh axit focmic (HCOOH) va
moét s6 sdn phdm khdc. Qua trinh lén men nay goi |12 qua trinh lén men focmic. Axit
focmic sau khi sinh ra sé tich lay lai trong moéi trudng hodc chuyén hda thanh H, va
CO2 (néu moi truong cd phan dng axit) dudi tdc dung cia men focmiat hidrogenliaza :

focmiat hidrogenliaza

+ CO

HCOOH H, 5

Céc chi vi khuidn dudng rudt cé kha nang lén men focmic cé hinh thai rat giéng
nhau. D6 1a nhitng truc khuidn Gram am, chu mao, di déng manh, khong sinh bao tu,
ki khi khéng bat buéc, cd thé phat trién dugc cad trén nhiing méi trudng don gian
khéng chya dam hiu co. ‘

Ngudi ta thuong phan biét cae chi may chi yéu dua trén dac di€m lén men duong
glucozo, lactozo va dua trén moét s6 phan ‘ing sinh'hoa khic (nhu kha nang phan giai
protein, phan dng Voges—Proskauer tic phaa ifng/%ki®m tra kha nang san sinh axetoin,
kha nang déng hda xitrat..):
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Ba chi Enterobacter (Aerobacter), Serratia va Klebsiella rat giéng nhau vé cac dac
di€m sinh hda trink bay trong bang. D& phan biét dugc 3 chi nay, cdn xét thém mot
s6 dac di€m khac nita. Chang han Aerobacter (Aerobacter A) va Serratia (Aerobacter C)
cd kha nang di dong, con Klebsiella (Aerobacter B) khong c6 kha nang di dong ;
Aerobacter c6 kha nang phan giai gelatin con Serratia va Klebsiella khong cd kha
nang nay.

San phdm cia qua trinh lén men focmic bao gém rit nhiéu loai khac nhau : axit
focmic, axit axetic, axit xucxinic, axit lactic, etanol, glixerin, axetoin (axetyl metylcacbinol)
2, 3 - butadiol, CO, va H,. Tuy ting loai vi khuidn dudng rudt ma cac sin phdm lén
men cé thé khac nhau rdt nhiéu. Ching han khi so sanh cdc san ph&m lén men glucozo
6 vi khudn Escherichia coli va Enterobacter aerogenes ching ta thdy nhu sau :

Dic diém sinh héa ctia mét s6 chi vi khudn dudng rudét cé6 kha nang lén
men focmic '

Chi va loai Len men | Lén men Phan Phan dng | D6ng héa | Phan giai San San sinh

glucozo lactozo ing V.P | do metyl xitrat ure sinh | desaminaza

H,S  phenynalanin

K]

Escherichia +/+ +/+ - = = = =
Enterobacter +/+ +/+ + - + - & ES
Serratia +/+ +/+ + = 4 = = =
Proteus +/+ -/~ - + + + + ¥
Salmonella paratyphi | +/+ -/~ - + + = & =
S.typhi = == = + + - + -
Shigella +/- +/- - + - - - =
Klebsiella +/+ +/+ + - + = =

Cdc san phdm lén men glucozo & E.coli va A.aerogenes

.4
.

S6 lugng phan tU sin phidm tu
Sin phdm 100 phan wi glucozo
E.coli A. aerogenes

Butandiol CH3CHOHCHOHCH3 0 66,5
Etanol CH~3CH20H 42 70
Ait xucxinic COOHCHZCHZCOOH 29 0
Axit lactic CH4CHOHCOOH 84 3
Axil axetic CH3COOH 46 0,5
Axit focmic HCOOH 2 18
Hidrogen H, 43 36
Khi cacbonic C()Z 4 172

Co ch€ cua qua trinh 1én men focmic & vi khudn E.coli dugc giai thich nhu sau :
Axit piruvic sinh ra trong qua trinh dudng phian mét phdn duge khu thanh axit
lactic nho men lactatdehidrogenaza, con mét phdn dugc chuyén hoa thanh axetylphotphat
(hay axetyl CoA) va axit focmic theo phan ing sau day
CH,COC00H +#,POp=% CHSCOOPog' + HCOOH

Céc cofactor cua phan dng nay la TPP (tiaminpizophotphat) va CoA. CO, va H,
dugc sinh ra do qua trinh-phan gidi axit focmic~Axetylphotphat mot phan tiép tuc
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dugc phan giai thanh. etanol, con mdt phin dugc phan gidi thanh axit axetic. Axit
xucxinic cing dugc sinh ra do su oxi hda axetyl CoA theo chu trinh ATC. Enterobacter,
Serratia va mot s6 loai trong chi Bacillus khi 1én men focmic ngoai sy tao thanh mét
s6 cac san phdm ndi trén con cd kha nang sin sinh ra axetoin. Ch4t nay sau khi dugc
hinh thanh sé tiép tuc bi khiu thanh 2.3. butandiol hoac bi oxi hda thanh diaxetyl
(diaxetyl la ch&t tao nén mui vi dac biét cua bo) :

P
2CH; — CO— COOH m CH;— C—C—CH;+ o,
COOH
Axit a - axetolactic
a-axetolactic
l decacboxylaza

CHy— CO— CHOH— CH,+ CO,

axetoin
NAD H NAD'
NAD". NAD H
2,3 butadioi Diaxetyl

D€ ki€ém tra kha nang tao thanh axetoin, ngudi ta thuong st dung phan dng
Voges-Proskauer (thudng viét tit la phan dung V.P.). Nguyén tdc cia phan dng nay la
trong moi truong kiém axetoin sé bi oxi hda thanh diaxetin. Chit nay sé két hop vai
nhom guanidin chya trong acginin cua pepton d€ tao thanh mét hop ch&t cd mau do
(phan dng duong tinh).

NH, N = C - CH,
/ i
CH,COCHOHCH, + HN =€ BN = C\ + 2H,0
ks NH, N = C - CH,
axetoin guanidin hgp chit c¢cé mau do

Phan dng vdi d6 metyl cing chu yéu nhim ki€ém tra khd nang tao thanh axetoin.
Vi khuidn nao c6 kha nang chuyén hda axit piruvic thanh axetoin thi it lam thay ddi
pH moi truong, d6 metyl khong bi chuyén thanh mau dé (phan dng &m tinh).

4.5. Lén men butiric va 1én men axeton-butanol

Axit butiric, butanol, axeton, izopropanol va mot sd loai rugu, axit hitu co khac la
san phdm cua qué trinh lén men hidratcacbon thuc hién bdi mot nhom vi khudn ki
khi sinh bao ti thuéc chi Clostridium. Qua trinh 1én men tao ra axit butiric va mot
s6 san phdm khac dugc goi la qua trinh lén men butiric.

Mac du axit butiric di_tim thdy tu nam 1814 va da dugc diéu ché& tit dudng ti
nam 1843, nhung mai tdi nam 1861 L. Pasteur méi-tim thdy ban chit cia qua trinh
lén men butiric. L. Pasteur da khéng dinh qua trinh 1én men nay xay ra do hoat déng
s6ng cua nhom vi khuan-~ki“khi“sinh bao ti"
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Chi Clostridium bao gém céac vi khudn G*, c6 kha nang di déng nhd cac tién mao
moc khap quanh co thé, t& bao dinh duong hinh que nhung vi bao ti cd kich thudc
16n hon chiéu ngang cta t& bao dinh dudng nén khi mang bao ti t& bao sé cé dang
hinh thoi hay hinh dui tréng. Da s6 cac loai Clostridium la ki khi bat budc, chi cé
moét s6 it loai (nhu C. pectinovorum, C. histolyticum...) 1a ki khi khong bat buéc. 0 da
s6 cdc loai Clostridium ngudi ta thdy ham lugng flavin dat t6i muc kha cao va khong
thdy chua xitocrom, catalaza.

Nhiéu loai Clostridium cd kha nang déng hda cac polisacarit (tinh bot, amilozo),
vi vay trudc day ngudi ta con goi chi nay bing mot tén khac - chi Amylobacter. Cing
vi chi vi khudn nay thudng chda ciac hat granulozo trong co th€ cho nén ching con
mang moét tén nda - chi Granulobacter.

Can cu vao dac di€m cua qua trinh 1én men ma ngudi ta chia chi Clostridium
thanh cac nhom sau day :

San phim lén men

Tén nhom va ten loai Co chdt phan giai

I. I.tn men butiric -

C butyricum Glucozo, tinh bét Axit butiric
Dextrin . AXxil axetic, (IOZ, H2
C.lactoacetophilum Glucozo hay lactat Axit butiric
(glixerin) + axctat Axit axetic, CO, + H,
C.pasteurianum Glucozo, tinh bot Axit butiric, a. axetic, COZ' Hz'
Mannit, inulin Axit butiric
C.pectinovorum Pectin, tinh bot Axit axetic
Glicogen, dextrin Axit butiric, a. axetic
2. Sinh butanol :
C.butylicum Glucozo Axit butiric, a. axetic, butanol,
C.acetobutylium Glucoza, ghxerin Izopropanol, CO,, H,
. Piruvat Axit axctic, butanol
3 Sinh axit propionic : Axeton, etanol, CO,, H,.
C.propionicum Alanin, treonin Axit axetic

Axit propionic, CO,
4. Sinh axit capronic :
C.kluyveri Etanol + axetat + CO, Axil capronic
Axit lactic, NHJ, ”z'
5. Phan giai protein :
C.botulinum
C.histolyticum
C.sporogenes
C.sticklandii
6. Co kibu trao déi chdt dic biet :

Axit axetic
Axit lactic, NH], H

Protein, axit amin

2

C.aceticum C()Z + ”2' fructozo, Axil axetic

C.tetanomorphum Glutamat, histidin Axit butiric
Axil axelic, NHJ
CO,, H,.

C.acidiurict Axit uric, xantin Axit axeltic,

Axit focmic, COZ, NHJ.

Mot s6 loai Clostridium.(dién hinh nhat la C. pasteurianum)- cé kha nang c6
dinh nitrogen khéng khi. Ching c6 'mat & hdu hdt ctde miu dit (k€ cad nhing dit
c6 d6 pH kha thdp) va.eo y nghia rit tich;cuc~déi- voi viéc lam nang cao du trit

dam cua dat.
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Vé co ché& cua sy hinh thanh cdc san phdm lén men (nhu axit butiric, axit axetic,
etanol, butanol, axeton va izopropanol) & mot s6 loai Clostridium cé thé trinh bay bang
so dé sau day :

2P

4[H|
2CH; — CHO ———4— 2[CH, - CO - SCoA = /\ 2 [cuy - coon

Axctal dehit  2C0A Axctyl CoA 2CoA 2@ a. axelic
2GD
CoA uolaza Axetyl CoA
4 1H) Axetat
CHj - CO - CH; - CO - SCoA CHj; - CO - CH, - COOH
Axetoaxetyl CoA Axcloaxetic

2 [CH, - CH,0H 2[H]N B - Hidroxi- F(‘m
A[J I. butiryl CoA - OH =
~lano = e

CH3 - CHOH - CH; - CO - SCoA CHy - CO - CHy

B - Hidroxibutiryl CoA Axelon
/1 l/ 21H]
H,0 crolonaza
“Hj - = - - CH; - CHOH - CH
[Cit, - Cit; - Cii _cin0n] CH, CCH CH - CO - SCoA -t 3
= rotonyl CoA 1zopropanol
Butanol 2 |H| _
5 IHIJ - * Butiryl CoA - OH Bocoiyh Tk
Axctat
CH, - CH, - CH, - CHO =—>—<— CHj - CH, - CH, - CO - SCoA x ala [CH; - CH, - CH, - COOH]
Butiraldchit CoA Butiryl CoA Butirat

Clostridium sé phan giai glucozo theo con duosng EMP. Hidrogen dugc giai phdng
ra trong qua trinh kh@ hidro cua triozophotphat sé dugc chuyén dén cho cac axit hitu
co dugc tdng hgp ra ti axit piruvic hoac axetyl-CoA. o c butyricum qua trinh phan
giai glucozo di lién v6i su tao thanh axit butiric, axit axetic, CO, va H,. Axit butiric
duge sinh ra do sy trung hgp hai phan ti axetic CoA véi su tham gia cia enzim
tiolaza. Axetoaxetyl-CoA sé bi khi thanh S-oxibutiryl-CoA duéi tidc dung ciua men
butiryl-CoA-dehidrogenaza (men flavin), ti€p dé chuyén hda thanh axit butiric.

Vi khudn C.acetobutylicum khi lén men glucozo diu tién sé lam sinh ra axit butiric.
Nhung sau dd cing véi viéc axit hda moéi trudng sé bat ddu xay ra viéc t6ng hgp mot
s6 enzim (trong dd cd ca enzim axetoaxetatdecacboxilaza). Dudi tdc dung ctia cdc enzim
nay, axeton va butanol sé dugc tich liy lai trong méi trudng. Qua trinh lén men nay
thudng dugc goi la qué trinh lén men axeton-butilic. D6 la co sé cia nganh cong
nghiép 1én men nhidm san xu4t ra hai dung mdi quan trong la axeton va butanol.

Phuong trinh chung cta qua trinh lén men nay la :
12C3H1206 — CHBCHZCH?CHZOH + 40]—13COCH_3 + CH3CHZOH +
butanol axeton etanol
CHSCHZCHZCOOH W+ 18}112 + 28CO2 ¥ 2HZO +Q

axit butiric
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Dong thai cua qué trinh 1én men axeton-butilic dugc trinh bay trong d6 thi sau day :

/7/1’
= Ny e 50
100 = X
o e 3
87 40 ~
N e
R 3
= N
N “r 30y
p \
3 R
s J
X 90 20,
N _|§
3 AN
~R
J% 2” [ 1/0

DoOng thai cia qua trinh 1én men glucozo & C.acetobutylicum
Cac dudng lién (tu trén xubng dudi)
1. butanol ; 2. axit butiric ; 3. axit axetic ; 4. axeton ; 5 glucozd

Khi lén men trong diéu kién kiém (vi du c6 mat CaCO3) san phdm chu yéu sé la
axit butiric va axit axetic (tao thanh rit it butanol va axeton).

Anh huéng cua CaCO, d6i vdi sian phdm cia qud trinh lén men axeton-butiric :

S8 lugng san phdm, mg/50 ml
Bén phios lon men Khong cs CaCO, Cé CaCO,
Axit butiric 32,4 630
Butanol 411,5 45,7
Axit axetic 102,4 230,7
Etanol 44,5 22,4
Axeton 222,3 13,2

Qua trinh lén men butiric va 1én men axeton-butiric ti lau da dugc dng dung rong
rai trong cong nghiép. Axit butiric duge sit dung trong cong nghiép san xuit banh keo,
nudc gidi khat, chdt thom, céng nghiép thudc da... Axeton 12 mét dung méi quan trong
dugc st dung nhiéu trong cdc nganh san xuit thubc ng, chit déo, tinh luyén ddu héa,
chiét rat ddu thuc vat, xd If phim anh, ch€ tao ch4dt thom... Axeton cdn dugc dung
nhiéu trong phan tich hda hoc va trong. nghién. ciu. khoa hoc. Butanol cing la mot
dung mo6i rdt ph8 bién dé hoa-tan.chidt son, chdt mau, chit béo, nhua, sap... Butanol
con 1a nguyén liéu dé t6ng hop butadien dimg trong t6éng hop cao su nhan tao.

Vi khuén thuong duce dung d€ 1én men butirie-layioai Clostridium butyricum (tén
ci 12 Granulobacter saccharebutylietis). Loai' vi*khuidn nay cd hinh que, kich thudc
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khoang 0,5 x 4 - 12um. Bao t& cé hinh bdu duc, nam & gita hoac ¢ mot ddu cua té&
bdao. Bao ti c6 thé chiu dung dugc kha cao d6i vdi nhitng diéu kién bt lgi cia ngoai
canh (trong nuéc sbéi cé thé sdng dugc dén 1 - 2 phat).

Vi khu&n lén men butilic thudc loai ki khi bat budc. Ching c6 kha nang lén men
sinh axit d6i vdi glucozo, xilozo, saccarozo, tinh bot, mannitol, esculin... Nhiét do thich
hgp dé€ phat trién 1a 30 - 37°C. Trong san xudt, dé lén men butilic ngudi ta thuong
sit dung ri dudng, cac nguyén lidu giau tinh b6t (khoai tady ngid c6c) hoac ba thai cua
cic nha may bot, nha mday sin xudt axit lactic. D& dung lam nguén thdc an nito,
ngudi ta thuong b8 sung bot dau, khé dau hoac khé lac.

Qua trinh 1én men dugc ti€n hanh véi sy cd mat cua CaCO3. Axit butilic sinh ra
dugce trung hoa thanh mudi canxi, sau d6 ngudi ta thém Na,SO, d& chuyén thanh mugi
Na cua axit butilic :

(CH,CH,CH,C00),Ca + Na,SO, — CaSO, | + 2CH,CH,CH,CONa.
Cuéi cung dung H,SO, dé tach axit butilic ra.

Vi khudn butilic phan b6 rdt roéng rai trong tu nhién. Ching cé thé phat trién va
lam anh hudng t6i mot s6 qua trinh 1én men khdc (nhu qua trinh sian xuit ruou, bia,
men an...). Vi khudn butilic con la mét trong nhitng nguyén nhan tryc tiép trong viéc
lam hu hoéng rau qua, thit cd, d6 hop (cidc san phdm lén men butilic sé ¢ mui chua
ung).

Vi khudn thudng dugc dung dé€ lén men axeton-butilic.1a loai C. acetobutylicum
hodc loai C.saccharo—acetobutylicum. D6 1a nhitng vi khudn hinh que ki khi, c6 kha
nang di déng kich thudc khoang 0,6 - 0,72 x 2,6 - 4,7 um. Nhiét d6 thich hgp déi
v6i loai ddu la 38°C con d6i véi loai thd hai la 30°C. Vi khudn axeton-butilic phan
b8 rdt réng rai trong tu nhién, nh4t la trong bun ruéng, bun ao. Ching cd thé lén
men sinh axit d6i v8i cdc duong arabinozd, xilozo, ramnozg, glucozo, galactozd, mannit,
fructozo, lactozo, rafinozo, tinh bét, dextrin, inulin, glicogen, mannitol...

TU nam 1923 ngudi ta bat ddu tri€n khai viéc 1én men san phdm axeton va butanol
d quy mé coébng nghiép. DE lén men axeton - butilic ngudi ta thudng si dung moi
trudng chia 5 - 6% tinh bot (vi ngdé chia khodng 65% tinh bot cho nén thudng dugc
dung véi néng d6 8 - 10%). Tu 100kg tinh bét thudng cd thé thu hoach duge khoang
37 - 40kg dung méi.

Mot s6 loai Clostridium cé kha nang lén men butilic chdt pectin. Pectin la mot
trong nhitng thanh phdn quan trong cuia t€ bao thuc vat. Pectin thudng chia nhiéu
trong tdng gian bao cua cac mod thuc vat va la thanh phdn chinh trong lop cui cta
mot s6 qua. Téc do6 khoang hda xac thuc vat trén moét muc do 16n phiu hogp vao su
phan gidi pectin. Sau qua trinh Ién men pectin cdc t€ bao thuc vat sé tiach roi khoi
nhau va tiép tuc chiu tdc dong cia cac nhdm vi sinh vat khac nhau dé€ hoan thann
viéc phan giai thanh cdc hop chdt v6 co don gian.

Pectin dugc tdch ra so b lan ddu tién ti nam 1824 (vl cd dang keo nén dugc goi
la pectin, tiéng Hi lap "pektys'-ed.nghia_la "thit_dong'). Mac ddu da dugc nghién cdu
nhiéu nhung cho dén nay ngudi ta van con hi€u biét-chua nhiéu vé ban chat hoa hoc
cia loai hop chit nay. \NGi chung nguoi ta biétrwamg pectin la moét polisaccarit cao
phan ti, khéi lugng phan tu tit hang chuc nghll @&n hang tram nghin. Ching c4u tao
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bdi cac géc axit a-D-galacturonic, cac géc nay lién k&t véi.nhau nho nhitng day néi
a-1,4-glucozit :

COOH COOH COOH
o o
H H H o 7
O (0] (0] o
‘ OH H OH H OH H
H H H
H OH H OH OH

Thuat ngit "chdt pectin” thudng dugc dung d€ chi chung bén nhdm sau day :

- protopectin : mét thanh phdn cdu tric cia mang t& bao, khong tan trong nuéc ;

- pectin : hgp chit cao phan tu tan trong nudc cua axit galacturonic, cd chua lién
két metyl este.

- axit pectinic : hgp chit cao phan tu tan trong nudc cua axit galacturonic, hoan
toan tach khoi cdc lién két metyl este.

- axit pectic : san phdm demetoxyl hda cua axit pectinic. Héa tan kém hon so véi
axit pectinic. Co thé tao thanh mudi pectat.

Nhiéu vi sinh vat cé kha nang tham gia vao qua trinh phan giai pectin (bao gém
vi khudn, ndm méc va xa khudn). Viéc phan giai pectin dugc tién hanh v6i su tham
gia cia mot s6 enzim nhu :

- Protopectinaza : phan gidi protopectin, tao thanh cdc pectin hoa tan. - men
pectinmetilesteraza : thiy phan lién két metyl este cia pectin, tao thanh metanol va
axit pectinic, r6i thanh axit pectic.

- Poligalacturonidaza : phan giai nhiing lién két gitta cac gdc axit galacturonic cua
pectin hoac cua axit pectinic, tao thanh cac chuéi ngén hoac cac phan ti axit galacturonic
tu do.

Khi thiy phan axit pectinic (cé cong thdic nguyén tu la C, H,,O,)) ngusi ta nhin
thdy ¢ khd nhiéu loai san phdm dugc tao thanh :

C,;H0, + 10H, = 4CHO(CHOH),COOH + C,H,,0

46 768 " 40 1276
axit galacturonic galactozo
+ CSHIOOS + CSHmOS + 2CH3OH + 2CH3COOH
xilozo arabinozo metanol axit axetic

Su thuy phan pectin, axit pectinic khong sinh ra nang lugng, vi vay mé6t s6 san
phim cua qua trinh thiy phan nay sé bi cdc vi sinh vat nay ti€p tuc oxi hda hoac
léen men. Trong diéu kién ki khi ching sé bi 1én men butiric manh mé nhd sy tham
gia cia modt s6 vi khudn thudc giéng Clostridium (cht y&u la sy tham gia cla
C. pectinovorum va C. felsineum.).

C.pectinovorum la nhitng truc khuan.tuong,déi lon. (0,8 x 10 - 15um) bao ti niam
¢ moét ddu lam cho t& bae cd hinh dui trong“Khi'lén-men pectin sé lam sinh ra axit
butiric, axit axetic H, va COZ. Trong nhitng| diéu (kidp nhit dinh con cé thé lam sinh
ra ca axeton va butanol.
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C.felsineum la nhitng truc khudn cé hinh dang tuong tu nhu loai ndi trén. Chung
dac biét co thé phat trién duoc & cad nhiung nhiét do kha cao.

Khi lén men cdc san phdm phan giai dd dang cia pectin sé duge chuyén hoa thanh
axit butiric va mot s6 san phdm khac :

C,H, 0, — CH,CH,CH,COOH + CO, + H,0 + Q

arabinozo axit butiric
Coleo(, — CH3CHZCHZCOOH + 2CO2 + 2H2 + Q

galactozo

Viéc lén men butiric cdc chat pectin tit lau da dugc Ung dung dé ngam day, ngam
gai, ngam dd, nham tdch ldy soi lam day thing, lam bao tai, lam gidy...

Muén tach ldy sgi & 16p v6 cac cay day, gai, d6... trudc hét can phan giai chat
pectin chda trong tdng gian bao cua t& bao l6p v6 cdac cay niy, sau do dung cac bién
phap co hoc (tudc hoac chai) sé cd thé thu dugc sgi mot cach rdt dé dang.

D€ tién hanh phan giai pectin ngudi ta thudng st dung hai phuong phdp lén men
tu nhién : ddm suong va ngam nudc.

Dam suong la phuong phap tradi cay cd sgi lén nhing bai c6. Nhd suong va nudc
mua ma cdc cay nay luén luén d&m uét. Vi sinh vat sé phat trién va tién hanh phan
giai pectin. Qua trinh phan giai nay cha y&u dua vao khu hé cdc vi sinh vat hiéu khi.
Vi nhiét do gitta ngay va dém chénh nhau nhiéu, mat khac vi d6 4m cua than cay
khong déu cho nén phuong phiap dam suong cho hiéu qua cham, chdt lugng cua soi
cing thuong kém.

Phuong phap ngadm nudc la chd yéu dua vao tac dung cia khu hé vi sinh vat ki
khi. Nguoi ta ldy cac ciy cd sgi ngam xudéng ddm, ao hoac ngam trong cac bé xay.
Né&u nhiét dé cua nudc la vao khoang 20 - 30°C thi chi sau 2 - 3 ngay da thdy bot
khi sinh ra rdt nhiéu. D6 la khi CO, sinh ra do qua trinh phan gidi cia nhém vi sinh
vat hiéu khi. Bon nay sé lam tiéu thu nhanh chdng phan oxi tan trong nudc va tao
diéu kién cho nhdm vi sinh vat ki khi phat trién. Cac vi sinh vat ki khi sé tién hanh
léen men butiric chidt pectin va lam cho sgi cd thé dugc tdach ra mot cach dé dang.
Nguoi ta nhan thdy nhiét dé cia nudc ngam cd anh hudng rat nhiéu dén téc d6 phan
giai pectin. N&éu nhiét doé cua nuéc la 16 - 18°C thi thuong phai ngam dén 10 - 15
ngay. N&u nhiét do6 la 20 - 25°C thi cdn 5 - 7 ngay, con néu nhiét do la 33 - 35°C
thi chi cdn c¢d 3 - 4 ngay. Néu bé sung vao nudc ngam moét it thdc an nito, photpho,
canxi hodc cdy thém cac binh gidng vi khudn da dugc lva chon va nuéi cdy nhan tao
vdo cdc bé ngam thi qua trinh phan giai pectin va qua trinh lam tach sgi sé cd thé
rit ngin lai hon ntta va chat lugng cua sgi cing sé dugc nang cao hon.

4.6. "Lén men" metan

Vi khudn sinh metan cing la nhing loai vi khudn ki khi bat budc. Ching chuyén
héa rugu va axit hitu co thanh CH,, CO, va cd thé con sinh ra mét s6 axit hiu co
dugc oxi hoa trigt dé.

Metan c6 thé dugc sinh ra do qud trinh khit CO, duéi tdc dung cua ching.
Methanobacterium M.O.H. Day la chung vi khuan sinh metan] cta mot giong hén hop
(trong mot thdi gian dai ngudi ta cho rang day 1a \mot-loai rieng biét - Methanobacterium
omelianskii). Qua trinh lén men nay rat don gian,, chit.cho hidro & day la hidro phan tu :

L~ 4H, —ICIy; v 2H,0
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Vi khudn nay rit gidng véi loai vi khudn Methanobacterium formicicum. Chung déu
la cac vi khudn ki khi cé kha nang oxi héa hidro phan tu, chi khiac nhau & ché mét
loai ¢c6 kha nang déng hda axit focmic, mét loai khéng. Mot loai vi khudn khac la
Methanosarcina barkeri c6 kha nang chuyén héa CO thanh CH,. San phdm trung gian
cia qua trinh chuyén héa nay la CO, va H

4CO + 4H,0 — 4002 + 4H,

CO2 +4H, — CH, + 2H,0

4CO + 2H,0 — CH, + 3CO,
Vi khudn sinh metan dugc ching minh la loai vi sinh vat c kha nang sinh tdng
hogp manh mé vitamin B12 So d6 gia thuyét vé su hinh thanh CH, tu CO hoac axetat
¢ vi khuan sinh metan cé thé dugc trinh bay nhu sau :

CO, + 2(H) =————————= HCOOH (dang lién két)
ATP ATHF

Focmial dehidrogenaza

HCO - ATHF

“ 2(H)

ATHF
Xerin =~ S——————————x" - CH, - ATHF + glixin

” 2(H)

CHy - ATHF
CH;OH\TP\ J I‘ CoB,, - enzim
CHj, - CoB,, “——————  CH;-CoB,,- enzim

ATP
CH3 - COOH cO;

CH, - CoB,,- enzim

Trong sad d6 ndi trén CoB12 la coenzim Blz’ con ATHF la axit tetrahidrofolic mét
chdt c6 céong thuc nhu sau :

H

|
H | \t_/f}', COOH
H 4<—\

COOH

T

z

z
:I:—’Zz

& day, nguén cacbon dé tao thanh CH, cd thé la CO,, focmiat, metanol nhém metyl
cua axetat, nguyen td p-cacbon cua xerm va meticohalamin. Qua trinh focmiat xay ra
v6i su tham gia cia ATHF. Cacbon sau khi khi thanh nhdm metyl sé dugc chuyér téi
B12 - coenzim va sau d6 v6i su tham gia cia ATP sé tiép tuc dugc khu thanh metan.

Tuy nhién, theo nhitng tai liéu gdn day thi nhiéu diém trong so d6 nay cdon chua
dugc lam sang t6. Vi du trong dich nuéi cdy thuin khiét ngudi ta khong thdy cd su
tham gia cua axit tetrahidrofolic va coenzim = B "Mat khac lai cé thé tim thdy mot
coenzim khac, coenzim M, hoat do6ng nhu|mot’ chdt mang nhom metyl. Coenzim nay

cd cdu tric HS — CH, —|CH, — SO; trong d6 nhom sunphidryl chinh la noi gdn nhém
metyl (theo Fritsche, 1978):
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Tuy loai vi khudn ma co chat (chit cho hidro) cia qua trinh 1én men khong giéng nhau.
Co chit lén men metan d mdt s6 loai vi khuin khic nhau :

Loai vi khuidn Co chdt Nguén cacbon cua CH,

Methanobacterium M.O.H. H, co,

Methanosarcina barkeri H,, CO, metanol, axetat co,, co
Methanobacierium formicicum H,, CO, focmiat co,

Methanococcus vannielli H,, focmiat co,

Methanobacterium runinantlum H,, focmiat co,

Methanobacterium suboxydans Butirat, valerat, capronat co,

Methanobacterium sohngeni Axctat, butinat nhom - CH,
Methanosarcina methanica Axetat, metanol, butirat nhém - CH]
Methanococcus mazei Axetat, butirat nhém - CHj

4.7. Lén men axetat

Mot s6 Clostridium (nhu C. aceticum, C. thermoaceticum, C. acidi-urici, C. cylindrosporum...)
cé kha nang chuyén hidro cia co chit khong nhitng dén cac chit nhan hidro hitu co
ma dén ca CO, va lam tao thanh axit axetic. Qua trinh lén men ki khi nay dugc goi
la qua trinh lén men axetat. Khac v6i qua trinh tao thanh gidm, ch4t nhan hidro khi
lén men axetat la CO2 con khi tao thanh gidm la oxi phan tu.

Vi khudn uva nhiét C.thermoaceticum va vi khudn ua &m C.aceticum cé kha nang
lén men dudng chu y&u theo hudng tao thanh axit axetic.

Co ché gia thuyét ctia qua trinh chuyén hda CO, thanh axit axetic & vi khuin
C.thermoaceticum nhu sau : :

ATHF.ATP
CO, —— CH, — ATHF — {Co] - CH, — [Co] - CH, - COOH
CH, - COOH I

Trong so dé ndi trén ta thdy ré rang qua trinh lén men axetat nay cd lién quan
dén su tham gia cia axit tetrahidrofolic (ATHF) va su tham gia cia vitamin B ) ([Co)).
CO, dugc tach ra ti quéa trinh phan giai, piruvat dugc c6 dinh lai va trd thanh chat

nhan hidro.
Vi khuidn ua &m C.aceti c6 kha nang téng hgp axetat tu CO, va hidro phan ti :

4H2 + 2CO, — CH,COOH + ZHZO
Co ch& cia qua trinh chuyén héa CO, thanh axit axetic

CHO—THF R -
()7 S5 S Gl A o) [5
THF . Focmu Moyl .~ Jgem

>~ 12

................... !
I

’

% CH, |- L
CO dehidrogenaza * H0 — C'O -
X

CoA

o)

U

(ot —fooer ‘“,7— x|
Axit axetic ATP AxetylCoA e ’
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4.8. Lén men xenlulozo

Xenlulozo la mot trong nhitng thanh phan chi y&u cua t8 chic thuc vat. Trong
xdc thuc vat (nhat 1a trong than va trong ré) thi thanh ph&n hitu co chiém ti 1& cao
nhit bao gio cing la xenlulozo. Ham lugng xenlulozo trong xac thuc vat thudng thay
dsi trong khoang 50-80% (tinh theo khéi lugng khd), trong sgi bong ham lugng nay
thudng vugt qua 90%. CS ngudi da tinh thdy ring téng lugng xenlulozo trén Trai D4t
nay la vao khoang 3500 ti tdn. N&u khéng cd qua trinh phan giai xenlulozo thi s8
lugng nay sé tang lén rdt nhanh va ching bao lau tit ca CO2 trong khéng khi sé& bi
chuyén hda hét thanh xenlulozo, sy s6ng sé khéng tén tai dugc nita.

Xenlulozo lai 1a hgp chdt r4t bén ving. DS 1a loai polisaccarit cao phan ti. Ching
cdu tao bdi rat nhiéu géc B-glucozo, lién két voi nhau nho day néi B1,4-glucozit. Méi
phan t xenlulozo thudng cd chida ti 1400 dén 10.000 gdc glucozd. Khéi luong phan
tit xenlulozo thay d8i khac nhau phu thudc vao tuy ting loai thuc vat va tuy phuong
phap xac dinh (khi xdc dinh bing phuong phdp siéu li tdim nguoi ta nhan thdy khéi
lugng phan tu cua xenlulozo & bong 1la 150.000-500.000 con & gai la 1.840.000).

Trong tu nhién c¢d nhiéu loai vi sinh vat ¢6 kha nang sinh ra cdc men lam xic
tdc qua trinh phan giai xenlulozo. Nhiing vi sinh vat nay dugc goi 1a vi sinh vat phan
gidi xenlulozo. Chung cd y nghia rdt 16n d&i véi viéc thuc hién vong tudn hoan cacbon
trong tu nhién, gdp phdn rit quan trong vao viéc nang cao do phi nhiéu cta dit cing
nhu vao viéc tiéu hda thidc an & cac loai dong vat nhai lai.

Trong diéu kién thoang khi xenlulozo cd thé bi phan giai duéi tdc dung ctia nhiéu nhém
vi sinh vat hiéu khi (vi khu&n, niém vi khudn, xa khudn, nim méc, nim mi...).

Cac loai vi sinh vat hi6u khi cd kha nang phan gidi xenlulozo manh mé thudng
thudc vé cac chi sau day : Achromobacter, Pseudomonas, Cellulomonas, Vibrio, Cellvibrio,
Bacillus (Vi khudn), Chondromyces, Myxococcus Cytophaga, Angiococcus, Polyangium,
Sporocytophaga, Sorangium, Archangium, Promyxobacterium... (Niém vi khuén),
Micromonospora, Proactinomyces, Actinomyces, Streptomyces, Streptosporangium... (Xa
khu&n), Fusarium, Chaetomium, Aspergillus, Penicilium, Alternaria, Rhizopus,
Trichoderma, Rhizoctonia. Botrytis, Trichothecium, Verticillium, Myrothecium (Vi nim)
va Meralius, Fomes (Ndm mi). Nhitng loai dang dugc chi y nhiéu nh4t hién nay la
Cellulomonas fimi, Trichoderma viride, Pencicilium varable, Chaetomium globosum,
Myrothecium, verrucaria, Rhizoctonia solani, A. fumigatus, A. nidulans, Botrytis cinerea,
Micromonospora chalcea, Streptomyces cellulosae v.v... Nhiéu nghién cdu gdn day cho
biét cac vi sinh vat hi€u khi nay it nh4t cing lam sinh ra 2 loai enzim phan gidi
xenlulozo : xenlulazo C, va xenlulazo Cx. Enzim C, tdc dong so bo vao cic phan tu
xenlulozo thién nhién va bién ching thanh cdc chubi xenlulozo mach thing. Sau dé
dudi tdac dung cta enzim Cx sé bi phan hiy thanh dudng xenlobiozo (gdm hai phan tu
glucozo). Loai dudng nay cd thé tan trong nuéc va dudi tic dung cta S-glucozidaza
(hay xenlobiaza) rit d&d3ng chHuyen Hoa thATH EUcozo"

Ngoai cac vi sinh vat hiéu khi eon c¢6/'mét s8/ vickhuan ki khi c6 kha nang tham
gia tich cuc vao qua trinh phén gidi xenluloza.“Nguoi ta goi qud trinh phan giai
xenlulozo ki khi la qud trinh-"lén men xenlulozad".
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C. thermocellum la loai vi khudn dugc nghién cdu rdt nhiéu bdi nha khoa hoc Nga
A.AImsenhietxki. Ching dugc phan lap ldn ddu tid phan ngua, lic con non cd hinh
que ngan, khi trudng thanh cé hinh uén cong v&i kich thuéc kha dai, bao ti sinh ra
d mot ddu cla t&€ bao. Loai vi khudn nay cd thé phat trién dugc trén cdc moi trudng
tdng hop don gidn chita nguén cacbon la xenlulozo hoac xenlobiozg, ngudn nito la mudi
NH:. Ching khong sit dung dugc glucozo va nhiéu loai dudng khac, chung phat trién
va lén men manh mé & nhiét do 60-65°C, gigi han nhiét do cao nh&t thudng la 70°C
cdon d 40-50°C ngudi ta nhan thdy ching bAt ddu kém phat trién. San phdm cta qua
trinh 1én men xenlulozo & vi khudn nay la etanol, axit axetic, axit focmic, axit lactic,
H, va CO,. Cd 1& enzim xenlulaza chi gidp ching chuyén hda xenlulozo thanh xenlobioza.
Viéc 1én men xenlobiozo dugc thuc hién nhd su xdc tdc cua nhiéu loai men khac.

Vi khudn uva &m C.omelianskii dugc nha khoa hoc Nga V.L. Omelianxki phan lap lan
ddu tién nam 1902. DS la loai vi khuin ¢6 hinh que, kich thuéc 0,5 - 3 x 4 - 8um, cd
kha nang di dong. Bao ti dugc hinh thanh d mét ddu do dd lam cho vi khudn trd
nén cé hinh dang gidng cai dui tréng. Loai vi khudn nay phat trién va lén men manh
mé nhit & nhiét do6 30 - 40°C. San phdm cua qua trinh ién men nay la etanol, axit
axetic, axit lactic, axit focmic, H2 va COZ.

Con mot nhém vi sinh vat dac biét nita ¢é khad nang phan giai xenlulozo mot cach
manh. mé trong diéu kién ki khi di 1a nhdm cic vi sinh vat séng trong da c¢d cua trau
bd va cdc dong vat nhai lai khdac. Trau bo sé khong thé nao tiéu hda duge c6 rom ra
néu khoéng c6 su cong sinh véi mot khu hé dong dic cac vi sinh vat bén trong da co
cia ching. Nhiéu nghién ciu cho biét trong méi ml cdc chadt 14y duge ti da co bo,
ngudi ta nhan thdy thudng cdé khoang 10°-10'° t& bao vi khu&n. Sinh khéi vi khudn
chiém dén 5-10% so vd@i lugng kho cua toan bd cac chiat chua trong da cd trau bo.
Ngoai vi khudn ra trong méi ml cdc chdt ldy tu da ¢6 con thdy cd khoang vai triéu
co thé dong vat nguyén sinh (cing chi€m téi 6-10% khéi lugng khé).

Vé khu hé vi khudn cta da c6 dong vat nhai lai c6 thé ké dén rdt nhiéu loai,
nhung trong s6 nay nhing loai ¢d khd nang phan gidi xenlulozo manh mé nhat la :
Ruminococcus flavefeciens, Ruminococcus albus, Ruminobacter parvum, Bacteroides
succinogenes, Butyrivibrio fibrisolvens, Clostridium cellobioparum, Cillobacterium
cellulosolvens... Con vé céc loai dong vat nguyén sinh séng trong da c6 ma cd it nhiéu
kha ning déng hda xenlulozo thi cd thé ké dén mot sd loai trong cac chi Ophryoscolex,
Isotrich, Dasytricha...

Cédc cdu khudn s6ng trong da c6 dugc nghién cttu nhiéu nhit la thuéc vé 2 loai :
Ruminococcus flavefaciens va R. albus. R. flavefaciens la loai cdu khudn Gram duong,
thuong xép thanh hinh chuéi, ¢6 kha niang sinh sic t6 vang. San phdm cudi cung khi
lén men xenlulozo va xenlobiozo la axit xucxinic va axit axetic. Mot s6 chung con c6
thé lam sinh ra mot lugng nhd axit lactic, axit focmic va etanol. R. albus khi lén men
xenlulozo va xenlobiozo thudng lam sinh ra axit axetic, etanol, axit focmic, H, va CO,.
Ngoai xenlulozo va xenlobiozo, mét s6 loai Ruminococcus con cd thé déng hda ca xilan,
hemixenlulozg, lactozo, mannozo, fructozo va glucoza. Ruminococcus ¢6 kha nang déng
hda nito ctia cac mudi amon. Ching sé phdt trién t6t hon néu méi truong cd chua
axit axetic va axit izovaleric..Vé.vitamin.ching.thudc.loai.cdn.biotin, axit paraaminobenzoic
va vitamin B.

Bacteroides succinogenes la loaiitruc 'khuéin G7+ki “khi bat budc, khéong sinh bao
tt. Nguén nang lugng t6t nhat d6i voi chdng la-xerilulozo va glucozo. Ching con cg
kha nang déng hda c& tinh-bét; xenlobiozo, pectin va mot s§ duong khac. San phim
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cubi cung cia qua trinh 1én men xenlulozo la axit xucxinic va mét luong nhé axit
axetic, axit focmic. D€ phat tri€n t6t, ching ddi hdéi phai ¢c6 mu6i amon va mot luong
nhd xixtein. Ching con cin cad mot it biotin va axit paraaminobenzoic. D€ nudi cdy
loai vi khu&n nay, ngudi ta thuong dung méi trudng chia dich da cd, xenlulozo, mét
s6 mubi vd co va bicacbonat.

Butyrivibrio fibrisolvens la loai truc khudn uén cong Gram am, khong sinh bao tu.
Ngoai xenlulozo ching con c¢6 kha nang déng hda cd tinh bét, hemixenlulozo, xilan,
glucozo, galactozo, arabinozo va nhiéu hidrat cacbon khac. D€ sinh trudng tét, loai vi
khudn nay doi hoéi phai duge cung cdp mot s6 aminoaxit (nhu histidin, loxin, izoloxin,
metionin, lizin va xixtein)... Thi€u cdc chdt nay ching sé phat tri€n rit cham. Ching
cdn cln dugc cung cdp moét s6 chit nhu biotin, axit folic va vitamin Bg. Loai vi khu4n
nay phan b6 kha réng rdi trong tu nhién, ngodi su c¢é mat trong da co, ngudi ta cdn
thdy ching c6 mat ca trong phan thé hoic phan ngua.

Cillobacterium cellulosolvens cling 12 nhitng truc khudn ki khi, khéng sinh bao ti.
Ching thudc loai Gram duong, cd kha nang di déng. Ngoai kha nang déng hda xenlulozo,
loai vi khudn nay cdn cé thé déng hda ca glucozo, xenlobiozo, maltozo, fructozo, inulin
va xalixin. San phdm chi y&u sinh ra trén méi trudng chida xenlulozo la axit lactic.

Vé truyc khudn ki khi sinh bao ti cé kha ning phan giai xenlulozo trong da cé
cdn phai k€ dén loai Clostridium cellobioparum. Loai vi khudn nay dugc phan lap tu
nam 1944 (Hungate, 1944). Ching thuéc loai vi khudn Gram am, cé kha nang lén men
xenlulozo vd mot s6 hgp ch4t hidrat cacbon khac. San phdm cua qua trinh 1én men
nay la axit axetic, axit focmic, axit lactic, etanol, H, va CO,. Gi4n day ngudi ta con
phan lap dugc tit da c6 hai loai Clostridium khac (C, locheadii va C. longisporum).
Khi 1én men xenlulozo, xenlobiozo va moét s6 duong khac cac vi khudn nay sé l1am sinh
ra kha nhiéu ch4t nhay.

5. CAC QUA TRINH OXI HOA KHONG HOAN TOAN

Phén 16n cdc vi sinh vat hi€u khi tién hanh oxi hda ch4t dinh dudng hitu co thanh
CO, va H,0 (h6 hdp). Vi cacbon trong CO, dat téi muc oxi hda cao nén ngudi ta
thudng goi qud trinh nay la qua trinh oxi héa hoan toan. M6t s6 vi sinh vat cé kha
nang oxi hda co ch&t trong diéu kién hi€u khi nhung lai 1am sinh ra nhitng san phim
chua dugc oxi hda hoan toan (nhu ketoaxit, axit axetic, axit gluconic, axit fumaric,
axit limonic...). Vi c¢d tich liy cac san phdm gi6ng cdc qua trinh lén men ki khi cho
nén ngudi ta con goi cac qua trinh oxi hda khéng hoan toan la cdc qué trinh "lén
men". Chit "lén men" & ddy dugc dung theo théi quen (vi du lén men axetic, 1én men
limonic...) chd thuc ra nhitng qua trinh nay khéng phai 1a 1én men ma 1a oxi hda
hi€u khi.

R4t nhiéu qua trinh oxi hda khéng hoan toan cé y nghia quan trong trong cong
nghiép 1én men vi ching lam sin sinh ra nhiéu san phdm r4t cd gia tri.

5.1. Qua trinh oXi H6a etanol thanh axit axetic

Tu thdi thugng c6 ngudi ta da bist ché tdo gism:va chl khoang 2 thé& ki g4n day
ngudi ta méi bi6t san xudt ra axit axetic ¢.dang-dim dac. Axit axetic c6 khoang 3%
trong gifm. Thdi xua ngudi ta d€ chua ruou vang d& tao thanh gifm (tiéng Phap
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vinaigre la gidm, bao gém vin 1a rugu nho va aigre la chua). Gidm dugc tao thanh tu
mdt dung dich rugu vang dé& tinh, nguvi ta cho su bién d8i nay la mét qua trinh lén
men cho nén goi 1a 1én men axetic.

Vé thuc chdt day 12 mét qua trinh oxi hda dugc thuc hién bdi mét nhom vi khudn
goi 1a vi khudn axetic (thudc chi Acetobacter).

Qua trinh oxi héa nay cé thé bi€u thi nhu sau :
CZHSOH + O2 - CHscOOH + H,O
(AG® = -45 kJ/mol).

Hang nam nhan loai tiéu thu mét lugng gidm tuong duong véi 160.000 tdn axit
axetic tinh khiét (hay 3,2 tl lit gifm chua 5% axit axetic).

Con cd mot kh6i lugng lén axit axetic dam dac dugc sdn xudt & quy mod cong
nghiép d€ st dung trong cdc nganh céng nghiép (sdn xuit cic loai este, cac loai axetyl,
axetaldehit, axetat xenlulozo, téng hgp indigo, t8ng hgp chadt diét cd, téng hgp aspirin
va nhiéu dugc phdm khiac, ch& bién mu cao su thanh cao su ban thanh ph&m).

Vi khudn axetic la nhitng vi khudn hinh que, hiéu khi, G°. Ching thudc chi
Acetobdcter, thuéc ho Acetobacteriaceae. Ho nidy ngoai chi Acetobacter con cé chi
Gluconobacter. Hai chi nay déu cé thé sinh trudng ¢ pH = 4,5, déu cd thé oxi hda
etanol thanh axit axetic 3 pH = 4,5 nhung Acetobacter cd tién mao kiéu chu mao
(peritrichous) con Gluconabacter cd tién mao ki€u cuc mao (polar). Ngoai ra khic véi
Acetobacter, chi Gluconobacter khéng cé chu trinh ATC ddy du trong hé hdp hiéu khi
(do d6 khéng oxi hda dugc axetat).

Hai chi vi khudn nay rit gdn gai véi chi Pseudomonas, tuy vdy cd thé phan biét
dé dang vl Pseudomonas khéng phat trién dugc 6 pH = 4,5 va khoéng oxi hda dugc
etanol thanh axit axetic.

Theo cdc khda phan loai hién nay (Bergey’s Manual of Systematic Bacteriology, (o
Edition, 1994, 2000) thi Acetobacter gém cé 7 loai khac nhau : Acetobacter aceti,
A.schutzenbachii, A. orleanense, A. xylinum, A.suboxydans...

NoGi chung Acetobacter thudng phat trién t6t & 25-30°C. A.aceti cS thé tich lay tai
11,5% axit axetic, A.orleanense cd thé tich liy 9,56 % axit axetic. Loai A.xylinum cé
thé tao vang day va dai do thanh t&€ bao chia xenlulozo va hemixenluloza. Nhiéu nuéc
4 Déng Nam A da nuoéi cy A.xylinum trén nudc dia gia dé tao ra sdn phdm Nata
de Coco, an cd huong vi cia cui nhan, cli vai. A. suboxydans cé kha nang oxi hda
rucu sorbit thanh sorbozo :

CIHZOH CIIHZOH CI:HZOH
HO—('J-H HO—(F—H ('J =0
HO-(IJ-H ) [H] HO'?—H [O] OH—C‘-H

H—(IT—OH H-(F—OH H—Q—OH
HO-C'—H HO-(P-H A suboxyddans OH-(;J-H

H-C=0 ; CH,OH, CH,OH
D-glucozo D-sorbit L-sorbozo
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Khi nuéi cdy A.suboxydans trén moi trudng chua 25% sorbit, vi khuan nay co thé
oxi hda dén 90% D-sorbit thanh L-sorbozo. Tl sorbozo ngusi ta sé dung cac phuong
phap tdng hop hoa hoc dé€ san xudt ra axit ascorbic (vitamin C)

Co thé trinh bay tom tat qua trinh oxi hda etanol thanh axit axetic nhu sau -

0 —
NAD' NADH~" NAD*\/, NADH

CH,CH,OH—M CH,CHO CH,COOH

Etanol Axetaldehit Axit axetic

Co 3 phuong phap khac nhau dé san xudt gidm (hay dung dich axit axetic néng doé thip).

1- Phuong phdap cham : Phuong phap nay con goi la phuong phdp chum hd, phuong
phap Orleans hay phuong phap Phap. Qua trinh nay dugc thuc hién 6 Phap bang cach
"lén men" rugu vang trong cic thung gé ti nam 1670. Hién nay ¢ Viét Nam nguai ta
van sdn xudt gidm bing phuong phdp nay trong cdc chum sanh. D6 gidm tugi vao 1/5
chum, sau cho dich 1én men (dung dich chda 2-4% etanol, 1-2% axit axetic) dén .khoéng
1/2 chum. Vi khuan Acetobacter sé phat trién trén bé mat (tao thanh "cai giam"). Sau
1 tudn lai b6 sung thém dich 1én men cho dén ddy chum. Qua trinh oxi hda thuong
kéo dai (khoang 35 ngay), néng d6 axit axetic thudng dat 3-5%. Gidm dugc loc trong
va khu trung Pasteur (Pasteurization).

2- Phuong phap nhanh : Phuong phdp nay con goi la phuong phap chay nho giot
hay phuong phap Diuc. Phuong phap nay duge Schiitzenbachi néu lén vao nam 1823
Ngudi ta tao ra bé mat ti€p xuc 1én gitta vi khudn Acetobacter vdi khong khi dé thuc
ddy nhanh hon qua trinh oxi hda etanol. Bé mat lon dugc tao ra bang ciach dung vo
bao, 16i ngd... xép day trong moét thung 1én men gidm hinh tryu hay hinh c6n ; hinh
non cut, thudng lam bang gbé véi kich thudc 2,5-6 x 1,2-3m. Dich lén men (thuong
chia 6% axit axetic va 3% etanol) cho chdy tu ti qua coét. Gidm thu dugc thudng cé
chta 8-9% axit axetic. Cac thung lén men gidm nay cd thé dung lau dai (5-30 nam)
va ngay nay da dugc cai tién bing cic thit bi kha 16n (20, 40, 60 m>) do hang Frings
san xudt. Hiéu sudt oxi hda la 85-90% so vd@i li thuy&t, nang suit oxi hoa la
5] etanol/m® vo bao/ngay. V6i phuong phdp nay thdi gian san xuit gidm rut lai chi con
5-6 ngay. Tuy nhién vi etanol va axit axetic déu dé bay hoi nén lugng thit thoat con
toi 2-6%.

3- Phuong phap chim : Phuong phap nay con goi la phuong phap bot khi hay
phuong phap dung axetato. Day la phuong phiap do Ebner va Hromatka néu lén tu
nam 1949. Ngugoi ta tao ra cdc néi lén men dac biét (goi 1a acetato) va cho lén men
¢ thdi khi nho mot dich lén men (chya 6-12% etanol va 1-3% axit axetic) Qua
trinh oxi hda hoan thanh sau.40-96 gio, sin phdm chita 7-13% axit axetic. Ngay nay
hau hét cdc acetato dugc/ st dung trén thé gigi déu do hang Frings (CHLB Duc) san
xuit. Cdc thiét bi dang duge ban co thé oxi jhoar75;150, 300,600, 1200 va 1800 Ilit
etanol (tinh theo etanol 100%)~trong 24 .giv. Kunitatsu va cong su (1981) da cai tién
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quy trinh 1én men thanh 2 giai doan, giai doan ddu lén men ¢ 27-32°C, giai doan sau
léen men 6 18-24°C. San phdm thu dudc cé néng do axit axetic vugt qua 20%.

Ngoai ba phuong phdp ndi trén con cé nhitng phuong phdp cai tién. Chang han
phuong phdp phdi hgp gitta phuong phap nhanh va phuong phap chim (phdn trén theo
phuong phdp nhanh, phan dugi khi dich lén men chay qua cot vat liéu x6p réi, sé dudc
thdi khi bé sung nhu trong acetato).

Vi khudn axetic ¢ thé oxi héa propanol thanh axit propionic :

CH,CH,CH,0H — CHscHZCOOH

Oxi hda izopropanol thanh axeton :

CH,CHOHCH, — CH,COCH,

Vi khudn axetic con c6 thé oxi hda glixerin thanh dioxi axeton.
9H20H (FHZOH
('ZHOH — ? =0
CH,OH CH,O0H
Con mét qua trinh oxi hda nita cing rdt dang chu y la qua trinh oxi hda glucozu
thanh axit gluconic va mot sé axit khac :

COCH
H=C—0H
Ho—G—H
/ H—(;‘,——OH
20 ?=O
[N H CH,OH
H—-C| —OH (|ZOOH ?OOH
HO—C—H H—C—OH Cc=0
H—(li——OH e OH—(IZ— H Axit 5-ketogluconic _ HO—(IJ— H
H—(ll—OH H—(II—'OH H—(:)—OH
éH;OH H—-(:S—OH H—CIZ=OH
CH,0H COOH CH.OH
Axit 2-ketogluconic
Glucozo Axit gluconic c=0
\ HO—é-—H
H—(lj'-OH
¢=0
Qfiox

Axit 2,5-diketagluconic
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A.suboxydans 1a loai vi khudn cd khd nang tich lay axit gluconic rdt manh me.
Nguoi ta thuong st dung ching d€ ché& tao canxi gluconat (thuc chita cac bénh thiéu
canxi). Méi truong lén men thudng chda 15% glucozo ; 0,2% MgSO, ; 0,3% KHZPOZ
va 0,3% (NH,),HPO, hay pepton. Qua trinh lén men tign hanh ¢ 25-30°C trong khoang
1-2 tudn. Sau khi 1én men li tam ldy dich trong, dun ndng va trung hda bang CaCO,.

Dé chuyén hda axit gluconic thanh axit 2-ketogluconic va axit 2,5 diketogluconic
ngudi ta lai st dung mot loai vi khudn axetic khac l1a A.melanogenum.

5.2. Qua trinh oxi hoa saccarozo thanh axit xitric

N4dm sgi 12 nhom vi sinh vat hiéu khi, chfmg khong c6 kha nang lén men ki khi
nhung trong nhiéu trudng hop ching cd thé lam tich ldy lai trong méi trudng nhing
san phim chua dudc oxi hda triét dé, phd bién nhit 1a cdc axit hiu co.

Ti nam 1893 C. Wehmer da chi y dén hién tuong nay. Ong cho biét ndm méc
Aspergillus niger trén moi trudng chda dudng va cd mat CaCO, sé cd thé lam tich
liy kha nhiéu axit oxalic. Mot s6 loai mdc xanh ma 6ng goi la giéng Citromyces (thuc ra
van thuoéc vé giéng Penicillium) thi lai ¢6 khad nang san sinh axit limonic. Nam 1916
ngudi ta phat hién th4dy nhiéu nodi A. niger cé kha nang tich liy kha nhiéu axit limonic.
Nam 1917 Currie ching minh rang néu ning cao néng d6 dudng (I1én dén khoang 15%),
giam ndng do6 NH,NO,, dua pH méi trusng téi 3,5 hoac thdp hon thi khéng nhitng cé
thé nang cao san lugng axit limonic ma con han ch& dugc su san sinh axit oxalic.
Nam 1926 nguoi ta da nghi ra phuong phdp st dung méi trudng axit d€ hudn luyén
nim A. niger va chon ra dugc nhing ching cé th€ chuyén hda dugc dén 65% dudng
thanh axit limonic (axit xitric).

Axit xitric 12 moét loai axit hitu co khéng déc, dugc st dung rong rai trong nén
kinh t& quéc dan. TY nam 1970 t6ng sin lugng axit xitric trén thé& gisi da la 300.000
tdn, nam 1990 tang lén dén 550.000 tdn, trong s6 nay cd téi 80% thu nhan dugc tiu
phuong phdp "lén men" (oxi héa khéng hoan toan nhd ndm sgi hoic ndm men). Cé
khoang 70% axit xitric dugc sit dung trong cdc nganh céng nghiép thuc phdm (sin
xudt nudc ngot, banh, keo, mudt, chéng oxi hda didu béo, bdo quan thuc phdm...). Natri
xitrat dugc dung thay thé& poliphotphat trong céng nghé san xuit chit tdy ria. Sit
xitrat dugc dung trong y hoc dé chita bénh thiéu sit, dé bio quan mau khéi déng...

O nuéc ta hang nam phai nhap khoang 500 - 1000 t&n axit xitric, chu yéu dé
dung trong cong nghiép thuc phdm.

Khi lén men xitric ngudi ta thudng dung ri dudng da dugc xi li. Diéu chinh dé€ sao
cho néng d6 dudng saccarozo trong moéi trudng lén men & trong khoang 14 - 22% (W/V).
Nguén nito b8 sung 1a amon sunphat hay amon nitrat. Néng dd thich hgp la 0,3 - 1,5g
NH:/I. Con cin b8 sung mét luong nhit dinh photphat nhung luén khéng ch&é & mot
néng d6 rit thdp. Cdn ki€m tra chat ché d€ loai trit sy cé mat cia mét sé cation kim
loai trong méi trudng, dac biét la d6i vai Mn?*, Fe?* va Zn?*. Muén loai b6 Mn?*, Fe?'
trong ri dudng ngudi ta phai st dung t6i kali hexaxianoferat - K,[Fe(CN)]. Viéc bd
sung metanol (khoang 3%) vao mbéi trudng cé kha nang lam tang roé rét viéc
tich ldy axit xitric, trong khi dé lai lam giam viéc tich lay sinh khéi (sgi n&m). Mot
s6 tac gid da dé xudt hiéu qua.cua viéc b8 sung mét s6 hop chdt khac d6i véi viec
tich lay axit xitric. Co /th€ k& dén, viec~ bd sung -tinh bot, xetylpiridinium clorit,
diizobutylphenoxi - etoxi | = etyldimetylbenzylammaoni, clorid, stearyldimetylbenzylammoni
clorit...
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Viéc diéu chinh co ch& san sinh axit xitric khi 1én men ri dudng bing nidm sgi
Aspergillus niger cé thé€ bi€u thi nhu sau :

GLUCOzO
1
v
FRUCTOZJ
lm L -
FRUCTOZO - 1.6DI-(D iATP &

.

FRUCTOZO - 6<p)

OXALOAXETAT

\ 4

wALAT =
$ ]

FUMARAT IZOXITRAT

' o
XUCXINAT —
#{ o - KETOGLUTARAT ]—J

Co ché diéu hoa trao d8i chdt dé tich Gy axit xitric 3 A.niger.
Chu thich : + : hoat héa ; - : lc ché.

Phuong trinh chung cia su chuyén hda dudng thanh axit xitric cd thé bi€u thi
nhu sau :

.3 H,C-COOH
C12 22011 ———'C H 0 ——> HO - C COOH + ZHZO + x kcal
H,C -COOH
Saccarozd Glucozo Axit xitric

Khi st dung nf&m soi A.niger dé lén men xitric_cé thé st dung phuong phap lén
men bé mat hoac phuong phdp 1én men chim.
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Cac khay dung trong lén men bé mat thudng c6 kich thuoc tu 2 x 2,5 x 0,15m
toi 2,5 x 4 x 0,15m. D6 day lop dich thuong la 0,08 - 0,12m. Mé&i khay chia 04 -
1,2 tdn moi truong va dugc xép trong cdc ngan chong 1én nhau xép ¢ moét ti vo trung
cd thdi khi (vo trung) lén bé mat dich lén men. Trong lén men bé mat luong dudng
thuong dugc khéng ché trong khoang 15 - 20%, pH dugc diéu chinh bing H_.,PO4 dén
6,0 - 6,5, lugng HCF (kali hexaxianoferat) thudng dudc dung trong truong hop ri duong
mia la 10 - 200 HCF-ion/lit.

Lugng bao ti dugc thdi vao bé mat khay véi s6 luogng khoang 100 - 150 mg/mz.
Néu lén men t6t cd thé thu duge toi 200 - 250g axit xitric/lit.

Khi 1én men chim ngudi ta dung cic néi lén men 200 - 950m>. Néng do duong
ban dau la 15 - 27% (W/V). Khit trung dgi ngudi dén 50°C méi b8 sung chit dinh
dudng. Do pH dugc diéu chinh bang NH3 hay NH4OH. S6 lugng bao ti A. niger dugc
cdy vao la 5 - 25 trieu/lit. Ti lé thdi khi 1a 0,1 - 0,4 VVm. Nhiét d6 lén men la
28 - 35°C. D6 pH thay ddi trong khoang 2,2 - 2,6. Néng d6 Fe phai thdp hon 200 ugll va
néng d6 Mn phai thdp hon 5 ug/ll. Qua trinh l1én men thuong kéo dai 10 - 12 ngay.

Sau khi két thuc lén men phai tach hé sgi ndm réi két tua canxi oxalat bang nudc
voi, sau d6 b3 sung tiép nudc voi dé két tua canxi xitrat. Xi& li canxi xitrat bing
HZSO4 dé tach ra canxi sunphat. Tiép tuc tinh ché dung dich axit xitric bing than
hoat tinh va bang phuong phap trao déi ion. Sau khi cho bay hoi dé c6 dac lai sé tién
hanh két tinh va tach sadn phdm ra, sdy khé va dong goi.

Trong nhitng nam gidn day ngudi ta cé xu th& chuyén d6i co chZt va chung loai
vi sinh vat trong sin xudt axit xitric. Ngudi ta da nghién cdu thanh coéng quy trinh
léen men chim véi co ch&t la n-alkan (ti cong nghiép ddu mé) va voi vi sinh vat la
ndm men Saccharomycopsis (Candida) lipolytica. Gan diy loai ndm men nay lai dugc
déi tén thanh Yarrowia lipolytica.

Co ché& chuyén hda cd thé bi€u thi nhu sau :

n - Alkan

‘ Oxi hoa
Axit béo
‘ B - Oxi hoa

Axetyl.CoA
Xitrat

Xitrat Oxaloaxetat
’ X

Izoxitrat

\ /

Xucximat Fumarat

Glioxilat
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" Cic nha may san xuit axit xitric t n-alkan va ndm men da bat dau dugc xay

)ty dung ¢ Nhat, Duc, Nga...

din Nhiéu loai ndm sgi thuoc cdc chi Aspergillus, Penicillium, Mucor khi phat trién
trén cdc moi trudng cd phan dng kiém sinh N (tdc 1a dudi tdc dong cia ndm méc cd
thé lam tich lay nhiéu gdc kiém) cd thé dé dang tich liy moét luong dang ké axit oxalic.
Nhitng ching ndm méc thuong cé thé lam sinh ra axit oxalic nhiéu nhit la A. niger,
A. oryzae, P. solitum...

Axit oxalic thudng dugc sinh ra do két qua cla qua trinh thay phan axit oxalaxetic :

: 0= (;J - COOH HOOC-COOH
it HZC - COOH + HZO - +
i
- H3C—COOH

g Ngoai hai loai axit hitu co ndi trén, mét s6 ndm méc con cé kha nang lam tich
i ldy lai trong méi trudng cd axit fumaric va axit xucxinic. Hién tugng nay dugc Ehrlich
phat hién thdy d ndm Rhizopus nigricans td nam 1911. Hién nay ngudi ta da biét dén
kha nhiéu loai ndm méc cd kha nang san sinh mét luong dang ké axit fumaric (nhu
Penicillium griseum, Aspergillus fumigatus, A. glaucus, A. flavus, A. wentii va Rhizopus
Rt delemar...).
8 Viéc oxi hda axit xucxinic thanh axit fumaric dugc thuc hién nhd su xic tac cua
enzim xucxinatdehidrogenaza. Axit fumaric sinh ra cung cd thé ti€p tuc lién két véi
moét phan tit nudéc d€ tao thanh axit malic (dudi tdc dung cua fumaraza) :

CHZ—COOH CH-COOH CHZ—COOH
& —2H ’ +Hzo |

| = =

CHZ—COOH CH-COOH HO-CH-COOH

axit xucxinic axit fumaric axit malic

Mot s6 chung ndm méc thudc cdc loai A. itaconicus va A. terreus con sinh ra ca
axit itaconic. Qud trinh nay cd thé xay ra trong trudng hgp pH moi trudng rat
thdp (khoang 2,0). Axit itaconic dugc hinh thanh do su chuyén hda ti axit xis-acotinic :

CO2
H30—COOH HZC—COOH HZC—COOH } Hz(ﬁ
+ | | i
0= (II -COOH -— HO—(;J-COOH — C-COOH — C-COOH
) Il |
HZC—COOH HZC—COOH HC-COOH HZC—COOH

Nhiéu loai ndm méc thudc ho Mucoraceae (nhu Rhizopus nodosus, R.oryzae,
R.arrhizus, R.nigricans) va rat nhiéu loai trong cac giéng thuoc l6p Phycomycetes cd
kha nang tich liy axit lactic trong diéu kién oxi/ hoa ‘hicu khi. Thudng thudng bén
canh viéc san sinh kha nhiéu axit lactic con cd su.lich liy mét lugng nhd cac axit
khac (nhu axit fumaric, axit xuexinic, axit malie; axit' focmic, axit axetic...). C6 thé su
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dung qua trinh oxi héa khéng hoan toan nay dé san xuit axit lactic (so vdi qua trinh
lén men lactic dung vi khudn sé cd lgi 6 ché do phai si dung cac ngubn thic an phie
tap va c6 thé dung ure lam nguén nito).

Axit gluconic cung cd thé la san phdm oxi hda khéng hoan toan cua nhiéu loai
ndm mdc thudc chi Aspergillus va Penicillium. Hiéu suft chuyén hda glucozo thanh
axit gluconic & ndm A.niger c6 thé dat t6i 30 - 35%.

6. SU PHAN GIAI PROTEIN (QUA TRINH THOI RUA)

Khac véi 1én men, co chdt cia qua trinh théi rita l1a protein. Protein 1a mét trong
nhitng thanh phdn quan trong cua xiac dong véat, thuc vat va vi sinh vat. Protein
thudng chia khoang 15,0 - 17,6% nito (tinh theo chdt khé). Néu nhu t6ng lugng cacbon
trong co thé ciac sinh vat séng trén mat dit l1a vao khoang 700 ti t4n thi téng luong
nito it ra cing téi 10 - 25 ti tdn. Trong 16p d4t sdu 30 cm bao quanh Trai DAt ngudi
ta con thdy thudng xuyén cd khoang 3 - 7,5 ti tdn nito ma phéan lén la tén tai trong
cdc hop chidt hitu co chda nito. Su phan giai cdc hogp chidt hitu co chiéa nito cé y nghia
rdt l6n d6i v6i néng nghiép va d6i vdi vong tudn hoan vat chit trong tu nhién. Ngudi
ta con goi qua trinh phan giai nay la qua trinh amon hda.

Muén phan giai protein, cing giéng nhu d6i véi cdc hop chdt cao phan tu khic,
ddu tién vi sinh vat phai tiét ra cdc enzim phan gidi protein ngoai bao va lam chuyén
hda protein thanh cadc hop chdt ¢ phan ti nhé hon (cdc polipeptit va cdc oligopeptit).
Céac chidt nay hoac ti€p tuc dugc phdn hiy thanh axit amin nho cac peptidaza ngoai
bao, hoac dugc xam nhap ngay vao t€ bao vi sinh vat sau dé mdi chuyén hda thanh
axit amin. Mét phdn cac axit amin nay dugc vi sinh vat si dung trong qu4 trinh téng
hgp protein cia ching, mét phidn khiac dugc ti€p tuc phin giai theo nhitng con dudng
khac nhau d€ sinh NH;, CO, va nhiéu san phdm trung gian khic.

Nhitng vi sinh vat khéng cé kha nang sinh ra ciac enzim phan giai protein ngoai
bao ré rang la khéng cd kha ning d6ng hda dugc cdc loai protein thién nhién. Ching
chi cé thé st dung dugc cdc san phdm thiy phan ctia protein (polipeptit, oligopeptit,
axit amin).

Enzim phan giai = peptidaz
e Polipeptit A =
Protein ] _ . il . —_— | Axit amin 1|
i protein ngoai bao l Oligopeptit [ i

SIET | \—I—J
| Céac axit amin ndéi bao
|
| | | i
Khit amin va phéan Kht..amin Chuyén amin va phan Truc tiép su
giai mach cacbon gidi| ¢dcbon dung trong qua

trinh sinh téng
hop protein
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R4t nhiéu lodi vi sinh vat kh4c nhau tham gia vao qua trinh amon hda trong tu
nhién. Dang chu y nh4t 1a c4c loai sau day :

- Vi khu#n : Bacillus mycoides, B. mesentericus, B. subtilis, B. cereus, B. megaterium,
B. histoliticus, Proteus vulgaris, Chromobacterium prodigiosum, Pseudomonas fluorescens,

P. aeruginosa, P. putreficans, E. coli, C. sporogenes, C. welchii.

- Xa khudn va ndm : Streptomyces griseus, S. rimosus, S. fradiae, Aspergillus
oryzae, A. flavus, A. terricola, A. niger, A. saitoi, A. awamori, A. alliaceus.
Penicillium camemberti, Ceplialothecium, spp., Rhizopus, spp., Mucor, spp., Gliocladium

roseum...

Trong co thé vi sinh vat, cac axit amin thudng dugc chuyén héa nho qua trinh
khi amin, va qué trinh khit caboxyl hoic déng thdi vita khi amin vita khit cacboxyl.
CS thé thdy r6 co ch& cua cac qua trinh khi nay qua bang dudi.

Cic kiéu phan giai axit amin :

Dac tinh cua phan dng San phdm phan giai axit amin
Khéng khit cacboxyl Cd kht cacboxyl
Khong khi amin R-CH(NH,)-COOH R-CH,(NH,) + CO,
C6 khit amin
1) Tryc ti€p R=CH-COOH + NH,
2) Thuy phan + H,0 - R-CHOH-COOH + H,0 — R-CH,OH +
+ NH, + CO, + NH,
3) Oxi héa hiéu khi + 1/2 - R-CO-COOH + 0, — R-COOH +
+ NH, + CO, + NH,
4) Oxi héa ki khi + H,0 = R-CO-COOH + 2H,0 — R-COOH +
+ NH; + 2H + CO, + NH, + 4H
S) Khi + 2H — R-CH,~COOH + 2H - R-CH, + CO, +
+ NH, + NH,

Céc enzim xic tdc qud trinh khi amin oxi hda thudng 12 dac hiéu d6i véi cic déng
phan L hosc D cua axit amin. M6t s6 cdc enzim nay (cdc oxidaza hi€u khi) 1a cic flavoprotein
va khi do oxi phan ti déng vai trd chdt nhan hidro. M6t s6 ciac enzim khic (oxidaza ki
khi va dehidrogenaza) thuc hién qud trinh vin chuyén dién ti va lam sinh ra cdc day néi
photphat giau ning lugng nhd qua trinh photphoryl oxi hda.

Ciing cd trudng hgp qua trinh khi& amin xay ra trudc hét bing sy khi nuéc, ching
han nhu trudng hogp d6i véi xerin.

CHZOH CH, CH3 CH,
-H,0 “ | +H,0 I
H_(l;_NHZ — (‘)—-NH2 —» f=NH — (C=O+NH3
COOH COOH COOH COOH
Xerin Axit piruvic
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Khi phan giai cac axit amin thom viéc cit dit vong thom dude thuc hién nho phan
Ung oxi hda truc tiép nhd oxi phan ti ching han nhu su phan giai triptophan cho ta
catechin, khi vong ctia chdt nay bi cat ddt bang cach oxi hda sé sinh ra axit xis,

o 0, /CH\ Xucxinat
Triptophan — — HC COOH —»
| | Axetat
OH HC CcooH

A. xis, xis-muconic

xis-muconic :

Catechin
Phan dng ndi trén va nhiéu phan dng khac dugc thuc hién nhd oxigenaza l1a enzim
lien két voi co chit hoac bing ca 2 nguyén tli oxi hoac chi bing 1 nguyén ti oxi, con
nguyén ti kia sé bi khi thanh nuédec.
Trong qua trinh khi amin truc tiép ta thdy cd su tao thanh day ndi do6i. Chang
han nhu su tao thanh axit fumaric tu axit asparaginic :

HOOCCH,CH(NH,)COOH — HOOCCH = CHCOOH + NH,

Trong qué trinh khi amin thuy phan ta thdy cd su lién két véi cac ion H' va
OH™ cta nudc. Ching han nhu su tao thanh axit lactic ti alanin :

CHBCH(NHZ)COOH + HOH — CH,CHOHCOOH + NH,

Khi khi amin bang cach oxi hda, NH, bi tach ra va sé dugc thay thé bang nguyén
ti oxi, vi vay tao thanh nhung ketoaxit. Ki€u khi amin nay rdt hay gap. Khd amin
oxi hda c6 thé xay ra nhd oxi phan tu (chidng han nhu su tao thanh axit a-ketoglutaric
ti axit glutamic) hoac cing cé thé xay ra nho oxi cia nudc (chdng han nhu sy tao

thanh axit oxalaxetic tU axit asparaginic) :
HOOCCHZCHZCH(NHZ)COOH + —;— O2 - HOOCCHZCHZCOCOOH + NH,

Axit glutamic. a - ketoglutaric
HOOCCH,CH(NH_)COOH + HOH — COOCCH,COCOOH + NH, + 2H

Axit asparaginic Axit oxaloaxetic
Trong qué trinh khit amin mang tinh chdt khiu cd su thay thé& NH, bang hai nguyén
ti hidro va lam cdc axit bao hda. Chidng han nhu viéc tao thanh axit axetic ti glixin,

axit xucxinic tu axit asparaginic :
2CH2NH2COOH + 4H — ZCHSCOOH + 2NH,

glixin Axit axetic
HOOCCHZCH(NHz)COOH + 2H — HOOCCHZCHZCOOH + NH3
Axit asparaginic Axit.xucxinic

Nhiéu sdn phdm sinh-ra trong ecac qualtrinh ph&npgiai axit amin (rugu, axit hiu
co...) sé dugc 16i cubn vao cdc qua trinh phan gidi sinh nang lugng theo cdc co ché
trinh bay ¢ phan dau cua chuong nay.
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Mat s6 vi sinh vat c6 moét co ché sinh nang luong dac biét dua vao qua trinh phan
gidi axit amin. Ching han nhu qué trinh phan giai acginin thanh ocnitin. Tham gia
vao qua trinh nay it ra cd 3 loai enzim khac nhau. Dau tién enzim acginindezaminaza
xuc tdc chuyén hda acginin thanh xitrulin, sau dé xitrulin sé tié€p tuc dugc chuyén hoa
thanh ocnitin kém theo viéc hinh thanh ATP :

Xitrulin + PI + ADP <> Ocnitin + CO2 + NH3 + ATP

Do khit cacboxyl ma axit amin dudgc chuyén hda thanh amin. Chang han nhu su
tao thanh histamin tU histidin, tiramin tu tirozin, acmatin tid acginin, putrexin tu
ocnitin, cadaverin tu lizin :

N CH,~- CIH— COOH N CH,— CIH;
II\ NH, e m ” NH,

NH NH
Histidin Histamin
OH OH
- CO,
—>
NH,
|
CH,; = CH- COOH CH, = CH; = NH,
Tirozin Tiramin

HN = C(NHZ)NHCHZCHZCHZCH(NHZ)COOH —

acginin

HN = C(NHz)CHZCHZCHZNH2 <y CO2
acmatin

HZNCHZCHZCHZCH(NHZ)COOH - HZNCHZCHZCHZCHZNH2 + CO
ocnitin putrexin
HZNCHZCH?_CHZCHZCH(NHZ)COOH —

lizin

— HZNCHZCHZCHZCH2CHZNH2 # CO2

cadaverin

2

Nhiéu loai amin do vi khudn san sinh ra trong co thé ngudi va dong vat cé tinh
déc. Chiang han, tit lau ngudi ta biét riang viéc tich ldy histamin trong co thé co thé
giy ra ching co giat mach mau.

Cac hop chdt diamin nhu-aematin, putrexin, cadayerin déu cd tinh doc. Cac loai
thic an nhu thit ca thiu théi khéng nén En.vi rét dé ed mat cdc loai amin déc nay.

Trong quéa trinh khi cacboxyl ph6i hopvei khiamin thdy phan ngudi ta thdy co
su tao thanh rugu. Khi lén men~etilic thuong cd su tich liy cdc rugu bac cao (chu
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yéu la rugu izoamilic va rugu izobutilic) chinh 12 do nguyén nhan nay. Nhing ch4t
nay thuong dugc dung lam nguyén liéu d€ ché tao cic este thom si dung trong cong
nghiép san xuit huong liéu. D& tang san lugng c4c ch4t nay ngudi ta cd thé b8 sung
thém cdc nguyén liéu gidu axit amin vao méi trudng lén men.

Trong qua trinh khit cacboxyl ph&i hop v6i khit amin oxi hda, ngudi ta thdy cé sy
xudt hién cdc axit hitu cg bi rit di mdt géc cacbon. Ching han nhu su tao thanh axit
axetic tU alanin.

Trong quéa trinh khi cacboxyl ph6i hop vdi khi amin khi, ngudi ta thdy cé su
xudt hién cdc chit cé nhém metyl & ddu. Ching han nhu sy tao thanh CH4 tu glixin,
tao thanh mercaptan ti xixtein. Chit mercaptan la mét trong nhitng chidt cé mui rit
théi, né cd cong thuc la CHSCHZSH.

Stickland 12 ngudi ddu tién phat hién ra moét loai phuong thdc khi amin dac biét
thudng thdy & cac loai Clostridium ki khi. Khi d6 cd su tham gia d6ng thoi cua hai
axit amin.

Mot loai bi khit amin kém theo qua trinh oxi hda (do m&t hidro), con loai kia bi
khtt amin kém theo qua trinh khi (do nhan hidro). Phan dng nay vé sau duogc goi la
phan dng Stickland. Do tdc dung oxi hda khi tuong hé gitta 2 axit amin ma ching
ta c6 th€ nhan dugc mot s6 nhitng axit béo.

Cac axit amin thuong ddng vai tro cho hidro trong phan dng Stickland la alanin,
valin, loxin, izoloxin, xixtein, xerin, phenylalanin, axit asparaginin, va axit glutamic.
Céac axit amin thudng déng vai trdo nhin hidro la glixin, acginin, oxiprolin, prolin,
ocnitin va triptophan.

M6t s6 vi khudn (nhu E. coli, Proteus...) cd kha nang chuyén hda triptophan thanh
2 chit c6 mui héi 12 indol va skatol. Skatol chinh 1a ch&t tao ra mui th&i nhiéu nhat

d phan :
CH,CH(NH,)COOH
+H,0 — + NH3 + NH;COCOOH
NH
Triptophan indolNH
CH,CH(NH,)COOH CH,CQOH
CH,CH(NH,)COOH
+H,0 — -
. NH N NH
Triptophan Axitindelaxetic Skatol
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Ban than indol ¢cé mui héi nhung néu thém mot chut indol vao este cia mot sé
hoa (nhu hoa nhai) thi lai tao nén mét mui thom dac biét (dugc st dung trong coéng
nghiép ché& tao nuéc hoa).

Trong qua trinh phan giai cdc axit amin chda S (nhu metionin, xixtein, xixtin) sé
san sinh ra H,S (khi nay gdp phdn lam cho phan hoac thit cd théi rita ¢ mui hoi).

HOOCCH(NH,)CH,SSCH,CH(NH,)COOH + H,—
xixtin
— 2HOOCCH(NH,)CH,SH
xixtein
HOOCCH(NH,)CH,SH + 2H,0 — H,§ + NH, + CH,COOH + HCOOH

xixtein

Khi qua trinh théi rita xay ra trong diéu kién thodng khi thi cac qua trinh oxi
héa thudng duogc ti€n hanh dén cung. Khi dé hdu hét cacbon dugc chuyén thanh COZ.
Nguge lai khi qua trinh théi rita xay ra trong diéu kién ki khi thi thudng cd su tich
lday khd nhiéu cic san phdm trung gian ndi trén.

Ngoai khad nang phan giii protein vi sinh vat con c¢é kha nang phan giai moét sé
hgp chdt hitu co chda nito khiac. Dang chd y nhdt la khd nang phan gidi cac bazo
nito, ure, axit uric, xianamit canxi va kitin.

Cac bazo nito (purin, pirimidin) dugc sinh ra do qﬁé trinh thiy phan axit nucleic.
Nhiéu vi sinh vat ¢ kha niang lam sinh ra cdc enzim xdc tac viéc phan gidi cac
bazo nito va lam sinh ra cdc san phdm nhu COZ’ NH3, bazo focmic, bazo axetic, bazo
lactic. Cdc axit hitu co nay sé ti€p tuc tham gia véo‘céc qua trinh trao d8i sinh nang
lugng.

Ure la ch4dt hitu co chia nito chi y&u trong nudc ti€u cia ngudi va dong vat.
Ngudi ta tinh thdy rdng méi nam trung binh méi ngudi 16n thai ra khoang 400 -
450kg nudc ti€u. Trong nudc ti€u cd khoang 2,2% la ure. S6 ure ma nhan loai sinh
ra trong mét ngdy moét dém la 15.000 tdn. N&u tinh s6 ure do tdt ca gidi dong vat
sinh ra trong mét ngay, mot dém thi cé t6i 150.000 tidn. Ure cé chia 47% nitd nhung
néu khong dugc vi sinh vat phan gidi thanh NH, thi tdt ca nguén nitd I16n lao nay
cing trd thanh v6 ich d6i véi moi thuc vat.

Nam 1862 14n ddu tién Pasteur phat hién ra vi khudn phan gidi ure. Cang vé sau
ngudi ta cang tim thdy-nhiéu-loai-vi-khuin-tham-gia-tich-cue,vao qua trinh phan giai
nay. Nhing loai ddng chu-y la:

— Cau khuan : Planosarcina ureae, Micrococcus ureae, M. ureae liquefaciens, Sarcina

hansenii.
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- Truc khudn : Bacillus pasteurii (hay Urobacillus pasteurii), B. miquelii,
B.psichrocatericus, B. amylovorum, Pseudobacterium ureolyticum, Chromobaterium
prodiogiosum, Proteus vulgaris...

Nhiéu loai ndm sgi va xa khuidn séng trong ddt cing cé kha nang phan gidi manh ure

Qua trinh phan giai ure xdy ra mét cach rdt don gidn véi su xic tdc cua ureaza :

CO(NH2)2 + 2H20 —_— (NH4)2C02
ureaza
(NH,),CO,, it bén vitng do d6 dé dang phan giai tiép :
(NH4)2C02 = ZNH3 + CO2 # HZO

Axit uric cing 12 mét chdt hitu cd chita dam cd trong nudc ti€u (mdi lit nudc tiéu
cé khoang 0,5g axit uric). Vi khudn cd kha nang phan giai ure thuong cing cd thé
phan giai luén ca axit uric. Chung lam chuyén hoa axit uric thanh ure va axit tactronic.

II\IH— FO

e §- NH>CO + 4H,0 —— 2(NH,)2CO + HOOC_CHOH.COOH
NH - C - NH |
Ixre
axit tactronic

Ure sinh ra sé ti€p tuc dugc chuyén hda theo phan dng ndi trén.

Vi sinh vat phan giai ure con thuong cé khd nang phan giai mot loai phan dam
hda hoc la canxi xianamit (canxi xianamit dugc ché& tao bang cach cho luéng khi nito
di qua cacbua canxi ndng d6). Canxi xianamit la chdt thuc vat khong st dung duoc
néu khong dugc cdc vi sinh vat séng trong didt tién hanh chuyén hda. Su phan gii
canxi xianamit thudng trai qua cac giai doan sau day :

CN - NCa + 2H,0 = CN - NH, + Ca(OH),
CN - NH, + H,0 = CO(NH,),
CO(NH,), + H,0 = 2NH, + CO,

Kitin la mét hop chdt ridt bén ving. Ching cé mat trong thanh phdn ctia mang
té bao nhiéu vi sinh vat, déng thoi cing la mét thanh phdn quan trong cta vé con
trung va nhiéu dong vat khac. Kitin rat thudng gap trong dit, vi vay su chuyén hda
ching cing la van dé ddang cha y.

Vi khudn Bacterium chitinovorum (hay Chromobacterium chitinochroma) co kha
nang phan giai kitin rdt manh mé. Su chuyén hda kitin dugc thuc hién nhd kitinaza,
giai doan trung gian cua sw-chuyén hoa.nay la glucezamin :

032H54P2!N F97H,0 =,4C H“OSNH + 3CH,COOH

4(‘6H“OSNH2 + 4H20 = 4C6H]206 + 4NH,
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Mot s6 vi khudn khiac (nhu Bacillus chitinophilum...) va nhiéu xa khuin cing co
khd nang phan giai kitin.

7. SU PHAN GIAI LIPIT VA CAC AXIT BEO

Lipit (cdc este phic tap cua glixerin va axit béo) va cdc chit sip (cac este phic
tap cua axit béo vad rugu cao phan ti) dugc nhiéu loai vi sinh vat durg lam nguén
thic an cacbon va ngudn nang lugng. So v6i cdc co chdt khac thi day la loai co chat
dugc d6ng hoa vdi t6c d6 cham. Lipit, sdp va cdc axit béo chia trong xac dong vat,
thuc vat bi vui 1ldp vao ddt sau mét thoi gian sé bi phan giai va déng hda hét nho
nhiéu nhom vi sinh vat khiac nhau (vi khudn, xa khudn nidm méc). Nhiing chit khu
bot (cd ban chit la lipit) thuong dugc st dung trong qua trinh 1én men céng nghiép
ngoai tac dung khir bot con cd thé€ dugc vi sinh vat déng hoa.

Budc ddu tién cia qua trinh d6ng hda lipit va sdp la viéc phan giai chung thanh
glixerin (hoac cdc rugu don nguyén tit) va cidc axit béo. Viéc thuy phan nay dugc xuc
tac nhd lipaza néi bao hoac ngoai bao. Lipaza ctiia vi sinh vat, cing nhu cua dong vat
va thuc vat, ¢ phd tdc dung kha rong. Cing cd nhitng nhom vi khudn cé kha nang
sinh ra photpholipaza chi chuyén xdc tdc viéc thiy phan phopholipit.

0
II
HSC - (CHz)n -C-0 - CH2
% CH,OH
C 3H20
H3C - (CH,), - C -0 - (FH lip_a;a .CHOH + 3H3C - (CHZ)n - COOH
| axit béo
ﬁ) , CHZOH
H,C-(CH) - C - O - CH, glixerin

Lipit
Sau khi dugc photphoryl hda glixerin sé dugc ti€p tuc chuyén hda theo dudng
Embden - Meyerhof — Parnas va lam tich ldy lai nang lugng trong cdc day néi cua ATP.

Viéc déng hda cic axit béo dugc thuc hién nho cac qua trinh oxi héa. So d6 chung

cia qua trinh nay nhu sau :
Qua trinh oxi hda bao gém cic budc sau day :

Axit béo vOi su xuc tdc cuia enzim axyl - CoA - xintetaza, CoA va ATP sé dugc
hoat hda va tao thanh AXyI™="CEA™cH{#a 1ien ket cao nang -

R /& CH2 = COOH! + HS -\CoA« +NATP |—

—>R—CH2—COV~S-C0A+AMP+PP
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(0] 0 o
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OO P02 P—0—sdy  upp
ls I 4/ |
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Axyl - CoA - sintetaza Hzg.
PP, — 2P
pirophotphataza !
vdca
(0] (e}
I I
R—C—0—p—0_ a4
\ b
H—S- CoA
V,
H@
G)O o
o Ao AMP ,C,’
—C—0—p—0—
, | O — Ado ——4_‘ R—C— S-CoA
S-CoA 0O Axyl - CoA

Nhitng sy chuyén hda ti€p theo dugc trinh bay vin tAt nhu sau :
R—CHZ—CHZ—CHZ—COwS-CoA
- 2H (axyl- COA - dehidrogenaza)
FAD* — FADH,
R-CH,-CH =CH-CO -~ S - CoA
[ + HZO (enoyl -~ CoA - hidrataza)
R - CH —CHOH—CHZ—COMS—COA #
- 2H (B-hidroxi-axyl CoA-dehidrogenaza)
NAD* — li‘ADH2
R-CHZ—CO—CHZ—COMS—COA
+ HS\- CoA (B-ketoaxyl=CoA-tiolaza)
R—CHZ—CO"‘L-COA+CH3‘CO"‘S‘COA
Axyl-CoA axetyl - CoA



Co thé€ bi€u thi qua trinh S-oxi hda cic axit béo biang hinh sau day :

H4C = (CHy,), = CH, — CH, - COOH

ATP
> CoA
AMP + PP
o Il
H;C = (CHy), - CHy - CH, = C — CoA
(:::;FAD
FADH
B a 1
HyC = (CH,)y — CH = CH = C - CoA

/‘ H,O

o)
2 Il
HsC - (CHy)y - CHOH — CH, = C - CoA

< NAD*
NADH

[e]
B Il
HyC - (CH,), = C - CH, — G- CoA
L— CoA
(0]
Il ]
H3C - (CH,), - C~-CoA + HyC-C-CoA
Axetyl — CoA

Nhu vay, cd qua_mot vong oxi hda hoan todn chuéi phén tu cua axit béo lai
m&t di hai cacbon. Ci nhu.viy axit béo ti€p tuc co thé chuyén hda dé tach ra
nhitng phan tu axetyl - CoA méi. Cubi-cing 'toadn- bd chubi cacbon bi chuyén hoa
thanh axetyl - CoA. Chédt niy s& ti€p tuc dugc oxi hda théng qua chu trinh Krebs
hoac glioxilic. ’
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Nhiéu loai ndm mdc thudc cac chi Penicillium va Aspergillus cd thé oxi hda axit
béo mot cach khong triét dé va tich liy trong méi truong nhitng metylketon. Ching
han, viéc tich lidy metylundexiketon khi phan giai axit valerianic,' Phuong trinh chung
cia su oxi hda nay cd thé€ viét nhu sau :

R-CH,-CH,-CH,-COOH — R-CH,-CO-CH,-CO - SCoA
R—CHZ—CO—CHZCO « SCoA + H,0 —
— RCH,COCH, + CO, + HS - CoA

Nhiéu loai metylketdn c6 mui khd chiu (mui cia cdc loai ddu md hoac thuc an
chta ddu m& bi nhiém ndm).

8. SU PHAN GIAI CAC HOP CHAT VONG THOM

Céac hidro cacbua thom va da vong dau tién thudng dugc chuyén thanh cac hop
chdt thom. Cac hgp chdt thom dugc chuyén thanh cac din xuidt octo - hoac
para—dioxitphenyl dudi tdc dung ctia cdc hé théng enzim cdm ung sé bi cat dit vong
va tao thanh cac axit béo. Cac axit nay vé sau sé dudc chuyén hda thanh ciac sin
phdm trao déi trung gian.

Su phan cat vong thom dugc thuc hién nhd oxigenaza. Enzim nay xuc tac viéc gn
oxi phan ti vao co chdt. Trong qua trinh nay dioxigenaza xuc tac viéc gdn hai nguyén
td hidro vao méi phan ti co chit, con monooxigenaza xuc tdc viéc gdn 1 nguyén tu
hidro.

Truéc khi vong b1 dit thdy 1 nguyén tu oxi dudi tdc dung cua hidroxylaza sé lién
két v6i hidro cacbua thom va lam hidroxyl hda, con 1 nguyén ti oxi khac thi bi khu
thanh nuéc. Khi d6 chdt cho hidro la piridin nucleotit va déi khi la ngay ban than cic
hgp chdt thom da hidroxyl hda.

Cac chit thé trong vong thom do6i khi bi tach ra trudc khi ddt vong, cic chat thé
loai clo, nhdm sunpho, nhém nitro, thudng bi thay thé€ bdi nhdm hidroxyl : ciac nhanh
bén thing cé thé bi rit ngin lai hoac déi khi vin con gilt lai nguyén ven.

Ché dut cua vong thom thuong & hoac gita 2 nhodm hidroxyl lan can,
hoac giita nguyén ti cacbon bi hidroxyl héa va nguyén ti cacbon lan cén khong bi
hidroxyl hoa.

Duéi day la ba trudng hop cat vong hidrocacbua thom dac trung.

Trong trudng hgp thd nhit pirocatechin bi cidt vong & vi tri octo dudi tdc dung
cia pirocatechaza. Khi dg thoat tién co su-lién két| gitta oxi phan td véi hai nguyén
ti cacbon lan can va tao thanh mét peroxit wongs Sau dé x3ay ra sy chuyén vi noi
phan ti véi su cat dat lien két-C— C va sinh Tta axit xis-xis muconic.
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uH | Axit xiS-x1S-
0, ZSl mucoric
e
e " Pirocatechaza - (I; =0
o 0 OH
--c’g Pirocatechin
& OH HOOC il
] !
§ — 0O, \C C=0 «xis-xis-muconic
D ——
n =
Pirotocatechat - c=0
= OH 3.4 - oxigenaza X |OH
Axit irotocatechic
H o
Nz
c (o]
OH 4 Axit semi-
0, C-OH aldehit 2-
e S 5 ;
L] Metylpirocate- l eximucons
g OH chaza = ~ oH
= Pirocatechin
c H O
9 \ 7
a C (0]
S OH 7 Axit semi aldehit
@ 0, C-OH 2-oxi-4cac-
—
Pirotocatechat | bogimuconic
OH 4-5-oxigenaza =~~~ OH
Axit pirotocatechic HOOC
COOH COOH
| |
CH, CQ, //0
| C O
c OH C//_ i Axit maleil axetic
= 0,
—_—
Homogentizinat
x OH oxigenaza o// =~~~ OH
Axit Homogentizinic
OH
|
OH =
0, c=0
Pirocatechaza —c=0
OH Ot
Pirocatechin

A il xis-xis-muconic

Vi khudn thudng lam phéan giai cdc hop chdt thom thé don gian (nhu phenol, axit
benzoic, phenylalamin, axit mindalnic) théng qua giai doan pirocatechin. Bing con duong
nay cd thé xay ra ca su th& 2 1dn & vi tri octo (axit xalixilic, axit antranilic, naphtalin,
phenantren, va antraxen). Co thé xay ra su phan cat cdc hgp ch&t thé€ para (nhu axit
n-oxibenzoic, axit vanilinic) théng qua axit protocatechic.

Axit xis-xis-muconic dudi tdc dung cia mucolactonaza chuyén hda thanh mucolaton,
sau dd nho izomeraza ti€p tuc chuyén hda thanh f-ketoadipatenollacton va sau cung
chuyén hda thanh axit b-ketoadipinic nhd hidrolaza. Axit protocatechic dudi tac dung
cua protocatechat-3, 4-oxigenaza sé bi tach nhdm cacboxyl va chuyén hda thanh
enollacton. Axit B-ketoadipinic dugc sinh ra sé bi phan giai thanh cdac din suit cua
coenzim A nhu xucxinyl-CoA va axetyl-CoA.

Trudng hop thd hai cling thudng phd bién rong rdi' @ vi khu&n. DJ la sy phan cit
vong thom gida nguyén' tu cacbon bi hidroxyl higa“jva nguyén tli lan can khéng bi
hidroxyl hda (goi la su phan cat meta).
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Pirocatechin dudi tdc dung cua metylpirocatechaza s& 'chuyé’n hda thanh axit
semialdehit 2-oximuconic. Ch4t nay vé sau c6 thé chuyén hda thanh CO,, axit axetic
va axit piruvic. Axit protocatechic dudi tdc dung ctia protocatechat 4, 5-oxigenaza sé&
chuyén hda thanh axit semilaldehit 2-oxi-4-cacboxi-muconic. Ch4t nay vé sau cd thé
chuyén hda thanh axit oxaloaxetic va axit piruvic.

Truong hgp thd ba la trudng hgp xdy ra su cit vong & vi trl gita nguyén ti
cacbon bi hidroxyl hda va nguyén ti cacbon lién két véi nhdm cacboxyl hoiac mét nhom
mach thidng nao khédc. Axit gentizinic, axit homogentizinic, phenylalanin, tirozin,
axit phenylpropionic 1a nhitng chdt bi phan gidi theo con dudng nay. Axit
homogentizinic qua giai doan axit 4-maleilaxetoaxetic va axit 4-fumaryl axetoaxetic sé
chuyén hda thanh axit fumaric va axit axetoaxetic. Axit phenyl propanic qua giai
doan axit 2, 3-oxiphenylpropionic sé chuyén hda thanh axitxucxinic va axit
2-keto-4-valerianic :

Nhu vay, con duong phan gidi cdc hop chdt thom la r4t da dang. Cé nhitng vi
khudn cd kha nang phan giai naphtalin, antraxen, va phenantren va thudng lam chuyén
hda thanh axit xalixilic.

oo_a“ isod sSe vy

Naphtalin 1.2 dioxi-Naphtalin O-oxibenzal-piruvat Aldehit salisilic
HOOC— co l
a .
(¢]
%
c/

\

OH
Phenantren 3.4-dioxi
i phenantren 1-0xi-2na
phtylmetilen Al
piruyaf dehlt salisilic
Anti
raxen AXA " HapRto Pnrocalechm
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Co thé bi€u thi con dudng phan gidi orto cdc hgp chit vong thom va con dudng

axit 3-oxoadipinic nhu sau :

HoOC \EIOH
: : OH

Pirocatechin \@ @ Axit- pirocatechic
HOOC «
Z~ cooH Z~ cooH
COOH X _~COCH
Axit xis, xis-muconic ) @ Axit 3.Cacboxi xis, xis-muconic
— HOOC
O\ o COOH
NS = N ~c=0
&) ®
Muconolacton \ I o COOH / 4-Cacboxi muconolacton
\
Axetyt CoA

4- Oxoadnpatenollaclon .

0
COOH CO ~ SCoA Coly
COOH
®

Y

3 - Oxoadipat 3-Oxoadipyl CoA

Xucxinat Xucxinyl.CoA

Chu thich : 1. Pirocatechaza
2. Muconatxicloizomeraza
3. Muconolacton - izomeraza
4. Protocatechat - 3, 4 dioxigenaza
5. 3 - Cacboxymuconat - xicloizomeraza
6. 4 - Cacboxymuconolacton - decacboxilaza
7. 4 - Oxoadipal - enollactonhidrolaza
8.3 4 Oxoadipat - sucxinyl - CoA-transferaza
9. 3 = Oxoadipyl - CoA-tiolaza
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Trong tu nhién cg nhitng nhdm vi sinh vadt cé the phan giai cdc hop chat vong
thom nhu naphtalin, phenol, antraxen, phenantren. . Ching duge chuyén hoa qua nhiéy
giai doan dé tao ra pirocatechin. Ch4t nay lai duoc cdc vi sinh vat sinh ra enzim dé&
chuyén héa thanh cac hop chdt nhu da trinh bay ¢ phan tren.

Alkyl
Allal CHOH-COOH CH,— CHNH, - COOH
Antraxen Alkinbenzol Axit mindalic Phenylalanin
v
COOH OH
Naphtalin Benzoat . Benzol Phenol Bipheny!

COOH COOH A‘% — R
\ OH oH NH,

P — — <+ \
N
H

Phenantren Xilixtlat Pinocatechin Antnanilat Triptophan
Mot s6 hgp chat vong thom khac laj dugc vi sinh vat chuyén hoa thanh axit
protocatechic. Axit nay duge lam duat vdng va chuyén hda ti€p cing nhd vi sinh vat :

CH Alkyl
3
/ oL
COO“\ COOH aH COOH "c-C—C=
Toluilat Alkylphenol
oluila
HO OH (e}
OH OH (o} n
Lignin
4-Hidroxi-benzoat Sikimat ‘
| |
COOH com‘ COOH / COOH ¢ )
-——
—_— e -—
OH OH OCH,4 OCH,
OH OH OH
Benzoat 3-Hidroxi-benzoat — Axit-proto-calechic Axit vanihc
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9. SU PHAN GIAI CAC HOP CHAT 2 CACBON VA 1 CACBON

Co ché& cua qua trinh oxi hda nho vi sinh vat cdc hgp chdt 2 cacbon mang nhiing
tinh chdt rit dac biét. Axetat va ciac hgp ch&t sinh ra nd, vi du nhu etanol cd thé
truc ti€p tham gia vao chu trinh Krebs trong dang (axetyl — CoA) va sau d6 cé thé
dugc oxi hda moét cach triet dé€. Cac hop chdt 2 cacbon cé6 muc d6 oxi hda cao hon
axetat (nhu glicolat va glixin) khong truc ti€p tham gia vao chu trinh Krebs. Nhiéu vi
sinh vat cd kha nang thoat tién chuyén héa cac hgp chit nay thanh glioxilat sau do¢
chdt nay mdi dugc oxi hda hoan toan théong qua chu trinh Krebs :

CH,0OH - COOH NH, - CH, - COOH
Axit glicolic glixin
CHO - COOH
Axit glioxilic

N

Axetyl CoA Axit malic

NADH CoA SH NAD

Axit oxaloaxetic
CcQ,

Axit piruvic
co,

Axit photpho
enolpiruvic

Trong chu trinh nay glioxilat dudi tdc dung cia malat sintaza sé phan dng véi
axetyl-CoA va lam sinh ra axit malic. Axit malic dugc oxi hda thanh axit oxalaxetic,
sau dd tiép tuc dugc oxi hda thanh piruvat va CO théng qua giai doan photphoenolpxruvat
trung gian. Piruvat vé sau dugc chuyén hda thanh axetyl-CoA. NAD' dang khu xuit
hién trong cdc qu4 trinh oxi hda nay sé dugc oxi hda bdi oxi phan ti va nang luong
sinh ra sé dugc tich ldy lai trong ciac phan td ATP. Vi sinh vat cing cd th€ oxi hda
glixin theo cad nhitng con dudng khac (H.L. Kornberg. 1966).

Vi khuin phan nitrat hda Micrococcus denitrificans cé th€ chuyén hoa glioxilat
theo mot con dudng khac goi la con dudng P-oxiaspactat. Glioxilat do vi khudn nay
sinh ra sé dugc chuyén amin va tao thanh glixin. Glixin sé ngung tu véi moét phan tu
glioxilat khac d€ tao thanh eritro-f-oxiaspactat. Chit nay sé bi khi nudc sinh ra NH3
va axit oxaloaxetic (H.L. Kornberg, 1963).

M6t s6 vi sinh vat (nhu vi khufin' Pseudeniones. oxalaticus) ¢ khd nang su dung
oxalat lam nguén cacbon duy nhit. Co ché& cia qué trinh nay c6 thé tém tdt nhu sau :
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Oxalat + Xucxinyl - CoA — Oxalyl - CoA + Xucxinat

TPP
Oxalyl = CoA —— Focmyl - CoA + CO2

Focmyl - Xucxinat — Focmiat + Xucxinyl - CoA

Phan dng sinh nang lugng chd y&u d6i véi ching la phan dng oxi hda focmiat nha
focmat dehidrogenaza.

Nhiéu vi sinh vat (chdng han nhu vi khudn Pseudomonas methanica) c6 kha nang
st dung moét s6 hop chdt 1 cacbon lam nguén thdc an cacbon va nguén nang lugng
duy nh4t. Qua trinh oxi hda cdc hgp chdt 1 cacbon thanh CO2 dugc ti€n hanh theo
cic phan dng tufn tu nhu sau :

CH, — CH,0H — HCHO — HCOOH — CO,
metan metanol focmal -  axit focmic
dehit

Mot s6 vi sinh vat cd khad nang déng hda metylamin. Ch4t nay ddu tién dugc
chuyén héa thanh metanol sau dé dugc oxi hda ti€p toi COZ.

Ngudi ta con chua biét ré6 cac enzim tham gia vao nhiéu qua trinh oxi hda cic
hgp ch&t 1 cacbon ndi trén va cing chua hi€u dugc ddy di co ch€ hinh thanh ATP
trong cdc qua trinh oxi hda nay. Tuy nhién ngudi ta da biét r6 vé qua trinh oxi hda
focmiat dudi tac dung cta focmiat dehidrogenaza (su lién k&t voi NAD* va su tao
thanh ATP).

N4m, soi Aspergillus ‘niger
a-=-Khuin lac trén thach dia
b - Co quan.sinh bao ti trdn (cubngedinh cuéng, thé binh, bao wl trdn)
¢ - Bao I trin
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Acetobacter va cac dang di hinh

Vi khudn S. lactis

Vi khudn L. acidophilus
(bé ngang té bao khoang 0,754m)

Vi khuin L. brevis
(chup & kinh hién vi di¢n 1),
Kkich thudc 1€ bao khoang 0,8 X 2um

Vi khuidn L. delbrueckii
(chup & kinh hién vi dien 1)
kich thudc t€ bao khong 0.8 X 2 um.

274




Vi khudn
L. bulgaricus
S. thermophilus

Sua chua :
(yogurt)

SG " d8"san XUAl sda chua
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Vi khuin C acetobputylium

a) Ien men sau 3 - 6 gia.
b) 1én men sau 6 - 12 gic.
¢) len men sau 12 - 20 gio.
d) Ién men sau 18 - 30 gic
¢) cudi giai doan Ién men.

Vi khuin phan giai pecun
(trai = Copectinovorum, phai : C. Jelsineum)



Qbia_th&lva e hio & nieml vi kiiudn? Chondromyces
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a) Methanobrevibacter ruminantiu

b) Mcthanobacterium sp.

¢) Methanospirillum hungath

vYsMerthanothrix sp.

MOotss6 vi“ khuin cd [{Arelagydsinh metan
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CHUONG Vi

CAC QUA TRINH SINH TONG HQ'P VA CG DINH NITO'

1. CAC QUA TRINH SINH TONG HOP

Khi mét t& bao vi khudn sinh truéng va phan chia, két qua cudi cung 1a xu4t hién
hai t& bao. Vi vay, dé qua trinh trén dugc hoan thanh, méi phan tu trong t€ bao bs,
me phai dugc nhan déi va dugc ldp vao ding vi tri cia ching trong c&u tric dang
phat trién. Cdu truc nay sé trd thanh té&€ bao con.

Nhu ta da biét t€ bao vi khudn tao thanh bdi mét lugng 16n cic cao phan tu
(protein, axit nucleic, polisaccarit, lipit...). Tuy nhién trong t& bao cdc chit nay bao gis
cing di kem v6i mét ti 16 nh&t dinh cdc hgp chit cd khéi lugng phan td th4p. Ban
than cac hop chdt c6 khéi lugng phan ti thdp cubi cung sé trd thanh mét phan cua
cac cao phan ti hodc dugc dung véi vai trd xic tdc trong sinh t6ng hgp chit cao phan
td hay tham gia trong trao déi nang lugng cua té& bao.

Khi dua vao méi trudng nudi cdy vi khudn cac hop chdt cé khéi lugng phan tu
thdp nhu axit amin, cdc purin va pirimidin, nhiéu vi khudn c¢é kha nang hip thu truc
ti€p cac chdt trén. Nhung khi trong moi trudng thi€u cac ch&t nay, vi khuin phai tu
téng hop ching ti cac tién chdt don gidn hon. Nguén quan trong cung cdp cic tién
chat dé chinh la chu trinh tricacboxilic.

Viéc téng hop tdt cd cdc loai cao phan ti mang moét nét chung : mét trong cic
chdt phan d@ng phai cung cdp ning lugng cho budc trung hgp. Ching han, trong trudng
hop téng hop hidrat cacbon cdn cung cdp nang lugng cho viéc tdng hop lién két glucozit,
véi protein thi nang lugng cdn cho viéc tao thanh peptit va vdi cdc axit nucleic thi
trung hop la viéc hinh thanh este dudng-photphat. Trong t4t ci cac trudng hop thanh
phan c6 kh6i lugng phan tu thdp la phan ti dugc hoat hda va dam nhiém viéc cung
cdp nang lugng. Ching han cic nucleotit 1a tién ch4t cta axit nucleic monosaccarit la
tién chdt cua cac polisaccarit ; cdc tién chidt axit amin cua protein thi d dang cic
anhidrit axit hén hgp vdi axit photphoric ; cdc bazo purin va pirimidin c4n cho téng
hgp axit nucleic thi & dang cdc nucleotit triphotphat. Dang chi y la viéc téng hop
protein va axit nucleic. o] day cac hoat déng theo tinh dac hiéu cia moét phan tu thu
hai goi 1a khuén, khuén mang théng tin bdo didm cho cédc loai enzim khac nhau hoat
dong ¢ vi tri va theo m6t thd tu chinh xdc.

1.1. Sinh tong hgp-axit-amin

Axit amin dugc phan thanh mot s6 ho' teén ‘¢d 80 edc phdn Ung md ddu chung
trong qua trinh sinh téng hgp. Cac ho nay laj;

Ho axit amin thom : phenylalanin, triptophan, tirozin.
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Ho aspactat : asparagin, axit aspactic, izoloxin, lizin, metionin, treonin

Ho glutamat : acginin, axit glutamic, glutamin, prolin.

Ho piruvat : alanin, loxin, valin

Ho xerin : xixtein, glixin, xerin.

Histidin

Téng hop histidin khdc vdi t6ng hop cua tdt cAd cdc axit amin con lai va budc mo
ddu téng hop tuong tu voi cac budc ddu tién trong viéc tao thanh pirimidin.

Budc két thic chung trong sinh tdng hop axit amin 1a sy chuyén amin ti glutamat
dén mot hgp chit keto ddn dén tao thanh mét axit amin va o - ketoglutarat.

Sinh tdng hop cia cdc axit amin thom bao gém viéc hinh thanh hgp ch&t chudi
thdng 7-cacbon 3-deoxi-D-arabino-heptulozonat-7-photphat ; chdt nay sé chuyén thanh
5-dehidro-quinat cé cfu trdc vong va la tién chidt cda vdong thom. Chit trung gian
cudi cung cua con duong la corismat, mot chdt khong bén.

Aspactat 1a di€ém khdi ddu téng hgp treonin. Ban than treonin lai cé thé bi khu
amin d€ tao thanh a-ketobutirat, tién ch&t cta izoloxin. Viéc tao thanh metionin, ngoai
aspactat ra, con cln xucxinyl-coA, xixtein va metyl-tetrahidrofolat.

Con dudng tdng hgp lizin trong vi khudn qua mot chdt trung gian la
mezo-2,6-diaminopimelat ; chit nay (hoac lizin) la moét thanh phin cua chuéi peptit
bén trong murein. Trong ndm sgi va ndm men, lizin lai dugc t8ng hop qua chit trung
gian la a—-aminoadipat.

Sinh téng hgp cua L-xerin cd thé theo moét trong hai con dudng. Ca hai déu khai
ddu vdi 3-photphoglixerat, nhung trong moét con dudng co chidt bi khi photpho ngay
thanh glixerat con & con dudng kia co chdt bi oxi hda thanh photphohidroxipiruvat.

Trong ho glutamat, axit glutamic dugc tao thanh bang con dudng amin hda axit
a-ketoglutaric, mot san phdm cua chu trinh tricacboxilic. Sinh t8ng hop cua L-acginin,
L-glutamin va prolin t¥ axit L-glutamic dugc trinh bay & so dé.

Trong ho piruvat, L-alanin dugc téng hogp truc ti€p tit piruvat bang cach chuyén
amin, hoic trong mot s6 trudng hgp bing amin hda truc ti€p. Sinh téng hop cua
L-valin va L-loxin dugc trinh bay & so dé.

Ngay nay cdac axit amin dugc st dung rong rai trong y hoc, trong chan nuéi va
trong cong nghiép thuc phim. CJ thé san xudt axit amin bing con dudng tdng hop
héa hoc nhung nhugc di€m cua phuong phdp nay la sin sinh ra cd hai dang dong
phan quang hoc. Trai lai con dudng t8ng hop sinh hoc chi san ra cac L-axit amin la
dang gap trong hdu hét ciac hé théng sinh hoc. Doi khi ngudi ta két hgp ca tdng hap
héa hoc va téng hop sinh hoc phu trong trudng hop san xuit lizin td axit diaminopimelic.
Budc san xuit axit diaminopimelic 1a thudn tdy héa hoc nhung buéc cudi cung téi lizin
la sinh hoc.
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Sinh tdng ho;l) €u3 ‘edc axit amin thuoc ho aspactat. Aspactat thudng dugc hinh thanh
11l oxalaxetat do phan Ung chuyén amin 1 glotamat. Mot sd Vikhirdn 16ng hdp aspactat bing con dudng
amin héa tryc tiép. Cordudng din 16i hinh thinh T.lizin & day thdy trong vi khudn E.coli.
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Viéc sdn xudt cong nghiép cdc axit amin bing con dusng vi sinh vat bat ddu tu
khi phat hién ra vi khudn t8ng hop véi ham lugng cao axit glutamic (Kinoshita va tap
thé, 1957). Tuy nhién hdu hét cic chung phan lap trong tu nhién khong cho ta sin
lugng axit amin cao di cho viéc sdn xudt cong nghiép trir ba loai la axit L-glutamic.
DL-alanin va L-valin. Nguyén nhan chu y&u 13 do t& bao c¢6 cic co ché& diéu chinh
trao d6i chdt tranh dugc hién tugng san xuit thua. Nhitng bién chung m4t kha nang
téng hop chdt diéu chinh (thuong 12 san phdm cuéi cung hoac din xuit cia san phfm
cubi cing cia mét con dudng trao dfi chit) sé tich liy moét lugng 1dn tién chat va
tiét ra méi trudng bén ngoai. Day la nguyén tic dng dung cic bién ching trg dudng
vao viéc san xuft axit amin bing con dudng lén men.

Hai axit amin chinh sdn xuft bing lén men la axit glutamic va lizin. Trong viéc
san xuft axit glutamic néng d6 hidrat cacbon (glucozo hoac sacarozo) thuong dung la
10-20%, nguén nito la ure hoac NH;r , cdc mubi kim loai 1a Mg?*, Mn?* va Fe?*. Ngoai

ra ngudi ta con thém vao cac chdt kich thich nhu axit pelacgonic. pH dugc diéu chinh
gita 7 va 8 nhd ure hoac khi NH,. Néng d6 biotin rdt quan trong vi cd tdc dung diéu
khi€n san lugng. Vi sinh vat thudng dugc dung dé€ san xuft axit glutamic la
Corynebacterium sp., ngoai ra ngudi ta cing st dung cac chi Brevibacterium, Micrococcus,
Microbacterium. Viéc thu hoach san ph&m tit moéi trudng nudi cdy tuong d6i dé dang
vi axit glutamic khéng hoa tan trong diéu kién axit. Cach ti€n hanh nhu sau : sinh
khéi loai bé di, dich loc dugc c6 dac va diéu chinh pH téi 3,2. Axit glutamic két tua
dugc thu lai bang loc.

Viéc san xuit lizin cing tuong tu nhu sin xudt axit glutamic, vi sinh vat thuong
dung la bién ching cua Micrococcus glutamicus. Biotin kém quan trong hon so véi khi
sadn xuft axit glutamic nhung néng d6 cta homoxerin, treonin va metionin cd anh
hudng sau sic dé€n ham lugng lizin. Lizin khd tdch khdi moi trudng hon so véi axit
glutamic, nhung cé thé dung nhuva trao ddi ion d€ chiét rit. San phdm thu dugc &
dang monohidroclorit lizin sau dé dugc két tinh lai va cho axit amin thudn khiét.

Cac axit amin khac dugec sdn xuit nhd vi sinh vat véi s6 lugng it hon.
Sinh téng hgp axit amin bing con dudng lén men

Axit amin Ching vi sinh vat Nang suft
Lén men tu ching hoang
dai :
Axit glutamic hay MSG Corynebacterium glutamicum 50 ~ 150 g/l
Valin Aerobacter cloacae 15 g/l
DI.-alamin Corynebacterium getatinosum > 40%
L.-alanin Pseudononas sp. > 30%

Lén men U chung dot
bién khuyét dudng :

Lizin C. glutamicum (his,’) 50 - 100 g/t
Lizin Brevibacterium flavum (thr.") 32.7 g/t
Valin B. lactofermentum (thr.") 20 g/l
DL- alanin Bacillus coagulans (met’). 11.8 g/l
Treonin A’ aerogenes (met’) 8 g/l
Ocnitin Eeol(met, var) 10.5 g/t
Xittrulin C.-gluamueurit(cit- =hoic jarg) 36%
Prolin B. subtilis (arg’) 13 %
Prolin Kurthia catenoform (ser’) 30 git

Bsp. ‘No-~7996" YS—48 (his) 25 gil

290



Lén men tu ching dot bién
khuyét dudng dic bigt :
Lizin

Valin

Homoserin

Acginin

Triptophan

Histidin

B.flavum [S-(2-aminoethyl)- :-cystine’]

Serratia marcescens [a-hydroxy axit butyric

B.flavum [a-aniino-f- hydroxyvaleic axit met’]

B. subtilis [L-arginin hydroxamat’)

B. subtilis [5-fluorotryptophan’]

B.flavum [2-thiazol alanin, Etionin,
2-aminobenzothiazol, a-amino-B-hydroxyvaleric axit’]

34 g/l

8 g/l

18 g/l

4.5 gl

Tripophan 4 g/l
Phenylalanin 6 g/l
10 g/l

Len men c6 bd sung tién thé:

A.a-amino butilic — izol oxin C.amagasakii 20 g/l
D-treonin — izoloxin Serratia marcescens S~ 15 gl
A.antranyl — triptophan Hansenula anomala 10 ~ 15 g/l
Phan dng nhd enzim :

A .aspaclic Aspactaza cua E.coli 100%

Dopa Tirosinaza cua Erwinia herbicola

Triptophan Triptophanaza cia Proteus retigeri 96%

1.2. Téng hgp cac nucleotit va axit nucleic

1.2.1. Téng hop cdc nucleotit

Céc con dudng sinh téng hop bazo purin va pirimidin hoan toan khéng cd lién
quan v4i nhau nhung cé mét dic diém chung la déu din dé&n viéc hinh thanh truc
ti€p nucleotit.

San phfm cubi cung cua con dudng téng hop purin 13 axit inozinic (IMP). Phén
ribozylphotphat & day do photpho-riboxylpirophotphat (PRPP) cung cdp. Ban than PRPP
lai dugc hinh thanh ti# ribo-5-photphat va ATP.

Ribozo-5-photphat + ATP = PRPP + AMP
Truéc hé&t PRPP két hgp véi glutamin cho 5-photphoriboxylamin

Ch&t nay ngung tu véi glixin (trong sy c¢d mit cia ATP) cho amit. Cén chu y rang
ba nguyén ti C con lai cia nhén purin la xudt phat ti axit cacbonic va focmincoenzim F
(axit focmic hoat déng). Con nguyén tit nito N-1 cia nhan la do axit aspactic cung
cip, nguyén ti nito N-3 do asparagin cung cép.

Axit inozinic 1a tién ch4t cia cd hai nucleotit purin adenozin-5’-photphat (axit
guanilic).

Con dudng din dén viéc t8ng hop cic ribonucleotit pirimidin ngan hon. O day phan
ribozyl ctia phan ti& cing xuit phat ti PRPP. Trudc hét cabamylphotphat (hop chit
cao ning), k&t hop véi axit aspactic thanh axit cacbamyl aspactic. Do phan dng dong
vong (phan dng cdn ATP) xuit hién san phdm trung gian la axit dihidroorotic. Axit
nay bj khit hidro thanh axit orotic, 1a ch4t co sd quan trong nhédt d&i véi cdc nucleotit
pirimidin. Axit orotic phdn dng véi PRPP tao thanh orotidin-5’'P, ch4t nay bi khu
cacboxyl cho axit uridilic (uridin-5'-P-UMP). Do phan dng photphoryl héa nhs ATP,
ti UMP sé cho UDP va UTP. Trong dich chiét t& bao cia moét s8 loai vi sinh vat,
nguoi ta da tach dugc enzim xidc tdc phan dng gita UTP va NH‘;+ cho XTP.

Vé cac phan dng téng hop deoxiribonucleatit cho dén nay ta biét con it. Co 1é& cic
phan udng nay thay d68i tuy theo lodi\vi 'sinh.vat\ Chang han E.coli chia enzim khu
ribonucleozit—diphotphat ‘thanh ecdc deoxiribonucleozitdiphotphat. Hoat tinh enzim cén
ATP va Mg * , enzim 1a mot tioredoxin khii' cd kh&i lugng phan tit khoang 12.000.
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Enzim tuong ung ctia Lactobacillus leichmanii lai xic tac khi mot s6 moni-, di- va
triphotphat cua cac ribonucleozit ; khic véi & E.coli, enzim can 5-dezoxiadenozylcobamit
la coenzim.

Ngoai viéc téng hop de novo céic ribo- va deoxiribonucleeotit bit ddu ti cac hop chit
phan ti thdp nhiéu vi sinh vit con c6 kha nang st dung céc purin hoac pirimidin (hay cic
nucleozit va nucleotit cia ching) lam nguén nucleotit cia ARN va ADN. Mot s6 vi sinh vat
la trg dudng (auxotroph, tit chit la tinh auxilium = giip d§, troph = dinh dudng) d&i véi
cac hop chit nay, vi ching mit khd nang tdng hop mot hoic mot s6 enzim tham gia vao
viéc t8ng hgp de novo cic chit dé. Dich chiét cia cdc vi sinh vat chda mot s6 enzim o6 kha
nang xic tdc su chuyén hda qua lai cia cdc purin va pirimidin.

N N
Y
Aspactat R ¥ 5—
GTP NAD +H,0
(1) (3)
GDP+ Pi NADH
CH COOH ©)

CH COOH
[ HN \
N Xantozin5'-mono-

K photphat
N N

N \
Adeniloxucxinat L l / R B -

NS
N N NH, ATP

GTP sintetaza
R—5-® H,0 AMP + PPi
(2)

Pumarat

NH,
X
N/\/‘[ > HN l IN
« N
. XN N\N HNT SN NN

AMP S

Sinh.10ng hop AMP va GMP tu_IMP
AMP : adenozin- 5'- photphat =/ axil.adenilic
GMP = guanozin-5'- photphat = axit guanilic (1) Adeniloxucxinat sintetaza
(2). Adeniloxucxinaza (3).IMP| d€hidrogenaza
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(1) &) (4)
l -H,0
0
Il 1l Il
G
. > > ~
HN" cH © +prRPP HNT TCH +NAD' HN™  "CH,
| I I g e o
— =C =
0=C -~ coon N7 CooH N7 > COOH
| H H
G
(7) (6) ()
l co,
o 0 NH,
I I |
c C +NH,
H’;‘/ GH _+aaTP H’?‘/ \ﬁH +ATP H’f/ i
0=C \N/CH O —C\N/CH o :C\N/CH
| |
G -5-D-0-® OO0
(UMP) (UTP) (XTP)
l+NADP
o o
Il Il
H O~ HN’C\C/CH3
N~ TCH  THF—CH
| I — L
o=C_ CH o=C_,CH
| |
dR—5=(P) dR—5-F)
(dUMP) (dTMP)

Sinh téng hgp cac pirimidin nucleotit
(1) Cacbamoy!l photphat
(2) Aspactat
(3) Aspactat transcacbamoilaza
(4) N-cacbomoil-L- aspactat
(5) Dihidroorotat
(6) Orotat
(7) OMP (orotidin 5'-monophotphat)
UMP = Uridilat (Uridin 5'- monophotphat)

UTP = Undin 5™-triphotphat

XTP.. = Hitidin 5¢% triphotphat

dUMP = deoxi= uridim¥5'= menophotphat = deoxi-uridilat
dTMP = dcoxiytimidineS'=monophotphat = deoxi- timidilat

Timidin} Si=photphat
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Deoxiuridilat O
)
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@
O4POCH, o
H H
H H
OH H
Timidilat
sintaza
H H H H
HAN N A HN NS A 1
HN 5 H HN 5 10
N CH, N7 = CH,— N—R
o N\ o}
H,C—N-R
5 10 - Metilentetrahidrofolat 7.8 - Dihidrofolat
coo®
® | & g ®
HaN th;*z 2 NADPH + H
Serinhidroximetyl| Dihidrofola
i transferaza reductaza N ADF('D
® | H H
HaN — CH HN N ’;‘;éH
HN 5 H 10
CH,OH j;[N CH,— N—R
Serin o H H

Tetrahidrofolat

Chu (FfR CA¢ BRAR Ung trong qua trint tong Hop dTMPti dUMP



o
H
Photphoribozy!-
pirophotphal \i o

®-® @orc o%)j

CH,-Tetrahidrofolat
Dihidrofolat

(GEGEGELS

[e]

Aspactat Caocbamoy! photphat

P

N - cacbamoyl aspactat

H,0O
Dihidroorotat
© NADP'
NADPH
Orotat
Phophoribozy!-
pirophotphat

Orotidin  5'- tnphotphat
(OTP)

co;

Undin §'- Triphotphat

NADPH
NADP

(dUTP)

(UTP)
NH,
Deoxiuridin5'- Xitidini 5
tnphotphat triphotphat
pRoh (XTg)
NAOP
NADPH
Deoxitximidin Deox ixi tidin S'-
tnphotphat triphophat
(aTTP) (dXTP)

Chu| trinh.ciesphan Ung trong qué trnh {8ngl hop dTTP va dXTP
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Triphotphat  dATP ATP GTP dGTP

| I Il |

Diphotphat  dADP ADP GDP ———= dGDP
| I [ I
——a |Denova M

Monophotphat  dAMP AMPe_ | IMP | ——» XMP ————s GMP dGMP
Il Il | |
, ‘ i

Nucleozit dAdenozin Adenozin ——s INO Guanozin dGuanozin
l l PRPP PRPP H ”

Bazo Adenin Adenin Hipoxan Guanin Guanin

Sy chuyén héa 1in nhau cia cic purin nucleotit va c4c din xuft cua chung

Triphophat dﬁTP XTP dXTP dTTP

Diphophat dXDP e————— xpp XDP ————— dXDP dTDP
Il Il I i

Monophophat dXMP XMP dUMP 5 4TMP
dUMP.—]N H u H

Nucleozit dXitidin Xitidin —————9 Uridin Uridin Timidin
Bazo Xitozin Xitozin ———  Uraxin Uraxin Timin

Su chuyén héa 1&n nhau ciia c&c pirinmidin nucleotit va cac din xuft cta ching

1.2.2. Téng hop cdc axit-nucleic (xém chuong ‘9, ‘muc 1 va 2)
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(ADN)

@ (Sao chép) (ADN)
{ (Phién ma)

(Phan cat t bao) (MARN) ~~ |
: { (Dich ma)

@ ~&

Hai con dudng chuyén thong tin di truyén. Cﬁuye‘n qua thé h¢ con chau nhd sao chép
va chuuyén tU nhim sic thé tdi riboxom dé téng hdp ra protein nhim duy tri sy s6ng va sinh trudng

Chac sao chép
l Chudi bé me

e Chudi con céi

™~ Chac sao chép

Két thuc
sao chép

Qua trinh.sac chép ADN cia vi khuin.
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1.3. Tdng hgp oligosaccarit va polisaccarit

Tuong tu nhu cdc thuc vat bac cao, vi sinh vat c6 kha nang t8ng hop céac oligo
- va polisaccarit. Lugng cdc oligo - va polisaccarit ndi bao dat téi 60% khé6i luong kha
cia t& bao, con polisaccarit ngoai bao cé th€ vuot nhiéu 14n khéi luong cua vi sinh
vat. Thanh t&€ bao cing chda mot lugng 16p polisaccarit.

T4t ca c4c oligo va polisaccarit dugc t8ng hop bang cich kéo dai chudi saccarit cé
truéc nho viéc thém don vi monosaccarit (X). Don vi monosaccarit nay tham gia vao
phan dng § dang nucleotit — monosaccarit dugc hoat hda, thudng 1a din xuit cia
uridin - diphophat (UDP.X) nhung d6i khi cung véi cdc nucleotit purin va pirimidin
khac. Su téng hgp dién ra theo phan dng chung nhu sau :

LXXXXXX +UDP - X = . XXXXXXX. + UDP
(n nhénh) (n + 1 nhéanh)

Trong trudng hop polisaccarit bao gém hai loai monosaccarit lién tiép (X va Y)
phan dng chung xay ra qua hai budc :

Buée 1 : . XYXYXYXY + UDP -X =

= .XYXYXYXYX + UDP
Buéc 2 : . XYXYXYXYX + UDP =

= . XYXYXYXYXY + UDP
Con dudng t8ng hop chubi polisaccarit phan nhanh ta con biét rit it. Trong dich
chiét t& bao cia mot s6 lodi ndm sgi cd chia enzim kitin-sinteaza xic tdc phan ing
chuyén cdc nhanh N-axetylglucozamin ti UDP-axetylglucozamin dén phan td nhan.
M6t cich tuong tu viéc t6ng hop mannan cua thanh t€ bao ndm men cing bao gém
viéc chuyén cdc nhidnh mannoza tit DGP-mannoza dén ch4t nhan. Trong viéc téng hop
tinh bot & Chlorella va glicogen & Arthrobacter cé su tham gia cia ADP-glucozo.

L GLYCOLYSIS __] als

Glucozo
ADPG Glicogen(s vi khuin)
Glucozo
6 - photphat
B :o R UDPG Glicogen(s dong vat)
]
{
[}
!
Glucozo
6 - photphat UDPNAc Peptidoglican(é vi khu3n)
TP
Axit piruvic

S0 dé sinh tng hdpspolisaccarit
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1.4. TGng hgp murein va axit teichoic

1.4.1. Téng hop murein (hodc glicopepit, peptidoglican)

Murein 1a thanh phan cht yéu ctia thanh t&€ bao vi khufn. Qué trinh sinh tdng
hgp chdt nay méi chi dugc nghién ciu ¢ mot s6 ching vi khudn truéc hét 1a Staphylococcus
aureus va Micrococcus lysodeikticus. Con dudng sinh téng hop murein & St.aureus duge
trinh bay 6 hinh vé. Budc ddu 12 viéc tdng hgp UDP-N-axetylglucozamin (UDP-AG)
va pentapeptit cia UDP-N-axetylmuramic (UDP-AM). Cédc axit amin cia phédn
pentapeptit dugc gin ting nhdnh moét vao UDP-N axetylmuramic. Dang chi y la &
ddy khdng cd sy tham gia cia ARN van chuyén. Thd tu cla cac axit amin trong
pentapeptit 12 do cdc enzim xidc téc viéc gin axit amin quyét dinh. Hé thdng cac enzim
nay cé tinh dac hiéu khong tuyét déi, vl vay cé thé bi "danh li¥a" ma ldp nhdm axit
amin. Diéu nay giai thich anh hudng cé hai cia glixin va cic axit D-amin khdac lén
téng hgp thanh t€ bao & vi khuén.

Sau d6 cdc nhanh UDP-N-axetylglucozamin va N-axetyl-muramic - pentapeptit
dugc lién k&t vdi nhau theo mot thd tu xdc dinh thanh glicopeptit. Trong qua trinh
nay cd sy tham gia cia mot chdt chuyén dac biét cé tinh chat lipit. O Micrococcus
lysodeikticus chit chuyén dd la rugu undeonprenilic. Pentapeptit cia N-axetylmuramic
dugc lién k&t nho cAu n6i pirophotphat véi ch&t chuyén lipit va phan dng véi
UDP-N-axetylglucozamin cho ta disaccaritpeptit vdn cdn gin véi ch4t chuyén.

O S.aureus, murein cia thanh t€ bao chda cac cdu glixin gitta cac peptit. Cho nén
& vi khudn nay, truéc khi nhanh disaccaritpentapeptit duge 14p vao glicopeptit thi chuéi
pentaglixin dugc lién k&t vdi nhédm & - amin ctia lizin trong chudi peptit. Khac véi
téng hop pentapeptit, viéc t6ng hogp chubi pentaglixin cé sy tham gia cia mét trong
hai ARN van chuyén glixin trong t€ bao (tARN kia chi van chuyén glixin trong t8ng
hop protein) va cdac nhdnh glixin duge l4p ting cdai mot vao disaccaritpentapeptit :

ATP, Mg2*
Glixin + tARN glixyl «~» tARN
Disaccaritpentapeptit-P-P + glixyl ~» tARN (56X) —
. Disaccaritpentapeptit—P-P-pentaglixin.

Céc ciu pentaglixin chi déng lai sau khi disaccaritpentapeptit dugc 14p vao glicopeptit.
Phan 1dng dong cdu nay di kém v6i su m4t nhanh D-alanin cu6i cung cia pentapeptit
va dugc xic tdac bdi enzim transpeptidaza. Hang loat ch&t khang sinh anh hudng dén
cic buéc khic nhau trong chubi phan dng t6ng hgp murein.
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L-ala

D-ala

N- axetylglucosamin
UTP o
PP;

N- axetylgluccsamin
(G -- UDP)

!/. Photphoenélpiruval

N - axetylmuramic axit -UDP
(M -- UDP)

L-ala \t ATP
D-glu \!/ ATP

D-ala Ddi
D-ala ATP j o
L-lys
(M -- UDP) |
| D-ala
pPp |
M- Lipit D-ala
|
L-ala
|
D-glu B ™ M-Lipit
! Pp
L-lys
|
D-ala !
|
D-ala G-M-Lipit
Pp

Peptidoglican  trong
thanh té bao vi khudn

L-lys !/ ATP (M- UDP)
|
L-ala
|

M -- UDP
I

Pentapeptit (pp)

S d6 qua trinh sinh tong hgp peptidoglican & vi khuin



Cac chit khing sinh B-lactam penixilin va xephalosporin 12 nhitng dipeptit vong
ctia L-xixtein va D-valin. Do d6 ching 12 chit tuong tu vé cdu tric véi D-alanyl-D-alanin
& ddu chubi peptidoglican nam trong phan uUng chuyén peptit. Lién k&t cé hoat dong
cao -ﬁJ—N— trong vong B-lactam nidm ding vao vi tri cia lién két peptit trong phan

N
ing ch'uyé'n peptit. Penixilin (hoac xephalosporin) da canh tranh véi ddu Dialanyl-D-alanin
trén vi tri lien k&t co chdt cua transpeptidaza.

" D—Xicloxerin 12 ch4dt tu canh tranh cia men alaninraxemaza xic tac viéc tao thanh
D-alanin tt L-alanin. Baxitraxin la chit khdng sinh polipeptit kim ham phan dng tach
photphat v6 co khéi chdt chuyén lipit. Ristoxetin va vancomixin ngin can viéc chuyén
disacaritpentapeptit tit chdt chuyén lipit dén glicopeptit. Ngoai cdc chit khang sinh ra
mét s6 khac cing anh hudng dén qua trinh téng hop thanh 't& bao.

Chang han violet gentian kim ham su lién két cia L-alanin va cidc axit amin khac
vao axit muramic. Glixin thita trong moéi trudng cé thé pha huy viéc tao thanh cac
cdu glixin. Viéc tdng hop peptidoglican cé 16 duéi sy diéu.chinh ctia mét co ché nao
ddy ; khi méi trudng thua glixin hoac cic axit D-anim (nhu D-xerin) co ché& trén bi
kiém ché.

1.4.2. Téng hop axit teichoic

Axit teichoic 12 cdc cao phan tid dugc phophorin hda cua ribitol hoac glixerol va
thudng lién két voi peptidorin—glican nhd moét cdu ndi photphodieste y§u qua nhanh
riboza tan cung.

Buéc thd nh4t irong sinh t8ng hgp cua axit glixerolteichoic trong B. licheiformis
12 hoat hda L-a-glixerophotphat nh XTP. Tién chdt dugc hoat hda (XDP-glixerol)
dugc gin vao cao phan ti nhu sau :
L-a-glixero-P + XTP = XDP-glixerol + P.P.

XDP-glixerol + (glixero—P)n = XMP + (glixero-P) |

Cac chudi poliribitolphotphat cing dugc tao thanh theo mét con dudng tuong tu,
nhung véi XDP-ribitol 1a chit trung gian.

1.5. Téng hgp cac axit béo va lipit

Trong vi khuin va mé déng vat cd vi, viéc tng hgp cac axit béo no, chén, chuéi
dai déu dién ra theo cung con dudng : con dudng malonyl-CoA. Malonyl-CoA, chua
nhom —CH rit hoat dong, dé dang phan dng vdi axit.CoA (nghia la véi axetyl-CoA
hoac mét ax1t béo cao hon dugc hoat hda) va sau khi loai di CO, thi cho mot B-ketoaxit.
Cic buéc khac, vé thuc ch&t, dién ra nhu qué trinh S-oxi hda nghich trong do tham
gia vao viéc khit f-ketoaxit va din xudt chua no cia axit-CoA, la NADPH. Qua trinh
dugc lap lai nhiéu lan.

Buéc ddu, cacboxyl hda axetyl-CoA thanh malonyl-CoA, dudc xic tic bdi mét enzim
dic biét chua biotin d6 1a axetyl-CoA-cacboxylaza (da dugc phéan lap tu vi khudn, ndm
men va gan bd cau).

2+

HCO; + ATP + biotin—En

COO™ - biotin-En + ADP + P

COO~ — biotin—En + CH;CO « SCoAw | sess biotin-En + Malonyl-SCoA

2+

HCO; + ATP + CHSCO . SCoA ‘Malony-SCoA +! ADP + P
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Sintetaza ctia axit béo (hé thdng t8ng hgp axit béo trong vi sinh vat va mo dong
vat la nhitng phic hop enzim hoa tan trong t& bao chat xuc tac phan dng chung tdng
hgp axit panmitic :

Axetyl - S-CoA + 14NADPH + 14H' + 7ATP + H20 -
axit panmitic + 8CoA + 14NADP* + 7ADP + 7P,

Phic hgp da dugc phan lap td ndm men trén d6 dién ra lién tuc toan bd su téng
hop. Qua trinh md ddu bang viéc chuyén nhanh malonin dén nhém SH hoat dong cia
protein (chuyén l4n thd nh&t). Malonyl-SCoA sé ngung tu vdi axetyl «~ SCoA (hoac
axil ~» CoA cao hon) tao thanh din xudt cua B-ketoaxit cdn gin vao nhom SH. Cic
phan dng ti€p theo la khu f-ketoaxit thanh hogp chit hidroxyl, loai nuéc va khu 14n
thi hai trong d6 cé su tham gia cia FMN gin chat vao phan tit men (FMN nhan
hidro tt NADPH).

Phan ti kéo dai ctia axit béo lai dugc chuyén dén CoA dé chudn bi ngung tu ti€p.
M6t nhanh malonin méi duge gdn vao nhém SH-trung tam va phan dng lai ti€p dién.
Chi sau khi chufi da dat dugc chiéu dai 16 hoiac 18 nguyén ti cacbon palmitol-CoA
(hoac stearyl-CoA) mdi tach ra.

Vagelos (1967) da phan lap dugc ti E.coli 5 trong s6 6 enzim xic tdc viéc chuyén
axetyl-CoA va malonyl-CoA thanh axit béo. M&i enzim déu c4n mot protein dac biét
goi la protein mang nhdnh axit ACP (acyl carrier protein). Nhdm thém cua CCP la
4’photphopantetein lién két tioeste v6i nhanh axyl va lién két photpho dieste v6i nhom
OH cua moét trong ba nhinh xerin trong ACP. Cac phan dng dién ra nhu sau :

axetyl -~ SCoA + HS-ACP — Axetyl -~ S-ACP + HS-CoA
malonyl-SCoA + HS-ACP — malonyl-S-ACP + HS-CoA.

B—ketoaxy-ACP—
axetyl S- - ACP + malonyl-S - ACP

axetoaxety-S—ACP

xintetaza

+ CO, + HS - ACP

B—ketoaxy-ACP—
axetoaxetyl-S-ACP + NADPH + H*

D-B-hidro—
reductaza

xibutiryl-S-ACP + NADP*

enoyl-ACP—hidraza
D-pB-hidroxbutiryl-S-ACP

crotony-S—ACP + HZO

cnoyl-ACP-reductaza

crotonyl-S-ACP + NADPH, butiry-S—-SCP + NADP"*

ACP tham gia trong viéc t6ng hgp axit béo & cad vi khudn va thuc vat. Dang chi
¥ la chi ¢6 mét ACP nhan axetyl hay malonyl.
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Glucozo
Dihidroxiaxeton-

Glixeraldehit < photphat|:

3 - photphat T

Axit piruvic

Glixerol

Lipit
dc?n gian

Axetyl CoA Axit béo

Axetyl CoA

Chu trinh

Krebs

S0.d6 sinh tong Hop lipit
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]
CO,+ HsC—C —CoA Axetyl - CoA

ATP
ADP + Pj
ﬁ |c|> Malonyl - CoA
H,C— C — CoA HOOC—CH, —C - CoA
AcP
ACP e
CoA Cok o :
I i
& HOOC ~ CH, — C — ACP Malonyl ACP
1
HsC—C - ACP e Axetyl - ACP
ACP / \- co,
0 o]
I I
HsC—C ~CH, — (I; — ACP Axetoaxetyl - ACP
2NADPH i
H,0 2NADP"
0

1 Butiryl - ACP
HyC— CHp— CH, —C — ACP y

S~ ACP 1

v f,) Axit béo

HaC — (CH,),~ CHp — C — OH

So d6 sinh téng hgp axit béo
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HO—CH — CH, —
|
CHg

C
Il
©

o

1]
2 {CHa—C— COA}

CoA:

o
I

o}

]
CHy—C — CHy—C — CoA

=
|

OH

NADH
NAD*

o}

| [l
CH3—C — CHy— C — CoA
|

H

Axetyl CoA t
Axetyl CoA \F’

Axetyl CoA

|
CHj,

—\:O—CH — CH,—

So d6 sinh 18ng hop axit_poli-- hidroxibutiric

2 Axelvl.CoA

CoA

¢

Axetoaxetyl -CoA

-

it - Hidroxibutiryl - CoA

NADH
NAD"

NADH Axetyl CoA . — NADH
NAD* NAD"
e Axetyl CoA ~J il NAD‘I__{
NAD* NAD
NADH _ NADH
NAD* Axetyl CoA t. NAD®

;

—O— CH — CH, — COOH
|
CH,

Poli - E axit hidroxibutiric
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CDP-c oling fo)
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) 1] 1 L .
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[e]
Il
o CH,—0—C—R,
1] |
R,—C—0O—cCH ﬁ
D
CH, —0— lP =0 CH,— CH,— CH,— N(CH,),
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1.6. Tong hgp protein (su dich md = translation)

Qua trinh dich théng tin di truyén tt ADN dén protein trai qua hai chang, tdng
hgp ARN (phién ma) va téng hgp protein (dich ma). Toan bd qua trinh, vé co ban,
dién ra rdt giéng nhau trong ci hai bon Prokaryota va Eukaryota.

Tuy nhién d6i tugng dugc nghién ciu ki nh&t vdn la vi khudn, dac biét 1a E. coli.
Mac du sdn ph&m cia qué trinh phién ma la cad ba loai ARN nhung théng thuong
danh tit nay dung cho viéc téng hop mARN vi phdn l6n genom doc mat ma cho mARN
(chi 0,2 va 0,02% ADN tham gia vao viéc tao thanh rARN va tARN).

Ching phién ma da dugc ndi ¢ trén, dudi day chi dé cap dén chang dich ma.

T6ng hgp protein dién ra trén cdc hat riboxom. Cac axit amin trong t€ bao chat
dugc hoat hda nho lién két vai tARN tuong dng va dugc chuyén tiép phic hop
riboxom-ARN. O day, lién k&t peptit va do dd chudi polipeptit sé dugc hinh thanh.

1.6.1. Riboxom

O E.coli riboxom la nhitng hat nucleoprotein chita 35 - 40% protein va 60 - 65%
axit ribonucleic. Trong vi khuin riboxom tén tai chi y&u & dang tu do trong t& bao
chdt nhung trong t€ bao Eukaryota phan lon riboxom gidn vao mang ludi néi chat, mot
phdn nhé chda trong cédc ti th€ va luc lap. Tuy theo hé s6 lang khi siéu li tam riboxom
dugc chia thanh hai loai : riboxom 70S gap trong co thé bon Prokaryota (vi khuin, vi
khudn lam) va trong cac plastit (ti thé, luc lap), riboxom 80S tén tai trong té bao
ch&t cia cdc co th€ bon Eukaryota. Ca hai loai déu c4u tao bdi hai hat dudi don vi,
hat no 16n gin gdp d6i hat kia. Tuy nhién don vi hoat déng thuc su trong téng hop
protein khéng phai la cdc monoxom 70S riéng ré ma la mét nhédm riboxom (goi la
polixom) lién két canh nhau vao cung moét sgi mARN. Trong t€ bao vi khuin dang
sinh trudng riboxom trai qua moét chu trinh déu dan phan li va tdi tao tuy theo néng
d6 ion Mg®* : 70S = 30S + 50S. Mot s6 ch4t khang sinh kim ham chu trinh nay.
Chéng han, trong su c6 mit cua streptomixin vd neomixin t& bao sé tich liy mét lugng
16n monoxom 70S. Nhitng monoxom nay tuy vdn con gan vdi mARN, nhung mat kha
niang téng hogp protein riboxom 70S chia 55 phan ti protein : 21 phan td trong hat
30S (S1 - S21) va 34 phan tu trong hat 50S (L1 - L34). (Thuc ra, hai protein S20
va L26 la gi6ng nhau hoan toan va dugec doc ma bdi cing mét gen. Do d6 tdng sé
cac protein khiac nhau trong riboxom 70S chi la 54). T8ng lugng phan t& cta cac
protein riboxom & trong khodng 7000 - 32.000 (trung binh khoang 17.000), tri protein
Sl c6 khéi lugng phan tu cao dac biét : 65.000.

Vé axit ribonucleic, riboxom 70S cia E.coli chia 3 phan tt rARN : hat 30S chua
ARN 16S ( ~ 1600 nucleotit) va hat 50S chia ARN 23S (-~ 3200 nucleotit) va ARN
58S (120 nucleotit).

O t& bao Eukaryota riboxom 80S chwa khoang 70 loai protein va 4 phan td rARN
hat 40S chia ARN 18S, hat 60S chda 3 phan t& ARN la 28S, 5S va 5,8S. Trong méi
hat dudi don vi phan ti rARN tao thanh cdi khung quanh d6 cac phan tu protein
dugc tap hop lai.

Trén riboxom {t nhat €6 hai vi tri gim tARN/: wi tei A 1a vi tri gin aminoaxyl ~
tARN (aa - tARN) va vi trf P la vi tri gdn peptidyl=tARN (pept - tARN). Qua trinh
téng hop protein dién ra“d._mat tiep xic gita“hawhat dudi don vi.
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1.6.2. Su hoat héa axit amin

Truéc khi tham gia vao t8ng hop protein axit amin phai dugc hoat hda, nghia 1a
duge lien két véi mot tARN tuong ung. Chi sau d6 axit amin nay mdi dugc chuyén
dén riboxom. Qud trinh hoat hda axit amin dién ra qua hai buéc. Truéc hét axit amin
phan tdng véi ATP tao thanh phdc hgp caq nang axit amin ~ AMP. Tiép theo,
axit amin trong phidc hgp dugc chuyén dén tARN tuong tdng. Cung mot enzim
axit amin-tARN-sintetaza, dac trung d6i véi méi axit amin, da xdc tac ca hai buéc
ndi trén.
2+

Mg
axit amin + ATP + Enzim = aminoaxyl ~» AMP-Enzim + PP
Mg2+

amonoaxyl ~» AMP-Enzim + tARN = aminoaxyl « tARN + AMP + Enzim

2+
Mg
axit amin + ATP + tARN = aminoaxyl ~ tARN + AMP + PP

(Enzim = aa-tARN-sintetaza)
R6 rang enzim phai cd c4c vi trl nhan d6i v6i cA axit amin va tARN.

1.6.3. ARN vén chuyén

LA loai ARN cd khéi lugng phan ti thdp (khoang 25.000) va cS hé s6 lang khoing
4S - 5S chl chia ching 75 - 80 nucleotit (do d6 cdn dugc goi 12 ARN hoa tan). Diéu
déang chi y 1a t4t cad tARN dugc nghién cdu cho téi nay phan lap ti céc t€ bao cia
bon Nhan nguyén thiy va Nhan that déu cé mét cfu tric tuong tu theo miu la ché
ba.

Khic véi cac loai ARN, phan ti tARN chda t6i 10 — 20% bazo hiém, khong binh
thudng. Mac du 12 sg¢i polinucleotit don nhung do gip trd lai ma tARN chia nhiéu cap
bazo ghép déi & nhitng phdn cubng cia méi thiy. Do nguyén nhan nay va do ham
lugng 1n cdac bazo hi€m nén tARN kh4 bén véi tac dl,m'g ctua ribonucleaza. Cédc bazo
hiém thudng & nhitng phdn khéng cd bazo ghép d6i cia cdc thuy. Ching la cdc bazo
bi cai bién do cdc enzim dac biét sau khi tARN dugc ghi tit khuon. Cé khoidng 50 gen
doc ma cho tARN nghia 1a chiing mét gen cho méi loai tARN.

Khi ghi tt khuén ADN cédc phin ti tARN con chia 20 nucleotit b8 sung, sau dé
bi loai di nho nhing phan #ng enzim. CJé thé€ nhitng nucleotit ndy l1a ban sao cia mét
phdn ADN ddéng vai trd trong viéc kich thich qud trinh phién ma (nghia 12 mét vung
ding 1am di€m gin ctia ARN-polimeraza va kich thich hoat tinh cta enzim nay). Mot
su cai bién nita d6i v6i tARN truéc khi ching trd thanh dang hoat dong la t4t ca
tARN déu cé thd ty tdn cing XXA & ddu 3’. Chinh axit amin dugc gin vao vi tri
03 ciua adenozin nay.

Diéu déng chu y 13 trong hé th6ng nhin nguyén thiy cing nhu nhan that, axit
amin md ddu chudi polipetit-tuén-ludén ]a metionjn., Trong t€ bao cua ca hai bon déu
cd chda hai loai tARN tuong dng dac bist van chuy€n\metionin : mot, chuyén axit
vao vi tri gitta chubi va 'mot, vAn chuyén axit; amin md déu chubi. O vi khufn (ca vi
khudn lam, ti thé, luc lap);~metionin md ddu ‘chudi'sau khi gin v6i tARN tuong ung,
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phdi duge focmyl héa r6i méi dugc chuyén dén riboxom, ch&t cho nhanh focmyl 1a axit
N' - tetrahidrofolic.

Do d6 hai loai tARN mang metionin & hé théng riboxom 70S dugc ki hiéu la
tARNIl\'/let va tARch( . Cung moét enzim Met - tARN sintetaza nhian ra mét vung cdu

tric chung cua metionin va tARNMel da gén metionin vao ca tARN:;m va tARN:::Cl :

Met — tARN —sintetaza

F - _ F
1:ARNMcl + Metionin Met tARNMel

Met — tARN —sintetaza

Met — tARNF

M I
tARNMcl + Metionin o

Nhung sau d6 chi metionin gin vao tARNF duge focmin hda, phian dng dugc xic
tdc bdi enzim transfocmilaza
THF

Met — tARNF fMet — tARNF (THF = axit N! tetrahidrofolic)

tranfocmilaza
& thuy d6i dién véi cu6ng mang axit amin cd ba bazo ty do goi la anticodon. Ba bazo
cua anticodon sé ghép d6i vdi ba bazo tuong dng trén sgi mARN lién két véi riboxom :
ba bazo tuong dUng nay goi la codon.

1.6.4. Cdc budc t6ng hop protein

Mo ddu chuéi : Ngay khi sgi mARN con dang sinh trudng va chua tach khoi sgi
khuén ADN thi hat riboxom 30S dia 14n lugt gin vao sgi mARN va md ddu téng hop
protein.

Trong vi khufn, tham gia vao md ddu chudi polipetit ngodi cic thanh phan khac, dac
biét con ¢ GTP va {t nhdt 3 y&u t6 protein goi la y&u t6 md ddu, ki hiéu 1a 1F - 1;
IF - 2 va IF, (IF = initiation fator) véi khéi lugng phan ti ldn lugt la 9400 ; 80.000
- 90.000 va 21.000 - 23.000. Ca ba yé&u t6 déu la nhitng chubi polipeptit duy nh4t.

Yé&u t6 IF - 3 gén vao hat 30S va cin cho sy hinh thanh phitc hgp md ddu véi
sgi mARN ty nhién do lam bén su lién két cia mARN vao hat 30S v6i codon md ddu
AUG (hoac GUG) cia mARN & vi trf P. Tham gia vao qua trinh nay dac biét con co
protein S1.S1 nim & ddu 3’ cua rARN 16S vao ddu 5’ cia mARN noi dién ra md déu
dich ma. Chic phan cua Sl 12 cdi xodn ddu 3’ cua rARN 16S khién cho thy tu AXXU
XX cia ARN nay dugc tu do va cd thé ghép déi véi thi tu b8 sung UGGAGG & vung
md d4u cia 5’ trén mARN, diéu nay cin cho viéc lién két chinh xdc cia mARN vao 30S.

Ti€p theo, aa - tARN md ddu chubi - fMet - tARN;;cf - gin .vao phic hop ndi

trén & vi tri P tuong dng véi codon md ddu AUG. Sy lién két nay cdn GTP va hai
y&u t6 IF - 1 va IF - 2 trong d6 IF - 2 c¢6 1& nhan ra va kich thich sy lién két cua
fMet - tARN va riboxom 30S con 1F - 1 chi lam bén phdc hgp. (Cé thé IF - 1 1a
mot protein cia ban than riboxom 30S hon 12 mét yéu t6 md ddu). Su lién két cua
phic hgp [fMet — tARN - GTP - IF - 1 - IF - 2] vao phic hop [30S - mARN] con
cdn mét s6 protein cua 30S (S2, 3, 10, 12, 14, 19, 21). Sau d6 hat 50S gin vao tao
thanh phuic hop md ddu [mARN - 70S - fMet - tARN]. Bay gid GTP bi thiy phan
nhd trung tdm GTP - aza (guanozin - triphotphataza) tao thanh bdi y&u t6 IF - 2 va
mot s6 protein cua 505 (L5, 19, 20, 25, 80). /Nadglibng cia sy thiy phan GTP cén
cho viéc dat chinh xac tARN & vi trl P. GDP va cac yéu t6 IF - 1, IF - 2 dugc tach
khéi riboxom.

309



Kéo dai chubi : Viéc thém mét axit amin vao chudi polipeptit 1a mot qua trinh
nhiéu budc. Trong E.coli, tham gia vao qua trinh nay ngoai nhitng thanh phan khiac
con c¢d hai yéu t6 protein goi la yéu t8 kéo dai : EF - T (tit chit Anh : EF = elongation
factor, T = transfer) 12 y&u t6 lién két va EF - G c6 hoat tinh cuia GTP - aza. EF
- G 12 mot protein duy nhit nhung EF - T gém hai thanh phan : EF - Ts bén nhiét
(s = stable nghia 1a bén) va EF - Tu khéng bén nhiét (u = unstable nghia la khong
bén).

(EF-Ts c6 kh6i luong phan tid 30.000 (5 E.coli) hoac 37.000 (& Bacillus
stearothermophilus) con EF - Tu cd khéi lugng phan ti 42.000 (6 E.coli) ; hoac 48.000 (&
Bacillus stearothermophilus). EF - G cd khdi lugng phan td 80.000 - 90.000. Trong t&
bao E.coli d6i véi méi riboxom cd moét phan tit cia EF - T va mét phan td cua EF - G.

Quéa trinh kéo dai chudi dién ra nhu sau :

Sau khi fMet - tARN da & vi tri P cua riboxom 70S thi axit amin thd hai & dang
aa, - tARN, lién két v6i yéu t6 EF - Tu va GTP dugc chuyén dén vi tri A véi codon
tuong dng. GTP lai bi thuy phan thanh GDP giai phdng ra nang lugng cidn cho viéc
dat chinh x4c aa, - tARN & vi tri A. Tham gia vao su kién lién két cua phic hop
[aa2 - tARN - EF - Tu - GTP] & vi tri A ngoai mot s6 protein cia hat 30S (S3, 9,
11, 14, 18, 19, 21) con cé rARN 5S (nh& su lién két b8 sung thd tu tetranucleotit
AAGX trén rARN 5S cing cung vdi cdc protein L5, 18, 25, 30 tao thanh trung tam
GTP - aza. Cé4c protein S11, S12 thi c6 vai trdo trong viéc nhan ra méi quan hé codon
- anticodon, cdn thiét cho su lién k&t chinh xdc cia aa - tARN ¢ vi tri A. Lién két
peptit thd nh&t dugc hinh thanh bing cdch chuyén nhém - COOH cua fMet - tARN
& vi tri P sang nhom NH, cta aa, - tARN & vi tri A. Phan dng dugc xuc tdc béi
trung tam peptit transferaza (PT - aza) chda enzim PT - aza (protein L11) va mét
s@ protein cta vi tri A (cdc protein L6 va L16) va vi tri P (cdc protein L1, 4, 27).
Sau d¢ fMet - aa, - tARN dugc chuyén ché tit vi tri A vé vi tri P, déng thdi riboxom
trugt trén sgi mARN chiéu dai mét codon. Nang lugng cdn cho su chuyén ché 1a do
phan dng thiay phan GTP xuc tdc bdi trung tam GTP - aza bao gém yé&u t6 EF - G
va moét sd protein cua hat 50S tARN tu do (truéc dé mang nhanh fMet) bi ddy khoi
vi tri trén riboxom ra ngoai.

Toan bd qua trinh kéo dai dién ra sau d6 déu lap lai cdc budc nhu trén. Nghia
la, viéc thém mot axit amin mdi vao chudi polipeptit dang sinh truéng cén :

- Su lién ké&t vao riboxom ctia mét aa — tARN & vi trl A.

- Viéc tao thanh lién két peptit gita nhém -COOH cua pept - tARN va nhém
NH, cia aa - tARN.

- Viéc chuyén ché cia pept — tARN ti vi tri A vé vi tri P.

Két thic chudi : Qua trinh t8ng hop chudi polipeptit két thic khi riboxom, trong
lic trugt 1én sgi mARN, gap mét trong ba codon két thic hodc codon vé nghia (codon
khéng doc mat ma cho mét axit amin nao) & vi trlf A : UAA (ochre), UAG (amber) va
UAQ (Opal) trong dé codon UAA 1a codon két thuc ph8 bién. Sy thiy phan cia pept
- tARN va sy giai phong ctia chubi protein khéi riboxom cdn mét s6 y&u t6 protein
goi 12 y&u t6 tach rdi : RF - 1 nhan ra hai codon UAA va UAG, RF - 1 nhan ra hai
codon UAA va UGA. M6t y6u t6 thi ba, RF - 3, va GTP cing kich thich c4c qué
trinh trén (RF = release faetor)..Kh6i luong phan tir cia ba yéu t6 RF ldn lugt la
44.000, 47.000 va 46.000, S phan hiy tARN_khei chudi protein cd lé cing dugc xic

(1) Hai yéu t6 nay cing 13 cac dudi don.vi cua replicaza d«the<thyc khuin Q.\8
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tdc bdi men peptidyltransferaza. Cé thé€, dudi tic dung cia cdc y&u té tach rdi nhan
ra codon két thic, peptidyltransferaza gidi phdng chuéi polipeptit. Ngoai ra, tham gia
va@o sy lién k&t riboxom cua cdc y&u t6 tach roi va vao sy thiy phan pept - tARN
€dn cé moét s6 protein cuia riboxom (89, S11 ; L7 L12, va L16). Cu6i cung mARN ciing
bi phan giai bdi ribonucleaza, con riboxom bi phan li thanh cac hat duéi don vi 50S
nhd yéu t8 IF - 3. Nhu vay IF - 3 vita cd vai trdo trong sy lién k&t mARN vao riboxom
30S vita cé chic phan phan li riboxom 70S. Ca hai hoat tinh nay, r6 rang déu can
cho budc md ddu phién ma.

Diéu dang chu y 1a mac du metionin dugc focmyl hoa (fMet) 1a axit amin md dau
chudi trong hé théng riboxom 70S (vi khu&n lam, ti thé, luc lap) nhung, tri vai truong
hgp (nhu rubredoxin, moét protein nhd van chuyé&n electron trong C. pasteurianum hay
pratein doc ma bdi ADN dang nhan d6i cia thé€ thuc khudn X. 174), cac chudi polipeptit
sau khi tach khdi riboxom thudng khéng chita nhanh focmyl tham chi cA nhdanh metionin
& ddu chubi. Trong qué trinh sinh trudng, khi chudi dat téi mot chiéu dai nhit dinh
thi nhanh focmyl va sau d6 thudng cid nhanh metionin 14n lugt bi phan hiy bdi cac
enzim defocmilaza va aminopeptidaza.

1.6.5. Tong hop protein & té bao c6 nhdn thit (Eukaryota)

Mac du qui trinh t8ng hop protein ¢ hé théng riboxom 80S va 70S vé co ban la
giéng nhau nhung t6ng hogp protein & t&€ bao Eukaryota c6 mot s6 sai khac sau day :

1. Axit amin md ddu chudi tuy cing la metionin nhung khéng bi focmyl hda ; do
dd t& bao khéng chia enzim transfocmilaza.

2. Trong buéc md ddu Met - tARN dugc gin vao hat 40S trudc, sau dé mARN
méi dugc lién két ti€p vao phic hop trén.

3. C6 t6i 6 y&u t8 md ddu goi 1a elF (e = eukaryota) trong dé :
- eIF - 2 tuong duong véi IF - 2, kich thich Met —-tARN md ddu gin vao hat 40S.

- eIF - 2a, elF - 2a, va elE - 2a kich thich su lién két cia mARN vao phic
hgp [Met - tARN - eIF - 2 - GTP - 40S].

- eIF - e, chua rd chdc phan, khéng cé elF - 1 (tuong duong véi IF - 1).

4. Hai y&u t8 kéo dai tuong dung 1a TF - 1 hay EF - 1 (tuong dng véi EF - T)
va TF-2 hay EF-2 (tuong dng vdi EF-G).

5. Chi ¢6 mot y&u t6 RF : ngoai ra su lién két cia y&u t6 nay vao vi tri A chia
codon két thic cdn GTP. Diéu nay hoat hda trung tdm PT - aza din dén su thuy
phan chuéi polipeptit khoi tARN. Sau dé GTP méi bi thuy phan gidi phdng ra nang
lugng c4n cho sy phéan li yéu t6 RF khéi riboxom.

Qua trinh t8ng hop protein chiu dnh huéng cta hang loat chdt khang sinh va déc
t6. Diéu dang chi y la mét s6 chdt khdng sinh tdc dung lén ca hai hé théng nhan
nguyén thuy va nhan that (axit fusidic, gougerotin, spacsomixin, cic tetraxiclin), mét
s6 khac lai tdc dung mot cach chon loc chi 1én hé théng vi sinh vat nhan nguyén thuy
(cloramphenicol, kasugamixin, lincomixin, erytromixin, streptomixin, gentamixin,
canamixin, neomixin) hodc hé théng sinh vat Nhan that (d6c t6 bach hdu, actidio,
tricodecmin, cic alcaloit cua Tylophora).

Kasugamixin thuge cdc chit khdng sinh aminoglicozit (kasugamixin, streptomixin,
gentamixin, canamixin, neomixin) phung'.do 'khong-c6 phin dihidrostreptamin hoac
streptamin dédc trung nén khong gay nén hién tugng tdoc sai mat ma. Ch4t khang sinh
nay tdc dung lén riboxom 808, ngan can sy lien két cia fMet - tARNF. Tinh khang
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- kasugamixin 0 E.coli 1a do su thi€u metyl hda céa hai nhanh adenin gin nhau trong
rARN 16S cua hat 30S. Ngoai ra trong cic bién chung khang - kasugamixin mot
protein cua riboxom (S4) da bi thay déi.

Streptomixin anh hudng 1én moét s6 qua trinh ké ca téng hop protein. Trong téng
hop protein, tit 1au nguoi ta da biét hién tugng doc sai mat ma do streptomixin gay
nén. Chang han, trong sy cd mat cia chit khang sinh nay codon UUU bi doc sai
thanh AUU ; két qua khong phai phenylalanin ma 1a izoloxin dugc lap vao chuéi
polipeptit. Vi tri tdc dung ctia streptomixin la hat riboxom 30S. Mot trong cac protein
riboxom (S4) da bi thay d8i trong cdc bién ching khing - streptomixin. Tuy nhién
viéc doc sai mat ma khéng phai la tdc dung chi y&u cia streptomixin trong t8ng hgp
protein vi ch4t khdng sinh nay kim ham qua trinh dich ma ngay ¢ pha md diu ; phic
hgp md ddu dugc hinh thanh trong su cé mat cia streptomixin la khong bén va su
lien két d6 cua aa - tARN khong thé xay ra. Streptomixin cing ngan can budc kéo
dai chuéi do 4nh hudng dén phan dng lién két cia aa - tARN vao vi tri A va budc
két thic chubi do kim ham viéc nhin ra yéu t6 RF - 1 hoac RF - 2.

Mot s6 chit khang sinh aminoglicozit khdc (nhu gentamixin, canamixin, neomixin
va paromomixin) cing giy hién tuong doc sai mit ma va tdc dung lén riboxom 30S ¢
hoac gin vi tri cua streptomixin.

Tetraxiclin kim ham su lién két phu thufc vao yéu t6 EF - Tu cia aa - tARN
vao riboxom & vi tri A va can trd budc két thic chubi do 4nh hudng dén viéc nhan
ra yéu t6 RF.

Axit fusidic ngan cidn su chuyén ché va su thuy phian GTP phu thudéc vao yéu t§
EF - G (va EF -2) do tao thanh phic hgp bén [axit fusidic — GDP - riboxom - EF
- G (hoac EF-2)].

Dac biét, puromixin, do cd cdu tric tuong tu vdi phdn ddu tdn cung 3’ cua aa -
tARN da canh tranh v8i aa-tARN trong phan dng nhan nhanh peptidyl ti pep - tARN.
Nhung vi khéng cé phan anticodon nén sau khi hinh thanh phic hop [peptidyl -
puromixin] tach khéi riboxom din dén viéc ké&t thic sém qua trinh kéo dai chuéi.

Sy hinh thanh lién két peptit & vi khudn bj cloramphenicol kim ham vi ch&t khang
sinh nay tdc dung lén trung tam peptidyl-transferaza. Tuong tu cd lincomixin. Lincomixin
anh hudng dén viéc hinh thanh lién k&t peptit va cin trd su lién két cua ddu tan
cung 3’ cua co chit vao vi tri cho va vi tri nhian ctia trung tim peptidyl-transferaza.
Eritromixin ¢6 16 kim ham ca viéc hinh thanh lién k&t peptit va su chuyén ché.

Trong s6 cdc ch4t tdc dung mot cach chon loc 1én t6ng hop protein & hé théng
Eukaryota, ngoai actidion (xicloheximit), dang chd y la déc t6 bach h&du. Nhu ta da
bi&t vi khudn bach hiu (Corynebacterium diphtheriae) chi san sinh doc t6 trong truong
hop bi nhiém thé thuc khudn B, va gen cdu tric cua doc t8 la thudc genom cua thé
thuc khuan 8. Doéc t6 la mot protein (khdi lugng phan ti 62.000) gin hai polipeptit
lién két bdi mét cdu disunphit. Sy khd cdu S-S va su thuy phan moét lién két peptit
xay ra khi doc t8 xam nhép vao t€ bao. Doan polipeptit 16n (kh8i lugng phan tu 38.000)
cdn cho viéc xdm nhap cua doéc t6 vao t€ bao, doan polipeptit nhé (kh6i lugng phan
tit 24.000) kim ham tdng hgp protein. Trong su cé mat cua NAD" doc t6 lam bat hoat
yéu t6 EF-2 bing cich xic tdc phan ing ADP - ribozyl héa y&u t6 nay va vi vay
ngan can su chuyén ché : Phan dng dién ra nhu sau :

doc 16
EF -2 + NAD .= ADP —ribozo — EF_2 — nicotinamit + H
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(Phan 50 S)

(Phan 30 S)

(Ham &ch)
(Ham &ch)

CAu tric riboxom 708 & vi khudn E. coli
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codbnchiv oy

Cic-buGe sinh t6ng hdp protein
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Frer- tARN ™
AN

Céc budc hinh thanh riboxom 70S_trong qua. trinh.sinh 10ng hgp protein
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Vi trf 1 Vi tri 2 Vi tri 3
(d3u 5’) U X " G
U Phe Ser Tyr Cys U
Phe Ser Tyr Cys X
Leu Ser Khéng ma Khéng ma A
hda hoa
Leu Ser Khoéng ma Trp G
hda
X Leu Pro His Arg U
Leu Pro His Arg X
Leu Pro Gln Arg A
Leu Pro Gln Arg G
A ile Thr Asn Ser U
ile Thr Asn Ser X
ile Thr Lys Arg A
Met Thr Lys Arg G
G Val Ala Asp Gly U
Val Ala Asp Gly X
Val Ala Glu’ Gly A
Val Ala Glu Gly G

Ma di truyén tiéu chuin
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2 - QUA TRINH CO DINH NITO

Nguoi ta nhan thdy muén cd thu hoach 12 ta hat trén méi hecta, cay tréng cin

ldy di khoi ddt khodng 30kg nito. S6 lugng nito nay nam trong hat va trong rom ra
hoac than la. Hi¢u sudt st dung cua phan héa hoc la vao khoang 75%. Nhu vay cé
nghia la néu chi dua vao ngudn nito ctia phan hdéa hoc thi muén cé 5 tdn hat ching
ta phai bon vao méi hecta khodng 166,6kg nito (tuong duong véi 833kg amon sunphat).
S6 lugng nito 16n nay that khé cd thé théa man ngay cid § cac nudc cd cong nghiép
phan nito hda hoc phat trién.
*  Trong thuc t& cay tréng cd thé nhan dugc mét ngudn nito 16n nhd qua trinh phan
giai cla vi sinh vat déi véi cdc chat hitu co c6 mat trong dit hodc duge dua vao dat
(phan rac, phan xanh, phan chudng...). Qua trinh nay dugc goi 1a qua trinh amon hda
hodac qua trinh théi rua.

Néu diat bi ngap nudc hoiac khdong du oxi, thi mudi amon dugc tao thanh sé tich
liy lai trong dit, nhung néu trong dit cd ddy du oxi thi NH, sé dugc oxi hda thanh
nitrit réi ti€p do oxi hda thanh nitrat (qua trinh nitrat héa). Nitrat 12 mét trong nhing
dang hgp chit nito dudc cay tréng hiap thu mét cach d& dang.

Ngugc lai véi qua trinh nitrat hda la qua trinh phan nitrat hda, tdc la qua trinh
khu nitrat thanh nito phan ti. Bén canh qua trinh phan nitrat do vi sinh vat con cd
mot qua trinh phan nitrat hda hoan toan hda hoc (phan ung gita HNO, v6i axit amin
hoac amit).

Nhitng t6n thdt vé nito do qui trinh phan nitrat hda gay nén dugc bu dip lai nhd
moét qua trinh sinh hoc dac biét goi 12 qua trinh ¢6 dinh nito. Nhém vi sinh vat cé
kha nang thuc hién qua trinh nay dudc goi la cdc vi sinh vat c6 dinh nito. Ching cd
kha nang chuyén hda nito phan ti trong khong khi thanh cac hgp chit chda nito va
lam giau thém nguén du trit thdc an nito trong dAit.

Trong khong khi, nito chiém khoang 78,16% theo thé tich (hoac 75,5% theo khéi
lugng). Ngudi ta tinh ra ring bau khéng khi bao quanh Trai D&t cd chda tai 4 x 10"
tdn nito. Trai Dit cd dién tich khoang 500 triéu km? vi vay suy ra trong khoang
khong khi bén trén méi km® dit dai cd khoang 8.000.000 tdn nito. S6 lugng nito nay
di théa man cho nhu cdu vé nito ctia cay tréng séng trén manh diat dé (vdi thu hoach
20 ta/hecta) trong khoang 80 triéu nam.

Trong thuc té&€ ciy trong (cing nhu ngudi va cic loai dong vat) khong cd kha nang
déng hoa truc ti€p nguén nito 1on lao nay. S& di nhu vay bdi vi trong khéng khi, phan
td nito tén tai ¢ trang thai licn k&t hai nguyén td nito lai v6i nhau nhd ba day ndi
rdt bén viing (N=N). Nang lugng cua ba day ndi nay la vao khoang 255 Kcal/M.

Nam 1905 lidn d4u tién con ngudi tim dugc phuong phap phd vd cac day ndi nay
va bat N, lién két voi cdc canxi d€ tao thanh moét dang phan nito hda hoc dau tién
la canxi xianamit. Mudn thuc hién phan dng nay ngudi ta phai duy tri mot nhiét do
cao dén 1000 - 1100°C :

1000°C
Cals+=Ns===="Ca(CN);~+€

It lau sau cdc nha khoa hoe Na\ Uy Iai.tim \dugc (6ach lien két N, véi O, dé tao
thanh mét dang phan nitg hda hoe khic - nitratyz=Phéan Ung nay cing cd giai doan doi
hdi nhiét dé cao dé&n 4000°C.
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4000°C 0, 9,
N, 0, = 2NO — NO, — HNO,
HZO

Nam 1908 nha khoa hoc Duc Gabe da tim duge phuong phap lién két N, vai H,
dé tao ra amoniac. Phan ung nay khong nhitng doi hoi nhiét do cao (600°C), ap suit
cao (1000atm) ma con doi hoi phai cd mat mot s6 chdt xic tdc dat tién (Os, Ru). Vai
phat minh quan trong nay Gabe da dugc nhan giai thuéng Noben nam 1918.

Tu d6 dén nay nganh cong nghiép hda hoc da c¢é nhitng tién bo rat 1on. Ngudi ta
dd san xuit rong rai nhiéu loai phan nitg hda hoc khac nhau véi san lugng ngay cang
tang. Néu rhu nam 1613 toan thé& gigi mdi chi san xuit dugc cé 0,51 triéu tdn nito
trong dang phan hda hoc thi dén nam 1964 con s6 nay da ting lén dén 29 lan tuc
14,5 tridu tdn (trong khi d6 san luong phan kali chi tang cé 8,4 lan ; phan photpho
chi tang cd 5,8 lan).

Du sao thi phan nito hda hoc chi bi dip dugc mét phin s6 lugng nito ma cay
trong 1dy di khoi dit hang nam. C6 thong ké cho biét hang nam cac san phdm nong
nghiép trén thé gidi 14y di khoi dat khoang 100-110 triéu tdn nito (G.Colar va Greenland,
1963). Con s6 nay vugt qua dén hon 7 lan so véi s lugng phan nito héa hoc san xuit
ra lic d6 & tdt cAd cdc nudc gop lai. Mat khac viéc su dung phan nito hoda hoc lai rit
khong déng déu trén thé gisi. S6 dan cia cdc nuéc cd kinh t& phat trién chi vao
khoidng 1/3 nhan loai nhung ¢ cdc nudc nay nguoi ta da tiéu thu hét gan 90% so vdi
téng s6 phan nito hda hoc cua thé& giéi. Ai cing biét ring phan nito cd tiac dung rit
ré6 rét déi véi mua mang (bon lkg nito cé thé thu nhan thém duoc khoang 10-20kg
thdc, 15-25kg ngd hoac 15-40kg cdé kho). Vay ma 2/3 nhan loai chi duge st dung hét
sttc dé sén moét luong phan nito rdt nho.

Khod khan chi y&u lam can trd viéc md rong nhanh chdng hon nita viéc sadn xuat
phan nito héa hoc la vi diéu kién d€ pha v3 cic lién két trong phan td N, khong phai
la don gian (cdn nhiét do cao, 4p sudt cao va nhiéu chit xic tdc dat tién).

Chinh vi-vay ma vai trd cua cédc vi sinh vat c6 dinh nito ¢ moét y nghia hét suc
16n lao d6i véi nong nghiép, nhit la déi v6i cdc nudc cd nén cong nghiép phan hoa
hoc chua phat trién 14m. Nhing nghién ciu gin day nhdt cho biét téng sd nito co
dinh duoc boi vi sinh vat trén toan thé& gisi la khoang 175 triéu tdn.

Ngudi ta da danh nhitng c8 ging rdt 16n d€ mét mat di sdu nghién cdu vé dac
diém sinh hoc ctia cdc nhom vi sinh vat c¢6 dinh nito va tim cdch phdt huy dén mic
cao nhit tac dung 16n lao nay cta ching, mat khac tim cdch kham pha ra cdc bi mat
cia co ché c6 dinh nito sinh hoc véi hy vong sé ting budc ddn dén nhing cai tién
quan trong trong nganh céng nghiép san xudt cac loai phan nito héa hoc.

2.1. Vi khuian not san cong sinh vdi cdy thuéc bo Dau
2.1.1. Vi khudn né't sin va suw tao thanh né't sin

Nam 1866 hai nha khoa hoc Duc la Henrighen va Vinphac (H.Hellriegel va H.
Wilfarth) lin ddu tién dung thuc nghiém dé ching minh dugc rang cay dau khac cac
thuc vat khac ¢ ché ching c¢d Khd nang st dung nitd trong kKhong khi. Hai nam sau
(1888) nha khoa hoc Ha Lan Bayérinb. (M{W.Beijerindk)-dal phan lap dugc loai vi khudn
séng cong sinh trong nét{ Sdn & ré-mot cay thu()f: bo Dau (dau Hoa lan, dau tam, dau,
lien li, dau céve, dau chaniehim, "dau lotus..}y] Ongidat tén cho loai vi khudn nay la
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Becillus radicicola. Nam 1889 vi khuZn nay dugc x&p vao mét chi riéng 1a chi Rhizobium
(B. Frank, 1889). T phat hién quan trong nay dén nay da 108 nam. Trong hon mét
th& ki qua ngudi ta da nghién cdu kha ki vé cac loai trong chi vi khudn dac biét nay
cing nhu vé méi quan hé cong sinh gita ching va cdc cay bo Dau.

Ngudi ta dd miéu td dugc khoang 11.000 loai thuéc bs Dau nhung ngudi ta chi
méi diéu tra vé kha niang tao thanh n6t sin & 1200 loai trong s6 nay. Cé khodng 133
loai dugc ching minh 1a khéng cé kha ning tao thanh nét sin (12/134 & ho Trinh ng,
64/97 & ho Mubng va 57/969 & ho Dau). '

Can cd vao nhitng tai liéu hién cé thl vi khu&n nét sdn khi cdn non cd t& bao
hinh que, kich thuéc vao khoang 0,5 - 0,9 x 1,2 - 3,0um, bit mau déng déu va cé
kha nang di dong nhd tién mao. Vi khudn cd n6t sdn cd loai don mao, cd loai chu
mao va cling cd loai tién mao moc thanh chim & gan dau.

Khi gia vi khudn nét san trd nén bit dong. Lic dJ t€ bao tré nén bat mau tiung
doan khi nhudém bing thu6c nhudm anilin (cé th€ do xu&t hién cdac thé &n nhép giau
lipit). C6 ldc vi khudn nét sdn tao thanh nhitng dang hinh cdu di dong hoac khong di
dong. Co tai lidu cho biét trong dit vi khudn n6t sdn thudng cé dang hinh cdu, cing
c6 khi ching tao thanh nhitng thé qua loc. Khi gap diéu kién thuan lgi nhing thé
qua loc nay lai cé th& phat tri€n thanh cic t€ bao binh thudng.

Trén moéi trudng nhan tao cing nhu trong nét sin ngudi ta thudng giap nhing t&
bao goi 1a th€ gid khudn (bacteroides). So véi c4c t€ bao hinh que binh thudng thi thé
gid khudn cd kich thudc 16n hon, thudng phan nhanh (tao thanh cac hinh gi6ng nhu
chit X, V, Y ...) chia nhiéu glicogen, volutin va lipoprotein hon. Cé nghién ciu cho
bi€t trong nét sdn & ciy Dién thanh hat tron (Sesbania grandiflora = S. paludosa)
khéng bao gid thdy cé cac dang th€ gia khuin nay.

Khi theo d6i sy phat tri€n cia vi khu&n nét sdn trén cdc méi trudng dinh dudng
nhin tao ngudi ta thudng chia ching ra thanh hai nhém :

- Nhém moc nhanh (vi khu&n nét sin cé ba 14, ddu Ha lan, dau C6ve, muc tic...).
Nhém nay thuéc chi Rhizobium.

- Nhém moc chidm (vi khufn nét sdn dau tuong lac, ddu dida). Nhém nay thubc
chi Bradyrhizobium.

Trén moi trudng dac, vi khu&n nét sdn thudng cd khu&n lac tron bdng, nhay, v
mau. Ch4t nhdy do vi khuin n6t sin sinh ra thuéc mot loai polisaccarit cfu tao bdi
cac hexozd, pentozd va axit uronic.

Vi khudn nét sdn c6 kha ning déng hda nhiéu nguén cacbon khac nhau (dudng
ddn, duong kép, axit hitu co, rugu bac thdp, dextrin, glicogen...). Khoang 30% luong
duong do vi khudn nét sidn déng hda dugc dung d€ tao thanh ch4dt nhdy cua ching.

Vi khudn nét sdn c6 th€ phat trién dugc trén nhitng moéi trudng rdt ngheo nito.
Tuy nhién cho dén nay vdn chua cd ai xdc dinh dugc 1a ching cé kha nang c6 dinh
nito khi phéat tri€n trén cdc_moi trudng dinh duong (phat tri€n bén ngoai né: sén).
Con cd y kién cho ridng khd nang ¢ dinh-nito chua-chdc da thudc vé vi khufn nét
sdn ma cd thé 13 thudc vé cAy ho Dau. Vi khufn.ndt san chl cd tac dung lam kich
thich cho viéc thuc hién qua-trinh nay. Khi st dung-N® mot s6 tdc gia cho biét nguyén
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t6 phdng xa nay sé dugc tich liy lai chi y&u la trong mang t€ bao thuc vat va dugc
tich lay rat it trong t& bao vi khudn nét sidn. R6 rang day la vdn dé cin dugc di sau
nghién cdu thém.

Vi khuidn nét sdn cS thé déng hda .t6t nhiéu loai axit amin, mot s6 ndi cd thé
doéng hda pepton. Kha nang st dung cdc protein phin t& 16n ndi chung la rat it. Nguoc
lai, vi khudn n6t s4n cd thé st dung dé dang cdc mubi amon, nitrat va cac gbéc kiém
purin, pirimidin. Ching con cd thé si dung dugc ca ure hoac biure.

Viéc nuoi cdy vi khudn nét sdn trén cdc méi trudng véi néng do cic hop chat nito
cao c6 thé lam m4t kha niang xam nhiém cing nhu kha niang tao thanh nét sin trén
cdy bé Dau. Chinh vi vay cho nén ngudi ta thudng st dung cac loai méi trudng chua
nudc chiét thuc vat dé nuédi cdy vi khudn nét san.

Nhu céu vé vitamin thay d8i d&i v6i tuy ting ndi vi khudn nét sdn. NGi chung
nhiéu loai vi khudn nét sin cé kha nang tu t6ng hgp kha nhiéu loai vitamin (B,, B,,
B,,.-). Nhiéu vi khudn nét sdn con cé kha nang t6ng hop cac chit sinh trudng thuc
vat (nhu gibberellin, axit S-indonaxetic...).

D€ nudi cdy vi khudn nét sdn, ngudi ta thudng st dung cdc méi trudng chia duong
kinh hodc mannitol, mét s6 mu6i khoang va mét it cao ndm men hoac dich ty phan
ndm men (cdc méi truong Harrison, 1915 ; Fred va Waksman ; 1928, Matchette, 1933 ;
Bond 1910, Hendrickson 1942 ; Van Schreven, 1953 ; Burton 1965...). D€ nhan giéng
vi khudn nét sidn trong diéu kién cdc hop tac xa néng nghiép ciing cd thé st dung ca
nhitng méi truong rdt don gidn chda dudng kinh hoic dudng den vdi ti 1& 1% trong
nudc chiét cta loai dau tuong dng (50g/lit).

Vi khudn nét sdn thudc loai hi€u khi. Tuy nhién ching vdn co thé phat trién dugc
ngay ca trong trudng hgp chi cé mét 4p luc oxi rat thip, khoang 0,01 atm.

Da s6 cac loai vi khudn nét sdn thich hgp phat trién ¢ pH = 6,5 - 7,5. Su sinh
trudng cua ching bi can trd khi pH ha thdp dén 4,5 - 5,0 hoac nang lén dén 8,0.

Nhiét d6 thich hop d6i véi nhiéu loai vi khuidn nét sin la 24-26°C. 6] nhiét do
37°C sy phat trién cta ching bi can trd mét cich ro rét.

Vé viéc phan loai cdc loai vi khudn n6t sdn ndi chung con chua coé y kién théng
nhit. '

Méi loai vi khudn nét san chi xam nhiém dugc 1én moét nhdm cay nhit dinh trong
bé Dau. Vi du cdc nghién ciu § Viét Nam cho biét vi khudn nét sin Dién thanh hoa
vang (S.cannabana) cé thé€ tao cid nét sdn trén cdy Dién thanh hat tron (S.paludosa)
va ngugc lai, trong khi d6 khong cd kha nang tao thanh nét sidn trén rdt nhiéu loai
dau khac (dau tuong, dau den, dau xanh, dau dia, lac, diéu tu...).

Cing c6 trudng hgp vi khudn nét san nh&p dugc vao nhitng loai dau khong dac
biét d6i voi ching, khi d6 ching chi ¢ thé tao ra rat it nét sdn va cd dinh nito rat
yéu. Co tac gid cho rdng nho dac di€m nay ma vi khudn nét san cd thé tén tai dugc
lau dai trong nhitng vung dat khong cd mat loai dau dic bigét d6i voi ching. Nhan té
quyét dinh tinh chuyén hda ctia’vi khudn mbt |s4p/tda tai tren ADN cua ching. Cé
thé dung nhiéu tac nhan i héa hodc sinh hoc dé lam® dao dong tinh chuyén hda nay

cua chung.
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Noi chung, cud loai nao phét’ trién trén moi trudng thach - cao ndm men - mannit
ma c6 thdi gian th& hé nhé hon 4 gio, ¢ khudn lac 2-4mm duong kinh xudt hién sau
3-5 ngay thi dugc x&p vao chi Rhizobium (moc nhanh), con néu cd thoi gian th& he
lon hon 8 gio, khudn lac khéng qua Imm dudng kinh xu4t hién sau 5-7 ngay thi dugc
x6p vao chi Bradyrhizobium (moc cham). CS thé k& dén R.leguminosarum (dau Ha
Lan), R.phaseoli (3 dau xanh, dau tay, dau ngu), R.trifolii (3 c6 Ba la), R.meliloti (&
c6 muc tac), Bjaponicum (& dau tuong) v.v...

Mot dac tinh quan trong cta vi khudn nét sdn la tinh hitu hiéu cua ching tic la
hoat tinh déng hoa N, khi cong sinh vdi cay bé Dau. Su tdén tai trong thién nhién cac
noi vi khudn ndt s4n htu hiéu va vé hiéu da dugc phat hién tU nam 1904 va tu do
dén nay da duge rdt nhiéu nghién cdu dé cap toi.

Vi khudn nét sadn hiu hiéu thuong tao nén nhitng nét sin lén va tap trung trén
ré cdi cua cay dau. Con vi khudn vo hiéu thi thuong tao nén nhitng nét sdn nho phan
tan trén khap bo ré. Nhiéu nghién cdu cho biét nét sin tao nén bdi cac vi khuidn hiu
hiéu thudng cé mau hdéng. Sac t6 hong thudc loai hemin. Ngudi ta da tach duogc sic
t6 hong ¢ dang tinh khiét ti nét sidn cia cay dau tuong va goi la leghemoglobin. Sic
té nay thuong ton tai trong khong bao cia t& bao thuc vat chd khéng phai tén tai
trong t€ bao vi khuén. 3 nhiéu loai dau trong méi gam nét sdn cd chwa téi 1,09 -
3,25mg leghemoglobin. Khi phan tich bang dién di ngudi ta thudng cha y dén hai thanh
phan cta leghemoglobin. M6t thanh phdn cd di€ém ding dién khoang pH = 4,4 va cd
khéi lugng phan ti 1a 16800. Thanh phan thd hai cé diém ding dién khoang pH =
4,7 va cd khéi lugng phan ti la 15400. Nhom hemin ctia leghemoglobin rit gidng véi
hemoglobin cua mau nhung thanh phin protein cta leghemoglobin thi ré6 rang la cé
cdu truc phuc tap hon nhiéu. O cac cidy ddu mot nam khi da két thuc qua trinh cd
dinh nito, ngudi ta nhan thidy mau héng ¢ ndt sdn sé chuyén thanh mau luc. Khi d¢
mot s6 day néi metin & vong pocphirin cua sic t6 bi rach ra va lién két oxi. O cic
cay dau nhiéu nam, hién tugng nay thudng khong xay ra. Sic t6 luc nay da dugc tach
ra dé nghién ctu va ngudi ta nhan tfmé’y né c¢é chita khoang 0,29% sit.

R4t nhiéu nghién cdu cho phép khang dinh dugc ridng leghemoglobin dong vai tro
xdc tdc trong qua trinh c¢6 dinh nito phan tu.

Hién da cé du ddu hiéu cho phép khing dinh rang cd thé dung nhiéu bién phap
khic nhau dé nang cao manh mé tinh hitu hiéu cia nhing vi khudn nét sian vo hiéu.
Chiang han nhu st dung tia gamma (vdi liéu 45.000r), consixin va nh&t la su dung
bién phap thong qua co thé thuc vat.

Vi khudn nét sdn thudng xdm nhap vao ré cay bo Dau théong qua céc long hit,
doi khi thong qua vét thuong d vo ré. Mot loai cay thudc bd Dau thudng tiét ra chung
quanh ré cta minh nhing chit cd tdc dung kich thich sy phat trién cta cac vi khudn
nét san thuoc loai tuong dng v4i nhom cay dé. Chidng han khi tron vgi vi khudn nét
sdn co ba la véi vi khudn n6t sdn muc tic réi dua vao bd ré cua coé ba la, sau ba
tudn 1é ngudi ta 18y ddt d€ ki€m tra va nhan thdy s6 luogng vi khuidn nét sdn c6 ba
la tang lén hang triéu lan trong khi d6 thi vi khudn not san ¢6 muc tdc lai hau nhu
khong phat trién gi ca.

Ngudi ta .nhan thdy muén xam nhiém tot vao.thuc vat thi vi khudn nét sin cdn
dat toi mat do 10* t& biojg dit- Theo ON! “Allen '(1966) thi d6i vdi loai hat dau
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nhé t6t ra trén méi hat cian nhiém khoang 500-1000 t& bao vi khudn nét sédn, con déi
vGi cac loai hat dau l6n thi cadn nhiém khoang 70.000 t&€ bao vi khudn nét san. Khi
d6 cay dau sé tao thanh kha nhiéu nét sdn va hoat dong cé dinh nito sé dugc tang
lén nhiéu.

Dudi Anh hudng ctia vi khudn nét san, ré cay ho D4u sé tiét ra enzim poligalacturonaza,
enzim nay sé lam phan huy thanh long hit va giip cho vi khudn nét sdn co diéu kién
xam nhap vao ré. Trong l6ng hit vi khuidn nét sdn sé tao thanh moét cai goi la day
xdm nhap. DS 1a mot khsi chdt nhdy dang sgi, bén trong chita ddy cdc vi khuan hinh
que & trang thai phat trién nhanh chdéng. Day xam nhap di ddn vao bén trong ré vai
téc d6 khodng 5-8um/s. Su van dong cua day xdm nhap dugc thuc hién dudi ap luc
sinh ra do su phat tri€n cua cdc vi khudn bén trong day.

Mot s6 day xam nhép sé ti€p tuc phat trién va lot dugc vao dén 1p nhu mo. o]
day vi khudn nét sidn sé kich thich cdc t& bao thuc vat bi ching xam nhiém cing nhu
cdc t€ bao lan can. K&t qua 1a lam cho ching phan chia nhanh chdng thanh rdt nhiéu
t&€ bao mdi. Vi khudn sé thoat ra khoi day xam nhap va di vao trong t& bao chat. o]
dd ching sé 16n lén va phan cit thanh nhiéu t€ bao mdi. Ching sé chuyén sang trang
thai thé giad khudn. Thé gia khudn khong cd khd nang phan cit nhung cd kha nang
tang kich thuéc dén mot muc nhdt dinh. Trong cdc n6t sdn v6 hiéu ngudi ta khong
thdy céc thé gia khudn ma chi th4y toan cdc vi khudn hinh que. Ngudi ta con nhan
thdy khi mau héng ctia cdc nét sdn hitu hiéu chuyén sang mau luc thi cing la lic thé
gia khuan bi dung giai. Nhitng diéu d6 cho phép ngudi ta tin rdng viéc tao thanh thé
gia khudn cd lién quan mat thiét d6i v6i qua trinh c6 dinh nito.

Khi hinh thanh thé gia khudn thi ti thé va lap thé cla t& bao sé bi don sat vao
thanh t& bao va phan bd doc theo thanh. Khi do trong t& bao sé bat ddu xuit hién
leghemoglobin va s6 lugng riboxom cing déng thdi tang lén kha nhiéu.

o] nhitng nét san trudng thanh, ngudi ta cd thé€ thdy r6 ba vung sau day :

1. Vo nét sén : Gém vai 18p t&€ bao khéng bi vi khudn xam nhiém. Nhing t& bao
nay thuong cd kich thudc nhé hon cdc t€ bao vo ré. Sau khi hinh thanh vé nét sdn
phdn v6 ré sé bi nat di, mot it con lai sé dinh vao bén ngoai phdn v6 cta nét san.

2. Vung phan cidt manh mé : Viung ndy cing gébm nhing t& bao khéng bi
xam nhiém, nidm bén dudi 16p vo nét sdn. TU cdc t€ bao cua vung nay vé sau sé
phian hda va tao thanh cdc t€ bao vo nét sdn, cac t€ bao chia vi khudn va cdc té& bao
mach din.

3. Ving md bi xam nhiém : Trong ving nay cédc t& bao chia vi khuidn nim xen
l4n vai cac t& bao khéng chia vi khuidn. Thé tich cia méi t& bao chda vi khudn co
thé 16n gdp dén 8 ldn so vdi t€ bao khong chda vi khuin. 3 c6 ba 14 hdu nhu vung
mé bi xam nhiém gém toan cic t& bao chiwa vi khudn trong khi dé & Caragana thi sé
t€ bao chua vi khudn chi chiém khoang 50-70%.

4. He théng mach din cia nét sian : Khi n6t bit ddu phat trién, mot s6 t& bao
niam gita phdn vé nét sAn va phan m6 bi x4m nhifm s& phan hda va phan cat thanh
cdc t& bao mach din cla n6t sén. V& sati"éac] diagh |[dAn\ hay sé lién k6t véi hé théng
mach din cua ré cay. $6 b6 mach trong méi ndt sin ‘tuy loai cAy ma thay déi trong
khoang 1-12.

325



2.1.2. Anh huéng cia digu kién ngoai cdnh d6i véi vi khudn ngt sin va suw c6 dinh nito

Méi quan hé cong sinh gitta vi khu&n nét san va ciy bd Dau cing nhu hoat tinh
c6 dinh nito cta ching chiu dnh hudng cta mét sg diéu kién ngoai canh sau day :

1. D6 @m cua dGt : N6t sdn thudng chi duge tao thanh & nhitng dit cé do 4m
khoang 40-80% so vdi d0 &m tuyét d6i. Do d4m thich hop nhdt 1a 60-70%. Khi nét sén
da hinh thanh roi thi d6 &m cd cao hon cing khéng anh hudng miy dén hoat déng
cua ching. Mdc d6 phan dng d6i v6i d6 &m khong gidng nhau tuy loai cay. Chang han
Medicago rdt man cam d6i voi su khé can, trong khi d6 thi Onobrychis lai c thé tao
thanh nét sdn ngay cid ¢ nhitng dat cé d6 d&m rit thip.

2. D6 thoang khi : Trong thi nghiém tréng cay bé Dau véi ki thuat tach ré ra
thanh ting nhom nuéi trong cac dung dich c6 d6 thong khi khdc nhau ngudi ta nhan
thdy nét san tao thanh rdt nhiéu & nhitng binh dugc théng khi t6t. Khi kém thong
khi, ngudi ta nhan thdy lugng chda leghemoglobin trong nét sin gidm di mét cich ré
rét. Chinh c6 16 vi anh hudng ciua d6 thoing khi nén ngudi ta nhan thdy & cic lop
ré cang sau, s6 lugng ndt sdn cang gidm. Co thé vi kém thoing khi ma xay ra sy
tich lay H,0, va do d6 anh hudéng dén mdi quan hé cong sinh gita vi khudn va cay
bé Dau.

Cay Dién thanh cé mot dac di€ém rat dang chu y, d6 1a khi ngdp nudc, ching c6
thé sinh ra rit nhiéu ndét sin trén than cay, ché phia trén mat nuéc. Con cé loai Dién
thanh c¢d n6t sidn moc thanh hang doc ca than cay.

3. Nhiét do : Hoat dong c6 dinh nito chi dugc thuc hién mét cich manh mé trong
moét pham vi nhiét d6 xdac dinh. Pham vi nay thay dd8i d6i véi tuy loai cay trong bd
Dau. Nhing ciy thudc vung nhiét d6i thuong c6 pham vi nhiét d6 c6 dinh nito cao
hon so véi cac cdy thuéc vung on dai.

4. pH ctia d6t : Pham vi pH thich hgp d6i véi vi khudn nét sin thay d&i khic
nhau tuy loai, tham chi tuy chuing vi khudn. Giéi han pH d6i vdi su sinh trudng cua
mot loai ddu nao diy thudng rong hon gidi han pH d6i v6i su tao thanh nét sidn cia
ching. M6t s6 nghién cdu cho biét nhiéu loai Dau cd thé moc dugc ¢ pham vi pH =
3,9-9,6, nhung chi tao dugc nét sdn & pham vi pH = 4,6-8,0. Tru mét s6 cay thudc
b6 Dau cd thé chiu duge chua tét (nhu ciy Dién thanh ching han), ndi chung nét sin
duge sinh ra nhiéu trén ré dau khi dit cé pH trung tinh.

Bon véi 12 mét bién phdp rdt hitu hiéu dé nang cao kha nang tao thanh nét sén
cing nhu nang cao hoat tinh c6 dinh nitrogen ctia cdc cidy b Dau. Bién phap nhiém
cho cédc cay bd Dau tréng & vung dit chua nhitng ndi vi khu&n nét sidn chiu chua da
dugce lua chon cing la mét phuong hudng dang luu y.

5. Phan dam : Su t6n tai mét luong nito dé tiéu nhdt dinh nao dé thuong lam
Wc ché su tao thanh nét sin & cay b6 Dau. Kha nang dc ché cua nitrat thuong lén
hon cia mudi amon.

Dang chi y la khi cay bé Déau ¢on nony chira hinh [thanh nét sdn thi viéc b8 sung
mét lugng thich hgp phan dam sé lam thic ddy_mdnh mé su phat tri€n cia ching,
lam anh hudng t6t dén su-tao thanh nét sin wathoat dong c6 dinh nito phan tu.
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6. Phan lan : Khi trong d4t ham luong photpho thdp vi khudn nét sidn van c6 thé
xadm nhap dugc vao ré nhung khéng tao thanh dugc nét sdn. Cic ching vi khudn nét
sin khac nhau cé nhitng nhu cdu vé photpho khac nhau. Photpho lam tang anh hudng
duong tinh cua Mo d6i véi quéa trinh déng hda nito. Fhotpho lam tang cudng hoat
dong c6 dinh nito cua vi khu&n ndt san, chinh vi vay ma ngudi ta cho ring tang cudng
viéc st dung phan lan dé bon cho dau tuong, lac hoic cic cdy phan xanh bs Diu
(dién thanh, muéng, c6t khi...) 1a bién phip rét ¢ hidu qua dé€ nang cao nang luc ¢§
dinh nito cua ching. '

7. K : Cay thudc bo Dau ldy di khoi d4t mot lugng kali 16n hon nhiéu loai cay
tréng khdac. Bon phan kali, nh4t 12 phan kali - photpho ¢6 thé€ lam tiang cudng manh
mé su phat tri€n cing nhu hoat déng c6 dinh nito cia ching. Co tac gid cho ring
diu d6 c6 hoat dong c6 dinh nito manh mé nh&t va cho sin lugng cao nb&t khi phat
trién trén cdc moéi trudng chiwa N, P, K theo ti 1&¢ 0,5N : 1P : 2K. Thuc ra K khong
c6 y nghia dac hiéu d6i v6i qua trinh c6 dinh nito, nd chi lam thic ddy su phat trién
cua cay bé Dau va théng qua ddy ma lam tang cudng hoat déng c¢d dinh nito cia ching

8. Ca : Bon v6i khong nhitng lam cai thién pH cua d4t ma con nang cao ham
lugng Ca trong dit va thong qua d6 ma lam tang cudng su phat tri€n va hoat dong
¢6 dinh nito cua cay b6 Dau. R4t nhiéu nghién citu da khang dinh anh hudng x4u cta
viéc thi€u Ca d6i véi su phat trién va cdc hoat dong sinh li cia vi khudn nét sédn.
Nhiéu nghién cdu da ching minh vé méi quan hé r6 rét gita ham lugng Ca trong méi
trudng véi su phat tri€n va su tao thanh nét sdn d cay bo Dau.

9. Mg, S va Fe : Mg c6 anh hudng tich cuc 1én su tao thanh n&t sdn va hoat
déng c6 dinh nito cia cay bo Dau. Thi€u magie sé lam tdc hai ré rét dsi véi hoat
dong s6ng va su phat tri€n cta vi khufn nét sdn. Mot s6 nghién cdu cing da ching
minh vai trd ctia luu huynh trong qua trinh tao thanh nét sdn va qui trinh téng hap
leghemoglobin. Sit cing cd anh hudng duong tinh d6i véi hoat dong codng sinh cia vi
khu&n n6t sin va cay bo Dau. Ngudi ta tim thdy trong riboxom cia mam cay dau HA
Lan mot ch4t protein chda sit tuong tu nhu ferrilin § cdc mé dong vat. Cé the day
la nguén dy trit sit d€ cung cdp cho qué trinh téng hgp leghemoglobin.

10. Céc nguyén t6 vi luong : Nhiéu thi nghiém cho biét b8 sung Mo cé thé ddy
manh su phat trién cta vi khufin nét sin cing nhu sy tao thanh nét sidn. Mo ¢d hiéu
qua khong ré trén cic dit chua chda nhiéu nhém. Bon vdi sé lam nang cao ré rét tac
dung ctia viéc b8 sung Mo.

Mo (ciing nhu Fe, Co, Cu..) ¢ tdac dung nhu nhiing chdt trung gian van chuyén
dién ti trong cac qui trinh oxi hda - khi cé enzim xic tic.

V khong nhitng c6 tic dung lam tang cudng &nh hudng cia Mo ma cé anh hudng
truc ti€p d&i v6i qua trinh c6 dinh nito ctia vi khuin n6t sén.

Nhiéu nghién céu cho biét B rit cdn d6i véi su phéat tri€n binh thudng va déi véi
qué trinh c6 dinh nito cia vi khuén n6t sin. Co cing cd tac dung dang k& déi véi
viec nang cao sin luong Vi TANg cac hoat dong ¢6 dinh nito cua cay bé Dau. Cu cdn
thiét cho qua trinh t8ng hop leghemoglobin.! Khi thii €u, ciy bs Dau thudng tao ra
nhitng ndt sdn nhé bé va nadm. rdi rac tréen khip bo _ré. Mn cling duge coi la. nguyén
t6 vi lugng cédn thiét d6i v&i vi khudn nét sfn
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11. Dinh dudng cacbon : Mot s6 thi nghiém cho biét phun nudc duong lén la cay
bo Dau cd thé lam tang cudng qua trinh xam nhiém va qua trinh c¢§ dinh nito cia
cay bs Dau. Bon cdc loai rom ra rac rudi cd ti 16 C : N cao la bién phap tich cuc dé
nang cao san lugng va kha nang tich lay nito cia cdc cay bo Dau. Nang cao néng do
CO, trong khong khi cing cé thé lam ddy manh su phat trién va su tao thanh nét
san cua vi khudn nét san.

12. Cdac nhan té6 sinh hoc : Nhiéu nghién cdu cho biét cac vi sinh vat sinh chit
khang sinh séng trong dit cd thé lam tc ché manh mé sy phat trién cia vi khufn
nét sian. Mot s6 tdc gia lai cho rang ddy chi 1a két luan cia nhing thi nghiém nhan
tao véi cdc giéng vi sinh vat thuan ching, trong dit thuong khong thdy r6 nhing anh
hudng nay. Nhiéu loai thé thuc khudn cua vi khudn nét sdn cd kha nang lam tan t&
bao nhiéu loai khac nhau trong giéng Rhizobium. Tuy nhién phédn 16n ciac thuc khuin
thé lai tac dong mot cach chuyén hda lén tiung noi hoidc tiung loai vi khuZn nét sin
xac dinh. Mot s6 cac loai con trung (nhu Sitonema lineatus, S. crinitus...) cd thé lam
pha huy nét sdn trén ré nhiéu cay thudoc bo Dau.

Kha nang tao thanh nét sdn con chiu anh hudng ctia sy tich lay ancaloit trong bs
ré cic cay thuoc bo Dau.

2.1.3. Phan vi khuan né't sin

Ngudi ta nhan thdy hang nam vi khudn ndt san cong sinh trong ré cdc cay thuéc
bo Dau cd thé lam gidu thém cho dit khoang 50-600kg nito/hecta (trung binh la
75-200kg).

D& nang cao hiéu sudt c¢6 dinh nito cta cay bo Dau ti lau ngudi ta da nghi dén
bién phap chu dong nhiém cho hat gidng cdc cady bo Dau nhitng ndi vi khuidn nét sin
httu hiéu da dugc luva chon.

Ché phdm vi khudn nét sidn (cd tén goi la nitragin) nay da dugc sin xuidt va su
dung rong rai ¢ Lién X6 (cd), Trung Quéc, Ba Lan, Bungari, Hungari, Rumani, Phap,
Mi, Ha Lan, Bi, Nam Tu (cd) v.v...

Khac véi nhiéu loai phan vi sinh vat khac, nitragin thuong cd hiéu qua kha ro rét
va kha phé bién. 3 nhitng vung dit chua tréng quen mot loai dau d6 nao dd néu su
dung loai nitragin tuong ung cd thé lam tang san lugng dén 50-100%. 3 nhitng dat
da tréng quen moét loai dau d6 nao do réi ngudi ta nhan thdy viéc su dung nitragih
van ¢ thé lam tang san luong khoang 15-25%.

Tuy tung nha mdy, tuy ti¥ng nudc ma nitragin dugc sadn xudt ra dudi nhing
hinh thic khac nhau : trén thach, trong dich thé, hdp thu vao than bun, vao dit
vuon... Kho khan 16n nhidt hién nay la viéc dam bdo duy tri chit lugng ctia nitragin
trong thoi gian ti khi sdn xudt ra dén lic st dung. Vi khudn nét sin la loai khong
co bao ti nén rat dé dang chét dan di trong quéa trinh bao quan ché& phadm nitragin
¢ diéu kién nhiét do trung-binh P& khic phuc-khé khan nay d nhiéu nudc ngudi
ta da nghién ctu san xudt cac ehé pham”yi khuin|adt sin o dang "dong kho". Tat
nhién 1a lam theo 16i nay sé rdt ton kém va rat kho co diéu kién dé md rong quy

mo san xudt.
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Trong hoan canh nuéc ta hién,nay, ¢ nghién cdu cho biét hinh thic don gidn
nhdt 1a truéc mua gieo moét loai dau d6 nao dd cac phong thi nghiém nho té chuc ¢
cdc tinh sé sin xudt cac giéng thach nghiéng cdy vi khudn nét sdn va chuyén truc
ti€p xuéng cac hgp tdc xa, cac noéng trudng. o) day giong sé dugc nhan lén trong cac
moéi truong don gian (chda nudc chiét dau 5%, véi 1% dudng kinh). Sau 72 gis nudi
cdy trong méi ml moéi truong nay cé thé dat toi 3800 x 10'° t& bao vi khudn nét sin
dién thanh hoac 2800 x 10'® t& bao vi khuin nét sdn lac (Nguyén Lan Ding, 1969).

St dung nitragin khong nhitng lam nang cao r6 rét sian lugng cic cay tréng thudc
b6 Dau ma con co thé lam tang phdm chédt cua cdc san phdm cta ching. R4t nhiéu
nghién ctu cho biét khi st dung nitragin ham lugng protein trong cay va trong hat
dau d6 sé tang lén kha ro. Mot s6 tac gid cho biét cay dugc nhiém vi khudn ndt sian
sé ¢6 ham lugng nhiéu loai vitamin cao hon so vdi ciac cay khong duge nhiém.

Mot diéu dang chu y la khi si dung nitragin cdn tranh st dung dong thoi cac loai
thudc tri sau, thudc diét cé cd kha nang tiéu diét hoac dc ché su phat trién cua vi
khudn nét san.

2.2. Su tao thanh not sin va kha ning ¢6 dinh nitd 6 mot s6 ciy khong
thudgc by Dau

Kha nang hinh thé.nh nét san dugc phat hién thdy d ca nhiéu thuc vat khong
thudéc boé Dau.

Trong s8 cac thuc vat thudéc nganh Hat trdn (Gymnospermae) ngudi ta da phat
hién thdy trong cdc chi sau day cd mot s6 loai ¢ kha nang hinh thanh nét sidn ¢ bo
ré : Bowenia, Cycas, Ceratozamia, Dioon, Encephalarlos, Macrozamia, Stangeria, Zamia
(thuoéc bo Cycadales), Ginkgo (thudc bo Ginkgoales) Agathis, Araucaria, Libocedrus,
Acmophyle, Dacridium, Microcachrys, Phyllocladus, Pherosphaera, Podocarpas,
Saxegothaea, Sciadopitys (thudc bo Coniferales).

Trong s§ cac thuc vat thudc 16p Hai 14 mam (Dicotyledoneae) trong nganh Hat kin
(Angiospermae) ngudi ta nhan thdy cd cdc loai nam trong mét s6 chi sau day (khong
ké cdc loai thuoc bd Dau) cd kha nang tao thanh nét sdn trén ré : Coriaria (bd
Coriariales), Myricagale, Comptonia (bd Myricalee), Almus (b Fagales), Casuarina, (bd
Casuarinales), Brassiaca, Raphanus, (bd Rhocadales), Melampyrum, Rhinanthus (bo
Tubiflorae), Coffea (bd Rubiales) Dryas Purshia, Cercocapus (b Rosales), Acrostaphylos
(b6 Ericales).

Trong s6 cac thuc vat thudc 16p Mot 1a mam (Monocotyledoneae) ngudi ta da tim
thdy mot s6 loai trong cdc giong sau day cd khd nang tao thanh ndt sidn & ré : Poa,
Clinelymus, Alopecurus.

Ngoai ra mot s6 loai thuc vat thuéc cac chi Pavetta, Psychotria, Chomelia, Coprosoma...
con ¢6 khi nang tao ra nét san trén la.

Cac loai thuc vat ndi trén dugc nghién ciu khéong nhiéu. Mot s6 vi khudn cong
sinh da dugc phan lap va dinh tén, mét s6 khac con chua du tai liéu dé xac dinh.
Kha nang co dinh nitg eia ching-thudng cing khong 16n nhu cdc loai thudc bo Dau.
Dang chu y hon ca la kha ndng e6 dinh 1ito| cda loaiCesuaring equisetifolia, khoang
143kg/ha/nam. Vi sinh vat €6 dinh nitd trong cée trdong hop ndy thuosng la xa khuidn
thuoc chi Frankia.
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Ngoai vi khudn n6t sdn, nhiéu loai nim ré (khu&n can hay mycorhiza) cing cg
kha nang cd dinh nito phan t&. Chang han cac loai nim ré phan lap tiu cdc cay thude
ho Thach nam (Ericaeae) thudng cd hoat tinh ¢§ dinh nito 1a 10,92 - 22,14mg nita/lg
duong. CS nghién cdu cho biét nhd tdc dung cia nfm ré ma dit trong loai théng
Pinus radiala & Mi hang nam cd thé duge lam gidu thém khoang 50kg nito/hecta.

2.3. Azospirillum. Nam 1974 14n d4u tién ngudi ta phan lap dugc 1 loai xodn
khudn s6ng trén ré mét s6 co nhiét doi va dat tén la Spirillum lipoferum (J.Dobereiner,
J.M. Day, 1976). Vé sau can cd vao ti 1& cdc bazg nito trong ADN ngudi ta xac dinh
ching thudéc vé moét chi mdi, dugc dat tén la Azospirillum. Xac dinh ADN cua 61 ching
Azospirillum ngudi ta chia chi nay ra thanh 2 loai khac nhau : A.lipoferum va A.brasilense
(J. J.Tarrand, N.R.Krieg, J.Dobereiner, 1978). Azosptrillum cd s6 lugng kha lén & ving
ré va trong 16p t68 chic ¢ bé mat ré (khoang 10° - 107 t& bao/g ré kho). Viéc nusi
cdy va nhiém phan vi khudn (microbial fertilizer) ¢ chda cdc chung Azospirillum c6
hoat tinh cao c6 th€ lam tang kha r6 rét san lugng ngé, lia, lia mi, mia va nhiéu
loai c6 chan nu6i trén cing moét don vi dién tich so v6i d6i ching (khéng nhiém).

2.4. Vi khuian hi€u khi sOng tu do thudc chi Azotobacter va Beijerinckia

2.4.1. Azotobacter

Azotobacter dugc phan lap 14n d4u tién vao nam 1901 (M.W.Beijerinck, 1901). Dé
l1a loai Azotobacter chroococum. V& sau ngudi ta tim thdy nhiéu loai khac trong chi
Azotobacter.

Vi khudn thuéc chi Azotobacter cS t€ bao ti hinh cdu dén hinh que. Khi con non,
t€ bao thudng cd hinh que véi kich thudc khoang 2,0 - 7,0 x1,0 -2,5um. D6i khi chiéu
dai dat dén 10 - 12um. T€ bao sinh s6i ndy nd theo 16i phan cit gian don. Di dong
nhd tién mao moc quanh khdp co thé (chu mao). Ngoai tién mao trén t& bao cdn cd
cad nhiéu sgi tién mao rdt nho bé. Luong ADN trong t€ bao Azotobacter thudng thip
hon so v6i nhiéu loai vi khudn khac (khoang 0,70 - 0,81%).

Khi gia, t€ bao Azotobacter m&t kha nang di dong, kich thuéc thu nhé lai nom
nhu hinh cdu. Nguyén sinh chdt xu4t hién nhiéu hat 18n nhdn. DS 1a cic hat volulin,
granulozo, cic giot md... Quan sat dudi kinh hién vi ta con thdy khi gia té€ bao
Azotobacter dudc bao boc bdi mét vé nhdy kha day. VO nhdy cua Azotobacter chia
khoang 75% la chA&t hidrit cua axit uronic va chi chiéa khoadng 0,023% nito. Mot sé
loai Azotobacter cd kha nang tao thanh bao xic.

Trong cdc binh nu6i cdy cé thé thdy xuidt hién nhitng dang khdng 16 cua t€ bao
Azotobacter. Ngugc lai cing cd khi xu&t hién nhitng dang hi€n vi nho bé dén 0,2um,
tham chi déi khi xudt hién cid nhing dang qua loc hét sic nhé bé. Khi gap diéu kién
thuan lgi, cdc dang hién vi hoac cdc dang qua loc nay lai cé thé nhanh chdng phét
trién thanh cic t&é bao binh thudng:

Trén cac moi trudng khéng chia nitg khudn lac cha\Azotobacter cé dang nhay, 16i,
d6i khi nhan nheo. Khi nubi edy lau trén méi, trusng.dic, khufin lac ¢ mau vang luc,
mau héng hodc mau nau den-(tuy-loai Azotobacter).
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Cho dén nay da cé r4t nhibu loai Azotobacter da dugc miéu td. Theo nghién cdu
cla nhiéu tac gia thi phdn 16n céc loai nay khong phai la cdc loai thuc sy, ma chi la
nhiing dang khic nhau cta vai loai ma théi.

Dé phan tap Azotobacter ngudi ta cé th€ sit dung méi trudng thach Ashby (S.F.Ashby,
1907). Trén méi trudng nay moét s6 vi khudn khac (nhu Bacillus oligonitrophilus,
B. muciliginosus) cing cé thé phat trién va tao thanh nhitng khuin lac nhdy rit dé
lam cho ta nhdm l4n véi khudn lac cua Azotobacter. Nhiéu khi ¢éd mét sé vi khudn
chui hin vao trong bao nhdy cia Azotobacter dé phat trién. Mudn han ché& su phat
trién cua cdc vi khudn nay cd thé si dung mdi trudng Ashby nhung thay thé& dudng
bing natri benzoat (0,15%) hoic cé thé sit dung méi trudng chia 1,5% quinozol va
0,003% lovomixetin, cing cd thé st dung cdc ban silica-gel dé thay th& cho moéi trudng
thach.

Phén 16n cac chiung Azotobacter phan lap dugc tit thién nhién cd kha nang c6 dinh
dugc trén 10mg N, khi tiéu thu hét 1g cdc hop ch4t cacbon. Mot s6 chung Azotobacter
trong nhitng diéu kién thich hop c6 thé dong hda dugc dén 30mg N,/1g hogp chat
cacbon. Kha nang c6 dinh N, cua Azotobacter khéng nhitng phu thuéc ting ching vi
khuidn ma cdn phu thudc vao thanh phdn méi trudng nubi cdy, pH va nhiét do nudi
cdy, su tén tai cia cdc hop chdt chda nito, tinh chdt cia ngudn thdc an cacbon, sy
c¢é mat cia nguyén t8 vi lugng va cac chit hoat dong sinh hoc.

Nhiéu nghién cdu cho biét khi phat trién chung véi moét s6 vi sinh vat khac
Azotobacter sé cé hoat dong c6 dinh Nz cao hon so véi khi nudi cdy riéng. Azotobacter
sé dem mot phan nito déng hda .dugc dua vao méi trudng dudi dang NH,, axit amin
hoac protein.

Ngoai nito phan ti Azotobacter con cé kha niang déng hda mudi amon, va ure. Mot
s6 ching Azotobacter c6 kha nang si dung nitrit va nitrat. Hai loai axit amin thich
hgp nh4t dé6i v6i nhu cdu dinh dudng cua Azotobacter la axit glutamic va axit asparaginic.

Su cé mat cia mudi amon hay nitrat trong moéi trudng sé lam han ché& su cé dinh
N, cta Azotobacter.

Vé thic an cacbon, Azotobacter cd khd nang déng hda, nhiéu loai monosaccarit
(glucozo, fructozd, galactozo, mannozo, arabinozo, xilozo) ; disaccarit (saccarozo, maltozo,
trehalozo, melibiozo, lactozo), trisaccarit (raffinozo melizitozo) polisaccarit (tinh bot,
dextrin, glicogen, inulin); 2,3 butilenglicol, glixerin, mannit, sorbit, inozit, cdc oxi axit
(lactic, glicolic, saccaric, xucxinic, malic, limonic, glicolic, galactonic, glucuronic, mannonic
glixetinic, piruvic, quinic, butiric, valeric, cepronic) ; cdc diaxit (fumaric, maleic, malonic,
oxaloaxetic) ; cdc hgp chit thom (benzoic, salixilic, phenol...).

- Thuc ra thi kha nar;g d6éng hda cdc ngudn thic an cacbon ndi trén khdong phai
la giéng nhau & td4t ci cidc chung Azotobacter. Nhiéu tic gid cho biét cé khong it cic
ching Azotobacter khéng cé kha nang déng hda lactozo, mannit hoac natri benzoat.

Khi déng hda glucozo, Azotobacter thudng lam tich liy lai trong mai trudng axit
piruvic, axit lactic va etanol. Chinh vi li do nay cho nén khi phat trién, Azotobacter
thuong lam axit hda méi trudng nudi cdy.

Azotobacter khéng cd khd nang dong hoa t6t ch&t~man tuy nhién su ton tai cua
mot lugng nho chdt mun trong méi trudng sé,lam.kich thich sy phat trién cia
Azotobacter.
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Su phat tri€n cua Azotobacter cing chiu anh hudng r6 rét cia lugng chia photpho
trong moi trudng.

Nhitng diéu tra tai dit trong lia ¢ nudc ta cho thdy khi lugng chua ons cua dit
0,06% thi luon ludn thdy cd mat Azotobacter trong dat, ngugc lai khi lugng chuda PZOS
0,02% hau nhu khong phat hién thdy su cd mat ciua Azotobacter trong dit. B3 sung
phan lan vao dit c¢d thé lam tang cuong ré rét hoat dong c§ dinh nito cia Azotobacter
va do dd lam nang cao lugng chda nito trong ddt (Nguyén Lan Diang, 1968).

Mot s6 nghién cdu cho biét hoat dong c6 dinh nito cta Azotobacter chi duogc bit
ddu xay ra khi néng dé POi_ dat dén 4mg trong 100ml moéi truong. Nguoc lai khi

néng do PO%‘ dat téi 800mg/100ml thi qua trinh c¢6 dinh nito sé bat ddu bi nging lai.
Sy min cAm manh mé cua Azotobacter véi photpho da cho phép ngudi ta s dung
ching nhu loai vi khudn chi thi dé xdc dinh nhu cdu vé photpho cua dit.

K cing rit cdn thiét d6i vdi su phat tri€n cia Azotobacter nhung vdi sd lugng nhé
hon nhiéu. Néu dua vao méi trudsng mot lugng muéi kali qua thita thi ching sé lam
tc ché& sy phat trién cta Azotobacter, cd thé tac hai nay la do gbc anion cua cic mudi
nay gay ra.

Ca cing cé anh hudng lén d6i voi su phat trién cua Azotobacter. Nhitng diéu tra g
Viét Nam cho thdy trong cac ddt cd lugng chia CaO cao hon 0,4% ludn ludn thdy cd
mat mot s6 lugng 16n cac t€ bao Azotobacter, ngugc lai hau nhu khéng phat hién thdy ching
trong cdc miu dit cd lugng chita CaO duéi 0,25% (Nguyén Lan Ding, 1965).

Khi thiéu canxi, t& bao Azotobacter sé tao thanh nhiéu khéng bao, 4nh hudng x4u
d6i voi viec téng hgp ATP va sy tao thanh cdc poliphotphat.

Déi véi A. chroococcum nbéng do CaClz, thich hgp nh&t la khoang 0,01%, néu cao
hon sé anh hudng khong t6t d6i voi hoat dong cd dinh nito cua ching. Nhung cdé
nghién cdu lai cho biét ngay cd nhing liéu lugng cao cua canxi cacbonat cing khong
lam dc ché hoat dong c6 dinh nito cua Azotobacter. Y nghia sinh li cta canxi déi véi
Azotobacter thuc ra con chua dugc nghién cdu mét cach ddy du. Cing cé tac gid
da dung A. chroococcum nhu mot loai vi khudn chi thi dé xiac dinh nhu cdu vé véi
cua dat.

Mg dugc Azotobacter doi hoéi vdi s6 lugng cao hon sit khoang 10 ldn. Trong cédc
nguyén t8 vi lugng cdn thiét d6i voi Azotobacter thi dang chu y hon ca 1a Mo, V, B,
Mn

yois

Mo co tdc dung lam tang cudng su phat tri€n cia Azotobacter ciing nhu lam tang
cudng qua trinh ¢ dinh N, cia ching. Mot s6 nghién cdu cho biét nhu cdu vé Mo
cua A. chroococcum la 10 - 100mg NazMoOdll, cia A. agile va A. vinelandii 12 Smg
NaZMoOJ/l.

B cing cd tdac dung tuong tu nhu Mo. M6t s6 tac gia cho bi6t néng do B thich
hop nhdtv d6i véi su phat tri€n ciua Azotobacter 1a 2mg/l nuéi cdy dich thé hoic 3 -
5mg/l (nubdi cdy trong dit).

Mn lam tang cudng sy phat tri€n cua Azotobasfer (cd trén moi truong cd chia hop
chdt nito lan méi truang khéong chia nito), Cd, tac.gia cho biét Mn khong phai la
nguyén t6 cd lién quan ddi v6iqud trinh c6 dinh Nz' Nhu c4u vé Mn cua A. chroococcum
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la vao khoang 20 - 30mg/l. Nhu cdu vé Mn cua A. beijerinkii va A. vinelandii chi
vao khoang 10 - 15mg/l. Sy cé mat cia Mn cd thé thay thé mot phdn su cé méat
cua Mg.

Nhiéu y kién khong gi6ng nhau vé nhu cdu cua Azotobacter d6i voi Cu. Mot s6 tac
gia cho biét ngay ca ¢ nhitng néng d6 rdt nhd, Cu da anh hudng xdu déi voi sy phat
trién cia Azotobacter. Trong khi dd nhiéu tdc gia khac lai cho ring Cu la nguyén té
vi lugng cdn thiét ddi véi Azotobacter. Cé tac gid cho rang Cu rit can thiét dé6i véi
viéc tao thanh sic t6 nau den cua A. chroococcum.

Nhu cdu cia A. chroococcum d6i véi V thay déi trong khoang 0,2 - 15mg NaVO,
6H,0/1 moéi truong.

Con cd cac tai litu nhac dén tdc dung duong tinh cta cdc nguyén t8 vi lugng khac
déi vai su phat trién cia Azotobacter. Trong s6 dé cd Co.

As & néng do rdt nho (10 - 20mg mudi As trong 1 kg d4it) cd tac dung kich thich
su phat tri€n cua Azotobacter.

Nhiéu nguyén t8 vi lugng khac cd anh hudng xdu d6i véi su phat tri€n cia
Azotobacter. Br din dé&n viéc dc ché& qua trinh cé dinh N,, Al lam ic ché sy phat trién
cua Azotobacter.

Mot s6 nguyén t6 phdng xa (nhu Rd, Th, U..) & mét néng do rit nhé cd thé kich
thich sy phat trién va su ¢é dinh N, cia Azotobacter.

Azotobacter cd kha nang tu tuc vé cdc chit sinh trudng khac nhau : tiamin (vitamin
B), riboflavin (vitamin Bz)’ xianocobalamin (vitamin B ), axit nicotinic, axit pantotenic,
axit folic, biotin, heteroauxin (axit - f-indolaxetic), gibberellin.

Mbét s6 ching Azotobacter chroococcum cdn cd khd nang sinh ra mot s6 chit chong
n&m co phd tic dung kha rong (dc ch& Aspergillus, Penicillium, Fusarium, Alternaria...).

Nhiéu nghién cdu cho biét Azotobacter cS thé phat tri€én dugc trén cac méi trudong
c6 pH trong khoang 4,5 - 9,0. Tuy nhién qua trinh c¢6 dinh nito chi duge thyc hién
trong mot pham vi pH kha hep, khoang 5,5 - 7,2 (dé6i khi dén 7,7).

Cic loai Azotobacter khic nhau (tham chi cac ching khic nhau cd thé mén cam
mot cadch khac nhau d6i véi pH cia méi trudng. Nhiéu nghién ciu cho biét pH thidp
nhdt cia méi trudng d6i voi A. chroococcum va A. beijerinckii la khoang 5,5 d6i véi
A. macrocytogenes la khoang 4,6.

pH thich hop nhit d&i vdi Azotobacter la 7,2 - 8,2.

Theo mot s6 tdc gid thi sinh khéi A. chroococcum, A agile, A. vinelandii dat tdi
muc cao nhdt khi nuéi cdy ¢ pham vi pH = 6,5 - 6,7. Azotobacter thudng it thdy co
trong cac ddt cé pH thdp hon 5,6 - 5,8. Cing cd thé phan lap dugc ti ddt chua mét
s6 chung Azotobacter nhung cdc ching nay thudng da miat kha nang c6 dinh nito
phan tu.

Cac diéu tra ¢ dat Viét Nam-(Nguyén Lan Ding, 1960, 1964, 1969) cho biét khi
pH dat thdp hon 5,5 su phat tri€n ciae Azofobacter bi-han chd mot cach rdt ro rét.

Trong khi dé & cdc dét co pH trung tinh Azotobueter 4uon luén cd tit hang nghin dén
hang van té bao trong méi gam. dat kho
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Azotobacter thudc loai vi khudn cd kha ning chiu dugc nhitng néng d0 mudi khd
cao. Ngudi ta nhdn thdy Azotobacter cd thé phat trién dugc ngay cd trong cdc méi
truong cé chda 2,5 - 3% NaCl. Cg tai liéu cho biét Azotobacter ¢S thé phat tri€n duge
cAd ¢ nhitng moéi trudng chda dén 10,27% MgSOi.

R4t nhiéu tdc gid dd ching minh tinh ch&t ph8 bién cua Azotobacter trong céc
vung ddt man.

Ngudi ta da phan lap dugc nhitng ching Azotobacter wa man. N6éng do NaCl thich
hop nh&t déi véi ching 12 3 - 5%. Ching cé thé chiu dung dugc ngay dén ca néng
doé 9% NaCl.

Trong nudc bi€n va bun bién cing thudng thdy cd Azotobacter ua min. Ching cé
thé c6 dinh N, ngay ca & n6ng do 3% NaCl

Azotobacter thudc loai vi khudn hi€u khi nhung ching cd thé phéat tri€n duge cd
trong cdc diéu kién vi hi€u khi. Qua trinh c6 dinh nito cia Azotobacter bi gidm xubng
khi thé& oxi hda khu cia méi trudng cao qua + 200mV hoac thdp qua - 200mV. Nhu
vay la khong khi qua manh cing lam dc ch& qu4 trinh ¢6 dinh nito phan td. C6 thi
nghiém da cho biét khi néng d6 oxi trong khéng khi 1a 4% thi qua trinh c6 dinh nito
vugt qui gdp ba ldn so vdi khi néng do oxi 1a 10 - 20%.

Dé phat trién thuan lgi Azotobacter ddi hoi mét d6 &m kha cao ctia dit. Nhu céu

vé d6 &m cua ching tuong tu nhu nhu cdu cua cay tréng. Tuy vay bao xic cla
Azotobacter vin cé thé chiu dung dugc rat lau dai d6i vdi su kho can cua dit.

Nhiét do thich hgp nhdt d6i v6i su phat tri€n ctia Azotobacter vao khoing 26
- 30°C. O vung nhiét d6i ngudi ta nhan th&y Azotobacter thich hgp véi nhitng nhiét
do cao hon nita. Vi du nhu mét s6 chung phan lap & An Do thich hgp nh4t véi nhiét
do 35 - 40°C. O nhist do 7°C ngudi ta nhan thdy Azotobacter cd hoat déng cé dinh
nito thdp hon 5 14n so v4i & nhiét d6 45°C. T& bao sinh dudng ciua Azotobacter khéng
séng dugc khi xd If & 50°C trong 30 phit, ¢ 80°C sé& chét rdt nhanh.

Su phat tri€n va c6 dinh nito cia Azotobacter trong d4t con chiu dnh hudng mat
thiét cia khu hé cac vi sinh vat ddt. Bén canh cdc nhom vi sinh vat cé anh hudng
t6t dSi véi su phat tri€n ciia Azotobacter (t8ng hgp cic chit hoat doéng sinh hoc, phan
giai cdc thic an hitu co bén vitng) cdn ¢ nhiéu nhém vi sinh vat cé kha niang lam
Uc ché& sy phat tri€n cia Azotobacter (canh tranh thdc an, sin sinh ch4t khang sinh...).
Nguoi ta cing da phat hién thdy su phd huy t& bao Azotobacter cia mot s6 loai thuc
khudn thé.

Da cd rdt nhiéu cong trinh nghién cdu dé c4p dén méi quan hé giita Azotobacter
va cdy tréng. Azotobacter thudng xuyén cd mat trong viung ré ciy tréng véi s6 luong
cao hon nhiéu so véi ngoai viing ré S6 lugng cia ching con bién d8i phu thudc vao
ting loai cay, tiung giai doan ph4t trién cia cdy va nhifu y&u td8 sinh thai - dia I
khdac. Nguoi ta da ching minh dugc ring Azotobacter khong phat tri€n trén bé mat ré
ma phat tri€n trong dit xung quanh r& (viing ré).

Azotobacter c6 tdc dung lam tang cudng.thic 'dn mito cung cp cho cdy tréng.
Trung binh khi tiéu thu hét 1g cdc chit sinhy nangpluong, Azotobacter c6 kha nang
d6ng hda duge khoang 10 =15mg nito phan td CHy vii rom ra hodc bén phan xanh
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vao cho ruéng se g6ép phan cung cdp ngudn nang lugng cho Azotobacter va théng qua
hoat dong cua Azotobacter ma lam giau thém nito cho d4t. Cac bién phap ki thuat nhu
bon voéi dé trung hoa d4t, bén phan lan, tuéi nuéc, lam ai, phoi ddt.. déu lam tang
cuong ré rét sy phat tri€n va hoat dong c6 dinh nito cia Azotobacter trong dit.

Tac dung clia Azotobacter d6i véi cay tréng con dudc ching minh & kha nang kich
thich sinh trudng cia ching. Nhitng thi nghiém nhiém dich nuéi cdy Azotobacter lén
hat cho thdy cé kha nang lam nang cao r6 rét ti 1& ndy mam cing nhu tc d6 phat
trién cia mam hat. Ngudi ta cho ring sd di c¢6 tdc dung nay la do Azotobacter c6 kha
nang lam tich ldy trong méi trudng nudi cdy nhiéu loai chit hoat dong sinh hoc co
gid tri. M6t s6 nghién cdu cho biét khi trong méi trugng tich liy dugc khoang lg té
bao Azotobacter (tinh theo chdt khd) thi cing la da tich liy duge 50 -100y tiamin,
240 - 600y axit nicotinic, 600y axit pantotenic, khodng 6y piridoxin, 3-12y
biotin...Azotobacter con cd kha nang t8ng hop cdc chdt sinh trudng loai auxin va
gibberelin.

Mot s6 nghién cdu con xiac dinh 13 Azotobacter c6 cid kha nang tdng hogp ra moét
s6 chdt chéng ndm, kha ning nay khong giéng nhau & cic ching Azotobacter.

Trong nhiéu nam & nhiéu nudc khac nhau, ngudi ta da san xudt & quy mo céng
nghiép hoac thui cong nghiép nhitng ché phdm Azotobacter va goi la Azotobacterin. Do
la nhitng dich nuéi cdy Azotobacter dugc hdp thu vao than bun hoac cac loai dat giau
chdt hitu co da trung hdoa va b8 sung thém mot it phan photpho, kali.. Khac véi
nitragin, loai phan Azotobacter khi dung d€ bdn cho cdy tréng thudng dua dén nhiing
hiéu qua khéng l6n va khong 6n dinh (néu cd lam ting san lugng thudng cing khéong
tang qua 10% so vdi d6i ching). Da s6 cac tac giad cho rang hiéu qua cua viéc st dung
Azotobacter chi tuong déi r6 d6i véi céac loai dit giau chdt hitu co hoac trong trudng
hop dugc bén thém nhiéu phan khodng. Cé lé tac dung chu y&u cua ching khong phai
& khia canh c6 dinh nito ma la & khia canh téng hop cac chdt hoat dong sinh hoc co
tdc dung kich thich su sinh trudng cua ciy tréng.

Trong diéu kién & nudc ta, moét s6 nghién ciu da cho bi€t nhan t6 chu y&u han
ché su phat tri€n cua Azotobacter trong ddt la pH, ham lugng canxi va ham luogng
photpho. Chi cédn bdn véi va bon phan lan da dd lam tiang nhanh chdng sé lugng
Azotobacter trong d4t. Bién phdp san xudt va st dung ch& phdm Azotobacter chi nén
dat ra trong nhitng diéu kién tham canh cd kha nang d6i dao vé phan bon.

2.4.2 Beijerinckia

Beijerinckia 12 mot vi khudn hi€u khi cd dinh nito rit gidng véi Azotobacter. Nam
1939 Stacké (R.J.Starkey) phan lap dugc tu dit vi khudn chiu chua c6 dinh nito va
goi la Azotobacter indicum. Nam 1950, Decx (H.G.Derx) cing tim thdy loai vi khuidn
nay nhung cho rang ching thuéc vé moét chi méi la chi Beijerinckia.

Dac diém chung cua cac vi khyédn thuéc chi Beijerinckia 1a chiu chua cao hon nhiéu
so, vai Azotobacter (cé thé phat tri€n dugc ngay ca trong cdc moi trudng cé pH = 3,0).
T& bao cua ching cd hinh dang-thay ddi (hinh cdn, hinh_ trai xoan, hinh que), khi gia
c6 thé tao nén nhing hinh thai rdt khac thudng. Beéijerinekia thudc loai vi khudn G~
khi quan sat du6i kinh hi&n vi ¢é thé thiy § haiy déus~té bao ¢d nhitng hat bat mau
véi thuéc nhudém Xudang ITT,kh6ng sinh bao xd¢ vi bao ti. Beijerinckia phat trién
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cham trén moéi truong nudi cdy (thoi ki dai dén 3 - 15 ngay) khudn lac dién hinh
thuong duoc tao thanh sau khi nuéi cdy ¢ 30°C qua ba tuan 1&. Khi phat trién trén
cac moi truong vo dam chua glucozo, Beijerinckia thudng tao thanh nhiung khudn lac
16i va rdat nhay, khi gia moi tao sac t6.

Vi khudn thuéc chi Beijerinckia thuong cd thé c¢6 dinh dugc 16 - 20mg nito phan
td khi déng hoa hét 1g cdc chdt sinh nang lugng. M6t s6 nghién cdu cho biét nang
luc ¢6 dinh nito cia B. indica, B. fluminennsis dugc tang lén nhiéu khi cd mat loai
ndm men Lipomyces starkey. Beijerinckia thudc loai vi khuan hiéu khi bat budc. Ching
dong hda t6t cac loai monosaccarit, disacarit va tinh bot, it dong hda axit hitu co.
Khéac voi Azotobacter. Beijerinckia khong dong hda cac hgp chdt thom (nhu benzoat
natri, a. benzoic...).

Kha nang doéng hda N- NH,, N - NO3 va nhiéu axit amin & Beijerinckia con cao
hon cad kha nang dong hoda nito phan tu.

Beijerinckia bat ddu phat trién duogc khi ndéng do Poi‘ trong 100ml méi trudng

cd tit 0,2mg trd lén (trong khi Azotobacter doi hoi 4,0mg POi_ trd lén). D€ phat trién

va c¢6 dinh nito, Beijerinckia khong doi hoi canxi (khac voi Azotobacter). Mot luong nhé
canxi (22,5 phédn triéu CaCl) da du lam dc ch& sy phat trién cia Beijerinckia. pH
thich hop nhat d6i véi Beijerinckia la 4,5 - 6,0, nhiéu loai Beijerinckia ngay 6 pH = 3,0
van phat trién dugc. Khi pH = 7,0 su phat trién cua Beijerinckia bi dc ch& mot cich
r6 rét (trong khi dé Azotobacter thudng khong phat trién dugc ¢ pH thdp hon 5,5 tri
mét vai loai dac biét nhu A. macrocytogenes hay A. beijerinckia acidotolerans).
Beijerinckia co thé phat trién dugc trong pham vi nhiét do6 16 — 37°C (dsi vai Azotobacter
la 16 - 45°C). Ching ¢6 kha nang giit sic séng kha lau & 0°C hoac cac nhiét do thip
hon nia. M6t s8.nghién ciu cho biét thdi ki tiém phat 12 ngdn nhdt khi nudi cdy
Beijerinckia & nhiét d6 30 - 35°C va ¢ pH = 4,5 - 5,3.

Vi khudn thuéc chi Beijerinckia phan b6 rong rai trong cac dit vung nhiét déi
hoac a nhiét dgi. Nguoi ta da phat hién thdy ching g An D6, 8 Malaysia d Indonéxia,
& Nhat Ban, ¢ Trung Quéc, & Madagasca, & Tangianica, 3 Bac Uc, & Braxin, & Bic
Phi va Nam Phi. 0 Viet Nam da phat hién thdy sy tén tai cta Betjerinckia trong mét
méu dat cua vang Lao Cai, ddng chd y la loai Beijerinckia nay mang mét s6 dac tinh
khac voi cac loai Beijerinckia thong thuong.

Nghién ciu ctia J.H. Becking (1961) cho biét trong s6 155 mau dit thu thap ¢
chau Au chi cd hai mau dugc phat hién thdy cd Beijerinckia, nhung trong s6 53 méu
dit thu thap & chau Phi ¢d tdi 30 miu cé chda Beijerinckia.

Mot s6 nghién ciu cho biét sy ton tai cua Beijerinckia cé thé dugc coi la mot chi
thi cho qua trinh laterit hda cua dat.

So vdi Azotobacter, ;Beijerinckia~cé-nhu-cdu-nhé~hon-nhiéu,déi vai Mg (khoang 20
lan nho hon) d6i vai Mo (néng-do-Mo.thieh hgp mhét chi wao khoang 0,004 - 0,034mg/).

Beijerinckia cd thé chiu dung dugc cic néng do=eao cia mudi sat (dén 2 g/l) va
muéi nhom (dén 80mg/l).
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Beijerinckia thuong phat trién trong 19p ddt cdy (0 - 20cm), nhung cing c6 khi
phét hién thiy su phat trién ciua Beijerinckia & ca cdc 16p ddt sau hon. Nhiéu téc gia
con quan sat thdy 16i s6ng biéu sinh (epiphyte) cia Beijerinckia trén la nhiéu loai cay
nhiét dai.

Ngoai y nghia kinh t& do cd kha nang c6 dinh nito phan tu. Beijerinckia con dang
chi ¥ cd & ché ching cd thé tdng hop ra mét s chdt hoat dong sinh hoc ¢ tic dung
kich thich sy sinh trudng ciua cay tréng va do do ching lam tang sin mua mang hai
pha khic nhau cua qud trinh 1én men. Ching han C.acetobutylcium thudng lam tich
liy trong pha dau axit axetic, axit butiric va trong pha sau butanol, axeton va etanol.

2.4.3. Vi khudn ki khi séng tw do thuéc chi Clostridium

Nam 1893 lan dau tién X.N. Vinogradxki phat hién dugc mét loai vi khudn ki khi
séng tu do c6 kha nang c6 dinh nito phan ti. DS 1a loai Clostridium pasteurianum.

T& bao cua C. pasteurionum cd kich thuéc khoang 2,5 - 7,5 x 0,7 -1,3um, cé thé
ding riéng ré, x€p thanh d6i hay xép thanh chuéi ngian. Khi con non cé té bao chit
dong déu, cd kha nang di dong. Khi gia, t& bao chdt cd cdu tao hat, té bao mait kha
nang di dong. Bao tu thuong cé hinh bdu duc hay hinh kéo dai ndm & gitta hay gin
mot ddu cua t€ bao. Bao ti cd kich thudc 16n hon bé rong cua t& bao dinh dudng do
dé khi mang bao ti t& bao thudng cd hinh con thoi. Kich thudc cua bao td khoang
1,3 x 1,6um.

Hién nay ngoai loai C. pasteurianum ngudi ta con nhan thiy cé nhiéu loai Clostridium
khdc cing cd kha nang cd dinh nito phan ti. Dd l1a cac loai C. butyricum. C butylicum,
C. beijerinckia, C. aceticum, C. multifermentans. C. pectinovorum, C.acetobutylicum,
C. felsineum,

C. kluyveri, C.lactoacetophilum, C.madisonii. Su khic nhau vé cac dac di€m hinh
thai va sinh i gitta cdc loai nay c6 thé dugc thdy ro trong khda phan loai cia Bergey.

Vi khudn thudc loai C. pasteurianum thudng cé hoat tinh c¢6 dinh nito cao hon cac
loai Clostridium khac. Khi déng hda hét 1g thic an cacbon, chiung thudng tich lay
dugc khoang 5 - 10mg nito. Kha nang c¢6 dinh nito cta cac loai trong chi Clostridium
con phu thudc rat nhidu vao cac diéu kién nudi ciy.

Clostridium co kha nang déng hda cac monosaccarit, disaccarit va mét s6 polisaccarit
(nhu tinh bot, dextrin). Chuing cd thé dong hda ca nhiéu rugu bac cao va mot s6 hgp
chidt chda cacbon khac nita. Khi 1én men hidrat cacbon, Clostridium thudong lam tich
ldy axit h@u co, butanol, etanol, axeton COZ’ H,.. Thanh phan va ti 1é cia cdc san
phdm 1én men phu thudc vao ting loai vi khudn cing nhu phu thuéc vao hai pha khac
nhau ctia qué trinh lén men. Chang han C. acetobytylcium thudng lam tich ldy trong
pha ddu axit axetic, axit butiric va trong pha sau butanol, axeton va etanol.

C.pasteurianum cing nhu nhiéu loai Clostridium cé kha nang c6 dinh nito khac
¢ thé phat trién dugc trong mét.pham.vi.pH. kha rong (pH.= 4,7 - 8,5). Tuy tung
nghién ctu ma pH thich hop-nhat-dsi vaisu, phat, trign cia Clostridium la 5,9 - 8,3
hay 1a 6,9 - 7,3. Cac nghign citu 6 Viét, Nam cho biét ngay ca & nhing vung dat chua,
khi khong tim thdy su phat tri€n cta Azotobuaten thi€lostridium vin cd mat véi s6
lugng ddng k& NOi chung trong-méi gam dit trofig lua trén mién Bic nudc ta s6
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lugng vi khudn nhém nay thudng cd tit hang van dén hang triéu t& bao. S6 luong cia
ching trong viung ré cay tréng bao gid ciing nhiéu hon ngoai vung ré. Clostridium
thudng tap trung nhiéu trong l6p dit cdy nhung ngay & dd sau 75cm vén c6 thé thiy
c6. hang nghin t€ bao trong méi gam d4t (Nguyén Lan Ding, 1960, 1969).

Bao tu cua Clostridium cd sic dé khang rit cao d&i véi nhiét dé cao va su khs
han. M6t s6 nghién cdu cho bigt bao ti ctia loai vi khudn nay cé thé séng duogc dén
5 gio & nhiét do 75°C va 1 gio & nhiét do 80°C. Bao ti cia moét s6 chung Clostridium
chiu nhiét ngay & nhiét dé 100°C vidn cd thé séng dugc dén 30 phut.

Da cd rdt nhiéu thi nghiém st dung ch& phdm Clostridium pasteurianum (dich
nubi cdy, hoac dich nudi cdy trén véi dit da khi tring) dé bon cho cay tréng. Trong
moét s§ trudng hop da thu dugc nhitng hiéu qua duong tinh kha ré rét (nhit la khi
phéi hop st dung vdi Azotobacterin). Tuy nhién hiéu qua nay thudng khéng 6n dinh
va cho dén nay ngudi ta vAn chua giai thich dugc mét cdch dut khoat la trong cic
trudng hop cé tac dung duong tinh thi chd y&u 1a do su c6 dinh nito hoac la do sy
tich ldy cdc chdt cd hoat tinh sinh hoc.

2.5. Vi khuin lam s6ng ty do va vi khuian lam cfng sinh trong beo
hoa dau

Cédc nhan xét ddu tién vé kha nang c6 dinh nito cua vi khudn lam (B.Frank, 1889 ;
Beijerinck, 1901, B. Heize, 1906) chua dugc thita nhan ngay bdéi vi khi d6 viéc tach vi
khudn lam ra duéi dang thudn khiét cdn gip nhiéu khé khan.

Nam 1928 nha khoa hoc Dic Drius (Von K.Drewes) 1dn diu tién chding minh mot
cach xdc ddng kha nang c6 dinh nito cia ba loai vi khudn lam da dugc phan lap va
nudi cdy mot cach thudn khiét. Thi nghiém nay da mdé dau cho hang loat thi nghiém
cia ridt nhiéu cac nha khoa hoc khiac.

Nhitng thi nghiém vé6i nitd déng vi phong xa (N) cang ching minh chic chén
cho kha nang c6 dinh nito khéng khi cia nhiéu loai vi khufin lam séng trong nudc va
trong dit.

Tuy thudc vao cac diéu kién thé nhudng va khi hau ma loai vi khuidn lam cé khi
nang c6 dinh nito chiém uu th& ¢ ting ving khac nhau 1a khéng gi6ng nhau. Mét sé
nghién cdu cho biét loai vi khudn lam cé kha nang c6 dinh nito manh nhit & cic
ruéng lua An Do 1a Aulosira fertilissima, & cdc rudéng lia Nhat Ban 1a Tolypothrix
tenuis. Cac loai vi khudn lam cé y nghia nhiéu nhdt & cdc rudéng lia vung Trung A
lai thudéc vé chi Cylindrosperum & rudng lia Trung Qudc 12 Anabaena azotica, trong
khi do loai vi khu&n lam quan trong & cdc viung d4t phia Nam phan thuéc lanh thé
Chau Au cia Lién X6 (ci) lai 1a Gloetrichia natans.

Da s6 cac loai vi khudn lam cd kha nang c8 dinh nito séng tu do trong dit va
trong nudc, nhung cing c6 mét sb it loai cd ddi séng cdng sinh véi thuc vat. Chang
han cac dang cong sinh véi ndm -trong moét sd loai dia y. M6t s6 loai tdo lam c6 dinh
nito ¢é doi s6ng noéi sinh (endophyte) trong cdc xoang cua Dia tién (Réu tan, Hepaticae)
hoac con gap & ca moét s6 loai-Duang xi (Polypodium), mot sé cac loai Tué& (Cycadales).

Dag biét dang chu iy 1a loai Anabaena azollae 'ebng sinh trong beo hoa dau moét
loai cay dung lam phan xanh va lam thic &n|gia=sic cd y nghia kinh t& r4t lén &
nudc ta.
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Béo hoa dau 1a mét loai Duong xi thudc chi Azolla (ho Azollaceae, bd Hydropteridales,
16p Filicineae, nganh Pteropsida). Chi Azolla cé khoang 6 loai.

- Azolla filiculoides L. (Azolla japonica)

= Azolla caroliniana Willd

- Azolla mexican Prest

- Azolla microphylla Kaulfuss

- Azolla nilatica De caisne

-Azolla pinnata R. Brauw (Azolla imbricata Nakai)

Loai béo hoa dau phd bién d Viét Nam la thudc loai cui cung ndi trén.

Khi cdt mot lat mong ngang qua méi "phién 14" ctia béo hoa dau rdi dem quan sit
duéi kinh hién vi ta sé thdy trong khoang khi cta ching cé chia rit nhiéu cac soi
vi khudn lam thudc loai Anabaena azollae trong giéng nhu nhing chuéi hat. Bén canh
cic t&€ bao hinh tru ngin x&p néi tiép nhau thinh thoang thdy cé mot di t& bao co
kich thuéc 16n hon so v8i cdc t& bao khac. Vé sau di t& bao sé tiéu bién dan noi chat
trd thanh ché d€ soi tido tdach ra va phat trién thanh nhing soi tdo méi.

Ngoai dang cong sinh v8i beo hoa dau mot sd loai vi khudn lam (nhu Nostoc
punctiforme) con cé thé cong sinh trong cic nét sidn cpa loai cé ba la Trifolium
alexandrinum. CJ nghién ciu con cho biét vi khudn Caulobacter sp. ban than khong
¢6 kha nang c6 dinh nito nhung khi séng trong bao nhdy ctia Nostoc lai cd thé lam
tang gdp db6i nang luc cd dinh nito cua loai vi khuidn lam nay. Mot s6 vi khuan khac
(B. megaterium, Agrobacterium radiobacter... ) cing cd kha nang kich thich hoat dong
c6 dinh nito cua Nostoc.

Ngugc lai, su phat trién cia vi khudn lam cing lam thic ddy su phat trién cua
nhiéu loai vi khuidn khac séng trong dit, bao gom ca cdc vi khudn c6 dinh nito
Azotobacter, Rhizobium, C. pasteurianum...

Da s6 cic loai vi khudn lam c6 kha nang c6 dinh nito thich hgp phat trién trong
cic moéi trudng trung tinh hoac kiém. pH thich hop nhit d6i v6i Hapalosiphon fotinalis,
Anabaea variabilis, Calothrix clenkinii la 7,0 - 8,0, d6i voi Anabaena flos—aquae la
7,0 - 7,5, con d6i v8i Microcystis aeruginosa lai la 9,0.

Vi khudn lam la loai vi sinh vat hiéu khi, diéu kién Eh t6t nhdt d6i véi sy phat
trién cua ching la trén 400mV. Nhiét do thich hop nh&t d6i véi ching 1a khoang
28 - 30°. Cing c6 mot s6 loai vi khudn lam lam c6 dinh nito thudc loai chiu nhiét,
ching han nhu Mastigocladus laminosus, Anabaena flos-aquae...

B8 sung vao dit cic ch&t hitu co gidu cacbon (rom ra..), phan photpho va phan
kali 12 nhitng bién phap rat tich cuc dé ddy manh su phat trién cia vi khudn lam va
lam tang cuong hoat dong cd dinh nito cua ching. Trong s6 cdc nguyén t6 vi lugng
cin thist d6i voéi su phat trién va d6i véi hoat dong c6 dinh nito cia vi khudn lam
ding chu y hon cad Mo, B, Co, Mn, V...

Nhu cidu anh sing cua cac loai vi khudn lam khac nhau la khong giong nhau. Dai
véi céac loai thudc giéng Stratonostoc va Amorphonostoc ngudi ta nhan thdy hoat dong
¢6 dinh nito sé dat t6i_muc cao nh&t khi_chiéu sang (12.000 - 24.000 lux) theo ché&
d6 8 gio mdi ngay.

Néng d6 CO, thich hdp nhat d6i woi cic Yoai vi'khudn lam c6 dinh nito phu thudc
vao nhiét do cua moéi trudng. D6i véi Anabakrid ejliidrica ching han, & 15°C néng do
CO, thich hop nhédt 1a 0,1%; mhtung ¢ nhiét d6 20°C hay cao hon thi ndéng d¢ CO,
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thich hop nhit lai la 0,25%. Né&u nang néng do CO2 lén dén 0,5% trd lén sé lam de
ché su phat trién cta vi khudn lam c¢6 dinh nito.

Nho sy phat tri€n ciia vi khudn lam trong rudng lia ma hang nam méi hecta dit
trong lua cé thé ldy dugc thém ti khong khi khodng 15 - 50kg nito, trung binh la
20 - 25kg, doi khi thu dugc dén 80kg hay hon nia.

Ngoai bién phdp bon phan (nh&t la phan lan) va trung hoa dit dé ddy manh hoat
dong cua khu hé vi khuidn lam c6 dinh nito cé sdn trong ruéng, tu lau ngudi ta da
chi y dén bién phap nuéi cdy moét s6 vi khudn lam c6 hoat tinh c6 dinh nito cao dé
bon thém vao cho dit. Hiéu qua cua bién phdp nay thudng khéng 6n dinh, nhung
khong it trudng hgp hiéu qua thu dugc 1a kha ré rét. ’

R6 rang day 1a m6t hudng nghién cdu rit dang chd y d6i véi mét nudc tréng lua
la chi yé&u, cd khi hau va muc d6 chiéu sang rat thich hop nhu nudc ta. Tuy nhién,
dé cd thé dua dugc moét s6 lugng lén giong vi khudn lam vao ruéng va dam bao day
di dugc cac diéu kién lam cho ching trd nén chi€ém uu thé trong rudong khong phai
la khong ¢ nhiéu khé khan dang ké.

Bién phdap sit dung t4p doan céng sinh "vi khudn lam -béo hoa d&u" ndi chung
thuan l¢i hon nhiéu. Trong diéu kién nudc ta beo hoa dau cé thé coi 1a loai cay phan
xanh va cay thidc an gia sic hét sic quy gia.

Béo hoa dau phat trién hét sdc nhanh chdng ma khong cdn st dung dén cac loai
thic an nito ¢d trong rudéng. Cac thi nghiém nudi cdy béo hoa dau trén cdac méi trudng
khong chia nito cho thdy viéc bd sung nito sé lam han ché& téc do phat trién cing
nhu téc do tich lay nito trong sinh khéi cia beo (Nguyén Lan Ding, 1969, V6 Minh Kha,
Tran Quang Thuyét 1970).

Beo hoa dau cd chia khoang 0,25% nito, trén méi hecta ddt néu dung dé nubi beo
quanh nam cd thé thu dugc tdi 200 - 360 tdn ch&dt xanh, va nhu vay la tuong duong
voi khéi lugng nito cia 2500 - 4500 kg sunphat amon. That khd cd loai cay phan
xanh nao dat dugc nhu vay. Beo hoa dau c6 thé s6ng chung védi lua, c6 thé khdng ché
dé dang dé& cho lui di khi cdn thit, c6 thé phan giai nhanh trong d4t, ngoai ra.con
co cd tac dung chdng cd dai, chéng han, chéng ndng cho lia mua, chéng rét cho lua
chiém va laa xuan.

Trén dit dung d€ san xudt thdc an gia suc néu dung dé tha beéo hoa dau va cham
séc tot thi méi hecta mébi thang trung binh cé thé cho ta 30 -40 tdn beo tuoi, tuong
duong vai 4500 - 6000 don vi thdc an (chda 450 - 720 kg protein tiéu hda). Khic
vOi tat ca cac loai thuc vat khdc, beo hoa dau do cong sinh véi vi khudn lam nén
chia mot lugng dang k€ vitamin B,, khoidng 70y /kg (tinh theo khdi luong kho).

Béo hoa dau thudng phdt trién nhanh va tich liy dugc nhiéu nito ti khéong khi
trong cac diéu kién thich hop nhit sau day :

- Nhiét do : 20 - 30°C.

- Do d&m khéng khi : 85 - 90%

- D6 chiéu sdang : 20.000 - 4000 lux

- Bon du phan photphat va phan kali

- Bon du voi dé trung hoa dat:

- Ngan beo va san beo kip thoi dé beo juén jsat-eanh ma khong de lén nhau.

- Bao dam viéc triet dé phdong tru cdc loai sau hai beo
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CAC NHOM VI SINH VAT KHAC CO KHA NANG CO DINH NITO

Ngoai cdc nhdm vi sinh vat c§ dinh nito chi y&u ndi trén nguvi ta con phat hién
thdy rdt nhiéu vi sinh vat thudéc cac nhdm phén loai khéc, it nhiéu cing ¢ kha nang
déng hda nito phan tt trong khong khi.

Nhiing sinh vat nay thudc vé cic loai sau day :

1. Ho Pseudomonadaceae : Azotomonas insolita ; A. fluorescens ; Pseudomonas
azotocolligans ; P. azotogensis ; P. methanitrificens ; P. non-liquefaciens ; P. herbicola.
Nhiéu loai Pseudomonas sp.

2. Ho Spirillaceae

Spirillum lipoferum, S. azotocolligens, S. magnum, S. speciosum. S. nana. Vibrio
frequens, V. hydrosulfureus, V. nonhydrosulfurus, Desulfovibrio desulfuricans, Desulfovidrio

sp.
3- Ho Azotobacteriaceae :
- Derxia gummosa, D. indica
4. Ho Rhizobiaceae.
Agrobacterium radiobacter
5. Ho Achromobacteraceae :
- Achromobacter parbutus, A. hartlebii
6. Ho Enterobacteriaceae :
- Aerobacter aerogenes, Klebsiella pneumoniae, Klebsiella rubiacearum
7. Ho Corynebacteriaccae :
Mo¢t s6 loai Arthrobacter sp.
8. Ho Bacillaceae :

- Bascillus polymyxa, B. megatherium, Thermobacillus azotofigens, B. truffauti,
Methanobacterium omelianskii.

9. Ho Thiorhodaceae :

Nhiéu loai Chromatium

10. Ho Athiorhodaceae :

- Thodopseudomonas palustris, Rhodepseudomonas capsulatus, R. gelatinosa.
R. spheroldes, Rhodospirillum rubrum, Rhodospirillum sp.

11. Ho Chlorobacteriaceae :

- Chloropseudomonas ethylicum, Cholorobium limicola, C. thiosulfatophilum.

12. Ho Hyphomicrobiaceae :

- Rhodomicrobiuny vannielii

13. Ho Mycobacteriaceae :

- Mpycobacterium roseo —albuni, M. invisible, M. azot - absorptum

14. Ho Actinomycetaceae :
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- Nocardia calcaren, N. cellulans, Streptomyces elephanatis primigeni, S.denitrificans,
S.griseo - viridis, S.putrificus, S.azotophilus, S.griseus, S. cylundrosporas, S.aureofaciens,
S.ruber, S.albidoflavus, S.fumosus, S.candidus, S.miaveolus, S.globisporus, S.coelicolor,
S.griseoruber.

15. Ho Treponemataceae :
Treponema hyponeustonicum
16. M6t s6 dai dién cila nim men va nim mdc :

- Saccharomyces apiculatus, S. ellipsoideus champagne, S. ellipsoideus, S. cerevisiae,
Torula wiesneri, Oidium lactis.

2.6. Co ché cia qua trinh ¢ dinh nito phan ti

Trong céng nghiép phan hda hoc viéc chuyén héa N, thanh cic dang hop chit cia
nito (mu6i amon, ure, nitrat) cdn tiéu t6n rdt nhiéu nang lugng. S6 niang luong cén
thiét dé téng hop ra mot tdn NH, tuong duong véi s6 nang lugng sinh ra khi dét
chdy 5 tin than dd. Trong khi d6 cédc vi sinh vat c8 dinh nito bing mét co ché nao
dé da thuong xuyén chuyén hda dugc N, thanh cdc hgp chit chia nito ngay trong cic
diéu kién binh thudng vé ap sudt va nhiét do. Néu kham pha ra dugc co ché& cua qua
trinh ¢6 dinh nito & vi sinh vat, thi ré6 rang sé c¢c6 thé md ra moét trién vong hét sic
to 16n déi vo6i viéc cai tién toan bd cdc quy trinh sin xuit phan nito hda hoc.

Ngudi ta nhan dinh ring trong t& bao cac vi sinh vat c6 dinh nito c¢6 chida nhing
hé théng enzim nao d6, nho sy xdc tic clda cédc enzim nay ma N, cia khéng khi cé
thé thuc hién dugc cdc phan dng lién két véi hidro hoac oxi trong khéng khi.

Ngay tu nam 1934 vién si Lién X0 (ci) A. N. Bakho (A. H. Bac) da viét : "Ching
ta hi vong ring bing con dudng nghién cttu vé li thuyét cia tdc dung cua cac chit
xUc tdc oxi hda khi sinh hoc di giy nén su lién két nito trong khéng khi nhd vi sinh
vt ma chung ta sé cd thé biét r6 dugc nhitng diéu kién thich hogp nhit cdn phél cd
dé tong hop ra amoniac trong coéng nghiép".

Ngay nay ngudi ta da cd thé thu dugc cac dich chiét vé bao 14y tu t€ bao cac vi
sinh vat c¢§ dinh nito. Nhing dich chiét nay c6 chita mét hé théng enzim phic tap
duge goi chung la nitrogenaza. Vi sinh vat sé tiéu t6n mot nang luong dang ké cic
hop chdt hitu co dé tao ra ngudén nang lugng cén thiét cho hoat dong cd dinh nito
cua ching. Bang c4ach n2do ma niang lugng nay duge sinh ra va hgp chit diu tién duoe
tao thanh ti N, ctia khong khi la hop chit gi ? Da c6 nhiéu gid thuyét khic nhau vé
cdc cg ché nay.

Nitrogenaza la mot phic hé enzim. Chung cdu tao bsi hai thanh phén, do la hai
protein cd phan tu nhd.

Mot thanh phan goi 1a protein séat, con goi 1a nitrogenaza khu hay thanh phan II.
Mot thanh phdn khédc goi la protein sdt - molibden cdon goi la thanh phan I. Thanh
phan II dugc nghién cdu & Clostridium pasteurianum gém 2 ti€u phan (subunits) déng
nhédt, méi ti€u phan cd khdi lugng phan tu la 29000, ¢ gitta €6 mot trung tdm chua
4 nguyén ti sit va 4 nguyén t& luu huynh khong 6n'\dinh v6i axit. Thanh phén I
(Mo-Fe protein) & C. pasteurianum phic tap hon, c6 khéi luong phan ti chung la
220.000 gém 2 nguyén ti-Mo, khodng 30 nglyén it [Fe va nhiéu nguyén ti S khong
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8n dinh v6i axit. Ching cfu tao bdi 4 ti€u phdn, gdm 2 loai, mot loai cé khéi lugng
phan tit 12 50 va mot loai ¢ kh6i lugng phan ti 1a 60.000. Méi loai gébm 2 ti€u phéan.

Dung c6t DEAE - xenlulozo cé thé tach ra duge thanh phdn I va thanh phan II.
Lic 'cho chay ra khoi cot thi Mo - Fe protein sé di ra trudc.

Mo- Fe protein & Azotobacter vinelandii cing cé khéi lugng phan tid 220.000, trong
cdu tao cé 32 nguyén tid Fe, 2 nguyén tit Mo va 26 nguyén td S khéng 8n dinh véi
axit. Trong khi d6 Fe - protein lai c6 khéi lugng phan tid la 65.000, cdu tao bdi 2
phdn gi6ng nhau, c¢6 chita 4 nguyén ti Fe va 4 nguyén td S khong 6n dinh véi Fe.

Khéi lugng phan tu cta thanh phdn I thanh phan II cta cdc vi sinh vat c6 dinh
nito la khong giéng nhau va cdon phu thuéc cid vao phuong phdp phén tich. S6 lugng
cdc nguyén ti Mo, Fe, S trong ting phan ti cing khac nhau tuy ting lodi vi sinh vat.

Duédi day 1a mét s6 vi du :

_ Thanh phin I (Mo - Fe protein) Thanh phén Il (Feprotein)

Phuong pha
& B Av Ac Rj Ca Kp Cp Av Ac Ca Kp Cp

Khéi Loc qua gel 221 216 180 235 220 210 64 63 62 62 55
lugng K
phan Li tam 245 197 2004 | 168 68.2 36
w Tinh tU phan 280 220 210 237 | 221.8 | 220 66 61 |64-80| 69.2 ss
(x1000) lugng tiéu phin
Tinh tu thanh phéin 227 223.5 | 229 | 2218 67 829 | 678 | 574
axit amin
Mo 2 1.9 1.3 22 2 2
S6 nguyén
t/phan Fe 34-38( 22 29, 23 32 23 3.4 4 38 4 4
S khong én |26-28| 20 26 20 24 2.8 3.9 24 38 4
dinh vai axit

Chu thich : Av = Azotobacter vinelandii
Ac = Azotobacter chroococcum
Rj = Rhizobium japonicum
Ca
Kp = Klebsiella pneumoniae

Corynebacterium ty dudng

Cp = Clostridium pasteurianum

343



Nitrogenaza khong chi xic tac viéc khu N thanh NH ma con co thé xuc tac viée
kht CH,CN, HCN, NH,;, N,0, C,H,, .. thanh cdc san pham tuong ung. Sau day ia
mot s6 vi du :

Ca chit Phan Ung héa hoc SO clectron can Hicu suft
tuong dé:
N, N, + 6H' + 6e” — NH, 6 1
Ni, NH, + 2HT +2¢7 —— 11, + NH, 2 3
NO NO +2HY + 287 —— N, + 11,0 2 3
| b CH, + 20T + 27 — CH, 2 3-4
[ e HCN + 6H™ + 6e” —— CH, + NH, 6 06
HCN + 4H™ + 4c” —— CH\NH, 4
CILEN CH,CN + 6H" + 6c” —> CH, + NH, 6 02
CHEN CH,CN + 6H™ + 6¢7 —— CH,NH, + NH, + CH, G 08
CH,CHEN 1 Cl,eHEN + 61T + 6e” —— CJH, + NH, o 02
CILCCH, 1 cicen, + 2HY + 267 —— CH,CHCH, z g
HO* 20" + 27— H, + 2H0 . 3

Lic nitrogenaza tdc dong lén co chdt ciac phdn Ung ndi trén cd thé sinh ra cic
tac dung can thiép. Ching han & 30°C lic Azotobacter vinelandii ti€n hanh c6 dinh
N, thi H, co thé dc ch& canh tranh viéc khu N,. Ngudi ta thudng st dung phuong
phap khi C,H, thanh C,H, dé xac dinh hoat tinh nitrogenaza trong phong thi nghiém.
Trén li thuyét dé kha 1 phan ti N, cén 6 electron con dé khi 1 phan tu CZHZ chi
cin cd 2 electron ma théi, tuc 1a phai kht 3 phan tu Csz mdi tuong duong vai viée
khi 1 phan tu N,. Can cd vao luong CZH4 sinh ra ma xac dinh dugc lugng nito cé
dinh dugc cua tung loai vi sinh vat ¢d dinh nito. Nhiéu khi ngudi ta khéng cdn tinh
todn ma dung ngay s6 lugng C2H4 sinh ra d€ bi€u thi hoat tinh cia nitrogenaza. Thanh
phdn I va thanh phdn II cua nitrogenaza déu rit mén cam v6i oxi. Chinh vi vay ma
viéc chiét xudt va phan tich nitrogenaza ®éu cdn tién hanh trong diéu kién hoan toan
ki khi (anaerobic) ’

Nitrogenaza & O°C dé mat hoat tinh hon so vé6i ¢ nhiét do thuong. Nhung & diéu
kién ki khi trong diéu kién lanh siau (bdo quan d nito long) thi nitrogenaza lai cd thé
git hoat tinh kha lau. Ngoai ra viéc b6 sung etanol c6 thé cd tdac dung bao vé hoat
tinh cta nitrogenaza.

Phan dng khi N, dudi sy xic tdc cia nitrogenaza cé thé bi€u thi van tat nhu
sau :

Nitrogenaza

N, + 6e + 12ATP + 12H,0 ——— 2NH, + 12ADP + 12P, + 4H"
Ngudi ta cho ring qua trinh khi nay bao gém nhiéu phan d@ng khu k& tiép nhau
+211 +2H +2H

N, — |[NH =NH] -—— (NH,, ~ NH,], — 2NH,

Tuy nhién cing cd t4C gid cho rang nitrogenaza co the khu truc tiép N, thanh
NH, ma khong phai qua Cac sdn phdmtrung/gien! [Hai| gia thuyét nay con eén ti€p
tuc dugc lam sang to. d
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So d6 chung ciu co ché kht N, thanh NH; dudi tic dung xdc tdc cua nitrogenaza
¢6 thé dugce bi€u thi nhu sau :

3NADH + 3H"

LI 12 ATP
eredoxin
LS N,

Fe
protein
12

Mo -Fe
protein
N,

ATP

Mo -Fe
protein

6e | o P —

Fe
protein
12

ATP

/ 2NH,
12 ADP "
- 6H
12 Pi
Nitrogenaza (Thanh phan 11) Nitrogenaza (Tharh phan 1)

Con mot cdch bifu thi khic co ché cia qud trinh khit N, thanh NH, duéi tac
dung xic tdc cua thanh phdn I va thanh phan II cia nitrogenaza. o] day thanh
phan I dugc biéu thi 12 vong tron cd ghi I con thanh phan II duge bidu thi la vong tron
cé ghi II.
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/ \( Coché chuyén
Pi

electron,H + ¢

Fd-e”
Fd
il \ Nmoganaza
e'// ;
QO @ .I
O

Cha thich : Fd = feredoxin

Viéc chuyén electron tit 1 feredoxin oxi hda qua nitrogenaza d& t6i N, cd thé bifu
thi nhu sau :

Fe-protein (reductaza)———] -Mo-Fe-protein (nitrogenaza)-
(ferredoxin) 2([Fe protein-2 MgATP® I 2(Mo-Fe protein],,Mo+*) N,
(X3) (X3) 6HO
H"erredtixin)kh 2(Fe protein-2 MgADPel, 2[Mo-Fe protein]_(Mo3") 2NH;
() =
'12MgATP 12HRO;
TU cic qua trinh trao ddi chat Chu lthich ox : oxi héajkh : Khu
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Con c6 thé bidu thi co ché cua qua trinh ¢6 dinh nito bang cac so d6 dusi day :
Nitrogenaza

Nitrogenaza khif
e—
» 7
> 2NHj
N,

Nguén nang lugng \ f» Oxi héa

H # i@ Feredoxin

18 - 24ATP ‘J Kher
Nitrogenaza

Fe Mo

o7 O
Pty

18- 24ADP + P

Nitrogenaza

No
Feredoxin kh(r
N, H 2e” 2¢ 26
Fe--{ N NH NH, NH; |
I [ —» 2NH,
| ’ —>H;
Mo=Sh NI NG RS IN NH, !
\
e'«f’ Feredoxin oxl hoa
e
: ATP  ADP+P;




@3 cac loai vi khuan lam (Cyanobacteria) co dinh nito, cong viéc khu N2 thanh NH3
xdy ra ¢ cdc té bao di hinh. Chi c6 cac t&é bao di hinh méi ¢ chua nitrogeraza Hoat
dong ¢6 dinh nito phdi hop véi hoat dong quang hop & vi khudn lam co thé Abidu thi
nhu hinh sau. Chang ta thdy rang & t& bao di hinh khéng cé hé théng quang hop II
(PSII) ma chi c6 hé théng quang hgp I (PSI). Chinh vi vy ma ching khéng lam san
sinh ra Oz’ tao diéu kién ki khi cho hoat dong c6 dinh nito :

Té bao té bao sinh dudng
/di hinh N,

/

Nitrogenaza

L)
o Fe. protein
G- L i ol

\—/ T NADPH ~ H’

PSI f(CH?O) 7

O, ann CO,
sang

WS
2 n ng khi .
Su phan giai : 9

NE&m va vi khudn
phan gidi xéc
hin co

Béng héa

&9 .
Amon héa @
KhU nitrat \. /
@ Nitrat hoa
<,.‘:—:_1

Chu ttinh nitd trong ty=phién
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Béo hoa dau (Azolla)

B %

Vi khudn lam Anabaena azollae
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N6t sin & ré cay bo Dau

Cay dau

V' R
IS

, TN \ 3 i

A IS
|

, N6t san

Vi khudn
nét san

Sy (Hinh thanh. nét! sAn (&' cay 166D !
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su cong sinh v3i Frankia

N6t sAn & ciy Alnus glutinosa 120 thanh do
n cay Comptonia peregrina

Ben phai : cac 18 bao Frankia & trong not sa

hinh

IR0 thuc hién qua trinh O Jinh nitd



Azotobacter

Chu"trinh-phat trién chalCepasteurianum

Phooes v
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CHUONG VviiI

SINH TRUONG VA PHAT TRIEN O VI SINH VAT

Sinh trudng va phat trién la thuéc tinh co s6 cua sinh vat. Cing nhu dong vat
va thuc vat vi sinh vat cing sinh trudng va phat tri€n. Sinh trudng la su tang kich
thuée va khéi lugng cta t& bao, con phat tri€n (hoic sinh san) la sy tang sé lugng t&
bao. Trong chuong nay chi dé ciap dé&n sinh trudng va phat trién cua vi khudn, vi ¢
vi khudn vdn dé nay da dugc nghién ctu sdu réng dén mic cd thé khai quat hoa dudi
dang todan hoc. Sinh trudng va phat trién ¢ cdc vi sinh vat khac, chu yéu la & vi sinh
vat don bao, khéng khac ldm so v6i ¢ vi khudn, nhitng kién thdc chung vé sinh trudng
va phat trién & vi khudn cing cé thé dng dung vao cdc vi sinh vat khéc.

Diéu can chua y la khi ndi vé sinh truéng va phat tri€n cta vi khuidn tic 1a dé
cap dén sinh trudng va phat trién cua mét s6 lugng lén t€ bao cta cung mot loai. Ré
rang, viéc nghién cdu & moét ca thé t& bao vi khudn qua nhé 1a rat khd.

Tuy nhién, sy tang s6 lugng t€ bao khong phai bao gid cing dién ra song song
v6i sy tang sinh kh&i. Chang han, khi ch4t dinh dudng trong méi trudng da can, vi
khudn tuy con phédn chia 1 - 2 l4n nhung cho 2 - 4 t& biao nhé hon t& bao binh
‘thudng ; trong pha md d4u, sinh khéi vi khudn tang 1én, nhung s6 t& bao khéng thay
déi, ngugc lai, vao cudi pha logarit kich thuéc t& biao gidm di nhung s6 t& bao vin
con tang.

Vi vay can phan biét cac thong s6 va hang s8 khac nhau khi xac dinh s lugng
hoac khéi lugng vi khuin.

Cic thong s6 va hing s6 dung khi xdc dinh s6 lugng va khéi lugng vi khudn

S6 lugng vi khuin Khéi lugng vi khudn
Don vj thé tich Néng d6 vi khudn (s6 t€ bao/ml) Mat do vi khuin (sinh kh6i
S6 lan tang doi sau don vj thdi Hing s6 t6c do phan chia C kho/ml)
gian (h-1) Hing s6 t6c do sinh trudng
Thai gian cdn cho sy ting doi Thai gian thé h¢ g(h) uth - 1)
Thai gian tang doi td (h)

Khi xac dinh s6 lugng hoac khéi luong cua vi khudn ta thudng dung dich treo
déng déu cua cac t€ bao trong moi truong dich thé nao do ma xac dinh ndng doé vi
khuén (s6 t& bao trong dml) hoac mail dé! vi’khi:én- (mg/ml). Tu két qua d6 cac chi
s6 nay co thé tinh dude hing sé tée do phan chia t& bao (thé€ hién bing s6 lan ting
d6i nong do vi khudn sau 1 gi¢) va dai ldgng mguoc lai, fulc thoi gian thé hé (thdi
gian cdn cho s6 lugng.té. bao.trong.mot.quan. thé vi khudn tang gip dei).
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Trong diéu kién phong thi nghiém thudng thudng ta theo doi anh hudng cua cac
y&u t6 moi trudng 1én sinh trudng va phét trién cia vi khuidn nhd cidc phuong phap
nudi cdy thich hgp. Tuy theo tinh chét thay d8i trong hé théng vi khudn - moéi truong
ta phan biét hai phuong phdp co ban nuéi cdy vi khudn : nubdi cdy tinh va nuoi cdy
lién tuc.

M6t vi sinh vat trong diéu kién méi trudng thich hgp sé khong ngitng hdp thu
chdt dinh dudng va tién hanh trao d8i chit. Néu qua trinh déng hda 1én hon qua trinh
di hda thi t6ng sG nguyén sinh chdt (kh6i lugng, thé tich, kich thudc) sé khong ngiing
tang lén. DS la hién tugng sinh trudng cta ca thé. Néu la qua trinh sinh trudng can
bang thi cdc thanh phdn cta t& bao cing tang lén theo nhitng ti 1& thich hop, khi dat
dén moét muc d6 nhdt dinh sé hinh thanh su sinh san. Khi d6 sé lugng ca thé tang
lén. Ca thé ban ddu sé phat tri€n dédn lén thanh moét quédn thé, sy tiép tuc sinh trudng
cia c4 thé trong quidn thé tao ra su sinh trudng ctia quin thé. Do dg :

Sinh trudng cd thé — Sinh san ca thé — sinh trudng quin thé. Sinh trudng quin
thé = sinh trudng ca thé + sinh sian c4 thé.

Trong vi sinh vat hoc khi ndi dén sinh trudng la ndéi dén sy sinh trudng cua ca
quin thé (khac v6i khi ndi téi sinh trudng & cic sinh vat cé kich thudc 16n).

1. MAU LI THUYET VE SINH TRUONG
VA PHAT TRIEN CUA VI KHUAN

Ta hay tudng tugng trong mot binh kin chda mét lugng 16n méi trusng dinh dudng,
ta cdy vao dé mot t€ bao vi khuin. N&u thanh phdn méi trudng hoan toan phu hop
v8i nhu cdu cia t&€ bao, vi khudn sé sinh trudng, ting khdi luong va thé tich, téng
hop cdc thanh phdn cta t& bao (thanh t& bao, mang t& bao chdt, ADN, ARN, protein...)
cho dén khi kich thudc 16n gdp doi. R6i vi khudn phan chia cho hai t& bao. Hai té&
bao nay lai ti€p tuc sinh trudng va phan chia dé cho 4 réi 8, 16... t& bao.

Né&u s8 t& bao ban ddu khong phai 1a 1 ma la N, thi sau n lan phan chia ta sé
cd sd t€ bao téng cong la N :

N=N_.2° (D

Cac gia tri N va N_ ¢6 thé xdc dinh nhd phong dém hoac tinh s6 khudn lac moc
trén moi trudng dac. Con gid tri n (s6 th& hé) co thé tinh nhd logarit thap phan :

logN = logN0 + n.log2

Tu do :
1
n = @'(lOgN = logNO) (2)

Gia du, vi khudn phan chia n ldn sau thoi gian t, khoang thoi gian gitta 2 lan
phan chia lién ti€p (hodc thoi gian cdn cho viéc tang déi s6 t€ bao) goi la thoi giun
thé hé va bi€u thi bing g :

. o (3)
&~ 3 1ogN—logN )

0 day t, - t, biéu ‘thi'su sai kbic giira gthyicgian ddu (t) va thai gian cu6i (t,)
tinh bang glo trong d6 s6 té-bao-dugc xac dinh. Gia tri dao nghich caa thoi gian thé
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hé hay la s6 lan phan chia sau mét don vi thdi gian (tdc sau 1 gid) goi la hdng s6
téc d¢ phén chia C :
1 - 1 (logN—logNo)

C=-=—-=— — 4)
g t log2 t, =t

R6 rang, thoi gian thé hé cang ngin, vi khuédn sinh trudng va sinh 'san cang nhanh.
Vi

C=%nénn=Ct (5)

Thay gia tri cia n vao phuong trinh (1) ta cd :

' N=N_.2¢ (6)
Hing s6 t6c d6 phan chia C phu thudc vao mét s6 diéu kién :
a) Loai vi khudn :
Vidu:d 37°C . C = 3 dé6i véi E. coli va C = 0,07 d6i véi Mycobacterium tuberculosis.
b) Nhiét d¢ nuéi cly :
Vi du : E. coli nudi ciy trong nudc thit :

Nhist d6 (°C) Thoi gian th€ hé (phiat) |Hang s8 téc do phan chia C
18 120 0,5
22 60 1
30 30 2
37 20 3
42 20 3
43 = 0

¢) Mo6i truong nuéi cly :
Khi nuéi cdy B.subtilis § 37°C, trong :

- nudc thit C =2
- moéi trudng khoéhg - glucozo C =0,8
- méi trudng khodng - xitrat C =03

- moi trudng khodng - glucozo - xitrat C =12

Tuy nhién d6i v6i mot co chdt da cho hing s6 t6c d6 phan chia khéng phu thudc
vao néng d6 trong mot thoi gisi han rong. Chidng han d6i véi B. subtilis, khi nudi cdy
trong moéi trudng chia glucozo, du néng do glucozo bing 0,3 hay 50g/1 ta vin cd
C = 0,8 ; C chi gidm khi néng d6 dudng vugt ra ngoai cdac giéi han ndi trén.

Nhung, nhu trén da ndi, khong phai bao gid sinh trudng (ting sinh khéi vi khuZn)
cing dién ra song song v6i sinh san (tang s6 lugng vi khudn), trudng hgp nay chi gap
trong pha logarit. Vi vay-khi-nghién-citu-déng-hoc-trong-cdc-quéa trinh nuéi cdy lién
tuc ta thudng theo déi sinh-trudng wva siah, sin.cia quan,thé vi khuidn bing mot tiéu
chuén khac. Cing cd thé bi€u thi bing s6 lvgng t& hao ‘nhung ph8 bién hon 1a biéu
thi bang sinh kh6i vi khuin, bang chit kh6 hdy b&ngimat do quang hoc... (cAn chu y
ring mat d6 quang hoc ti 16 véi s té€ bao). Thay cho hing s6 t6éc dd phan chia (C) &
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day ta dung hing s6 téc d6 sinh trudng u. Nhu vay trong mot khoang thdi gian 12 dt
da c6 moOt sy tang dX cia sinh kh6i vi khudn tl 16 v6i X va u. Nghia 1a :

dXx

hay :

1
;(lnX -InX) =

InX - InX_ = ut (8)
X
ln'i‘ = ut
o]
x t
X = e
o
_ 1
X=X .¢ 9)

J day X, la lugng sinh kh6i ban ddu (s6 t€ bao, chit khé, mat d6 quang hoc...).
Ti phuong trinh (8) ta cd thé tinh dugc 4 :

InX —1nX
(o]
B=—
Va chuyén sang logarit thap phén :
(1gX ~1gX )
= 2,803————— (10)

Ztl

Néu lugng sinh khéi (X X) bi€u thi bang s6 t€ bao (N N) ta sé x4ac dinh dugc
méi quan hé qua lai giita héng s6 t6c d6 sinh trudng (u), héng s6 t6c d6 phan chia
(C) va thai gian thé& hé (g).

Két hop céc phuong trinh (4) va (10) ta cd :

0,69
= 069C = == (11

Duéi day xin giéi thigu hai mo hinh todn hoc ctia Monod vA Verlhurst vé qua trinh
nudi cy phan dot (batch culture) hay cdfi|goi la\qud trinh nuoti cdy khép kin (closed
culture).

Goi Y, 12 hiéu suft thu héi vi-khuin ta ‘cé’eac phuong trinh vi phan sau day :
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dx A max S 0

dat = k +S ¥

ds 1 dx

- TY,a @
x/s

Ltac khdi ddu thit = 0, x = X, S = SO.
Suy ra x, s tuy theo t bién d8i ma cd mét quan hé ham s6. D€ don gidn héa két
qua cd thé bi€u thi nhu sau :
X = x(x + Y ; So)
= s(s, + xO/Yx/S) 3)
= k(s +x /Y -

1.0

x[-1]

0.1

0.05

.Giai cdc phuong trinh trén ta c6 :

-/Hn X +(1 +1).P X =H 4)
o o

X+S=X+S =1 (5)

Cé thé vé duong cong sinh trudng dua trén céng thdc (4) khi x, = 0,05 nhu dé
thi sau day :

NGi chung néu k_ thép, lic S > 10g/l thi tri s6 4 sé thu nhd.

Do c¢d su tich lay cira c4ac chat e ché, cho nén m6 hinh gidm téc dd sinh trudng
c6 thé bi€u thi la :
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Trong dd, i la néng d6 ch4t wc ché. Gia du gita néng do chit dc ché& va viéc giam
téc dd sinh truéng c6 quan hé tuyén tinh, va téc dé san sinh chit dc ché ti lé vai
hiéu suit t6c d6 sinh trudng thi :

d d

— = .=

t d » @
Néu t = 0, i = 0, 1y diéu kién ban ddu cia cong thdc (7), thuc hién tich phan

ta sé cd :

i=bkx - x ). Dua vao cong thic (6) ta duge :

(=9

dx
= kx {1 — ab(x = x)}
ab
=k(1+abx0).x(l—m—.x) (8)
[e]
Gia thu k(1 + abxo) = ko, 1+ abxo)/ab = x
thi : )
dx X
E=kox(1—x—) (9)

st

M6 hinh Verlhurst dugc bi€u thi bang cong thiéc va dudng cong nhu sau :

xO
- x_“ exp(kot)
T K %
{( 1 —;l‘) +;:exp(kot) }

X/Xal[’ ]

Buong- cong Verlhursy
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2. SINH TRUONG VA PHAT TRIEN CUA VI KHUAN TRONG DIEU
KIEN NUOI CAY TINH. DPUONG CONG SINH TRUONG

Né&u theo déi sinh trudng va phat tri€én cia vi khudn trong diéu kién phong thi
nghiém ta nhin thdy s6 lugng ching tang lén r4t nhanh. Diéu nay dé hi€u, vi véi
diéu kién thich hgp thdi gian t thé hé (hay ndi ding hon, thdi gian tang déi) cia
nhiéu loai vi khu&n chi vao khoang 30 phit. R3 rang cic qua trinh sinh téng hop cing
nhu cdc qud trinh di hda (nhu hé h&p) nhdm cung cdp nguyén liéu va nang lugng cho
c4dc phan Ung téng hgp da dién ra trong t&€ bao véi téc do rdt nhanh, hoan toan khong
thdy & cdc sinh vat khac. Ching han, mét t€ bao vi khufn néu dugc cdy vao méi
trudng thich hgp sé cd thoi gian th& hé 1a 30 phut ; t€ bao cé khéi lugng kho khoing
2,5.1073g va thé tich khoang 10™'%cm>. Sau 48 gid ta da c6 mot quin thé€ vi khufn
chitng 102 t& bao, véi khéi luong kho cing 10" tan va thé tich 10'! m>. Di nhien
tinh hinh ndi trén khéng bao gi x3y ra vi sinh trudng va sinh san cia vi khuédn trong
mot hé théng déng chl sau moét thdi gian nh4t dinh, vi nhiéu nguyén nhan khéc nhau,
sé bi nging lai.

Phuong phap nuéi cdy ma trong suft thoi gian dé ta khong thém vao chit dinh
dudng cing khéng loai bd di cdc sin ph&m cu6i cing cta trao d8i chdt goi 12 nuoi
c@y tinh (qudn thé€ t& bao bi gi6i han trong moét khoang khéng gian nhit dinh). Su
sinh trudng trong moét "hé théng dong" nhu vay tudn theo nhitng quy luat bit budc
khong nhitng d6i véi cdc co th€ don bao ma ca d6i v6i cdc co thé da bao.

2.1. Pha lag

Pha nay tinh ti& ldic bit ddu cfy dén khi vi khuin dat dugc t8c d6 sinh trudng
cuc dai. Trong pha lag vi khudn chua phan chia (nghia 12 chua c¢é kha ning sinh sin)
nhung thé tich va kh6i lugng t& bao tang l1én r6 rét do qua trinh t6ng hop céc ch4t,
trudc hét 12 cic cao phan ti (protein, enzim, axit nucleic...) dién ra manh mé. Ching
han, moét s6 enzim cin cho qud trinh t6ng hgp thudc cdc endoenzim loai proteinaza,
amilaza va c4c enzim ndm trong qua trinh chuyén héa gluxit, déu dugc hinh thanh
trong pha nay (hinh A).

77

A

Lvong enzim/mg chs.

Viéc hinh.thanh.enzim trong moi trudng nuoi cdy vi khudn
1 - Enzim xic t4c-qué trinb-t6ng hdp/;

2/ - Enzim xic tdc qua trinh phin giai ;

3 - 'Ch4t t€ bao (1€ bao chdi)l
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Do dai cua pha lag phu thudc trudc hét vao tudi cia &ng giéng va thanh phan
mdi trudng. Chang han, pha lag sé khéng cd néu ta dung &ng gidng gém cac té bao
dang & pha sinh trudng logarit va cdy ching vao cing mét moéi trusng duéi nhing
diéu kién nudi cdy nhu nhau. Trai lai néu ta cdy cic t€ bao d pha dn dinh hoac cic
bao tlt vao cing mot moi trudng dudi nhitng diéu kién nuéi cdy nhu nhau, pha lag
vln cd. Thudng thuong t& bao cang gia thi pha lag cang dai. R6 rang nguyén nhan
cia pha lag 1a sy khidc biét gitta cdc t&€ bao & pha 8n dinh (hoac bao tu) véi cac té
bao dang sinh trudng logarit. Trong pha lag dién ra viéc xay dung lai cac té bao nghi
thanh cac t& bao sinh trudng logarit (hoac sinh trudng theo liy thua).

Nhung ngay khi dung cdc t& bao dang sinh trudng logarit ma cdy vao moéi truong
mdi khdc v6i méi truong truéc day ta vdn thdy pha lag. Nguyén nhan cta pha lag
trong truong hop nay chinh la sy thich dng ctia vi khudn véi diéu kién nudi cdy mdi ;
su thich Wng dd cd lién quan tdi viéc tdng hgp cdc enzim mdi ma trudc day té bao
chua cdn. Cac enzim méi nay dugc téng hgp nhd sy cidm uUng cta cac co chit mdi.
Hay ldy mot vi du : néu chuyén cac t&€ bao dang sinh trudng logarit ti méi truong
khoang vdi glucozo sang cung mot moéi truong nhung véi mantozo ta sé thdy xuidt hién
pha lag ; r6 rang nguyén nhan ¢ day la thoi gian cdn cho viéc hinh thanh enzim
maltaza (a - glucozidaza). Mot vi du khac vé tdc dung cua co chat lén tdng hgp enzim
la hién tugng sinh trucong kép. Dac trung cta hién tugng nay la dudng cong sinh
truéng gébm hai pha lag va hai pha log : sau khi k&t thuc pha log thd nh&t t& bao lai
md ddu pha lag thd hai va ti€p tuc pha log thd hai. Vi khudn sinh trudéng kép khi
moéi trudng chda nguén cacbon gém moét hén hop cua hai chdt hitu co khac nhau, trudc
hét 1a cdc gluxit. Khi sinh trudng t€ bao sé déng hda trudc tién nguén cacbon nao ma
ching "wa thich" nhidt. Déng thdi co chdt thd nhdt nay da kim ham cic enzim cédn
cho viéc déng hda co chit thd hai. Chi sau khi nguén cacbon thd nhdt da can thi
ngudén cacbon thd hai méi cé thé cam ung téng hop nén cic enzim cdn trong viéc
chuyén héa nd. R6 rang qua trinh téng hop nay doi héi mét thoi gian nhat dinh. Do
la li do ¢c6 mat cua pha lag thd hai. Hién tugng sinh trudng kép da dugc nghién ciu
kj & E. coli. Khi nu6i cdy vi khudn nay trong méi truong chda glucozo va sorbitol,
trudc hét glucozo cAm dng tdng hop cac enzim chuyén hda duong nay dong thoi kiém
ché& viéc t6ng hgp cdc enzim déng hda sorbitol. Sau khi glucozo da dugc st dung hét
mdi dén luot sorbitol cAm Ung téng hgp cac enzim nam trong viéc chuyén hda nguén
cacbon thd hai nay (hinh B).

Hién tuong sinh trudng kép da duogc nghién ciu & hang loat dudng khi dung hén
hop véi glucozo. Theo dd ngudi ta chia nhitng dudng nay thanh hai nhém : nhom A
gém cidc duong khéng cho sinh truéng kép véi glucozo (glucozo, fructozo, mannozo,
mannitol) va nhém B gém cic dudng cho sinh trudng kép voi glucozo (galactozo,
arabinozo, xilozo ; ramnozo, sorbitol, dulxitol, mantozo, lactozo).

Hién tugng sinh trudng kép khong chi han ché ¢ cdc ngudn cacbon va nang lugng
ma thidy & cdc nguén nito va photpho. Ching han Aerobacter aerogenes cd thé€ su dung
l]am ngudén nito cdc axit amin, mudi amon va nitral. Néu vi khudn nudi trong nudc
thit dugc cdy truyén sang moéi trudng chia mudi amon hodc muéi nitrat pha lag sé
bi€u hien. Né&u tu nudc thit cdy chuyfn vi khudn sang mol trudng chia hén hgp ca
hai mu6i ta sé thdy hién tuong sinh truéng kép.|Céc-ion NH: dugc dong hda trudc
tien dong thoi kiém ché viéc téng hgp cam Ungenzimpnitrat - |reductaza. Chi sau khi
muéi amon da can mudi nitratméi-duoc su dung thinh C)
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Sinh trudng kép cua E. coli trong hén -hgp glucozo + sorbitl (B)
Sinh trudng kép cua A.aerogenes trong hén hgp muéi amon va nitrat (C)

E. coli c6 th€ chuyén hda cic ngudn photpho khac nhau va thé hién sinh truéng
kép : trong mdi trudng chda hén hop K, HPO, va B-glixerophotphat vi khudn si dung
photpho v6 co trudc va kiém ché viéc t6ng hop cadm ¢ng photphataza kiém.

R6 rang sinh trudng kép 1a mot hién tuong phd bién va cd thé giai thich bang co
ch& kiém ché& ndi chung va dac biét bing hiéu ung glucozo.

Viéc tim hi€u d¢ dai thoi gian cia pha lag la cdn thist trong viéc phan doan dic
tinh cia vi khuidn va tinh chdt cia méi trudng. Cdn chi y ring dé€ thuin tién cho
viéc tinh todn, ngudi ta chuyén cac phuong trinh nay thanh cdc phuong trinh dudng
thing bing cach st dung logarit (logarit tu nhién hoidc logarit co s6 2) :

InN = ctin2 + InNo

= ut + InNo
Va :
logzN

ulog,e + logzNo

ct + log,No

Pha lag dugc coi nhu la khodng cach thoi gian gita dudng thidng thuc nghiém
(hoac thuc t& va dudng thang li tudng song song véi nd khi ma vi khu#n, gia du
khéng phai trai qua pha lag. Goi khodng cach thai gian cia pha lag 1a Tl ta cg :
Tl = tr - ti

= tl - to
Phuong trinh cia dudng-thing-li-tuéng-la-

logNi =.oti + legNo
A%
logNi = logNr
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ta cd thé viét :
logNr = cti + logNo
logNr - logNo = cti.

. logNr — logNo
f s e
c

thay gia tri cia ti vao phuong trinh Tl = tr - ti ta c6 :

i logNr — logNo
c

Tl =

Nhu vay trong ving sinh trudng logarit ta chi cdn chon mét gia tri tr thich hgp
va néu biét dugc gia tri Nr tuong Ung cung voi hing s6 téc do6 sinh trudng c ta cd
thé tinh dugc d6 dai thoi gian cta pha lag Tl

Tuy nhién dai lugng T, hay ndi cach khac thdi gian vat li v6i don vi 1a gio, khong
phai 1a d¢ do thich hop cua pha lag. Nhu ta da biét, pha lag bi€u thi su thich nghi
cta vi khudn vdi mot méi trudng da cho. Trang thai sinh li cta vi khudn cang xa vdi
sinh trudng logarit trong moi trudng méi thi pha lag cang dai. Nhung yé&u t6 thd hai
anh hudng dén d6 dai thoi gian cta pha lag la téc do ciua cdc qué trinh dién ra trong
t& bao, truéc h&t 1a téc do tdng hgp cdc enzim thich dng méi. Gia thid, hai t&€ bao co
cing mot trang thai sinh li d6i voi diéu kién nudi cdy mdi nhung mot trong hai té&
bao c¢d hoat tinh sinh 1i (nghia 1a t8c d6 cua qua trinh trong t& bao) gdp doi t& bao
kia. Ta dé hi€u pha lag & t& bao cd hoat déng trao d8i chdt manh mé hon phai ngin
hon pha lag & t&€ bao thd hai.

Vi viy ngudi ta thudng do pha lag bing don vi thdi gian sinh hoc (hodc sinh li)
nhu thoi gian ting d6i, thdi gian th& hé, hing s6 t6c do sinh trudng. Biét thoi gian
the hé (g) ta ¢S thé xdc dinh dugc d6 dai thoi gian cua pha lag (T1) gdp méy lan thoi
gian thé hé. Dai lugng nay duoc goi la lag sinh trucng.

C6 rat nhiéu y&u t6 anh hudng dén pha lag. Dang chu y nhit dén 3 y&u t6 sau day :

- Tudi gi6ng cdy : Tudi cia quan thé gi6ng cdy tic la ching dang & giai doan
sinh trudng nao, cd anh hudng rit ré6 dén pha lag. Thuc nghiém ching minh néu gidng
cdy & giai doan pha lag (hay pha chi s6) thi pha lag sé ngan. Ngugc lai néu giéng cdy
& pha lag hay pha ti vong thi pha lag d vat nuéi sé kéo dai.

- Lugng cdy giéng : NGi chung lugng cfy giéng nhiéu thi pha lag ngan va ngugc
lai. Trong cong nghiép 1én men ti 1& cdy gidng thudng & mic 1/10.

- Thanh phin méi truong : Méi truong cé thanh phdn dinh dudng phong phu
(thudng 1a c6 mbi trudng cé co chadt thién nhién) thi cho pha lag ngin. Trong cong
nghiép 1én men thanh phén cia mdi trudng lén men thudng tranh sai khdc nhiéu so
v6i thanh phdn cia moéi trudng nhan giéng.

o
g
hoac : ==, C
1
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D6 thi biéu dién pha lag :
1. Dudng thing li tudng
2. Duong thing thyc té.
(r = real = thyc té ; i = ideal = li tudng)

2.2. Pha log

Trong pha nay vi khudn
sinh trudéng va phat trién
theo ldy thita, nghia 12 sinh
khé6i va s6 lugng té€ bao tang
theo phuong trinh N = No.2%
hay X = Xo.cd. Kich
thudc cua té& bao, thanh phan
héa hoc, hoat tinh sinh li...
néi chung khong thay dai
theo thdi gian. T¢€ bao ¢ trang
thai dong hoc va dugc coi
nhu 1a "nhiing t& bao tiéu
chuén".

Nhu trén dia ndi, néu ta
ldy truc tung la s t& bao,
truc hoanh la thoi gian-ta-sé
c6 duong biéu dién 12 dudng
cong nhu sau :
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Sinh trudng thee ldythifa cua cac vi sinh vat don bao
1 - Phuyang phap.thong thudng biéu dién két qua
1§ - Thang logarit
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Thoi gian thé hé & mot s6 loai vi khuin

Tén loai vi khu&n Nhiét d6 nuéi cdy (°C) Thoi gian th& hé (min)
Escherichia coli (trén nudc thit) 37 17
E.coli (trén sita) 37 12,5
Enterobacter aerogenes (trén nudc thit) 37 16-18
E.aerogenese (trén MT téng hop) 37 29-44
Bacillus mycoides (trén nudc thit) 37 28
B.cereus (trén nudc thit) 30 18

B. thermophilus (trén nudc thit) 55 18,3

B. subtilis (trén nudc thit) 25 26-32
B. megatherium (trén nudc thit) ‘ 30 31
Lactobacillus acidophilus (trén sita) 37 66-87
Streptococcus lactis (trén sita) 37 26

S. lactis (trén sita — dudng - thit) 37 48
Salmonella typhi (trén nudc thit) 37 2

Vibrio cholerae (trén nudc thit) 37 21-38
Staphylococcus aureus (trén nuéc thit) 37 « 27-30
Clostridium butyricum (trén nudc cao ngd) 30 51
Azotobacter chroococcum (trén glucozao) 25 240
Rhizobium japonicum (trén glucozo) 25 344-461
Mycobacterium tuberculosis (trén MT téng hgp) 37 792-932
Nitrobacter agilis (trén MT tdng hgp) 27 1200
Treponema Rallidum (trén tho nha) 37 1980

M6t d6 thi nhu vay r6 rang khong cé lgi cho viéc tinh toan. Cho nén ngudi ta
thuong ldy truc tung la logarit cia s6 t& bao va dudng bi€u dién sinh trudng theo lay
thita cia vi khuidn sé 1a dudng thing. Vi pha sinh trudng theo liy thita cta vi khudn
duge bi€u dién bang su phu thudc theo dudng thing gitta thdi gian va logarit cua sg
t&€ bao nén pha nay dugc goi la pha logarit. Hon nita, ngudi ta thudng dung logarit
cd s6 2 1a thich hgp hon ca vi su thay d6i moét don vi cia log, trén truc tung chinh
l1a sy tang d6i s6 lugng vi khudn va thoi gian cdn dé ting moét don vi cia log, lai la
thdi gian thé& hé.

Ba thc‘).ng s6 quan trong ciua pha log la thoi gian th€ hé (hoac thoi gian tang doi)
g, hing s6 téc d6 phan chia ¢ va hing sd téc do sinh trudng u. N&u xac dinh thoi
gian th& hé g theo s6 t& bao bing phuong phap ndi trén ta sé nhan dugc gia tri trung
binh. Trén thuc t& trong mét quin thé vi khudn luén ludn cé mot s6 t&€ bao khong
¢ kha nang phan chia. Vi vay cac t& bao phan chia_manh thudng cd thoi gian thé& hé
nhd hon gid tri trung binh tim-thdy. Cac hang sé ¢ va u c6 thé tinh dugc ti phuong
trinh.

log X, —log X
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Cdc hing s6 nay thay ddi tuy theo hang loat y&u t6 moj trudng va diéu kién nugj
cdy. Tuy nhién trong digu kién thi nghiém c6 thé digy chinh sao cho téc dd sinh trudng

ch& thi hang s6 téc dd phan chia (hoac sinh trudng) sé la ham sé cuaa ndéng do ch4t
dinh dudng han ché& ndy. Chat dinh dudng han ché cé thé 1a dudng (saccarozg, glucozq)
axit amin (triptophan acginin), chdt vé co (photphat, COZ). Néu bi€u dién cac ket qui
thu dugc thanh dé thi (v6i hang s6 ¢ hoac x phu thuse vao néng dé chit dinh dudng

han ché) ta sé nhan duge duong cong tuong tu dang hjpecbol Ung vGi phuong trinh
= xaTxd nghia 12 gan véi dudng cong biéu dién sy phu thuéc cia téec do phan ng
enzim vao néng d6 co chit :

[S]

v=V,m

Sinh truéng theo lay thita ctia mét vi khudn cé thai gian thé hé 1a 20 phit

Thoi gian S6 lan phan S6 t& bao bidu thi bang
(phat) Eiia s6 6 hoc log, log,,
0 0 1 0 0,000
20 1L 2 1 0,301
40 2 4 2 0,602
60 3 8 3 0,903
80 4 16 4 1,204
100 5 32 5 ' 1,505

Vi vay Monod da néu lén mét cdach tuong tu méi quan hé gilta ciac hing s6 c va
k4 vOi néng d6 chit dinh dudng han ché€ qua cic phuong trinh :

(8]

= cmax\Ks +15]
va

_ [S]
H= Hinax K_+[S]

o] day Crnax V@ #. lan lugt la hing s§ téc d6 phan chia va hing s6 téc do sinh
trudng cuc dai, Ks la héng s6 bao hoa va [S] 1a néng d6 chat dinh dudng han ché.
Giéng nhu hang s6 Michaelis Km, hiang s8 bao hoa KQ bi€u.thi i luc cia t& bao d6i
v6i chdt dinh dudng : Gia tri-cua K cang nho thi 4iduc cang l6n. DS la néng do cia

1 3
chat dinh dudng han chd ma & dg #odat dugc pa.gid. tri cuc idai, tde B = g, Gid
max
tri cua K. thuong rat thap.
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Mot sé hiing s6 bio hoa

Vi sinh vat Ch4dt dinh dudng han ché& I{.g
E. coli glucozo 4mg/l
E. coli mannitol 2mg/l
E. coli lactozo 20mg/l
E. coli glucozo 7,5mg/l
E. coli triptophan 0,2 dén 1,0 ug/l
E. coli triptophan 0,4ug/
M. tuberculosis glucozo 3,9ug/
A. aerogenes photphat 0,6mmol/l
B.megathermm O2 3,1.107® mol/l
E. coli 0 7
> 6,0.10° mol/l
0, 2,2.1078 mol/.

2.3. Pha 6n dinh

Trong pha nay quidn thé€ vi khudn g trang thdi can bing dong hoc, s6 t& bao méi
sinh ra bang sé t€ bao ci chét di. K& qua : s6 t€ bao va ci sinh khéi khéong tang
cing khong gidm. T8c d6 sinh 90
trudng bay gid phu thudc vao néng
do co chdt. Cho nén khi gidm néng
dd co chdt (trudéc khi co chit bi
can hoan toan) téc do sinh trudng 7L
cia vi khudn cing giam. Do d¢
viéc chuyén tu pha lag sang pha
8n dinh dién ra din dén.

Nguyén nhan tdn tai cta pha
6n dinh r6 rang la do su tich lay
c4c san phdm doc cua trao ddi chit
(c4c loai rugu, axit hitu co) va viéc
can chdt dinh dudng (thuong la 25
chit dinh dudng cé néng do thdp
nhit). Nguyén nhan thd nh&t rit
phdc tap va khd phan tich : nguyén
nhan thid hai da dugc nghién cidu
ki hon. Su tang sinh khéi téng
cong ti 1& thuan véi néng do ban
ddu cta chit dinh dudng han ché
(hinh A).

N
T

Sé té€ bao

a7 700 200 J009 4%

Sy ting s6 1€ bao léng cOng phu thudc
& = Ke vao néng do saccarozd
o] day G la do tang sinh khéi téng céng, c 12 néng dd ban ddu cua chit dinh
dudng han ché K la hdng s6 hiéu suét :
=t
c
Hang s6 hiéu suit K thudng duge hicu thi bang s6-mg chat khé d6i voi 1 mg chat
dinh duong. D6i véi cdc duong K thuong dao.dong-khoang ti 0,20 dén 0,30 nghia la
tt 100mg dudng dugc tao thanh-20 - 30mg khéi luong kho cia t& bao.
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Hang s6 hiéu suidt K (mg/mg) tuy thudc vao nguén C va loai vi khuidn

Duong Hang s6 hiéu suit K (mg/mg)
B.subtillis E. coli S.typhimurium
Inozitol 0,17 - -
Mannitol 0,20 0,25 0,25
Dunxitol = 0,28 0,27
Glucozo 0,20 0,24 0,23
Arabinozo 0,23 0,24 0,19
Céan chu y ring ngay trong pha én dinh co
thé dién ra cdc qua trinh nhu st dung chit dinh
dudng, phan huy mot phan riboxom. Nhing té&
bao méin cam sé chét trude, nhitng t& bao khac Log X

con ton tai mot thoi gian cho téi khi nao nang
luong khai thac duge nho, viéc oxi hda ciac chit
du trit hoac cdc protein ctia t&€ bao da can. Lugng
sinh khdi dat dugc trong pha 8n dinh goi la

hiéu sudt hoac sdn lugng. San lugng phu thudc

vao tinh chdt va s6 lugng cic chdt dinh dudng b

st dung va vao diéu kién nuéi cdy. D la s« | [/ _{_____LogXo

sai khac gitta s6 lugng vi khudn cuc dai va khéi t

lugng vi khuin ban d4u (hinh B).
X=X

m

Tinh san luong cta vi khudn
ax - XO

Dai lugng nay dugc bi€u thi bing gam.

Ti & cba san lugng t& bao d6i vdi lugng co chit tiéu dung c6 y nghia rit quan
trong. Né&u biéu thi cad hai dai lugng thanh don vi khéi lugng ta sé goi ti 16 nay (X/S)
la hé s6 kinh té (Y). Néu san lugng tinh ra gam va co chit tiéu dung ra mol ta sé
goi la hé s6 kinh t&€ mol (Y ). Cudi cung, néu ta biét con dudng phan hiy co chit da
cho va hiéu suidt ATP do két qua cia su phan hiy nay ta cé thé tinh dugc sinh khéi
vi khudn (gam) d6i v8i 1 mol ATP. Ta goi d6 la hé sé nang luong (YATP)‘

Lugng ATP dugc tao thanh trong trao déi chit ki khi
tuy theo ngudn cacbon va ning lugng va loai vi sinh vat

Nguén cacbon | mol ATP/mol Vi sinh vat Con dudng trao ddi chét
ngudn cacbon
Glucozo 2 Streptococcus faecalis Embden - Meyerhof
Glucozo 1 Pseudomonas lindneri Entner-Doudoroff
Glucozo 2 Saccharomyces cerevisiae Embden-Meyerhof
Acginin L Stroptodoéels Ifakdalis Acg — Xit-Orn

P ATP
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Hé s6 nang lugng Y tuy theo nguén ning lugng va loai vi sinh vat

ATP
Vi sinh vat Co chat mol ATP/mol ¥ Y o
co chit
Streptococcus faecalis Glucoza 2 22 11
S. faecalis Glucozo 2 23 11,5
S. faecalis Glucozo 2 18,5 9,3
S. faecalis Ribozo 1,67 21 12,6
S. faecalis Acginin 1 10 10
S. faecalis Acginin 1 10,5 10,5
Saccharomyces. cerevisiae Glucozo 2 21 10,5
Pseudomonas. lindneri Glucozo 1 8,3 8,3

Chéng han, S.cerevisiae va S.faecalis cung thu nhan nang lugng nhd lén men. Khi
co chat 1a glucozo, hé s6 Y = 20. Ca hai vi sinh vat déu phan giai glucozo qua con
dudng fructozo-diphotphat (Embden - Meyerhof) ; d6i v6i 1 mol glucozo tiéu thu co 2
mol ATP dugc hinh thanh, do d6 Y = 10. Diéu dang chi y la d&i véi cac qua trinh
phan giai khdc ta cing nhan duge gia tri Y, , trung binh tuong tu.

Hing s6 nay, Y, , = 10,5, goi la hing s6 Elsden.

TP

2.4. Pha tu vong

Trong pha nay s lugng t& bao cé kha nang séng gidm theo liy thia (mac du sé
lugng t& bao téng cong cé thé khéng gidm). Doi khi cac t€ bao bi tu phan nho cac
enzim cta ban than. O cdc vi khudn sinh bao ti tinh hinh phic tap hon do qua trinh
hinh thanh bao tu.

Thuc ra chua céd mét quy luat chung cho'pha td vong. Su chét ctia t& bao co thé
nhanh hay cham, cé lién quan dén sy tu phan hay khéng ty phan. Do sic séng lon
bao ti bi chét cham nh&t (trong nhitng diéu kién thich hgp nhu khd va nhiét do thdp
bao t& cd thé duy tri dugc kha nang s6ng hang tram nam). Nguyén nhéan cia pha tu
vong chua that r6 rang, nhung cd lién quan véi diéu kién b&t lgi cia moi trudng.
Trong trudng hop moéi trudng tich lidy cac axit (Escherichia, Lactobacillus) nguyén nhan
cla su chét t& bao tuong d6i dé hi€u. Noéng doé chit dinh dudng thdp duéi midc cén
thist cho hau qua lam giam hoat tinh trao d8i chat, phan huy ddn dén cac chat du
trit va cubi cung didn dén su chét cia hang loat té& bao. Ngoai dic tinh cia ban than
ching vi khudn, tinh ch4t cua cdc san phdm trao d8i chat tich ldy lai cing 4nh hudng
dén tién trinh cua pha tli vong.

Mot s6 enzim thé hién hoat tinh xidc tdc cuc dai trong pha ti vong nhu deaminaza,
decacboxylaza, cdc amilaza va proteinaza ngoai bao. Ngoai chic phan xidc tac mot sé
qua trinh téng hop nhitng enzim ndi trén chi y&u xuc tac cdc qua trinh phan giai.

T6c do tu vong cua té bao cd lién quan truc tiép dén thuc tién vi sinh vat hoc
va ki thuat, dd 1a vdn dé bdo quan cac ching vi sinh vat quan trong vé mat i thuyét
(cdc ching va cédc bién ching-dac biét) va ki thuat (cic ching sinh chat khéng sinh,
axit amin, vitamin... vdi san luong can). Ngoai kha nang\song ta con cdn bao quan ca
cac dac tinh di truyén ‘cua vi khudn, Co nhiéu, phuong phap bao quan khdc nhay,
nhung tdt ca déu nham ldm gidam trdo doi chit.dén’ t6i thiu chli y&u bang cdch gidm
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nhiét do va do 4m. Sau day la mot s6 phuong phap thudng dung trong viéc bao quin
vi sinh vat :

a) Cdy chuyén thudng xuyén trén thach nghiéng hoac trich sau vao thach. Sau khi
da sinh trudng, vi khuin dugc giit trong ti lanh & + 4°C. Phuong phdp nay don gian
nhit va thuong dugc dung, nhung kém hiéu qua nhAt.

b) Bao quan dudi ddu vd trung : ddu parafin vita ngan can méi trudng kho via
lam gidm trao d8i chdt do can trd su xdm nhap cua oxi.

c) Bao quan trong cit hoiac d4t sét vb trung : Do c4u tric li — hda cat va dit sét
déu la nhitng vat chit t6t mang cac t€ bao vi sinh vat, chi yéu la cic bao tu. Sau khi
lam khé khéng khi cat (hoac dit sét) cung vdi vi khudn cé th€ bao quan t& bao rat lau.

d) Doéng khé : 12 phuong phdp hoan thién va c6 hiéu qua nh4dt. Vi khuidn duge
tron v6i moéi truong thich hgp (sita, huyét thanh..) réi lam lanh va lam kho nho bang
khé. Sau m&y nam bao quan t& bao vin gitt dugc kha nang s6ng ma khéng bi bién
d8i vé di truyén. :

d) Bao quan trong glixerin (10%) va giit trong tu lanh sau (-60°C hay -80°C) :
Day 12 phuong phdp rit thich hgp nhung c4n mua dugc loai 6ng nhua chiu nhiét (khi
kht trung).

3. SINH TRUONG CUA VI KHUAN
TRONG QUA TRINH NUOI CAY LIEN TUC

Trong phuong phdp nuéi cdy tinh ndi trén, cdc diéu kién mébi trudng ludn ludn
thay déi theo thdi gian, mat do vi khudn tang lén con néng doé co chit gidm xubng.
Vi khuin phai sinh trudng va phat tri€n theo mot s6 pha nhit dinh, sinh khéi dat
dugc khéng cao. Tuy nhién trong nhiéu nghién ciu va thuc tién san xudt ta cdn cung
cip cho vi sinh vat nhiing diéu kién dn dinh d€ trong mot thoi gian dai ching cd thé
vin sinh trudng trong pha log. Di nhién ¢ mét mic d0 nao dé c6 thé cdy chuyén t&
biao nhiéu ldn (qua nhitng khoing thoi gian ngin) vao méi trudng dinh dudng méi.
Nhung don gian hon, ngudi ta dua lién tuc méi truong dinh dudng méi vao binh nudi
cdy vi khudn déng thdi loai khéi binh mét lugng tuong ung dich vi khudn. Day chinh
12 co sd cta phuong phdp nuéi cdy lién tuc trong chemostat va turbidostat.

Gia thi ta cd mot binh nuéi cdy trong dd vi khudn dang sinh trudng phat trién.
Ta cho chay lién tuc vao binh méi trudng méi cé thanh phdn khéng d8i. Thé tich binh
‘nubi cdy duge gitt khong d8i, nghia la dong méi trudng di vao dugc bu bdi dong moi
trudng di ra vdi cung téc do.

Ta goi thé tich binh la v (lit) va t6c dé vao ctia méi trudng dinh dudng, téc do
dong di vao la f (lit/gid). Do dd téc do pha loang (cdon goi 1a hé s6 pha loang) D la
f/v. Dai lugng D bi€u thi sy thay déi thé tich sau 1 gid.
~ Néu vi khuan khong sinh trudng va phat tri€n, ching sé bi rut khéi binh nudi céy
véi téc do :

' - dXx
W=~ = DX
O day X la sinh khéi _t&-bao (g).
Téc do sinh trudng cia quén thé yi khudn trong-blnh cho bdi phuong trinh :
dX
+

v:a:ﬂx
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Téc do thay ddi cudi cing (tang hodc gidm) mat do vi khudn trong nudi cdy lién
tuc la su sai khdc gitta tdc do tdng va téc do giam v~

4 _ dX
v=v -V =—dT=(ﬂ_D)X'

Néu ¢ > D gia tri v = dX/dt c6 gid tri duong, nghia 1a mat do vi khudn trong
binh tang, ngugce lai néu g < D, v sé cd gid tri am va mat d6 vi khudn trong binh
giam. Trong trudng hgp dac biét 4 = D ta ¢d v = 0, nghia la mat d9 t& bao khong
tang khong giam theo thdi gian, qudn thé vi khudn & trong trang thédi can bang
dong hoc. v

Né&u binh thi nghiém cé thiét bi duy tri sao cho u luén ludén bing D ta sé thu
duge quédn thé vi khudn sinh trudng va phat tri€n theo liy thita thuong xuyén 6 mot
mat d6 t& bao khéng d8i va khong phu thugc vao thai gian. Trong trudng hgp nhu
vay khong nhitng kich thudc trung binh cta t& bao, trang thai sinh li cia ching ma
cd moi trudng nudi cdy déu khong ddi va khong phu thudc vao thoi gian. Diéu nay,
mot mat tao didu kién cho viéc nghién cdu sinh trudng va sinh li cia t& bao vi khuén,
mat khdc cai thién qua trinh san xudt vi sinh vat ¢ quy moé cong nghiép.

Chemostat va turbidostat 1a hai thiét bi nudi cdy trong do ta cd thé& duy tri dugc
diéu kién 4 = D, (xem hinh vé).

Chemostat gém mot binh nuéi cdy, dung dich dinh dudng td mot binh dy tru chay
vio day véi mot téc do khong ddi. Nho thong khi va khudy co hoc binh nudi cdy dugc
cung cdp diy du oxi va bio dam viéc phan b8 nhanh va déng déu cédc chét dinh dudng
trong dong méi trudng di vao. Theo mic d¢ vao cia méi trudng ma dich vi khudn
duge rat khoi binh mét cich thich hop.

Sinh trudng cua vi khudn trong chemostat dugc diéu chinh bdi néng dd co chit.
Ch4t dinh dudng han ch& nay cd thé la moét thanh phan cha y&u nao dé cta méi
truong. Phd bién Hon ca 1a ngudn cacbon va nang luong, nhung thudng ngudi ta cing

Chemostat Turbidostat

@ Dung cu loc

——_Dong méi truing

vao do té€ bao
quang dign
diéu chinh
— Binh méi trudng
ya B0 phan diéu chinh
=_—\ dong méi trudng vao
R Khéng
Khong —— khi vao
khi vao -
i Cau tao
Khéng rGt dich vi khuan
khira —=—o0
- M6i
truong ra .‘
Té& bao
quang dién
~— '\ 'Binh nuoi cay —~ - Didu chinh’ -

Nuoi: edy Hen tyc trong™hgmastat va turbidostat
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chon ngudn nito, photpho, luu huynh hoac Mgz*. Nhu da ndi trén, 4 1a ham s6 cua
néng d6 chit dinh dudng han ché.

A= Frax K_+[S]

Nghia 12 ¢6 v0 s6 hang s6 u tt u = 0 dén u = K nax (hang s6 t6c d6 sinh trudng
cuc dai dat duge khi bao hda co chit) tuy theo noéng d6 chdt dinh duong han ché mién
sao cho mat do vi khudn trong binh khéng bi giam. Nhu thé€ sé cé moét tdc dé pha

loing Dm, & dJ sinh khdi vi khudn dat dugc cuc dai, nghia 1a Dm = e

NGi chung vi khuidn cd kha nang sinh trudng véi téc d6 cuc dai ngay & nhl'xn.g
néng do co chit thip (chidng han, 10mg glucozo trong mot lit m6i trudng). Chi § nhitng
noéng do6 thdp hon nita 4 moéi phu thuéc vao [S]. Néu ta chon mot téc d6 pha loang
niao dé D < Dm, nghiala D < M. ta sé cou < u max 530 cho D = u. Trong moéi trudng
nudi cdy, gia tri 4 < p__ nay sé dugc thiét lap mot cach tu dOng Gia du D < u
va vi khudn sinh trudng véi moét téc dé nao dé td u = 0 téi u’ = ™. Né&u mat do
t&€ bao 16n hon mat do & trang thai 6n dinh khi D = x thi téc do tiéu thu chat dinh
dudng han ché& sé 16n hon téc d6 tuong Ung trong trang thai can bang va ndng do co
chdt nay trong moéi trudng sé gidm. K&t qua u cing gidm, nghia la sinh khéi va mat
do t& bao cing gidm. Khi mat do t&€ bao gidm xudng dudi mat d6 tuong dng véi trang
thai 6n dinh, t6c do st dung chdt dinh dudng han ché& lai gidm xudng dudi gia tri
tuong dng véi trang thai can biang. Do d6 néng d6 chit dinh dudng han ché sé tang,
két qua hing s6 téc do sinh trudng u va méat do t€ bao déu tang. Nhu vay hé théng

" phai ty diéu chinh vé trang thai can bang doéng hoc dé cho mat do t& bao khéng tang

khong giam véi D = u va DX/dt = 0. Cac chi s6 mat d6 vi khudn, néng dod co chit,
thdi gian tang d6i va san lugng t€ bao déu phu thuéc vao hé s6 pha loang D. Khi D
thay déi tt O dén hé s6 pha loang dot bién Dc (4 hé s6 pha loing nay néng do co
chat trong binh nuéi cdy bang néng d6 co chit trong dong méi trudng di vao va phdn
16n vi khudn bi rdt khoéi binh) mat d¢ vi khudn khong thay 48i r6 rét. T€ bao phan
Ung véi su tang D trong khoang nay bing cach gidm thoi gian tang déi g. Nhung véi
su tang cua D va su gidm cua g san lugng t€ bao sé tang. San luong dat téi cuc dai
3 Dm. Né&u hé s6 D 16n hon nita, sadn lugng bi gidm nhanh chdng. 0 nhitng gia tri
cia D < Dm néng d6 co chit trong binh nuéi cdy vao do dd cing trong dich rat khéi
binh & mot khoang kha réong gin t6i O. Chi khi hé s6 pha loang gin tdi gia tri Dm
mot phdn co chidt méi bi loai ra ngoai cung vdi t€ bao. Cubi cung néng do co chit
trong dong modi truong di ra va dong moéi trudng di vao bang nhau.

Trai vdi chemostat hoat dong cia turbidostat (tit chi turbidity = d6 duc) duva vao
viéc duy tri mat do (hosc d6 duc) vi khudn khéng d8i. T€ bao quang dién do do duc
diéu chinh méi trudng di vao binh qua mot hé théng role. Trong binh nudi ciy t4t ca
chit dinh dudng déu & néng d6 du thia va vi khuadn sinh trudng véi téc dd gin cuc dai.

Néu mat do t& bao tang qua gia tri cdn thiét thi hé s pha lodng sé tang va phédn
t& bao thiua bi loai ra ngoai (vi D > ymax) Nguge lai néu mat do t& bao gidm xudng
dudi mic chon lua hé sg-D-lai-gidm.va.-mat-do-t& bao-sé-tang-(vi #... > D). Két qua

ctia sy diéu chinh la duy tri-cho.he-s5 pha,leang D= Bdax

R6 rang, vé mat ki thuat, phuong phap turbidostat phic tap hon chemostat.

Tom lai, nhitng sai khéc chifth gita nudi ciy tinh va nubi cdy lién tuc l1a nhu sau :
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Nudi cdy tinh dugc xern nhu hé thdng ddng, quin thé t& bao sinh trudng trong
ddé phai trai qua cdc pha md dau logarit, 6n dinh va t¥ vong. Méi pha sinh trudng
duge dac trung bdi nhitng diéu kién nhdt dinh. Viéc diéu khi€n tu dong khd thuc hién.

Nuéi cdy lién tuc, trai lai, 12 hé théng md cé khuynh hudng din dén viéc thiét
lap mot can biang dong hoc. Y6u td thdi gian & day, trong pham vi nhat dinh, bi loai
trit. T& bao dugc cung cAp nhitng diéu kién mdi trudng khong d8i, nhd viéc diéu chinh
tu dong.

Co thé bi€u dat bing todn hoc qua trinh nudi cdy lién tuc hay nuéi cdy md mot
cach don gidn nhu sau :

dx dx

V. (d_t) = on -QX +V (E)G
V : Thé tich dich nuéi (1)
Q : Hé s6 dong chay (l/h)
G (& dudi) : bidu thi tang trudng
dx ds

V. (d—t) = QS, - Qs +V("&I)c

¢ (& dusi) : bi€u thi tiéu hao

s ds -1 14d -1
Bai vi : (—a)c = (E) . <;£) X = Y—XIS/lX
dt
Yx/S = g sinh khéi/g co chit
dx x

d
Thay thé vao va coi — . Nhu vay 1a & trang thai

dt

6n dinh hiéu sudt sinh trudng cé thé dung néng d6 sinh khdi X va ndng do co chit
S dé biéu thi : .

Theo m6 hinh ctia Monod thi :

=o’taCd:Y"/S=E=SO_—S

S

D=/lmks—+s

u

do dg :

D
e l(S(;tm-D)

Thay thé& vao coéng thuc tinh Y, ta cd :

D
X=Y, (S, -9 = Yx/s[so—ks(/zm—D)]

Suy ra don vi thdi gian d€ thu dugc sinh khéi la :

D, = DYm[So -~k (#mD_DH

-
Déng thoi c6 thé bist duge lic. DT &1 i (1 - '\’ 2 ) thi D_ 1a sinh khéi
m m k_+S x
S (o]

cuc dai.
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4. LAM DONG BO SU PHAN CHIA TE BAO

Binh thudng quédn thé vi khudn dang sinh truéng va phan chia 1a mét hén hop t&
bao & cic pha sinh trudng rdt khdc nhau ctia su phan chia t& bao, nghia 1a vao lic
bit ki, trong méi trudng nudi cdy ta co thé déng thoi gip cdc t&€ bao vita phan chia
xong, sip phan chia hodc d nhiing giai doan k& ti€p. Tuy nhién muén nghién cdu cic
qua trinh trao d6i chdt trong sudt chu ki phan chia t&€ bao ta cidn cd mét qudn thé
vi khudn trong do cdc t€ bao phan chia déng thdi (d6ng bs). Co thé lam déng bd su
phan chia t&é bao bing mét phuong phidp nhan tao nhu thay d6i sinh li t& bao hoac
dua vao viéc chon loc co hoc cdc t€ bao cé cung kich thuée.

Phuong phap sinh li 1am déng bd su phan chia t& bao phd bién la phuong phip
gay chodng nhiét. Nhu ta biét, trong nhing diéu kién nuéi cdy binh thudng & nhiét
d6 thich hop (& vi khudn 1a 30°C, 37°C) cdc qué trinh t8ng hop phdn 16n cdc cao phan
tt (ADN, ARN, protein) dién ra song song va § trang thai can bing. Bing cich giam
nhiét dé ta s& pha hiy can bing nay. Trong khi tdng hop ADN con tiép tuc mét thai
gian thi viéc téng hgp ARN va protein bi nging. K&t qua la sy phan chia t& bao cing
bi nging. N&u phuc héi lai nhiét d6 thich hgp ban ddu thi chi sau mot thdi gian lag
ngin, t& bao sé bat ddu phan chia nhung bay git phan chia déng bd tic la phan lon
t&€ bao déu phan chia trong mé6t khoang thdi gian tuong d6i ngian. Sau khi nang nhiét
d6 qua trinh t8ng hgp ARN va protein dugc phuc hdi con ham luong ADN vin & mic
ban diu tuong Wng v6i chang két thic nhan d6i cia nhiém sic thé.

Tuy nhién, su phan chia déng bo, khéng phai la trang thdi bén viing, chi sau vai
thé hé tinh déng bd lai bi phda hiy va quin thé vi khudn lai 12 mét hén hogp té& bao
& cac pha phan chia khac nhau.

Phuong phdp nang cao nhiét d6 da dugc dng dung dau tién vdi doéng vat nguyén
sinh (Tetrahymena).

Viéc phan tich sinh lf cdc t€ bao phan chia déng bd ching minh ring do su ph4
hiy thd tu binh thudng cia su phan chia nhiém sic th€ vi su phan chia t€ bao ma
giy nén hién tugng sinh trudng médt can bing do la nguyén nhan cta sy phan chia
déng bo. Nhu ta biét diéu kién dé md ddu viéc phan chia t&€ bao la sy ké&t thic qud
trinh nhan d6i nhiém sic thé. Mat khic, mot khi da & trong trang thai nhan déi nhiém
sdc thé sé déc lap voi cac diéu kién sinh trudng va chu trinh nhan déi sé hoan thanh
ngay khi téng hop protein bi kim ham bdi cloramphenicol hoac bdi déi mét axit amin
chu yéu.

Trén co sd cua nhitng két qua nay ta cd thé hi€u dugc nguyén tic 1am déng bo
khong phai chi bing giy chodng nhiét ma ndi chung bing moi tdc dong khac dén trang
thai sinh 1i binh thudng cta t& bao. Nhiét d6 thdp lam ngiung téng hgp ARN va protein
nhung viéc nhan déi nhiém sic thé vdn dugc hoan thanh mac du véi téc d6 cham. Do
t6ng hop ARN va protein bi him him ma su phan chia t& bao va sinh trudng cing bi
nging. Bdi vi dé hi€u ring, téng hop protein 1a can khong nhiing cho viéc md ddu
mét chu trinh nhan d6i mdi cia ADN ma ca cho viéc t8ng hgp cac enzim va cac ciu
tric cdn thi6t d6i véi sy hinh thanh vach ngan ngang. Con sinh trudng bi nging thi
c6 thé hi€u ring vi protein-la-thanh.phén.chi.yéu-cia-t& -bao.va sinh truéng doi hoi
¢ nhitng enzim thudng xuyén hoat-dong.khong, nhing ,tham gia vao cdc quéd trinh
sinh tdng hop ma ca vao cdc qud trinh phan gidi (qud-trinh cung cdp ning lugng va
cdc tién ch4t cho viéc tng hop). Nguyén nhén|trye ti€p cia su phan chia déng bd
sau khi phuc héi nhiét do thfch-hep1a trang thal gifng nhau cla su nhan d6i nhiém
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séc thé. Vao cubi lic gay choang lanh t4t ca vi khudn déu chia mot nhiém sic thé
da nhan d6i, b4t k& t& bao da & giai doan nao cia sy nhan d6i khi ha nhiét do. Viec
phuc héi nhiét d6 din dén viéc hoat dong dbéng thoi ciia cac qua trinh k& tiép su nhan
d6i : phan li nhiém sic th€é va hinh thanh cdc vach ngang.

Sy phan chia cia mot quin thé dong boé dién ra theo ki€u bac thang. Trudc méi
"bac" bi€u thi sy tang dot ngbt s6 t& bao la budc chudn bi cho viéc phan chia bao gém
viéc nhan d6i nhiém sic thé va téng hogp cic protein t& bao. Khodng cach thai gian
gitta hai 1an phan chia ctia quédn thé trung vdi thoi gian thé€ hé trong diéu kién nudi
cfy da cho. Khac véi tién trinh cia sy phan chia, sinh truéng dién ra theo liy thita
sau khi phuc héi nhiét d6 binh thudng. Trén dé thi, dudng bidu dién tang sinh khéi
la dudng thdng (né&u st dung log2 cia mat dé6 quang hoc), con dudng bi€u dién s8 té&
bao ting theo bac thang nhu hinh sau :

o

mat dé quang hoc

S6 té bao

Duong biéu dién qué trinh phan chia té bao (s6 1€ bao) va sinh trudng
(mat do quang hoc) cia quin thé vi khuin dugc 1am déng bd bing choang lanh ;
sinh trudng va phan chia dugc theo déi sau khi chuyén sang nhiét do thich hap.

Mot phuong phap sinh li khdc lam déng bo su phan chia t& bao la thay déi thanh
phén cia moéi truong.

Néu vao mot lic nao dd ta loai khéi méi trudng nudi cdy mét chdt dinh dudng
hodc mé6t chit trao d8i chu y&u nao dd vi khudn sé sinh trudng mit can bang : sau
khi phuc héi néng dé chit nay, t& bao sé phan chia ddng bo. Ching han, cd thé gay
ddi timin trong thoi gian ngin d cdc bién chung E. coli trg dudng d6i véi timin hoac
gdy déi mot s6 axit amin cdn thiét cho sinh t6ng hop cdc protein cua t& bao.

Vé nguyén téc lam déng bd su phan chia t& bao bing giy ddi axit amin ta cé thé
gidi thich nhu sau. Trong trudng hogp nay t8ng hop ARN va protein bi nging ngay
nhung qud trinh nhan d6i nhiém sic th€, néu da md ddu, vdn cd thé dién ra cho dén
khi hoan thanh. Nguyén-nhan-é-day-lai-la-sy-sinh~trudng-mit can bang trong thai
gian ddi axit amin. Vi buge md d4u mét. chu trinh, nhédn d6i méi lién quan chat ché
dén téng hop protein nén nhiém sdc thé'cua ‘¢4t ea’vi- khudn sau khi da nhan déi thi
nging lai. Viéc thém axit'amin sé phuc héi tng hop-ARN va protein, do d¢ cing kich
thich phan d@ng md ddu chu trinh-nhan d6i'méi sau 'khi cac nhiém sic thé nhan doi
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da dugc phan li. Nhu thé lam déng bo su phan chia t€ bao la hau qua cua viéc lam
dong bo su phan chia nhiém sic thé.

Nguyén tac lam doéng bé bang giy ddi timin, t¥ quan di€ém téng hgp ADN, vin
chua dugc giai thich. Viéc loai bo timin cing déng thsi lam ngiung t8ng hgp ADN,
nghia la cdc t€ bao trong quin thé chiéa nhiém sic thé & cac giai doan khic nhau
cia sy nhan doi. Khodng thoi gian giy ddi khong duge qua gigi han 30 - 45 phat,
néu khong sau dé t&€ bao sé chét vi thi€u timin. Day 1a qua trinh khong thuan nghich,
khong thé€ loai bé bang cdach thém ddy du timin.

Phuong phap chon loc co hoc xuit phat tit thuc t€ cic t& bao ca thé vao thai ki
trudc khi phan chia déu tang thé tich. Trong moét quan thé vi khudn sinh trudng dugi
nhing diéu kién binh thudng, nhitng t& bao nho nhit chinh la nhitng t€ bao vita phan
chia xong. N&u chon loc riéng nhing t& bao nay ra ta sé thu dugc cac vi khudn ma
sau khi nuoéi cdy ti6p sé phan chia doéng bé. Nguvi ta da dung cac mang loc cd kich
thude 16 tuong dng vdi cdac vi khuidn nhé nhdt, két qua cho kha tét. Ngoai ra cing
c6 thé chon loc bing cach li tam cdc t€ bao.

Y nghia cia viéc lam déng bo su phan chia t& bao 1a & ché nd cho ta kha nang
nghién ctu mét quan thé t€ bao déng nhit, nghia 1a trong dd cac dac tinh hinh thai
va sinh li cia mot t€ bao tuong Ung voi cua ca qudn thé. Nhy dd ta c6 thé ching
minh duge ridng cdc thanh phén cia té bao vi khuan khéng duge t8ng hop véi téc do
nhu nhau vao thdi gian gi¥a hai 14n phan chia. Chang han, trong qua trinh phan chia
t€ bao Azotobacter vinelandii nging téng hop ADN nhung tang cudng téng hgp cic
axit amin tu do. Trai lai, ham lugng ARN va protein tang nhu nhau trong pha nay.

5. CAC PHUONG PHAP XAC DINH SINH TRUONG
VA PHAT TRIEN CUA VI KHUAN

Nhu da ndi trén, gitta s6 lugng t€ bao va sinh kh6i miac du cd méi lién hé theo
ti 16 thuan y = kx nhung méi lién hé nay chi ding trong diéu kién thi nghiém rat
han ché&, khéng cé y nghia phd bién. Diéu nay chinh 1a do kich thudc va khéi luong
cta ting vi khudn thay d8i tuy theo loai va chung, trong qua trinh sinh trudng thi
phu thuéc vao thdi gian (§ ciac pha cia dudng cong sinh trudng), vao téc doé sinh
trudng, thanh phan moéi trudng nudi cdy va vao diéu kién nudi cdy. Vi vay trong viéc
theo dé6i sinh trudng va phat tri€n cta vi khudn cidn phan biét cic phuong phap xic
dinh s6 lugng t&€ bao va sinh khéi.

5.1. Cac phuong phdp xic dinh s6 lugng té bao

Trong mét quin thé vi khuan khong phai moi t& bao déu cé kha nang séng. Nhitng
vi khudn goi 1a s6ng phai tao thanh khu#n lac trén (hoac trong) méi trudng thach va
phat trién trong mdi trudng dich thé. Do d¢ tiy theo muc dich thi nghiém ta cé thé
xac dinh s6 lugng t& bao téng cong (ca té bao séng va chét) hoac s6 lugng té€ bao séng.

Dé xac dinh s6 lugng t€ bao tdng coéng ngudi ta thudng dung phuong phiap dém
t€ bao truc ti€p dudi kinh hién-vi.nhd cac "phong dém" (phong dém Neubauer, Thom
hoac Petrof - Hauser). N&u chiéu day cua 18p.dich/chita 'wvi khudn la 0,02mm va canh
hinh vuéng la 0,05mm (thé€ tich 510°% cm?) thi; muén-xdc dinh s6 lugng té bao trong
1ml phai nhan s6 tim thdy véi 2:10”.
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Can chi y la sau khi t& bao vao "phong dém" phai dgi mot thoi gian d€ vi khudn
ling va nam trong mot mat phidng quang hoc. Néu t& bao chuyén dong tich cuc phai
dung focmaldehit giét chét trudc.

Co thé dung ki thuat nhuém dac biét dé€ phan biét t& bao séng va té bao chét.
Do t&€ bao s6ng cd mang sinh chit hoat dong, khéng thiAm thudc nhuém nén hai loai
té bao bat mau khong giéng nhau. Chang han D6 congo chi nhuém mau t& bao chét,
con t€ bao séng khéng mau.

Can nhdn manh ring két quid nhudém mau phu thudc vao nhiéu yé&u té : loai vi
khudn, d6 pha loang cta thuéc nhuém, pH... Vi du, cédc t& bao séng cta C. acetobutylicum
bat mau xanh va cdc t& bao chét bit mau do khi dung Acridin orange véi néng do
1 : 10.000. Két qua sé ngudc lai néu dung Acridin orange 1 : 5000.

Trong truong hgp xdc dinh s6 lugng t&€ bao séng ngudi ta thudng dém s6 khuin
lac tao thanh bdi cac vi khudn s6ng trong diéu kién sinh trudng thuan lgi. Dich treo
vi khudn dugc pha loang va mot thé tich nhdt dinh dugc dua lén méi trudmg thach
trong hop Petri. Sau khi nuéi cdy ngudi ta dém s6 khudn lac moc lén. Né&u gia du
ring m6i t&€ bao tao thanh moét khudn lac thi dém s6 khudn lac ta sé dém dugc s6 t&
bao séng. T4t nhién diéu nay khong dung d6i véi cac vi khudn moc thanh chuéi, thanh
d6i hay thanh dam hoac d6i vdi cac dich treo vi khudn khéng déng nh4t. Ngoai ra
ciing cdn chon d6 pha loang vi khufn thich hgp sao cho s6 khudn lac khéng it (kém
chinh x4c) khéong nhiéu (khudn lac cd thé bi xit vao nhau va hai t€ bao co thé cho
mot khudn lac). Thudng trén mot hop thach s6 khudn lac tit 40 dén 400 la thich hop.

S6 khudn lac cing rdt phu thudc vao thanh phdn méi trudng. T& bao moc thanh
khuidn lac trén méi trudng nay khong nhit thi€t cling cho xuit hién khudn lac trén
moéi trudng khiac.

V6i moét s6 loai vi khudn khd phat trién trén moéi trudng thach ngudi ta cd thé
ki€m tra s6 lugng bing phuong phdp pha lodng lién ti€p sau d6 cdy tit méi do pha
loding 1ml vao tiing 6ng dung mbéi trudng chi thi (néu ¢ 1 vi khudn dua vao cing du
cho phan dng duong tinh sau khi nu6i cdy). Phuong phdp nay goi la phuong phap s6
lugng cd kha nang nh4t (MPN, Most Probable Number). C6 thé cdy vao 5 6ng va ldy
s6 litu & 3 do pha loang cudi (c6 phan ung duong tinh) réi tra bang dé tim ra sé
lugng gin ding mat d¢ vi khudn.

Con cé thé loc chidt dich qua mang loc vi khudn ré6i dat mang loc lén dia méi
trudng thach dé kiém tra sé khudn lac sé moc va suy ra mat do vi sinh vat trong
chit dich.

5.2. Cac phuong phap xidc dinh sinh khdai té bao

Viéc chon phuong phap dé€ xac dinh sinh khéi vi khudn tuy thudc vao muc dich nghién
cfu. Chang han, muén dinh gia san lugng té bao thi ta can sinh khéi tuoi hoac kho sau
khi da li tam t€ bao ; mudn xdc dinh cudng doé trao d6i chit hay hoat tinh men, nguoi
ta lai tinh ham luogng protein hoac nito. Nhu vay, trong thuc t€ cd thé su dung cac
phuéng phap truc ti€p hoac gidn tiép.

Cac phuong phép truc. ti€p gém co :

1. Xac dinh sinh khéi twei‘hode sinh khéi kh6 (phuong phap nay kém chinh xac).
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2. Xac dinh ham Iugng nito tdng s§ (phuong phap micro - Kjehdal va phuong phap
xdc dinh NH3 hay ham lugng cacbon tdng s6 (theo Van Slike-Folch). Cac phuong phip
nay cho dé chinh xac cao.

3. Trong thuc t& hang ngay ngudi ta thuong xic dinh ham luong protein cua vi
khudn. Cé th€ dung phuong phép biure cai tién hosc phuong phip so mau khac. Cac
phuong phédp vi lugng dva vao viéc do s6 lugng cdc thanh phan dac trung cia protein
nhu tirozin, triptophan (theo Lowry hoac Folin-Ciocalteu) cing cho két qua tét.

Co thé ndi xdc dinh ham lugng protein trong sinh khéi la phuong phap thich hop
nhdt vi mét mat protein 1a thanh phdn chd y&u cta chit khé, mat khac d6 la nhing
thanh phin hoat dong trong sinh kh&i (hau hét protein cua t& bao la enzim).

Céc phuong phap gisn ti€p dé do sinh kh6i vi khudn cd thé ké& :

1. Do d6 duc cta dich treo t& bao. Day la phuong phap rat thudn lgi. Trong thue
té ta thudng do mat dé quang hoc cta dich treo (dich huyén phu). Trong mot s6 truong
hop nguoi ta ciing xdc dinh su khuéch tan anh sang.

Tuy nhién sy phu thudc theo dudng thing gita hai chi s nay vdi sinh khéi vi
khudn chi thdy trong ving cdc gia tri rdt th4p cta mat d6 t& bao. Vi su khuéch tén
anh sang phu thudc vao dudng kinh, hinh dang va chi s6 chiét quang cta cac hat
khuéch tian nén thinh thoang cdn ki€m tra lai tuong quan gilta cic dai lugng quang
hoc va céc chi s6 do nhu sinh kh&i khd, ham luong nito hoac ham lugng cacbon.

Cing cdn chu y rang d6i v6i khi cung mot sinh khéi vi khudn trong dich treo
nhung c6 thé c6 mat d6 quang hoc khac nhau. Chidng han mat d6é quang hoc ddi véi
Img/ml chdt kh6 cua E.coli trong pha log la 1,54 con trong pha 6n dinh la 2,38. Gia
tri cia mat dé quang hoc (0.D)/mg ch&t kho cing thay d8i theo téc dé sinh trudng.
Hon nita mat d6 quang hoc cia mét s6 vi khudn Gram am (P.aeruginosa, E.coli) phu
thuéc manh mé vao néng d6 cdc chdt cé hoat tinh thd&m thdu nhu NaCl, saccarozo,
do d6 ap sudt thdm th&u tang ma kich thudc t€ bao gidm din dé&n tang O.D.

2. Do cac chi s6 cudng dd trao déi chit nhu hdp thu 0,, tao thanh CO2 hay axit,
vi cdc chi s6 nay lien quan truc ti€p v6i sinh trudng. Di nhién ta chi dung cac phuong
phap nay trong trusng hop khéng st dung dugc ciac phuong phap khéac, vi du khi mat
d6 sinh kh&i rdt nho.

D& do cdc chi s ndi trén cd thé dung cidc phuong phap chuin d6, manomet, dién
hda...

6. TAC DUNG CUA CAC YEU TO BEN NGOAI LEN SINH TRUONG
VA PHAT TRIEN CUA VI KHUAN

Sinh trudng va trao ddi chdt cta vi khuin lién quan chat ché vai cac diéu kién
clia moéi truong bén ngoai. Cde diéu kién ndy bao gom-hang loat cdc y&u t6 khac nhau,
tdc dong qua lai v6i nhau. Pa s6 cac yéu t§ do jdéu-ed mot dac tinh tdc dung chung
bi€u hién & ba di€m hoat déng +t6i thi€u, téi thich va cuc dai.
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Téi thich

Cuc tiéu Cuc dai

Cuding dé hoat dong séng

Cuiing d6 téc dung cla yéu t6 bén ngoai

D6 thi biéu di€n téc dung cla yéu 16 ben ngoai len vi khuin

Véi tdc dung t6i thi€u cua y&u t6 moéi trudng vi khudn biat ddu sinh trudng va
md ddu cdc qud trinh trao d6i chdt, v6i tac dung t6i thich vi khudn sinh trudng, véi
t6c d6 cuc dai va bi€u hién hoat tinh trao ddi chit, trao d6i niang lugng l6n nhit, véi
tdc dung cuc dai vi khudn nging sinh trudng va thudong chét.

Anh hudng cia céc y&u t6 méi trudng lén vi khufin cé th€ 1a thuan lgi hoac b4t
lgi. Anh hudng bat lgi sé din dén tdc dung wc khudn hoac diét khuén. Do tic dung
dc khudn cia yéu t6 méi trudng, t€ bao nging phan chia, néu loai bo yéu té nay khoi
moi trudng vi khudn lai ti€p tuc sinh trudng va phat tri€n. Khi cé mat chat diét
khu#n, trai lai vi khudn ngitng sinh trudng, phat tri€n va chét nhanh chdng. Su chét
cia t& bao thudng khéng xay ra ngay mét lic trong cad quén thé va dién ra din dan,
¢S thé bi€u dién bang dudng cong ti vong logarit (hinh A va B).

LoghV
100,
N
R
X
3 o
N 807,
3
S50
W
3
AN N et
= um\ﬂ
—=-—80%

T gl 276 ooy iy 75

o g V4 ea 20
, B
A Téc d6 chétciiavi khudn tiy theo
Téc dyng Uc khudn va di¢t khudn cua thoi, gian td¢ dung cua chdt diet khudn
yéu t6 bén ngoai (duUong cong i vong logarit)

Mot s6 yéu t6, chu yéu'la cde héa chdt, cd.thd ki€ tic dung dc khudn hoac diét
khu&n tay theo néng do.
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Téac dung khang khudn clia cdc y&u tS bén ngoai chiu anh hudng cia mot sé diéy
kién nhu tinh chét va cuong do tic dung cia bdn than yéu t6 (nhiét do hoac ligy
lugng tia chidu tang gidm, nong dé hda chit cao thdp), ddc tinh cia co thé (dac tinh
loai, trang thai sinh li cia t& bao, t&€ bao sinh trudng hay bao tu) va tinh chét cig
moi truong (vi du : moéi trudng cé d6 nhdét cao hoac méi truang chia cac chit hitu cg
lam yé&u tiac dung cia yéu t6 bén ngoai, con nhiét do tang hoac pH thay d8i thi anh
hudng nguge lai).

6.1. Co ché tdc dung cua cdc yéu t6 bén ngoai 1én vi khuin

Cac yéu t6 ctia méi truong bén ngoai tic dung lén t& bao thudc ba loai : yéu t§
vat li (d6 dm, nhiét d6 ap luc, tia bic xa...), yu t6 hda hoc (pH méi trudng, thé oxi
héa khit, cac chat diét khudn)... va yéu t8 sinh hoc (ch&t khang sinh). Du la yéu t§
nao nhung khi da tac dung bat loi 1én t& bao thi thuong trudc hét gay tén hai dén
cac cdu tric quan trong cho sy song cla t& bao. Nhitng t6n hai dé din dén pha hiy
chitc phan hoat déng ciia cic cdu tric va lam t& bao chét. Ching nao t& bao cd thé
séng sot chinh 1a do chung da thich dng vdi yéu t6 da cho bing nhing thay dgi vé
sinh 1i hoac di truyén.

Tac dung ¢6 hai clia cdc yéu t6 bén ngoai t&€ bao vi khudn thé€ hién chu yéu ¢
nhitng bién d6i sau day :

1. Phé hiy thanh té bao. Mot s6 chdt nhu lizozim (chita trong la lach, bach ciu,
long trdng trdng, thanh t& bao vi khudn, duéi thuc khuidn thé..) c6 kha nang phan
hiy thanh t& bao vi khudn ddn dén tao thanh cdac nguyén lap chi yéu & vi khuin G,
va cac cdu lap ¢ vi khudn G~ (1).

Trong sy c¢d mat cia penixilin, cic cdu lap dugc hinh thanh va dé phan hiy. 0
vi khudn G, do tac dung cia chit khing sinh nay, t€ bao tao thanh cac dang hinh
cdu min cdm v4i ap sudt thdm th&u tuong tu vo6i ciac dang L cua vi khudn.

2. Bién dé6i tinh th6m cua mang té€ bao chdt. Mot s6 chdt khong nhat thiét phai
xam nhap t& bao, nhung vin gay tac dung khang khudn. Do tdc dung lén mot hodc
mot s6 chic phan sinh li cia mang t€ bao chdt nay lam vi khudn mat kha nang sinh
san. Rat cd thé, trong trudng hop nhu vay, hang rao thdm th&u ton tai trong mang
té bao chdt da bi hu hai.

Tac dung khang khudn cua cdc chdt oxi hda va cdac chit khu (H , cac halogen...)
la do 4nh hudng cua ching lén cac thanh phan cia mang t&€ bao chat Ciing c6 thé
xép vao nhém cac hop chdt nay, cac ruou, phenol, ciac chit tdy ria téng hgp, cic mudi
mat va mot s6 khdang sinh (polimixin, tiroxidin, xirculen, nistatin).

3. Thay d&i ddc tinh keo cua nguyén sinh chdt. Cac y&u té vat li cing nhu hda
hoc déu cd thé gay nén tdc dung nay. Ching han, nhiét do cao lam bién tinh protein,
va lam ching dong tu. Do kha nang khu nudc ancohol cing lam déng tu protein.

4. Kim ham hoat tinh. M6t s8 chit tic déng vao cidc hé théng sinh nang luong
cua té bao xianit kim ham enzim xitocrom - oxidaza, fluorit ngan can qua trinh dudng
phan, cic hop chat hda tri ba cia acsenic bao vay chu trinh xitric, dinitrophenol kim
ham qua trinh photphoryl - oxi hda. Cac chit oxi héa manh (H O,, halogen) pha hiy
cac hé théng té bao lam tdn hai dén chdc phan trao ddi chat. Cac enzim khac cd thé
bi bat hoat khi lién két vdi.cac yéu to kim loai nhu thuy ngan.

(1) Cac nguyen lap bj m4l hodn toan thanh 1€ bao, |cdd cA@ )apcon chia trén bé mat nhing manh nhé cia
thanh (& bao.
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5. Huy hoai cac qua trinh téng hgp. Trong su cd mat cia mot s6 chit tuong tu vé
mét cdu tric véi cac chit trao d6i tu nhién, goi 1a cdc chit antimetabolit qua trinh sinh
téng hop co thé bi tc ché. Co ché tac dung cia cac chit antimetabolit khéng giong nhau.
Mot s8 gan véi trung tam hoat déng cia enzim nhung khong tham gia vao phan ing
khién enzim mit hoat tinh phan hiy co chdt ; mot s6 khac cd thé tham gia vao phan
Ung enzim va dugc lap vao san phdm clia phan dng nhung sau d6 khéng duge st dung
trong trao d8i chdt véi cung muc do nhu trong trudng hop cia co chat thuec.

6.2. Ciac yéu ts vat li

D6 dm. Hau hét ciac qua trinh séng cia vi khudn cd lién quan dén nudc do ddé do
dm la mét y&u t6 quan trong ciua moéi trudng. Da s6 vi khudn thuéc cac sinh vat ua
nudc nghia la ching cidn nuéc ¢ dang tu do, d& hidp thu. Chi moét s6 xa khudn cd thé
x8p vao bon ua khd (xerophilic) vi ching st dung dugc ca nuéc hidroscopic gin trén
bé mat cdc hat dit 6 dang cdc phan tu. Khi thi€u nuéc sé xay ra hién tugng loai nudc
khoi t&€ bao vi khudn, trao d8i chit bi gidm va t& bao chét. Mot s3,don cdu khuan G
rdt man cam v6i sy khé han, bi chét trong méi trudng thi€u nudc sau vai gis. Trong
diéu kién nhu vay, cdc loai Streptococcus cd thé chiu duge hang tuan. Dac biét, vi
khudn thudc gidng Mycobacterium cd sdc dé khing cao vdi khong khi khé (vi du truc
khudn lao M. tuberculosis). So v&i t&€ bao sinh dudng cdc bao td chiu dung duge kho
han hon rdt nhiéu. N&u lam lanh té bao doéng thoi lam kho trong chan khéng ta co
thé bdo quan dugc sdc séng cua té bao trong moét thai glan dai. Day la nguyén tac
cia phuong phdp lam déng kho vi khuén.

Do vi khudn cdn d6 4m nhit dinh d€ sinh trudng nén bing ciach phoi khé hoac
sdy kho ta co thé bao quan dugc lau dai nhiéu loai sdn phdm (hoa qua kho, cé kho,
rudc thit khé).

Nhiét d6. Hoat dong trao ddi chdt cia vi khudn cd thé coi la két qua cua cac
phan dng hda hoc. Vi cac phan dng nay phu thuéc chat ché vao nhiét dé nén yéu té
nhiét do r6 rang anh hudng sau sic dén cdc qua trinh sdng cua té bao. T¢€ bao thu
dugc nhiét chu y&u tit moéi trudng bén ngoai, moét phan cing do co thé thai ra do két
qua cua hoat dong trao ddi chat.

Nhu da ndi trén, hoat dong cia vi sinh vat bi gidi han trong moéi truong chua
nuéc & dang c6 thé hdp thu. Vung nay cia nudc nidm ti 2° dén khoang 100° goi la
vung sinh déng hoc. Hau hét t€ bao sinh dudng cia vi sinh vat bi ché&t d nhiét do
cao protein bi bién tinh, moét hodc hang loat enzim bi bat hoat. Cac enzim hé hap dac
biét 1a cdc enzim trong chu trinh Krebs rdt man can v6i nhiét d6. Su chét cua vi
khudn & nhiét do cao cing cd thé con la hau qua cua su bat hoat hda ARN va su
pha hoai mang t€ bao chdt (ndi chung, cdc axit nucleic it man cadm v6i nhiét do so
vdi cic enzim).

Nhiét d6 thdp (dudi vung sinh dong hoc) co thé lam biat hoat qua trinh van chuyén
cdc chiat hoa tan qua mang té bao chit do thay /ddi” hinh khong gian cia mot s6
permeaza chida trong mang hoae &anh hudng dén,viée, hinh thanh va tiéu thu ATP cdn
cho qua trinh van chuy&n chu-ddng Ctic chat 'dinh dudng.



Vi khuéin thudng chiu dyng dugc nhiét do th&p. O nhiét d6 dudi di€ém bang hoge
thdp hon ching khong thé hién hoat ddng trao ddi chat ro rét. Nhiét do thdp cd thé
coi la y&u t8 dc khudn néu lam lanh kha nhanh. Trong trudng hop lam lanh d4dn dfn
xubng dudi di€ém bang ciu tric cia té€ bao bi t6n hai do cac tinh thé bang dugc tag
thanh nhung kich thuéc nhd, do t&€ bao khéng bi pha hiy. N&u lam lanh trong chan
khéng cic tinh th€ bang sé thang hoa. D6 1a phuong phdp déng khé d€ bao quan vi
sinh vét.

Gidi han gitta nhiét d6 cuc ti€u va nhiét dé cuc dai la viung nhiét sinh trudng cia
vi sinh vat. Gigi han nay rit khac nhau gita cac loai vi khuin : tuong d6i rong & céc
vi khufn hoai sinh, nhung rit hep & cdc vi khudn gay bénh. Tuy theo quan hé véi
vung nhiét cé thé chia vi khuidn thinh mét s nhém :

a) Vi khuén ua'lanh (psychrophilic) sinh trudng t6t nh&t & nhiét d6 dusi 20°C, thudng
gap trong nudc bi€n, cdc h6 sau va sudi nudc lanh, chidng han vi khudn phéit quang
vi khudn sit. Hoat tinh trao d8i ch4dt & cdc vi khudn nay thdp. Trong diéu kién
phong thi nghiém nhiéu vi khudn ua lanh dé dang thich dng véi nhiét do cao hon.

b) Vi khu6n ua 6m (mesophilic) chiém da s6, cin nhiét d6 trong khoang 20°C -
40°C. Ngoai cdc dang hoai sinh ta con gap céc loai ki sinh, gay bénh cho ngudi va
dong vat, ching sinh trudng t6t nhdt & 37°C dng véi nhiét do cia co thé ngudi va
dong vat.

¢) Vi khuén ua néng (thermophilic) sinh truéng t6t nhdt & 55°C. M6t s6 khong
sinh trudng & nhiét dé dudi + 30°C. Nhiét d6 sinh trudng cuc dai cta cac vi khufn
ua nong dao dong gita + 75° va + 80°C.

Céc vi sinh vat ua néng gém chi y&u la cac xa khudn, cdc vi khudn sinh bao ti,
thanh tdo va ndm mdc. Thudng gip ching trong sudi nuéc ndng, trong phan u.

Cac gi6éi han nhiét do cuc ti€u, cuc dai va t8i thich cia cdc nhom vi khudn va
d&m va ua ndng dugc trinh bay trong bang sau day :

Nhém vi khuin Nhiét d6 sinh truéng (°C)
Cuc ti€u Téi thich Cuc dai
Ua lanh 0-5 5 - 15 15 - 20
Ua &m 10 - 20 20 - 40 40 - 45
Ua ndng 25 - 45 45 - 60 60 - 80

Cac loai Bacillus s6ng trong didt thudng cd nhiét dd sinh trudng kha rong (15 -
40°C). Vi khudn E.coli c6 nhiét do sinh truéng 10 - 47,5°C. Vi khudn gay bénh lau
(Neisseria gonorrhoeae) phat tri€n & nhiét d6 36 — 40°C. Nam 1983 J.A Baross da phat
hién dugc dudi ddy bi€n Thai Binh Duong c6 moét loai vi khudn ua nhiét, sinh trudng
thich hgp & 250 - 300°C.

Co tac gia chia nhom vi-khudn wva_4m ra lam 2 phom : nhém ua nhiét do phong
(khoang 25°C), nhom ua than nhiét (khodng.37°C).

Ddng luu y la cung mét loai vi sinh vatjtuyptheo qua trinh sinh li khdc nhau ma
doi hoi nhitng nhiét d6 tdi thich khic nhau. Dudi day la mot s6 vi du :
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Nhiét do t6i thich phu hgp vdi cdc qui trinh sinh li khdc nhau

Vi sinh vat Nhiét d6 sinh trudng Nhiét d6 lén men

(°C) (°C)

Streptococcus thermophilus 37 47

S. lactis 34 40

Streptomyces griseus ) 37 28

Corynebacterium pekinense 32 33 - 35

Clostridium acetobutylicum 37 33

Penicillium chrysogenum 30 25

Ngoai ra cing cdn k& dén nhdm vi sinh v4t chiu nhiét (thermtolerent) thudng sinh
trudng thich hgp & nhiét dd trung binh nhung cd thé chiu dugc nhiét d6 cao hon.
Chang han vi khudn Methylococcus capsulatus sinh trudng thich hgp & 37°C nhung con
sinh trudng dugc & +55°C.

Ap lyc, 4p suit thdm th&u va 4p sudt thay tinh cd thé anh hudng dén cdu tric
ctia té bao vi khudn.

Mang t& bao ch4dt cta vi khudn 12 ban thdm do cic hién tugng thdm thiu va viéc
diéu chinh thdm &p qua cdc hé théng permeaza déu cé lién quan dén mang nay. Trong
mdi truong uu truong t€ bao miat kha nang rit nudc va cic chit dinh dudng hoa tan
bao quanh : t& bao chiu trang thdi khé sinh li, bi co sinh chit va cd thé bi ché&t néu
kéo dai. Trong thuc t€ ngudi ta dng dung tic dung co sinh chdt cua ciac néng do mudi
cao (10 - 15%) hoac dudng cao (50 - 80%) dé bao quan thuc phidm (mudi dua, ca,
udp thit cd) hoa qua (lam muyt) vi da s6 vi sinh vat r4t min cadm v6i thdm 4p cao
cia méi trudng. Nguge lai khi vi khudn vao dung dich nhugc truong nudc sé xam nhap
t€ bao, dp luc bén trong sé tang lén. Tuy nhién do c6 thanh t€ bao cing & vi khudn
khéng x3y ra hién tugng vo sinh chidt nhu & t€ bao thuc vat.

Da s6 vi khudn sinh trudng t6t trong méi trudng chia it hon 2% muéi, néng do
cao hon cd hai cho t& bao. Nhung cing ¢6 mét s6 vi khudn lai sinh trudng t6t nhit
trong méi trudng chiwa téi 30% mudi. Ta goi la cdc vi khudn wa muéi (halophilic).
Nhiéu vi khudn & bién thuéc nhdm nay, ching khong cd kha nang phat trién ¢ nhing
néng d6 dudng cao goi la vi khudn ua dudng (saccharophilic) hoac uva thidm ap
(osimophilic).

Trong hoat dong séng cia minh, vi khudn thudng chiu dnh hudng cia nhitng thay
d6i ap lyc thiy tinh. O nhiét do binh thudng 4p luc cao c6 thé lam cham hoac lam
mit kha nang di ddng, lam ngiing sinh trudng, lam yéu dong luc va lam thay déi trao
déi chit nhung khéng lam chét vi khudn. Tuy nhién nhiéu vi khudn & day bién va
cdc mo dau cd thé chiu ap sudt thay tinh tdi 200 - 300atm. Ta goi dd la cac vi khudn
ua ap (baraphilic). B

Vé co ché tac dung cua ap suit thuy tinh cao lén vi khu&n vin chua c6 y kién
ddt khoat. CJ lé do 4p suét-cao-ma-thé- tich-t&-bao-bi-gidm;~dd nhdt cia noi thit té&
biao tang lén, ti d6 dén dén lam bat hoat-mot s6; enzimy nhit 1a cdc enzim nam trong
qua trinh phan chia t& bao va lam gidm ‘t6c' @8 hoac'#am nging cdc phan ung sinh
héa. Ciang cd thé, do ap luc thuy tinh' cao i [chife “Phan cia mang t& bao chit bj
tén thuong.
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Am thanh. Séng am thanh, dac biét trong vung siéu am (trén 20kHz), c6 anh
hudng lon dén sinh trudng cia vi khudn. Cac t& bao sinh du@ng bi chét nhanh chong,
t€ bao non min cam hon nhiéu so vdi t€ bao gia. Man cam nhat d6i véi tac dung cia
siéu am 1a cdc vi khudn hinh sgi, it mdn cdm hon 1a cac truc khuin va cd sdc dé
khang cao nhat la cac cdu khudn. Dac biét, siéu am hdu nhu khong anh hudng gi lén
bao ti vi khudn va cdc vi khudn khang axit.

Do tac dung cta siéu am ma dd nhdt cua méi truong tang lén, xudt hién cac chat
nang cao sdc ciang bé mat va trong chidt nguyén sinh hinh thanh cic bot khi nhé. Két
qua la t& bao bi huy hoai.

Hién nay ngudi ta ting dung siéu am dé thu nhan cac ch&€ phdm vo bao hoac dé
tich cac enzim noi bao, phan lap mét s6 thanh phan cua t€ bao nhu riboxom, thanh
té bao va mang t€ bao chat.

Siuc cang bé mat. Khi sinh trudng trong méi trudng dich thé€ vi khudn chiu anh
hudng cla sic cang bé mat cia moéi trudng. Pa s6 cdc moéi truong dich thé dung trong
phong thi nghiém cd sic cang bé mat khoang 0,57 - 0,63 mN/cm. Nhitng thay déi
manh mé sic cang bé mat c¢d thé lam nging sinh trudng va lam t&€ bao chét. Khi sic
cang bé mat thdp, cdc thanh phadn ctia t& bao chit bi tach khoi t&€ bao. Diéu nay ching
td mang t& bao chit bi tdn thuong. Cic chdt ning cao sdic cang bé mat da sé la cic
mudi vo cd. Cac chdt lam gidm sdc cang bé mat chu y&u la cac axit béo, ancohol,
saponat va cdc chidt khac véi chudi cacbon dai, thadng va thom. Cac ch&t ndi trén duge
goi la cdc chét c6 hoat tinh bé mat. Tac dung cua ching thé hién trong viéc l1am thay
d3i cac dac tinh bé mat ciua vi khudn, truéc hét 12 nang cao tinh thdm cia té& bao.
Trong thuc t&€ ngudi ta st dung hién tugng nay trong viéc nudi cdy cdc vi khudn khing
axit. Khac véi cdc vi khudn khac, vi khudn khdang axit c6 bé mat ki nudc va gidm sidc
cang bé mat cia mdi truong sé kich thich sinh trudng cua chung. Sdc cang bé mat
thdp con ngan can vi khudn gidn vao bé mat cing, tranh cho chung khéi canh tranh
sinh trudng. Viéc thém mot lugng nhd chdt cd hoat tinh bé mat nhu Tween 80 vao
méi trudng nudi cdy giip cho vi khudn khuéch tan déng déu trong dung dich. Cic
chiat ¢ hoat tinh bé mat cing dugc dung d€ sat trung, tdy ué. Vi khuidn Gram duong
méin cam véi cac chdt nay hon vi khudn Gram am. Diéu nay cd thé€ la do su sai khic
vé loai va vé ham lugng cta cic photpholipit trong hai nhém vi khudn.

Céc tia bize xa. Anh siang cé thé gay ra nhitng bién d3i héa hoc va do dé nhing
tén thuong sinh hoc néu duogc t& bao hdp thu. Midc d6 gay hai tuy thudéc vao mic
nang lugng trong lugng ti dnh sing dugc hdp thu va mudc nang lugng trong luong ti
lai phu thudc gian ti€p vao chiéu dai song cua tia chi€u. Cac lugng tu biuc xa gay
nén nhitng bién ddi hda hoc cua cdc phan td va nguyén td cd chiéu dai song khoidng
10.000 A. Thuoc vao day cd anh sang Mat Troi, tia ti ngoai, tia X, tia gamma va tia
vi tru. Céac tia vi try, tia gamma va tia X cd nang lugng rat 16n. Khi duge vat chit
hap phu ching cd thé lam bin ra cic electron tit cic nguyén ti cua vat chit dé. Vi
vay céc tia ndi trén dugc goi la cac buc xa ion héa. Nhitng bidc xa voi chiéu dai song
16n hon ¢ nang luogng qua nhd, khong di giay nén nhitng bién ddi hda hoc va tic
dung bi€u hién trudc hét & dang nhiét, chang han tia héng ngoai.

Anh sang Mat Troi 1a nguén tia chi€u tu nhién nhit cé tdc dung pha huy t&€ bao
vi khudn (ngoai 1& : cdc vi khudn quang hgp lai st dung anh siang Mat Trdi lam nguén
nang lugng). Tac dung nay bi yéu di néu t& bao chya sic t6 hay cd cac vo nhdy.

Anh sang Mat Trdi cing ¢ thé gian.tiép tdc domg,lén té€ bao do lam bién dgi moi
truong. Chéng han, cdc/tu cdu khuén (Staphyloecocews) khong sinh trudng dugc trén
moi trudng thach da bi'chiéu tia sing Mat Mreicvai gio. Co l1é trong moéi trudng bi
chiéu da xudt hién cde chit dée thudc loai peroxit c6 tdc dung diét khudn.
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Anh hudng cua tia sang Mat Troi 1én vi khudn dugc tang cudng khi xi li t& bao
bing mét s6 thudc nhudém (metilen, eritrozin, xanh toluidin). Ngudi ta goi hién tugng
nay la tic dung quang dong hoc cia anh sing.

Chiéu dai song lLm

10° 10° 10" 10 10° 10° 10 10°

— = e

Tia va tru Tia X Tia UV Tia Tia hdng ngoai Séng Herlz
nhin thay

Phd cia cac bic xa dien

So v6i cdc bdc xa ion hdéa thi tia tiz ngoai (10 - 300nm) cé niang luong nhé hon.
Khi bi vat chdt hdp phuy, tia ti ngoai khong gay nén hién tugng ion héa nhung kich
thich cdc phan td, nghia 1a chuyén cic dién ti dén moét mic nang luong cao hon. Tac
dung manh nhdt cda tia td ngoai la ¢ vung cd chiéu dai séng khodng 260nm nghia
la ving hdp thu cuc dai cla cic axit nucleic va nucleoprotein. Dudi a4nh hudng cua
tia tit ngoai vi khudn bi chét hosc bi dot bién tuy theo loai vi khuin va liéu luong
chiéu, bao tt cia méc cd sic dé khang cao.

Do tac dung cua tia ti ngoai gita cdc nhanh timin trong chudi ADN xuit hién
cdc lien két cong hda tri. Qua trinh dime - hda timin nhu viy moét phdn hoac hoan
toan dc ché su nhan d6i cia ADN.

Diéu dang chu y la nhitng hu hai do tia t& ngoai gy nén trong t& bao phan nao
c6 th€ dao ngugc. N&u sau khi chiu tia ti ngoai ta lai cho vi khudn chiu tac dung
cia anh sang ban ngay thi nhiéu vi khudn cd kha ning s6ng sét va tiép tuc sinh
trudng, phan chia. Hién tugng nay dugc goi la quang tdi hoat (photoreactivation). Trong
qua trinh quang tai hoat mét s6 enzim goi la enzim sia chiza dugc t8ng hgp hoac
dugc hoat hda (chiung 25 phan ti enzim trong mét t& bao vi khudn E.coli). Enzim xuc
tdc viéc phan huy cdc lién két trong cdc dimetimin xudt hién trong thoi gian chiéu tia
ti ngoai. Anh siang nhin thdy cé tdc dung hoat héa enzim.

Hién tugng sta chita ADN bi tdn hai sau khi chifu tia ti ngoai cing xay ra trong
béng t8i. Trudc hét cac endonucleaza tich roi cic dime timin nguyén ven ra, sau do
enzim ADN-polimeraza tién hanh sita chita bing cach téng hop doan ADN bi thiéu ;
cudi cung enzim polinucleotitligaza lién ké&t ciac doan ADN vita duge téng hgp lait),

Tia ti ngoai cing anh hudng dén ciac axit nucleic (dac biét la ARN thong tin)
trong t€ bao vi sinh vat. Xixtein va cdac hgp chdt chita nhém - SH gin vdi nd cd kha
ning hdp phu tia td ngoai, do d6 bao vé vi sinh vat khdi tdc hai cia cac tia nay.

Tia sang Mat Trdi tuy c6 chda moét phan tia ti ngoai nhung phan lén nhing tia
nay bi khi quyén (ozon, may...) gitt lai. Vi vdy 4nh ning cé tdc dung diét khudn nho
hon so voi tia ti ngoai dung trong phong thi nghiém. Tia Ronghen, tia gamma va tia
v tru (chiéu dai séng nhé hon 10nm) 1a nhitng bic xa ion hda cé thé gay chét hoac
gy dot bién 6 vi sinh vat. Nhing hu hai gay nén la do tiac dong trong t€ bao hoic
do anh hudng gidn ti€p cla cdc phadn dng hda hoc dién ra vdi su tham gia cua cac
gbc tu do tao thanh khi chi€u. Nhing hu hai ndi trén chiu anh hudng cia mot s§ yéu
t6 moi truong. Chang han khi ed oxi vi sink vat sé nhay, cAm dac biét voéi tac dung

(1) He théng cnzim sia cha trong-idi stfa-chia ci nhing dd%n ADN bi hu hai do cic tic nhan hoa hoc.
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ciua céc tia chiu, cic hop chdt chia nhém - SH lai bao vé t€ bao. ADN la d6i tugng
tdc dong cia cdc bic xa ion hda. Cing nhu trong trudong hgp vdi tia ti ngoai, sau
khi bi chi€u, t&€ bao cd kha nang phuc héi lai ADN nhd hé théng enzim sita chia
(endonucleaza, ADN-polimeraza).

Hién nay cédc bic xa ion héa dugc ung dung trong viéc khi trung thuc phim, duge
phdm... va dé gay dot bién & vi sinh vat, (cdc vi khudn sinh bao ti cd sdc dé khéng
rdt cao vdi bdc xa ion hda).

6.3. Ciac yéu t& héa hoc

Trong s6 cac y&éu t6 hda hoc anh hudng dén chdc phan séng cua t& bao trudc hét
phai ké néng do ion hidro (pH), th€ oxi hda khit (Eh) cia méi trudng, cic ch4t sit
trung va cic chidt hda tri liéu.

Anh hudng cia pH méi truong :

pH clia méi trudng cd y nghia quyét dinh d6i vdi sinh trudng cia nhiéu vi sinh
vat. Cac ion H* va OH™ 1a hai ion hoat déng l6n nh4t trong t4t cA cac ion, nhing
bién d8i du nhé trong néng do cua ching cing cé dnh hudng manh mé. Cho nén viée
xdc dinh thich hgp ban ddu va viéc duy tri pH cén thiét trong thdi gian sinh trudng
cua t€ bao la rdt quan trong.

Céac gia tri pH (cuc ti€u, t6i thich, cuc dai) cdn cho sinh trudng va sinh sin cua vi
khudn tuong dng véi cdc gia tri pH cdn cho hoat déng ciia nhiéu enzim. Gi6i han pH
hoat dong d6i v6i vi sinh vat d trong khodng 4 - 10. Pa s6 vi khudn sinh trudng tét
nhit ¢ pH trung binh (7,0) nhu nhiéu vi khuin gay bénh (méi trudng ty nhién la mau
va bach huyét cta co th€ dong vat cé pH khoang 7,4). Cac vi khudn nitrat hda, vi khudn
nét sdn, xa khufin, vi khuin phin giadi ure lai va méi trudng hoi kiém. M6t s6 vi
khudn chiu axit (vi khudn lactic, Acetobacter, Sarcina ventriculi), moét s6 khic ua
axit nhu Acetobacter acidophilus, Thiobacillus thiooxydans (oxi hda luu huynh thanh
HZSO4) c6 thé sinh truéng 8 pH < 1. Ndm soi va ndm men ua pH axit (pH : 4 - 6).

Pham vi pH & mgt s6 loai vi sinh vat

Pham vi pH

Vi sinh: vat Thép nhit T6t nhét Cao nhit

(cyc tidu) (t6i thich) (cuc dai)
Thiobacillus thiooxidans 0,5 2,0 - 35 6,0
Lactobacillus acidophilus 40 - 46 58 - 6,6 6,8
Rhizobium japonicum 4,2 68 - 7,0 11,0
Azotobacter chroococcum 4,5 74 - 7,6 9,0
Nitrosomonas sp. 7,0 78 - 7,6 94

" Acetobacer aceti 40 - 45 54 - 63 7,0 - 80
Staphylococcus aureus 42 70 - 7,5 9.3
Chlorobium limicola 6,0 6,8 7,0
Thermus aquaticus 6,0 7,5 - 1,8 9,5
Aspergillus niger ) ) 7,0 - 8,0 0
Phin 1dn xa khuin 5,0 7,0 - 80 10,0
Ph4n 16n nim men 3,0 5.0 - 4o 8.0
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Pham vi pH t6t nhidt dé sinh trudng va lén men 0 mot s6 loai
vi sinh vat sinh chit khdang sinh

pH 16i thich
Vi sinh vat . %
dé sinh trudng dé sinh chdt khang sinh

Streptomyces griseus 63 - 69 6,7 = 13
S.erythreus 6,6 - 7,0 68 - 73
Penicillium chrysogenum 6,5 -~ 7,2 6,2 - 6,8
Streptomyces aureofaciens 6,1 - 6,6 5,9 = 16;3
S.rimosus 6,0 - 6,6 58 - 6,1
P.griseofulvum 64 - 7,0 62 - 65

pH cia méi truong khong nhitng anh hudng manh mé dén sinh trudng, ma con
tdc dong sdu sidc dén cac qua trinh trao déi chit.

Mang t€ bao chdt cia vi sinh vat tuong d&i it thdm d6i véi cac ion H™ va OH .
Vi vay, mac du pH cua méi truong bén ngoai dao dong trong gidi han rong, néng do
cta hai ion ndi trén trong t& bao chat ndi chung vin 8n dinh. Anh hudng cta pH moi
truong lén hoat dong cua vi sinh vat co thé la do k&t quad tdac dong qua lai gita ion
H' va enzim (k€ cA cdc permeaza) chia trong mang t& bao chit va thanh té& bao.

Dé duy tri pH thich hogp d6i véi vi sinh vat trong thoi gian nudi cdy, nhit la déi
v6i cac vi khudn sinh axit nhung lai khong chiu dugc axit (Lactobacillus,
Enterobacteriaceae, nhiéu Pseudomonas), ngudi ta thudng thém vao moéi truong chat
dém hodac dung cac co chdt oxi hda hoan toan. Dung dich dém thuong dung la mudi
cla cic axit y&u. (photphat, axetat, cacbonat).

Thé oxi héa khu (Eh) :

DE& bi€u thi mdic dé thoang khi cia méi trudng ngudi ta d.img dai lugng rH. Theo
dinh nghia : rH = -log (H,), ¢ day (H) la ap lyc cua hidro trong khi quyén (ding
nham véi pH = -log (H")).

Dung dich nuéc bao hoa hidro c¢é rH = 0, bao hda oxi cd rH = 41. Thang ti 0
dén 41 xdc dinh mic d6 thoiang khi cia méi truong. pH cd dnh hudng dén gia tri rH
cta méi trudng, su phu thudc nay dugc bi€u thi bsi phuong trinh :

rH = %‘5 + 2pH (Eh = thé& oxi hda khu tinh ra volt).

Cac vi sinh vat ki khi bat budc cd thé sinh sdn & nhitng gia tri rH rdt thdp (khong
qua 8 - 10), cac vi sinh vat hiéu khi hoac ki khi tuy tién ¢ giéi han kha rong rH tu
0 dén 30 con cac vi sinh vat hiéu khi bat buéc rH tu 10 dén 30. Cac gia tri rH >30
khéng cd lgi cho su sinh san cta ngay cdc vi sinh vat higu khi bat buoc.

Cac vi khudn ki khi cd thé& sinh trudng nuodi cdy cd gia tri Eh khd thdp. Bang
cach thém mot s8 chdt nhat dinh (nhu axit tioglicolic, xixtein, axit ascorbic...) vao méi
truong cé thé gidm gia tri Eh. Trong méi trudng da dugc diéu chinh nhu vay, du cg
mat oxi, nhing vi khudn ki khi bat budc nhu C. tetani va C.perfringens cing sinh
truong ducc. C6 16 hé men cua cic vi khuan ki khi chia cdc nhom chi hoat dong
dugc ¢ trang thai khi.

Oxi c¢d vai tro hét sde quan trong trong thoat=déng séng cua vi sinh vat. Trong
khong khi O, chiém 20,95%~th&tich va 23,14%"kK6i Tugng.
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Tuy thuéc vao nhu cdu d6i vdi oxi ma ngudi ta chia vi sinh vat thanh cac nhém
sau day :

- Hiéu khi bat buoc :

Thudéc nhom nay la cac vi sinh vat chi cd thé sinh trudng dugc khi cé mat oxi
phan ti (O,). Chung c6 chubi ho hdp hoan chinh, dung O, lam thé nhan hidro cusi
cung. Trong t& bao co chia enzim SOD (superoxid dismutaza) va peroxidaza. Tuyét dai
da s6 vi ndm va s8 dong vi khudn thuéc nhém nay.

- Hiéu khi khong bat buéc : Thudc nhom nay la cac vi sinh vat c¢d thé sinh trudng
dugc ca trong diéu kién cd oxi 14n trong diéu kién khéng cd oxi. Trong té& bao co chia
SOD va peroxidaza. CS oxi ching sinh trudng t6t hon. Phdn 16n ndm men va nhiéu
vi khudn thudéc nhém nay. Co thé ké dén cac loai nhu Saccharomyces cerevisiae, E.coli,
Enterobacter aerogenes, Proteus vulgaris.

- Vi hiéu khi :

Thudéc nhém nay la cdc vi sinh vat chi cd thé sinh trudng dugc & diéu kién ap
lyc oxi rat thdp (khoang 0,01 - 0,03 Ba). Chiing cling thong qua chudi hé hdp va dung
lam oxi lam thé€ nhan hidro cudi cung. Co thé ké dén cic loai nhu Vibrio cholerae,
Hydrogenomonas spp. Zymononas spp. Bacteroides spp. ...

- Ki khi chiu duéng : DS la nhitng vi khuin ki khi nhung lai tén tai dugc khi
c6 mat oxi. Ching khong st dung oxi, khdong cd chuéi hé hdp nhung su cd mat cia
oxi khong cé hai d6i véi ching. Trong t€ bao c¢é SOD, cd peroxidaza nhung thiéu
hidrogenperoxidaza. Thuéc vé nhdm nay cd thé ké dén Streptococcus lactis, S.faecalis,
Lactobacillus lactis, Leuconostoc mesenteroides, Butyribacterium rettgeri...,

- Ki khi : Véi cdac vi sinh vat thuéc nhom nay su c6 mat cta oxi phan ti la cé
hai. Chung khong sinh trudng dugc trén méi trudng dac hoac ban dic khi dé trong
khéng khi hay trong khdéng khi c6 chda 10% COZ. Chung chi sinh trudng dugc & lop
dich thé sau, 6 noi khéng cd oxi, qua trinh 1én men, qua trinh photphoryl héa quang
hogp qua trinh metan. Trong t& bao cta céac vi sinh vat nay khéng cé SOD, xitocromoxidaza,
phdn 18n khéng co hidrogen peroxidaza. Cé thé ké dén rdt nhiéu loai trong cic chi
Clostridium, Fusobacterium, Bifidobacterium, Eubacterium, Peptococcus, Butyrivibrio,
Desulfovibrio, Veillonella...

Cac chét diét khudn (sdat tring) : Cac chat diét khudn thudng dung nhit 1a phenol
va cdc hgp chét cia phenol, cdc ancohol, halogen, kim loai nang, HZOZ cac thuéc nhudm,
xa phong va cdc chdt rda téng hgp cua cdc mubi amon bac bén.

Phenol dugc dung & dang dung dich nudc dé€ sit trung cdac dung cu bi nhiém ban.
Tuy theo néng d6 ma phenol c¢d tac dung diét khudn hay dc khudn. Hoat tinh cua
phenol bi gidm trong méi trudng kiém va cé mat chdt hitu co, trai lai tang lén khi
c6 mat mubi. Bao td cia vi sinh vat khang véi tdc dung cua phenol.

Mbt s6 ddn xudt cia phenol nhu crezol va cdc hgp chdt cia né va exaclorefen cé
hoat tinh manh hon phenol. Hexaclorofen dung phgi hgp véi xa phong dé sat trung da.

Phenol va crezol tic dung chi y&u lén cac 16p mang t€ bao, pha hoai tinh ban
th&m cia mang t€ bao chdt va lam bién tinh protein...

Etanol thudng dung dé sat trung da. Nhung cing nhu phenol, etanol khéng cd tac
dung v6i bao ti. Chang han, bao ti cua Bsubtilis co thé séng trong etanol 9 nam,
bao ti cua B.anthracis <20 nam. Metanol cd tac.dung diét khudn kém hon etanol.
Ciac ancohol cao hon (propylaneohol butyl aneohel)ai’tac dung manh hon. NGi chung,
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tdic dung diét khudn ctia ancohol tang theo su tang kh6i lugng phan ti. Cic ancohol ¢
khéi lugng phan tit cao hon nita thuong khé hén hgp véi nudc, do d6 khong dung dé sat
trung. Propilancohol va izopopanol ¢ ndéng d¢ 40 - 80% dugc dung dé€ st trung da.

Ancohol tac dung bing cach gay dong tu protein. Nhung ancohol vdi néng do cao khu
nuéc manh, do dé rat nudc khoi t&€ bao, can trd su xadm nhap cta ancohol vao t& bao vi
vay chi c6 tac dung tc khudn (etanol 70% cd tac dung sit truing manh hon etanol 90%).

Cac halogen tac dung doc d6i vdi vi khudn. Khi clo duge dung dé sat trung nudc.
Cac hgp chat cua clo nhu clornan va cloramin cing déu cd tdc dung diét khudn.

Téc dung diét khudn cua clo va ciac hgp chit cia clo 1a do viéc hinh thanh axit
clohidric va oxi. Oxi & trang thdi vita sinh ra 12 moét chdt oxi hda manh, do tiac dung
cia oxi cdc thanh phdn t& bao bi pha huy. C4u truc t& bao cing cd thé bi anh hudng
do tdc dung truc ti€p cua clo v46i mot s6 thanh phdn té& bao.

Mot chit diét khudn quan trong khdc thudoc nhom halogen la iot. Iot dé hoa tan
trong ancohol va trong ciac dung dich nudc cua iodua kali hodc natri (teinture d’iode).
Iot & dang lién ké&t v8i cdc hop chdt hitu co cing cd tdc dung diét khudn. Nhing hop
chdt nay khéng nhudém mau vat thé, khong kich thich da va khéong cd mui.

I6t c6 tac dung sat trung lén tdt cd cac loai vi khudn va bao tu, thudng dugc
dung dé sat trung da, tdy ué€ nudc va khéng khi.

Da s6 cac kim loai nang, du ¢ dang nguyén chit hay hgp chit, déu doc d6i vai vi
khuidn. Dang k€ nh&t trong s6 nay 1a bac, thiy ngan, déng va acsen.

Bagc c6 tac dung diét khudn manh do gidi phdng ion vao méi trudng (tic dung
oligodynamic) do dé dugec dung d€ lam sach nudc uéng va dé€ diéu ché cac ché phdm
khang khudn. Ngudi ta cing dung AgNO3 lam chédt sat trung.

Tac dung cua cac chidt khua trung lén vi sinh vat (+ : hoat dong ;
- : khéng hoat déng)

Loai Vi du Néng do % | Vi khuin v?i‘}’“:;n Né:;obac Virat
Rugu Etilic 70 + - + +
[zopropilic 70 - 90 + - + =
Aldehit Focmaldchit 1-8 + + + +
Glutaraldehit 2 + + + +
Bisguanidin Clorhexidin 0,1 - 10 + - + -
B - Propiolacton B - Propiolacton 1 + + + +
Crezol 1 =5 + = + +
Epoxit Oxit ctilen 1 + + + +
Oxit propilen 1 * + + +
Halogen Hop chit hiu co 0,005 - 0,02 +
va v co halogen +
Peraxit Axit peraxetic 1 # + + +
Phenol Phenol va - -
dan xuft 05 - 50 + + (1)
Ch4t hoat dong
bé mat
- anion Sunphonat alkyl 0,1 - 0,25 + = - -
aryl (2)
- cation Mudi amon 0,02 + - + -
bac 4 (3)
ludng phan Glixin jalkyl 1-5 + - % -
diaminoetyl
[

1) Chi phenol : (2) pH, axit (<3).0(3) pH ki¢m
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Tac dung cia bac (ciing nhu cua nhiéu ion kim loai nang khac Cu?*, Pb%*, ng’)
la do kha nang lam bat hoat cac nhém -SH trong phan ti enzim va permeaza tao
thanh mercaptit :

R-SH+X" -R-8S-X+H

Thiy ngan la chidt cd tdc dung manh nhit trong s8 cic kim loai nang. D& sat
tring ngudi ta thudng dung sublimat (HgCl) c6 thé gist chét cac t& bao sinh dudng
¢ néng d6 1 : 1000. DGi v6i bao ti cdn xit 1i thai gian lau hon. Diéu dang chi y la
cac hop chdt hitu co cia thuy ngan tuong d6i véi ciac co th€ bac cao, nhung lai cé
tdc dung diét khuidn manh do d6 dugc dung lam ch4t sat trung (cac ché phdm quan
trong : mectiolat, mercurocrom, famosept...). Tac dung chu y&u cua thiy ngan 1a kim
ham cdc enzim chita nhém - SH va két tua protein t& bao.

Dong va cic muébi dong cing cd tdc dung diét khudn manh. Cac mudi CuSO‘ va
CuCl, gay dong tu protein. Déng kim loai cd tdc dung oligodinamic tuong tu nhu bac.

Arsen dugc dung lam ch4t diét khudn chi y&u & dang ciac chdt hitu co, cac hop
chdt nay it doc d6i vdi sinh vat bac cao. Cac ché phdm quan trong nh&t cta arsen
hdéa tri ba la saliacsan va neosalvacsan. Cac ché phdm nay dung diéu tri bénh giang
mai (tdc dung lén xodn thé€ Treponema pallidum). Cac arsenat lam b&t hoat nhom -
SH trong protein bing cach tao thanh mercaptit.

Peroxit hidro (Hzoz) va permanganat kali (KMnO4) la nhitng ch4t oxi héa manh,
cé tac dung kim ham cdc nhém - SH trong phan ti enzim (Iot sunphit cing cd téc
dung nay) :

ZR—SH+X—->R—S—S—R+XH2.

Hién nay ngoai viéc dung mot s6 hda chat d€ sat trung da, cac dung cu dugc
pham, thuc phdm, nudc udng... ngudi ta con dung cidc dung dich nhu nuéc brom 1%,
HgCl, 0,1%, cén, AgNO, 0,05%, hipoclorit canxi (1% Cl) d& sat trung bé mat hat. Hat
dugc ngam trong ciac dung dich tuong Ung khoang 5 - 30 phut, trudc dd cdn xu li
hat bing xa phong va cidc chdt ¢ hoat tinh bé mat khac dé dam bao cho bé mat hat
tham hoan toan, xd li xong phai ria hat nhiéu ldn bing nuéc v6 trung. Da s6 cac
chdt dung lam thuéc nhudém vi khudn déu la chit kim ham ching. Cac thuéc nhuém
bazo tdc dung manh nhdt ¢ pH thich hop, ching cd ai luc véi cdc nhém photphat cia
nucleoproteit 16n hon la d&i vdi cac nhom cacboxyl cuia protein. Mot s6 thuSc nhudm,
cht yé&u la acridin bi ion hda manh, do dé dé dang tao thanh phuc hgp véi cdc kim
loai quan trong trong t& bao. Hang loat chdt khac thé hién tiac dung chon loc d6i vai
vi khudn. Chang han cristal violet kim ham da s6 vi khuin G* nhung khéng anh
hudng dén vi khuadn G, vert malachite va vert brillant ciing cd tdc dung chon loc nén
cac vi khudn G, acriflavin trai lai, tdc dung chu y&u lén ciac vi khuin G*.

Co ché kim ham vi khudn cua cac thuéc nhuém con chua ré rang. Cd 16, ngoai
tac dung chelat hda, cdc thuéc nhuém da gay nén nhitng chelat hoa, cdc thuéc nhudém
da giy nén nhitng bién d6i ¢ hai cho t&€ bao qua viéc lién két v6i cdc protein.

Xa phong (muéi kali hodc-natri cia cdc axit béo bac cao) ¢d tdc dung diét khuin
yéu. Cic Pneumococcus vi mot s6 Streptocdecus tudng d6i min cam voi xa phong ;
trai lai cac truc khudn Gram &m, vi khudn  axit; pu=edu khudn, cd kha nang khang
voi xa phong.
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Y nghia cht y&u cia xa phong 1a dung dé€ loai bé mdt cich co hoc céc vi sinh vat
khdi bé mat cia da. Xa phong lam giam sdc cang bé& mat, hoa tan va tdy tri cdc vét
bdn, ddu m3d, do d6 cing loai di cdc vi sinh vat.

Véi muc dich trén, ngady nay ngudi ta cdon dung cdc chdt tdy rua téng hop. Uu
diém cta cidc chdt nay so v6i xa phong la ching khong két tia va khéng tao thanh
cin trong nu6c cing. Mot s6 cé tdc dung diét khudn cao.

Trong s6 cic chdt sat trung cing cdn ké dén mot s6 mubi amon bac b6n. Tuong
ty nhu xa phong, nhitng muéi nay cling lam gidm syc cang bé mat va tang tinh thdm
ctia t& bao vi khuén. Ching tdc dung chl yé&u lén céc vi khudn G*, nhung anh hudng
lén ca vi khuin G~. O néng do thdp ching tdc dung dc khufn. Do t4dc dung khing
khudn va d6 doc tuong d6i thdp déng thdi cing do d6 hoa tan va tinh bén ma céc
muén amon ndi trén dugc st dung rong rdi trong viéc tdy ué, sat trung. C4c ché phdm
thudng gap la Azalin, Zepphirol, Phanerol...

Ciac mudi amon bac bén cé 1é tic dung bang cach pha hiy thanh t€ bao va mang
t€ bao ch4t, tit d6 din dén lam vo t€ bao. Mat khdc do anh hudng cia cdc mubi nay
protein trong sinh ch4t bi bién tinh, ham lugng c4c chit chia nito va photpho bi giam.

Céc chdt hoa tri liéu. DS 1a cdc chdt hdéa hoc ¢S tdc dung déc lén vi khudn nhung
khong gay hai cho co th€ bac cao (khéac véi cdc chit sat trung). N6i chung thanh phédn
héa hoc cia cdc chdt nay da dugc biét, do d6 ta c6 th€ diéu ch& bing con dudng
nhan tao.

Co ch&€ tdc dung ctia cac chdt hda trj lieu ré rang dva vao su tuong tu vé cdu
tric cia cdc chdt nay véi cdc hgp chdt ma vi khudn c4n d€ tao thanh cic coenzim,
protein va cdc axit nucleic. Cdc ch4t hda tri liéu canh tranh vi trl gdn véi cdc hogp

Két cdu g6c tuong ty APAB NhémR Tén thudc
-H Sunphanilamic
COOH .
NH
Il Sunphaguanidin
—C-NH,
NH, N ’
APAB _J Sunphadiazin
N\
N
SO,NH - R
N I Sunphamerazin
_1
NH,
Sunfonamit

I Sunphametazin

N
J CH,

CH,
ll Sunphisoxazol

Cu tz0 phan tif ciia mot s6 JLhubc] sEnPHGnamit.
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chdt do trén phan td enzim va kim ham nhiéu phan Ung sinh hda quan trong. Da s§
cac chdt hda tri lieu duge st dung d€ diéu tri cdc bénh khac nhau.

Cac chdt hoda tri liéu quan trong nhdt la cdc sunphonamit din xudt tU axit
p-aminosunphonic. D6 la nhitng chdt déi khiang clia axit p-aminobenzoic (APAB). Do
canh tranh vi tr{ gidn trén phan td enzim véi PAB cdc sunphonamit kim ham viéc tao
thanh axit folic 1a tién chdt cla coenzim tham gia vao qu4 trinh tdng hgp mot s6 axit
amin va purin.

Dac tinh chita bénh ctia cdc ch&é phdm khic nhau tuy theo tinh chdt géc R gin
vao nguyén td N cia nhédm sunphohidryl :

Sunphadiazin va sunphamerazin ¢ ph8 kh4ang khuin réng ma khéng gay phan ing
doéc & ngudi bénh do d6 dugc sit dung phd bi€n nh4t. Cic sunphonamit dac biét thich
hgp khi dung chita cdc bénh do cdu khudn viém ndo va Shiglla gy nén, cdc bénh §
dudng hdé hdp (do Staphylococcus va Streptococcus) va cdc bénh d co quan niéu (do cic
vi khudn Gram &m). Sunphonamit ciing dugc ding dé€ ngan ngita su nhiém trung sau
khi mé.

Tac dung ctia sunphonamit 1a dc khu&n va cd thé bi loai trit khi néng d6 APAB
du thua.

Ngoai sunphonamit, hidrazit cia axit izonicotinic cing cd tdc dung kim ham canh
tranh. Day la chdt cd cdu tric tuong ty véi vitamin B (piridoxin) xic tdc phan iung
khit cacboxyl va chuyén amin cia moét s6 axit amin. Trong y hoc hidrazit cia axit
izonicotinic dugc dung dé chita bénh lao (M. tuberculosis). D& diéu tri bénh nay ngudi
ta con dung axit p—aminosalixilic (PAS). PAS chinh la ch4t d6i khang cla axit salixilic
- yéu t8 sinh trudng cia tryc khudn lao,

Cac chit tuong tu vé cHu tric khéng nhitng anh hudng dén viéc tdng hop céc
coenzim ma cdon kim ham t8ng hgp protein va axit nucleic.

Chang han, 7-azatriptophan va p-fluoropheninalanin va p-fluorophenylalanin cé thé
ldp vao phan tu protein va lam mit chidc nang cta chdt nay (7 - azatriptophan cd
thé chiém t6i n¥a ham lugng axit
amin tuong dUng trong protein cua vi

khu&n). Mot s6 ch4t khéc, nhu CHZOH_ =
5-metyltriptophan, dc ch&€ sinh
trudng cua té€ bao nhung khong tham HO 4 | CH,0H 4
gia vao thanh phdn cuia protein(!), X I
Cac chdt nhu 5-bromuraxin va H,C N N\

N

2-aminopurin cd thé 14p vao ADN
"cia vi khudn. ADN chya 5 -
bromuraxin sé min cidm hon véi t4c
dung cua cédc chdt gay dot bién. Izonicotinhidrazit

Piridoxin

6.4. Cac yéu té sinh hoc

Trong s6 cdc yéu td sinh hoc cd —oH B~
anh hudng cd hai 1én cac qué trinh COOH CH, CHCOOH
s6ng cua vi khudn cdn ké dén khdng NH
thé va chét khang sinh. Cac dic tinh
tdc dung cta khang thé dugc trinh

bay trong chuong 10.

Axit salisilic 2

fluorophenilalanin

(1) L-S-metintriptophan ngan ‘edn phan dng fien két cia Lziriptophan vao TrizARNv & E.coli.
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Su phan cit & vi khudn E.coli

Ba_hinh thitc sinh S8 KHad’o Vil kAudf\ ¥a xa khudn
A : Niy chi
B : Cit dodr
C : Hinh"thafmh Agoal bao i
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Thanh té bao

Mang 16 bao chat
Nhiém sic thé

Qua trinh phan chia nhiém sic thé va hinh thanh
vach ngan khi phan cit 1€ bao & vi khuin

23 Thanht€bao
3  Mangté€ bao chét
\-~._. (@) Nhiém sic thé 1
(@) Nhiém sic thé 2

Qua trinh phan cit & t€ bao vi khuin

\

.
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Didng cong sinh trudng gia thiét tw mot
1&bao vi khudn cé thdi gian thé he l1a 30 phut
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Logant
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té€ bao
séng
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o

Buong cong sinh trudng cta quan thé vi khuin
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Thai gian

MGi quan-hé-giffa s6 lugng té 'b36 va's6' log cua ching
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0 + 5| \ Mat d6 té bao vi khudn ]
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Hé s6 pha loang (h ')
A Nong dé ca chat (g/ 1) g i
iem rua

B San luong vi khudn (g/ 1/ h) (Washout)

C Thai gian tang déi (h)

Quan h¢ gida mat do t€ bao vi khudn, néng do co chit, thai gian tang doi va san lugng 16 bao
trong nhing diéu kién cua can bang dong hoc & cac h¢ s6 pha loang khac nhau trong chemostat
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vi sinh vat ki khi

Cac thiet'bi dung dé nuoi cdy
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Phién kinh cla phong
d&m hong cau

5

La kinh mong

Dich huyén phu
chua v sinh vat

—4
1

|
Sl

Kiém tra s6 lugng (€ bao-vi sinh vatr bing phong dém hng cdu (quan sat dudi kinh hién vi)
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Xac dinh mat d¢ vi sinh vat bi‘m'g phuong phap do d6 duc
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] SR R
T LD ERR

Sy phét trién cua khudn lac trén moi trung thach khi cdy ti cic do pha loang khac nhau
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Bang chi s6 kha nang t6i da (MPN)

S6 6ng (t) '6 3 df) Chi s MPN S6 6ng (t) .6 3 fio Chi s6 MPN
pha loang lién tiép pha loang lién tiép

010 0,18 500 2,3
100 0,20 501 3,1
110 0,40 510 3,3
200 0,45 511 4,6
201 0,68 520 4,9
210 0,68 521 7,0
220 0,93 522 9,5
300 0,78 530 7,9
301 1,1 531 11,0
310 1,1 532 14,0
320 1,4 540 13,0
400 1,3 541 17,0
401 1,7 542 22,0
410 1,7 543 28,0
411 2,1 550 24,0
420 2,2 551 35,0
421 2,6 552 54,0
430 2,7 553 92,0

554 160,0

Phién loc

Hut chan

Phuong phap kiém tra s6 ludng vi sinh vat bing cachy Iga qua=phién loc Millipore réi dit phién loe lén
moi truong thach dia va kiém tra s6 ludng khudn lac 'saukhi 'da nuoi cdy & nhiét do thich hgp.
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Sy xudt hién 27 khudn lac sau khi dit phién loc (da loc 100ml nudc) len moi trudng thach dia

(Ua nhiét)

(Cuc ua nhiét)

(Ua dm)

(Chiu lanh)
(Ua lanh)

MG6i quan“hg gida edc. nhom vi sinh VAW kKhdc nhau voi nhiét do
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Mot s6 dai dién cua cédc

nhém vi khufn wa nhigt, va fém va ua lanh

Vi khudn

Nhiét do t&i thich (°C)

Thoi gian th& hé (phut)

Bacillus stearo—thermophilus
Escherichia coli

Bacillus subtilis
Staphylococcus aureus
Streptococus lactis
Pseudomonas putida

Vibrio marinus

11
20
27
28
30
45
80

Khi triing moi.tr¥dng heic dung cy' thi‘nghiém ibling ndi hdp 4p lyc
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Khu trung que cdy bing sic néng cia ngon hia“vA=bing sic néng cua thiét bj dien

405



406

Binh méi trudng

Mo hinh nubi cdy lién tuc vi khuin trong «chemostat



1ml iml 1ml 1ml iml

/\/—\/_\/’_\/’_\

9ml
1:10 1:100 1:1000 1:10000 1:100000
Mau

Pha loang

L&y 0,1 ml trén vdi thach
sip dong réi d3 vao Cay 0,1 ml én trén

bé mat thach da déng

Nubi cdy

Tatca khu;in lac phat trién
trén bé mat thach

Nhiéu khu3n lac phat trién
trong I8p thach
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~ CHUONG IX

DI TRUYEN HOC VI SINH VAT

Cing nhu cdc sinh vat khac, méi vi sinh vat déu giéng t8 tién ¢ hau hét dac diém.
Di truyén la sy duy trl cdc diac di€m qua nhiéu th& hé. Don vi cha di truyén la gen.
Gen la mot doan ADN dam nhiém mot chic nang nh&t dinh trong qua trinh truyén
thong tin di truyén, chdng han doc ma cho mét chudi polipeptit, mét loai ARN (rARN,
tARN va cidc loai ARN khic cé chic nang diéu chinh) hoac déng vai tro diéu khién
su bi€u hién hoat doéng cua genom. 0 mot s6 virut cd chdt di truyén la ARN (nhu
virut cim, virut gay bénh dai, virut HIV..) thi gen 12 mét doan ARN thudng doc ma
(nho bé may phién dich cia t€ bao chu) cho mét protein xac dinh.

Phidn 16n gen nam trong nhan t€ bao, phadn nho gap & cac y&u t8 di truyén ngoai
nhiém sic thé chidng han plasmit (plasmit F, plasmit R) va cdac y&u t6 di truyén di
dong (y&u t6 IS va transposon). Cho dén nay, dong thong tin di truyén ti nhiém sic
thé dén té€ bao ch4t & moi sinh vat dién ra nhu sau :

1 2a 1 3a
ADN = ARN = Protein
2b 3b ?

Ban than ch&t di truyén (ADN hoac ARN) cd kha nang tu nhan lén, qua trinh
nay dugc goi 12 sao chép (1). Sau d6 ADN dugc dung lam khuén d€ téng hgp ARN
(tARN, rARN va mARN) trong qua trinh phién ma (2a). Mét s6 virut (ching han
retrovirut) chya chédt di truyén la ARN, nhung dé cd thé lip genom ctia ban than vao
nhiém sic thé cua t& bao chu virut phai téng hgp dang ADN trung gian tu sgi khudn
ARN. Qua trinh nay dudc goi la phién ma nguoc (2b). Cudi cung, sinh téng hgp protein
hay dich ma (3a) dién ra trén phuc hop bao gém sgi mARN, riboxom (chda cic rARN)
va tARN (mang axit amin). Liéu cd t6n tai qua trinh dich ma ngugc (3b) hay khéng,
ta chua ré.

1. SAO CHEP

Vé co ban sao chép dién ra tuong tu d moi t€ bao sinh vat, nhung qué trinh dugc
nghién cdu chi tiét nh&t ¢ E. coli Genom & E. coli l1a moét sgi ADN kép, déng vong
kin. Sao chép bat ddu 6 mét di€m gdc (oriC) va dién ra lién tuc cho dén k&t thic.
M6t don vi chdt di truyén cé-kha nang tu sao chép ti didu dén cubi nhu vay goi 12
moét replicon. Sau khi mot s6 protein nh4n ta_diém gdc oriC, hai sgi ADN sé tich ra
tao thanh 2 chac sao chép, ¢ ddy ADN dugc tng-hep theo 2 hudng d6i nhau. Tham
gia vao qua trinh sao chép-ed cdc-enzim va'protein chu yéu sau day :
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1. Gyraza (con goi la topoizome -
raza II) la enzim dubi siéu xoidn & phia
trén chac sao chép.

2. Helicaza. 2 phan ti khac nhau 5 ¥
cia enzim nay gin vao 2 doan sgi don Heligass
ca chac, cé kha nang thiy phan ATP Protein én ket AR
dé chudi xoéan. ADNPol Il

3. Céac protein lien két sgi don
(SSB) gin vao 2 doan ADN sgi don
gitt cho ching khoi bi xoan lai va cé
hinh dang thuan lgi cho su sao chép.

4. ADN - polimeraza E. coli chia 3
loai enzim nay, goi tit 1a pol. I, pol. II,
pol. III. Ca 3 déu c6 kha nang sao chép
ADN va déu cd cic dic tinh sau /

- chl sao chép theo huéng 5 — 3. & 5

- khéng c6 kha niang sao chép ti Soi dan dsu Sgi mudn
ddu ma cdn cd mét ddu 3’-OH cd sdn
dé gin nucleotit vao. Ddng chu y, ddu
3’'-OH nay do mot doan ARN (goi la
méi primer) ngin cung c&p. M6i lai do

- " Sl - Sao chép ADN sgi doi
mot enzim ddc biét, go1 la primaza 1. ADN sgi don dugc lam bén boi cdc protein SSB.
téng hogp. Hon nita, chi khi két hgp Sgi ddn dau dugc sao chép lién tuc bdi pol. Il theo
v6i mot s6 chubi polipeptit khic tao  hwdng 5'— 3.

: . ¥ 2. TOng hgp cua sgi mudn dién ra theo hudng ngudc lai
thanh primosom, primaza méi cé kha va gian doan md diu nhd mot méi ARN t8ng hop bdi

ning nhén ra cdc thd tu diac biét trén primaza.
soi don ADN va tién hanh tdng hqp 3. Nho pol. 111, mét doan ADN dugc léng hgp tiép theo

" méi.
méi. 4. Méi bj logi bd nhd pol. 1 va chd khuyét dugc pol. I
- Ngoai hoat tinh polimeraza con  !0ng hdp b0 sung

; S. Nhilng 16 héng dugc han lai bdi ligaza.
¢d hoat tinh nucleaza, hoat tinh nay & R e

cin cho su sao chép va cho viéc sta chita ADN.

Vé chdc nang, pol.IIl cé vai trd chu y&u trong sao chép, pol.I cé vai trd téng haop
b8 sung va sda chita. Chic nang cuia pol. II chua r6.

Sao chép & E.coli dién ra nhu sau :

1. Mot s& protein nhan ra géc oriC va cdi xodn & day.

2. Hai phan ti helicaza gin vao 2 doan sgi don ti€p tuc cdi xoén.

3. C4c protein SSB lién két ti€p vao 2 doan sgi don sau helicaza.

4. Trén soi khuén 3’ — 5’ primaza t6ng hgp moét méi duy nhit sau dd pol.IIl l4p
ti€p cac nucleotit vao ddu 3’-OH cta méi. Sgi con dugc sao chép lién tuc va dugc goi
1a sgi ddn d4u.

5. Trén s¢i khuén déi dién, primaza -phai tng-hop nhiéu méi, pol.IIl lap ti€p
nucleotit vao ddu 3’-OH ietia méi mo6i tao thanh cdc.doan ADN khoang 1000 - 2000
nucleotit goi 12 doan Qkazaki.
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6. Pol. I cat bo méi dé’ng thoi sao chép b3 sung cdc doan Okazaki ding sau.

7. Enzim ligaza "han" cdc ché hdng gita cdc doan Okazaki. Phan dng "han" cén
NAD® lam nguén nang lugng.
)

Nhu vay, soi con tao thanh trén sgi khuén 5— 3’ dugc sao chép theo ki€u gidn
doan va dugc goi la sgi mudn (hinh 9-1).

Can chu y, sinh tdng hgp cua 2 sgi con duge phdi hgp nhd sy tao thanh mét nim
& soi muon gin chac, nhd dé moét dime cua pol III c¢d thé€ sao chép déng thdi va cung
hudng ca 2 sgi. Cubi cung cédn chu y rang :

- O E. coli sy nhan dbi nhiém sic thé dién ra theo hai hudng nhung ADN vong
& ti thé va thé thuc khudn X174 chi theo mét hudng. O t& bao Eukaryota (ching han
& rudi gidm Drosophila) qua trinh nhan dé6i nhiém sic thé€ cing gi6éng & vi khufn
nhung do cdc sgi ADN rdt dai va sy di chuyén cia c4ac "mat" (ché phdng) tuong déi
cham nén t& bao phai b4t ddu nhan d6i nhiém sic thé t¥ nhiéu di€ém O, nghia la phai
tao thanh nhiéu "mAt" (t& bao tring cla Drosophila nhan déi nhiém sic thé€ hét 3
phut va phai st dung khoang 6000 "mét").

- O té& bao Eukaryota cdc doan Okazaki dugc tao thanh trén cdc méi ARN ngin
(~ 10 nucleotit), cdc doan Okazaki cing ngin (~ 100 - 150 nucleotit). Su nhan déi
nhiém sic thé cidn nhiéu y&u t6 trong té bao ch4t hda tan, hoat déng trong buéc md
ddu c6 lé d€ phan li histon va cdc protein khac khéi ADN.

- & thé thuc khudn ¢X174 viéc tdng hop ADN chl cén pol. I va ligaza va cing
khong cdn ARN lam méi.

- Su nhan d6i nhiém sic thé€ doi hoéi hoat dong ph6i hgp cia hang loat protein
(k€ ca cic enzim). Ding vé quan diém chuc phin va cé 1é cad quan di€m c4u tric
nhitng protein nay phai tao thanh moét don vi goi 1a replixom. Replixom trong téng
hgp ADN cd 1& tuong dudng vdi riboxom trong téng hop protein. Mac du khong lén
va phdc tap nhu riboxom nhung replixom khd nghién cdu hon vl hai I do : chl cé
mat trong t€ bao khodng 5 - 10 ban sao (so v4i ~ 10.000 riboxom / t& bao) va, khong
tén tai & phiuc hgp bén, dic biét khi vdng mat di€m sinh trudng cia ADN.

M6t s6 chit khang sinh kim ham quéa trinh nhan déi nhiém sic th&. Phleomixin,
antramixin, daunomixin va dixtamixin A khéng nhitng kim ham viéc t6ng hgp ADN
ma cdn anh hudng dén viéc tdng hgp ARN. Dac biét, mitomixin C, do tao thanh nhing
cdu n6i ngang cOng hda tri gitta cdc sgi ADN, da ngan cdn viéc tdch cdc sgi nay trong
qué trinh nhan d6i nhiém sic thé. Sau khi miomixin C gin vao ADN, sgi khudn sé& bi
phan giai. Tuy nhién, ta con chua ré chdt khang sinh nay lién két cong hda tri vao
vi tri 06 cua guanozin hay No cua purin.

2. PHIEN MA

Phién ma cing dién.ra-theo-huéng-5.—».3"..0. E. coli-enzim xuc t4c phién ma ci
3 loai ARN la ARN - polimeraza va g6ém.5 chubi peptit ; 2a : 8 : f’ : 6 (holoenzim).
4 chubi ddu gin chat véi/nhau va cd hoat tinh=polimeraza goi 13 enzim t&i thi€u. Chubi
0 ghn léng 180 vao enzim t&i thi€u, hudng din|enzimnay gin chat va chinh x4c vao
vi trlf md ddu cta méi gen (promoto).
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Khic v6i sao chép, phién ma chi dién ra trén mot sgi, tham chi trén tiung doan
cia sgi khuén ADN. Hon nita, ARN- polimeraza khéng can moéi va cung khéng cd hoat
tinh nucleaza. Phién ma & E. coli dién ra nhu sau :

1. Nhd su -"din dudng" cta yéu t6 6 (xich ma) ARN-polimeraza gin vao vi tri
promoto trén sgi khuén ADN va cdi xodn & day.

2. Phién ma bat ddu. Nucleotit thd nhdt bao gid cing 12 ATP hoac GTP (con ca
triphotphat) va gin vao chuéi B.

3. Sau khi phién ma dugc khodng 12 nucleotit, 6 tach khéi phuic hgp dé& lai lién
két v6i moét phdn ti enzim t6i thi€u khac.

4. Khi sap phién ma xong mét gen ARN - polimeraza sé gap mot trong 2 tin hiéu
két thic sau day :

- tin hiéu manh : khong cdn y&u t8 protein b8 sung nao va cd cdu tric dang
cap tdc.

- tin hiéu y&u : cing cd cdu tric dang cdp téc nhung thiéu doan oligo (U) va cin
y&u t6 protein rho ; rho nhan ra va gan vao doan ARN sgi don, thiy phan ATP réi
di dong dén bdng phién ma va tdch mARN khoi phic hop.

Sau khi tdng hop trén sgi khuén ADN phan ti ARN thudng con phai trai qua mot
quéa trinh ché& bi€n trudc khi tré thanh dang cu6i cung tham gia vao hoat dong sdng
cia t€ bao. Qua trinh ch&€ bién sau phién mi nay gém ba loai :

a) Téch cac nucleotit thita

O vi khudn, hai rARN 16S va 23S nim trén cung mot don vi phién ma. Tuy nhién
thudng ta khong phat hién duge sgi ARN tién chit l6n chida ca hai thd tu 26S va 23S
vi doan mang rARN 16S bi cat ra trudc khi doan mang rARN 23S duoc hoan thanh.
Nhung néu dung cic bién ching RNaza III" (la endonucleaza III dac trung cho ARN
sgi doi) ta sé thdy t& bao tich liy mot luong 16n cac ARN tién chdt ndi trén. Vay
ribonucleaza III cd chdc phan tiach phan chda thd tu 16S (p 16S) khoi phdn chda thyg
tu 23S (p 23S). Budc tiép theo la viéc cit xén cac nucleotit thita 6 ddu 5 va 3’ cua
p 16S va p 23S. N6i chung, khoang 22% nucleotit cia sdn phdm phién ma ban ddu
da bi loai di.

Con rARN 5S’ tién chdt & E. coli chi dai hon dang cudi cung vai nucleotit. Nhung
& Bacillus, ching han B. subtilis, cé hai loai tién chidt cia rARN 5S : p5A (180
nucleotit) va p5B, (140 - 150 nucleotit). Vi dang 58 trudng thanh (dang cu6i cung)
chita 118 nucleotit nén cac tién ch4dt trén r6 rang la kha 16n va la san phdm cua hai
gen khac nhau. Mot enzim nucleaza - RNaza M5 da cit xén pSA va p5B thanh dang
5S cudi cung.

O ndm men (Eukaryota) rARN dugc téng hop trong hach nhan & dang moét soi
tién chdt duy nhit 35S. Sau dé rARN tién chit nay bi phan giai thanh cdc dang cudi
cung 28S, 18S, 5,85 va 58.

Viéc t6ng hop cdc phan ti tARN cing dién ra theo miu phan hiy chudi va tach
cdc nucleotit thia. Trén nhiém sic thé cua E. coli va cua thé thuc khuin T, mot s6
gen doc ma cho cic phan ti tARN dugc hop thanh nhém chda thong tin cta mét hoac
tham chi téi 5 - 7 phén-ti-tARN-khic-nhau. Trén-sgi-ARN-tién chdt nay cac phan
t& tARN cach nhau béi nhing doan-ribonuclestit ithiral.,Cic sdi ARN tién chit khéng
16 nhu vay cd thé dugec phédt hién néu ta dung cac 'bi€n'ching cua E. coli méin cam
v6i nhiét d8, chia mét enzim ché bién tARN-:RNazaP di bi hu hai. ft nhat ba tién
chdt cua tARN cd cdu tric-bic-mbdt da duoc %4¢ dinh hoan toan : moét tién chat
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monome cta tARN'YY (E. coli) va mot tién ch4t dime tARNEY - tARN'C (E. coli), va
mot tién chit dime tARNP™ - tARN*®" (thé thuc khu&n T,). Qua trinh cit xén cde
nucleotit thita dé chuyén tién ch4t thanh cic dang tARN cu61 cung cdn it nh4t haj
loai RNaza : RNaza P va RNaza Q.

Riéng d6i v6i mARN & vi khudn, qui trinh cit xén céc nucleotit thita tit sin ph&m
phién ma ban ddy con chua ré rang. Tuy nhién, nhiéu phan t& mARN cua thé€ thye
khuidn dugc t8ng hop in vitro 6 dang nhitng don vi phién ma dai. Ching han ARN
cua thé thuc khudn T, tao thanh in vitro nho su xiuc tdc cia ARN-polimeraza cia
E.coli c¢6 khéi lugng phan tu 2,5 x 10° nhung cac mARN sém cua T7 xuit hién trong
t& bao binh thudng sau khi nhiém thi nhé hon nhiéu. Né&u nhiém T, vao t& bao
E.coli chia RNaza III b4t hoat ta sé thdy chudi ARN cua T, cing l6n nhu sin
phdm in vitro. Vay, cé 1é RNaza III tham gia vao viéc ch& bién cé rARN va mARN.

b) Cdi bién cdac nucleotit

Trong qua trinh trudng thanh cia nhiéu phan t&d ARN mét s6 nucleotit trong sin
phdm phién ma ban dadu bi cai bién, dac biét ¢ cic phan ti tARN nhung cing & cic
phan ti rARN va cé thé & cdA mARN. Su cai bién thuong thdy nh4t l1a viéc gin nhém
metil vao moét nucleotit ; ch&t cho nhidnh metyl 12 S. adenozilmetionin va phan ing
dugc xtc tdc bdi metyltransferaza. San phdm ctia phan dng chu yé&u la cdc din xuit
metyl cia cdc bazo nhung mot s6 ddn xuit 2’-O-metyl cua ribozo va mét s6 hgp chat
dimetyl cing dugc tao thanh. Mot su cai bi€n quan trong nita la phan dng déng phan’
hda nhanh uridilat thanh pseudouridilat. Hidu nhu phan td tARN nao cing chda it
nhit m6t nhianh pseudouridin. Phan dng d6ng phan nay xay ra 0 cid rARN cua t€ bao
Eukaryota va Prokaryota. Hé th6ng enzim xuc tdc su d6ng phan hda nhanh uridilat
trong phan ti tARN ti E. coli da dugc phan l4p vA ngudi ta cing da thu nhan du'qc
bién ching cua Salmonella typhimurium bi thi€u enzim nay. Nhitng bién chung nhu
vay bi hu hai trong viéc diéu chinh sinh t6ng hgp mét s6 axit amin nh4t dinh.

Nhitng phan dng cai bién khéc chl gap & tARN, chidng han viéc chuy&n uridin
thanh tiouridin, sy khi bazo uraxin thanh dihidrouraxin cing nhu viéc gidn nhanh
izopenteryl vao nhom 6-amino ctia adenozin & gdn mét s6 anticodon nhdt dinh.

Diéu diang chu y 1a 6 tARN va rARN moét s6 cdac bién c6 c6 thé€ xay ra ngay khi
san ph4m con & dang tién chdt. Dac biét rARN 16S chi bi cai bién khi da gin véi
mét s6 protein - riboxom.

c) B6 sung cac nucleotit

Nhiéu phan tt mARN trong t€ bao Eukaryota chia mét dusi poliA (150 - 300
nuleotit) ¢ ddu 3’. Phan dUng ngung tu cic nhanh adenilat dién ra trong nhan sau khi
phién ma va do enzim nucleotit-transferaza xic tdc. CS lé "dudi" poliA gitip cho viéc
chuyén mARN ti nhan vao t€ bao chit vd & day nd lai bi phan giadi di. T€ bao vi
khuan cing chi¥a mét enzim cd kha nang, gin nhanh adenilat vao ARN nhung cho t6i
nay chua cdé ching cé nao cho thdy ARN & vi khufn cing chia mét "dudi" poliA.

Nhu ta da biét phan td tARN ti moi t€ bao sinh vat, k€ ca vi khufn, déu tan
cung boi thd tu -X-X-A & ddu 3'-OH. Trong mét s6 truong hgp (nhu
tARN'T, tARNE" — tARN'®) thu ty - XXA 12 mot phén noi tai cia sin phdm phien 4m
va trd thanh ddu 3'-OH sau khi-eic nucleotit, thUa nidm phia ngoai da bi RNaza Q
c4t xén di. Nhung trong/trudng hop khic thisthivtu'='XXA dugc thém vao khi phién
ma nhd tac dung cia enzim nucleotidyl-transferaza=Bén than enzim cing cd chdc phan
san sinh lai ddu - XXA cia tARN da bi loai di"sau méi vong trao déi chat.
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Mot s6 doc t6 ndm va ch4t khang sinh kim ham qua trinh phién ma. Nhing chat
nay thuoc 3 loai :

1. Céc chét tuong tu véi co chdt : thurigin (1a exotoxin tu B. thuringgiensis),
cordixepin—5'-tri-P (tU Cordyceps militaris) va tuberxidin (tUt Streptomyces tubercidicus)
déu la chidt tuong tu cia ATP. Cdc ch4t nay anh hudng lén budc kéo dai chudi ARN
do gin vao vi tri lién k&t cia ARN-polimeraza véi ATP.

2. Cac chét lién két vao ADN va cdi bién cBu tric cta sgi khuén.

Nhitng chdt nay tao thanh phdc hgp khéng cong hda tri v6i ADN va anh hudng
dén chic niang cua sgi khuén.

Actinomixi D cd vong phenoxazon xen vao gilta hai cap bazo G-X trong khi cic
chubi bén pentapeptit lién k&t hidro vdi cac nhanh G va huéng vao ranh nhé cua sgi
ADN xo0dn kép. Actinomixin D khong anh hudng dén sy lién két ciia enzim vao soi
khuén ma kim ham chu y&u budc kéo dai chuébi.

Proflavin va etidium bromit cing xen vao giita hai cap bazo lién tiép.
Aflatoxin thi kim ham ca qua trinh nhan d6i nhiém sic thé va qua trinh phién ma.
3. Cac chdt gan vao ARN-polimeraza va dnh hudng dén hoat tinh

Dédng chu y 12 ch4t khang sinh rifampixin (3 Streptomyces mediterranei), chit nay
gin chit vao chubi f cia enzim gan vi trl lién két nucleozit-5'-tri-P ddu tién, do dg
kim ham buéc md ddu. Rifampixin chi kim ham t8ng hgp ARN & cac hé théng riboxom
70S (vi khudn, ti thé, luc lap). Trai lai viéc tdng hgp mARN tién thé trong dich nhan
clia cidc co thé Eukaryota bj kim ham bdi a—amanitin - moét peptit déc tit ndm Amanita
phalloides. Vi vay, cing dé hi€u la trong qua trinh nhiém vi khu&n nhitng virut nao
st dung ARN-polimeraza ctia chu (nhu thé thuc khuin T, SPO1) thi min cam véi
rifampixin, trdi lai thé thuc khuidn T7, 5 phuit sau khi nhiém khéng bi rifampixin tac
dung nita vi trong thdi gian nay ching di t6ng hgp mdt enzim mdi khéng méin cam
véi rifampixin.

Tuong tu voéi rifampixin cd streptovarixin (S. spectabilis) va tolypomixin (S.
tolypophorus) nhung tadc dung y&u hon. Riéng streptolidizin (S. lydicus) lai 4nh hudng
dén budc kéo dai chubi do lam gidm van t6c hinh thanh lién két photphodieste. Chat
thu6c nhudém rose bengal cing cd tidc dung tuong tu nhu streptolidizin.

Su md ddu phién ma & E. coli bi kim ham bdi chdt khang sinh rifampixin do chat
nay lién k&t canh tranh vao vi tri gin nucleotit ddu tién trén chuéi .

Déang chi y, ngoai chidc nang trong phién ma, yéu t6 6 con cd vai tro trong diéu
chinh hoat déng ciia gen. Ching han, & E. coli yéu t8 6'° (do c6 Mr = 7000 kDa")
dam nhiém huéng din viéc phién ma cic gen trong diéu kién binh thuong. Tuy nhién
trong diéu kién bi s6c nhiét (tang nhiét d6 nuéi tit 37°C lén 42°C) t&€ bao téng hop
mot yéu t6 6 méi - 652 (Mr = 32000 kDa) - lién két v6i enzim t6i thi€u binh thudng
(= 2aﬂﬂ’032) va hudng din enzim nay gin vdo promoto cia cdc gen s6c nhiét. K&t qua
1a 17 protein s6c nhiét (HSP = heat shock protein) da dugc tao thanh, ciac protein
nay c6 thé cd chic nang bio vé ciac enzim chéng lai sy bién tinh bdi nhiét.

Su tao thanh bao ti & Bacillus khi can chdt dinh dudng cing cd thé coi 1a bi€u
hién cia mét su s6c khidc. Trong diéu kién nhu vay t&€ bao B.subtilis tdng hop moét s
y6u t6 6 mdi cd vai tro trong viée-tao thamnh n6i\bao-tit

<1 . ; 12
«1kDa (kilo dalton) = 1,66 x 10 Ig. Hién nay thuong diing '\dénav céacbon (1 ddn vi cacbon = 1,6602 x 10 z"g).
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@ cac t& bao nhan that k€ ca-vi sinh vat, ton tai 4 ARN-polimeraza : pol. I gap
trong hach nhan va tdng hgp cac rARN 16n ; pol. II gap trong dich nhan va téng hop
tién tARN ; pol.Ill gap trong dich nhan va tdng hgp tARN, tARN 5S va mot s6 ARN
nho khac ; ti thé chda ARN-polimeraza riéng.

Khac véi t€ bao nhan nguyén thuy, genom & t€ bao nhan that dugc phan thanh
ciac doan khac nhau : cdc doan khéng mang théng tin xen ké (intron) véi cac doan
mang thong tin (exon). San phdm phién ma truc ti€p cua pol. II chua phai la tARN
ma la pre-mARN vidn chia c3 exon va intron. Sau d6 dién ra trong nhan qua trinh
cit exon khoi intron va néi cdc exon lai thAnh mARN. Qua trinh dugc xidc tdc bdi mét
phic hgp gém protein-va mot sgi ARN nho goi la snRNP (small nuclear ribonucleo-
protein). Chdt kim ham dac trung cua pol. II la a-amanitin (mét peptit rit doc gap
trong ndm Amanita phalloides.

Cing khac hdn t& bao nhan nguyén thiy, mARN va pre-mARN & t&€ bao nhan that
luén luén c¢d moét chdp (cap) m’G (guanin dugc metyl hda & nguyén ti Cc’) & ddu 5
va moét dudi poli (A) (khoang 100 - 200 bazo adenin) & dubi 3’.

Diéu ngac nhién la ARN-polimeraza & vi khudn c8 lai ¢ c&u tric giéng véi
ARN-polimeraza & nim men va cdc t€ bao nhan that khac nghia la chua téi 8 - 12
chuéi polipeptit (chd khéng phai chi 4 chuéi nhu & E. coli). Hon nita genom & vi khudn
¢8 cing chya intron.

3. DICH MA

Cing nhu sao chép va phién ma, dich ma dién ra d moi t& bao vé co ban la gibng
nhau nhung dugc nghién cdu ki nhit d E. coli. Tham gia vao qua trinh nay cé 3
thanh phan chinh : riboxom, mARN va tARN.

O E. coli (va & cac bao quan nhu ti thé, luc lap) riboxom thudc loai 70S, co thé
phan li thuidn nghich thanh 2 hat nho : 50S va 30S. Hat 50S chia 34 protein (d4nh
s6 tu L1 dén L34) va 2 loai rARN (23S va 5S), hat 30S chida 21 protein (ddnh sé tu
S1 dén S21) va moét loai rARN (16S).

Trén riboxom cd 2 vi tri gan tARN : vi tri A gin aminoaxyl-tARN va vij tri P
gan peptidyl- tARN.

tARN chi gém 70 - 90 nucleotit, chda nhiéu bazo cai bién (dihidro - pseudo -
tiouridin, inozin, ribotimidin...), ¢cd c&u tric kiéu 14 ché ba vdi cuéng va 3’ thuy. Diu
5’ ctia cudng luén tan cung bdi - XXA va 1a vi tri gidn axit amin, con 3 thuy lan lugt
dugc goi la DHU (dihidro - uridin), AC (anticodon) va TWX.

Vi axit md ddu dich ma bao gid cing la metionin nén t&€ bao cdn 2 loai tARN
mo6t van chuyén Met md ddu chuéi va moét van chuyén Met vao gitta chudi. Met md
ddu chuéi, sau khi gidn vdi tARN, phai dugc focmyl hda (nhd enzim transformilaza)
thanh focmyl-metionyl-tARN. Ch4t cho nhanh focmyl la axit N!0 _ tetra-hidrofolic. Vi
vay, tARN md ddu dich ma va tARN chuyén Met vao gitta chuéi dugc ki hiéu 14n lugt

la ARNM va ARNMC
Trudc khi tham gia VAo t8ng hop protein méi axit amin phai dugc hoat hda qua

2 phan dng déu do enzim aa-tARN-sint€taza xic/fdC |
1.(Axit amin-+ ATP — aa -~ AMP + PP

2. aa~="AMP”+ tARN >=aa’ A4 tARN + AMP

414



Nhu da ndi trén, khic véi t€ bao nhan that, mARN & E. coli khong cd chdp m’G
¢ ddu 5’ va duéi poli (A) ¢ ddu 3’. Hon nia, trong khi & t&€ bao nhan that, mARN la
monoxistron (chi doc ma cho mot polipeptit) thi ¢ vi khudn that, ké ca E. coli, mARN
la polixistron (doc ma cho >1 polipeptit). Diéu dang chu y 1a ¢ vi khudn mARN thuong
khéng gap ¢ dang nguyén ven vi ngay khi dang con dugc phién ma trén sgi khudn
ADN, céac riboxom da lan lugt gdn vao ddu 5 cia mARN dé tién hanh téng hogp
protein. Nghia la : ¢ t&€ bao nhan nguyén thiy, phién ma va dich ma dién ra déng
thoi vé khéng gian va thoi gian.

C6 thé chia qua trinh dich ma thanh 3 chiang : md dau, kéo dai va két thuc.

3.1. Mg diu

Tham gia vao chang nay ngoai cdc thanh phidn k€ trén con cd 3 yéu t6 protein
goi 12 yéu t6 md ddu : IF-1, IF-2, IF-3.

Trudc hét, nho su kich thich cua IF-3, mARN dugc lién k&t vdi hat riboxom 30S
(IF-3 da gin trudc vao hat nay dé€ ngian can hat 50S khoi tuy tién két hgp véi hat
30S). Tiép theo, fMet—ARN?'m d dang phic hgp [fMet~ARN?Ac‘—IF—2—GTP) dugc chuyén
vao vi tri P trén hat 30S dng v6i codon md ddu AUG cua metionin. Nhung bén trong
mARN cing cé nhidu codon AUG khiac. Vay chi riéng fMet — tARN véi codon AUG
tuong Ung chua du la tin hiéu md ddu cho dich ma. Shine va Dalgarno nhan thdy ¢
ddu 5’ cia mARN va dau 3’ cia rARN 16S bao gig cing cé 3 - 9 nucleotit ghép déi
véi nhau. Nhy doan ghép d6i bazo nay (goi la tin hiéu SD, hay vi tri lién két riboxom,
RBS) ma codon md didu AUG dugc chuyén chinh xac vao vi tri md dau. Bay gio, IF-3
bi tach ra.

Vai trdo ctia IF-1 chua r6 nhung su cd mat ctia yéu td nay la cln cho tdc dung
cua IF-2.

Sau khi fMet - ARN‘IW':l gin chinh xdc vao vi tri md ddu thi hat 50S lién két tiép
vao thanh monoxom 70S déng thdi GTP bi thuy phan béi chinh IF-2, nang luong thuy
phan dung ddy ca IF-1 va IF-2 ra ngoai.

Két qua la phic hgp mdé ddu duge tao thanh : [70S- mARN—fMet—ARN?“‘]‘

3.2. Kéo dai

Ngoai cdc thanh phan da biét, chang nay con cdn 2 protein b3 sung goi la yéu t6
kéo dai : EF-T va EF-G. Riéng y&u t6 T lai gém 2 protein : Tu va Ts, lién két long
180 v6i nhau. Can chu y, ti axit amin thd hai trd di sy lién két cia aa-tARN vao
riboxom cdn sy kich thich cia Tu va GTP trong phic hogp aan—ARN—Tu—GTP].

Trudc hét, [aa,~tARN-Tu-GTP] gan vao vi tri A véi codon tuong tung. Roi (tuong tu
trong chang md ddu), GTP bi thiy phan bsi Tu va Tu-GDP bi ddy ra ngoai). Nho yéu
t6 Ts ma Tu-GTP lai dugc tdi tao (vi chi Tu-GTP mdi lién két vdi aan) :

Tu-GDPp+=Tse=s-ToruGD Py Pt GTP-=>-Tu=GTP + Ts

Lién k&t peptit thd nbdt duge tac.thanh.bang'cach: ¢huyén nhém -COOH cua fMet
sang nhém - NH, cua (aa, do trung tam peptidyl-transferaza (la ribozim 23S cua
riboxom 50S) xuc tac.

415



D& dich ma dugc tiép tuc, bay gid fMet-aa, tARN phai ti vi tri A chuyén vé vi
tri P déng thoi ddy tARN’r\'1el tréng ra ngoai. Su chuyén ché cidn yéu t6 G va GTP -

G thiy phan GTP ldy ning lugng dung cho su chuyén ché, déng thai cho viéc ddy ban
than G ra ngoai.

Sau d¢g [aastARN-Tu—GDP] lai sdn sang vao vi tri A va cdc buéc ti€p dién nhu
trén cho dén két thuc.

3.3. Két thuc

Sau khi t8ng hgp xong chubi polipeptit riboxom sé gap mot trong 3 codon két thic
hay con goi 1a codon v6 nghia (vi khong c6 tARN nao cd anticodon tuong dng véi 3
codon nay) : UAA, UAG, UGA. & vi khudn tham gia vao chang nay cé 3 y&u t6 protein
goi la y&u t6 tach roi : RF-1 (dac trung cho 2 codon UAA, UAG), RF-2 (dac trung
cho 2 codon UAA va UGA) va RF-3 (kich thich hoat dong cia 2 y&u t6 trén). Mot
yéu t6 tach roi khac, dac trung cho riboxom goi la RRF va yé&u t6 kéo dai EF-G cing
cdn cho qua trinh két thuc.

Chudi polipeptit bi tach khoi tARN cu6i cung. Phan dng thuy phan nay cian GTP
va dugc xidc tdc bdi trung tdm pept-transferaza. Ti€p theo riboxom 70S bi phan li cung
vai tARN.

Diéu dang chu y la, dich ma in vivo khéng dién ra trén mot monoxom 70S don
doc ma dién ra déng thdi trén mo6t nhdom riboxom lién k&t canh nhau trén sgi mARN
goi l1a polixom. Hon nita, sau khi téng hop dugc mét s axit amin, nhdnh focmyl va
trong nhiéu truong hgp cd nhanh metionin, bi cidt khdéi chuéi.

H&du hét cic ch&t khang sinh théng dung déu kim ham tdng hgp protein trén
riboxom 70S, 80S hoac ca hai.

Cic chit khang sinh kim ham dich ma

Khang sinh Riboxom Tac dung
Cloramphenicol 708 Kéo dai : kim ham pept-transfcraza
Actidion 808 Kco dai
Eritromixin 708 Kéo dai : kim ham sy chuyén peptit
Kanamixin Ca hai Kéo dai : cing gdy doc sai ma
Neomixin Ca hai Md ddu va kéo dai do gly doc sai ma
Puromixin Ca hai Kéo dai ; gdy k€t thic som
Sparsomixin Ca hai Kéo dai : kim ham pept-transferaza
Spectinomixin 708 Kéo dai : kim ham su chuyén peptit
Streptomixin 708 Kéo dai : gén vao hat 30S va gly doc sai ma
Tetraxiclin 708 Kéo dai : ngan can su lién két cua aa - ARN,

vao vi tri A.

@ t& bao nhan that axit amin md ddu cing la metionin nhung khéng cén focmyl
héa. Hon ni@a dich ma & riboxom 80S bi kim ham bdi moét chit doc dién hinh, do la
doc t6 bach hau (thuc ra, doc t6 ndy dudc tdng hdp bdi gen clia phago beta cdng sinh
véi genom ctia Corynebacterium diphtheriae).Trong/$d-d6| mat cia NAD' doc t6 xuc
tac phan ding ADP - ribozyl héa y&u t6 EF-2 (yéu t6 kéo dai ¢ t& bao nhan that,
tuong duong voi EF-G 0 E. coli) :
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Doc 16 _
NAD* + EF-2 — ADP - ribozyFEF-2 + nicotinamit + H'
(b4t hoat)
Diéu ngac nhién la hé thdng dich ma & t& bao vi khudn c8 lai cé nhing dac diém
gibng v4i & té€ bao nhan thit (axit amin md ddu la metionin) khéng cian focmyl hoa,
khong bi kim ham bdi cloramphenicol ma bdi déc t6 bach hau).

4. POT BIEN VA SU PHAT SINH DOT BIEN

Cing nhu ¢ sinh vat bac cao, t€ bao vi khudn cing chiu doét bién.

Va, d day. clng cidn phan biét genotyp (b6 may di truyén cta mot t& bao) vdi
phenotyp (bi€u hién bén ngoai cia bd mdy trén). o] cung moét genotyp, su bi€u hién
cia phenotyp phu thuéc vao cic diéu kién méi trudng. Néu d co thé bac cao dot bién
xudt hién trong cdc t€ bao mdm, it chiu 4nh hudng cia méi trudng thi & vi khudn
moi trudng cd tdac dung truc tiép. O vi khudn dot bign cing dién ra nglu nhién va
khong dinh hudng.

4.1. Dot bién ngiu nhién

Trong moét quan thé vi khudn luén xudt hién cac dot bién ma khoéng cdn cd su
can thiép cua thuc nghiém. D6 1a cac dot bién ngdu nhién va cidc t& bao tuong dng
goi l1a cdc thé dot bién ngdu nhién. M6t trong nhitng nguyén nhan ctua doét bién ngiu
nhién cé 1& la do su sai sét ngdu nhién khi lién két nucleotit trong qua trinh sao chép
giy nén bdi su chuyén hda tautome(*) cta cac electron trong mot bazo. Chang han,
binh thudng, T tén tai & trang thai keto (= oxo} va ghép d6i voi A, nhung khi sao
chép T chuyén sang dang enol va ghép déi véi G. Hau qua : sgi ADN méi sé mang
mot cap GX & vi tri 1€ ra la AT.

4.2. Tdn do thé dot bién va téc dé dot bién

Tan d6 thé dot bién (tuc s6 lugng ciac thé dot bién trong mot quin thé té bao)
khac nhau déi véi cac tinh trang ca thé, dat tu 1074 dén 107 va phu thudc vao téc
do6 dét bién, diéu kién méi trardng cing nhu tudi cua huyén dich. Xdc xuit cia mot
dot bién d6i vai mbi t&€ bao va mdbi thé hé goi la téc do dot bieén. Khi téc do sinh
trudng cao thi téc d6 dot bién la hing s6 va ndi chung, dugc xac dinh & nhing té
bao sinh trudng theo s6 ma va dudi nhitng diéu kién t8i vu. Téc do dot bién ngiu nhién déi
v6i moét gen xdc dinh la khoang 1075, véi mot cap nucleotit xac dinh la khoang 107%.

4.3. Dot bi€n yén ling

Nhiéu axit amin c¢d >1 codon tuong Ung nén cing cd >1 tARN tuong ting. Do su
"thodi hda ma" nay ma khong phai méi d6t bién déu dugc bi€u hién & phenotyp Vai
nhiéu bo ba su thay d6i ¢ bazo thi ba khéng giy nén hau qua gi (dot bién yén lang
hay dét bién nguyén nghia). Ngay su thay ddi 01baze! thi nhat hoac thu hai cing vay.

(+) Tautome (Tautomer) : su ehuyén_dich e mot hop ehdt (i @ang nay sang dang kia tuy vin ¢6 cung cong
thaifc nhung khac ciu tric.
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Mac du cic cdu tric bac cao cia mdt protein dugc quy dinh bdi cdu tric bac mat
nhung tiung axit riéng ré cing cd y nghia khac nhau d&i véi cdu tric cua protein. Vi
du : dot bién chuyén AUX (izoloxin) — GUX (valin) din téi sy thay thé moét nhom va
lipit nay bing mot nhdm ua lipit khac. Trai lai, XUU (Igxin) — XXU (prolin) khién
cho chuéi polipeptit bi sai léch va cd thé lam thay ddi sau sic cdc cdu tric bac cao.

Vi vay, trong mot loat thé dot bién cd cung gen cdu tric d6i vdi mot enzim bj
thay d8i sé xudt hién nhiéu mdc do hoat tinh, tit mat hoat tinh khéong ding ké dén
mit hoan toan.

4.4. Hé6i bién hoic su hoan td

Dot bién di€m cé thé thuan nghich, nghia 1a cic thé dot bién co thé bi dot bién
trd lai (h6i bidn) va phuc héi cdc dac tinh cua dang hoang dai. Co 2 loai thé héi bién :
& thé héi bién cung vi tri d6t bién phuc héi hoat tinh dién ra & cung vi tri véi dot
bién ban ddu (n&u dot bién trd lai khéng nhitng & cung vi tri ma con din dén thd ty
cta typ hoang dai thi ta goi d6 1a thé hdi bién that), trong thé héi bién khac vi tri,
dot bién xay ra d mot vi tri khac trong ADN, nhung c6 th€ phuc héi phenotyp cua
dang hoang dai. M6t s6 dot bién at ché thudc loai héi bién nay, chidng han : 1- dot
bién & mot vi tri khdc trong cing mét gen cd thé phuc héi chic nang cia enzim nhu
trong doét bién chuyén khung doc ; 2- dot bién trong moét gen khdc cé thé phuc héi
phenotyp hoang dai ; 3- dot bién din dén t6ng hop mot enzim khac cé thé thay thé
enzim dot bién nhd viéc dua vao mdt con dudng trao d8i ch&t khiac v6i con dudng ma
enzim dét bién da su dung.

4.5. Dot bién cam iUng

Cé thé nang cao tdn do dot bién nhd xu li t& bao bing cac tac nhan gay dot bién.
D6 la su cAm #ng d6t bién va t€ bao sinh ra goi la thé d6t bién cam wng. Tac nhan
gay doét bién cd thé 1a hda, li hay sinh hoc.

Dua vao cdu tric di truyén cd thé phan biét 3 loai thé dot bién :

- Mot cap bazo bi thay thé& bdi mét cap khac, vi du AT bi thay d8i GX va nguac lai.

- Mot doan ADN gém nhiéu bazo, tham chi nhiéu gen, bi loai di, bi chuyén ckd
trén nhiém sic thé hoac bi gian doan do su xen vao cia ADN la.

Cac thé dot bién loai 1 (thé do6t bién di€m) c6 tdn d6 cao cdc ching héi bién. Trai
lai, cac chung nay it gip & cac th€ dot bién loai 2 (nhu dot bién chuyén khung) va
khong gap & cac thé dot bién loai 3 (trit vai ngoai 18).

a) Lip chét tuong tu bazo

Ch4t tuong tu bazo la nhitng ch&t khang chét trao d8i. Mot s§ ch&t tuong tu bazo
pirimidin va purin dugc t& bao hdp thu, ldp vao ADN va hoat déng nhu cédc bazo binh
thudng. Tuy nhién khi sao chép ching c¢6 khuynh hudng ghép bazo khong chinh xdc.
Hai ch4t thudng dung d€ gay d6t bign 12 BU (brom - uraxin) va AP (2-aminopurin).
BU tuong tu véi T, do d6 & dang keto BU. chitm ché eda T trong sgi ADN va ghép
doi voi A. Nhung do khuynh hudng dé tautome hgda_thanh dang enol ma & vong sao
chép tiép theo BU sé ghép-d6i vei-G. Hau qua“a~-AT — XG.
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AP cing tac dung tuong ty, mac du thé hién nhu A nhung thuong tautome hda
thanh dang imino va ghép deéi véi X.

Su thay th& m6t purin hay mot pirimidin badng moét ddn xudt purin (A — G) hay
pirimidin khac (X — T) goi la su chuyén dich.

b) Thay déi héa hoc cua bazo

Axit nitro (HNOZ) khit amin cia A, G hoiac X nhung khéng lam ddt hoac bién ddi
sgi polinucleotit. Do thay th& nhém - NH, bang nhém -OH ma :

- A — hipoxantin ghép dbi véi X thay cho T din t6i chuyén GX — AT.

- G — xantin, vAn ghép d6i vdi X nén khong gay dét bién Hidroxilamin phan dng
cht yéu voi X khi€n bazo nay ghép d6i véi A, do dé cing giy chuyén dich XG — TA.

Etyl - va metyl - metansunphonat, dimetyl - va dietyl - sunphonat, et-ilenimin,
iprit nito hoac iprit luu huynh, N-metyl-N’-nitro-N-nitroso-guanidin 1a cdc tac nhan
alkin hda gay dot bién manh. Ching han, EMS (etyl - metansulfonat) etyl héa chu
yéu N-7 cia guanin. 7 - alkylguanin bi tach khoi chuéi dé€ lai mét ché hdng, khi sao
chép ti€p, mét bazo sai thudng lip vao day.

¢) Lép vao hodc loai di mét cgp bazo

Phan ti acridin xen vao gilta cdc bazo canh nhau trén chudi ADN, lam tang khoang
cich gita ching. Diéu nay sé didn dén mdt di mot nucleotit hodc 1ap thém vao mot
cap bazo va lam chuyén khung doc trong tdng hop protein :

D6t bién 1&p vao TAX|GGA[XXA|ATA IXT Khung doc thay déi
ADN binh thudng Taxleealxaalrax!|T Khung doc binh thudng
Dot bién loai di TAX|GGX|AAT|AXT Khung doc thay déi

d) Tia tu ngoai (UV) va buc xa ion héa

Tia UV, tia Ronghen va cdc bic xa ion khdc cd tdc dung giy chét hoac giy dot
bién & vi sinh vat. Tia UV tdc dung chu yéu
lén axit nucleic, manh nhit la ¢ vung 260nm,

din dén hién tugng dime hda timin, & day 2 lcl) ¢

timin gdn nhau dugc lién két cong hda tri véi c

nhau & nguyén tt C thd 5 va 6. Hau qua la HN/ \GC/ CH3CH3\C6/ C\NH
sao chép bi sai 14m vi ADN-polimeraza dé lap o=¢ 5(‘: | |
moét nucleotit khong chinh xac vao vi tri trén. S S g /CG\ /C =0
Do tac dung cua tia UV trén sgi ADN cing xudt ',“ N

hién mot dime pirimidin — pirimidin khac goi l1a ® ®

quang san phdm 6 - 4, ¢ day C=6 cua pirimidin
5' (T hoac X) dugc lién k&t véi C~4 cia pirimidin
3’ (thuong la X). San phdm nay la nguyén nhan
cha yéu cua dot bién gay nén baitra UV.

Mot dime timin
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5. SUA CHUA ADN
T& bao sinh vat c6 mot s6 co ché sita chita ADN bi hu hai bdi cac tdc nhan ndi trén.

5.1. Sita chaa truc tiép

Néu chiéu lén huyén dich vi khudn liéu lugng cao tia UV thi mot s6 16n t& bao sa
bi chét. Néu sau d6 4 huyén dich trén v6i dnh sang cho phép (320 - 350nm) thi nhiéu
t&€ bao sé s6ng sot. S§ di vay vi trong t€ bao t6n tai mot loai enzim goi 12 photoliaza.
Enzim cdn 2 cofacto lam yéu t6 hdp thu anh siang, dd la FADH2 va 510 -
meteniltetrahidrofolat (gap o E. coli va nim men). Dugc hoat héa bdi 4nh sing photoliaza
nhan ra va gin vao dime timin, sau khi phin giai dime enzim lai tdch khdéi ADN.

Mot vi du khdc 1a sy sita chita 0° - metylguanin (O°MG) tao thanh trong su cd
mat cia cic nhan t6 alkyl héa. Khi sao chép O°~MG cd khuynh hudng ghép déi véi
T hon la véi X, do d6 gay nén dot bién GX — AT. Mot enzim, ADN - metyltransferaza,
xidc tdc chuyén nhém metyl cia O°-MG 1én mét nhanh xixtin trén phan ti enzim, sau
dd enzim bi bat hoat.

Stta chita cat nucleotit. O E.coli, enzim chu yéu la exonucleaza ABC gém 3 duéi
don vi, sAn phdm cua ciac gen uvrA, uvrB va uvrC. Enzim nhan ra mét s6 hu hai ké
cd cac dime pirimidin ciclobutan, quang sin phdm 6 - 4 va mot s6 loai ghép thém
bazo. Khac ciac endonucleaza théng thudng, excinucleaza c6 kha nang cit ¢ 2 vi tri tu
2 dau cua doan ADN bi hu hai gdm 12 - 13 cap bazo.

5.2. Stra chia cit bazo

M5éi té& bao cd mot loai enzim goi 1a ADN -
glicozylaza c6 kha nang nhan ra nhitng ché 5’ 7
hu héng phé bién trén ADN (ching han cic 3’ 5
san phdm khd amin cia xitozin va adenin)

va loai bé di bazo hu héng bing céch cit di j il

lien két glicozyl. Diéu nay tao ra moét vi tri 5 3
khuyét purin hoidc pirimidin goi chung la vi 3’ 5
tri AP (apurinic hoac apirimidinic site). M&i

glicozylaza dac hiéu cho mot loai hu hong. l

Vi du ph8 bién cho t&t cad cdc t& bao la & 7
uraxin glicozylaza loai bd uraxin (xuft hién 3
td su khi amin ngdu nhién cua xitozin).

Cac glicozylaza khac nhan ra va loai bo
hipoxantin (xu&t hién t¥ su khi amin cua adenin) va cac bazo alkyl héa nhu
4-metyl-adenin va 7-metylguanin cing nhu cdc dime pirimidin.

Sau khi vi trf AP xu&t-hién-moét-s6-enzim-khdc-ti€p-tuc.sia chira. Két qua la
deoxiribozo-5'-photphat  sotigi bi loai bé.ya, duoe thay,thé bing mot nucleotit méi.
Qua trinh bat ddu bang viéc cat sgi ADN' chita’ vi ‘tri "AP"nho AP-endonucleaza : mdt
doan ADN chda vi tri AP bi cdt bé. Sau déjpol.jIt6ng hop ADN b3 sung va ligaza
han ché héng.
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5.3. Suta chia ghép déi sai

Hé thdng stta chita nay & E. coli

gém it nhat 9 protein. Su phan biét 7

soi dua vao tdc dung cia Dam - . GALL J
gl dy : 55—\

metilaza metyl hda ADN & vi tri N pe 5’
cia tdt cd adenin gip & bén trong VG X7’{70

thit tu (5’) GATX. Ngay sau sao chép l A,

cé mot thdi gian ngéin (vai gidy hoac
vai phuat) chi sgi khudén dugc metyl
hda, con sgi mdi t6ng hogp vin chua
dugc. Chinh nhd diéu nay ma té& bao
phan biét dugc cdc sgi. Co ché& sita
chita ghép déi sai duge huéng din
béi cdc thd tu GATX tuong d6i xa.
Cac protein MutS, MutH va MutL
déng vai trd quan trong : MutS lién
két vao cac cap bazo ghép déi sai,
MutH - vao thud tu GATX, MutL lién
két 2 Mut trén thanh mot phic hop.
Né&u chi mo6t trong hai sgi duge metyl

helicaza 11, SSB
exonucleaza |

hda ¢ thd tu GATX va mot cip bazo 4

ghép sai nam gin d6 (cach «~ 1000 ‘ pol IIL,
cap bazo), MutH sé tac dung nhu ligaza
mot endonucleaza dac hiéu vi tri phan - GATAX

giai sgi khéng dugc metyl héa ¢ ddu

5 cia G trong GATX, vi vay da danh /"7/|’G

ddu sgi d€ stta chita. Cac budc tiép 2 <y

theo tuy thuéc vao vi tri ghép bazo
sai so v@i vi tri phan giai trén. Khi
bazo ghép sai nam & ddu 5’ cua vi
trl phan gidi, sgi khong metyl hda sé
dugc cdi xodn va bi phan gidi theo huéng 3 — 5’ tit vi tri phan giai qua vi tri ghép
sai bazo r6i dugc thay th& bing sgi ADN méi. Quéa trinh cdn tac dung ph6i hop cua
helicaza II, SSB, exonucleaza I (chi phan giai sgi ADN don theo huéng 3’ — 5’),
polimeraza III va ligaza.

A

6. SU TRUYEN TINH TRANG VA TAI TO HOP DI TRUYEN

3 t& bao nhan that khi thu tinh cdc b6 gen don bdi két hop vdi nhau tao thanh
mot hgp tu luong boi. Qua vai 14n phan chia & hgp ti dién ra su tai td hop gita 2
bd gen va su gidm (qua phan bao gidm nhiém) thanh b gen don bdi (giao tu).

T4i t6 hgp 0 t€ bao nhan nguyén thuiy cd nhiéu di€ém khac. Vi khuidn luén ludn
la don boi. Hop ti & ching knéng phai 12 san phdm k&t hop cia cdc t€ bao. Thudng
chi m6t phdn ADN tu té€ bao cho duge truyén sang té-béio nhan, do dd sé& xuit hién
hop tit mot phdn. ADN cua t€& bao nhin va doan, ADN cta t& bao cho ghép déi va
trao d6i doan. Khi phan chia nh&n va phan bao' tiép-theo sé xuit hién mot t& bao chl
chia nhiém sic thé da tai t6 hop. Ty theo.cich.van.chuyén.ADN, ta phan biét 3
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ki€u truyén tinh trang & vi khudn : bién nap, tai nap va tiép hop. Sau khi ADN duge
chuyén, trong t& bao, nhan sé dién ra tai t8 hop : ADN cua t& bao cho lip vao ADN
cia t€ bao nhan (thé tai td hop).

Tai t6 hop di truygn :

Cé 2 co ché, qua d6 ADN la lot vao t&€ bao vi khufin c6 thé tdi t8 hgp vao nhiém
sac th€ vi khudn hoac plasmit : ti t6 hop ph8 bién hoic tuong déng va tai t8 hop
dac hiéu vi tri hoac dac hiéu thu tu.

Tai t6 hop phd bién 12 qu4a trinh trong dé ADN la lot vao t& bao dugc lién két
vdi ADN cua t€ bao chu qua viéc ghép d6i doan tuong d6ng, bé vd va trao ddi chéo
2 doan ADN cd trinh tu bazo gi6ng nhau. ft nh&t 6 enzim tham gia vao qua trinh
(c4c enzim nay cing cd chdc nang trong sia chita ADN hoic sao chép ADN), trong
dé dang chd y nh4t 1a protein RecA.

ADN cUa té& bao cho Ch8 vd Protein lién k&t sgi don (SSB)

\ L

Co ché cua t4i 16 hgp phd bién. Sy trao ddi gila mot doan ADN cua t€ bao
cho vdi mot doan nhiém sic thé cua t€ bao nhan bit d4u bing sy cip d6i cua doan tuong déng
va doan bj v4, s¢i don. Tham gia vao day c6 protein Rec- A va protein SSB.

Tai t8 hgp dac hiéu vi tri hoac dac hiéu thd tu, trai lai, chi cAn mét doan ADN
tuong d6ng rdt nhé dung d€ nh&n biét. Qua trinh khéng cdn su xuc tdc cua protein
RecA ma cén cdc enzim dac hiéu cho cac phan tit ADN tdi t6 hgp. CA 2 phan td nay
déu mang thd tu nhan biét, do d6 tai t6 hgp dugc goi 1a dac hiéu hai vi tri. Su hgp
nh4t cua phago lambda va cua plasmit F vao genom ctia E. coli 1a vi du vé ki6u tdi
t8 hgp nay. Néu chi mét trong 2 phan tt ADN t4i t8 hgp mang thd tu nhan biét, ra
goi 1a tdi t8 hop dac hiéu mét vi trl. Cdac nhan t6 di truyén chuyén dich ché (nhan
t6 IS, transposon, phago Mu) 12 vi du vé ki€u tai t8 hop trén.

= =

bio attB gal bio gal blo A gal

Tai 16 hgp d‘ac hiéu vj tri trong trudng hgp cia phago lambda

Khi chuyén sang trang thai prophago, phago lambda gi&n vao nhiém sic thé chu &
mot vi trf xdc dinh gi¥a galactozd - operon v ving biotin. Vidc gin md ddu bing sy
sdp hang cua 2 thd ty bazo tugng déng éhi| gém /15-cap bazg diung lam ving nhén
biét d8i voi enzim integraza do phago téng hop. Enzim cit ADN sgi kép ciua pha go
va clia chu & vung ndy (vung attP va attB). @éc dau tu do xudt hién sé dugc lién két
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chéo nho ligaza. Su l4p vao cta phago la tkuin nghich. M6t enzim khac cing do
phago doc m4, excisionaza, xuc tic viéc tdch genom cia phago ra. Ca 2 qua trinh,
lip vao va tach ra cta phago, dién ra v6i sy tham gia d6ng thoi cia moét protein
tao thanh bdi t&€ bao chiu, y&u t6 hop nhdt cta chu, IHF (integration host factor).

Nhén t6 IS (insertion sequence). La cac nhan t6 di truyén, tuy khong cé cdac doan
tuong déng nhung cé thé l4p vao cac vi tri rdt khdac nhau trén genom vi khuin. Dac
tinh nay tao cho nhan t6 IS kha nang di déng rong rai goi la su chuyén ché. Cac
nhan t6 IS dugc phat hién d4u tién & cdc bi€n ching ngiu nhién cua E.coli ¢ day do
xen vao ADN cua t€ bao chu, ching pha vo su lién tuc cua cic gen. Ciac nhan té IS
gip 0 nhiém sic thé€ vi khufn, trén ciac plasmit va phago ciing nhu & nhiéu virut va
té bao nhan that. Ching gém khoang 800 - 1400 cip nucleotit va khdng mang moét
phenotyp nao khdc ngodi chic nang cin cho su chuyén ché. Chic nang nay duge xuc
tac bdi enzim transposaza do y&u t8 IS doc ma, transposaza nhan ra mét vung xdc
dinh trong chudi kép ADN (ADN dich) va cat r&i 2 sgi. 3 méi ddu cua nhan t6 IS
tén tai cac cap nucleotit lip lai truc ti€p hoac gidn ti€p va cdn cho qua trinh chuyén
ché. Khi nhan t6 IS nhan ra ADN dich thi & vi tri nd l4p vao sé dién ra su sao chép
cdc cap nucleotit cia ADN dich. C6 18 c4c nhan t8 IS déng vai trdo quan trong trong
viéc dinh huéng va tdi t8 hgp cac dac tinh di truyén.

Transposon (Tn). Cing thudc cac nhan t8 di truyén di dong, gay dot bién va cing
duge goi l1a cac "gen nhay". Trai v6i nhan t6 IS, cic Tn doc ma cho cac tinh trang dé
nhan thdy vé phenotyp, chdng han tinh khing khang sinh (penixilin, tetraxiclin,
kanamixin...), tinh khdng kim loai nang (vi du Ag). Su "nhay" hoac su chuy&n ché cua
mdt Tn thudng khéng lién quan véi viéc mdt cua Tn ¢ vi tri 14p vao ban ddu ma la
két qua cia su sao chép Tn. Theo mét mé hinh, Tn dugc nhan lén, trong dé dién ra
sy tiép xdic v6i mot ADN dich. Két qua la sy xu&t hién tam thdi cia mét dang déng
hop nhit gita thé mang Tn va ADN dich mé6i. Nhd sy xic tdc clia enzim resolvasaza,
cii6i cung, thé déng hop nh&t dugc tach thanh 2 phdn td ADN, méi phan ti mang
mdt ban sao cua Tn.

Bacteriophago Mu. Cd chung dic tinh hgp nhdt khong binh thudng cua nhan té IS
va Tn. Khi hgp nh4t vao gen cua chu phago sé gay dot bién (Mu la viét tat cia
mutator) ; bacteriophagos Mu tdc dung nhu Tn khdng 18. Céc retrovirut doéng vat cing
c6 dac tinh tuong ty. Chuyén ch6é 1a moét budc cin thiét trong sy sinh san dung giai
cia bacteriophagos Mu, ADN ctia phago Mu khéng sao chép bén ngoai genom vi khuin.
Mét dac tinh dang chd y nita gap & bacteriophago Mu la su ddo ngugc gen. Qua trinh
nay dya vao sy tai t8 hop dac hiéu vi tri, tdc dung 1én su chuyén hudng cia mdt
doan ADN riéng ré bén trong genom cua phago. Su dio ngudc cidn doan G cua
bacteriophago Mu. Doan G doc ma cho cdc protein t6ng hop soi dudi. Néu doan
nay nim theo hudng G* cac protein dusi S va U sé dugc tao thanh va phago nhiém
E. coli K12. Néu doan dao ngudc theo huéng G~ mét promotor khac sé hoat dong va
soi ADN déi dién dugc st dung, sgi nay phién ma cic gen S’ vd U’ ma sin phim cia
ching tao thanh mot protein-dubi am thay ddi phd yat.chi cia phago. Nho vay phago
¢é thé hdp thu vao cdc t€ bao cla E. coli' C vA“cac vi“khudn duong ruét khic. Su dao
ngugc gen cung gap 0 Salmonella va 6 day ool li8i ‘quan dén sy thay déi téng hogp

tién mao.
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7. SU BIEN NAP

Su chuyén gen qua ADN giai phdng t¥ mét vi khudn cho hoac duoc chiét rat ti
vi khudn nay sang mét vi khudn nhan dugc goi 1a bién nap.

C4c t& bao ¢ trang thai cd thé dugc bién nap bsi ADN trong méi truong dugc goi
la kha nap (competent). Dac tinh nay gap & cac chi Acinetobacter, Azotobacter, Bacillus,
Haemophilus, Mycobacterium, Neisseria, Pseudomonas, Streptococus va Synechococcus.
Trang thai kha nap do cdc gen nhiém sic th€ doc ma va dugc kich thich bdi mot s
diéu kién moi truong. Nhing vi khudn nhu vay dugc coi la c¢d khd nang chiu su bién
nap tu nhién. Nhiéu vi khudn khac khéng trd nén kha nap dudi diéu kién nudi ciy
binh thudng nhung cd thé thu dugc dac tinh trén qua viéc xi li nhan tao nhu G t&
bao trong dung dich cdc cation hda tri hai véi néng d6 cao. Day la cac hé thdng bién
nap nhan tao.

Hai hé thdng bién nap tu nhién & vi khudn dia dugc nghién cdu ki va thé hién
nhiéu khéac biét do la Streptococus pneumoniae va Haemophilus influenzae. Cho téi gin
day, ki6u bién nap & S.pneumonice dugc coi 12 di€n hinh cho cdc vi khuin G cd kha
nang bién nap tu nhién va ki€u bién nap & H.influenzae la di€n hinh cho cac vi khudn
G™ c¢d kha nang trén. Tuy nhién, su thuc khéng hadn nhu vay. Viéc nghién cuu bién
nap tu nhién cia plasmit cho thdy su khdc biét trong co ché& bién nap khéng nhit
thiét tuong dng véi tinh chidt cua thanh t&€ bao phat hién bdi phan dng nhuém Gram.

Cac t€ bao trong quin thé S.pneumoniae nhanh chdng trd nén kha nap trong pha
sinh trudng lay thira. Su chuyén hda nay dugc xuc tac bdi mét protein nhd goi la yéu
t6 kha nap. Y&u t6 nay dugc téng hop va tiét thudng xuyén vao méi truong boi t&
bao S.pneumoniae nhung chi khi mat do quin thé t& bao, néng do6 cua y&u t§ kha nap
trong moi trudng tang tdi gia tri nhdt dinh, tinh kha nap méi phat trién. Khoang 12
protein duogc téng hop va thuc hién qua trinh bién nap. Nhd nhiing protein nay ma
cac t& bao kha nap cd thé hdp thu ADN sgi kép vao bé mat ngoai & mot s6 vi tri va
phan gidi né thanh cdc doan nhdé hon nho tdc dung cua cdc enzim lién k&t bé mat.
Sau do mot sgi cia doan bi nucleaza phan hiy con sgi kia x4m nhap t€ bao ngay khi
con dang gan vao mot protein lién két ADN diac hiéu cho kha nap.

S.pneumoniae hdp thu va ché€ bién ADN ti bdt ki nguén nao chang han, ADN tu
tinh trung cd héi hay ti mot t€ bao S.pneumoniae khac déu dugc hdp thu nhu nhau.
Tuy nhién, chi néu ADN la tuong déng vdi genom ctia vi khuin nhan né méi duoc
hop nhdt vao va tu dé lam thay d6i di truyén cua t& bao nay.

Su hogp nhidt cia ADN tuong d6éng dién ra qua qud trinh thay thé& sgi tao thanh
sdn pham trung gian la mét viung soi kép di nguyén : moét sgi cia vung nay la soi
moi xam nhap con soi kia 14 ving tuong déng cua genom vi khudn nhan. Do nguén
gbc khac nhau ma 2 soi bao gom soi kép di nguyén khong nhat thi6t gidng nhau, trong
do cd nhing vung cua sgi nay khong dugc duy tri nhd lién két hidro. Nhitng vung nay
cd thé bi loai bd va thay thé€ bang cac bazo b8 sung d6i véi ADN thé nhan.

Su chuyén nap & vi khudn G~ H.influenzae khac ¢ vi khuin G* ndi trén mot s6 diém
co ban. T& bao trd nén kha nap khong phai-do téng hop y&u t6 kha nap ma la do hau
qua cta su sinh trudng. Hon nita, chi- ADN jtwong ddng (tit cung mot loai hoac ti mot
loai rat than thudc cua Haemophilus duoc hip thu va xam nhap t& bao, ADN nay & dang
soi kép cho téi khi hop nhdt vao genmom cua viekbhudn, nhan.
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Mang ngoai cta t& bao kha r.xap chtta trung binh 10 cdu tric dang tui la nhing
nép gidp cia mang ngoai, § géc cia mébi tii cé nhing 16 nho. Bén trong mdéi tdi co
moét protein lién k&t dac biét vai mot thi tu ADN gom 11 cap bazo gap ¢ 600 vi tri
trén genom.

Ngay sau khi ADN tuong déng dugc b3 sung vao quan thé vi khuidn kha nap céc
tdi huéng ra ngoai bién mat va xudt hién cac tui hudng vao trong. Co lé su lién két
ADN tuong déng trén bé mat tai lam tdi bi gdp khie, git ADN & bén trong tao thanh
mot cdu tric goi la transformaxom. ADN bén trong transformaxom khi di qua t& bao
chi duge chuyén thanh dang sgi don ngay trudc khi tdi t6 hgp vdi genom thé nhan.

T& bao H.influenzae kha nap cd thé hdp thu cac plasmit nguyén ven néu plasmit
chita thd ty 11 cap bazo phu hgp. Tuy nhién t& bao kha nap cua B. subtilis dugc bién
nap bdi ADN nhiém sac thé nhu & S.pneumoniae thi bao git cing phan cat plasmit
khi ching xam nhéap t€ bao va chuyén ching thanh sgi don. Cac plasmit dang duong
thing khong cd kha nang sao chép, ching chi cd thé trd thanh moét bo phan di truyén
cia genom té&€ bao nhan néu ching lai dugc ddng vong bén trong t& bao, su déng vong
lai nay tuy thudéc vao diéu kién la gilta plasmit va genom nhan cé vung tuong dong
hay khéng. N&u bén trong vung tuong déng nay dién ra su phan cat thi su ghép doi
cia vung v6i genom nhan sé mang cadc dau lai gdn nhau khién cho plasmit vong sogi
kép c6 thé dugc tai tao nhd ADN - polimeraza va ligaza.

O cac vi khuan kha nap tu nhién tinh trang dugc bién nap la tinh khang doc té
va tinh nguyén dudng d&i vdi axit amin. Sy kha nap phu thudc vao trang thai sinh li
cia t€ bao va pha sinh trudng. T& bao kha nap cd bé mat t& bao thay ddi, thanh té&
bao x6p va ching cd hoat tinh cao clia cdc enzim ngoai bao, déng thoi tao thanh yé&u
t6 kha nap tiét vao méi trudng. Néng do ADN cdn cho su chuyén nap rdt nhé : chi
0,1 ug/ml huyén dich t& bao di dé chuyén nap 5% qudn thé t& bao nhan.

O cic vi khudn binh thudng khong cd kha nang bién nap tinh kha nap cd thé
dugc cam ung trong diéu kién phong thi nghiém nho xiu li t€ bao bang mét phuong
phap. Chang han, véi E. coli cé thé xit li bang CaCl, va bdo quan trong lanh.

Véi cac vi khuan G* thuodc chi Bacillus va Streptomyces viéc st dung cdc thé
nguyén sinh chdt dé bién nap cd y nghia thuc t& ré rét. O cac vi khudn nay, sy hap
thu ADN plasmit cdm dng véi polietilenglicol duge thuc hién qua cdc thé nguyén sinh
chit thi6u vach, hay trong trudng hgp chuyén ADN nhiém sic thé qua sy dung hop
truc tip cua cdc thé nguyén sinh chdt. Cic thé nguyén sinh chdt da dung hop, két
hop genom cua ca hai t& bao b6 me, cd thé tai sdn thanh cdc t& bao nguyén ven dudi
cac didu kién thuc nghiém xdc dinh. Cdc thé tdi t8 hgp xudt hién tit su dung hop nhu
trén mang tinh trang cia cid hai b6 me nhd qua trinh tai t8 hgp tuong dong.

Gin day, phuong phépxung-dien-es-hisu quacao da dugc dda vao sit dung. Phuong
phap nay tao cho cac mang sinh hoe détham Wa)\dé [dung hop nho sy kich thich cia
mot dién truong, da duoc dng dung 18n ddu tien cho cac té bao nhan that nhu lai céc
t& bao thuc vat. Tuy nhién nhiéu ADN plasmitwcia vi khuin Gram duong cing nhu
Gram Am cing cd thé dudc. chuyén. nap.nho xung dién.
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8. TAI NAP

Tai nap 1a sy chuyén ADN ti t& bao cho sang t& bao nhan nho phago. Thuong
chi mét doan nhé ADN chu dugc chuyén. Cé hai loai tai nap va trong ca hai truong
hop phago tai nap thudng bi khuyét tat, vi du m&t kha nang dung gidi t& bao chu.
Tai nap gap & cac loai cia Salmonella, Escherichia, Shigella,, Bacillus, Pseudomonas,
Staphylococcus, Vibrio va Rhizobium. Tuy nhién khong phai tdt ca cdc phago déu cé
thé tai nap va tdt cd vi khudn déu dugc tai nap.

8.1. Tai nap khéng dac biét (tai nap phd bién)

La ki€u tai nap trong do moét doan bat ki cia ADN chu duge l4p thém vao hoac
thay thé& hoan toan genom cua phago.

Tai nap khéng dac biét duoc Lederberg va Linder phat hién nam 1951 ¢
S. typhimurium. Chiung cho B* dugc nhiém phago 6n hdoa P22. Sau khi t& bao chu bj
dung giai cac phago dugc tich riéng va duge G véi chti nhan B™ khdac B* it nhit mot
dac tinh di truyén. Khi cdy gat trén méi truong chon loc, nhan th&y moét s6 thé tai
t6 hop thé hién tinh trang cia B*. Tai sao vay ?

Khi phago P22 nhin lén trong ching cho B", ADN cta t& bao bi cit thanh cic
doan, moét vai doan nao d6 cd th€ dugc bao boc bdi vd capsit cua phago. Hén dich sé
chda ca phago binh thudng va phago khuyét tat. Viéc nhiém mét ching nhan B~ vai
mo6t phago binh thudng thudng din dén su dung bao. Nhung mét s6 t& bao nhan phago
tai nap khuyét tat ¢ ADN tai t8 hop véi genom cua th€ nhan. Cac doan tuong déng
trao d6i cd thé din dén su thay th€ moét gen khuyét tat trong th€ nhan bing mét gen
nguyén ven ctia thé cho. Vi chi mdt doan nhd ADN dugc tdi nap nén xac suft tai té
hgp ciia mét tinh trang nh4t dinh chi khoang 107 - 1078 Do dd, véi phago P 22 cua
Salmonella ciing nhu phago P1 cua E. coli, trong méi trudng hgp, chi mét tinh trang
hoac cdc gen nam rdt gidn nhau cd thé dugc tdi nap. Lugng ADN tuong ung vdi ADN
clia phago chi bing 1 - 2% ADN cua vi khuin. Ngoai 1é 1a phago PBS1 cua B.subtilis
cd thé tadi nap t6i 8% genom cua chu

8.2. Tai nap diac biét

Trong trudng hop nay chi cdc doan ADN xdc dinh dugc chuyén, & day mot sé gen
cta phago dugc thay th€ bang mot s6 gen cua chu. Chidng han, phago lambda thudng
chi tai nap cdc gen gal va bio.

Né&u phago tai nap nhiém mot t€ bao nhan bi khuyét tat, chdng han & gen gal
(gal’), tai t8 hop cd thé xay ra qua trao ddi gen gal” bing gen tai nap gal®. Cac thé
tai t8 hop hoac cic thé tai nap tao thanh sé la gal®.

Viéc chuyén gen boi phago Phi 80 cing tuong tu : phago lap vao canh cac gen doc
ma cho cdc enzim t6ng hgp triptophan, do dd thich hgp cho viéc chuyén cac gen trp.

So voi tai nap khéng dac biét thi su xen ké cua phago vao genom chu trong tai
nap dac biét la tién dé cho viéc chuyén ADN dat higu qua.

Trong mét s6 trudng hop dean-ADN tai nap khéng tai t6 hop ma ndm ngoai nhiém
sdc thé cua thé nhan : t& bao la di hop ti~vé tinh trang duoc chuyén ADN chuyén
tuy duogc phién ma nhung khéng duge sao chép, Vi .vayy khi phdn bao doan ADN cua
thé cho chi dugc phan viao mot t€ bao con. Nhitng ‘t€ biao do dugc goi la thé tai nap
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khuyét. N&u thé nhan la trg duong va doan ADN cia th& cho b3 sung cd tinh trang
nay thi chi nhitng t& bao di truyén tiép doan ADN ndi trén méi cd thé sinh trudng
va tao thanh cac khudn lac rit nho trén méi trudng thach.

8.3. Tiép hgp

Tiép hop 1a sy chuyén ADN qua ti€p xidc truc tiép gita hai t& bao vi khuin, su
chuyén la dinh hudng tu t& bao cho (duc) sang t& bao nhan (cai).

T& bao cho chiwa moét y&u t6 ADN cd thé di chuyén goi la plasmit gigi tinh
F (fertility). Nhitng t& bao thi€u plasmit F(F") chi c6 thé dung lam thé nhan. Khi tiép
hop plasmit F dugc chuyén véi x4c sudt 100% nhung khéng tinh trang nao cta nhiém
sic thé dugc chuyén. Plasmit F cé thé hop nhdt vao nhiém sic thé va khi tiép hop
ADN ctia nhiém sic thé sé dugc chuyén tit vi khudn cho sang vi khuidn nhan véi tan
do cao hon hang ngan lan so véi dung ching F*. Vi vay ching dugc goi la cac té& bao
Hfr (high frequency of recombinants = tin s6 cao cia cac thé tai t8 hop). Cing nhu
phago lambda, F lip vao nhiém sic th& & vi tri xac dinh, F lip vao nhiém sic thé
chu theo ki€u thuan nghich, va, khi tach ra, néu khong chinh xac nd sé kéo theo mot
doan ADN chu tao thanh plasmit F’. T€ bao chia plasmit F’ goi 1a t&€ bao F’.

Plasmit F la phan tid ADN sogi kép, vong kin, kich thudc khoang 10° bazo, c6 kha
nang tu sao chép doc lap v6i nhiém sic thé. Plasmit F chia cdc gen cdn cho sy tiép
hop va cic gen xac dinh tiém mao gi6i tinh F. N6 cd mét s6 dac tinh chung vdi cac
plasmit khdc nhu ch¥a mot s6 gen cho phép sao chép trong t& bao, thé hién hién tugng
khong tuong hgp do vdng inc quy dinh, nghia 12 nfu mét plasmit da cé mat trong té&
bao thl viéc sao chép cia cdc plasmit than thuéc sé bi kim ham. Plasmit F thuéc nhém
khéng tuong hop goi la Inc F1 .

Khong phai tdt ca cac plasmit déu doc ma cho tinh trang tu chuyén nhu plasmit
F va mot s6 plasmit khidc, duge goi chung la cac plasmit ti€p hgp. Trong trudng hop
cta plasmit F su chuyén ADN dugc doc ma bsi 13 gen va dién ra qua 4 budc : 1.
Bén trong ving khdi ddu sao chép (oriT) dién ra viéc bé vd mot sgi don ; oriT la mot
doan ADN 373 cap bazo dugc nhan ra bdi cdc protein lién k&t ADN xic dinh va khac
v6i ving khdi ddu sao chép sinh dudng (ori) ; 2. Tu oriT ADN dugc cdi xodn theo
huéng 5° — 3’ ; qua trinh dugc xdc tdc bdi 2 protein dac trung cho su chuyén va cidn
ATP ; 3. Ddu 5’ tu do di chuyén qua mét 16 gin hai t€ bao cho va nhén vao t&€ bao
nhan ; 4. Déng thoi, trong t& bao cho, § ddu 3’ soi kép b6 sung dugc tdng hop lién
tuc theo co ché& vong xoay. Viéc téng hogp sgi kép trong t& bao nhan dién ra theo ki€u
gidn doan trén doan mdi (primer) ARN.

Ngoai E. coli cic plasmit tiép hgp cing gap ¢ nhiéu vi khudn G~ khdc, va & nhiéu
chi vi khudn G' nhu Bacillus, Clostridium, Nocardia, Staphylococcus, Streptococcus
va Streptomyces. Mot nhom plasmit ti€p hop ti S.faecalis (dugc chuyén véi hiéu qua
cao) doc ma cho mét pheromon gi6i tinh ddm nhiém chic nang cia mot tin hiéu giao
ph6i dac biét. Pheromon gigi tinh kich thich tdng hgp mét chdt ngung két trong vi
khu&n cho plasmit. Ch&t nay dugc coi nhu chdt két dinh lién k&t t& bao cho véi té€
bao nhan va din dén su két von hai loai t€ bao.

Nhiéu plasmit cé phé chu kha hep chi~ed th& sao-chép trong céc loai rdt gin gui.
Tuy nhién cing cd nhilng plasmit thé hién phd, chi_ tuong ddi rong. Trong s6 cac vi
khuin G~ plasmit khdng, tip-hop RP4 thusc nhém-IncP1 va plasmit khiang khéng tiép
hop RSF 1010 thuéc nhoém IncQ la nhitng plasmit cd dac tinh trén. Cdc plasmit ddu
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cho tinh khang ampixilin, kanamixin va tetraxiclin cing nhu kim loai nang telu, cdc
plasmit sau cho tinh khang streptomixin va sunphonamit.

Cac plasmit véi phé chu réng trong nhém vi khudn Gram duong con it dugc biét.
Tuy nhién ti S.faecalis nguoi ta da phan lap dugc mot plasmit tiép hgp cd thé sao
chép trong nhiéu loai cua Staphylococcus, Bacillus va Lactobacillus. Plasmit 16n 2,9 kb
pC194 ti S.aureus c6 phd chi kha rong bao gém cic vi khuan G' nhu B.subtilis, vi
khuan G~ nhu E. coli, tham chi cA t& biao nhan that nhu S.cerevisiae.

Cac plasmit tiép hgp cd thé giip cho cdac plasmit khong tiép hgp chuyén tu té bao
cho sang té bao nhan. Qua trinh nay dugc goi la su huy dong plasmit va co thé :

1. Plasmit khéng tiép hgp nhung cd thé huy dong dugc chuyén déng thoi véi
plasmit tiép hop ma khéng ¢ su lién két vdi nhau. 2. Su tuong tdc vat li gita 2 phan
tu plasmit qua tai t6 hgp la cdn thiét, dang déng hop nh&dt xudt hién sé di vao té& bao
nhian va & day, cd thé nd lai dugc tach thanh 2 plasmit ban ddu. Plasmit Col E1l c6
thé huy dong doc ma trong cac ving mob 3 protein huy déng can thiét cho viéc chuyén
cua Col El.

Cac plasmit dudng thing it gap & prokaryota. Cho t6i nay ching méi chi dugc phat
hién & Streptomyces, Streptococcus va Nocardia opaca. Bang ciach nao ADN cua ching
tranh dugc su phéan giai cia exonucleaza ta con chua ré6.

Y nghia sinh hoc cta plasmit :

C4c tinh trang doc ma bdi plasmit thudng cung. cdp cho té bao chu uu thé sinh
trudng va nhd dé ma cac t€ bao nay thu duge wu thé&€ chon loc.

Plasmit khang. Cac vi khudn khang khang sinh dugc phan lap d4u tién vao nhing
nam 1950 ¢ Nhat va thudc cic chung cia truc khudn li Shigella phan 1ap td cic bénh
nhan dugc diéu tri bing khang sinh. Ddang chu y 1a, cac vi khudn nay thé& hién tinh
khiang da thudc va dugc chuyén tit vi khudn nay sang vi khudn kia ké ca E. coli qua
sy ti€p xuc t€ bao don gidn. Ngay nay ta da biét dugc cdc gen cua plasmit R giap
cho vi khudn chu khang vdi sunphonamit, streptomixin, cloramphenicol, kanamixin va
tetraxiclin. Mot s6 plasmit R cho tinh khing v6i 8 khang sinh, s6 khac cho tinh khing
v6i cdc kim loai nang, déc nhu bac, nicken, coban, cadimi, déng, kém, crom, acsen,
antimon, telua hoac thuy ngan. Cac plasmit R thuong la ti€p hgp hoic cd thé huy
dong. Mot s6 plasmit R c¢é phd chi rong va cé thé dugc chuyén gita mot sé chi
vi khudn khac nhau, thuan lgi cho su phé bién cua ching. Cung véi sy chuyén cia
plasmit R m6t s6 gen nhiém sie thé cing dugc chuyén, r6 rang cic gen nay dugc huy
dong boi plasmit R.

C6 2 co ché& khiang khang sinh : khang do plasmit doc ma va khang do nhiém sic
thé doc ma. Chang han, tinh khang streptomixin do nhiém sac thé dua vao su thay
d8i cua hat riboxom 30S. Trai lai, tinh khang streptomixin do plasmit lai dua vao su
bién ddi chit khang sinh nay nhd enzim( streptomixin bi adenyl hda). Tinh khing do
plasmit d6i v6i mot s6 chat khang sinh khéac cing dua vao su bién d8i hda hoc xic
tdc bdi enzim : cloramphenicol bi axetyl hda, kanamixin va neomixin bi photphoryl hoa
hoac axetyl hda, con penixilin. bi.phan giai boi penixilinaza. Vi cac chdt khang sinh
thuong duge dua vao st dung trong diéu trii bgnh, /dac: biet J cdc bénh vién, nén da
dién ra su ph8 bién plasmit R trong s6 cic yvi khudn.giy bénh va su chon loc, tich
liy cac vi khudn khang khdng sinh:
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TU ddt va nudc chia hoac nhiém cac mudi kim loai nang ngudi ta da phan lap
dugc mot s6 vi khudn khang kim loai. Tinh khing kim loai cd thé duoc doc ma baoi
plasmit hodc bdi nhiém sic thé. Co ché& ctia tinh khiang kim loai ¢ 1é dva vao su xuit
thdi nho ATP-aza hay su nghich chuyén cac ion déc xam nhap té& bao.

Nhiéu vi khudn tao tanh cdc protein cé kha nang giét chét hoac kim ham sinh
trudng cua cac loai than thuéc. Cédc protein cd tdc dung dac hiéu nay dugc goi la
bacterioxin va do plasmit doc ma ; bacterioxin da dugc phan lap tu E.coli (colixin), P.
aeruginosa (pioxin), B.megaterium (megaxin)... Co thé ngudi va dong vat thudng xuyén
ti€t ra nhiéu chdt c6 thé dung lam chit dinh dudng cho cac vi sinh vat. Mat_khac,
day la méi trudng tuong déi 8n dinh, do dJ tao nén cac tién dé li tudng cho sy phat
trién cta nhiéu vi sinh vat. Nhiéu vi khudn dong vai trdo co ich tham chi can thiét
cho sy phat trién cia cac sinh vat bac cao. Tuy nhién, bén canh ciac vi khudn cd ich
nay cing cd nhiéu vi khudn cd hai cho co thé chu. Trong qua trinh tién hda, nguoi
va dong vat da phat tri€n mot s6 hang rao ngin can su xam nhap va su sinh san
cia cdc vi khuin gay bénh, ching han da, hé théng mién dich va cic yéu té trong
mdu. Cdc vi sinh vat ¢6 kha nang xam nhap vi ching cd cic y&u t6 gay bénh va cac
yéu t6 doc tinh. Nhiéu trong s6 cic y&u t6 nay la do plasmit doc ma. Cang vi vay ma
cic y&u t6 trén dugc ph6 bién nhanh chong. Cic yéu t6 xam thuc cho phép vi sinh
vat phat trién manh mé trén bé mat cdc mang nhdy. Invasin, do plasmit doc ma giup
cho Shigella flexneri x4m nhap tich cuc vao cdc t€ bao bi€u mod rudt. Enterotoxin
(ddc t6 rudt), thé hién tdc dung doc trong dudng rudt va gay ia chay, thﬁbng cung
dugc doc ma boi plasmit. Hemolizin ¢é tdc dung dung giai héng ciu. & nhiéu chung
E. coli gay bénh cdc y&u t8 xac dinh di truyén cua ching cing nidm trén plasmit. Ddi
véi cdc vi khudn dudng rudt gay bénh kha nang st dung ion sit la tién dé quan trong
cho sy xam nhap ctia ching vao cidc t€ bao vd mé6. Chinh cac siderophor lién két sat
nhu aerobactin cing dudc doc ma bdi plasmit.

Plasmit cing cd chdic nang giy bénh & thuc vat, ching han plasmit gay u &
Agrobacterium tumefaciens. Tac dung diét sau (doc t6 BT) cua thé vui chua protein &
B.thuringiensis cing dugc doc ma bdi gen nidm trén mot plasmit 16n khoang 100kb".

Plasmit cing cd thé mang cédc gen thuc hién cac phan dng sinh hda dac biét, truéc
hét la cac gen xdc tdc su phan gidi cac chidt dugce téng hogp bang con dusng hda hoc,
khéng tén tai trong sinh quyén, chdng han cac hgp chidt thom va di vong véi géc
halogen thay thé&, cac chdt nay chi cd thé duogc khoing hda bdi mot s6 vi khudn chuyén
héa. Trong s6 cac ch4t trén, dang chu y la cac chit diét co, chdt tri ndm va chat
diét con trung la cdc chit chi bi phan giai bdi cac vi khudn mang plasmit di hoa.

Ngoai ra con cd cdc plasmit khac, mang gen chiu trdch nhiém cdc phan ung trao
d8i chit phuc tap nhu c8 dinh NZ’ tao thanh nét sdn, téng hop axit indolaxetic va
diaxetin, van chuyén dudng va cic ion kim loai (nicken), téng hop hidrogenaza cing
nhu cdc enzim ctia qua trinh phan nitrat héa. Cac plasmit "trao d8i chidt" nay thuong
la cac phan tu khéng 18, kich thuéc khoang 300 - 1200 kb va dugc goi la cac
mega - plasmit. Cac hé théng han ché& va cai bién bio vé vi khudn khoi su xam nhap
cia ADN la cing cd thé do plasmit doc ma. Chang han, & moét s6 chung, cac gen ndi
trén ndm trén nhiém sic thé, & mot s6 khac, lai ndm trén plasmit. Diéu nay gap o
cdc chung khac nhau cia _cung mot loai vi _khudn cing nhu cua cédc vi khudn rdt gan
gii vé chung loai phat sinh..Su dinh vi khac nhau cia gen ching té gen hoac toan
bo phuc hé gen gita nhiém sac thé va plasmit ¢4 dude trao ddi va plasmit dong vai
trd quan trong trong su tién hg’a €la cic genom nhan nguyén thuy.

«kb = kilobazd ; 1kb = 1000 bazd
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Mot s6 plasmit di héa

Chat Tén goi plasmit Té& bao chu
Toluol TOL Pseudomonas putida
Naftalin NAH P.putida
Axit 2/4 - diclo - phenoxi - 24 -D Acinetobacter, Alcaligenes
axetic Arthrobacter, Corynebacterium,
n-Alkan OCT Pseudomonas...
Salixilat SAL P.putida, P.aeruginosa
Terpen CAM P.putida
Nicotin NIC P.putida
Arthrobacter oxydans
P.convexa.

9. SU HAN CHE VA CAI BIEN

NGi chung, phago sinh sin trong mét s6 ching E. coli nay lai khong thé sinh sin
trong mét s6 ching khac. Su han ché& nay chinh 1a do cac enzim ctia vi khudn da nhan
ra nhing vi tri dac biét trén ADN '"la" cia phago va cdt ching, trong khi d6 ADN
clia t€ bao dugc bio vé nhd sy cai bién bdi enzim va do dé khong bi cdc enzim han
ché& nhén ra.

Hé théng han ché& va cai bién kha ph6 bién & vi sinh vat. M6t mat né dung dé
danh ddu ADN cua t&€ bao, mat khac nd phan huy ADN la xa4m nhap. Hé théng gém
2 hoat tinh enzim : mé6t endonucleaza va mot metyltransferaza t6n tai trén mét protein
duy nhidt hay trén hai protein khdc nhau. Ca hai thé hién hoat tinh & mét doan ADN
xdc dinh thd ty phan biét. Trong trudng hgp cia ADN té€ bao, thd tu nay dugc cai
bién hda hoc nhd metyltransferaza qua phan Ung metyl hda adenin & vi tri N-6 va
xitozin & cac vi tri N-5 va N-4 hoac trong trudng hgp cua ADN la thi thd tu trén
bi cit bdi endonucleaza qua su thuy phan lién két photphodieste. M6t thu tu nucleotit
xdc dinh bao gi cing chi 1a co chdt cho mot trong 2 hoat tinh. Metyltransferaza ci
bién ADN cua té bao trong khi sao chép, sin phidm cta nd 1a mét soi kép ADN bai
s0i don ADN dugc metyl hda. Sau dd hoat tinh endonucleaza dugc kich thich khi trong
t& bao xuat hién ADN khéng bi cai bién, 1a co ch4t thich hgp cho enzim nay.

9.1. Cdc endonucleaza han ché

Céc endonucleaza han ché dugc doc ma khéng chi bsi genom vi khudn ma con bdi
phago va plasmit. Hai loai enzim trén da dugc nghién cdu va ca hai déu cat ADN sai
kép. Loai I nhan ra trinh ty ADN dac biét, cit ADN & nhing vi tri tuy tién xa vi tri
nhan biét, ching han endonucleaza cia phago P1. O loai II, vi tri cAt nam bén trong
viing nhén, thé hién sy d6i xung quay kép (2-soi~cd cing trinh tu doc khi theo cung
mét su phan cuc). Két qua-la xudt hién rhitng) doan ADN xiac dinh. Enzim loai II dugc
st dung trong ki thuat tao dong phan|tu, dai dién Ia EcoRI cd trinh tu nhan gém 6
cap bazo thé hién sy d6i xing quay kép (palindzom).
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Bdng 9 - 2 : Mot s6 endonucleaza han ché

Nguén géc enzim Tén goi Thd tu nhan biét |‘
Escherichia coli RY 13 EcoRI 5 -G - A JI A N-T-T-X-3 5
3’—X—'I‘l!T-A'-A—G—5’
Haemophilus haemolyticus Hhal 5 -G-X*1G M X - 31
|
3’-X—G1|X'—G—5’
Brevibacterium albidum Ball t I
5T-G- G- X' -X-A-93
] ) PA-X- X*-G -G-T-5
Haemophilus aegypticus Haelll N
F-G-6 L% ~X-—8
3-X-X*-G -G-°5
1
Chi thich : Mii tén chi vi tri cdt cia enzim ; dudng --- 1a truc quay cua thu

tu nhan bigt va ngoéi sao chi vi tri metyl hda.

Mac du mot s6 endonucleaza han ché& cit ca hai sgi ADN & cung vi tri bén trong
thd tu dac biét va vi vay tao thanh cdc doan ADN véi ddu tu, s6 khdc cidt méi sgi 6
vi tri khac nhau tao thanh cdc doan ADN v6i ddu dinh. Cédc ddu sgi don b3 sung nay
¢6 thé néi v6i nhau nhd lién két hidro, sau d6 nho enzim ligaza cung véi ATP, cdc
lien két duong - photphat bi bé vd sé dugc han gan.

9.2. Kién truc cidc plasmit tdi té hgp

Néu 2 loai ADN dugc xi li véi cung moét endonucleaza han ché& thi méi ADN sé
¢6 cdc ddu dinh gi6ng nhau va 2 ADN nay cd thé dugc néi véi nhau tao thanh mot
loai ADN duy nh&t. Ta cd thé tao nén cac plasmit chia 2 loai ADN khdc nhau goi la
plasmit tai t8 hop.

Cing c6 thé lip moét gen cia nhan that (chdng han gen tit &h) vao mot plasmit
nhung truéc hét phai thu dugc mARN tu gen nay. Muén vay, sau khi cé pre - tARN,
phai tién hanh loai bd cédc intron va ghép néi cidc exon. Nhd enzim phién am ngugc
ta sé thu duge ADN b8 sung c6 thé dua vao plasmit va cu6i cung vao t& bao vi khuan.

9.3. Pua cidc plasmit tdi t6 hgp vao vi khuidn nhan

Truéc khi ciac plasmit ¢ thé nhan lén, ching phai dugc dua vao té& bao nhan.
Phuong phép thong thudng la dung bién nap, tuy nhién da s6 vi khudn khéng dé dang
tiép nhan ADN plasmit. D& khdc phuc khd khan nay, ngudi ta da xd li t&€ bao nhan
véi CaCl, & nhiét do6 thap (0 - 4°C v6i E.coli) bé sung ADN ti plasmit tai td hgp roi
dun ndng t& bao nhan (t6i 42°C véi E.coli) d€ gay s6c nhiét chung. Nho vay tinh thdm
ctia vi khuan bi thay ddi, cho phép ADN xam nhap t& bao ADN plasmit cing cd thé
dugc t& bao hdp thu sau khi bi xi li_séc.dién. (xung.dién). CS 1& cac xung dién ngan
din dén su tao thanh cac.dé qua.dcé plasmit ¢d the_khuéch tan vao t&€ bao nhan.

Can cha y ring, ngay véi phuong phap bitn napmhd CaCl, cing chi mot ti 1é nho
cdc té bao trong qudn ‘th& nhan tiép thu dudc|plasmit moi. Dé xdc nhan cac té bao
bién nap chua plasmit ngudi-ta dung plasmit chia gen khang khang sinh nhu khdng
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tetraxiclin, ampixilin. Néu cac vi khudn nhan ban d4u méin cam véi cac khang sinh trén
thi sau dé chi nhitng t€ bao da tiép nhan ADN plasmit mai trd nén khang khang sinh.
Khi hén hop cac vi khudn chia va khong chda plasmit dugc cdy gat trén moéi trudng
thach chda chit khdng sinh, chi nhing vi khudn chda plasmit mai tao thanh khudn lac.

9.4. Su nhan chuyén cac plasmit tdi té hogp

Mot khi plasmit tai t6 hgp duge dua vao té bao vi khuin, t& bao cd thé sinh san
tao thanh mot quédn thé l6n cac té& bao giéng nhau goi 12 mot dong. Vi plasmit la mot
vat chuyén nho dé moét gen méi duge dua vao t€ bao vi khuadn ma plasmit duge goi
la vecto tao dong. Plasmit dugc coi la vecto tao dong chu yé&u vi ching duge di truyén
ma khong cdn hop nhdt vao nhiém sac thé vi khuan. Mot s6 phago cing duogc dung
lam vecto nhung ADN cta ching phai dugc hgp nhit vao nhiém sdc thé vi khuan mai
c6 thé duge di truyén ciung progen vi khuin.

Véi moét s6 plasmit, viéc dat vao ndng do thdp cua cloramphenicol sé dan dén sy
sao chép plasmit m&it diéu chinh khién cho khoang 100 ban sao ctia plasmit (va bat
ki mét gen mdi nao ma nd mang) cd thé dugc téng hgp bdi méi t€ bao vi khudn. Su
sao chép bat thuong nhu vy ctia plasmit dugc goi la su khuéch dai.

9.5. Ich lgi cta ki xao di truyén (genetic engineering) (*)

Ki xdo di truyén, hién tai va tuong lai c¢6 th€ gdp phdn vao viéc cai thién sic
khoe, moi trudng cung cdp thuc phdm va cdc mat khac ciua doi s6ng chung ta. Cong
nghiép dugc phdm da san xudt mot s6 chdt dung diéu tri cho ngudi nhu insulin cua ngudi,
yéu t8 sinh trudng cua nguoi, chdt hoat hda plasminogen cia mé va urokinaza {(dung
xUd li cdc cuc mau), interferon va somatostatin (mét hoocmon ctia nao).

Cac ki thuat méi dung dé phat trién vacxin da xudt hién td ki xdo di truyén. Chang
han, gen d6i voi mot protein vo hai tit do cia virut gay bénh 18 mém long mdng duoc
dua viao mot plasmit cia E. coli va vi khudn chda plasmit nay sé tao thanh protein trén
Khi protein dugc chiét rat ti vi khudn va tiém vao trau, bd, nd sé kich thich viéc san
xudt khdang thé trong dong vat chéng lai virut 16 mém long mdng. Phuong phap thu nhan
vacxin ndi trén hoan toan tranh dugc nguy hi€ém va khé khan gap ¢ phuong phap théong
thuong san xuit vacxin bénh 16 mém long mdng, ¢ day virut dugc nuéi trong phong thi
nghiém, réi duge xu li véi cdc nhan t6 pha huy su nhiém nhung khéng pha hiy tinh sinh
khiang nguyén (kha nang kich thich su tao thanh khang thé) ctua ching.

Gan day, vacxin chéng virut viém gan B cing duoc thu nhan nho ki x4o di truyén.
Tic nhan gay bénh la virut HBV khéng thé nuéi cdy trong phong thi nghiém ma chi
c6 thé thu nhan ti médu cua nhitng ngudi va bon héc tinh tinh hoac cdc dong vat linh
trudng khac dudgc nhiém thuc nghiém. Nhung cac nguén nay khéng du cung cdp HBV
cho viéc thu nhan vacxin d quy moé ldn.

Tuy nhién, mdu cia nhitng ngudi bi nhiém kinh nién chda nhiéu hat nhé cia mot
thanh phédn protein v6 hai cia virut. Protein nay goi la HBsAg cé thé dugc chiét rit
tt mau, dugc tinh ché _va xu li_hda _hoc dé pha huy cac virut séng néu con sot lai.
Khi cdac hat HBsAg duoc tiém vae.ngudi, ching kich.thich tinh mién dich chéng lai

(+) Thuat ngld nay con dugc dieh TaKisthudi'di truyén [Cong hoe di truyén
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virut nhiém nguyén ven. Tuy nhién, viéc san xudt ciac hat HBsAg kha dat tién va
khéng du cung cdp vi ching chl dugc thu nhan tU nhitng ngudi bi nhiém.

Nam 1982, nhd ki x40 di truyén, gen doc ma cho hat HBsAg da dugc dua vao té
bao Saccharomyces cerevisiae. NAm men da bi€u hién gen va tao thanh cac hat HBsAg
cé thé dugc chiét riat sau khi t€ bao bi pha vd. Vi t€ bao ndm men sinh san dé dang
nén ta c6 thé thu-nhan mot s6 lugng khong han ch& cac hat HBsAg. Day la vacxin
ddu tién chéng lai m6t bénh ¢ ngudi duge san xudt nhd ki xdo di truyén.

Ngudi ta cing dang nghi dén viéc sdn xudt vacxin chéng lai bénh AIDS bing con
dudng tuong ty. Bé mat cia virut AIDS chda 2 protein bit ngudn ti sy phan gidi cia
mot protein lén la gp 160. Gen virut doc ma cho gp 160 dugc lip vao ADN cua
baculovirut 1 virut t4n c6ng con trung. Khi cdc t€ bao cia mé con trung dugc nhiém
baculovirut tdi t8 hgp, gen gp 160 da dugc bi€u hién va protein gp 160 duoc tao thanh.
Protein nay dang dugc thi nghiém ¢ ngudi d€ xem nd cé gy nén mién dich chu dong
chéng lai AIDS hay khong.

Ki x40 di truyén cing dugc dung dé€ cai thién viéc sidn xuidt cong nghiép cac chit
quan trong. Vitamin C (axit ascorbic) la mot vi du. Phuong phap hién nay dung dé
san xufdt vit.C dua vao thd tu cdc phan Ung sau :

enzimA enzimB xu i
glucozo KGLC KGUC —— Vit.C
axit
(diketogluconat) (ketogluconat)

Cé thé st dung vi sinh vat dé thuc hién 2 budc d4du tién, nhung ding tiéc chua
phat hién thdy vi sinh vit nao chda cd 2 enzim trén, mét s vi khuidn tao thanh
enzim A, s6 khac chi tao thanh enzim B, tuy nhién, khi gen doc ma cho enzim B
dugec dua vao mét vi khudn co thé téng hgp enzim A, vi khuidn nay cd thé chuyén
hda glucozo hoan toan thanh KGUL, tiu d6 cung cdo mot lugng vé han KGUL cho viéc
chuyén hda thanh axit ascocbic.

Ki xd0 di truyén cing gitp ich cho néng nghiép. Trong néng nghiép hién dai ngudi
ta dang st dung cdc ching Pseudomonas syringae va P.fluorescens dugc thay déi vé mat
di truyén d€ bao vé qua chéng lai suong gid lam hu hai. Day 1a cdc ching vi khudn gin
bé véi cay tréng. Cac ching binh thudng ti6t mot protein cho phép t& bao tic dung nhu
moét nhan dé€ tao thanh tinh thé bang (nghia 12 tdc dung nhu cic trung tam cho viéc md
ddu qua trinh tinh thé hda) lam hu hai cay c6i. Nhd ki thuat ADN tai t8 hop, mét phan
cia gen doc ma cho protein tao nhan da bi loai bo. Khi dung dé ching cho cdc cay an
qua, cdc ching vi khudn da bi thay d8i ndi trén cd thé thay thé& ciac ching binh thudng,
nhd vdy sé bao vé qua khéi sy hu hai cia suong gia. Nhd ki xdo di truyén, tinh khang
nhiét va tinh chiu han cia cay tréng dugc tang lén, tit d6 nang cao san lugng thuc phidm
trén pham vi toan cdu. Cing tuong tu, ngudi ta dang tim cich tao ra cédc cay tréng cd
tinh khang con trung va cic vi sinh vat gay bénh. Viéc tao cdc vi khudn c6 dinh nitg co
kha nang cong sinh v6i cic cay.ngl céc sé lam tang dang ké san lugng nong nghiép, dac
biét ¢ nhitng vung thiéu phén bon hoa hac.

Ki xdo di truyén cing e6 thé cung cdp-cdc bitn phip méi cho viéc bio vé moi
trudng. Ching han, mét s6 vi khudn da duoc chuyén ghép gen phan giai ddu héa nhim
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gidi quyét cac vu d8 ddu ra bién. Cong nghiép phu trach gidi quyét su 6 nhiém cing
nhu cong nghiép moé va thu héi ddu cing cén sy déng gop cua ki xdo di truyén.

9.6. Su rui ro tiém tang cita ki xdo di truyén

Viéc chuyén gen ti cdc dong vat sang vi khuin d& tao ra cac co thé mdi, khong
hé c6 trong ty nhién. Cdc phan tit ADN tai t8 hop hoat dong in vivo ¢S thé giy nén
nhitng sy rdi ro sinh hoc, néu ching t6n tai trong vi sinh vat nhu E.coli s6ng trong
dudng rudt cia ngudi va cd thé trao ddi théng tin di truyén véi cac vi khuin khac,
ching cd thé phd bién rong rai trong cac quin thé cia ngudi, vi khusn, thuc vat hoac
doéng vat v6i nhitng hau qua khéng thé ludng trudc.

Dac biét 1a viéc kién tric cdc plasmit méi cia vi khudn, n&u khéng dugc diéu
khi€n moét cich than trong sé cd thé dua gen khing khing sinh hoac gen tao thanh
déc t6 vao cac chung vi khuidn ma trudc dé ching khéng cé. Cac thi nghiém lién két
toan b6 hoac mét phdn ADN tit cdc virut sinh u hay cidc virut khac vao cac nhan t6
ADN sao chép doc lap (cdc plasmit cta vi khu&n hay cic ADN khac cta virut) cing
dat ra nhitng rui ro tuong tu.
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Phuong thic gdy dot bién cia tac nhan dot bién héa hoc
(a) Thay cht gay dot bién chui vao chudi xodn kép
(b) L&p chit tuong ty bazo (khang ch4t trao ddi) vao ADN
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CHUONG X

MIEN DICH

Mién dich (MD) la trang thdi bdo vé ddc biét cia co thé chéng lai cic yéu t6 gay
bénh (cac vi sinh vgt, déc té cia vi sinh v4t, cac phén ti la...) khi ching xém nhap
vao co thé.

Ngay nay MD hoc da trd thanh mét nganh khoa hoc dugc phat tri€n cao va chiém
vi tri quan trong dac biét trong sinh hoc va y hoc. K€ tit khi c6 nhitng phat kién dau
tién cua Pasteur vé vacxin, lich st MD hoc da dugc dét nén bdi nhitng phat minh to
16n mang ddu 4n thoi dai, thic ddy su phat trién nhanh chdng ctia nhiéu linh vuc cia
sinh hoc va y hoc. Nhiéu giai thudng Nobel méi day vé y hoc cing ndm trong khuén
khé cac cong trinh nghién cdu MD. Hang loat cdac cong trinh nghién cdu vé ung thu,
AIDS, ting dung cac chdt hda dugc v.v... cing khong nim ngoai pham vi nay.

Lich stt mién dich hoc ¢d thé chia ra lam nam thoi ki : 1 - Thoi ki phat hién ra
cac vacxin, 2 - Thdi ki huyét thanh hoc (phat kién ra khang thé va bd thé), 3 - Thoi
ki xdc dinh c&u truc cua cédc globulin MD (d6ng thdi vdi cdc phat trién vé sinh hoc
phan t), 4 - Thoi ki caa MD trung gian t€ biao va 5 - Thoi ki phat kién vé qua
trinh diéu hoa MD va su hgp tac cua céc t€ bao trong ddp dng MD. Mac du chia lam
5 thoi ki nhu vay nhung tit ci cdc vdn dé vé MD vin dang tiép tuc dugc phat trién
manh mé xen ké lin nhau nhu phiat minh vé vacxin th& hé méi, MD ghép cédc co quan,
MD ung thu, di truyén MD, su tuong tac gitta cic t€ bao trong dap ing MD.

1. CO CHE BAO VE CO THE

Trong cudc séng con ngudi ludén phai d6i mat vdi cic vi sinh vat gay bénh, dc vay
luén phai ty bao vé minh bing cdc co ché& bio vé thich dng. Tuyén phong thi dau
tién ngan can sy xam nhap cta vi sinh vat vao cd thé la cic hang rao vat li, hda
hoc, vi sinh vat hoc - dugc goi la bdo vé khéng dac hiéu, vd hdu hét mang tinh chat
bidm sinh.

Hang rao vat li bao gém da, niém mac & cdc dudng h6 hdp, tiéu hda, long mui,
phan xa ho.. cd tdc_dung ngan chan su xam nhap cia vi sinh vat gay bénh tu
vong ngoai.

Hang rao hda hoc bao gém kha nang ti€t ra/mét s6 chat dc ché€ sinh trudng cia
vi sinh vat nhu lizozim'ed trong nudc mat; nyde=mai, trong am dao cé thé phan giai
thanh t& bao vi khuan. Protein lien két sat nhw Yactoferrin, transferrin cd trong nudc
mat, tinh dich, mat, sua.me,.trong.cac-chat-tiét-phé-quany-mui, hdu, duong tiéu hda,
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trong huyét thanh. Do bi lién két nén néng do sit tu do trong mau va trong cdc mé
thdp hon so véi nhu cdu can cho su phat tri€n cda vi sinh vat, lam cho chung khong
sinh truéng duge. Co thé cing con tiét ra inteferon «, B (do t&é bao mé bi nhiém) va
y (do t& bao T) d€ dc ché& virut va vi khudn. Hang loat protein ctia huyét thanh nhu
B lizin, poliamin, kinin cing cd kha nang khang khudn. Do pH axit ¢ da, dich da day,
am cdao cing can trd su sinh trudng cia vi sinh vat gay bénh. Hang rao vi sinh vat
cing tham gia tich cuc vao cong viéc bido vé co thé. Cac vi sinh vat nay s6ng trén
bé mat cing nhu bén trong co thé. DS la khu hé vi sinh vat binh thuong, chung khéng
gay hai ma con ¢ lgi cho co thé do chung chi€m trudc cac vi tri ma vi sinh vat gay
bénh 56 dén, ching lam gidm néng do oxi, canh tranh thdc an va nhiéu bon con tiét
ra cac chat diét khudn.. Khu hé vi sinh vat binh thudng trong duong tiéu hda con
tiét ra biotin, riboflavin va mét vai loai vitamin khac cung cdp cho co thé.

Néu vi sinh vat gay bénh lot qua cdc phong tuyén trén dé€ chui vao mau thi ching
s¢ vdp phai su chéng trd cia hé bach huyét. Cé cac loai bach cdu khdc nhau la bach
cdu cé hat, do nguyén sinh chdt chida nhiéu hat (gbm bach ciu kiém, trung tinh va
ua axit), va bach cdu khong hat (gobm bach cdu don nhin va cac t& bao limpho). Bach
cdu don nhan biét hda thanh dai thuc bao, c¢é trong gan, lach, hach limpho va mau.

Bach cau trung tinh va dai thuc bao la cdc t& bao chinh lam nhiém vu thuc bao,
bat git va giét cdc vi sinh vat la theo ki€u amip bat méi. Dai thuc bao con lam nhiém
vu ch€ bién va trinh dién khang nguyén cho t€ bao T trong MD dac hiéu.

MD dac hiéu sé xuit hién khi cdc phong tuyén trén khong thé ngian chan duge sy
nhiém trung. MD dac hiéu bao gém I- MD t€ bao, tic MD c6 su tham gia cia mot
s6 t& bao T, thé hién dudi hinh thdc gay déc t&€ bao va hinh thic viém kiéu qud mén
muén. Mién dich nay ddng vai trd quan trong trong cic bénh do vi sinh vat ki sinh
bén trong t&€ bao gay ra, trong thai bo mé ghép va trong MD chdng ung thu. 2- MD
thé dich dugc thé hién bing su san xuit khang th€ cd khid nang tuong tac dac hiéu
voi khang nguyén. MD nay chéng vi sinh vat ¢ ngoai t€ bao va trong thé€ dich cua
co thé.

Tuy theo tinh ch&t cia mién dich ma ngudi ta chia ra MD ty nhién hay bdm sinh
va MD tiép thu. MD bdm sinh, chi y&u 12 MD khong dac hiéu co s&n tu khi sinh ra
va mang tinh di truyén trong cac co thé cung loai. Nhiéu loai déng vat khéng mic
bénh cta ngudi va nguoc lai. Vi du ga khéng méic bénh than, trau bd khéng mic bénh
giang mai va thuong han cta ngudi.

MD ti€p thu la trang thai MD xu&t hién sau khi co thé tiép xdc véi khdang nguyén.
MD nay lai dugc chia ra lam MD thu dugc chu dong va MD thu dugc thu déong. MD
thu dugc chu dong bao gém chi déng tu nhién la trang thdi MD do ti€p xtc ngiu
nhién vdi khang nguyén va vi sinh vat cé trong méi truong xung quanh. MD thu dugc
chu déng nhén tao la trang thdai MD thu dugc nho tiém vacxin hoac do truyén té& bao
limpho thudng hoac limpho MD, it khi 1a do ghép.

MD thu dong cing duoc chia ra lam MD thu dong tu nhién va MD thu déng nhan
tao. MD thu dong tu nhién la-trang thai MD thu dugc do khang thé€ ghép hoac truyén
tu sita me, con MD thu déng nhan tao la 'MD nhg khang thé chuyén tu bén ngoai do
truyén khang huyét thanh
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2. CHAT SINH MIEN DICH VA KHANG NGUYEN

B4t ki mot chit nao khi dua vao co thé dong vat & diéu kién thich hop gay ra
dip ing MD déu dudc goi la chdt sinh MD. B4t cd mot chdt nao khi gin véi thanh
phdn cua didp ding MD (khang thé€ hosc t€ bao limpho hoac ca hai) déu dugc goi la
khiang nguyén. Tat cad cdc chdt sinh MD déu la khdng nguyén, song mot s6 chit dugc
coi 1a khdng nguyén nhung khong gay dap ung MD. Vi du hapten la cdc chit cé khéi
lugng phan tit thdp c thé gin vdi khang th€ dac hiéu nhung ban than nd khéng kich
thich tao khang thé. Hapten bao gdém cdac phan ti dudng, axit amin, cdc polime nhé
va nhiéu loai chat khang sinh.

2.1. Diéu kién bdt budc cia mét chat sinh MD phai c6 3 yéu t6 sau day :

- Tinh lg : Chit dugdc goi la khing nguyén truéc hét phai 1a mét chit la véi co
thé, boi vi binh thudng co thé khong dip dng bao vé véi cic chit cta ban than. Chit
cang la v8i co thé bao nhiéu, kha nang kich thich tao khang thé cang manh bdy nhiéu.

- Kho6i lugng ph6n ti Ién : Nhin chung khing nguyén cé khéi lugng phan tu >
10000 dalton. Néu < 1000 daltdn (penixilin, progesteron, aspirin...) thi khéng cé tinh
sinh MD. Td 1000 dén 6000 dalton (insulin) cd thé cd hoac khong cé khd nang dap
dng MD.

- Céu tric phan tu phuc tap : Mot chit cd tinh sinh MD phai 1a chdt cd cdu tric
héa - li tuong d6i phic tap. Cac chdt cd cfu tric cang phiuc tap thi tinh sinh MD
cang cao. Vi du polilizin 12 mot polime cd khéi luong phan ti 30000 dalton nhung
khéng gay dap ing MD vi cd ciu tric don gian, trong khi dd hapten tuy cd khéi lugng
phan ti nhé va khong cd tinh sinh MD, nhung khi gén véi chdt cd khdi lugng phan
ti cao (ching han protein) lai tré thanh mét chdt sinh MD.

Nhu vay moét ch&t musn 6 tinh sinh MD phai-dat 8 tiéu chudn : tinh la, khéi
lugng phan ti 16n va edu tric du phite tap’ Néu[thiéu mot trong 3 tiéu chudn nay
thi cing phai gan voi chdt mang dé¢ lam ting khéi luong phan ti hoac cd miuc dd
phic tap vé cdu truc.
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2.2. Tinh dic hiéu cia khang nguyén

Su lien két gita khdng nguyén voi khang thé hay giita khang nguyén vdi té€ bao
limpho luon mang tinh dac hiéu cao. Tinh dic hiéu nay tuong ty nhu gita enzim va
co chdt, nghia 1a phai khop véi nhau nhu khda v6i chla. Khang thé hay t& bao limpho
khong phai lién k&t v6i toan bo phan tu khdng nguyén ma chi véi nhitng phidn nhat
dinh cta khang nguyén, goi la quyét dinh khing nguyén hay la epitop. Phin tuong
ing véi nd trén méi khang thé goi la vi ¢ri két hop khdng nguyén hay paratop. Phin
tuong dng voi quyét dinh khdng nguyén nam trén t& bao limpho goi la thu thé. Ching
han thu th€ cua t& bao T 12 TCR (T - cell receptor).

Kich thudc ctua epitop khodng 7 x 12 x 35 A gém 5 - 7 axit amin. Paratop va
TCR cing c6 kich thuéc tuong tu. Méi epitop chi gidn dac hiéu véi mét paratop cia
khiang thé hoac TCR va chi sinh ra mét dong khang thé dac hiéu. Mot khing nguyén
¢6 nhiéu epitop khdc nhau sé tao thanh nhiéu dong khiang thé€ khdc nhau tuong dng
véi tliing epitop.

3. CAC TE BAO THAM GIA VAO HE THONG MIEN DICH

Hé théng MD bao g6m nhiéu co quan va nhiéu loai t& bao ndm rai riac khip co
thé, tac dong qua lai v6i nhau theo nhiéu cach dé€ d4n dén ddap dng MD cuéi cung.

Té bao chd ch6t tham gia vao ddp ung MD la t€ bao limpho, cho nén bat ki td
chdc nao chida cdc t€ bao limpho va tham gia vao dap dng MD cing déu dugc xem
nhu t6 chiuc limpho. Limpho bao ¢ nguén g6c ti cdc t€ biao nguén, con goi 1a té& bao
goc, khong biét hda trong tuy xuong.

Tu t€ bao nguén, nhiéu dong t&€ bao cd chic ning khac nhau dugc biét hda réi
sau do tradi qua qua trinh thanh thuc hay chin khi k&t hogp véi cac t6 chuc chuyén
héa. O day ching ta chi ding lai d6 xem xét cac t& bao limpho va dai thuc bao, la
hai loai t€ bao chinh cua hé théng MD.

3.1. Té bao limpho

Limpho bao phan tan khdp co thé€ trong hé tuidn hoan miu va bach huyét va la
mot trong nhitng t€ bao thinh hanh nh&t cia déng vat cé vi. O ngudi 16n trung binh
¢ 10'% t& bao limpho. C6 hai loai t& bao limpho : Limpho bao B (goi tit 12 t& bao B)
va limpho bao T (goi tat la t& bao T) la cdn cho ddp ung MD. Tuy ca hai déu dugc
biét hda tit t€ bao ngudn nhung qua trinh chin cia t& bao B dugc thuc hién trong tuy
xudng (Bonemarrow - nén ki hiéu la B). 0 gia cdm, t€ bao B chin trong mét co quan
chic nang chuyén hda, goi 1a tii Bursa Fabricicus (Bursa - aghia la tudi, cing bat ddu
biang chi B), la mét tuyén & 8ng tiéu hda phia dudi.

Té& bao T chin trong co quan chdc nang la tuyén dc (Thymus, nén ki hiéu la T).
Do tiy xuong va tuyén dc cd vai trdo l6n trong su phat trién ban d4u va chin cua té
bao B va t&€ bao T, nén ching dugc goi la cdc co quan limpho trung tam.

Sau khi chin, cac t€ bao B va T phan tdn khip co thé théng qua hé tudn hoan mau
va bach huyét, réi dén cu.tri.tai.hach.limpho.hosdc.lach..Cdc.co.quan nay dugc goi la co
quan limpho ngoai vi. Chung nam trong hé tudn, hoan amdu va bach huyét va hoat dong
nhu mét bé may loc. Dai thue bao lam nhiemwvu biy-khang nguyén khi ching di qua
cdc co quan nay va cing.@ day cac té bao B wa|T thue hién dip dng MD.
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Té& bao B thuc hién tuong téc véi khang nguyén va tao khing thé. T& bao B khac
v6i t&€ bao T & ché trén bé mat cia nd cd chia khdang thé. Khang thé bé mat nay sé
dung dé€ sao ra cdac khang thé ma ching sé san ra trong qua trinh phat trién sau nay.

Trén bé mat t4t cA cac t6 bao T déu cd thu thé dac hiéu khiang nguyén cho nén
né cé kha nang tuong tac dac hiéu v6i khang nguyén.

Quin thé€ t& bao T lai dugc biét hda thanh cac ti€u qudn thé cd chic nang khac
nhau goi 12 cdc qudn thé& t& bao T phan 16p. Cé 2 qudn thé phan l6p chinh cua té&
bao T phan biét v6i nhau béi sy cd mat clia cdc protein thu thé CD, va CDy Quin
thé t& bao TCD4 lai dugc biét hda thanh hai phan 1p nita cd chic nang khac nhau.
Mot loai goi 1a t& bao T hé trg, ki hiéu 1a Ty (t& chit T - helper) cd nhiém vu kich
thich t€ bao B san xu4t nhiéu khang thé. Mot loai goi 1a t€ bao T quéd min muédn, ki
hiéu 1a Ty (tU chit Delyaed type hypersensitivity). T bao T tham gia vao cdc phan
Ung trung gian t& bao T, nhung khéng tuong tdc v6i t€ bao B ma chiu trach nhiém
hoat hda cic t&€ bao khdng dic hiéu, chdng han nhu dai thuc bao.

Quin thé t& bao TCDS8 cing lai biét hda it nh4t ra lam hai phan lp. Mot loai la
té bao T doc, ki hiéu la T, (ti chit T - cytotoxic) lam nhiém vu tuong tic va pha
hiy truc ti€p cac t€ bao cd khang nguyén trén bé mat. Con mot loai la t€ bao T udc
ché, ki hiéu la Tg (ti chi# T - suppressor) lam nhiém vu diéu hoa dap dng MD, uc
ché tdc dong cua cac t€ bao MD nhu t€ bao B (xem bang so sinh gita t&€ bao B va
t€ bao T).

Bang so sdnh gita limpho bao B va T

T¢ bao T ' T¢ bao B

Nguén géc : Tuy xuong Nguén géc : Tuy xuong

Noi chin : Tuyén uc Noi chin : Tuy xuong

Thoi gian s6ng : nhiéu thang dén Thoi gian s6ng lau : Nhiéu thiang dén

nhiéu nam nhiéu nam
Thoi gian s6ng ngan : Nhiéu ngay dén
nhiéu tuin

Luu doéng Khoéng luu dong

CS thu thé t& bao T Co thu thé vdi b6 thé

Tinh dac hiéu khdng nguyén hep Tinh dac hiéu khang nguyén hep

Khi c6 khing nguyén kich thich sé& Khi c¢6 khiang nguyén kich thich sé

tang sinh tang sinh d€ tao t€ bao B - plasma
va t& bao nhd

Thé hién quad min mudn (Tp)

Hé trg t& bao B san xudt khang thé

(T San ra khiang thé.

Kiém tra dédp ung MD (Ty)

San ra limphokin

3.2. Dai thuc bae
Dai thuc bao la cde t€ bio ed kich thuée 16n'eé 'kha nang bat gilt, nubt va phd

hiy khdng nguyén, cing nhu hop tic véijcac téybao limpho dé san xudt khang thé
dac hiéu. Thuc bao ¢é hai-phin-nhém : Cic t€ Bio don nhan va céac té€ bao da nhan
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cé hat (hay bach huyét cdu da nhan). T& bao don nhan cd thé biét hda dé trd thanh
dai thuc bao.

Thuat ngit dai thuc bao chu yéu dung dé€ mé ta cac thuc bao gin c6 dinh trén bé
mat t8 chdc, con thuat ngit bach cdu don nhan dung dé mé ta thuc bao luu déng tu
do. Dai thuc bao cé nhiéu trong t8 chdc limpho va lach, con bach cdu don nhan c6
nhiéu trong mau va bach huyét.

Khi mét khiang nguyén xam nhdp vao bi€u moé sé tiép xtc véi thuc bao, chdng han
dai thuc bao. T¢€ bao nay sé bit gilt, nu6t cdc t& bao cd kich thuéc 16n nhu vi khuin
va tiét ra cdc enzim thuy phan nhu proteinaza, nucleaza, lipaza va lizozim dé tiéu hda
ching. Khi t& bao vi khudn bi phan huy sé gii phdng ra cac khiang nguyén chda trong
dai thuc bao. Cac khang nguyén nay cung vdi cdc khing nguyén do dai thuc bao nudt
tryc ti€p tu bén ngoai sé dugc dung d€ bat ddu giai doan sém cua qua trinh tdng hgp
khang thé. O day dai thuc bao lam nhiém vu t& bao trinh dién khang nguyén, ki hiéu
la APC (Antigen presenting cell). S§ di goi nhu vay vi ching ddy khang nguyén la ra
bé mat tao diéu kién cho khdng nguyén tiép cin véi t€ bao B va T. Su nhan mat
khiang nguyén cta hai loai t€ biao nay la buéc khdoi ddu cua su tao thanh khang thé.
Khac vdi cac t€ bao B va T, dai thuc bao va t&€ bao don nhan khong cd kha niang
phan biét khang nguyén, do dé khéng mang tinh dac hiéu. Chung bat gitt va nuébt bat
ci chit la nao ma ching gap b4t ké cd tinh khang nguyén hay khéng. Tuy nhién trong
thuc t€ vi nhiéu cao phan ti la khdng nguyén va cdc t€ bao la c6 chda nhiéu khang
nguyén, cho nén phan lon cdc hat la do cdc t&€ bao nay nuét cing la khang nguyén.

Dong tac trinh dién khdng nguyén cua dai thuc bao déng vai trd rit quan trong
trong san xudt khang thé, boi vi mot s6 16n khang nguyén chi cd th€ kich thich cic
t€ bao limpho théng qua dai thuc bao.

4. KHANG THE

Khang thé la céc globulin trong méu cia déng vat, c6 khd nang lién két ddac hiéu
vdi khdang nguyén da kich thich sinh ra né. Khang thé theo dinh nghia trén day goi
la khiang th€é MD (imunnoglobulin - ki hiéu la Ig) hay khang thé dac hiéu. Khing thé
chu yéu duge tim thdy trong huyét thanh cia doéng vat, do vy huyét thanh chita khing
thé dac hiéu khang nguyén dugc goi 12 khdang huyét thanh.

Khang thé cing cé thé dugc tim thdy trong cdc thé dich khac cia co thé, nhu
sitta. Nhitng khang thé€ cé sdn trong sita hay huyét tuong cia ngudi va ddng vat tu
trudc khi co su ti€p xic vdi khdng nguyén dugc goi la khdang thé tu nhién hay khdng
thé khéng dac hiéu.

O day ching ta chi xem xét loai khang thé MD.

4.1. Ban chat va tinh chAit cia khang thé

Trong huyét thanh cia ngudi va dong vat cé vi chda albumin, a, B va y globulin
thi y - globulin 1a khdang thé&. Vi ban ch4t khang thé€ 12 protein nén cic tdc nhan hda,
li nhu nhiét do, axit, kiém... ]am bién tinh protein thi cing cé thé pha huy khang thé.

Hoat tinh khang thé€ phu thudéc vao pH méi trudng va vao nhiéu yé&u t6 khac.
Sunphat amon, sunphat Na, cén ¢ 5°C co th€ két tua duoc khang thé nhung khoéng
lam méat tinh chdt cua chdng, do do. ngudi ta'1di/dung tinh ch&dt nay d€ tinh khiét
khang thé.

Cé 5 loai Ig la IgG, TgA;IgM, IgD va IgE.
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4.2. Cau tric cta khang thé mién dich

T4t ca cac Ig déu c6 ciu tric giéng nhau. IgG la khang thé luu hanh phé bién
nhdt nén ta xem xét ki hon nhu moét mé hinh chung cho cédc 16p khang thé khac. IgG
chiém 80% tdng s6 Ig trong huyét thanh ngudi, cd khdi luong phan tu 160.000, hang
s6 lang 7S chda 2,5 cacbon hidrat. IgG chda 4 chudi polipeptit. Hai chudi nhe (ngéan)
ki hiéu 1a L va hai chudi nang (dai) ki hiéu la H, duge gén véi nhau bdi cdu disunphua
(S - S). Trinh ty axit amin & khang thé giéng hét nhau theo titng d6i chudi nang va
ting ddi chubi nhe. M6i chudi nhe chia 212 axit amin, con méi chuéi nang chia khoang
450 axit amin. C4 phan td cd cdu tao d6i xing.

Duéi tdc dung cta enzim phan giai protein - papain phan td dugc phan giai thanh
ba manh nho. Hai manh nhd chua toan bd chubi nhe cong véi nita chudi nang cd dau
amin -NH,). Day la noi gin véi khang nguyén va dugc goi 12 doan Fab (ti chi
Fragment of antigen binding). Manh con lai la hai ntta ¢6 ddu cacboxyl (COOH) cua
hai chudi niang. Phan nay khong gin dugc voi khang nguyén nhung ¢ kha nang két
tinh nén dugc goi la phan F_ (ti chit Fragment crystallizable).

Nhu vay phan t& IgG chida hai vi tri két hgp khang nguyén do d6 c6 hai hoa tri.
Vi tri nay chiém khodng 1% dién tich bé mat cia IgG. Vi tri két hgp khang nguyén
ndm & phdn nhé phia ddu amin cia hai chuéi niang va nhe.

IgG cing con chda mét lugng nhd cacbon hidrat, gém chu yé&u la dudng hexozo va
hexozamin. Cacbon hidrat khong dinh déang dén vi tri k&t hogp khdng nguyén.

Cac chuéi nhe : Mé&i chubi nhe cua IgG chda hai viung axit amin. Mot ving ma
trat tu axit amin ed thé thay d8i goi 12 vung bién déi. Vung nay nim & phia dau
amin. Vung con lai c6 trat tu axit amin khong thay d6i, goi la vung c6 dinh. Ving
nay nam ¢ phia ddu cacboxyl.

Trat tu axit amin vung c6 dinh cia chuéi nhe luén gi6ng nhau k& ca & cac IgG
két hop vdi cac khing nguyén khac nhau. S§ di nhu vay vi d phdn cé dinh nay chi
cé mét trong hai ki€u trat tu axit amin : Trat tu lamda (A) hoac trat tu kappa (K).
Mét phan ti IgG chi chda hoac hai chubi nhe lamda hoac hai chuéi nhe kappa ma
khong bao gid chda ca hai loai. Nguge lai, & vung bién d8i cia chubi nhe, trat tu axit
amin luén khac nhau, k€ ca d6i véi cac Ig do cung mot t€ bao sinh ra.

Cac chuéi ngng : M6i chubi nang IgG chia bén vung axit amin : Mot vung bién
ddi va ba vung c6 dinh. Cing tuong tu nhu & chubi nhe, tdt ci cdac globulin mién dich
thuoc lop IgG, déu cd trat tu axit amin d doan ddu cacboxyl giéng nhau. Cac vung

ndy dugc ki hiéu la CHI’ CH2, CH3‘

& méi chudi nang, doan c6 ddu amin (ndi c6 vi tri két hop khdng nguyén) cd trat tyu
axit amin bién déi, do vay bdo dam tinh da dang cta phan ti. Ving nay ki hiéu la V.

Vung nam gita CHl va C,2 cua chudi nang goi la khdp ndi, cd tdc dung nhu chiéc
ban 16, 1am cho phan tl cd cdu tao hinh chit Y, nén cé thé diéu chinh doang ra hay
khép lai giup cho viéc gan, phu hop véi hai quyét dinh khdang nguyén. IgG gin véi b
thé va di vao nhau thai nén-e6-thé truyén tit me sang thai. IgG & ngudi cé bén phan
l6p khac nhau la IgGl, 1gG2, IgG3 va IgG4. ‘Cac \phan 18p nay khac nhau & cac phin
ctia chubi nang va s6 lugng cdu néi disunphua jgénygiita hai chudi nang. Cac phan lap
IgG nhu trén cing cd ¢ chudt-nhung khong co ¢ tho.

457



Cac globulin mién dich khéc :

- IgM chiém 5 - 10% tdng globulin cia huy&t thanh va la globulin 16n nhAt, cg
khéi lugng phan ti 900.000, hang sG ldng 19S va chia 10% cacbon hidrat

IgM co' cdu tao gom hai chu6i nhe kappa hoic lamda va hai chubi nang muy nén
dugc ki hiéu la K,u, hoac Au, Nam globulin cum lai véi nhau thanh ngdi sao nam
canh nho cdu néi disunphua va chubi peptit nhé (chudi J) nén IgM co téi 10 vi trf
két hop khang nguyén va vi thé€ hoat tinh manh hon hoat tinh IgG tu 60 dén 180
lan. IgM xudt hién sdm, dau tién trong cac bénh virut, sau dé IgG xuidt hién muén
va thay th&€ IgM. IgM cing dap dng véi polisaccarit vo0 nhdy cua nhiéu loai vi khu&n
nén dugc dung d€ chéng cic vi khuin nay. IgM dang don (monome) cd trén bé mat
limpho B va lam nhiém vu nhu thu thé danh cho khang nguyén.

Trong mau cua mét s6 loai, IgM & dang monome, ¢ mot s6 loai khac 1a tetrame
hoac hexame.

- IgA co khéi lugng phan ti 140.000 - 300.000, hang s6 ladng 7S. CAu tao gém
hai chudi nhe kappa hoac lamda va hai chuéi nang « nén dugc ki hiéu la K,a, hoac
A,a,. Trong huyét thanh nguoi cé it IgA ¢ dang dime hoac trime gin vé6i nhau nhd
chuéi peptit J, con chi yéu ching cd trong dich nhdy. Ching dudc t8ng hop chi yé&u
nho t€ bao B trong niém mac ruét, duong hé hdp va thuc hién chic ning chéng vi
khuin trén bé mat niém mac.

- IgD chiém 0,2 - 1% t8ng globulin va c¢6 néng d6 trong huyé&t thanh rit thdp
(0,5 - 40mg/100ml). C4u tao gém hai chubi nhe kappa hoac lamda va hai chuéi ning
delta, nén dugc ki hiéu la K,0,, 4,0,. IgD c6 trén bé mat t&€ bao B, nén cé thé lam
nhiém vu nhu thu thé danh cho khang nguyén.

- IgE c6 khéi lugng phan ti 180.000, hiang s6 lang 8S. C4u tao gém hai chudi
nhe kappa hoac lamda va hai chubi nang epsilon, nén dugc ki hiéu la K,€,, 4,€,. Néng
dé trong huy&t thanh rdt thdp, chi bang 1/50.000 néng do IgG, nhung sé dugc tang
léen nhanh khi bi di Ung hoac nhiém trung do ki sinh (giun).

5. THU THE TE BAO T (TCR)

Nhu ta biét, t&€ bao T ddng vai tro khac nhau trong ddap ding MD. Mac du khéng
tao khang thé nhung ching nhén dién khing nguyén va qua trinh nhan dién nay do
thu thé nam trén t€ bao T, viét tat 1a TCR (T - cell receptor) thuc hién. Thu thé t&
bao T cd tinh dac hiéu khang nguyén theo ki€u khang thé MD nhung khic véi da s6
khang thé MD & ché ching cdm vao mang cua t€ bao T. T4t ca céac t& bao T, ca CD,
lin CDg déu dugc trang bi thu th€ bé mat d€ nhan dién khang nguyén.

Vay qué trinh nhan dién dién ra nhu thé nao ¢ mdc do phan tu.

Céu tric cua thu thé té€ bao T : Cac t€ bao T cd tinh diac hiéu cao. Vi du t€ bao
T co thé phan biét dugc mébi loai virut khi ching xdm nhép vao co thé.

Thu thé t& bao T (TCR) ¢S nhiéu nét gidng khang thé va trong cic giai doan tién
hoa ching la cac phén ti _cé-mdi quan hé ho hang. TCR clng cé cdu tao gém hai
chu6i peptit giAn vdi nhau bang cdu. ndi disunphua, goila chubi anpha va beta. TCR
c6 & 85% t& bao T chin. Cac té bao T con lai chifa cic chubi polipeptit gamma va
delta. Ca hai loai TCR déu ed ving trat t axit-amin bién d8i manh - goi 1a ving
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chic nang (domain). Ving nay’nam ¢ ddu amin cia méi chudi va sé gin vai vi tri
két hop khang nguyén cua khang thé.

Céc TCR cing cd vung c6 dinh. Trat tu axit amin cla vung nay & tit ca cac TCR
tuong ung déu khong d8i. Kich thudéc cia vung bién déi va c6 dinh cia TCR hoan
toan tuong dng vai kich thudc vung bién ddi, va c§ dinh cua vi tri két hop khang
nguyén ¢ khang thé.

TCR la protein nguyén mang. Cac nghién cdu vé chuéi polipeptit gip cho thdy ciu
tric bac hai cia vung c6 dinh ¢ TCR bao gdém cac dai tuong ddi cing, trong khi do
ving bién déi (noi cd vi tri két hgp khang nguyén, k€ ca xodn a) lai cé kha nang uén
rdt lon. Dang xo0dn a cta ciu tric bac hai 1a li tudng nhdt cho su hinh thanh vi tri
két hgp khdng nguyén. Tuong tu nhu vdy, ¢ khang thé ving cé dinh cﬁng la cac dai
B, con vung bién déi cing la cic dai a.

6. KHANG NGUYEN PHU HOP TO CHUC

Khang thé nhan dién khang nguyén trong thé dich. Mac du vé mat ciu tric, thu
thé t&€ bao T rdt gidng vdi khang thé, nhung nd lai chi ¢ thé nhan dién duge cac
protein khidng nguyén quen thudc (cia minh hodc cung loai v6i minh) nim trén bé
mat cdc t€ bao binh thudng (cdc t€ bao cd nhan cia nhiéu loai mé). Cac protein nay
dugc ma hoa bdi viung gen clia tdt cd dong vat cd xuong séng va vung gen dé duoc
goi 1a phiuc hop phit hgp t6 chite chinh viét tit 1la MHC (major histocompatibility
complex). Khang nguyén MHC dugc phat hién lan ddu tién khi nghién cdu hién tuong
thai ghép. Khi cdy mé ghép cho mét co thé khic khong giéng nhau vé cac khang
nguyén nay (khéng phit hgp véi t8 chuc) thi ching sé kich thich co thé nhan, sinh
dap ing MD, din dén thai b6 mo ghép. Cdc khang nguyén phu hgp t8 chuc chinh cua
chuét 1a cdc khang nguyén trong hé théng phu hgp t§ chic H, va ciua ngudi la cac
khang nguyén trong hé théng phu hop t8 chic HLA - tdc la cdc khing nguyén bé
mat bach cau ngudi.

Ngay nay chung ta biét rang protein MHC hoat dong nhu la phan td trinh dién
khing nguyén. NJ tuong tdac dac hiéu vdi cad khiang nguyén va TCR, va vi vay nd la
loai nhém thd 3 cua cdc phan tu k&t hop khang nguyén va ddng vai tro trong toan
bd dap ing MD.

Bay gio chung ta hay xem xét cdu tric, cd sd di truyén va chic nang cua protein
MHC ¢ ngudi.

6.1. Cau tric protein MHC

Cac gen MHC ma hda cho hai loai protein goi la protein MHC l6p I va protein
MHC 16p II. Toan bdé ving MHC cd nhiéu gen ma cho protein 16p I, con chi cd cédc
gen phu ma cho protein l6p II. Ca phan tit 16p I va 1dp II déu la cac protein bé mat
lam nhiém vu nhan dién khang nguyén. Cin nhd riang protein MHC ldp I cG trén bé
mat cua ¢4t cd cac t€ _bao.cd.nhan.d.dong.vat.cé.xuong.séng, con protein MHC lép
II chi c6 trén bé mat ciua Limpho bao B, dai thuc, bao.va cac t€ bao trinh dién khang
nguyén (viét tit la APC /= antigen presenting eell):

Protein MHC 16p I cd c&u tao gdm hai ehudi polipeptit. Mot chuéi dugec ma hda
bdi ving gen MHC va la glicoprotein chudi @ cdm sdu vao mang sinh chidt. Chuéi kia
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goi la microglobulin -2 (viét tat la f,m) dugc ma bdi gen nam ngoai ving MHC B,m
la mot polipeptit nho khong tuong duong véi chuéi a.

Protein HMC 16p I c6 hinh dang dac trung cho phép chung tuong tic vdi khéang
nguyén va cdc té€ bao cia hé théng MD. Chudi a cia phan ti protein 16p I tao ra ba
vung chdc nang tach ra phia ngoai mat té bao.

Giwa hai vung chdc nang cd mét ranh rong. Chinh tai ranh nay phan td MHC s&
gin vdi khang nguyén la. Trong hinh ta sé thdy khiang nguyén la gdn vao ranh protein
MHC va méi tuong tdac gita khiang nguyén la - MHC véi TCR trong dap dng mién
dich. Protein MHC 16p II cling cd c4u tao ti hai chudi polipeptit la @ va 8. Cac polipeptit
nay déu cdm siu vao mang nguyén sinh va nhé ra ngoai mat t& bao.

C4u tric protein MHC trong cung mot loai sinh vat cing khong gi6ng nhau. Cac
ca thé khac nhau trong mot loai thudng bi€u hién su khac nhau vé trat tu axit amin
trong phan t& MHC. Ching han d6i véi ngudi c6 thé cd toi 100 protein MHC khac
nhau d6i véi méi vi tri gen, nhung & méi cd thé chi cd hai dong protein MHC dugc
bi€u hién : Mot bit nguén ti b6 va moét bat nguén td me. Su thay d6i cd gisi han
trat ty axit amin cia MHC dugc xem la hién tugng da hinh xay ra & ca hai 16p khang
nguyén MHC.

Su khac nhau vé cdu tric chu y&u cua protein MHC ludén tén tai gitta cac loai
dong vat khac nhau, tham chi gitta cdc ca thé trong cung loai. Diéu nay giai thich tai
sao khi ghép mo6 ctia ca thé nay cho cd thé khac lai bi nhan dién la thé la (khéng
phai cia minh) va thuong bi thai loai.

Gioi han do MHC : Céc limpho T (T hoac Ty) chi ¢é thé nhan dién duoc cic
khang nguyén la trén bé mat t&€ bao khac khi cdc khiang nguyén la nay da gan dugc
véi cdc khdang nguyén "cia minh", tdc la gin véi cdc khang nguyén MHC cua minh.

Limpho T thuong ddp ung v6i khing nguyén la khi khiang nguyén nay da gin
voi khang nguyén MHC 16p I, ngugc lai t&€ bao T, ddp dng véi khiang nguyén la khi
khing nguyén nay da gin véi khiang nguyén MHC l6p II. Diéu nay rdt quan trong vi
nd giai thich chic nang cta limpho T. Tuy nhién d6i vdi bat ki ca thé binh thuong
nao thi chic nang nay cing khong quan trong, bdi vi tdt cd cac té€ bao cua ching déu
la "ctia minh", nhung d6i vdi cdc cd thé sime (chemera) - tiuc 1a cdc ca thé chua cac
dong t& bao khac biét vé di truyén ma khéng sinh diap ding MD chéng lai ching, nhu
truong hgp ghép tuy xuong, thi chic nang lai rdt quan trong.

6.2. Chic niang cia protein MHC

Protein MHC lam nhiém vu nhu la noi trung chuyén phan td. Nhin chung, khi
mot khang nguyén la bi t& bao ki chu bat gilt, né sé bi ché& bién hoac phan hiy. Khang
nguyén da qua ché bién sé gin vao protein MHC tao thanh phic hé khang nguyén -
MHC. Phic hé nay xuyén qua mang sinh chit va nam trén bé mat t€ bao. T€ bao T
thong qua TCR cia minh sé gin v6i MHC, sau d6 nhan mat dugc khang nguyén la
vi chung da gidn vao MHC. Cac khang nguyén la khong gidn duogc vao protein MHC
thi khéng dugc t& bao T nhan dién.

C6 hai so dé trinh dién khdng nguyén. M6t cho protein 16p I va mét cho protein
16p II. Theo so d6 ldp I khdang nguyén sau khi dugc t& bao ki chu ché& bién nho cac
enzim phan giai, sé dugc gén vér protein MHC| Igp_I)trong ludi ndi chit. Cach gén
khang nguyén nay rdt|quan trong trong nhiém trung virut, noi t&€ bao chu ché& bién
protein virut. Céac peptit-virut dugc giai phdng ra-ia khang nguyén la (kh6ng phdi cua
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minh), sé tao phuc hop véi protein 16p I rdi chuyén dén bé mat t& bao. O day ching
dudc t&€ bao T(: dac hiéu peptit nhan mat thong qua TCR dac hiéu véi phic hé khang
nguyén MHC, cung véi sy trg gidp cta dong thu th€ CD,. Vé phan minh, t& bao T
dugc kich thich san ra limphokin, lam tan t& bao nhiém.

Trong co thé, t& bao T thudng xuyén ra sodt toan bo qudn thé t& bao dé tim
ki€m cdc t€ bao cd bi€u hién khang nguyén la trén bé mat.

Thong thudng cac t& bao lanh bi€u hién tit ca protein 16p I lén bé mat, nhung vi
cdc phan ti 16p I chia peptit "cia minh" nén khong dugc cac t& bao T nhan mat. Tuy
nhién t&€ bao T sé nhan ra t€ bao nhiém virut bsi vi trén bé mat cua ching chda
khang nguyén virut "khong phai cia minh" nidm gidp véi phan td MHC lop I la “cua
minh". Do vdy TCR trén mat t& bao T phai tuong tdc ca vdi vi tri dac hiéu khang
nguyén la ldn vi tri dac hiéu phan t& MHC "cta minh". ’

So d6 trinh dién khdang nguyén thi hai doi héi phan td 16p II. Protein lop II dugc
hinh thanh trong luéi néi chdt va duge tich ldy cung véi protein bao vay, dé la chuéi
khong d8i P;. Chudi nay ngan can lop II gan vdi cdc peptit khdc cing dugc tao ra
trong luéi ndi chdt. Sau do protein lop II cung P, dugc chuyén vao hach nhan.

Khang nguyén la sau khi bi cdc t& bao APC nuét cing dugc chuyén vao endosom.
o} day nho proteinaza ching dugc tiéu hda cung vdi protein I;. Cac peptit la dugc giai
phdng ra sé gan voi protein 16p II tao phdc hé chui ra ngoai mang sinh chidt dé trinh
dién t& bao Ty;. V& phan minh, t& bao T, théng qua TCR va déng thu thé CD4 nhan
mat phdc hé khang nguyén la MHC 16p II trén bé mat t€ bao APC. Khi ti€p xuic vai
peptit la, t&€ bao T}; hoat hoa va tiét ra limphokin - phan ti tiét (interlokin I, interlokin
II) dé kich thich dong t&€ bao B tao khang thé.

7. MIEN DICH TRUNG GIAN TE BAO

Truéc day, thuat ngid MD trung gian t€ bao dung dé moé td khai niém MD khong
cdn cd su tham gia cia khang thé. Tuy nhién ngay su tao thanh khang thé cing co
su tham gia cua nhiéu loai t&€ bao khac nhau, do vdy khai niém nay cdn dugc hi€u
rong hon. Ngay nay mién dich t€ bao dugc dung dé chl b4t ki dap tng MD nao c6
su tham gia truc ti€p ctia cdc t€ bao thudc hé théng MD, nhung su tao thanh khéang
thé hoac sy tham gia ctia khang thé& chi dong vai trd thd yéu.

MD té& bao khac v6i MD trung gian khing thé & ché dap ung MD khong thé dugc
truyén td cia thé nay sang ca thé khac nhd khang thé hoac huyé&t thanh chda khang
thé ma chi dugc truyén cac t& bao limpho ti méau. Céc t& bao limpho dadm nhiém chic
niang trong viéc truyén MD té& bao la cdc t€ bao T da hoat hda. Da s6 cac t€ bao
limpho luu déng trong madu la té€ bao T con t€ bao B chi y&u la c¢6 dinh va khu tru
trong t6 chidc limpho.

Bay gio chung ta hay xem xét dén su hoat dong cua cdc t€ bao T phan lép bao
géom t& bao T - doc, T - qua man muodn, T - giét va vai trdo cua ching trong MD t&
bao. :

Té¢ bao limpho T déc dudc_goi tat la té bao T.. Ngoai dai thuc bao, t&€ bao Tc
cing thuc hién chdc nang gi€t t&€ bao la 'T¢ bao T -nhén mat khing nguyén la khi
ching gin véi phan t& MHC lép I. BAt ci té bao nao mang khdng nguyén la, ching
han cic té bao mé ghép-khéng tugng dong, edc t& bao chia virut, déu cd thé bi t&
bao T tieu diét.
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Néu ghép mé gira hai loai khac nhau hodc tham chi gita hai chung cia cung mot
loai nhung c¢d khang nguyén phu hop t8 chic khac nhau thi t& bao T sé dap lai bang
cach diét moé la va lam bong méanh ghép. Chinh vi vay ma trudc khi tién hanh ghép
da hoac cdc co quan & nguoi, moét thd tuc bat bu6c la phai tién hanh thu chéo giita
cic mé cua ngudi cho va ngudi nhan xem khang nguyén phu hop td8 chic cé giéng
nhau khong.

Dé lam tan té bao la (t& bao dich) thi t€ bao T phai cd su tiép xic v6i ching. Mac
du co ché tan bao con chua r6, nhung cd 1& la két qua ctia chat doc do t& bao T tiét ra.

Diéu dang cha y la d6i vdi dai thuc bao, viéc diét cdc t€ bao dich khéng mang
tinh dac hiéu, con dé&i véi té bao Te thi chi diét cac t& bao dich dac hiéu chua khéang
nguyén la. D6i vdi cdac té bao khac thi tdn s6 lam tan bao rit thap.

Té bao giét tu nhién goi tat la NK (natural killer cell) 1a 16p phu cta t& bao limpho
va déng vai trdo pha huy € bao la. Té bao NK khong phai 1a t& bao la. T& bao NK
khong phai la T hay B. V& kha nang giét t& bao la thi giong véi T nhung khic ¢
ché khong cidn cd su kich thich cia khiang nguyén dac hiéu. Chang han té bao NK c6
thé pha huy invitro cac t& bao u dc tinh va cdc t& bao nhiém virut ma khong can tiép
xtc voi khang nguyén la. Tuy nhién cing giéng nhu t& bao T, trudc tién t€ bao NK
phai ti€p xuc véi t&€ bao chita khang nguyén la, sau dé mdi ti€t ra doc t6 dé giét t&
biao. Cho dén nay ngudi ta vdn chua tim thdy thu thé cua té€ bao NK cdn cho viéc
lam tan t& bao dich.

Limphokin va xitokin : Cac t€ bao T, dai thuc bao, cac loai bach cau, t€ bao NK
déu c6 thé han ché cdc vi sinh vat va cac chdt la khac khi xaAm nhéap vao co thé bang
cach tiét ra cac phan tu goi la limphokin (néu do t€ bao limpho san ra) hoac xitokin
(do cac t& bao khac san ra).

Cac chat tham gia vao ddp dng MD do té bao sinh ra nay goi la cac tdc nhan
diéu bién. Ching cd thé cd nhiéu chdc ning, thi du interlekin 1, interlekin 2, interlekin
3, interlekin 4 va interferon cd lién quan dén su diéu hoa cac t&€ bao MD khac, Interlekin
2 do t€ bao T hoat hda khdng nguyén san ra chu yéu dung dé hoat hda t& bao T,
trong khi dd interlekin 4, limphokin do cac t&€ bao T khac sinh ra giy nén su tang
sinh té€ bao B dé t6ng hgp khang thé. Cac limphokin khdc nhu nhéan t6 hoat héa bach
cau, nhan té héa huong dong, nhan té uc ché di tin lai hoat déong nhu chidt diéu
chinh chdc nang dai thuc bao.

- Nhan t6 héa hudng déng hdp dan dai thuc bao vao noi tdp trung khiang nguyén.

- Nhéan t6 hoat héa dai thuc bao kich thich t& biao nay trd thanh t& bao giét hiéu
qua hon.

- Nhén t6 uc ché di tin ngan tré su di chuyén cua dai thuc bao ra khoi khang
nguyeén.

- Nhan t6 kich thich khu@n lac kich thich tdt ca cic loai t& bao bach huyét dang
thuc bao phan chia va biét haa.

- Cac xitotoxin khdc giy nén ddp dng qua man muon hodc dung nhu mét protein
doc déi voi té€ bao ung thu.

Hoat hoéa dai thuc bao..-Pai-thuc bao dong vai tro trung tdm trong cd MD trung
gian khang thé va MD trung gian t& bao."Nhu ta bit,\dai thuc bao gin, ch& bién va
trinh dién khang nguyén, song vi la thuc bag,nén,nd cing bat va giét ca cac t& bao
la nhit dinh, kha nang nay do t&bao T kich ‘thieh
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Dac diém chi ysu cta dai thuc bao da hoat hda la c6 thé gigt vi khudn khong
cho ching nhan lén. Nhung ngugc lai cling cd céc loai ¢ thé nhan lén trong dai thuc
bao nhu Mycobacterium tuberculosis (gay bénh lao), M. Leprae (gay bénh phong), Listeria
monocytogenes (gay bénh listerioz) va nhiéu loai Brucella gay s6t héi quy va gay sdy
thai.

Néu dong vat duge tiém M. tuberculosis véi liu lugng vita phai sé thoat khoi
nhiém tring nho dip dng mién dich trung gian t& bao T. Cic co thé da duge MD
ki€u nay sé sin sang diét cac vi sinh vat khdc, chang han Listeria, va nhit la san
sang diét cdc vi sinh vat khi ching xam nhap lian sau.

8. THUYET CHON LOC DONG (CLONE)
CUA BURNET VA DUNG NAP MIEN DICH

8.1 Thuyét chon loc

Theo Burnet moi théng tin cdn thiét cho tdng hgp khang thé phai cé sin trong
co thé ti trudc khi cd khdang nguyén xam nhap. Khi c6 khdang nguyén xam nhap, ching
sé lya chon cdc t& bao limpho tudng ung cd thu thé bé mat phu hgp dé kich thich
tang sinh. Cédc t& bao limpho sé tiép tuc phan chia bing con duong giin phan dé tao
thanh "dong". Cac t& bao khong dugc lua chon, tic 1a khéng cd thu thé bé mat phu
hop thi khong dugc phan chia va khong tao dong. Tuy nhién céc té bao limpho phai
phan biét dugc cac khdang nguyén la véi khdng nguyén cia ban than (tu khing nguyén).
Dong t& bao phan dng vdi khdng nguyén ban than sé bi biat hoat va loai tri. Kha
nang khong gay MD dac hiéu d6i véi khang nguyén ban than dugc goi la dung nap
va xdy ra cad ¢ t€ bao B va T.

8.2. Dung nap mién dich

Dung nap MD la hién tugng khéng cé dap dng MD dac hiéu, 1a co thé khéng co
ddp ing MD thé dich hoac ddap ung MD té& bao v4i mot loai phan ti khang nguyén
hay mot loai quyét dinh khang nguyén dugc dua vao co thé theo moét cach nao dé (ma
cé thé dua theo ciach khac co thé vdn cd ddp ung MD). Dung nap MD con la hién
tugng co thé cd thé van cd dap dng MD véi cac khang nguyén nay, ma lai khong co
ddp dng MD vdi khang nguyén khac. Do la tinh dac hiéu cia dung nap MD va la co
s¢ d€ giai thich su tu dung nap MD cua co thé, ma khi pha vd su dung nap nay sé
din dén cic qua trinh ddp dng ty mién va cdc bénh ty mién.

8.2.1. Cdc phuong phdp va di¢u kién thuc nghiém cua dung nap MD :

Muén gay dugc trang thai dung nap mién dich phai c¢d nhing diéu kién thuc nghiém
nhit dinh va theo cdc con dudng nhu sau :

Géy dung nap bang ciach dua khdang nguyén vao bao thai, hodc dong vat mai sinh,
khi co thé chua phat trién cdc co quan c6 trach nhiém mién dich.

Vi du : Hién tuong dung nap MD gita 2 c4 thé sinh doi khac tring, ching cd
gen khic nhau nhung Vi Sinh @81 nén cd su trao d8i mau qua lai trong thoi ki bao
thai, ching khong sinh ra ddp dng MD 14n! nhaa vatde|viay ¢d thé dung nap manh
ghép cia nhau. M6t thi nghiém khidc ctia Medewar. L&y cac té bao lach séng cua chuot
thuin chung dong A tiémvaoc bao thai nim trong tu cung chudt CBA (hai dong chu6t
nay thudn ching va hoan toan khong phu hgp t8 chic). Khi chudt .CBA ra doi va lén
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lén ¢6 kha nang dung nap manh ghép ldy tit chudt A trong khi dé vdn c6 thai ghép
vOi cdc manh ghép ldy tu chuét dong khéc.

Gay dung nap 6 co thé truong thanh bing cich dua luong lén cic khdang nguyén
khéng phu thuéc tuyén uc.

Muén tao dung nap ki€u nay phai dua liéu khang nguyén khong phu thudc tuyén
Uc 16n 10-100 lan liéu gay ddp dng MD. Dung nap xdy ra dugc do khong cd dap ung
cia cac t&€ bao B va cdc khang nguyén nay khéng cdn cd su hé trg cua té bao T, vi
du nhu : Cac polisaccarit cua phé cau.

Gay dung nap 6 co thé trudng thanh véi cac khang nguyén protein hoa tan phu
thuoc tuyén uc bdng moét trong 3 cach sau :

- St dung cac bién phap dc ch& MD k&t hgp véi dua khdng nguyén vao co thé.

- Dua khdng nguyén liéu that thdp hoac that cao dé gdy dung nap, dua vao khai
niém hai ving cadm dng dung nap : dung nap liéu thdp va dung nap liéu cao.

- Tiém khang nguyén hoa tan khéng cd 14n cic phan td bi ngung tu hoac polime
hda vao tinh mach, tranh bi bat va xt li bdi cdc dai thuc bao.

Trong tdt ca cdc truong hop gay dung nap trén, phai chu y dén cac diéu kién thuc
nghiém sau :

- Kha nang dap ding MD cua co thé

- Tinh sinh MD cta khang nguyén

- Duong vao cua khang nguyén

- Trang thai hda li cia khang nguyén

- Liéu khang nguyén.

8.2.2. Vai tro cua cdc té bdo T va B trong dung nap mién dich

TUu cac thi nghiém trén dong vat thuc nghiém, ngudi ta da rat ra cac két luin sau :
- Ca limpho T va B déu cd thé tré nén dung nap khing nguyén.

- Trang thai nhay cdm véi dung nap ctia limpho T va limpho B khic nhau vé
liéu khang nguyén giy dung nap va thdi gian tu lic tiém khdng nguyén vao cho dén
ldc xudt hién trang thai dung nap.

- Thoi han duy tri trang thai dung nap ctia limpho B ngin hon thdi han dé cua
limpho T.

- D6i véi khdang nguyén phu thuéc tuyén dc, trang thdi dung nap cta co thé cd
thdi han biang thoi han dung nap cua limpho T.

8.2.3. Co ché cua dung nap mién dich

Trang thai dung nap MD dac hiéu cd thé xay ra do tinh trang dung nap cua té€
bao T hoac dung nap cua t& bao B hodac dung nap cua cid 2 loai t& bao.

- Thodi héa dong 0 cdac té bao T :

Qu4 trinh phat trién dung-nap t€ bao T xay ra trong tuyén dc. T& bao T phat
trién va chin trong tuyén dc nén tuyén niy.la ¢ quan limpho. Giai doan chin ban
dau cua t& bao T goi la'ehon loc duong tinh Limphogbao trd thanh tién t& bao T roi
khoi tuy xuong qua 6ng limpho r6i-vao tuyén tves Pai ‘day thu thé phat tri€n trén mat
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t€ bao T va théng qua thu thé nay, t& bao T gan v6i phan td MHC ban than ¢ tuyén
dc. Cac t& bao T khong tuong tac dugc véi MHC sé diung phat trién va chét, trong
khi cdc t& bao gan duge vgi MHC tuyén uc van ti€p tuc chin. Nhu vay su lya chon
duong tinh 1a thd tuc ddu tién nham gilt lai cdc t& bao c6 thé nhan dién protein MHC
ban than va loai bo t& bao T khong cdé kha nang nhan dién nay.

Giai doan 2 phat trién t& bao T la chon loc ém tinh. Sau khi ting sinh t& bao T
chon loc duong tinh ti€p tuc phan ung v6i MHC, da gin véi khing nguyén ban than
trong tuyén dc. Loai t& bao T nay rdt nguy hi€m vi cd thé pha hiy mé cia ban than.
Do vay ching phai bi loai tri. Tuyét dai da s§ cac t& bao T nay gin chat vao mo
tuyén dc va bi chét ngay. Chi cd cdc t& bao T tuong tac vi MHC ban than (ctia minh)
nhung khong tuong tdc véi khdng nguyén ban than (ty khing nguyén) méi duoc roi
khoi tuyén dc (vi ching khong gén chat vao mé tuyén dc). Loai t& bao T nay tim dén
khdng nguyén la va tuong tdc v6i cac t€ bao trinh dién khang nguyén (APC) va té&
bao B. Co ché& tao dung nap goi la sy thoai hda dong. Trong qua trinh phat trién,
dong t&€ bao T nao khéng cé loi, thAm chi ¢ hai sé bi loai bo.

Con moét vdn dé nira trong dung nap la d6i khi dong t& bao T tu phan dng bing
cich nao dd loai b6 sy thodi héa dong, trd nén sin sang phan ung véi khang nguyén
ban than thoéng qua méi tuong tdc trong co quan limpho ngoai vi. Co ché nay dugc
goi la vo ung dong hay té liét dung nap. Tuy nhién dong t& bao nay vin con lai trong
hé tudn hoan va sau nay co thé tai hoat trd lai trang thai ban ddu. Dong t& bao phan
ing ban than khi hoat dong sé giy cac bénh tu mién. Cé dugc dung nap MD J t& bao
B cing rdt cdn thiét boi vi khang thé do t& bao B tu phan ung sinh ra (ty khdng thé
- autoantibody) cd thé pha hiy mé co thé. Co ché cho dung nap t& bao B cing giéng
nhu ¢ t&€ bao T.

Té& bao B cing trai qua sy thodi hda dong dé€ loai bo cac t&€ bao B tu phan ung.
a day sy vO6 dUng cling cd vai tro quan trong. Céac t€ bao B tu phan dng sé khong
phat trién dugc néu nd gan dudc v6i khang nguyén ban than. Co thé giai thich su vo
Ung dong t&€ bao B la do lubén cd néng do cao khidng nguyén ban than. Cac khang
nguyén nay chiém gid hét thu thé bé mat t€ bao B, lam cho ching khong cd kha nang
phan dng vdi khdng nguyén moét cich binh thudng. Vo dng t& bao B cing cd thé la
do cdc t& bao T tu phan dng do da bj loai trit trong qua trinh chin, nén khéng con
dé€ giup té bao B san xuidt khang thé.

9. CO CHE HINH THANH KHANG THE MIEN DICH

Mot cau héi dat ra la lam sao co th€ c6 khd nang san ra mot lugng lon va da
dang cdc loai khang thé dén nhu thé& dé dap dng méi khi cd su xam nhap cua vi
khuan, virut, cdc cao phan tu. D& gidi ddp cdu hoi nay trudc hét ta phai tim hiéu
xem lam thé nao cdc t€ bao cua hé théng MD tuong tdc dugc vdi nhau dé tao khang
thé khi bi kich thich bdi khang nguyén va sau nita 1a lam sao khang thé dugc sinh
ra lai da dang nhu vay.

Viéc co thé san ra khang thé khi co.su kich thich cia khing nguyén 1a moét qua
trinh phuc tap doi héi su tham gia.ciua t& bao T, t& bao B, cdc t& bao trinh dién khang
nguyén (APC, chang hanidai thuc bdo) va'phai cd’ méy tiwong tac gita cac phan ti bé
mat cua cdc t€ bao khde nhau' Nhu ta bictLAPC [tied hoa khang nguyén khong mang
tinh dac hiéu. Mét khi khamg=mglyén bi ché bién, APC sé trinh dién no cho cap t&
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bao T va B. Sau khi nhan mat, t& bao T tiét ra cic chat kich thich d€ t& bao B téng
hgp khéng th€. Mac du mé6i tuong tdc ban ddu giita khéng nguyén va APC c6 thé
khéng dac hiéu, nhung & cac budc sau cia qué trinh téng hop khéng thé, tinh dac
hiéu lai r&t cao. Cdc phan td thu thé€ trén bé mit ca t€ bao T (TCR) l4n t& bao B
(khdng thé€) sé bio dam chic chdn rdng nfu mot khing th€ dugc tao thanh d€ dap
Ung v6i moét khang nguyén nao dd thi nh4t dinh nd sé& dac hieu véi khang nguyén 4y.

Ki€m tra di truyén hinh thanh khang thé cing 12 mét qua trinh rdt phdc tap.
Ngudi ta dy tinh rdng mét dong vat cd vi cd kha niang t8ng hop mét ti phan ty
khang thé khic nhau vé cfu tric. Diéu nay that khd hinh dung, néu ching ta nghi
rdng méi gen c4n cho mot chubi polipeptit don, thi ré rang cdn phai cé dén hang ti
gen d€ san xudt khang thé, nhu th& ndé sé& vugt qua tiém ning ma di truyén ctia co
thé. Sy that thi déng vat chl dung mo6t lugng gen tuong d6i nhé (vai tram gen) dé
3an xuft va bao dam tinh da dang cua khéng thé€. Diéu nay cd dugc la do két qua
cia nhitng bién d6i dac biét xay ra trong ADN cuia cac t& bao xoma, hay ndi khac di
la sy s&p lai gen. Trong qua trinh phat tri€n cia cdc t€ bao limpho trong tuy xuong,
trong t€ bao B xay ra sy sip lai gen va sy khuy&t doan d€ tao ra hai don vj sao ma
hoan chinh. M4t don vi ma cho t8ng hgp chubi nang diac hiéu, con don vi kia ma cho
chudi nhe cua Ig. Cach sdp lai gen nhu vay thi du véi s6 lugng gen {t cing tao nén
tinh da dang cta khéng thé.

Su sdp lai gen cling xay ra trong qué trinh ph4t tri€n cta t&€ bao T d€ tao nén
tinh da dang cua thu thé t& bao T (TCR).

O muc sau ching ta s& xem xét chi ti6t cic budc t6ng hgp khéang thé€ bat ddu tu
khi cé khdng nguyén x&m nhap cho d&n khi khdng thé dic hiéu v6i khédng nguyén &y
dugc tao thanh.

9.1 Tiép c4n khang nguyén

Truéc khi tim hi€u co ché hinh thanh khéng thé, ta hay xem xét didu gl xay ra
vdi khang nguyén trong co thé€ déng vat. Khdng nguyén dugc dua téi moi noi trong
co thé nhd hé mau va bach huy&t. Noi khidng nguyén dén cu trd 1a hach limpho, lach
va gan. Khiang th€ dugc tao thanh d c4 lach va hach limpho nhung khéng dugc tao
thanh ¢ gan. Néu ta tiém khéng nguyén vado tinh mach thi lach sé& 12 noi tao nhiéu
khang thé nhat, ngugc lai néu tiém duéi da, trong da hay mang bung thi khéng thé
sé dugc tao thanh nhiéu trong hach limpho. L4y mét m&u hach limpho hay lach cua
déng vat da MD d€ nu6i cAy moé hay tiém vao dong vat chua MD thi ching tiép tuc
tao khang thé.

Sau khi ¢6 sy xAm nhap ddu tién cua khdng nguyén la thoi ki tiém #&n. Luc nay
khdéng th4y b&t ki khang th€ nao xudt hién trong miu. Sau dé néng do khéng thé
tang ddn r6i lai gidm xu6ng. Phan dng v4i mii tiém l14n mot goi la dép ung khéng
thé nguyén phat. Khi tiém khang nguyén 14n hai (tiép cin khing nguyén l4n hai) sau
vai ngay hay vai tufin, néng do khéng th€ sd tiang lén-nhanh chdng, dat dén 10 - 100
14n nhiéu hon néng d¢ tiém l4n thy nh4t. Su tang nhanh chdng n6éng d0 khéng thé
nay. dugdc goi 12 dép ing khéng thé thu phdat! Néng do khdng thé€ sé gidm dén theo
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thdi gian, nhung ¢ cac l4n tiém sau nita nd sé lap lai. Dap dng thu phat 1a co sd cua
quy trinh tiénw» vacxin.

9.2 Su hinh thanh khéng thé

Céc t&€ bao B, T va APC hgp tdc v6i nhau nhu th& nao trong qua trinh hinh
thanh khdng thé ? Trudc hét khang nguyén phai dugc APC trinh diéen. APC dung
trong téng hop khing thé la dai thuc bao. Ban than t& bao B cing c6 thé la APC
hiéu luc nhat.

- APC la cac t& bao B thong qua thu thé (la cdc globulin MD bé mat cta t& bao
B) c6 khd nang nhan dang dac hiéu khing nguyén. Khing nguyén duoc dua vao t&
bao réi tiéu hda trong hach nhan. Cac peptit tao thanh dugc dua trd lai ra bé mat
gan véi phic hé khiang nguyén - MHC lép II

- APC la dai thuc bao cing hoat doéng nhu vay nhung ching khoéng cd thu thé
dac hiéu khang nguyén. Ching cd thé bit va nuét khang nguyén la moét cach hitu hiéu,
sau d6 ch& bién va trinh dién ra bé mat nhd phic hé khiang nguyén - MHC lép II,
giéng nhu truong hop APC la té€ bao B.

Budc tiép theo la APC trinh dién phuc hé khing nguyén - MHC cho t& bao T
thong qua thu thé cia né la TCR. Phan t& MHC l6p II trén bé mat APC sé tuong
tdc v6i phan ti CD, trén bé mat t& bao T,;- Do dugc tiép xtic thong qua khang nguyén
lam trung gian, t& bao T kich thich t& bao B san ra interlokin. Ch4t nay lai kich
thich t& bao B phan chia. Két qua la dong t& bao B dugc tao thanh. Dong nay chi san
ra mot loai khiang thé dac hiéu. Sau do lai xay ra su biét hda tiép theo cua dong té&
bao B da hoat héa ddn dén tao thanh mot lugng 16n cic t& bao tiét khang thé goi la
té€ bao plasma va moét dong t& bao B dac biét goi la té bao B nhé. TE bao plasma cé
doi séng ngin (dudi moét tudn) nhung lai tiét ra mot lugng lon khang thé. Nguagc lai

_ t€ bao nhé cd doi séng dai va khi cd dip tdi ngd véi khang nguyén da kich thich lan
ddu, ching sé nhanh chong bién thanh t& bao plasma dé sin xudt khang thé. Tri nho
MD cing la dap tdng thi phat din t6i viéc san xudt khang thé mot cach nhanh chdng,
kip thoi va vdi s6 luong 16n khi c6 su kich thich lap lai cia khiang nguyén.

Mot s6 khang nguyén c6 thé kich thich tao khang thé ¢ mic do thdp ma khéng
cdn cé mdi tuong tdac voi t& bao T dugc goi 1a khdng nguyén khong phu thuéc tuyén
uc. Da s6 cac khang nguyén nay la cac polime chia cdc quyét dinh khdang nguyén lap
lai (vi du polisaccarit). Khang thé chéng khang nguyén khong phu thuéc tuyén tc
thuong la 16p IgM, c6 ai luc thdp. T& bao B dap dng khang nguyén khong phu thuéc
tuyén dc khéng cd tri nhé MD.

Nhing di€m ndi trén miéu td nguyén tic co ban cua su tao thanh khang thé. Méi
khiang nguyén hay ding hon la méi quyét dinh khang nguyén, thong qua hoat déng
cua APC va T“ sé xuc tdc.cho.su.phat.trién.mot.dong.t&.bao.B, nhat dinh. Trong méi
trudng hop, méi t&€ bao B dwgc tao-thanh.la ,khi napg.di truyén san xuit khang thé,
c6 thé phan dng dac hiéu voi khang nguyén' @4 kich ‘thich sinh ra nd. Véi cach nay,
mét con vat cd thé ddp \Ung véi hang ti khang|nguyén khac nhau nho su phat trién
dong té bao B dac hiéu phu hop voi no.
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10. DI TRUYEN VA TIEN HOA
CAC PHAN TU IG VA THU THE TE BAO T

10.1. T§ chic gen

Néu t& bao B san ra khang thé cd mot tinh dac hiéu thi vé mat li thuyét no chi
e¢dn mot gen ma cho hai chuéi nang gi6ng nhau va moét gen ma cho hai chuéi nhe
giong nhau. Nhung thuc t& dau phai nhu vdy. Mét chuéi nhe hoac mét chubi nang
thuc ra dugc ma boi nhiéu gen khic nhau. Cac gen nay dugc hinh thanh do hang loat
su sap lai rdt phdc tap cic gen trong qua trinh chin cia t& bao B & trong tiy xuong.
Ching ta hiay xem su kién nay xay ra nhu thé& nao.

Muén hiéu r6 di truyén téng hop khang thé€ ta cdn ding lai nghién cdu chi tit
c¢du tric khang thé.

Cac khang thé khidc nhau cd trat tu axit amin khac nhau & ving bién déi. Trong
viung bién d6i lai ¢6 nhing vung nho goi la ving bién déi manh (ving siéu bién).
Chinh cdc noi do 1a vi tri k6t hop véi quyst dinh khang nguyén. Nhin vao so d6 ta
thdy méi vung bién d8i ciua chuéi nhe cing nhu chubi nang chda 3 vung bién déi
manh. Tri vung bién déi manh thd 3 ndm trén chuéi ning cd moét phdn dugc ma bai
moét gen riéng goi la gen D (tu chi diversity — da dang). Con thi ciac vung bién déi
manh déu dugc mia bdi cdc gen vung bién dbi (gen V). Ngoai ra tai vi tri néi gita cic
gen vung da dang (D) va viung c6 dinh (C) cd moét doan dan cac nucleotit goi la ving
J (joining) dugc ma bsi mot gen riéng - gen J. Nhu vay vung bién d8i manh thd 3
dugc ma bsi moét phén gen V, toan bd gen D va cic gen J. Cuéi cung, phin c6 dinh
xac dinh céac 16p phan ti Ig dugc ma bdi cac gen riéng cia chung - gen C (constant).

Chudi nhe dudgc ma bdi cac gen vung bién déi (V), cdc gen vung néi (J), cic gen
vung c6 dinh (C) riéng cua minh, nhung khéng chia cic gen viung da dang (D) nhu
¢ chudi nang.

10.2. Sip xép lai gen

T4t ca tinh da dang di truyén cadn cho viéc tao thanh khang thé déu nam trong
cdc t& bao limpho, bdi vi chinh cdc t€ bao nay da dugc hinh thanh ti cic té bao nguén
cua tdy xuong. & mbi t€ bao B chua chin, cho chudi nhe c6 150 gen ving bién ddi
(V), 5 trat tu lién két khac nhau (J) va 2 gen vung c8 dinh (C). Trong khi dd, cho
chudi nang c6 100 - 200 gen vung bién ddi (V), 4 trat tu lien két (J), 50 gen vung
da dang (D) va 5 gen vung cd dinh (C). Ciac gen V, J, D va C khoéng nam lién ké
nhau ma tach biét boi cdc trat tu khong lam nhiém vu ma hda, goi la intron. D6 la
dic trung cho su sdp lai gen ¢ Eukaryota. Su6t qué trinh chin, trong méi t& bao B
¥dy ra tai t8 hop di truyén dan téi viéc cdu tric nén gen hoat tinh chubi ngng va
gen hoat tinh chuéi nhe. Cic gen nay sé dugc sao va dich ma dé€ tao ra chubi nang
va chubi nhe cua Ig, dac trung cho t& bao B. Néu cac doan V, J va C bi lua chon sai
thi sé bi cdc enzim phan gidi-va loai bo tit ci cac doan ADN khéng ding xen vao.
Nhu trén da ndi, trong qud trinh biét hda eia t& bao-B\luon xdy ra su m&t doan nén
n6 sé ghép néi mot trong nhing vung gen V yoi mot_trong nhitng vung gen D va gen
J. Khi dugc sao ma doan-chuéi VDJ la dinh 5%'cia ban sao ARN so cdp. Su sao ma
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ti€p tuc doc theo sudt ca ving gen 6n dinh (C). Su c4t ghép ARN k€ tiép ndi két cic
ving CDJ véi ving C tao ra mARN, dé& r6i sau d6 dich ma thanh phan td chuéi nang
D6i v6i chubi nhe thi khong gén véi gen D. Su ghép ndi ADN nay goi la ghép néi to
hop bdi vi cd thé tao ra nhiéu t8 hogp khac nhau cua cac vung VDJ mét cich ngiu
nhién. Tan s6 xudt hién cdc t8 hop c6 thé cd la nhu nhau. S6 lugng cic t8 hop la
rdt 16n, do vay s6 phan t& Ig khic nhau cung rat 16n. Ching han chudi nhe dugc hinh
thanh boi t8 hop cia 150 gen V, 5 gen J va 2 gen C sé cho ra 150 x 5 x 2 = 1500 chudi
khac nhau. D&i v6i chubi niang cé khodng 200 gen V, 4 gen J va 50 gen D, 5 gen C,
tao ra 200 X 4 x 5 x 50 = 20.000 chuéi khac nhau. Vi mét chudi nhe bat ki cé thé
lien két voi mot chudi nang bat ki nén ta cd t6i thiu la 20.000 x 1500 = 3.10’ loai
khang thé. Diéu gay 4n tugng la mét luong khéng 16 cdc phan ti Ig dugc tao thanh
ma chi dugc ma hda bdi mot lugng ADN tuong d6i nho.

Tinh da dang thu dugc do su sip lai gen trong t& bao limpho da anh hudng dén
kién thic cia ching ta vé di truyén Eukaryota. N6 luén dugc cho riang méi t€ bao
cia co thé da bao déu giéng nhau vé mat di truyén (t4t nhién khéng k& su dot bién
clia cdc t€ bao soma) va su khiac nhau cia méi loai t€ bao 12 do sy bi€u hién ctua cde
gen khac nhau. Diéu nay r6 rang khoéng nidm trong trudng hgp cua t& bao limpho, bdi
vi ¢cé hang triéu (néu khéng ndi la hang ti t€ bao limpho khac biét vé di truyén la
sin phdm tai t8 hgp cua t& bio soma & dong vat cé xuong séng.

Diéu con chua ro 1a phai chang cédc t& bao limpho chi san ra dong t& bao Eukaryota
cé kha nang sdp lai gen ki€u nay hay co ch& xdo tr6n gen nay cd thé tao ra tinh da
dang cia cdc phan tit. Sy tuyén chon céc t€ bao B ban ddu nao d6 lam nguén tao
dong sinh khang th€ 1a nhiém vu ciua khang nguyén. T cai kho limpho bao chin da
dang 4y, cic t&€ bao B dac hiéu dugc khing nguyén kich thich sé phat trién tao thanh
dong t€ bao B vdi tdt ca dac di€m di truyén riéng. Thuyé&t chon loc dong du doin
rang nhiéu loai t€ bao B sinh ra va "tham lang" mai trong co thé dong vat do khong
cd dip ti€p can vdi khiang nguyén phu hop. Tuy nhién cai kho da dang khang thé iy
con cdn trong tuong lai néu cham tran véi chit sinh MD.

10.3. Di truyén thu thé t&€ bao T

Truéc day ta da thdo luin vé cdu tric cua thu thé t& bao T. TCR nhan mat khang
nguyén khi né gdn vao MHC trén bé mat t€ bao APC. Do vay TCR phai nhan mat
duge ca cic viung cia MHC ldn quyét dinh khang nguyén dac hiéu. Vay trong pham
vi di truyén diéu nay xdy ra nhu thé& nao ?

Ciing giéng nhu khang thé, TCR chita ving c6 dinh va viing bién d8i, nén khoéng
cd gl la 13 né cing phai cd cdc gen ma cho c4c vung bién déi. O chu6t nhét chubi a
cia TCR c6 khoang 100 gen vung bién d8i (V) va 50 gen doan lién két (J), trong khi
dd chubi B c 25 gen bién ddi, 2 gen da dang va 12 doan lién két. Ngoai ra cé mot
s6 doan nho b8 sung chda tir 1 dén 6 nucleotit xen ké vao gilta cdc doan gen viung
bién ddi, gen da dang va-gen-lién-két.Nhu-vay.sé-luong.cic t8 hgp vé trat tu gen
6 thé cd la rat 16n, uéc tinh lén-dén 1042 tham ehi,cdnycao han s6 t3 hgp cua khang
thé MD ma ta nghi cd th€ cé. Do su ging nhau vé ¢4t ‘tric di truyén gitta phan tu
Ig va TCR, ta cd th€ hinh dung dé dang ring-ching co m6i quan hé gdn gii véi nhau
vé mat tién hoa.
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11. KHANG THE DPON DONG

Méi quyét dinh khang nguyén sé kich thich tao thanh mot khang thé dac hiéu.
Khi mot khang nguyén cé nhiéu quyét dinh khidng nguyén (da gid) sé cho mét phic
hop khiang th€. Muén nhan dudc mot khang thé trong phic hgp 4y thi phai tién hanh
tach tinh khiét. Tuy nhién ngay nay ngudi ta cé th€ nhan dugc khang thé tinh khiét
bang ki thuat khang thé don dong. Khdng thé don dong la khang thé do mot dong
limpho bao sinh ra dé chéng lai mét khang nguyén nhét dinh.

Sdn xudt khang thé don dong. Nam 1975 Kohler va Milstein ti€n hanh lai t& bao
u tuy (myeloma) véi t&€ bao B da hoat hda (bdng phuong phap dung hgp). Uu di€m
cua t& bao u tuy la ¢ kha nang phan chia rdt nhanh trong méi trudng nhan tao. Sau
do tach riéng ting t& bao lai nudi trong mdi trudng nhan tao dé ching phan chia tao
ra dong té bao sinh khing thé. Khang thé nay goi la khang thé don dong, co kha
niang chéng moét quyé&t dinh khang nguyén nhit dinh.

Khang thé don dong dugc dap dung rdt rong rai va thay th€ mét s6 phuong phéap
mién dich va huyét thanh hoc théng thudng trong nhiéu linh vuc. Sau day la mét sé
vi du :

- Phat hién moét khang nguyén chua biét trén bé mat t& bao.

- Xac dinh muyc hocmon d€ danh gid chdc nang noi tiét.

- Xédc dinh mét s6 protein cd y nghia trong chdn dodn ung thu. Vi du trong ung
thu gan nguyén phat cé a - foetoprotein. Khi phat hién chit nay sé loai bd khéi u
giai doan sdm.

- Xac dinh vi sinh vat.

- Xéac dinh cdc loai thuéc cdm st dung cd trong mau (vi du doping). Kiém tra
néng do thudc trong miu nhim diam bao liéu dung khéng vugt qua ngudng doc.

- Uc che phan dng thai loai ghi ghép co quan. Thi du tao khang thé don dong
chéng khing nguyén diac hiéu cua limpho T.

- Mién dich hda thu dong chéng lai khang nguyén tham gia vao qua trinh sinh
san (tranh thai bang phuong phap MD).

12. BO THE

Nam 1994 Pfeiffer khi tron khdang huyét thanh chuét lang khang Vibrio cholerae
vao vi khudn nay thi V. cholerae sé bi li giadi. Nhung néu xu li khiang huyét thanh ¢
56°C trong 30 phit thi vi khudn khong bi li gidi nita, nhung tinh MD vin truyén dudc
tt chuét lang nay sang chudt lang khdac. Néu lai thém huyét thanh tuoi vao huyét
thanh da x& li nhiét, kha nang I giai lai xuit hién. Nhu vay dia c6 mot yéu t6 khong
bén nhiét cé mat trong huyét thanh chu6t lang cdn cho su li giai V. cholerae in vitro.
Vé sau nay Erlich goi y&u t8 d6 la b8 thé (complement) va gidi thich rang khi dun
nong, b8 thé bi pha hiy nhung khiang thé vln con nguyén ven hoat tinh. Khi thém
huyét thanh tuoi lam nguén b3 sung b3 thé thi lai gay li giai vi khuén.

B thé gom mot nhdm protein huy&t thanh. Ty thudc vAo trinh tu phan idng va
diéu kién bi€u hién hoat ldc ctia ching fal.dédé ki higu\ khac nhau. Hé th6ng bd thé
gém 9 protein dugc ki higu tit C, dén C, (theo trinh tu phin dng ma ching tham gia,
rieng C, la ki hiéu thd tu phat hiénbs thé)=Cac bo thé tu C, dén Cg la céc enzim
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esteraza ¢ dang bit hoat. C4c b8 thé mudén hoat dong phai duge hoat hda. Su heat
dong nay theo kidu phan #ng day truyén va theo mot trat tu nhidt dinh. Mét b3 thé
sau khi dugc hoat hda lai c¢é kha nang kich thich sy hoat hda cua b3 thé tigp theo
Su hoat hda b8 th& chi xay ra véi cac khing thé thudc 16p IgG (IgG,, IgG,, 1gG,, va
IgM). C6 hai con dudng hoat hda b8 thé : con dudng cd di€n va con dudng nhanh.
Céc budc hoat hda b8 thé theo con duong c6 dién cd thé tém tit nhu sau

- CJ su gian khing nguyén véi khang thé.

- Nhan mat phic h¢ khing nguyén khing thé bsi C,.

- C, va C, gin vao vj tri lién ké v6i C trén mang sinh chit.

- Hoat hda C,. C, ddng vai trd trung tdm ctia hé théng b3 thé

- Hinh thanh phdc heé C5 - Cc - C7, gdy nén sy hdp din bach cau.

6 - Tao phdc hé¢ C; - C, gay li gidi t€ bao. Thuc ra qua trinh nay phic tap hon

DT W W N =

- D4u tién cdn mot doi khiang thé nhan mat va két hogp vdi khiang nguyén. Protein
b8 thé C, (gébm 3 thanh phan C,q, C;5, C;r) gin vao gita hai khang thé nam gan
nhau, tai phan F_. Nhu vay la C, dugc hoat hda.

- C, da hoat hda lai kich thich d€ hoat héa C, va C,. Diéu nay dugc thyc hién
nhu la mot enzim phan giai protein va tach protein C, va C,. C, dugc tach thanh C,a
vad C,b, con C, dugc tich thanh C,a va Csb. R6i C,b va Cyb két hgp véi nhau tao
thanh enzim phan gidi protein khic. Enzim nay hoat hda C; dé tach nd thanh hai
phdn, Cja va C;b.

- C;b bat ddu cho mét day phan dng gém Cg, C4, C, Cg va Cy, duge goi dudi cai
tén phuic hé tdn cong mang (MAC - membrane attack complex). Cic thanh phan hoat
héa cia cac protein nay cung véi Cy ddng vai trd chinh trong viéc tdn cong mang té&
biao x4m nhap.

- Tao mét 16 thung goi la kénh xuyén mang, lam thdt thodt néi chit cua t& bao.
Theo con duong nhanh thi khéng cln cé su tham gia ctia khang thé.

- Buéc ddu cdn cd sy tuong tdc gita polisaccarit nh&t dinh cua vi khudn (ching
han cia thanh t€ bao) va moét s6 phdic hé khang nguyén nh&t dinh véi cdc nhan t6
B, nhan t6 D va nhan t6 P (propecdin). Cic nhan t6 nay phan dng vdi C, dé€ tao
thanh C;b Iuu dong trong huyét thanh. Con dudng nay bat ddu khi C;b, cdc nhan to
B, D va P gin véi polisaccarit. Con dudng nay khéng cén cé sy tham gia cia C,, C,
va C, va cd tdm quan trong d6i véi vi khudn Gram am vi chung chia polisaccarit.

Hiéu qua sinh hoc cia ca hai con dudng déu tuong tu nhau.

Viém. Cja la san phdm tach tit C;. Csa 12 sén phdm tach tiu Csa. Cya va Csa gén
vao t& bao Mast, t€ bao ua kiém, ti€u clu lam thoat histamin, lam tang tinh thdm
thanh mach. Csa ciing cd chic nang nhu nhan t6 huéng dong hdp dan thyc bao dén
vi tri ¢6 dinh cia bg thé.

Opsonin héa. Khi gin xung quanh bé mat t€ bao vi sinh vat, Csb c6 thé tuong
tdc voi thu thé cia dai thuc bao dé lam tang kha nang thuc bao. Hién tugng nay
cing goi la opsonin hda.

Nhu vay hién tugng opsonin hda la=su bao’boekhdng nguyén bdi khang thé hoac
boi bd thé 1am cho ching hdp din hon vai dai thuc BAo. Thu thé cua dai thuc bao sé
gin toi phdn F_ cla khdng thé hoac voi C,bleiia [h6)theé. Nhu vay khong phai chi rieng
khang thé ma C;b cing la m6t opsonin.
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Chat gay phdn vé (Anaphylatoxin). Ch&t gay phan vé la chit pha vo cac bong nhé
trong t& bao Mast va bach cdu kiém lam gidi phdng histamin. Histamin gay viém, lam
tang tinh thdm cua mao quan va gay co thit co tron, lién quan dén sGc phan vé. Séc
phdn vé la mot loai di ung va moét s6 bd thé cd lien quan dén séc phan vé, mac du
da s6 dap ng di ung loai nay chi lién quan dén hoat dong ctia khang thé IgE. Phan
vé xdy ra trong qua trinh hoat hda b§ thé Cia va Csa va cd ca sy tham gia cia Cja.
Vé chi tiét sé dugc trinh bay trong phdn Mién dich bénh Ii.

13. MIEN DICH BENH Lfi

13.1. Qua méan

Thuat nglt qua min ding dé chi cdc ddp dng khang nguyén véi cac thanh phin
cia diap dng mién dich da hinh thanh trudc dd, tic la khi co thé€ ti€p xuc vai khang
nguyén lan thd 2. Khiang nguyén nay dé6i khi goi la di nguyén. Khi khang nguyén tai
xudt hién, hé théng MD cia co thé midn cadm sé phan ung kip thoi bing bién phap
pha huy gay réi loan hoat dong cia co thé. Co 4 loai phan Ung qua man nhu sau :

Loai phan dng Thoi gian xudt hién bac diém Vi du
d4u hiéu lam sang
Tip I (Qua min < 30 ph IgE gin vdi t& bao Séc phan vé
phan veé) Mast hoac t€ bao ua do tiém
kiém, pha vd bong thude, do noc
trong cac t€ bao nay con trung.
giai phong cac chit Hen
hoat tinh nhu
histamin
Tip II (Qua 5 - 12 gio Khédng nguyén tao Truyén nhom
mén giy doc té& khing thé gin voi t§ mau va Rh
bao, phu thudc bao dich réi két hop khéng phu hop
khang thé) v6i b8 thé pha hoai
t&€ bao dich
Tip III 3 - 8 gio Hinh thanh phuc Bénh huyét

(Phtc hop MD)

Tip IV (Qua mén
trung gian té bao
hay qua man muén)

472

hop MD gém khang
nguyén, khang thé
b3 thé gay phan
dng viém

Khong c6 su tham
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bao, T doc.(T ) dé
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13.1.1. Cdc phdn itng qud mén tip I (hay phdn vé)

Cic phan Ung phan vé (anaphylaxis, tu tiéng Hi lap phylaxis - bao vé, ana - phan
lai tdc la nguge lai véi co ch& bao vé cia co thé) thudng xay ra trong vai phut sau
khi ngusi man cam tiép xuc véi khang nguyén. Phan ing xay ra khi khing nguyén
phdn Ung voi khang thé bam trén bé mat t&€ bao Mast hay bach cdu uva kiém, lam vo
cdc t&€ bao nay va giai phong cac chat trung gian hoat mach, ching han nhu histamin.
Truong hop nay cing con goi la qua mén tic khic (immediate hypersensitivity) bai vi
nd xay ra trong thoi gian ngdn 5 - 30 phdt sau khi ti€p xic véi khang nguyén. Khang
nguyén gay ra ddp ung nay goi la khdng nguyén gay di dng hay di nguyén.

Bdn chét cia di ung. Khi khong cd sy hé tro ctia cic chit diéu bién do t& bao T
tiét ra, dong limpho B gin véi di nguyén khong gay dip ung MD théng thudng ma
hinh thanh t€ bao plasma tao khang thé IgE. o] ngudi bi di dng, thu thé F_ cua IgE
gdn vai vi tri dac hiéu nam trén t€ bao Mast va bach cdu 4i kiém. Bé mat té bao
Mast cd téi 500.000 thu thé danh cho IgE.

Khi IgE khdng di nguyén dugc tao thanh sé van chuyén theo mau dén t& bao Mast
va gin voi thu thé t& bao Mast. Lan sau néu co thé tdi tiép xuc voi di nguyén 4y thi
di nguyén sé phan dng truc ti€p vdi IgE ndm trén t& bao Mast nhiéu hon la kich thich
té€ bao limpho B tao khang thé.

Hai khang thé IgE nam ké nhau trén bé mat t& bao Mast sé ndi vai nhau bdi hai
vi tri hoat déng ctia di nguyén va lam cho t€ bao Mast tang kha nang thim ion Ca''
Ion nay hoat hda enzim tang cudng tao thanh ATP dé cung cdp nang lugng. Sy lién
két gitta IgE va khang nguyén da lam thay d6i khong gian cua thu thé&, gay bién dgi
tai ch6 mang va lam thcat cdc bong (degranulation) gidi phdng histamin, heparin,
serotonin, cdc nhan t6 hoat hda ti€u cdu va hdp din bach cdu ua axit, va bach ciu
thuc bao. Mé6i chdt hda hoc trung gian trén day tham gia vao phan dng di dng theo
cach riéng cua minh.

Su lién két t&€ bao Mast v6i di nguyén cing tao ra prostagladin va leukotrien. M6i
tuong tac gitta khang nguyén va té€ bao Mast lam hoat hda enzim esteraza serin bat
ddu mot loat phan ng tao photphatidyl cholin. Khi Ca?* chui vao t& bao, enzim
photpholipaza A, dugc hoat hda sé thic ddy viéc chuyén hda photphatidyl cholin thanh
lisophotphatridyl cholin va axit arachidonic. Prostagladin va leukotrien dugc tao thanh
ti axit arachidonic theo hai con duong enzim.

- Con dudng prostagladin : Enzim xiclooxigenaza bi€n axit arachidonic thanh
prostagladin G, va H, d€ sau dd lai bién thanh prostagladin D, E,, F,a I, va tromboxan
A la cac chiat gay co that co tron ph& quan, con prostagladin EZ cd tac dung ngugc
lai, lam dan phé& quan. Cac chit trung gian gay qua min nay déu bat ngudn tiu axit
arachidonic. Cac thanh vién cia nhdm prostagladin cing tac dung lén hoat dong cua
tuyén nhdy va d6 dinh cua ti€u huyét ciu.

- Con duong leukotrien : Axit arachidonic chuyén hda thanh hén hop cdc chat
leukotrien va dugc goi la cac chdt phan ung cham ciua phan vé (SRS-A : slow reacting
substance of anaphylaxis). Leukotrien cd kha nang gay co that ph€ quan gdp 100 -
1000 lan histamin va prostagladin:

Viéc dot nhién thodt mot luong lon Céc.¢hdf hodatlimach (histamin) va cdc chit co
hoat tinh dugc khdc nhu heparin, nhn t6 hoat hoa ti€u cdu, serotonin, SRS-A tu t&
biao Mast va bach cdu ua kiém, dua vao dong mauscd thé giy nén séc phan vé, lam
co co tron ph& quan, din dén ngat ths.. Nhiéu loai phdn hoa, hat bui nhd, noc cén
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trung, mot s6 dugc phdm, thuc phdm cd thé gay ra cdc phan ung qua min phan vé
ki€u nay. Nhiéu di dng gdy ra boi cac chat cd khéi luong phan tir th&p nhu penixilin
tdc dong nhu mot hapten. Céc triéu ching cd thé 1a phat ban, dau that bung. ia chay,
nén mita, khé thé va tham chi ddn dén td vong.

Néu ciac di nguyén chui vao co thé qua dudng tiéu hda giy nén cdc triéu ching
noén mira, la chay, néi may day.. thi cd thé diéu tri c6 két qua bing antihistamin.
Ch4t nay trung hoa cdc ch&t trung gian ctia ddp dng sinh i va ngan can hoat déng
co co cta histamin. Néu di dng tdc dong dén duong hé hdp dudi gay hen, thd déc va
kho khe thi chdt trung gian gay co that dudng hé hdp dudi khéng phai histamin ma
la SRS-A. Do vay antihistamin khong dung chita hen ma dung epinephrin, aminophilin
hay teophilin.

Ngudi ta cing cd thé dung bién phap gidi min cdm dé€ diéu tri di dng. Trudng
hop nay cén phai xac dinh r6 khang nguyén va xd li bing céc liéu tiém nhéc lai khang
nguyén ¢ dudi da. Khiang nguyén sé kich thich tao khang thé IgG hon la IgE. IgG
dugce tao thanh sé luu dong va gan véi khang nguyén trudc khi ching kip gén véi IgE
trén té€ bao Mast. '

13.1.2. Qud mén gdy déc té bao (tip II)

Qui min xay ra khi truyén mau khong phu hop.

- Nhém méu ABO. Dau nhiing nam 1900 Karl Landsteiner phat hién th&y d ngudi
c6 4 nhém mau va dugc ki hiéu 1a A, B, AB va O. Su khac nhau gita cdc nhém méu
ABO ¢ ngudi la do cd hoac khong cé cacbon hidrat 3 mang hdng cdu (xem bang)

Nhém mau Khang nguyén Khéang thé Nhom c6
héng cau thé nhan
AB A va B Khéng cé A, B, AB, O
khang thé (nh&n toan nang)
A A KT khing B A, O
B B KT khang A B, O
6} Khéng KN KT khang A (¢}
va khang B (cho toan
nang)

Khi truyén méau khéng phi hop, ching han truyéin méau nhém B cho ngudi mang
mau nhém A, khing nguyén trén hoéng ciu B sé phan ung véi khiang thé khang B co
trong huyét thanh ngudi nhian. Phan ing khidng nguyén - khing thé sé hoat héa bé
thé va gay hién tugng tan hdng cdu ngudi cho mau.

- Hé nhom mdu Rh. Vao nhitng nam 1930 ngudi ta phat hién cdc khing nguyén
bé mat khac nhau trén héng cdu ngudi. Khi 14y héng cdu khi Rhesus tiém vao thé thi
huyét thanh thé chita khang thé gay ngung k&t héng cdu khi, déng thdi cing gy
ngung két héng cdu cua mot s6 ngudi. Diéu d6 ching té cd héng cau kh'i va ngudi
déu cé khang nguyén chung. Khang nguyén nay dugc goi 1a nhan t8 Rh. O cdc nuéc
85% dan s6 cd khang nguyén-nay, tic c6 héng ciu bi ngung két, goi la Rh*. Ngudi
khong cd khang nguyén ndy chiém 157% dam sé goi/laiRhy. Khdng thé khang Rh khong
cé sén trong huy8t thanh ma chi duwoc tao,ra, khi, dua khéng nguyén Rh vao. Trong
truyén mau, néu ngudi cho €6 mau Rh' cdn mgudi mhan c6 mau Rh™ thi héng cdu
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ngudi cho sé kich thich tao khang thé khiang Rh & ngudi nhan. Né&u ngudi nhan sau
nay duoc truyén mau Rh' thi phdn dng tan mdu sé xday ra nhanh chdng.

Bénh tan maéu o tré so sinh : Viéc truyén mdu khong phai la con dudng duy nhat
dé ngudi ¢ mau Rh™ trd nén min cam v6i mau Rh*. Khi bé la Rh* va me la Rh™
thi 50% dua tré chao doi 1a Rh*. Néu dua tré l1a Rh* thi me sé min cam v6i khang
nguyén Rh trong lic sinh. Khi mang nhau bi rach, héng cau Rh" cua bao thai sé vao
tudn hoan mau me kich thich tao khang thé IgG. Né&u bao thai lan cg mang sau la
Rh* thi khing thé Rh sé lot qua nhau va pha hiy héng cdu bao thai. May thay ¢
Viéet Nam bénh nay khong dang lo ngai vi gdn 100% phu nit nudc ta cé héng cidu Rh*
Ngay nay bénh tan maéu & tré so sinh dugce loai trit bing phuong phap MD thu dong.
Tiém khang thé khang Rh (RhoGAM) cé ban trén thi trudng cho ngusi me Rh™ lan
ddu dé€ gitp loai bé nhan t6 Rh ti bao thai lot vao méau me trudc khi hé théng MD
cia me kip phdn dng véi khiang nguyén Rh. N&u bénh khéng ducc loai tru vi trong
méu dda tré Rh* da nhiém khang thé khdng Rh cia me thi cdn phai thay mau khéng
nhiém bang truyén mau.

Phdn iung gay déc té€ bao do thuéc : Hién tuong ti€u cdu (thrombocyte) bi pha huy
do phan dng gay doéc t€ bao do thubc dugc goi la bénh ban xult huyét. Phan ti thudc
thudng 1a hapten, vi ching c6 khéi lugng phan ti qua nhd nén chua trd thanh khiang
nguyén. Tuy nhién ching c6 thé gin phu trén bé mat ti€u cdu va khi dé ching lai
mang tinh khdng nguyén (chidng han phan td quinin). D€ lam tan ti€u cdu cidn c6 su
tham gia cua ca khang thé va bé thé. Vi ti€u clu rit cdn cho su déng madu, nén néu
thigu ti€u cdu sé din dén xudt huyét trén da.

Phan t# thu8c cing cd thé gin tuong tu vdi bach cdu hodc héng ciu. Su pha huy
c4dc bach cdu hat do MD goi la bénh bach céu hat va anh hudng dén qua trinh bio
vé co th€ bing thuc bao. Trudng hop héng cdu bi pha huy theo ciach nay thi goi la
bénh thiéu mau do tan madu.

13.1.3. Phitc hop MD (tip III)

Phic hgp MD la phan dng bao gém khang nguyén, khdang thé va bd thé gay ra
phan dng viéem. Phan dng tip III doi hoi khdng thé chéng khiang nguyén hoa tan luu
dong trong huy&t thanh, con phan dng tip II doi héi khiang thé nam trén bé mat té&
bao hoac cic t8 chic. Phic hgp MD chi dugc tao thanh khi cd ti 1& khang nguyén,
khang thé nh&it dinh. Khiang thé & day 1a IgG. Khi lugng khdng thé vuot qua muc sé
din dén tao thanh phic hgp gin véi b8 thé r6i nhanh chdng loai khoi co thé nho hién
tugng thuc bao. Khi lugng khdng nguyén qud muc sé tao thanh phdc hgp hoa tan
khong gin vdi b8 th€é va do d6 khéng gay phan ing viém. O mot ti 1¢ khang nguyeén,
khang thé nhit dinh, thudng la thua khing nguyén, phic hgp hoa tan dugc tao thanh
it va thoat khéi thuc bao. Cac phuc hgp nay luu dong trong mdu, chui qua gian bao
clia cdc t€ bao mang trong cua mach mdu va bi mic ¢ mang. o] day chuing hoat hoa
b8 thé gay phdn ung viém khu tri. Khi khdng nguyén cung loai xdm nhép vao co thé
14n sau sé din dén phan dUng viém nghiém trong hon. Su pha hiy do tao thanh phuc
hop MD ki€u nay ldn _ddu tién dugc quan st thdy khi tiém nhac lai huyét thanh ngua
cho thé da MD. Tai noi tiém, sau.méi l&n tiém, déu bi sung do6 hon va cudi cung bi
hoai tu. Ki€u dap dng nay dude goi la phdniing Arthus (mang tén ngudi phat hién).

Bénh viém ctu than.la moét phic hop MD gay viem cdu than & vi trl loc mau.
Khing thé dugc tao thanh s& ddp dng protein M cua lién cdu khuéin 12 nguyén nhan
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gay bénh nay. Da s6 cac truong hop bénh nhan cé thé chia khoi bing thudc chéng
viém, tuy nhién moét s6 truong hgp gay nguy hai cho than.

13.1.4. Cdc phdn ttng qud méan trung gian té bao (tip IV) hay qud man muon

Phan dng tip IV gan lién vdi ddp ing MD trung gian t& bao va chu yé&u do té€ bao
T giy ra sau khi ngudi min cam ti€p xdc l4n hai v4i khiang nguyén. Phan ing xiy
ra khéng tinh bing phut hay bing gio nhu & cdc tip trén, ma tinh bang ngay hay
nhiéu ngay. Sd di xay ra cham vi cdn cd thoi gian dé€ cho cidc t&€ bao T va dai thuc
bao di chuyén va tap trung gidn khang nguyén la. T€ bao T trong qud man tip IV
thudng la t& bao T, O mot s6 trudng hop qus min cham dan 'téi pha hiy té chic
c6 thé cé sy tham gia cia t& bao T.

Nguyén nhan géy ra phdn ung tip IV : Khi c6 khdng nguyén xam nhap, dai thuc
bao nuét, ché bién va trinh dién cho thu thé t& bao T (TCR).

Su tiép xuc gida vi tri quyét dinh khdng nguyén va t&é bao T tuong iung sé thic
ddy t& bao T tang sinh va biét hda dé trd thanh t€ bao T chin va t€ bao T nhé. Khi
ngudi min cam theo cidch nay cd dip tdi ti€p xic vdi khang nguyén thi sé tao phan
Ung trung gian t€ bao. T& bao nhd duoc tao thanh tu ldn ti€p xtdc ddu tién vai khang
nguyén sé hoat hoa t& bao T. Khi tuong tac véi khang nguyén, t€ bao nay sé san ra
xitokin - 12 nhan t8 chu y&u cua phan dng tip IV.

Phdn ung tip IV trén da : Céc triéu ching quda min thudng bi€u hién trén da. Co
thé 14y phan dng test trén da d6i voi vi khudn lao lam vi du. Vi vi khuan lao thuong
nam trong dai thuc bao, nén chuing cd thé kich thich dap dng MD trung gian té& bao.
Khi lam test, ngudi ta tiém protein vi khudn lao vao dudi da. N&u ngudi dugc tiém
da ting nhiém vi khufin lao thi chi sau 1- 2 ngay sé xuidt hién phan dng viém tai
ché.

Viém da tai ché cing 12 mot dang bi€u hién cta phan wdng tip IV, thudng la do
hapten gin v6i protein cua da gay dap ung MD. Cac loai di ung ki€u nay cd thé do
tip xuc voi cay son, kim loai trong d6 nit trang (dac biét 1a niken), d6 hda mi ph&m.

13.2. Bénh tu mién

Bénh tu mién xu4t hién khi hé théng MD hoat dong dap wung véi khiang nguyén
cia ban than va gay tén thuong cho cic co quan cta chinh minh.

Su mét tinh tu. dung nap MD : Bénh tu MD xay ra khi tinh tu dung nap bi m4t
va hé théng MD. khong cdon kha nang phdn biét "cia minh" hay " khong phai cia minh".
Tinh dung nap dugc hinh thanh trong sudt thoi ki phat trién cia bao thai hoac ngay
sau khi sinh. Mét khi bao thai da cd ldn ti€p xic vdi khang nguyén thi sau khi sinh
néu lai ti€p xtc véi khang nguyén d6 sé khong sinh khang thé€ hoic t€ bao T mén
cam. T€ bao T tiép thu khd nang phan biét vat quen (cia minh) hay la (khong phai
cta minh) trong su6t thoi gian & tuyén dc. O giai doan nay néu bat ki t& bao T nao
nham vao t€ bao ban than déu.sé bi dc ché (do khuy&t dong) hodc bi lam b4t hoat.
Diéu nay lam cho t& bao, T khéng tan cong-cac t& bide cla ban than. Trong bénh tu
mién khi m4t tinh tu dung nap sé dan dén viéc tao khing th€ hoac ddp dng boi té€
bao T méin cam. Bang dudi-day la mbt s6 vi du.v€ibénh tu mién.
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Tén bénh Loai qui méin Biéu hién

Tan mau II Pha huy héng cau.

Grave 11 Khédng thé gin vao thu thé danh cho
hocmon tuyén giap din dén tang san
tuyén gidp va tang hocmon tuyén giap.

Nhuge co nang II Phong bé& thu thé axetylcolinesteraza
ngan can truyén tin hiéu than kinh.

Ban xuit huyét II Pha hty ti€u huyét cau.

chdy mau

Viéem khéop dang thdp II1 Viém khép do tich tu phuc hop IgG
vdi anti-IgG, IgM véi anti-IgM.

Luput ban d6 hé théng II1 Phiic hop khang nguyén khang thé

(bao gém cidc khang thé khang ARN,
IgG hong cadu, nhiém sic thé) tich lai
¢ nhiéu noi gay viém. Phic hgp
khang thé khang ADN tich & than.
Addison v .| Pha huy t€ bao tuyén thugng than
tao hocmon vo gay teo vo va giam
chic nang vo thuong than.

Viém tuyén giap v Pha huy t&€ bao tuyén giap.
Hashimoto
Ti€u dudng phu v Pha huy t&€ bao dao tuy san insulin.

thuéc insulin

Cdc phan ung tu mién hoac cic bénh do ching giy ra, vé ban chit 1a qua mén
gdy doc t€ bao (tip II) hay phdc hgp MD( tip III) hoic qua man trung gian té€ bao
(tip IV).

Phdn ung tu mién tip II (déc t€ bao) : Bénh Grave va nhuge co nang (myastheniagravis)
la hai vi du vé bénh tu mién tip II. C& hai bénh déu doi hoéi phai c6 phan dng gida
khang thé va khang nguyén bé mat t€ bao.

- Bénh Grave do khing thé cé tén 1a chdt kich thich tuyén giap kéo dai giy nén.
Khang thé nay gin véi thu thé cua t€ bao tuyén gidap danh cho hocmon kich thich
tuyén giap do tuyén yén sinh ra. K6t qua la tuyén giap bi kich thich, san ra mot luong
ngay cang ldn hocmon tuyén gidp. Tin hiéu r6 thdy nh4t cia bénh nay la budu cd do
tuyén gidp phat trién phinh to.

- Bénh nhuoc co nang lam cho co bi yéu. Nguyén nhan do khang thé gan vao thu
thé axetylcholin tai di€m néi noi xung thdn kinh ddn dén co. Co khéng nhan dugc tin
hiéu than kinh cén thiét, h6 hdp bi ding lai va din dén ti vong.

Phdn ung tu mién tip III (phuc hop MD)":

- Bénh luput ban d6é hé théng )a bénh ‘tu midn-hé'théng, bao gém cdc phan ung
cia phic hgp MD. Nguyén nhan gay bénh ton ¢hita 16 hoan toan, nhung 6 day co thé
da tao khang th€ ch6ng khang nguyén ban than, nhu ADN thoat ra trong qua trinh
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phan huy binh thudng cta cac mé, dac biét 1a da. Tac hai nhat cia bénh la khi phudc
hop MD tich tu trong cdu than.

= Bénh viém khép dang thdp la bénh do phic hgp MD cta IgG, IgM va cac thanh
phan tich tu & kh6p. Phic hop MD goi la nhan t8 thdp khop c6 thé dugc hinh thanh
do IgM gan vao ving F_ cia IgG binh thuong. Nhan t6 nay dugc thdy & 70% nhing
ngudi bi thap khép.

Viéem man tinh do su tich tu nay gay ra ddn din sé pha huy sun va xuong khap.

Phdn ung tu mién tip IV (trung gian té bao), bénh viém tuyén giap Hashimoto la
do tuyén giap bi tdn thuong trudc hét vi t€ bao T cua hé théng MD trung gian t&
bao. Day la moét réi loan thong thuong va hay thdy & cdac thanh vién trong gia dinh.
Bénh tiéu duong phu thuéc insulin la do cdc t& bao tiét insulin cia tuy bi pha huy.
Cac t&€ bao T ro rang lién quan dén bénh nay, dong vat giong nhau vé mat di truyén
phat trién bénh ti€u duong sé khong bi bénh néu bi cit tuyén udc lic cdn nhoé.

13.3. Suy giam mién dich

Suy giam MD la su khéng ddp ing MD ddy du. Nguoi ta chia ra lam hai loai :
Suy giam MD bdm sinh va suy gidm MD méac phai.

Suy gidm MD b&m sinh cd ¢ nhiing ngudi khi sinh ra hé théng MD da bi khiém
khuy&t. Su sai sot trong gen hoac thi€u vidng moét s6 gen nhan ti cha me co thé din
dén suy gidam MD. Thi du ¢d nhing ngudi cd ddu hiéu lan c6 thé khong cd tuyén dc
do dé khéng co MD trung gian t&€ bao. Ddu hiéu lan cing cd thé lam giadm s luong
té bao B, anh hudng dén MD dich thé.

- Suy gidm MD mdc phdi : Hang loat loai thudc, ung thu, tdc nhan truyén nhiém
c6 thé gay nén suy giam MD mic phai. Vi du bénh Hodgkin (ung thu) lam giam dap
dng MD trung gian té& bao. Nhiéu loai virut cé thé gay nhiém va giét cac t& bao limpho
va do do lam gidam dap dng MD.

HOI CHUNG SUY GIAM MD MAC PHAI (Acquired immunodeficiency
syndrom-AIDS) Su nhiém HIV. HIV la Retrovirut mang genom ARN va cd enzim sao
ma ngudgc, c6 vo lipoprotein. Trén bé mat vo cd cdc gai la glicoprotein véi khéi lugng
phan tu 120.000, nén dugc goi tat la gp 120. Cac gai nay cho phép HIV gin vao thu
thé CD4 cia t& bao chu. Céac thu thé nay cd d t& bao T va dai thuc bao dd 1a cac té
bao dich chinh cia HIV. Ngoai ra thu thé CD4 con ¢6 0 moédt s6 t&€ bao limpho khac
va cdc t€ bao bi€u mé6. Mot s6 t€ bao khéng cd thu thé CD4 cing cd thé bi nhiém
HIV nhung vdi tdn s6 thip.

Sau khi HIV xam nhap vao t€ bao, nhd enzim sao ma nguogc, sgi ARN cua virut
sé sao thanh ADN, r6i gdn vao ADN nhiém sic thé cua té bao chu dudi dang tién
virut. Vi vay khang thé chéng HIV khéng ngan can dugc bénh. Virut cing thoat khoi
su bido vé MD bang cach thay déi tinh khang nguyén riat nhanh chéng. Ti lé tao thanh
ADN doét bién tu ARN rdt cao, dén nbéi gdn nhu méi ldn sao bé gen HIV- déu co sai
sot, nén méi hat virut 'tac thanh {t nhit cing khic nhau ¢ ché nao dé. HIV cing co
thé thoat khoi hé théng MD do chung ném. trong khong bao cua dai thuc bao. Hon
nita cac t&€ bao nhiém cing ¢d thé dung hop vdi cac t& bao khdong nhiém dé nhan lén
ma khéng phai cham tran wvdi khang thé luu ddng.
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AIDS xay ra & cudi giai doan nhiém HIV. K& tu khi biat ddu nhiém virut dén khi
xac dinh dugc khang thé chéng HIV mit khoang 6 thang. Qua trinh tién tri€n dugc
chia lam 3 loai :

Logi A : Nhiém trung c6 thé khong bi€u hién triéu chding hoac gay xung hach
limpho. Néng d¢6 t& bao T CD, trong mdu la 500/mm> hoac hon.

Logi B : Xuit hién céc triéu chding do t& bao T CD, trong mau gidm con 200 - 499/mm’>
va hé théng MD bi y&u di. Dé bi nhiém Candida albicans dai ding & mém, hong va
am ho. Céc triéu chuing phu bao gém mac bénh Zona, ia chiy dai ding, dém trang
niém mac miéng, va cd triéu ching ung thu hoac ung thu tién phat, chidng han u cd.

Logi C : La giai doan lam sang. Ham lugng t& bao T CD, con 200/mm? hoac it
hon. Té bao T CD, chiém 14% t6ng s6 t& bao T. B4t ddu xuit hién nhiéu triéu ching
AIDS. Quan trong nhdt la nhiém Candida albicans & thuc quan, ph& quan va phdi,
méit nhiém citomegalo virut, lao, viém nao do Toxoplasma va ung thu Kaposi.

Nhiéu bénh xudt hién kem vdéi HIV nhu cac bénh do déong vat nguyén sinh, virut,
vi khudn, ndm, ung thu hodc ung thu tién phat.. Dudi day 12 moét s6 bénh co hoi di
kem voi AIDS.

Tac nhan gay bénh Bénh
Dong vat nguyén sinh .
Pneumocytis carinii Viém phéi nguy kich dén tinh mang
Crypto sporidiuri parvum Ia chay dai ding
Toxoplasma gondii Viém nao
Isospora belli Viém da day - ruot
Vi rut
Cytomegalovirus Sét, viém ndo, mu
Herpes simplex Bong da va mang nhiy
Varicella-zoster Bénh Zona (shingle)
Vi khudn
Mycobacterium tuberculosis Lao
Mycobacterium avium-intracellulare Co thé nhiém vao nhiéu co quan, viém
da day ru6t, va cac triéu ching bién
déi khac.
N&m
Blastoplasma capsulatum Nhiém phdi
Cryptococcus neoformans Viém mang ndo nguy kich tinh mang
Candida albicans Bdi nhiém ¢ niém mac miéng va am ho
' (Loai B)
Candida albicans B6i nhiém & thuc quan phdi (loai C)
Ung thu hoac trang thai tién ung thu
Ung thu Kaposi Ung thu da va mach mau
Leukoplakia D6m trdng ¢ niém mac.

Thoi gian k€ ti khi nhifm HIV-dén khi phat bénh<la 10 nam. Do thoi gian u bénh
lau nén khd biét trung binh ¢6 bao nhiéu ngudi nhiém HIV chuyén thanh AIDS. Mot
s6 ngudi nhiém HIV con 's6ng kha lau. Tuy akiéd Le¢7ém nhiém HIV do me truyén vi
thigu hé théng MD hoan chinh nht ¢ ngusi 16n nén thuong bi chét trong vong mét nam.
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Co ché truyén HIV. Mudn truyén HIV cin ¢ su tiép xuc vai thé dich cua co thé
Quan trong nhédt la maéu, thudng chia t¥ 10 dén 1000 hat virut nhiém trung
(IP - infection particles) trong 1 ml va tinh dich chda 10 - 50 IP/ml Virut chda
trong t€ bao luu déng trong thé dich dac biét la dai thuc bao. Sy nhiém HIV théng
qua : 1 - Truyén mau va tiém thudc cd nhiém mau, 2 - C4y ghép mo, 3 - Quan hé
tinh duc, 4 - Théong qua sita me va tiém chich ma tiy. C6 1é nguy hiém nhat vin la
quan hé tinh duc vi rdt kho kiém soat. Thong thudng truyén ti nam sang nit nhiéu
hon ti nit sang nam. Cac loai quan hé tinh duc ké ca déng tinh luyén 4i, quan hée
tinh duc bang miéng déu cd thé bi nhiém HIV. & Sahara (chau Phi), ti 1é nhiém HIV
3 cdc cap quan hé tinh duc khac gi6i gitta nam : n@t 1a 1 : 1, nhung ¢ Mi la 13 : 1.
Dac biét ti 1& nhidm rat cao & nhitng ngudi tiém chich ma tdy. O Viet Nam trong s6
nhitng ngudi nhiém HIV, trén 70% la ngudi tiém chich ma tdy. Nhing ngudi tiém
chich ma tdy, hanh nghé mai dam dugc x&p vao nhdm cd nguy co nhiém cao.

Nghién cuu phong trit : Co hai phuong huéng co ban : Nghién ciu diéu tri bang
thuéc va nghién cdu vacxin phong tru.

Héa tri liéu : Dich tac dung cua thudc la enzim sao ma ngudc va proteinaza, vi
du td nam 1987 da thu st dung diéu tri AIDS bang Zidovudin (AZT - 3’ azido- 2'-
3’ dideoxitimidine). AZT tac dong theo co ché canh tranh. Enzim sao ma nguogc gan
AZT vao sgi ADN dang phdt trién cta virut, noi timidin dang 1é dugc gan binh thudng.
Phan ti ADN sé két thuc téng hop vi nucleozit tiép theo khong thé duogc gan vao AZT.

Tu thanh cong budc ddu vé AZT, cic nucleozit tuong tu cing dudgc thd nghiém.
Nam 1991 da tht ddI (dideoxyisosine) cho cac bénh nhan khéng dap dng vai AZT.
Nucleozit thd ba la ddC (dideoxicitidin, da dugc dung thu vao gita nam 1992. d4T
dugc dung cho bénh nhan khéng dap dung voi AZT va ddl

Viéc st dung immunotoxin gidn doc t6 vao khang thé, cing budc dau thanh céng.
Gan khiang thé vao glicoprotein nam trén bé mat t€ bao nhiém va doc t6 sé giét té
bao dich. Cé hai loai immunotoxin, mdt loai dung ngoai doc t6 cua Pseudomonas doc
t€ bao va mét loai dung rixin (chdt dc ché& téng hogp protein).

Cic nha sinh hda tai Vién nghién cdu ung thu Quéc gia (Mi) st dung ARN vo
nghia gan vao ARN thong tin do gen rev cta virut sac lam cho protein cua virut khong
dugc t8ng hop. Nam 1993, nhdm Flossie Wong - Staal d trudng dai hoc Tdng hop
California va San Diego da thd nghiém gen tri liéu (gen therapy) chéng HIV & nguoi
bénh. Cac té bao T bi nhiém sé dugc 14y ra tit méi bénh nhan. Cac té& bao tu mot sé
bénh nhan sé nhan dugc ADN chda gen ma hda ribozim. Cac t& bao cia bénh nhian
d6i ching nhan dugc ADN khong cd gen ma hda ribozim. Cac t€ bao sé tao dong, sau
do lai dugc dua vao nguoi da ldy ching. Cac test trong phong thi nghiém cho thady
ribozim da cat genom cua virut va lam gidm rit dang ké su nhan lén cua ching.

Nam 1993 nhiéu bénh vién da bit ddu thu nghiém liéu phap t& bao goi la
"CELLector". Ngudi ta dung khang thé don dong d€ tach cac té bao TCD8 khoi bénh
phdm AIDS. Cac t& bao T_ nhan mat HIV sé tao dong va hang ti t& bao nay sé duoc
dua trd lai vao ngudi bénh dé diet HIV.

Vacxin : Cac vacxin tht nghiém dang dugc ché& tao tu khdang nguyén gp 120 va
cic glicoprotein khdc cua vo.wvirut HIV. Nguoi ta cho rang khang thé khang gp 120
khong chi tdn cong virut tu do ma con phong bé gp 120 trén bé mat t& bao T da bi
nhiém, nho thé ngan chan su dung hop t€ bao va si truyén ti t€ bao nay sang té
bao khac. Cac thi nghiem-trén nguoi da bat dau thue hién dé xac dinh kha nang gay
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dap Ung mién dich va tinh an toan cua vacxin. Duong nhién diéu nay rdt kho vi nguoi
tinh nguyén dang khéng bi nhiém HIV sau khi tiém vacxin lai bi nhiém ngay giai doan
sém. Cac nha nghién ciu khéng chd dgi d€ biét liéu vacxin cd thuc su ngan can AIDS
trong vong 3 - 5 nam, b&i vi bénh nay phat trién r4t cham.

Nam 1987 céng ti Microgenesys sit dung gp 160 lam vacxin. Nguoi ta tach gen
gp 160 khoi HIV - nhan bang phuong phéap cong nghé di truyén réi gin vao baculovirus
cia budm. Virut phat trién trong t€ bao nu6i cdy m6, sau dé thu protein ti mo dé€
lam vacxin.

Su thanh céng cua vacxin chéng HIV khéng phai mét s6m mot chiéu, tuy nhién
ngudi ta tin radng nh4dt dinh sé kich thich d4p tng MD manh hon & ngudi bénh.

14. CAC PHAN UNG HUYET THANH

Nhiéu phian dng MD phu thuéc vao phan ung khing nguyén, khing thé. Nhu ta
da biét, khang thé phan dng dic hiéu vai khang nguyén kich thich sinh ra né. Khang
thé co trong huyét thanh, do dé nhitng nghién cdu in vitro vé méi tuong tic giia
khing nguyén va khang thé€ cd sit dung huyét thanh dugc goi la huyét thanh hoc.

Vi khang thé khong thé nhin thdy dugc bing mét thudng nén chi cé thé xic dinh
duge khi ching gin véi khing nguyén dic hiéu. Phan dng khang nguyén, khang thé
¢6 thé duge xac dinh théng qua sy két tua, ngung két, c6 dinh b8 thé, su phat huynh
quang, hoat tinh enzim va gén v6i chdt d6éng vi phdng xa. Cé nhiéu phuong phap khac
nhau dung d€ xac dinh méi tuong tdc gita khang nguyén va khang thé.

Phdn iung két tia : Khi cho khang th€ dac hiéu phan dng véi khdng nguyén hoa
tan & liéu lugng chufn sé xuit hién két tia cd thé nhin th4y bing mat thudng. Phan
ing nay dugc dung ph8 bién dé phat hién khang nguyén khi da cd sin khéng thé€ dac
hiéu hosc dé phat hién khang thé khi da co sdn khing nguyén hoa tan dac hiéu. Phan
ing k&t téa bi dc ch& khi cd qua thita khdng nguyén hoic khang thé. Su két tua t8i
vu khi c6 néng do6 khang nguyén khang thé€ thich hop.

Phdn iung ngung két : o] phan dng két tua doi héi phai cd khing nguyén hoa tan,
con & phan dng ngung két lai cdn cdc khang nguyén hitu hinh. DS 1a cdc khang nguyén
¢6 kich thudc 16n nhu héng clu va t& bao vi sinh vat. Khang nguyén hitu hinh ¢6 cac
epitop bé mat cé thé lién két chéo voi cac khang thé tao thanh tiung cum cd thé nhin
thdy bing m4t thudng. Khang thé trong phan dng nay goi la khing thé giy ngung
két. Phan ung ngung k&t nh4y hon phan ing két tia nén dugc dung dé dinh tinh va
ban dinh lugng khang thé trong huyét thanh.

Diu tién cho khang nguyén hiu hinh vao ddy 6ng nghiém cd do pha lodng tang
-21—0 , 6ng 2 — 4—10 , 6ng 3 — % ... ). Hiéu gi4 khang thé€ la d6 pha loang
cao nhit ma vin xay ra ngung két. Ching han & 6ng thi 3 cd do pha lodng ldn nhat
ma vén.quan sat th4y ngung két thi ta ndi hiéu gid cia khang huyét thanh la 80.

Phuong phép cai tién.goi.la.ngung két gidn tiép hay ngung két thu déng, cé thé
gay ngung két cdc khéng nguyén hoa tan nhung, trugc dé da gdn nd trén bé mat céc
ch&t tro hitu hinh lam gi4 d@, nhu héng' cfu, “hat ‘bentonit hoac hat latex. Céac hat nay
khi duogc khang nguyén 'héa tan, bao boc sé [phan [@ng nhu thé chinh ching mang tinh
dac hiéu cua khdng nguyén phu bén ngoai.

ddn (6ng 1 —

481



Phdn ung két hop b6 thé : Trong phan dng ndy cé 2 hé théng (xem phin b8 thé).

Hé thong 1 bao gém khang thé - khing nguyén - b8 thé. Néu khing nguyén dac
hiéu véi khang thé thi sé két hop dugc voi b§ thé, con néu khong dac hiéu véi khang
thé thi khong két hgp dugc voi b§ thé, nén b thé 6 dang tu do. Do phan ung khéng
nhin thdy dugc nén phai dung hé théng 2 lam chi thi.

Heé théng 2 bao gébm héng cdu cuu, huyét thanh khang héng cdu citu da dun ndng
dé pha bd thé.

- Né&u & hé théng 1 (tdc khi ta xét nghiém) khiang nguyén dac hiéu véi khang thé
thi sé khong c6 bd thé -6 trang thai ty do. Khi thém hé théng 2 vao phan ing, héng
cdu cttu khéng bi tan : Phan dng duong tinh.

- Nguogc lai n€u 6 phan ing ta xét nghiém (hé thdng 1) khang nguyén khéng dac
hiéu v6i khang thé sé khong két hop véi b8 thé. Khi thém hé théng 2, b thé tu do
sé két hgp vdi hé théng 2 va lam tan héng cdu cltu : Phan dng am tinh.

Ki thu6t huynh quang MD : Trong ki thuit nay khang th€ (hoac khang nguyén)
dugc danh ddu bang thudéc nhuém huynh quang. Ki thuat dua trén tinh ch4&t cta thuéc
nhudém khi duge kich thich bdi bic xa cd budc séng dac hiéu sé phat sang. Chiang han
fluorescein phat huynh quang mau vang luc, cdon rodamin ph&t huynh quang mau dé
da cam. Khang thé€ gidn thudc nhudém huynh quang goi l1a khang thé danh d4u hoac
khang thé huynh quang. Cé hai phuong phap : ki thudt huynh quang MD truc tiép.
O ki thuat nay chi c¢d hai thanh phdn : Khing nguyén va khidng thé, tao ra hai lop
cua phan dng. M6t trong hai thanh phin dugc gin truc ti6p véi thuéc nhudém huynh
quang. Vi du khi xac dinh Streptococcus pyogenes ti hong bénh nhan d4u tién ta c6
dinh tiéu ban trén phién kinh sau dé pht khang thé huynh quang lén. Cho khéng thé
gan voi t& bao vi khudn. Rita d€ loai bé khiang th€ khong gin réi quan sat dudi kinh
hién vi huynh quang. Chi c¢d céc vi khudn dac hiéu véi khiang thé huynh quang méi
dugc quan sat.

Ki thuét huynh quang MD gién tiép : 3 ki thuat nay ngoai hai thanh phédn chinh
la khang nguyén va khang thé€ dac hiéu tao ra hai 16p cia phan dng con c6 mét thanh
phdn nia duge gin v6i thudc nhuém huynh quang, tao 16p thd ba. Lop nay cd thé la
khang - khang thé (ki thuat khang thé huynh quang gian ti€p). Khang thé tuong tu
v6i khang thé trong 16p dau (ki thuat banh mi kep cha).

Céc budc bao gém : (a) - Cho khang thé khéng danh ddu (khdng huyét thanh
bénh nhan) phan dng v6i khing nguyén (vi khuidn gay bénh). (b) - Dung khang thé
danh ddu (khiang thé huynh quang khing - khang thé ngudi) phadn dng dic hiéu vai
khang thé da gin vdi khang nguyén. Ria d€ loai bé khang thé khéng gan réi soi dudi
kinh hién vi huynh quang. Ki thuat nay nhay hon va duge dung roéng rai hon ki thuat
tryc ti6€p. Thuong dung dé phat hién khang thé & nguvi bénh vi khéng can lugng lon
mau.

Thi nghiém MD phéng xa (Radioimmunoassay — RIA) : Day la thi nghiém do Rosalym
Yalow dé nghi nam 1960 dé xac dinh néng do insulin trong huyét tuong. Nho phat minh
nay ma ba dugc tiang gidi Nobel nam 1977. Ngay nay phuong phdp nay thuong duoc dung
dé xac dinh hocmon, thudc, glucagon, globulin MD, cac khang nguyén virut...

Phuong phdp dua trén su.canh tranh gitta khiang nguyén danh d4u d6ng vi phdng
xa (vi du '?’I) véi khang nguyén khéng danh 'dau phong xa gin vao khang thé dac
hiéu. 3 16 A (d6i ching), ldy mot lugng nhidt dinh khiang nguyén tinh khiét danh d4u
phéng xa. Khang nguyén nay eting loai véi khdng nguyén trong mdu thi nghiém. Tron
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khiang nguyén danh d4u trén véi luong tuong duong khiang thé dac hiéu, réi 4. Rua
khiang nguyén danh ddu tu do (khéng gin voi khang thé). Do d5 phdng xa cua phic
hé khing nguyén - khang thé (A).

0 16 B (ki€m nghiém), ngoai khang nguyén danh ddu va khang thé nhu trén con
tron thém khdang nguyén khong ddnh ddu trong miu thd. Khing nguyén khéng danh
ddu sé canh tranh v4i khiang nguyén didnh ddu gin vao khang thé. Ria khiang nguyén
danh ddu tu do. Do d6 phdng xa cua phdc hé khang nguyén - khang thé (B). Dua

: A
vao t1 l&¢ d6 phdng xa do duogc B d€ xac dinh néng do khang nguyén trong miu thu
khi so v6i dudng cong chuén.

ELISA - Ki thu6t ch&t h6p phu mién dich gén enzim (Enzyme - Liked Immunocsorbent
Assay) : Day la ki thuat kha nhay va don gian, cho phép x4c dinh khang nguyén hoac
khiang thé & néng d6 rit thdp (khoang 0,1 ng/ml). So véi ki thuat MD phdng xa thi
ki thuat nay ré tién va an toan hon ma vin bido dam d6 chinh xdc nhu nhau.

Nguyén tic cua ki thuat nay gi6ng nhu ki thuat MD huynh quang, nhung khac &
ché thay vi gan khang thé€ voi thuéc nhuém huynh quang thi ngudi ta gdn khang thé
véi moét enzim. Khi cho thém co chat thich hop vao phan dng, enzim sé thuy phan co
chdt thanh mét chit ¢ mau. Sy xuit hién mau ching t6 da xay ra phan dng dac
hiéu khang thé véi khdang nguyén, va théng qua cudng d6 mau ma biét dugc ndéng do
khdng nguyén cdn phéat hién.

Ki thuat ELISA dugc dung nhiéu la ki thuat truc ti€p va ki thuat gidn ti€p (hay
ki thuat "sandwich" - banh mi kep cha). Cdc enzim thudng dung la PBgalactoxidaza,
glucooxidaza, peroxidaza va phophataza kiém.

Ki thugt "banh mi kep chd" bao gém cdc budc sau : (1) RO khang huyét thanh
chia khang thé (vi du antitoxin) vdo giéng & ban nhua dé cho khang th€ bam vao
thanh giéng. (2) Ro tiép dich khang nguyén cin xét nghiém (vi du toxin). Né&u la khang
nguyén dac hiéu véi khang thé thi sé gin v6i khang thé. (3) Thém coéng hop khang
thé gin enzim vao giéng d€ cho khang thé clia céng hop gén véi khiang nguyén ma
trudec dé da gin voi khang thé ddu tién, tao nén mot "banh mi kep cha" ; khang thé -
khing nguyén - khang thé gin enzim. (4) Cudi cung b3 sung co chat cia enzim. Enzim
thiy phan co chit lam thay d6i mau dung dich. T6c dé thiy phan cia enzim ti le
thuan véi luong khang thé da gin enzim, cing cd nghia 12 ti 1¢ thuan véi lugng khang
nguyén can xét nghiém. Su thay d6i mau dung dich c6 thé nhin thdy bing mat thudng
hoac do dugc bang quang ph8 k&

Ki thuat h6p phu MD gidn tiép. Ki thuat nay thuong dugc dung dé€ dinh tinh va
dinh luong khang thé. Chang han dung d€ xdc dinh khang thé khang HIV.

(1). Ré dich khang nguyén cho hdp phu lén thanh gi€ng. (2) Ro ti€p khang huyét
thanh (chda khang thé) cin xét nghiém réi 4. Néu trong huyét thanh cd chda khang
thé dac hiéu voi khang nguyén thi sé gan véi nd. (3) Thém cong hop khing - khang
thé da gan enzim. Khang thé nay dugc tao thanh dé€ chdng khang thé ngudi. (4) Thém
co chit ctua enzim. Tde-dd-thiy-phan.co.chit.gin. lién voi su thay d6i mau dung dich
va ti lé thuan voi lugng khAng thé cin.xdc, dinh, trong, miu. Su thay déi mau co thé
quan siat bang mat thuyng hodc bing quang ‘phd ké.

ELISA dugc diung dé xé4c dinh nhiéu tacnhan-giy bénh nhu virut, vi khufn, nim
soi, ki sinh (protozoa).
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0 1o ki phot Té bao nguon Tay xuong

/ |rn,l'néu

Te 0 & ® ®
€ bao nguon 1€ bao nguon 14y Té bao nguon Impho

N ./ \ /l\

)

nénté bao Ténté bao Tien te bao

Nguyen 1e bao nhan Nguyén bao " o -
Gan nong cau  knéng Io Wy / NK ( Ty xuong)T ( Tuy€n uc) B ( Tuy xuong
8O 1 Hongcau Tleucau febao leban Topa, Tebdo Paithuc 1€ bAo Te bao 1é bao
trung finh Ua bazo ua aat ; don nhan pbao NKchin Tchin Bcrin

Teé bao hat

Nguén gbc cac t€ bao tao mau va t€ bao tham gia vao h¢ MD
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Té bao nguén
tdy xuong

~Q

/ruong thanh Trudng thanh \
t
9

rong tuyén uc|  trong tdy xuon

~

Kich thich chh lhlch
cua ]
khang nguyén, 3 khang nguye
Hop IFC

OO

| :
Nguyén bao |i mpho } T€ bao Plasma
l 2
Phan ung i Tong hqp‘
trung gian té bao | khang thé

Té bao T va B bi¢t hoa & cde ndi khde nhau trong co thé, trong (4y xuong va trong tuyén ic, sau do van

chuyén dén hach limpho. Néu bj khang nguyén kich thich
gian t€ bao, con 1€.bA0 B duGc hoat hoa' thatl g vdo dap Ung MD dich thé

L8 bab D 83t hoa tham gia vao phan Ung MD trung
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CcD8

ONC)

Té bao T déc Té bao NK
CD8 CFd
Té bao T uc ché Té bao T tro giup

Cac 1€ bao T biét hoa, khac nhau & thy thé bé mit. T€ bao Tc va Ts c6 cung thy thé CDs. T€ bao TH va Tp
c6 cung thy thé CDa, con té bao NK khong c6 thy thé nay
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C4u tric IgM. Khéng thé co kich thudc 16n gém S phan wi két hgp vai nhau thanh hinh sao,
tao ra 10 vj tri két hgp khang nguyén
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Chudi
=~
. y Chudi
Cacbonhidrat j microglobulin 3,

. 5 .

a) Lopt HOOC Mang cla bat ki
té bao cé6 nhan &
doéng vat co vu

HN  NH,
Chudi ¢t é" _Chudi B

I

Cacbonhidrat

T

t

N

b)L6p2 HOOC  COOH Mangcia dai
thuc bao hoac

té bao B

So sanh cfu tric cua thy thé 6 bao T (TCR) (a), vdi cfu tric khing thé (b)

{3‘@"‘ THU VIEN
9 HUBT

45 TAI LIEU PHUC VU THAM KHAO NOI 8O




| b

Pl
Chudi *( 1— Chudi 3

N
| h
|
Cacbonhidrat

a) mang

e

J)/——— Chuéi nang
\V“,. v

—~
\

— Chudinhe

b)

CAu tric cua protein phu hgp t8 chic chinh : (a) 18p I, (b) 16p II. Nhd ring cac phan tl 1dp I ndm trén bé
mit 14t ca cac t€ bao c6 nhan, con cic phan t 1dp II chi c6 trén bé mit cac t€ bao trinh dién khang nguyeén

da biet hoa, chéng han dai thyc bao va t€ bao B
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Protein la

néi bao ‘

Ludi ndi chat )
—

Nhan dién khang nguyén nhd protein MHC 16p 1. Protein 16p | dugc tao thanh va tich ldy trong ludi noi cht,
cung vai cac protein khac (nhu khang nguyén virut va ung thu). Mot s6 protein nay bj ti¢u hoa trong ludi ndi
chdt tao thanh peptit. Cac peptil nay gin vdi protein 13p 1 réi chuyén ra mat 1€ bao. O day ching tuong tic
vdi TCR trén mat t€ bao Tc. Déng thy thé CDs tren mat 1€ bao Tc cing déng thoi gin vai MHC 13p | tao
nén phic h¢ manh hon, sau do 1€ bao Tc san ra limphokin, va xitokin 1a cac protein di¢t t€ bao dich. B4t ki
16 bao co nhan nao cing c6 thé hoat dong nhu mot t€ bao trinh dién khang nguyén (APC) cho phan i 1dp |
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Protein la 7 TébaoT

ngoai bao

Endosom

i ®/ Protein I

Lép 2

Ludi ndi chat

Su nhan di¢n khang nguyén nhd phan w protein 16p II. Protein 18p 11 dugc tao thanh va tich ldy trong 1udi
noi chdt cung vdi protein chen (blocking protein) Pi (invariant chain) chubi khong ¢6i. Chudi nay ngan khong
cho 18p II gin vdi cac peptit khiac ciing dugc tao thanh trong ludi ndi chit. Sau d6 I1p Il di vao hach nhan
Tai day protein Pi va protein la tU bén ngoai vao sé bj tieu héa nhd enzim protein I1p 11 lai dudc gin vai
peptit la da tiéu hoa tao phiic hgp dua ra mat té bao. Phic hgp nay tuong tac véi TCR va déng thy thé CDs
cla 1€ bao TH. T€ bao nay san ra limphokin kich thich t€ bao B tao khang thé. Té bao APCII la dai thyc bao
hoic 1€ bao B
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MD trung gian té bao

Khang nguyén + APC

l

Cactébao T

l

!

l

MD dich thé

Té bao T qua man
cham (T,)

Té bao giét
tu nhién (NK )

Té& bao T doc ( T, )

Tébao T
trg gidp (T.,)

v

Kich thich ngoai

Viém

\/

Giélt té bao

l

Kich thich té bao B

J

|

Téng hap khang thé

So d6 16ng quat v& MD trung gian té bao va m6i quan hé v3i MD dich thé
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Khang nguyén
gén vao TCR

Khang nguyén
€¢ e
‘ Q Bai thuc bao

thu hat va tiéu hoa

khang nguyén
Tébao T
hoat hoa

Nhan t6 hoa huéng déng

Té& bao san
limphokin

Nhan t6 hoat hoa

Cac nhan té Dal thuc bao

dac hiéu bach cau
Protein doc giét
1¢ bao la
Dap Ung viem _
( qua mau muodn)

Hoat tinh cia limphokin trong MD t€ bao
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T8 bao nguén
tly xuong

K.hc'mg'nguyén Ik ok ok Knhang nguyén
Kichithisty * Khang thé khang

TL.J??A.QK;?Z T\‘ Lua chon mét trong
wEts =g cac loai té bao dé tao dong

s
8 %

Tang sinh va biét hoa thanh
1€ bdo pldma va 18 bao nhé

%
<L
H

\/N- Khang thé khang

Mo hinh thuyét chon loc dong. Khang nguyen lya chon loai t€ bao B phu hop,

kich thich tao dong 1€ bao B
t6ng hgp khang thé
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thodi hoa

thodi hbao

Didén nach
limpno

Dung nap t€ bao T (ghi chu theo-hang ngang)Hang 1= Tién1é-bao- T bit-nguén tu tay xuong. Hang 2 = Thu
thé € bao T phat trién trén mat 16 b6 T tuyén lc, Liang 3,: Chon Joc duong tinh : T€ bao T tuong tac
voi MHC trong tuyén ic, phan chia va tang sinb, (gida ¥ phai). \I'¢ Bib T khong tuong tac dudc vai MHC sé
ngung tang sinh va chét - dong thoai hoa (trai). Hang 4 : Chon lo¢ dm tfnh. Néu 1€ bao T tuong tac véi
khéng nguyen ban than va MHCG.sé bj chét = dong thoai héa (giita). Hang 5 : T€ bao T tuong tac vai khang
nguy€i14,"sau do roi luye';n {c vao hach limpho
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Té bao B hoac

té bao plasma Khang thé bao vay"
=

1gG [& bao Mas!
\g j

Di nguyén
pd
<

b

Gidi min cam. Tiém dj nguyén dé tao IgG thay cho IgE. IgG gin vao dj nguyén trudc khi di nguyén kip dén
gén vai IgE 6 1€ bao Mast

bap ing MD
thir phat
=
c
@
£ i
a5 | Tiém khang Tiém khang
@ E nguyénlan 1 nguyén Ian 2
2o bapimg
8o nguyén phat
>
O @
° o
Z= T T —/f— T T —
0 10 20 30 60 70 80 90
Thai gian (ngay)

Dap Ung nguyén phat dugc dac trung boi pha lag dai va cham hipheihanh khang thé, nguoc lai & dap ung thi
phac.théil gian pHa lag ngin, SUkiadukhang thé nhanh
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Immunoglobulin
Té bao Ty

+
Khang nguyén

'™ |

Té bao TH
sinh intolakin

MHC I6pll gén

vdi khang nguyén
da ché bién

Khéng nguyén
duoc té bao B

Khang thé da chg Bign

g4n khang nguyén

Té bao plasma

Té bao nho
(s8ng ngén)

Khi tigp xuc vai khang nguyén
14n 2,16 bao nha nhanh chéng

% chuyén thanh & bao platma
£ Tao khang thé

M3i tuong tac gila t€ bao TB/vA sy tao thanh khang thE\T¢ bao Behdat dong ahu mot APC, 1ap trung khang

nguyén gén vao thy thé 1a khang thé dac hieu. Sau khi dugce, chéubiény khang nguyen dugc trinh den 1€ bao TH

nhd g vdi MHC 18p I1. Vé phin minh, 1€ bio Th phal tin hiuicho chinh 1€ Bao B tang sinh dé 130 t€ bao
plasma va t€ bao B nhd
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VUng bién déi manh

Vung bién ddi

cla chudi nang
Vung bién déi
cla chudi nhe

vVung

YONY  vung bién
lién két

déi manh

C4u tao chi tiét ving bién ddi cia chubi ning va chudi nhe. Day 1a mot nia
phan t Ig. CH va CL la vung c6 dinh cia chudi ning va chubi nhe
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(a)Chudl nong IgG

———————Vung bién d6——————————Ving do dong—  —— %O,‘G:é ——

Tnm?mszJ

Sy tao thanh gen
hoat tinh trong thai

ki phat trién cda té bao
limpho (tai t3 hop t&
bao soma)

Cac gen ving cé dinh —
o i - - -1
ADN déng phé

ADN(gen hoat tinn)

BAn sao ARN so cdp

lDich ma

Cac gen

. vung co dinh
()Cnuodi nhe IgG %

4 ADN dong phoi

-/ Vioozo0 — J[I' e R

ADN(gen hoat tinh)

Ban sao ARN so cap

{ NG ARN
ESI VEEXA ARN théng tin

~L Dich ma

(e)gén a véib

"

Chuéi nhe

Sy sip xép lai gen Ig trong té bao limpho chua chin va co ché hinh thanh gen hoat tinh
(a) chubi ning. (b) Chudi nhe kapa. Chudi nhe lamda dugc ma trong phic hé gen tach biét hoan toan.
(c) Sy hinh thanh mét nia phan i Ig
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Immunoglobulin

MHC Igp | MHC lgp Il TCR

chudior
$ $
Thy 1 S S
$ S
s-s c3 c§ §¢
s-s

=
('\/\/\-4
C—\N

So s4nh cfu tric mot s6 phan t cia h¢ th6ng MD. Ving c6 trit ty axit amin déng nht hoic g4n nhu déng
nh4t thé hién m6i quan hé tién héa. ¢ - vung c6 dinh, v - ving bién ddi
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I

o
o

o
O
(@]
Dung hop o

CJ

©| Cac té bao lai
©

iy

Dong1 Dong2 Dong3 Dong 4

[ 1

Khang thé don dong

M6 hinh sin xuft khang thé don dong. Lai té€ bio B c6 cic gen mi héa IgG dic hi¢u vai t€ bao u tiy
mieloma dé tao t€ bao lai. Cic dong t€ bao lai sé nhanh chong sin ra cic khang thé tinh khiét
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Con duong khong cé dién
( nhanh)

m

Polisaccarit
lhanh té bao

Con duong cd dién

Nhan (o B Nhanto D

Phuc hop khang nguyén
khang thé
+

C3b luu
hanh trong Nhan t6 P
huyét thanh (Propedin)

3 protein bo thé

3 Viem: r . Opsonin hoa su dinh MD
Tang kha nang tham thanh
mach hap dan dai thuc bao

v 7/
17\ S L !

Y=,
® a

3
S

Tan bao :
BG thé tu C5 dén C4 tac dong
tao 16 thung lam thoat néi chat
qua mang

Hoat hoa bb thé theo 2 con dudng : C6 dién vA nhinh. B3 thé C3 dUoc phan thanh C3s va Cib. Cic manh nay
tham gia vao 3 loai phan ing : Viém, 1af) 536 va opsonin héa
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Photphatidylcolin

R —— COO —— CH,

CH
CH

+/ 23
c”:‘“@"‘:“z—CHz—N'{ G

Lizoldxitin CHy

Axit arachidonic s

Ciloox igenaza k Lipoxigen aza

Trobomxan T

Sy tao thanh Prostagladin va lokotrien tU axit arachidonic
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Corticosteroit
ngan plasma san xuat IgE

Loai bo di nguyén

Di nguyén

504

{

1

IgE

Cromolin, HEPP tac dong|
lén mat té bao Mast ngan
khéng cho pha vé bong

Antihistamin, aspirin
epinephrin, %eo philin
ngan can tac dong cua cac
chat hoa hoc trung gian

Yo 3
Vvv—ﬂ

Phuong phép truyén théng ngin ngua tic dong cla di nguyeén




2) Me Rh” méﬂg thai 3) Me sinh khang  4) Néu me mang thai

Rh*. Khdng nguyén thé chdng khdng  l4n sau véi bé Rh"
Rh* tu thai chui vao nguyén Rh™ khdng thé sé xuat
mau me khi sinh. hién lam tan héng

cau bao thai.

Bénh tan miu & tré so sinh
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Mang co sd clia
mach mau

@ Phic hop MD ném &
mang thanh mach mau Bach c3u trung tinh

Khang thé

@ & day chung hoat hoa b3 thé
va thu hat té bao viém, ching
han bach cau trung tinh vao vi tri

Té bao

mang trong © 3 day chung hoat hoa bd thé
va thu hat té bao viém, chang
han bach cau trung tinh vao vi tri

Qua min trung gian - phic hgp MD (tip III)
1 - Phic h¢gp MD ndm & mang thanh mach méu
2 = o) day ching hoat héa bd thé va thu hut t€ bao viém, :hﬁng han bach ciu trung tinh vao vj tri
3 - Khi phan ing vdi phic hgp MD, bach cdu trung tinh tiét enzim pha huy té bao mo
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@

+

1 Proteln da
Phic hop
hapten-protein da

Cay thudng xuan doc
7 - 10 ngay % -2 ngay

©® ©9

Tébao T baclhhé ——» Nhiéu t§ bao T hoat tirih
(Khéng viém )
Tiép xac ldn 1 Tiep xtc 1dn 2

Viem da dj (ng : Ph4n hoa la hapten, khi két hgp vdi protein cua da sé& trd thanh khang nguyén thc thu gay
d4p dng MD. Lin tiép xic ddu chua gay viém, 14n sau gdy viem
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Thé
hinh try

Vo

HIV va khd niing nhiém
A - Cdu tnic HIV ; B - Té bao TCD4 vdi thy thé bé mit
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Thu thé CD, ADN tién
vi rut

ADN tién
Vi rut

K Vi rut ra khoi
té bao T

a)Nhiém tiém &n b)Nhidm hoat tinh

Nhiém HIV vio t€ bao TCD4 - thdi ki tiém &n va thdi ki hoat tinh a) Thoi ki tiém 4n khong c6 gen virut
nao dugc sao va khong cé virut ndo mdi tao thanh. b) Thdi ki hoat tinh - ADN cua tién virut kiém tra 16ng

hgp virut mdi chui ra khoi 1€ bao chu
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Tién ADN virut

Dai thuc bao

NST . ADN

a) Nhiém tién an

b) Nhi&m hoat tinh

Nhiém HIV tiém 4n va hoat tinh trong dai thic bao :

Tién ADN vi rut

L6i ARN vi rut

a) Trong nhiém tiém 4n, virut mdi ta0 thanh nim trong

khong bzo. Néu dai thyc bado hoat hoéa, cAc virut s& thoAt ra ngoai. b) Trong nhiém hoat tinh, c4c virut moi
tao thanh _ihGat-ra-ngoai_nhung my s¢ vény pdm trong khong bao
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Luong tua tang

Khong tao Iusi ( qua nhidu khang thé ) O
Tao Iusi t6i da

qué nhiéu khdng nguyén

Khang nguyén Khang thé

Vung tuong

duong Vung thua khdng nguyén

Néng dé khang nguyén tang

N&ng doé khang thé tang

D6 thj biéu hién milc két tuA phy thudc vao (i 1¢ khang.ihé, khingonguyen. Khi i 1¢ tuong duong sé tao mang

1udi 16t nhit. Néu thia khdng thé, epitop khang nguyen bio hoa ohung khong lien két chéo dugc vai nhau
thong qua gin vdi vi tri ké(-hgp khang nguyen. Néu fhita khdng nguyen, vi tri k€t hop khéng thé bio hoa,
nhung cing khong lién két dugc véi nhau thong gua lepitop
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Khang thé
(aglutinin)

Cdg: Epitop trén mat
khang nguyén hau hinh

Co ché ngung két. Khang thé gin vdi cic epitop cua c4c khang nguyén ndm ké tao thanh cym dinh két c6 thé
nhin thdy dugc. Trong ngung két tnyc tiép, khang thé phan Ung vdi khing nguyén hitu hinh
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Huyét thanh chifa khang thé
chéng khang nguyén

Khang nguyén gan
khang thé r3i bd thé
gan véi phic hé nay

Khang nguyén

‘Antigen g '

da biét
N

Buoc 1

—— Huyél1 thanh khong chia
khang thé chéng khang
nguyén.Khong co phan
ung khang nguyén

=

khang thé B4 thé tu do

Héng cau
ciu

Khang hé gan vai hong
cau citu nhung khéng con
b3 thé tudo dé

gan vai phic hé

hong cau ciu - Khang thé
Héng cau ciru khong bi tan

Héng cau
cuu

Khang thé gan vai héng

b6 thé tu do dé gan
vGi phic hé hong cau

Hoéng cau clu bitan

Khong tan héng cau
clu dich huyén
phu duc

Nguyén li cia phan ing két 'hgp bd thé. NéU bd thé @4 gin vio phic h¢ khang nguyen, khang thé (budc 1) thi

duged cau cuu sau do
cwu - Khang thé
Tan hong cau
N Két qua

DUONG TiNH

AM TiNH

cuu lam trongdich

khong con 8 dang ty do dé lam tan héng cdu cuu (budc 2)



PhU khang thé huynh
quang dac hiéu

S pyogenes

1én phién kinh

Khang thé huynh quang

Thudc nhudm

Khang thé .
ghe huynh quang

Mat t

Quan sat phién kinh
dudi kinh hién vi
huynh quang

Chic6 S pyogennes
mo phat quang

khac khong
phat quang

Ki thuat khang thé huynh quang
A - Phuong phap truc 1i€p - thuong dung dé xac dinh vi sinh vat gdy bénh trong bénh phdm,
vi_dU. Streptococtus pyogenes trohg\hong benh nhan
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Ching Treponema
denticola nuéi thuan
gh:él_(mét loai Spirochet
d miéng)

Khang thé igG trong
huy&t thanh bénh nhan
vé bénh loi

Khang thé
bénh nhan

ma

Thém khang thé
khang IgG Ngudi
gan huynh quang

Quan sat tiéu ban
duéi kinh hién vi
huynh quang

Spirochet
phat huynh
quang

B - Phuong phap gisn ti€p - thuong ding xac dinh khing thé trong thé dich bénh nhan. Vi du xac dinh 1gG
khéang spirochet cé trong huyéi-thanh-hoic nudc-bot-bénh-nhan.viém G hudng _phép gian ti€p nhay hon vi 2
hodic nhiéu khang thé danh ddu (G day chi vé mot) c thé gén vao khang thé dac meu khang nguyen
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Knang nguyén danh déu
déng vi phong xa Khang thé

Khé&ng nguyén {g\' i 3
danh déu -——K X

phéngxa gén " H*E =
khang thé . - o
0 Khang nguyén
(A} danh ddu phéng xa tu do
Khang nguyén i 5 Khang nguyén
danh ddu phéng xa Khang thé  trong

huyét thanh

+

Khang nguyén
danh ddu

fpuhjgg N 9 _ﬁ :‘él
¢ @

/" Khéng nguyéndanh ddu
phoéng xa gén khang thé

¢

o
(- A N—

©

(B}

khang thé véi khang nguyén
danh ddu phéng xa tu do

Ti s6 gita khang nguyén
danh d&u phéng xa gén

Néng dd khang nguyén
danh ddu tang

v

Thi nghi¢m MD phéng xa.
A - Khang nguyén-dénh-ddu déng vi phdng xa gin voi khing thé dic hieu ;
B - Khang nguyén khong danh du (c6 néng do trong=méiu thay déiy canh tranh véi khang nguyén dinh dfu
dé gin vdi khang thé ; C - Vi-néng do khdng nguyen khong dénh d&u ting nén ti s6 gida khéng nguyén danh
dfu gén khang thé trén khang.nguyén danh dfu khong gén khing thé giam. Diéu nay biéu hién trén d6 thi
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Cho khang thé(antitoxin)gan vao thanh giéng

<

Rua,thém khang nguyén(toxin)tao phuc hé
khang thé - khang nguyén

@

Rua,thém cong hop khang thé gén enzim

Rua,thém co chat

Enzim thiy phan co chat tao mau

A

Cho khang nguyén glicoprotein HIV *
bam vao thanh giéng

Rua,thém khang huyét thanh khang HIV tao phuc hé
khang nguyén -khang thé

Rua,thém cong hop khang thé gan enzim
tao"banh mi kep cha"

Rua,thém co chat cho enzim

Xac dinh cuong dé mau

B

A - Ki thujt ELISA "Banh mi kep chd" diing x4ic dinh, va do aéng,d0 khang nguyen. Vi dy xdc dinh doc 16 tu
cfu khuin trong thue phdm vdi néng doweftinho, dén 0,4 ng/ml dich chiét
B - Ki thu3t ELISA gi&n ti€p dung djnh tinh va djnh lugng khang thé. Ching han khang thé chéng HIV (sau
mbi buoc déu phii nia dé loai khang nguyén hodc khang thé thua)
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MUC LyC

Chuong 1
Md diu
1 - Dac diém chung cia vi sinh vat
2 - Vi tri cia vi sinh vat trong sinh gigi
3 - Dac diém cta sinh vat nhan nguyén thiy va sinh viat nhan that
4 - Vai tro cia vi sinh vat trong tu nhién va trong nén kinh t&¢ quéc dan
5 - So lugc lich sir phat trién ctia vi sinh vat hoc
Chuong 11
Hinh th&ii va cdu tao té bao cic
vi sinh vat nhan nguyén thuy (Prokaryotes)
1 - Vi khuin
2 - Xa khuin
3 - Vi khuin lam
4 - Nhém vi khuin nguyén thiy
Chuong IIT
Hinh thdi va cdu tao t& bao
cidc vi sinh vat nhan that (Eukaryotes)
1 - Dic diém chung cla vi nim
2 - Ndm men
3 - Ndm soi
Chuong IV
Virut
1 - Lich sir phdt hién va dinh nghia virut
2 - Hinh thdi va cdu tric ctia virut
3 - Cdc phuong thic sinh san & virut
Chuong V
Dinh dudng cua vi sinh vat
1 - Thanh phin té bao va dinh dudng cla vi sinh vat
2 - Ngudn thuc an cacbon cia vi sinh vat
3 - Ngudn thic an nito cia vi sinh vat
4 - Ngudn thic an khodng cia vi sinh vat
5 - Nhu cdu v chit sinh trudng cha vi sinh vat
6 - Co ché van chuyén cdc chit dinh duong vao té bao vi sinh vat
Chuong VI .
Trao ddi chdt va trao ddi niang lugng & vi sinh vat

- M6t s8 khdi niém chung

— Su oxi héa sinh hoc va sinh ning luong & cdc vi sinh vat dj dudng

_ Su oxi héa sinh hoc, sinh nang luong va ¢ dinh

CO; & cac vi sinh vat tu dudng

4 - Cdc qué trinh 1én men
5 - Cédc qud trinh oxi héa khong hoan toan

518

Su phan giai protein (qud trinh théi rua)
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7 - Su phan giai lipit va cdc axit béo

8 - Su phan gidi cdc hop chit vong thom

9 - Su phan gidi cdc hop chdt 2 cacbon va 1 cacbon
Chuong VII

Cic qué trinh sinh téng hgp va c6 dinh nito

1 - Cédc qui trinh sinh tdng hop
2 - Qud trinh cé dinh nito

Chuong VIII

Sinh trudng va phat trién & vi sinh vat

1 - Miu li thuyét vé sinh trudng va phat trién cia vi khuin
2 - Sinh trudng va phat trién cia vi khuin trong didu kién nuéi cdy tinh.
Dudng cong sinh trudng.
3 - Sinh trudng cta vi khudn trong quéa trinh nuéi cdy lién tuc
4 - Lam ddng bdé su phan chia t& bao
5 - Cdc phuong phip xdc dinh sinh trudng va phit trién ctia vi khuin
6 - Tic dung cha céc yéu t§ bén ngoai lén sinh trudng va phat trién
cia vi khuin
Chuong IX
Di truyén hoc vi sinh vat
1 - Sao chép
2 - Phién ma
3 - Dich ma
4 - Dot bién va su phdt sinh dot bién
5 - Sira chda ADN
6 - Su truyén tinh trang va tdi t3 hop di truyén
7 - Su bién nap
8 - Tai nap
9 - Su han ché va cai bién
Chuong X
Mién dich
1 - Co ché bao v co thé
2 - Chdt sinh mién dich va khing nguyén
3 - Céc té bao tham gia vao hé théng mién dich
4 - Khéng thé
5 - Thu thé & bao T (TCR)
6 - Khing nguyén phu hop td chuc
7 - Mién djch trung gian t& bao
8 - Thuyét chon loc dong (clone) clia Burnet va dung nap r_nién dich

9 - Co ché hinh thanh khing thé mién dich
10 - Di truydn va tién-héa-cdc-phan.tirIG.va.thu.thé té bao T

11
12
13
14

Khdng -thé don déng

Bd thé

Mién djch bénh Ii

Cdc phan tmg huyét thanh

280
320

355

360
370
374
376

378

408
410
414
417

421
424
426
430

451
453
454
456
458
459
461
463
465
468
470
470
472
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