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GIGI THIEU MON HOC HOA SINH

1. PINH NGHIA VA MUC TIEU CUA MON HOC HOA SINH

Héa sinh 1a mén hoc nghlen citu vé co s phan td cua sy song, nghla la
nghién ctu cac chat hoa hoc cau tao nen co the séng va su chuyen héa cua
chiing trong co thé séng.

Muc tiéu ctia chu‘dng trinh giang day Héa sinh d&i véi sinh V'ién"-hé da
khoa cua Truong Dai hoc Y la dé sinh vién c6 thé trinh bay dudc nhiing kién
thic co ban va c6 hé théng vé héa sinh, nhIIng nguyen téc cd ban va y nghia

cua mdt s6 xét nghiém hoa sinh théng dung dé c6 thé ap dung duoc vao thuec t&
lam sang va nghxen c11u ve s1nh y hoc.

2. SO LUOC LICH SU PHAT TRIEN cUA MON HOC HOA SINH

2.1. Thdl ky tru?dc thé ky XX

Tu hang ngan nam trudc diy, méic du chua cé nhIing hiéu bié&t vé co & ly
thuyét ctia héa sinh, con nguol da biét su dung mot sd qua trinh hoa sinh dé
phuc vu cude song cia m1nh su dung tlnh bot u men niu ruou mu01 dUa lam
stia chua, . ;

Viao thé ky thu XVIII, Lavoisier A (1743 1794) da dua ra quan niém cd dlen
vé hé hép t& bao i rang cac dong vat c6 thé chuyen cac nhién liéu héa hoc (cta thic
an) thanh nhiét va ring qua trinh hé hap nay 1 ¢in thiét cho su séng. :

 Nam 1890, Fischer E da dé ra thuyét “6 khéa va chia khéa” dé g1a1 thlch
tinh dac higu tuyét d6i clia enzym d61 véi co chat. ‘

2.2. Thoi ky tit diu thé ky XX dén trude 1953

Chi dén dau thé ky XX, nho su t1en bd vugt bac vé khoa hoc ky thuat,
nhiéu phuong phap nghlen ctu méi vé héa hoc, vat 1y va sinh hoc ra doi,
nganh héa sinh méi bat dau thu duge nhiing thanh tuu to 16n. :

Vao cuél nhitng nam 1930, Pauhng L va Corey R da su dung phuong
phap nhiéu xa tia X xac dinh dugc cdu tric bdc hai xodn ava xodn Bctia phén
ti protein.

Nam 1947, Cori G, Cori C va Houssay BA da dugc giai Nobel vi phat h1en
ra su chuyén héa ctia glycogen.

Nim 1953, Sanger F tim ra c&u tric cta phén ti insulin (Nobel 1957).

" Naim 1953 Krebs H va Llpmann AF da dudgc nhan giai Nobel vi phat hlen
ra chu trinh acid citric.
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2.3. Thoi ky tit 1953 dén nay: thdi dai sinh hoc phén tu

Viao nam 1953, viéc khdm phd ra cdu tric xoan kép cua phan tu DNA -
mét dai phan td quyét dinh tinh chat di truyén cua su séng - cua Watson J
(ngudi My, sinh nam 1928) va Crick F (ngudi Anh, sinh nam 1916) (Nobel
1962) da mad dau cho cudc cdch mang vé > sinh hoc phdn tu.

Nam 1957, Kendrew J da tim ra cdu tric bdc ba cua myoglobin (giai
Nobel 1962) " .

‘Nim 1959, Ochoa Sva Kornberg A da duoc nhan giai Nobel do da phat
hién ra co ché sinh tong hdp ctia DNA va RNA.

Nam 1960, Perutz M da tim ra cGu tric bdc bén cua hemglobzn (giai
Nobel 1962) ! :

Niam' 1965, Jacob F va Monod J da dudc nhén giai Nobel do da phat hién
ra su kiém sodt ¢ mitc dg gen ciia sy sinh tong hgp protein enzym.

Nam 1968 Holley WR, Khorana, HG va Nirenberg MW da dudc nhan
giai Nobel vé ma di truyen va chifc ndng cia chung trong sy tong hdp proteLn

Niam 1971, Sutherland EWJ da dugc nhan giai Nobel do da phat h1en ra
ca ché' tdc dung cua cdc hormon.

Niam 1972, Edelman GM va Porter RR da dugc nhan giai Nobel do da
phat hién ra cdu truc héa hoc ctia cdc protein khdng thé.

Nam 1977, Gulllemm Rva Schally A da dudc nhan g1a1 Nobel do da phat
hlen ra su’ sdan xudt hormon peptzd 5 nao.

Nam 1991, Neher E va Sakmann da dIidc nhan g1a1 Nobel do- da phat
hlen ra chifc ndng cua cdc kénh ion d té bao.

Nim 1994, Gilman GA va Rodbell M da dugc nhan g1a1 Nobel do da phat
hién ra cdc protein G va vai tro cua chung trong viéc truyen tin hzeu g te bao

Nim 1997, Prusier SB da nhan giai Nobel do da phat hién ra cdc prion-
mét loai protein nhé hon virus- ¢6 cdch truyén benh mdi: khong qua chdt liéu
dz truyén. :

Niam 1998, Furchgott RF, Ignaro LJ va Murad F da dudc nhan giai Nobel
do da phat hién ra NO c6 tdc dung kich thich guanylat cyclase ting tao cAMP,
lam gian co tron trong hé thong tim mach. ‘

Nam 1999, Globel G da duge nhan giai Nobel do da phat h1en ra ring cdc
protein cé cdc tin hiéu ddc biét dé kiém sodt su vén chuyén va khu tri cua
ching trong té bao.

Nam 2000, Carlsson A, Greengard P va Kandel E da dudc nhan giai
Nobel do da phat hién ra sy truyén tin hiéu trong hé thong than kinh.

Nam 2001, Hartwell LH, Hunt RT va Nurse PM da duge nhan giai Nobel
do da phat hién ra cdc yéu t6 ‘diéu-hea-chu chot trong chu trinh t€ bao.
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Nam 2002, Brenner S, Horvitz HR va Sulsston JE d3a dudc nhan gidi -
Nobel do.da phat hién ra sy diéu hod gen ctia sy phdt trién co quan va su chét
t& bao theo chuong trinh. :

Nam 2006, Fire A va Mello CC d3a dugc nhan giai Nobel do tim ra k¥
thuat can thiép RNA dé khoa hoat dong clia gen & mitic dd6 mRNA.

3. CAC KHAI NIEM VE KHONG GIAN, THOI GIAN VA NANG LUGNG
TRONG HOA SINH

3.1. Vé khong gian

Kich thuée cac phan ti sinh hoc dude do bang cac don vi dd dai vo cling
nho: d6 dai cac lién két héa hoc trong phan ti héa sinh dude do bang don vi A°
(1A°= 10'°m), kich thuéc cac phan ti héa sinh nhu glucose, acid amin, acid
béo duge do bang vai don vi A°va céc dai phén ti nhu cic protein, enzym dudc
do bing cac don vi hang chuc A°.

3.2. V& thoi gian

Cac phan Ung héa sinh xay ra trong co thé séng véi téc d6 rat nhanh, thoi
gian x4y ra phan ting héa sinh dudc tinh bang mili gidy (10 gidy) ho#c micro
glay(lo ¢ gidy).

3.3. Vé nang lugng

Néng lugng sinh hoc duge khu tra trong céac lién két héa hoc cua céc
phan ti sinh hoc; duéi dang-cac lién k&t nghéo va giau ning luong; quan trong
nh&t 14 phén ti ATP (adenosin triphosphat). ATP va cic chdt mang ning
lugng sinh hoc khac c¢6 vai tro quan trong trong cic qua trinh sinh hoc.

4. VI TRI VA VAI TRO CUA HOA SINH TRONG CAC NGANH KHOA
HOC TU NHIEN VA TRONG Y HOC

4.1. Vi tri va vai tro ciia Héa sinh trong cac nganh khoa hoc tu nhién

Hoéa sinh 1a mdt mén hoc ciia nganh sinh hoc, né cé lién quan dén mot s&
cac mon khoa hoc khac nhu héa h(_)c, sinh hoc, di truyén, sinh 1y hoc, sinh ly
bénh hoc, mién dich hoc, duge 1y hoc, .

NhUng thanh tyu nghién ciiu ctia cac mén khoa hoc trén da gép phan
thic ddy cac thanh tuu khoa hoc ctia héa sinh phéat trién, nguge lai, cac thanh
tuu nghién citu khoa hoc ctia héa sinh lai ¢6 tac dung thic ddy cac nganh khoa
hoc trén phéat trién.

Ngay nay, héa sinh da trd thanh mét nganh khoa hoc véi nhiéu chuyén
nganh khac nhau: héa sinh virus, héa sinh vi khuéin, héa sinh thuc vat, héa
sinh déng vat, héa sinh y hoc, ...
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4 2 Vi tri va vai tro cua Héa sinh trong y hoc

Héa sinh 1a mdt moén hoc co s6 clia y hoc hién dang thu hit sy dau tu
nghién ctu cta nhiéu nha righién cttu khoa hoc, dac biét 1a cac nha y hoc, cua
nhiéu vién nghién ctiu trén toan thé gidi, va ciing 12 mot trong nhiing nganh
khoa hoc dat nhiéu giai Nobel vi cac ly do sau day:

1- Héa sinh gép phdn gidi thich co sd phdn ti ctia su song, Sy sdp xép va
su tuong tdc cua chung. Cac cd th8 khac nhau, ti vi khuén E. coli dén con
nguoi déu su dung nhiing phén ti héa hoc c¢é ban dé xay dung nén nhling dai
phén ti ctia sy s6ng. Adenosin trlphosphat (ATP) la dang ndng lutdng pho bién
trong cac hé thong sinh hoc dugc san sinh bdi cac cach tuong tu & tat ca cac
dang cua sy séng.

2- Héa sinh gép phan gidi thich co ché héa hoc ctia nhiéu qua trinh chu
yéu ctia sy séng. Sy phat hién ra cdu tric x04n d6i cua deoxyribonucleic acid
(DNA), su lam sang t6 dong thong tin tit gen dén protein, sy xac dinh dugc cdu
tric khong gian ba chiéu cta phan tu proteln co ch& hoat déng cua nhiéu
phan tu protein va nhung con dudng chuyen héa ctia cac chit chua yéu trong cd
thé s6ng. Su phat trién cta ky thuat tai t6 hgp DNA da va dang gitdp cho su
hiéu biét day du vé toan bd cdu tric ctua bd gen ngudi. biéu nay giip con ngudl
c6 kha nang hidu biét nhidu hon niia vé qua trinh tién héa cta loai ngudi, veé
ban chit cua qua trinh song, dbng thoi cling gitp con ngudi ¢6 kha ning chita
duoc nhiing bénh nan y & mtic 46 phan tu.

3- Héa sinh hién dang tdc dung sGu sdc dén y hoc. Héa sinh cung dong
gop nhiéu cho cdc chén dodn ldm sang. Cac xét nghiém héa sinh duge st dung
rong rai trong y hoc de chan doan, tién lugng, theo déi diéu tri va sang loc Vi
du, mic do tang 1én vé hoat d6 trong huyét tuong caa mot s6 enzym nguon goc
t& bao c6 thé cho phép chin doan co quan tuong tng bi tén thuong: nhoéi mau
¢d tim, viém gan, viém tuy, ton thuong cd,. . Nhiing sai s6t ¢ mic d6 phan tu
c6 thé gy nén bénh thiéu mau héng ciu hem gdy nén su xd héa hé thong,
bénh HemOphlha ho#c nhiéu bénh di truyen khéc. Nhitng hiéu biét vé nhiing
sal sét di truyen cho phép con ngu:dl c6 thé phat hién va diéu tri bénh c6 hiéu
qua hon. Cac mau DNA cb thé dong mét vai tro nhét dinh glup chén doan
chinh xéc cac réi loan di truyén, bénh nhiém trung ho#c mot s6 bénh ung thu.
Cac chung vi khuén dudc tao ra nhd ky thuat tai t6 hop DNA c6 kha ning san
xudt ra cac protem ¢6 gia tri diéu tri nhu insulin, hormon sinh trudng va cac
kich t6 phat trién t& bao mau. Hoa sinh déng vai tro rdt quan trong trong viéc
nghién cttu va tng dung t& bao gdc (stem cells) trong y hoc. Hoa sinh ciing c6
kha ning gitp nghién ctu cac thudc méi.

4- Héa sinh da va dang giup cdc nha khoa hoc glaz quyét mot s6’ vdn dé co
ban va nhdy cdm nhdt trong y hoc. D6 1a cac van dé vé su nhan biét clia cac t&
bao khac nhau trong su hinh thanh mot cd quan phiic tap, su truong thanh
ctia t& bao dudc kiém soat nhu thé nao, cac nguyen nhan cta ung thu, co ché
phan ti cta tri nhé, co ché phan tu cia cac roi loan tri ndo nhu bénh
Alzheimer hodc bénh tinh than phan lap (Schizophrenia), .
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5. PHUONG PHAP HQC TAP VA NGHIEN CUU HOA SINH
5.1. Phuong phap hoc tap Hoéa sinh. Dé hoc t6t mén Héa sinh, hoc vién cin phai:

— N&m viing nhiing kién thuc cd ban vé héa hoc nhu héa vé cd, héa hiiu co,
héa 1y, ciing can phai c6 nhiing kién thuc co ban vé cac mén hoc khac c6 lién
quan nhu sinh hoc, t& bao, di truyén, sinh ly hoc, sinh ly bénh-miéen dich, dugc
1y, ... |

— Hiéu dudc cac chuyén héa trong co thé séng 1a khong ngiing, khong nghi,
cac con dudng chuyén héa cac phan tli clia su séng cb su lién quan chit véi
nhau va su hoat ddng ctia chiing dugce diéu hoa mét cach chit ché bdi nhiing co
ché& than kinh, thé dich, pht hdp véi su hoat déng clia mot cd thé théng nhat
cung v6i diéu kién moi trudng.

— N&m dudc nhiing kién thtc cd ban va c6 hé théng vé hoéa sinh dé giai
thich dudc nhiing kién thiic clia cac mdn hoc c6 lién quan 6 miic 46 phan tu, ap
dung dudgc vao thuc t& 14m sang va nghién cttu vé y sinh hoc.

5.2. Phuong phap nghién citu Héa sinh
Phudng phap nghién ctiu héa sinh y hoc gdm:

Nghién ctitu trong éng nghiém (in vitro)

Nghién ctiu trong cd thé toan ven (in vivo)

Nghién cttu thi nghiém ldm sang

Nghién cttu lam sang -

M&3i lcai hinh nghién ciiu héa sinh doi hdi nhiing d6i tudng, mé hinh,
phuong phap va phuong tién nghién citu phu hdp. Mbi loai hinh nghién citu
ciing doi hdi cac bing chiing khoa hoc chdng nhiing bing chiing vé héa sinh
ma con c6 thé ca cac bang chiing vé cac khoa hoc lién quan nhu sinh hoc, t&
bao, mé hoc, mién dich, duge 1y, ...

Té4m lai, Héa sinh 14 mén hoc nghién citu vé co sé phan ti cla su séng,
~ bN ‘A ’ P A’ z g A R A b R 2
nghia la nghién ctiu cic chat héa hoc cdu tao nén cd thé séng va su chuyén héa
z A .
ctua chiing trong co thé séng.

NAm dudc nhiing kién thtc co ban va c6 hé théng vé héa sinh, nhiing
nguyén tic co ban va y nghia ctia mot s6 xét nghiém héa sinh théng dung,
sinh vién d& c6 thé giai thich dudc nhiing hién tuong khoa hoc ctia caAc mén hoc
¢6 lién quan 8 mic d6 phan ti, ap dung dudc vao thuc t&€ 1dm sang va vao
nghién cttu vé y sinh hoc.
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PHAN 1

CAU TAO CHAT

Chuong 1

'HOA HQC GLUCID

Danh tu glucid ma ta hay dung 1a carbohydrat hay saccarid. Cai ten co
lich st tit cong thic thd cua carbohydrat la (C.H,O)n, n23. Carbohydrat gom:
monosaccarid, oligosaccarid, polysaccarid.

Monosaccarid (dudng don) 1a don vi cd cdu tao cta carbohydrat..

Oligosaccarid dugc tao thanh tu 2 - 14 mohosaccarid, ching thudng lién
két véi protein (glycoprotein), véi lipid ( glycolipid)

Polysaccarid 12 nhiing phén ti 16n, dudc tao thanh ti nhiéu monosaccarid.

1. MONOSACCARID

Monosaccarid dude goi 1a dudng don, 13 din xuit aldehyd, ceton cua
polyalcol chiia it nhat 3 nguyén tit carbon, thi du D-glucose, ribulose, chiing
khéng thé bi thuy phéan thanh nhing phén ti nhd hon.
1.1. Phan loai va danh phap cia monosaccarid

Monosaccarld dudc phan loai va g01 tén theo ban chat hoa hoc cua nhom
carbonyl va so luong nguyen tii carbon cua chung ‘
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— Theo nhém carbonyl: néu nhém carbonyl la aldehyd thugc loai aldose
(aldehyd alcol), vi du: glucose. Néu nhém carbonyl 1a ceton thi monosaccaid
thudc loai cetose (ceton alcol), vi du: fructose.

— Theo s6 lugng carbon: monosaccarid-nhé nhét ¢6 3 nguyén ti carbon la
trlose tuong tng véi 4, 5, 6, 7... nguyen tl carbon 1a tetrose, pentose, hexose,
heptose, ... Ciing ¢6 thé thém ti&p dau ngu aldo hoic ceto biéu thi héa chdc
aldehyd hoac ceton va con cé. tén riéng, vi du: aldohexose (glucose),
cetopentose (ribulose).

- = Theo quy ude Flscher ‘céc monosaccarid thudc ddy D c¢6 nhém —OH cua

carbon bat doi (C*) cudi cung (C & cach xa ‘nhém carbonyl nhat) 4 bén phai
gidng nhu phan ti D-glyceraldehyd, ddy L c6 nhém — OH & bén trai. Cac
monosaccarid thudc day L c6 tinh chét sinh hoc kém déi dao hon monosaccarid
déy D. Cac monosaccarid chi khac nhau béi cdu hinh héa hoc cia mdt nguyén
tu carbon dugc thiia nhan 14 mét déng phén epimer. Thi du D-glucose va D-
mannose la hai dong phén eplmer véi sy khac biét 6 C2; D- glucose va D-
galactose 13 hai déng phan epimer véi su khac nhau 6 C4. D-mannose va D-
galactose khéng phai 12 déng phan epimer ctia nhau vi ¢6 su khéac biét '3 hai
nguyén ti carbon (hinh 1.1)

CHO
HCOH Aldotriose
CHZ0H
D-Glyceraldehyd .
CHO CHO
HCOH HOCH
Aldotetrose
HCOH HCOH
GH,OH CH,0H
/ Erythrose \ . C /;,Threose\
CHO CHO - gHo GHO
HCOH HOCI:H HCOH HOGH .
HCOH , HCOH HOCH HOGH Aldopentose
HCOH " ' " HCOH HCOH © HCOH -
CH,OH CHOH CHZOH " CHZH
D-Ribose (Rib) - . -~.  D-Arabinose (Ara) D-Xylose (Xy!) D-Lyxose (Lyx)
CHO CHO CHO CHO CHO CHO CHO .- CHO
HCHO  HOCH HCOH  HOCH HCOH  HOCH HCOH  HOCH
" HCOH  HCOH  HoCH HOCH  HCOH HCOH HOCH  HOCH
HGOH  HCOH  HCOH  HCOH HOCH  HOCH HOCH  HOCH Aldohexose -
HCOH  HCOH  HCOH ~ HCOH HCOM  HCOH  HCOH  HCOH

CHOH  CHOH  CHOH . CHOH  CHOH  CHOH CHOH  CHOH -
D-Allose  p.Altrose  D-Glucose  D-Mannose nGulose D-Idose D-Galactose D-Talose
(Gle) (Man) =~ - (Gal) .

Hmh 1. 1 Su lien quan héa hoc lap the cla cac D- aIdose co 3-6 nguyen tar carbon
(aldotrlose aldohexose) strtao thanh timg cap véi surkhic biét cha C2
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Su lién quan héa hoc lap thé ciia cac D — cetose trinh bay & hinh 1.2.

Do vi tri ctia nhém carbonyl khac nhau trong aldose va cetose lam cho s6
C* khac nhau. Cac aldose c6 s6 C* 1a n-2 s& c6 2 ™2 dong phan quang hoc. Cac
cetose c6 s6 C* 14 n-3, s& c6 2™* dong phan quang hoc.

1.2. Cau tao vong cua monosaccarld

Phan lmg cha nhom alcol véi
nhém aldehyd hoidc ceton tao thanh
hemiacetal hoic hemicetal Phén ﬁng
monosaccarld tao “thanh vong
hemiacetal hoic hemicetal (hinh 1.3).
Su hinh thanh dang vong cua
monosaccarid lam cho C ctia nhém
carbonyl tré thanh C*. Két qua la tao
thanh dang a va dang B. Hai dong

phin cua D-glucose 1a mot cip .

diastereoisomer, chiing khac nhau vé
tinh chat vat 1y va héa hoc. Vi du géc
quay quang hoc d#c hiéu [a] ?°, ctia
a-D-glucose 1a +112,2°, cta PB-D-
glucose 12 +18,7° (d4du + chi kha nang
laAm quay mit phing anh sang phan
cuc sang phai, ddu —:1a ngugc lai).

* Khi hoa tan mét trong hai dang tinh =~
khiét trén trong nudc cit, géc quay -

quang hoc dic hiéu thay ddi dan va &

gia tri on dinh [o]?%, 12 +52,7° ; tai d6 -

mét cAn bing déng duge thiét lap vii
a-D- glucose la 36,4% va B-D-glucose
la 63,6% chi khoang 0,1% la dang
th%ng .

- Hexose va pentose c6 thé déng
vong thanh dang pyranose va
furanose. Glucose duy nhit chuyén

thanh dang pyranose trong dung.

dich. Fructose c6 67% 6 dang
pyranose va 33% & dang furanose.
Ribose c¢6 75% dang pyranose va 25%
d dang furanose.

| CHOH
 CHOH
Dihydroxyaceton
G
o
HCOH
CHZOH
B /D-Erythrulo:‘se\
CH0H . ' CHOH
Y
HCOH . HOCH
HCOH ~ HCOH
L CHOH . CHpH
- ?buiose ‘ ‘I\D‘—Xylulose
N
.CHOH - . .CHOH CHOH =~ CHLOH °
. ycl:-,——o _ <c|:=o k(I:-—o _c|:=o
HéOH HOCH H(I30H HOCH
HCOH HCOH HOCH ) HOCH
HCOH HCOH | HCOH HCOH
CHOH  CHOH  CHOH  CHOH
D-Psicose D-Fructose ‘D-Sorbose D-Tagatose

- Hinh 1.2. Su Iién' qua‘n héa hoc lap thé cla

cac D-cetose ¢6 3 - 6 nguyén tir carbon
(cetotriose - cetohexose), su tao thanh
ting cap véi su khac biét cGa C3
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I oy
Jr 8 CH,0H
H—c—oH ] oH
N | o—oH
HO c|: H = “c'H i
H—'C—OH | ?HT é
5| HO 3C—C/1%
H—C—OH [ 7 o i o
ol H OH ,
CHOH _ ‘
D-Glucose ' &-D-Glucopyranose
(b)  ‘cHH
c=o0
HO—C—H
H—C—OH
H—C—OH
6
CH,OH
- D-Fructose - : a-D-Fructofurano

Hinh 1.3. Phan (ng cla (a) D -glucose dang thé’ing thanh dang vong hemiacetal
a-D-qucopyranose va (b) D-fructose dang thdng thanh dang vong hemicetal
oo D-fructofuranose :

1.3. Tinh chat va cac dén xuit cua mon'osaccarid

Cac monosaccarid dé tan trong nudc, it tan trong alcol va khong tan
trong ete thuong cé vi ngot. :

1.3.1. Tmh khw (bi oxy hoa)

- Tao thanh dén xuét la cde aczd aldomc cac monosaccarld ¢6 tinh khit do c6
cac hoa chic aldehyd hoac ceton. Kh1 tac dung véi cAc mudi kim loai ning (mudi
Cu, Hg, Bi) monosaccarid sé kht ion kim loai, giai phéng kim loai tu do hosc
mudi kim loai ¢6 héa tri thap hon; con ban than cac monosaccamd sé bi oxy hoa
thanh acid aldomc nhu glucose thanh gluconlc 2 :

Vi du:

— Bismut nitrat k1em trong thuoc thi Nylander b1 monosaccarld khu
thanh bismut kim loai mau den.

— Hydroxyd déngllI (Cu (OH),) bi khii tao thanh két tha oxyd dong I (Cu,0)
. mau d6 gach.
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— Tao thanh dén xudt la cdc acid uronic: su oxy hoéa dic biét cia nhém
alcol bac 1 cua cac aldose tao thanh cac acid uromc nhu D- glucuromc acid,
D-galacturonic acid, D- mannuromc acid.

1.3.2. Tao glycoszd

Nhém -OH ban acetal trong phin tit monosaccarid c¢6 kha nang tao
thanh hop chit véi alcol bing lién két glycosid, hc}p chat dugc ‘goi la cac
glycosid. Nhém -OH ban acetal lién két véi -OH alcol clia monosaccarid khac
12 cac trudng hgp tao thanh oligo- va polysaccarid.

1.3.3. Su chuyén dang ldan nhau cia monosaccarid

Glucose, fructose va mahnolse, L(_:()'t‘hé chuyén dang 1in nhau trong m6i -
trudng kiém y&u nhu Ba(OH), hoic Ca(OH); qua dang trung gian enediol

1.3.4. Dén xudt este

Nhém -OH alcol trong phan t{t monosaccarid phan dng véi cac acid tao
thanh cic este tudng tng. Mot s6 din xudt este quan trong trong co thé sinh
vat nhu: Phospho glyceraldehyd phosphodlhydroxyaceton ribose-5-phosphat,
D-xylulose-5-phosphat, glucose-1-phosphat, glucose-6- phosphat [3 D fructose-
6-phosphat, D-sedoheptulose-7-phosphat. )

2. OLIGOSAC CARID

Ohgosaccarld thuong gap nhat trong tu nh1en la cac dlsaccarld

2 1 Saccarose (Sucrose)

Saccarose 14 [O-a-D- glucopyranosyl (1—)2) B D fructofuranos1d] Ky h1eu
(1> 2) chi ra ring lién két glucosid C1 ctia glucose véi C2 cua fructose, vi vay
saccarose khong con tinh khii. Saccarose tan trong nudc, c6 géc quay déc hiéu
+66,5°. Khi thuy phan tao thanh D-glucose cé goc quay +52,7° va fructose c6
gbéc quay —92,4° nén hdn hop nay lam quay mit phing anh sing phéan cyc sang
trai, gy hién tuong “dao cuc”. Enzym thuy phin la saccarase. Saccarose cb
nhiéu trong mia va ct cai duong. .

2.2. Lactose

Lactose 1a [O- [3 D- galactopyranosyl -(1-4)-D- glucopyranose] lactose con
mdt héa chic khii cia phan tl glucose nén lactose cé tinh khti, géc quay déc
hiéu 14 +55,5° Lactose cé trong stia ngudi va dong vat nén con dudc goi 1a -
duong siia. ‘ :

2.3. Maltose

Maltose la [O o- D-glucopyranosyl (1—> 4)- glucopyranose] c6 tinh khu
maltose ¢6 trong mAm lia, keo mach nha, 14 san phim thuy phéan ctia tinh bot.
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2 ﬂH H 5
3 % CHOH ), S
b y
'H  OH - O'H.,.‘_“ . H OH . “H . OH
: Glucose .. Fructose o Galactose Glucose
Sucrose o N S : Lactosel :

H OH H OH
Glucose Glucose .
Maltose

- Hinh 1.4. Cong thitc cla sépcafbsé, lactose va maltose

3. POLYSACCARID
3.1. Tinh bot |

" Tinh bot 12 thitc an du tri céia dong vat. Tinh bot c6 trong bao tudng ctia
t& bao thuc vat, 1a nhitng hat nhé khéng tan gém a-amylose va amylopectin.
a-amylose chiém ti 12 — 25% tinh bdt, tan trong nuéc, 12 chudi polyme cua
hang ngan gdc glucose lién két véi nhau bing lién két a-(1—»>4)glucosid. Chubi
‘polyme duge vong xo04n lap lai'déu dan theo dang quay trai (left-handed helix).

Amylopectin

*Hinh 1.5. Lién két a-(1-> 4) va lién két (1 6) glucosid trong phan tif amylopectin
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Hmh 1 6 Amylose (Hlnh clia Irvmg Gels) coll Hmh1 7. Amylopectln o

Amylopectm ch1em tut 75 - 85% trong tmh bot gom khoang 106 goc
glucose,, khéng tan trong nuéc, c6 cdu, tric nhu bui cdy, 1a phan tl c6 mach
nhanh, lién két ch y&u 1a - (1->4) glucosid, va tai mach nhanh 1a lién két
(1-»6) glucosid. M3i nhanh gém tit 24 — 30 gdc glucose. Céc loai tinh bdt tir
ngudn géc khac nhau c6 ty 16 amylose va amylopectin khac nhau.

3.2, Glycogen (tmh bot dong vat)

- Glycogen 1a- polysaccarld gbm 2. 400 d 24 OO_Q goc glucose duoc tong
hgp. 6 ddng vat, c6' mit trong moi t&€ bao nhung,nhwu nh4t & t&€ bao gan, téi
10% theo trong lugng va ceé xuong t6i 0,9%, glycogen & trong cac hat trong bao
tuong. Cdu tric bac 1 cua glycogen gidng nhu amylopectin nhung nhiéu nhanh
hon va mach nhanh ngén hon, chi tit 8 -12 géc glucose. S

3.3. Cellulose

~ Cellulose 1a thanh phan chinh cia mé nang d3 thuc vat, 1a chubi polyme
cua khoang 15.000 géc B-D-glucose, lién két bing lién két B (1->4) glucosid,
dugc coi 12 dong phén cha amylose. Cellulose khéng tan trong nuéc, bi thuy
phén trong méi trudng acid sulfuric néng, khéng c6 gia tri dinh dudng d6i véi
nguoi va véi da s§ dong vat. G déng vat an cd, cac vi sinh vat trong éng tiéu
héa sdn sinh ra cic enzym cellulase thuy phan cellulose thanh cac B D- glucose
nén tiéu héa dude cellulose. : :

3.4. Chitin

Chitin 1a thanh phan quan trong clia cAc ddng vat khéng xuong séng nhu
loai giap x4c, sAu bo va nhén, né ciing c6 trong cac t& bao vach cta cac loai
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n&m va tdo. Chitin 13 homopolyme ctia N-acetyl-D-glucosamin, lién két véi
nhau bdi lién két B (1->4) glucosid. V& cdu tao héa hoc chltln khac le cellulose
a6 cac C2 nhom —OH duac thay thé bang gbéc acetamld

3.5. Glycosammglycan (Mucopolysaccarld)

Mucopolysaccarld la chu01 polyme khong cod mach nhanh cua acid
uronic va hexosamin xen ké nhau. Dung dich ‘mucopolysaccarid c6 dd quanh
cao va c6 tinh dan héi, vivay c6 tac dung bao vé chdng lai cac tac nhan co hoc

“hay héa hoc. Chiing tham gia cdu tao cac md néng da (xudng, sun) va cb
trong cac dich nhay c6 tac dung lam tron céc thanh ong (thlic quan.. ), bao
boc niém mac da day. :

3.5.1. Acid hyaluronic

' Acid hyaluromc dudc tao thanh tit 250 — 25000 don vi. lap di lap lai cua
disaccarid lién k&t véi nhau bang lién két 14 glucosid, mbi disaccarid bao
gbm gdc acid B-D-glucuronic va N-acetyl p- glucosamin lién k&t véi nhau bang
lién két 13 glucos1d Hyaluronlc ¢6 trong md lién két thuy tinh thé ctia mét,
cudng ron, nang cua mot s6 vi khudn. Enzym hyaluronidase c6 trong mot s6 vi
khuén, tinh dich, noc rin, c6 kha ning thuy phan acid hyaluronic.

3.5.2. Chondroitin sulfat

Chondroitin sulfat gém 2 loai chondroitin-4-sulfat va chondroitin-6-
sulfat, dudc cau tao tit 50-1000 don vi lip lai 1a sulfat disaccarid, mbi don vi
bao gbm gdc acid B- -D-glucuronic va N-acetyl B-glucosamin-4-sulfat hoéc N-
acetyl B-glucosamin:6- sulfat lién k&t v6i nhau bing lién két 13 glucosid.
Chondroitinsulfat ¢6 trong sun, md hen ket mo bao vé (da, gan, van tim,
thanh déng mach...) L : ‘

3.5.3. Heparin

Heparm duge tim thdy & nhitng hat bai ti6t ctia nhiing t& bao & 16p bé
mit cia mach mau, c6 nhiéu & phdi, gan va da. Heparin dudc céu tao bdi cac
don vila a-D- glucuronat-2-sulfat va N-sulfo-D-glucosamin-6:sulfat lién két véi
nhau bing lién két a1—4 glucosid. Heparin ¢6 kha nang dc ché& qua trinh déng
mau, duoc diing de dleu tri nhﬁng trudng hap nghen mach do huyet khéi. '

3. 5 4 Keratan sulfat

Keratan sulfat ciu tao gém cac don vi 1a B-D-galactose va N-acetyl-D-
glucosamin-ﬁ-sulfat. |
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3.6. Glycoprotein

Glycoprotein 12 mucopolysaccarid lién két véi protein bang lién két déng
héa tri hodc lién két khéng déng héa tri. Cic mucopolysaccarid thuong la
keratan sulfat, chondroitin sulfat dugc lién két déng héa tri véi protein. Cé
nhiéu loai protein thudng cé trong lugng phan ti 200 — 300kD tham gia trong
ciu tao glycoprotein. -

CAU HOI ON TAP .
1. -Viét tén héa hoc va cong thitc cdu tao cia a-D-glucose, B-D-fructose.
Trinh bay tinh chat khii cia monosaccarid. ‘ '

Trinh bay sy giébng nhau va khac nhau cia saccarose va lactose.

El I

Trinh bay sy giéng nhau va khac nhau cta tinh bét, glycogen, cellulose.

25




- Chtfdng 2

HOAHOC LIPID

MG DAU

Ciing nhu glucid va protein, lipid 12 thanh phin cd ban cua sinh vat.
Lipid c6 gia tri cao v& mat ning lugng (1g lipid cung cap 9,3Kcal); chiia nhiéu
loai vitamin tan trong lipid (nhu vitamin A, D, E va K) va nhiéu loai acid béo
khéng bao hoa cin thiét ma co thé khéng tu tong hop duge.

V& c&u tao héa hoc, hdu hét cac loai lipid déu c6 acid béo va alcol. Trong
thanh phan cdu tao, lipid khéng c6 hod#c ¢6 rat it cac nhém ua nuéc nhu -OH, -
NH,, -COOH va c6 rit nhidu cac nhém ky nudc; béi vay, lipid khong hoic rat it
tan trong nudc nhung tan nhiéu trong dung méi c6 dé phan cuc thip nhu cac
dung méi htiu co (ether, benzen, chloroform...).

Lipid hinh thanh 16p md duéi da va 16p md bao quanh mdt s6 cd quan, cé
tac dung bao vé cho co thé va cac cd quan. Phiic hgp cua lipid véi protein — goi
12 lipoprotein — 12 thanh phéin c&u tao quan trong ctia t& bao, c6 8 cic mang t€
bao va trong ty thé t& bao. Cac lipoprotein con giil vai trd van chuyén lipid
trong mau tuin hoan.

Trong ngén ngii thong thudng, lipid dude goi 1a chit béo va bao gém dau,
md, sap. O nhiét do thudng, md va sap & thé dic va ddu & thé 16ng. Lipid gbm
nhiéu loai va c6 thé sip x&p theo nhiéu cach, ngudi ta thudng phéan loai lipid
nhu sau: lipid thuan va lipid tap.

1. THANH PHAN CAU TAO CUA LIPID

Lipid 1a nhiing e€ste ho#c amid cua acid béo véi alcol hodc aminoalcol.

1.1. Acid béo

Acid béo 1a nhiing acid carboxylic véi chudi hydrocarbon chia tit 4 dén 36
carbon. Mot s6 acid béo c6 chudi-hydrocarbon-bao-hoa (khéng chia lién két
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.déi) va k‘hﬁnfg” c6 nhanh; mét s6 acid béo ¢6 chudi hydrocarbon khéng bédo hoa
(chita mét hay nhiéu lién ket d01), hoac ¢6 nhanh, hoac vong, ho#ic chtta nhém
chic hydroxyl.- : o » - o :

Theo quy udc qudc té, acid béo dude goi tén theo tén ctia chudi hydrocarbon
¢6 cung s6 lugng nguyén tl carbon va thém dudi —oic, vi du: chudi hydrocarbon
c6 8 nguyén ti carbon c6 tén 1a octan thi acid béo tudng ting dugc g01 la acid .
octanoic (ac1d capryhc), chubi hydrocarbon c6 18 nguyén tu carbon va mét lién
k&t dbi c6 tén 1 octadecen thi acid béo tuong tng dudc goi 1a acid octadecenmc
(a01d olelc) Nguyén tl carbon cia nhém carboxyl dugc ding 1am méc va mang
s8 1, nguyén tli carbon s& 2 dudc goi 1a carbon o, nguyén ti carbon s6 3 dude
goi 1a'carbon B,... vi nguyén ti& carbon ctia nhém metyl tan cing duge goi la
carbon . Ngoai ra, ngudi ta con diung cac ky hiéu dé chi s6 lugng va vi tri ctia
lién két doi trong phan ti acid béo: acid oleic ¢6 18 carbon, 1-1ién két déi giiia
carbon s& 9 va s6 10, c6 thé ky h1eu la 18:1; 9 hay 18:1- (A%; ac1d hnolelc c6 18
carbon, 2 lién ké&t déi glua carbon s8 9 - s8 10 va gifia carbon s6 12 - s6 13, ky
hiéu 12 18:2; 9,12 hay 18:2 (A9 12), amd palmltlc co 16 carbon va khong c6 hgn
k&t doi, ky h1eu 1la16:0.

1.1.1. Acid béo bédo hoa

Béng 2.1. Mét s6 acid béo bao hoa thuang gép

Tén acid Céng thiic Tén hg théng . | D néng chay (°C) ﬂﬁgn":,:‘ign
Lauric CH,(CH,),,COOH | Acid n-dodecanoic +442 | Daudua -
”Mynstlc CH,3(CH,),,COOH | Acid n-tetradecanoic _ +53,9

Palmitic | CHy(CH,),,COOH | Acid n-hexadecanoic | ~ +63,1 M3 déng vat va
Stearic CH4(CH,),sCOOH | Acid n-octadecanoic + 69,6 dauthycvat -
Arachidic | CH4(CH,),,COOH" | -Acid n-eicosanoic . +76,56 .. ['Dau ldac, sap dong
Ligrioceric | CH;(CH,),,COOH | Acid tetracosanoic T vse0 | Vatvathuevat

1.1.2. Acid béo khéng béo hoa

La nhiing acid béo chudi thdng (ddi khi cé nhanh), thudng & dang déng
phén cis, duge chia thanh nhiéu loai tuy theo miic d6 khéng bdo hoa.

- Bang 2.2. Mét s6 acid béo khéng bao hoa thudng gap

Tén acid - Khung carbon : *  Congthirccidutao . Diém néng chay
Acid palmitoleic 16:1(A% | CHy(CH,);CH=CH(CH,),COOH .05
Acid oleic 18:1(A% |CHy(CH,),CH=CH(CH,),COOH 134
Acid linoleic 1812 (A%2) | CHy(CH,),CH=CHCH,CH=CH(CH,);COOH , -5
Acid linolenic 18: 3 (A%'2%) | CH,CH,CH=CHCH,CHZCHCH,CH=CH(CH,),COOH -1
Acid arachidonic | 20: 4(A% ) CH{CH,),CH=CHCH,CH=CHCH,CH=GHCH,CH=CH(CH,),COOH -495
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— Acid béo cé6 mét lién két d6i (monounsaturated fatty acid): cong thuc téng
quat 1a C,H,,,COOH. Acid oleic 1a acid béo khong béo hoa rit phd bién; cé
trong tit ca ddu va md dong vat, thyc vat: mé du trit ctia bod va lgn (40%), diu
olive (80%). . | , o o

— Acid béo c6 nhiéu lién két doi (polyunsaturated fatty acid): - -

4 Loai c6 hai lidn két di: cong thic tong quat la C,H,, ;COOH; vi du
nhu acid linoleic c6 trong nhiéu loai hat c6 dau nhu hat ngi cdc, hat lac, hat
bong va hat dau nanh. : ' o

+ Loaic6 ba lién két d6i: céng thic téng quat l-éi CnHén_sCOOH; vi du nhu
acid linolenic thudng c6 mit ciing véi acid linoleic nhung déc biét c6 trong dau
nanh. : ‘ :

+ Loai c6 bdn lién két déi: cong thic téng quét 1a- C,H,,,COOH; vi du
‘nhu acid arachidonic, thdy cht yéu trong ddulac. -

MQt s0 acid béo kh()rig béo hod rit cAn thiét _t;:ho\ cd thé nhung co thé
khéng thé tu téng hop dugc, phai dua tif ngoai vao, vi du: acid linoleic, acid
linolenic,... -

1.1.3. Acid béo mang chic alcol

~ Acid cerebronic c6 trong lipid tap caa néo
- CH,(CHp),,CH COOH
- OH
e } Hinh 21AC|d cefébronic
1.1.4. Acid béo c6 vong | S |
Acid prostanoic 1a acid c6 vong 5 canh véi 20 carbon va mang 2 chudi
thing. Acid prostanoic.cé din xuit la prostaglandin, mét nhém hop chit cé

tAm quan trong v& mat dugc 1y va héa sinh. Trong cd thé, prostaglandin dugc
téng hdp tit acid arachidonic, vi du: prostaglandin E, (PGE,).

8 A -0
: <)i\/\/\//\:/\/CH3
» 12
" Acid prostanoic ~ " Prostaglandin E,

' Hinh-2.2. Acid-béo vong—
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' 1.1.5. Péng phén ciia acid béo khéng béo hoa

Cac acid béo khong bao hoa ton’ 18 CH, 18 CH,
tai dudi nhiéu dang dong phan la do
vi tri caa cac lién két d6i trong chudi
carbon cua acid béo tao ra. Péng phan
hinh hoc cuaa acid béo khéng bio hoa
la do phuong huéng cta cac géc &
xung quanh truc cua lién két déi
quyét dinh, néu nhiing géc dang dude
xem xét 3 vé cung mdt phia cua lién
ké&t déi thi acid béo duge goi 13 dang
“cis”, néu nhiing gbc d6 & nhitng -
huéng trai nguge nhau thi acid béo -
dugc goi 1a dang trans” Nhiing acid
béo khong bio hoa chu01 dai thuong . et o N
g4p trong ty nhién hiu nhu déu thuge- 1COOH  ~  ~ 1COOH
dang cis va phan ti bi uén cong & vi , ‘(a) o (b)
tri 11en két déi.

- Hmh 2.3. Déng phan hinh hoc cua aCld
1.2, Alcol cua hpld SR : oleic va acid elaidic™ '

Alcol trong phén t& lipid gém (a): acid oleic (cis) (b): acid elaidic (trans)

glycerol, alcol bic cao, aminoalcol,

sterol. Trong cac chit béo con gip nhiing alcol khong no, mét s6 alcol nay la
nhiing chat mau quan trong, vi du phytol la mot cau tu cua chlorophyl va
lycophyl ”

1 .2.1 . Glycerol

La mét trialcol (c6 3 nhém chiic alcol), ‘tham gia trong thanh phin caa
glycerid va phosphatld Vi tri cic nguyén ti carbon trong phén ti.glycerol
dugc ghi bang chit s 1 2, 3 hoac ky hiéu a, B, a

Hinh 2.4. Cach danh s& carbon trong phan tir glycerol HC,-OH B
2 | _
H,C°-OH - «o

1.2.2. Alcol béc cao

Tham gia trong thanh phan cac chit sap, vi du: alcol cetyhc C16H360H ‘alcol
n- hexacosanol CH3(CH2)24CH20H alcol n-octacosanol CH3(CH2)2GCH20H

1.2.3. Ammoalcol

Tham gia trong thanh phin cta cerebrosid va mot s6 phosphatld Céc
aminoalcol thudng gip 1a sphmgosm cholin (ethanolamln trlmethylamm),
ethanolamin (cholamin), serin, cerebrin (¢é trong n&m men, hat ngo)
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—(CH,),,— CH=CH '—.|CH_ - (|JH _CH,0H . Sphingosin

OH NH, Clr e
- CH,- CH,OH ' FEthanolamin
CH, /N“— CH, - CH,0H ' ~ Cholin
CH, - | | i

Hinh 2.5. Mt s& aminoalcol trong lipid o
1.2.4. Sterol . }
Ch4t tiéu bidu cho céc sterol & md déng'vét 12 cholesterol. . ..

Cholesterol ¢c6 nhém chic alcol 6 Cs, lién két doi 6 C5 CG, mach nhanh 1a
nhém methyl 6 C10 va C,3, mach nhanh gém 8 carbon & C,;. Cholesterol cé
trong hau hét t& bao cta co thé; dic biét trong md than kinh, mat va séi mat,
thé vang clia budng tring. Cholesterol 1a thanh phan cua chat béo dong vat
nhung khong c6 trong chit béo thuc vat.

»Trong, ty nhién, nguci ta .con gdp cac loa1 sterol | khéc nhu 7-
dehydrocholesterol, ergosterol, coprosterol,... S =

C?I'ga 21
iy
el I 207122
o M T
3 . I
19 14 16
L 15 0 123
2 10 8" (gg
3 s 7) S
HO % 4. b 27 26

o ‘ Hinh 2.6. Cholesterol
2. LIPID THUAN

Lipid thuan 1a nhiing este clia acid béo véi cac alcol khac nhau, bao gém
glycerid, cerid va sterid.

2.1. Glycerid (ac&lglycerol)

Glycerid cé trong hau hét t8 chiic cia sinh vat, nhung c6 nhiéu nhit 6 mé
ma (90%) Glycerid c6 nguén gdc dong vat va thuc vat khac nhau thuong khac
nhau vé thanh phan a01d béo.

Glycerld 1a este cua glycerol va acid beo 14 chat béo trung tinh. Tuy theo
mot, hai hay ba nhém chiic alcol ciia glycerol dugc este héa bdi acid béo ma tao
nén mono-, di- hay tri-glycerid. Cac acid béo trong phén tu glycerid cé thé
glong nhau hodc khac nhau (glycerld thuan nhat ho#c glycerid hon hgp). Cac
triglycerid cé chita cung mbt loai acid béo trong phan ti chiém ty 18 rat nho.
Tuy theo thanh phan ctia acid béo ma glycerid cé tén goi khac nhau, vi du:
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tristearin 13 triglycerid ¢6 3 gdc acid béo 1a acid stearic; 1.2-distearopalmitin
la triglycerid c6 2 géc acid stearic 6 C, va C, va 1 gbc acid palmitic.

Hr=0—G—Ry CHo— o—ﬁ—R1 < CHz—O—ﬁ_R1
H—o—?——H"_ o Rz--ﬁ— _f H © —ﬁ—- -—? H O
CCHOH . CHOH - ‘ CHz—o—cf—— Ry
Monogly_cerid Diglycerid o Triglycerid_
{monoacyiglycerol) ' (diacylglycerol) . (triacylglycerol)

Hinh 2.7. CAli tao héa hoc ciia glycerid
Trong tu nhién, diglycerid va monoglycerid chiém ty 1& rat nho. Triglycerid
chita g6c acid béo & C, va C; khong giéng nhau c6 thé ¢6 2 dang déng phan I va
II, phén 16n triglycerid thién nhién & dang déng phan II.

CH—0—C—R; CHz— O—ﬁ—R1
' o I o
H-C—0— ﬁ Ry . R2—<|:|—o—c—-H
E .CHQ"‘"O—ﬁ—Ra CHsy —O—ﬁ R3.
T S O
Dangl : Dangll

o Hlnh 2.8. Hal dang dong phan clia trlglycerld
2.2, Cerid ¥

Cerid la este cua acid béo chudi dai véi alcol c6 trc_mg hIQng phan ti cao
(30-40 carbon). Cerid con goi la sap, c6 trong déng vat (sap- ong, md ca nha
tang, .) va thuc vat (16p mong bao phu 14, than va qua). V4 ctia mot s6 vi
khudn ciing chtia sap (vi khuin Kock). Chiic phan sinh hoc ctia cerid khac
nhau tuy loai nhung néi chung cerid giil vai tro bao vé cac t6 chiic ciia dong
vat va thuc vat. C6 16p sap nén vi khudn khong bi tac dung béi acid va alcol.
Déng vat cao cip va ngudi khéng chuyén héa dude cerid.

2.3. Sterid

Sterid 1a este ctia acid béo véi alcol vong sterol (tiéu bidu 1a cholesterol).
Mot s6 sterid 1a oleatcholesterol, palmitatcholesterol, stearatcholesterol.
3. LIPID TAP

Lipid tap bao gém acid béo, alcol va nhiing nhém héa hoc khac. Lipid tap chia
thanh hai nhém tuy thudc vao thanh-phén alcol clia chiing: glycerophospholipid ¢6
alcol 1a glycerol va gphingalipid c¢6 alcol 12 sphingosin.
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3,1.,Glyicerophosp}holipid (glycerophosphatid hay diacylph_osphat_id) .

Acid-béo bao hoa
(vi du: a.palmitic)

o) L
ZCH—o"—g\/\/\/\/—_—\/\/\/\/ Acid béo khong bao hoa
|' . (vi du: a.oleic)
3 ‘ v
CH,—O0—P—0—X
S T ‘ e
—— P&u dugc cac nhom thay thé

Hinh 2.9. C4u tao clia acid phosphatidic (X = H).

Bang 2.3. Cac loai ‘glycérophospholipid -

Tén cla nhém thay thé

Tén cha pién tich
glycerophospholipid (pH=7)

—H : ' Acid phosphatidic
Cholin - CH, - CH, ~ N*=(CH;), Phosphatidylcholin
Ethanolamin — CH, - CH, — NH, Phosphatidylethanolamin
Serin —CH, - ICH - NH, Phosphatidylserin

Inositol ‘
Phosphatidylinositol

‘Glycerol -'CH,— CH - CH,—OH R ’

o - | ' ‘ Phosphatidylglycerol

..OH ; L ‘
. —?Hz

Phosphatidyl CHOH

lycerol |
~glycer CHz-0-P=0-CH, Cardiolipin

oo ‘
CH—0—-C—R,
0
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Glycerophospholipid 14 din xuét cua acid phosphatidic; bao goém acid
phosphatidic, phosphatidylglycerol, phosphatidylcholin (lecithin),
phosphatldylethanolamm (cephahn) phosphat1dy11nos1tol phosphatidylserin,
plasmalogen. '

3.1.1. Acid phosphatidic

Acid phosphatidic 14 chit trung gian trong qua trmh téng hdp triglycerid
va glycerophosphohpld nhung c6 rat it trong cAc mé; thanh phan gom: glycerol, 2
gbc acid béo va 1 goc acid phosphoric. Chung la nhiing diacylglycerid trong do
chiic alcol 6 vi tri C, cua glycerol dudc este héa boi acid phosphoric. Acid béo gin
¢ C, thuong la acid béo bao hoa va gan ] 02 thuong la acid béo khong bao hoa.

3.1.2. Phosphatzdylcholzn (Leczthm)

Lecithin 134 dan: xuét ctia acid phosphatldlc ma -X 14 chohn (Bang 2.3).
Lecithin dudc chiét xuat tit long do tring (nam 1843). Chat nay c6 phd bién trong
cAc t& bao clia co thé dong vat, dic biét trong t& bao gan, néo, long dé tring.

3.1.3. Phosphatidylethanolamin (Cephalin)

Cephalin khéc lecithin @ vi tri —X 14 ethanolamin. Cling nhu lec1th1n
cephalln ¢6 dang o va dang [3 tuy theo phlic hgp acid phosphorlc ethanolamin’
dugc gin vao carbon o hay carbon B cua glycerol. :Cephalin dugc chiét xuat
diu tién ti nio.

3 1 4 Phosphatzdylserm

Thanh phin cau tao cua phosphatldylserm c6 acid amin 13 serin, acid
béo thudng la acid stearic va acid oleic. Phosphatldylserm chiém 5%
glycerophosphohpld ctia ndo. Trong tu nhién, ngudi ta con tim thay nhiing
phospholipid chita acid amin la threonin.

3.1.5. Phosphatidylinositol

Phosphat1dyhnos1tol c6 trong to chiic dong vat (nao) va thuc vat (dau
tuong, lac, mam lda mi,..). Phén ti phosphat1dyl c6 6 goc — OH (Bang 3) do d6
né mang tinh wa nudc.
3.1.6. Diphosphatidylglycerol ( Cardwhpm)

Chit nay la phosphohpld co trong ty thé (mltochondrla) dac trung cua
mang trong ty the
3.1.7. Plasmalogen

Plasmalogen chi€m khoang 10% phospholipid caa néo va cd. Trong'phén
tu plasmalogen vi tri C, () khong phai Ia lién két este ma 1a lién két ete giiia
nhém —OH cua glycerol véi-mdt.gde rugu khong bao hoa.
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3.2. Sphingolipid ' - o

O H.H e .
S F"'é}/\/\/\/\/\/\/\
| CH;—0—C=C¢1

o AANANANNS
CH—O—C ) S

| I
: (|3H2 o
0.

|

» o=||=—O—CH2rcH2—,N*(CH3)3

@+ .. .. :.:Cholin.
Hinh 2.10. Plasmalogen
Sphingpsin ‘ S
HO—CH—CH=CH—(CHg;—CHj

R

 CH—N—C

H
CH—0—X

Hinh 2.10. C4u tao chung clia sphingolipid

Bang 2.4. Céc loai sphingolipid’

- Acid béo: -

\ Tén clia X Céiu tqo cla X Tén clia sphingolipid
| _ H E Creamid
o , :
. Priosphocholin. - P -O~CH, CH,-N'(CH), Sphingomyeiin
(o]
Glucose Glucosyicerebrosid -
| Glycolipid
Trung tinh
Di-, - i hodc Lactosylceramid !
1| tefrasaccard . ’
Oligosaccarid
Gangliosid




Cac sphingolipid 12 thanh phan cdu tao quan trong cia mang t& bao dong
vat va thuc vat, diac biét 6 md néo va m6 than kinh. Sphingolipid chiia alcol 1a
sphingosin. Sphingosin dugc néi véi acid béo bdi nhém amin, tao thanh
ceramid. Acid béo c6 thé 1a acid lignoceric, acid cerebronic. Ceramld 14 don vi
co ban cta sphingolipid va cé trong cac md déng vat. Nhiing sphingolipid c6
chua acid phosphoric trong thanh phan ciu tao (vi du: sphlngomyelm) dudge
x&p ciing véi cac lipid tap cé chita acid phosphoric khac va goi chung la
phospholipid. Nhiing sphmgohpld c6 chia ose trong phén t (vi du: cerebrosid,
sulfatid, gangliosid) dugc xép thanh loai khac, goi la glycolipid. Cac ose pho
bién trong glycol1p1d la galactose glucose, galactosamin.

Lipid detrr | o Lipid mang
(trung tinh) =« | ‘ T - (cocue)
" Phospholipid | | © Glycolipid
Triacylglycerol Glycerophospholipid Sphingolipid; .
- Acidbéo |'| - = Acidbéo || < |——Acd || ] [ Acd
B R |'béo [:1 . - béo
£ ' =
S - I ] 3
= — | 5 Acid béo -9 -8
S —{Acidbéo | | & 2 £
O — |0 s i 2 Glucose
|| 12 PO | ICho-| | @ [— hodc
Acid béo PO, [ ] Alcol '] tin | |Galactose

- Hinh 2.11. So dé téng quat vé su phan loai cac lipid du trir va lipid mang

3.2. 1 Sphingomyelin

Sphlngomyehn dudc xep vao loa1 phosphohpld dudc chlet xXudt ti ph01
lach, ndo va tit ca t& bao than kinh. Sphingomyelin 1 ceramld ma chic alcol
bac nhit (8 vi tri C,) lién ket v6i phosphochohn

3.2.2. Cerebrosid

Phan ti cerébrosid gém: alcol 14 sphigosin, acid béo cao phan ti va
galactose, nhung khong cé acid phosphoric. Acid béo trong cerebrosid gébm 24
carbon nhu acid lignoceric, acid cerebronic, acid nervonic, acid
hydroxynervonic. Tuy theo.thanh phin.acid béo trong phin ti ma cerebrosid
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c6tén khac nhau, vi du:'kerasin la cerebros1d chtia acid hgnocerlc cerebron la
cerebrOSId chita acid cerebronic,.. R I T SRR RN L

Cerebros1d co chg_ yéu & vn_ao va mo than kinh. o

3 2 3 Sulfatnd » |
, | Sulfatld 1a dan xuat cod sulfat cua cerebros1d nhom sulfat thudng gan vio
vi tri C, ctia galactose.
' 3.2.4. Gangliosid | __ |
. Gangliosid 1a glycosylceramid; trong phén ti c6 sphingosin acid béo cé
22 carbon hodic 24 carbon, acid neuraminic va cac dan xudt cua n6é nhu acid N-

acetylneuraminic (acid sialic), 3 ose (ose phd bién trong gangliosid 1a
_galactose, glucose, galactosamin).

Gangllos1d chiém khoang 6% lipid mang cua té& bao chit xam trong nao
ngudi va c6 s§ lugng it hon trong lach, hong cdu. Gangliosid cé 6 vung dau day
than kinh, tham gia vao qua trinh dan truyén xung dong than kinh.

CAU HOI ON TAP

.1. Hay néu nhlmg dac diém chinh ctia acid béo - mot thanh phan cau tao
chu yé&u cta lipid (dlnh nghia, cong thlIC ciu tao tong quat, phén loai
va dac dlem chinh cta tlmg loai).

2. Hay néu nhiing dic diém chinh cta cac alcol céu tao l1p1d

3. Dinh ngh1a vé hp1d va nhting dac diém chinh vé cac thanh phan cauk
) tao cua 11p1d '

4. Phéan loa1 lipid theo cau tao héa hoc cho vi du tung loa1

5. Thé& nao 1a lipid thuan? Trinh bay c&u tao héa hoc va sy phan b cta
glycerid, cerid va sterid.

6. Thé nao la lipid tap" Phan loai lipid tap va cho vi du ctia tung loal Ve
a so do tong quat vé cac loa1 lipid tap

7. Céu tao héa hoc su phan b§ va vai tro sinh hoc cua cac 10a1
glycerophospholipid phd bién trong cd thé.

8. Cau tao héa hoc cta sphingolipid va dic diém chinh cta mot s8
-sphingolipid phf;_, bién trong co thé nguoi.
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Chuong3

HOA HOC ACID AMIN, PROTEIN VA HEMOGLOBIN

Trong cac t& bao song protem la nhting phan tu huu cd nhong phu nhat
C6 3 moi t& bao va moi phan cla t& bao. Trong mét t& bao cling ¢6 hang ngan loa1
protem chiém vao khoang 50% trong lutdng kho cua t& bao. Proteln 1a cd s ciu
tric cua t& bao,ctita mé va ciing 12 cd 6. vat chat ctia hoat dong song cia moi co
thé séng. Proteln quy dinh tinh déc thu cia t& bao, dic thu ca thé va cling nhu
dic thu vé loai. Phan ti protein c6 the dugc.hinh thanh tia mot hay nhiéu.chubdi
pOlypeptld M3i chubi polypeptld lai gom nhidu acid amin lién két véi nhau bing
cac lién két peptid. Acid amin 13 don vi cdu tao nén peptid:va protein.

LACIDAMIN
1.1. Ciu tao acid amin

Dinh nghia acid amin: acid amin la nhting chat hitu ¢ trong phan tit c6
hai nhém chitc chinh 13 nhém carboxyl va nhom amin, cung géin vd1 carbon

alpha (Co). i S F 00"
G taipH 7 cac acid amin & dang i ion. H3N ~C-H
Coéng thitc tong quat: . _— _ R

Trit prolin, con tit ca cAc acid amin c¢6 cdu tao chung nhu trén va chi
khac nhau & goc R. Thanh phin goc R don gian nhat 14 H, hoéc chi 1a géc
hydrocacbon, hod¢ ¢dn ¢ thém nhiém chitc: -SH; -OH, -NH,, -COOH.
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— Ky hiéu: a cho carbon cé lién ké’t véi 2 nhém chic chinh, tiép theo 1a B...

— Trong tu nhién c6 20 acid amin thucng gap déu c6 déng phan quang hoc
(tru glycm)

COO- COO-

+ |
3HN—?-H H—C—NH,'
R | R
- L-aC|d amln , D-acid amin

Cac acid amin trong td nhién thu‘dng gép d dang dong phan L

1.2, Phan loa1 acid amin

Dua vao cdu tao goc R dé phan 20 acid amin co ban thanh cac nhém. Co
hai cach phan loai: :

Céch 1: 20 acid amin duge phan thanh 5 nhém

- — Nhém 1: cic acid amin c¢6 géc R khéng phéan cuc ky nude, thudc nhéom
nay c6 6 acid amin: Gly (G) Ala (A), Val (V), Leu (L), Ile (I), Pro (P).

— Nhoém 2: cac acid amin c6 géc R 12 nhan thom, thudc nhém nay cé 3 acid
amin: Phe (F), Tyr (Y), Trp (W).

— Nhém 3: cac acid amin cé géc R base, tich dién duong thuéc nhém nay c6
3 acid amin: Lys (K), Arg (R), His (H).

'~ Nhém 4: cac acid amin c6 géc R phéan cuc, khong tich dién, thude nh_om
nay c6 6 amd amin: Ser (S), Thr (T) Cys (C) Met M), Asn (N) Gln (Q)

- Nhom 5: cac acid amin c6 géc R ac1d tich dlen am, thuéc nhém nay cod 2“ .
acid amin: Asp D), Glu (E).

Cach 2: 20 a01d amm dudc ch1a thanh 2 nhém: .
- Acid amin- mach thing va acid amin mach vong. -

Trong nhém acid amin mach théng lai phan thanh duéi nhém tuy thuéc
vao s§ lugng nhém -NH, va ~-COOH ma c6 cac acid amin trung tinh, acid
amin acid va acid amin base. Trong nhém cac acid amin mach vong chia thanh
acid amin nhéin thom va acid amin di vong

. Mét sb acid amin 1t gip: trén thuc t& trong cdu tao protein ngoai 20 acid
amin thuong gip con c6 dan xudt ciia acid amin: hydroxyprohn hydroxylysin
thdy & collagen ctia mé lién két. Trong thanh phan prothrombin ¢6 7v-
carboxyglutamat Ngoai ra trong co thé c6 mot s6 acid amin khéng tham gia
cdu tao protein ma cé vai tro quan trong trong chuyen héa acid amin, protem
ormtm c1truhn e - SRS
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. Bang 3.1. Phan loai -

pl clia 20 acid amln thudng gap

ki hiéu, trong lugng phan tit (TLPT) va.

Tén viét tat

Acid amin | Ténviéttit | TLPT | pl ,Acnd amin TLPT | pl
Nhém 1 e . .|'Nhém 4 N o
Glycin . Gly, G <1 75 | 597 | Serin Ser,S. 105 | 5,68
‘Alanin - | Ala, A .89. | 6,01 | Threonin Thr, T . | 119 | 5,87
Valin val,v | 117 5,97 | Cystein Cys,C S 121 | 5,07
Leucin Leu L : 131 598. Methionin | Met, M 149 | 5,74.
Isoleucin | Tle,i . | 131 | 6,02 | Asparagin |Asn, N 132 | 541
Prolin Pro,P__ | 115 | 648 |Glutamin | Gin,Q 146 | 5,65
Nhém2 = | . | |Nméms | |
Phenylalanin | Phe, F 165 | 548 | Aspartat |Asp,D | 133 | 2,77
Tyrosin Tyr, Y 181 | 5,66 | Glutamat | Glu, E 147. | 3,22
Tryptophan | Trp, W 204 5,89 .

Nhém 3

Lysin Lys, K 146 | 9,74

Arginin- Arg,R .. | 174 | 10,76

Histidin . | His, H 155 | 7,59

Bang 3. 2 Cong thUC clia 20 acnd amin thuong gép

Cac goc R khéng phan cyte, ky nudc
" cbo™ i 00~

HN—C—H H:N— —H  HN—C—H
? : im = /iH\ i

.CH3

00

. goo
o
2

Céc 96c R thom '

00 - 'coo”

:N'-T—-H H;N—?—H

e THZ

I S i CHa
Glycin Alanin Valin N
coo™ ' Too
HJ«—;—,H Ha—-G—H e A
CH, H—?—C“Hg L gHe
' /CH\ e Ha- HC——CHy
CHY CHs - CHs
Leucin Isoleucin Prolin
Céc'géc R phan cyc, khéng.tich dign @
00 . coo” 00~
HN—C—H  Hf—C—H 3N—C—H
GHZOH H—C—0H THZ
CHj
Serin Threonin Cystein
o (foo‘ ?oo'
HN—C—H Hj:l—(l:—H HJ«‘—(I:—H
CH CH2 Ha
Lo L.
U™ ]
L. NN
- g @

OH
Phenylalanin Tyronin Tryptophan
. Cécgchtfchdlén duong . @
. cooT 00~ coo~
Ha&—?—n HN—C—H HN—C—H
CH2 Hz CI2H2
CHy : CHz ‘ c—NQ'
» H <l:I N
- CH2 ? 2 5
i
Chs ? =M,
NH2
Lysin Arginin Histidin
Céc g6c R tich dién am ®
00~ . Go0”
H:N'—?—H H;N—C—H
i T”’
coo™ (IIHz
coo
Aspartat . Glutamat
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1.8. Tinh chit cta acid amin v
Cac acid amin dé tan trong midc khonng tan trong ete, it tan trong alcol.

- Céc acid amm thé hién tinh chét cha nhém a amin, c6 thé phan iing véi HNO2
(Van Slyke). Cung c6 tinh chat cta nhom o carboxyl 12 phan ing tao mudi khi
tac dung véi kiém va phan ung este héa khi tac dung v6i aleol. Pong thoi acid
amin cling cé tinh chat ctia 2 nhém chiic ¢6 thé tao lién két peptld hoac thé

~hién tlnh chédt ludng tinh. ¢ cac pH khac nhau a01d amin thé hién tinh acid:
hoic base hoic ludng tinh. O pH méi trtidng ma amd amin trung hoa vé dién

L hay con goi dang luang tinh, pH niy dugdc goi la pH; (pH dang dién) hay p;

(diém déng dién) cla acid amin. Khi pH méi trudng nhé hon pH,, acid amm-

tich dién duong. Khi pH méi trtidng 16n hon pH;, amd amin tich dién a Am..

+H3N—|CH—COOH | -_“‘HaNe?H—COO' ' H, N—ICH -Co0"
R . R R |
pH < pH; < pH

A Vi vy muén phan tich acid amin c6 thé dua vao mét s6 déc diém cta acid

amin nhu: sy tich dién cta acid amin, kha ning hdp thu anh sang, cac phan
{ing mau, su hoa tan khac nhau trong cac dung méi. Dua vao nhiing tinh chat
nay ngucl ta tién hanh xic dinh diém ding dién bing phudng phap chuén dd.
C6 thé t1en hanh phuong phéap do quang ho#c phudng phap dién di hodc phudng
phap sic ky dé phan tich acid amin. Mot s6 phan Ung mau d#c hiéu:

Béng 3.3. Cac phan ing méu dac hiéu clia cac acid amin

Tén acid amin Tén phan img Thuéc thir Mau
Acid amin " i Ninhydrin : Ninhydrin : Xanh
Arginin - Sakaguchi '| Naphtol, Natrlhypoclorld 150)
Cystein R ' Nitfoprds’iat Natrinitroprosiat/NH,OH pé
Cystein - Tao sulfur chi Chi acetat/NAOH Xam
Histidin : | Pauly Acid diazo sulfanilic/ kiém Po
Tyrosin, Trytophan, Phenylalanin | Xanhtoprotein HNO,, nhiét do soi Vang
TyrTrp Adamkievicz Acid glyosylic/H,SO,36N Pb tim
Tyrosin o Millon HgNO,/HNO, néng bo

1.4. Mgt s6 phwong phap phén tich acid amin
1. 4 1. Phuong phap chuén dé xdc dinh pl cia GCld amin
— Duong cong chuan do cua Gly

T4t ca cac acid amin ¢6 mot nhém o amin va mdt nhém cacboxyl va goc R
khéng ion héa cé dudng cong chuén dd tuong tu glycin nhung khéng dong nhat
vé gia tri pK, va pK,. Cac gia tripK tir 1,8 d8n 2,4 conpK;tit 8,8 dén 11.
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A ! Hinh 3.1. Budng cong chu&n dé cla
7} :' glycin 0,1M tai 25°C
pH | p|=5.97§ = | : pK, + pK2 |
= N :l ;. -l pI : I AT I S ‘- B
H - IR L9
t §
? .
i
‘ y

1,5 2

. COOH <|=,60'. ) ?00 il , o
“H:,ﬁ-—r—c;:H Hgﬁ—ﬂ‘:H HaN-~CH Hzﬁ—Q(I:H COOH coc” gog .. god..,
G o, K SHy Mo I

?Hz 2o ?Hz e oy, Plon SHs ?HzH ,<|3H2H¢__ - ‘?Hz_H ‘ <|:ﬁ;H
] 3 LN C—N. c—N C—N.
COOH COOH CO0 COo0 ~ 0 ~ f )
127 — —— B N P L e
- HOH == 57 <= H ==H
TR PK, = 9,67 - -
: | 10} » pK,=9,17_-
8T S S : 1
6} N B PKg = 60 D
PRy = 4.2 : ]
4pTT T . ; 4 4r : : |
, PR 219 : | ol PK =182 .
0 : i : s . : 1 : i :
10 20 30 O 1.0 20 3.0
(@) (b)

Hinh 3.2, Cac dudng cong chun d6
a. Glutamat b. Histidin

Cac acid amin ¢6 g6c R c6 thé ion héa dudng cong chuin d6 phiic tap hon.
Cé6 3 budc ion héa véi 3 gia tri khac nhau. Buéc 3 1a sy chudn d6 ctia géc R ion
héa nhu Glu, His.idié'm dng dién cua cac acid amin phan anh sy hién dién
clia cac gbc bi ion héa:-pl.cia-Glula-3,22.-Gia trimay 13 trung binh ctia 2 nhém
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carboxyl, nén Glu tich dién -1 va +1 cia nhém amin. Con His c6 pI 1a 7,59.
Gia tri nay 13 trung binh ciia nhém amin va nhén imidazon. '

1.4.2. Khd ndng hdp thu dnh sing cia acid amin

‘Trp, Tyr, Phe hap thu 4nh sing & budc séng 240 dén 280 nm.

Tryptophan

g) .
©
&
3 4
£ ;
5
£ 3
Hinh 3.3. Phd hap thu t& ngoai cla 8
tryptophan, tyrosin va phenylalanin 2 Tyrosin

. henylalanln \

0
230 240 250 260 270 ) 280 290 300 310

Budc song (nm)

So sanh kha nang hap thu 4nh cta céc acid amin nhan thom tai pH 6,0,
céc acid ¢6 cung ndéng d6 10°M, ciing diéu kién. Sy hip thu anh sang cua Trp
nhiéu gip 4 14n Tyr va Phe. Sy hép thu t61 da ctia Trp va Tyr xudt hién & gan
budc séng 280 nm.

1.4.3. Phuong phdp sdc ky

Phuong phap sic ky dé tach acid amin ra kho1 hén hdp hoac dé dinh
ludng acid amin. .

— Séc ky trén gidy, dya vao sy hoa tan khac nhau trong cac dung mdi khac
nhau céc acid amin di chuyén véi toc dd khac nhau.

— Séc ky trao d6i ion:

+ Séc ky cot: c6 thé st dung nhya trao d6i anion (anionid) hodc nhua
trao déi cation (cationid). '

'+ Séc ky 16ng cao ap
2. PEPTID

2.1. Mot s6 khai nlem vé peptld

—~ Dinh nghla pept1d peptid 12 nhitng hgp chit gbm nhung acid amin lién
két véi nhau bing nhiing lién két peptid.

— Tuy theo so lutdng acid amin ma c6 tén g01 nhu: dipeptid gém 2 acid
amin, tripeptid gdm 3 acid amin:. ohgopeptld odm-hang chuc acid amin va
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‘khi ¢6 nhiéu acid amin dudc goi 1a polypeptld Nhiing acid amin trong peptld
goi 1a cac gbc acid amin.. : s i ,

~ Cach danh s8 ca chu5i peptid: s6 1 danh cho géc acid amin con nhém o
amin, géc acid amin néy con goi 1a acid amin N tan. S8 n danh cho acid amin
con nhém o carboxyl gbc acid amin nay con goi a01d amin C tan. ..

2.2, Mot s6 peptld ) hoat tinh sinh hoc

— Trong cd thé cé nh1eu peptid nhé c¢6 nhiing chiic ning sinh 1y, sinh héa
quan trong. Mét s6 viduy ve nhﬂng peptld c6 hoat tinh sinh hoc

Bang 3.4. Mot sd peptid cb hoat tlnh sinh hoc

Tén peptid : - S8 lugng aa . . Chucning
Vasopressin (ADH) | ' 9 | Tai hap thu nu'dc o ong than
Methionin - encephalm 5 Uc ché& cam giac dau
Gastrinnhd ' ' 17 |'Kich thich da day ba| tiét HCI
Glucagon - 20 B Tang glucose mau
‘Brakinin huyét tuong bo : 9 | Peptid gay gian mach.

Chat P - ' S0 Chét dan truyén than kinh.

Trong diéu kién noi bao cac lién két peptid hoan toan 6ri”dinh vi niang
lugng hoat héa cao. Sy tich dién cla peptld phu thudc vao cac goc acid amin va
phu thudc pH nhu cac acid amin nén cé thé chuan do pH ctua moi trtidng ma &
dé peptid khong di chuyén trong dién truong goi la pHi ctia peptid. Cac lién
két peptid c6 thé dugce thuy phén bdi cac enzym peptidase c6 trong moi t& bao
va cac m6. Khi dun sbi véi acid manh (HC1 6M) hoic base manh G 110°C tu
18-36h) pept1d bi thuy phan thanh cac a01d amm _

3. PROTEIN

Protein 1a tén goi cho nhung phan ti ¢ tren 50 acid amin. Ngum ta c6
thé phan loai protein tuy theo cdu tao ho#c theo hinh dang :

3.1. Phan loai protein
3.1.1. Phén logi theo cdu tgo
— Protein thuén (protein don giéh). | .
Protein thudn 1a cic protein khi thuy phan cho céc acid amin thudng
gap, d6 la cac protein nhu albumin, globulin, histon. -
— Protein tap (protein ﬁéh hcjp)L | -

Trong thanh phan ngoai acid amin con c¢6 nhiing chit khéng phai 1a acid
amin. Thanh phan khéng phai la acid amm goi la nhom ngoa1 Nhém ngoai cb
thé 1a glucid, lipid, acid nucleic, kim loai. ‘
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3.1.2. Phan loai theo hinh. dang

— Protein cdu: 12 nhiing protem c6 leh thudc chiéu dai /klch thubc ngang

nho hon 10. Thuéc nhém nay la cac proteln enzym va nhiing protem huyét
thanh. . ‘

- Protem Soi: la nhtmg protem co klch thuac dai / kich thudc ngang l6n
hon 10 nhu keratin cta téc, méng vudt va collagen cua té ch11c hen ket

3.2. Cau tric phan ti protein
3.2.1.-Cdc lién két héa hoe trong phén tit protein
_— Lién két peptid (-CO-NH-) ' .
— Lién két disulfur (-S-S- ) lién két giita hai nhém —SH cua hai cystein loai

di hai hydro. Hai Cys co the trong mot chu01 polypeptld hoac cua hai chu01
polypeptid khac nhau

— Lién két hydro lién ket hydro gitia H cia nhém Imin (- NH ) va O cua
nhém carbonyl (-CO-) tren, cuing chudi hoidc khac chubi polypeptid.

— Lién két ion: 1a lyc hit tinh dién gitia cac nhom -COO cua cac acid amin
‘acid v6i nhém - NH;" clia cac acid amin kiém trong chudi polypeptid.

— Tuong tac ky nudc ctia cac chubi bén: gifia cac géc hydrocarbua: phenyl,
metyl, isobutyl,... Luc tudng tac giia cac chudi bén 1a luc Van der walls.

3.2.2."Qdc bdc ,cd’u tric cua phén ti protein
3.2.2.1. Cdc truc bdac 1

_ Cau tric bac 1 cua protein 1a 6 lugng, thanh phan va trat tu sdp xép cac
dcid amin trong chudi polypeptld cua phan tu protem Cac lién két peptid
quyét dinh cdu tric bac 1. Phuong phap nghlen ciitu cAu trac bac 1'1a phudng
phap héa hoc. Vi du Insulin c6 51 aa gdm 2 chudi: chudi A c¢6 21 acid amin,
chudi B c6 30 acid amin. Gitta cac loai khac nhau & vi tri A8, A9, A10 va B30.
Trong phan ti Insulin c6 nhtmg lién ket dlsulfur la nhlmg lién két bén trong
chudi.

Chudi A

Or 10 -
OO s@eoaoo@mw«

" Hinh 3.4. Trat tif cAc acid amin trong Insulin & nausi
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3.2.2.2. Céu tric béc 2

Cau tric bac 2 caa protein, la sy x04n mot cach déu dan hoéc su. gap nep" _
mét cach c6 chu ki ciia chubi polypeptid trong phan ti protein. Cau tric bac 2
do cac lién ket hydro quyet dinh. Phuong phap nghlen cliu ciu tric bac 2 1a
ph\idng phap nh1eu xa’ tla X : :

Cau trac xoan o proteln ¢6 c&u tric xodn o la a-keratin. C&u truc nay
du00 on dmh nhd lién két. ‘hydro gitta nhém —NH- va nhém —CO- cua cac acid
amin trong cung . mot chu01 polypeptld C4u tric xo0in c6 dic diém 14 ¢t mét
vong xoén 360° thi c6 3,6 goc acid amin,do nhém —NH- cua acid amin thu nhét
lién két véi- nhom —CO- cta ac1d amin thi tu tao ra, xoan co ‘thé theo chleu
phai hoic: xoan tral Nhung xoan pha1 thuang on d1nh hdn xo04n tral :

" Hinh 3.5. CAu tric xo8n o
A. Cac nguyen tar carbon trén sdi xo04n

B Cac nguyen tu N C va carbon carbonyl

C. Vong xo0&n & bén trong va cac. lign két
“hydro thé hlen bang cac dau cham

- C4u tric gép nep [3 protein co c&u tric gip nép P dién’ hinh 13° I3 Keratin
clia téc. Ciu tric g&p nép B dudc én dinh bdi nhlmg lién két hydro gitia hai
chu01 polypeptid. Cac chubi polypeptid trong céu truc P co the la song song
hoac dé1 song véi chubi bén, Nhiéu lién két hydro trong cac chubi tao ra nhiing
nep gip. Trong cdu tric nay cac nhém bén & trén hodc duéi mat phang

~ | @

Hinh 3.6. (a) Hai chudi polypeptid
trong c4u tric gép nép

(b) Cau truc B déi song
(b)
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3.2.2.3. Céu truc bdc 3

Cau tric bac 3 la clu tric khong gian
ba chi€u cta phin ti protein. Trong cau~ .
trac nay c6 sut lién quan gilta cac doan xa
trong cdu trac béc 1, cling nhu sy lién quan
gitia cic nhém bén véi nhau trong khong
gian ba chiéu. Chu01 polypeptid vira xodn
via gip. khuc mdt cach day dac va phuc tap.
Cau tric bac 3 dudc quyet dinh bdi lién két
disulfua, lién. két 1on, tudng tac ky nudc.
Nhiing proteln co cau trac bac 3 dién hinh 13
myosin, trypsin va cac chudi polypeptid ctiia
hemoglobin. Phuong phap nghién ciu cdu
truc bac 3 1a phlidng phap nhidu xa tia X.

Hinh 3.7. C4u trlic bac 3 cta
3.9. 2 3 Cau truc bac 4 ' - chudi polypetid trong Hb.

Cau tric bac 4 cua protein la su sdp xép tuong hé cta' cac chubi
polypeptld trong phén tu protein c6 tit 2 chudi polypeptid trd 18n. Mi chudi
polypeptid nay deu c6 céu tric bac 2, bac 3. Gifia cac chubi trong phén tu
protein ¢6 ciu tric bac 4 duge lién két véi nhau bang nhiing lién két ion va
nhiing tuong tac ky nuéc. Protein c6 ciu tric bac 4 dién hinh nhu hemoglobin
c6 bén chudi polypeptid. Phuong phap nghién ciu cdu tric bac 4 ciing la
phuong phap nhiéu xa tia X.

3. 3 Tinh chat 1y héa cua protein
3. 3 1. Tinh chat ludng tinh va pH dang dién cia protein

= Tlnh chit ctia protein phu thudc vao thanh phan céc acid amin cdu tao
nen ‘protein. Néu tong Lys + tong Arg/tong Glu + téng Asp: ldn hon 1 protein
c6 tinh base, con néu nhé hon 1 protein ¢6 tinh acid. - :

— Su tich dién cua proteln phu thudc vao pH ctua mdi truong. pH moi
truong ma & d6 protein c6 tdng dién tich Am bing téng dién tich duong, goi la
pHi cta proteln va protem khong di chuyén trong dién trudng. Ung dung tinh
chit nay de phan tich protem bang nhung phlidng phéap nhu: dién di, sic ky ai
luc hoac séc ky trao déi ioh. '

3.3.2. Tmh chat hoa tan, ket tua va bzen tinh

— Tinh chat ‘hoa tan: trong midc cac proteln tén ta1 duol dang keo da s6
protem tan trong dung dich mudi lodng. Protein tan dugc nhd cé 16p 4o nude
'va cac tiéu phan protein tich d;e;n cung dau. :

—' Su ké&t tia protein: khi lim mét 16p 4o nuéc va trung hoa dién tich ctia
protein thi protein sé bi két tua.
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— Su bién tinh protein: protein bi bién tinh khi thay déi hoic ddo 16n cau
tric bac 2, bac 3, bac 4. Cac lién két trong phan tu protein bi dut trit lién két
peptid. Tinh chat 1y héa cua protem nhu d6 nhét, d6 hoa tan b1 thay ‘d6i. Hoat
tinh sinh hoc ctia protein glam ‘hodc mat. Nhlmg nguyen nhan gay bién tinh
protein c6 thé 14 nhiét dd cao, ap suat cao, tia ti ngoai hodc cac yéu t6 héa hoc
nhu acid manh, kiém manh va mubi kim loai nang Sau khi loai bd nhlmg
nguyen nhan giy bién tinh ma. protein, khong trd lai trang thai ban dau dugc
goi 12 bién tinh khong thuan ngh1ch Con néu protein trs lai trang thai nhu cii
hodc 6 miic d6 nao dé goi la bién tinh thuan nghlch Vi du nhu enzym
ribonuclease la mét chuo1 polypeptid c¢6 124 géc acid amin. Bén hen két
disulfur c6 thé bi be gay thuan nghich bang B- mecaptoetanol Cé thé hinh
thanh hén hgp v6i cystem cua chu01 ngoal (hinh 3. 8)

RSSR

., . - RSH
\— S-S-R

Protein - .

Protein

‘Protein

~ Protein dang oxi ha Hén hop disulfur Protein dang kha

Hlnh 3 8 Su khu cac lién két disulfur trong protem bang cac thuoc thu cb nhom-SH
’ " nhu B-mecaptoetanol (HO-CHZ-CHz-SH) W a

- Néu st dung du B mecaptoetanol thi hon hdp disulfur bi khit hoan toan va
san pham cudl ciing cua protein b1en d6i thanh sulfur. Mac dau cac cd.ché hoat
dong cua cac chat nay chua dugc hiéu hoan toan nhung ré rang ching lam diitt
cac lién két khong dong héa tri. Khi rlbonuclease Vi B mecaptoetanol trong
dung dich ure 8M chudi polypeptid mat c&u tric xodn va mat hoat tinh enzym
(enzym bi bién tinh). Khi nghlen cdu trén r1bonuclease bi bién tinh bing loai b
ure va B-mecaptoetanol thi cac llen két disulfur cia enzym bién tinh b1 oxy héa
trd lai béi khong khi. C4u triic xodn gip trd lai va hoat tinh xic tac cia | enzym
dudgc phuc hoi (h1nh 3.9). L

ure8Mvag-
mercaptoetanol ’

Ribonuclease nguyén thuy . Ribonuclease bién tinh

Hinh 3.9. Su khif va qua frinh bign tinh thuan nghich ciia ribonuclease
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)
.‘ A.
3 4 Chu?c nang cua protem g!’

: Protem dam nhan nh1eu chuc nang quan trong trong cd the Co the sap
xep thanh 2 nhom protein chiic nang va protein cdu tric.

3. 4 1 Nhu‘ng protem chu’c nang

- Cac protem enzym xuc tac cac phan Ung blen ddi cac co chat thanh san
pham ‘

Lo Cac proteln van chuyen hemoglobm van chuyen oxy trong mau
chuyén hormon ti noi tong hdp den ¢d quan dlch mdt s& protem Van chuyen
thudc va cac chat doc.

— Cac protein bio vé nhu cac khang thé IgA, IgE, IgM, IgG. Interferon la
protein chong lai su nhiém khudn va nhlem v1rus F1br1n c6 +ac dung lam co
cuc mau. K ‘ -

- Ngoa1 ra con c6 protein diéu hoa cac co quan ciing nhu dleu hoa cd thé.
Céac protein co ¢d nhu myosin, actin. Protein diéu hoa sao chép, phién dich nhu
hlston

3. 4 2 Nhu‘ng protein cdu truc

NhUng protem tham g1a ciu tao mo 11en ket hinh thanh khung xudng,
cau tao co thé ngddl nhu collagen elastm

3 5. Mot so phuong phap nghlen ciu protem

Dua vao tlnh cha’c t1ch dlen cua proteln dé tién hanh tach protem kh01
hén hdp, tinh ché protein hoac dlnh lugng protein: - :

Két tua proteln bang nhu’.ng dung dlch mudi trung t1nh co nong do khac
nhau h : ;

- D1en d1 protem tren glay hoac trén polyacrylamld

- Séc ky trao déi ion: sic ky trén nhya trao ddi cation hoac sic ky trén
nhuya trao ddi anlon

Trao d6i i ion trong sic ky cot 1a ky thuat tach va lam sach cac protein dua
vao sy tich dién. Nhiing nhya trao d61 ion la cac chit liéu khong tan nhu:
agarose, polyacrylamld cellulose, va thuy tinh. Cac chit nay tich dlen am
(-CH,COO0, C3HGSO ) ho#c tich dién duong (dletylammo) lién ket dong héa
tri v6i nhua khéng tan. Cac nhuya.tich dién 4m két hdp chat ché le cac cation
va goi la cac nhya trao déi cation (cation - exchange resms) Tuong tu cac
nhya tich dién duong két hop chat véi cac anion dudc coi la cac nhtia trao ddi
anion (anlon exchange resms) Toc do dl chuyen cua proteln hoac ac1d amin
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bing tha phu thudc vao sy tich dién cta chiing tai pH thi nghiém. Nhiing
phan tl ¢6 ciing dién tich véi nhua sé dudge loa1 diu tién. Sau do 12 cac protein
tich dién trai ddu véi nhua. Sic ky trao ddi ion:

Hai chat tich dién dugc st dung trong sic ky trao d6i ion.
R-CH,- COO": Carboxymetyl (chat tich dién 4m).
R-N'H-(C,Hj;),: Dietylamino (chét tich dign duong)

— Sic ky trao d6i ion ctia hdn hgp hemoglobin F, A,, A2, S, va C trén
carboxymetyl-Sepadex C-50.

=17.8

) c

Hinh 3.10. D4 thi tach hén hgp 74

hemoglobin F, A;, A;, S va C '

trén carboxymetyl -Sephadex
C-50

I
o
— 70

—1 6.5

500 1000 1500 2000
Thé t|ch - |
4 HEMOGLOBIN .

Hemoglobin 14 mot protem tap, c6 nhom ngoai la hem. Hemoglobm dam
nhan nhiéu chiic ning sinh hoc-quan trong: van chuyén O, va CO,.
Hemoglobin ciling 14 mdt trong cac hé dém quan trong cua co :thév.,_ . ‘

4.1. CAu trac phan t& hemoglobin

Hemoglobin ¢6 nhém ngoal 1a hem va protem 12 globin. Ngoai ra con ¢
phén ti 2,3-DPG.

— HEM: hem dudgc cau tao tu protoporphyrin IX gén véi ion Fe“. Protoporphyrin
hinh thanh tit porphin. Phén té porphin gébm 4 vong pyrol lién két véi nhau
qua 4 ciu metylen, dugc ky hiéu bdi nhiing chit cai a,B,y,5.Cac vong pyrol
nay dugdc danh s8 la ma tit I, II, III, IV. G 8 vi tri trén phan ti porphin dudc
th& bdi cac nhém thé sau: metyl (M), etyl (E), vinyl (V), acetat (A), propionat
(P). Khi the cic nhém thé€ trén vao 8 vi tri ctia porphin ta c6 phan tu
porphyrln Trong co thé séng chi yéu 12 protoporphyrin IX. Su gén Fe*™ vao vi
tri trung tam phan ti protoporphyrin IX, Fe** lién két v6i 4 nguyén ti nito
nim trén mit phing ctia vong porphyrin, tao thanh hem.
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: / /COO4
CH2 /CH'Z c\H2 CHa
CHa CH, , /
\ H. ./ CHy o CHa2
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\ / - \
C—NH. . N—Cx. | R .
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S e=N TN_C \c——N/Fe\ _
HzC\\ /\ CI? C /C—CH3 He / “ T C
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) CH3 5§CH2 C/Hg H \ -
N
(@) Protoporphyrin IX (b) (Fe-protoporphyrin IX)

Hinh 3.11: (a) Cau tric cﬁa protbporphyrin IX.
| (b) C4u truc cGa hem

- GLOBIN Globln 1a phan protein. ctia Hb va quyét dinh dic tinh chung
loai cia Hb. M3i phan t& Hb c6 4 chudi polypeptid. Méi chudi c6 8 doan x04n
duge ky hiéu A, B, C, D, E, F, G, H. Giita cac doan xo0én 1a nhiing doan khéng
xo4n dudgc goi theo tén ghép cla cac doan xoén trudc va sau vi du nhu doan
gifta hai doan xodn A va doan xoén B dudc ki higu 12 AB. M3i chudi globin ¢6
cdu tric bac 2, 3. Cac chudi lién két v6i-nhau tao ra phén ti hemoglobin.

— 2,3-DPG dudc tao ra trong thoai héa glucose. LUQng 2,3-DPG d#c biét
cao trong hdng cau, c6 tac dung lam giam 4i lyc ctia Hb véi oxy.

N2
‘ c
~Cong thic cdu tao cla 2,3-DPG _ H-—-(|3—O——-P032'
H—C—O0—PO0#"
o

— ' Phan t& Hb gbm 4 tiéu don vi, méi tiéu don vi gdm 1 hem gin véi 1 chudi

polypeptld hoic o hosc B. TLPT caa Hb 12 64.000. Phéan ti 2,3- DPG nim 6 vi

tri trung tam cua phan ti Hb theo ty 1& 1:1 vé mol. Phan ti 2, 3 DPG hen ket
mudi véi 2 chudi B. Phan ti Hb ¢6 cdu tric bac 4 ' '

i
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Hinh 3.12. C4u tric clia phan tir Hb A

N .
GIOBIN >
HEM ) S . HEM

4.2. Mot s6 hemoglobin & ngu’dl

~ HbA;: a2 B, chiém 98% tong lugng hemoglobin d nguoi. trtidng thanh.
Phan tit HbA, c¢6 2 chudi o, méi gdbm 141 acid amin va 2 chu01 [3 moi chu01
gdm 146 acid amin. o :

— HbA,: a,® §,* chiém khoang 2% tong lugng Hb. Khi dlen d1 trén glay
HbA, chay cham hon HbA,.

— HbF: ocz Y, ,dudc hinh thanh tu thoi ky bao thai. Khi méi s1nh HbF
chi€m 80% tong luong hemoglobin. Sau dé6 giam dan. Sau 2, 3 thang con lai
khoang 50%, dén 1 tudi chi con dudi 0, 5%

Tyl 90
globin (%)
40
30 |
20
10
A 1 1
6 12 18 24 30 36 1 6 12 18 24 30 36 42
Thai ky bao thai Luc sinh ~ Saukhisinh

Hinh 3.13. Nhimg thay d8icfia surtao thanh chudijglobin trong qua trinh phat trién-
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4.3. Tinh chit cta hemoglobm

4.3. 1 Su két hop véi khz

- Su két hgp véi oxy: Hb ket hgp thuan nghlch véi O, va phu thudc vao HY,
DPG, CO, va t°. Phuong tr1nh phan ng c6 thé viét tém tit sau:

DPG L ,
' HHb< + O, «—» HbO, + H' + DPG + CO,
CO, ’

Khi mét trong bén tiéu don vi da gin véi oxy s6 lam tang ai luc cta cac
tiéu don vi con lai véi O,, 1am cho sy két hop dé dang hon. Mét phan td Hb
két hop va van chuyén dugc 4 phéan ti 0,.

— K&t hgp véi CO tao thanh dan xuit carbamin:
HbNH, + CO, — Hb NH COOH
~ K&t hgp véi CO: tao thanh carboxy hemoglobin:
HbO,+ CO ———%  HbCO +0,
Ai ye ctia CO véi Hb manh gdp 210 lan so véi ai lyc caa O2
4.3.2.'Su oxy héa Hb

Mbt s6 chat oxy héa nhu nitrit, clorat, ferricyanua c6 kha ning oxy héa
Hb thanh MetHb: -

Hb Fe**  —>»  MetHbFe®" + e~
‘Methemoglobin khong c6 kha nang Van chuyen 0,.

4.3.3.Tinh chét enzym Hb c6 hoat tmh peroxidase, xuc tdac cho phan ung -
AH, + ,H‘202 —» A + 2H,0

Ung dung tinh chit nay dé tim méu trong nuéc tiéu.

4.3.4. Tinh chdt dém (xin xem chuong khi mau va thing béng acid- base)

5. MYOGLOBIN

Myoglobin 1a protein cta cd, chiém khoang 2% tdng ludng protein cta co.
Myoglobin gém 1 chudi polypeptid két hop véi 1 hem. Chubi polypeptld clua
myoglobm c6 153 acid amin, c6 TLPT khoang 17000. Chudi polypept1d cua Mb
tuong tu chu01 polypeptid cta globin. Khoang 75% chudi cé cdu tric xodn a.
Cac doan xoén theo huéng phai va co 8 doan x04n tuong ty cac chudi globin
cua Hb.
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So sanh trat tu cac acid amin trong myoglobin cia ¢4 nha tang va cac
chudi a, B cia hemoglobin & ngudi trong doan xoin F cac goc tit F1 dén F9

Hemoglobin ngudi F1 F2 _FS F4 F5 F6 F7 " F8 F9

Chudia -leu Ser- . Ala- Leu- Ser- Asp- Leu- His]  Ala-
Chudi p -Phe- Ala- . Thr- Leu{{f . Ser- -Glu- Leu- His-| . Cys
Myoglobin cd nha té»ng -Leu- Lys- Pro- Leu- Ala- Gin- Ser-. | His- Ala-

Cac goc acid amin trong doan xoin F deu glong nhau g vi tr1 F va Fg 6
chubdi a, B cia Hb va chudi myoglobin. ' : :

Myoglobin chi ¢6 mot vi tri két hop véi oxy. Su két hop va giai phéng oxy
cua Mb phu thuoc vao nong d6 oxy trong t& bao cd. Phuong trinh phan ding cé
thé viét:

Su két hop va giai phéng O, cia Mb xay ra G phén ap oxy rat thap V1 vay
ma Mb thuc hién duge su van chuyén oxy & co. Su két hgp va giai phéng oxy
cia Mb phu thudc pH, nhiét d6 va luc ion.

1.0 | |
Myoglobin

o
®

©
o

o
»

Do bao hoa oxy

Héng cau

0 5 10 15 20 25 30 35 40

mmHg

o
')

Hinh 3.15. Budng cong phan ly oxy ctia Mb, Hb da loai CO, va DPG va héng cau(Hc)

Binh thudng Mb trong huyét thanh ngudi rat thap : d6i véi nam ti 30- 90
ng/ml, déi véi nit 14 duéi 50 ng/ml. Khi c6 tén thuong cd, myoglobin trong mau
tadng cao. Lugng Mb ting cao trong nhéi mau cd tim cip, ting sau 1-3 gid va
riat cao sau 5-12 gid. Luong Mb trd lai binh thudng sau 18- 30 gid sau nhdi
mau co tim cAp. Myoglobin cling ting trong cac truong hdp pha huy co xuong
va trong cac bénh than do giam dao thai.
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CAuU HOI ON TAP
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1.

S o

9.

Hay phan loai 20 a(:1d amin thuong gip va cho vi du tling loal bang
cong thiec.

Hay trinh bay cac cach phan loai protein va cho vi du.

Hay trinh bay cac loai lién két trong phén ti protein.

Hay trinh bay cac bac ciu tric cua protein va cho vi du.

Hay trinh bay cAc tinh chét 1y héa caa protein.
Hay trinh bay cac chiic ning cua protein.

Hay trinh bay cac phudng phap phén tich acid amin va proteln dua
trén su tich dién ctia ching.

Hay trinh bay cdu tric phan ti Hb.
Hiy cho biét nhiing loai Hb & ngudi trudng thanh va & tré 1 tudi.

10. Hay so sanh céu tric va tinh chit caa Hb va Mb.



Chuong 4

HOA HOC ACID NUCLEIC

Nucleotid 14 nhiing hgp chat sinh hoc tham gia vao nhiéu cic qua trinh
chuyén héa ctia t&€ bao. Ching 14 phuong tién du trit'va van chuyén ning
lugng, 12 su dap dng héa hoc clia t& bao ddi véi cAc hormon va cac chat kich
thich 6 khoang gian bao, 1a thanh phéin ciu tric cla cic coenzym hay cac chat
chuyén hoé trung gian Song diéu quan trong nhat phai ké dén la nucleotid
chinh 1a thanh phéan c4u tao nén cac acid nucleic: deoxynbonuclelc acid (DNA)
va ribonucleic acid (RNA), cd sé vat chat cua thong tin di truyén.

1. THANH PHAN HOA HOC CUA NUCLEIC ACID

C#u tric héa hoc éﬁé acidi nucleic dutdc Phoebus Levine va Alexander
Todd dua ra trong nhiing nam diu caa thap ky 50. Acid nucleic 1a cac chudi
polyme cuia nucleotid trong d6 cé cdu néi phosphate 6 vi tri 3 va 5 cua ha1
phén tli dudng lién tlep ’
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Nucleotid la este phosphalt cua dudng pentose, trong d6 base nitd lién két
v6i C1 ctia dudng. Trong ribonucleotid, dudng pentose la D-ribose con trong
deoxyribonucleotid (hay con goi 1a deoxynucleotld) c6 trong DNA thi lai 1a 2-
deoxy-D-ribose. Goc phosphat cé thé gin & vi tri C3 ho3c C5 cua nguyén tu
dudng dé tao hoac 3-nucleotid hodc 5-nucleotid. Phiic hgp trén néu khoéng cé
gdc phosphat thi dugc goi la nucleosid.

2. DEOXYRIBONUCLEIC ACID (DNA)

2.1. C&u tric xoén kép

Viéc phat minh ra céu tric x04n kép cia DNA béi James Watson va
Francis Crick nam. 1953 da khai sinh ra nganh Sinh hoc phan ti hién dai.
Ngay nay, ngudi ta nhan thay ring DNA va RNA ton tao & mot vai dang ciu
tric xodn kép khac nhau phu thudc vao nhiéu yé&u t8 nhu: d6 4m, cac cation
hay trinh tu cac base.

2.1.1. Céu triic Watson-Crick: B-DNA

Cau tric B-DNA dudc xac dinh bdi nhiéu xa tia X véi su c6 mat cua Na*
va 6 d6 Am 92%. Cdu tric nay cé cac dic diém sau:

Bao gbém hai chubi polynucleotld x04n vin xung quanh mét truc theo hai
chiéu ngudge nhau theo quy tic ban tay phai véi duong kinh vong x04n khoang
20. C4u tric xodn vin cta hai chubi polynucleotid tao cho DNA ¢6 mot cdu
truc bén, hai chu01 khong thé tach rdi khéi nhau néu nhu khong dugce ma
xoén. Truc xo0dn 13 cac base con cac chubi duong- phosphat thi cuén xung
quanh.

"Mt phing ctia cac base hau nhu vuéng goc véi truc xoén dc. Mbi base
ctia chudi nay lién két véi base cta chudi kia bing lién két hydro theo nguyén
tic bd sung. Trong d6 guanin va cytosin lién .
k&t véi nhau bing 3 lién két hydra-(G=C)
con adenin va thymin lién ké&t véi nhau
bing 2 lién két (A=T). Do Vay ma trat tu cac
base & chudi thd nhat b8 sung véi trat tu
cac base ¢ chudi thi 2.

M53i mdt chu ky xodn B-DNA ly tuong
gom c6 10 d01 base c6 dd doc 1a 34, goc xoan ‘
van ciia mdi cip base la 36° trong do mbi
base cach nhau 3,4. Richard D1ckerson va
Horace Drew da do lai va cho thdy m01 chu
ky xoan 13 10,1 d6i base va géc xoén vin

ctia mbi cip base 1a 35,6°. ~ Hinh 4.3. M6 hinh mé phdng
cau tric B-DNA
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2.1.2. Cdc dang céu triic xodn khdc ctia acid nucleic

— Dang A-DNA: ciu tric A-DNA rong hon, vong xoén theo quy téc ban tay
phai tit phai qua trai det hon so véi cau tric B-DNA. Mét chu ky xoén ctia A-DNA
c6 11 doi base c6 d6 déc 1a 28R va gbc xodn vin ctia méi cip base so véi truc 1a 20°.
Cédu tric nay duge thay dang bao ti cia vi khudn Gram duong. Day 1a cd ché ty
bao vé clia vi khudn vi DNA & dang nay bén v1ing véi tia cyc tim.

— Dang Z-DNA: Cé cdu tric xoén theo quy tdc ban tay trai. Méi chu ky
xo0dn c6 12 d6i base véi d6 doc 1a 45. Chiic nang sinh hoc cia dang Z-DNA chua
dude khang dinh song c6 gid thuyét cho rang c6 su bién d6i thuan nghlch tu
cdu tric B-DNA sang Z-DNA trong mdt s6 diéu k1en nhat dinh nhu: tai t6 hdp
gen trong qua trinh thé h1en gen :

2.2, Cac lyc hoa hqc va cdu tric lam bén vitng ciu trac acid nucleic

— DNA khéng c6 cdu tric phiic tap nhu cac phén ti protein bdi 16 né chi cé
mot s6 lugng gidi han cac hinh dang cau triic bac 2 trong khi khong cé céu tric
bac 3 va bac 4. Pidu nay c6 thé duge giai thich bing su da dang vé dic tinh
héa 1y ctia 20 acid amin trong phan ti protein so véi vén ven chi 4 base trong
phan ti DNA. Tuy nhién rit nhiéu phén td RNA c6 cdu tric b'éc 3. Cac luc
tham gia hinh thanh c&u tric phan ti cua acid nucleic giéng nhu cac luc tham
gia binh 6n c&u tric phan ti protein. Tuy nhién phudng thic két hop cac hic
da tao cho acid nucleic ¢6 dic tinh hoan toan khac so véi protem :

~ C4u tric cua chudi dudng-phosphat: cdu tric cua ‘don vi nucleot_id cb6 6
g6c xoan ciia khung dudng phosphat va mdt géc xoan la huéng cua base vé lién

 két glycosidic. 7 géc d6 nay tao cho mbi nucleotid trong “chubi polynucleotid @6

linh d6ng rat cao, Tuy nhién trén thuc té, cau trdc ctia chudi polynucleotld la1
rit bén viing va 6n dinh.

— Cap base: cac cip base lién ké&t chit véi nhau nhim duy tri ciu tric xodn
kép cta acid nucleic. Lién két hydro khong c¢é tac dung 1am bén viing phéan ti
DNA mic du né c6 vai trd quyét dinh cho su cip ddi theo nguyén tic bd sung.
Lién két ky nuéc déng vai trdé quyét dinh trong viéc duy tri ciu tric én dinh
cua DNA.

— Cum cac base va tuong tac ky nudc: cidc nhan purin va pyrimidin cé
khuynh huéng hinh thanh cac chéng mit phing song song. Cac mit phing
ndy tuong tac véi nhau bang cac lién két ky nuée. Day chinh 14 yéu t6 dam bao
cho cdu tric bén viing cia DNA. Tuy nhién, cho t6i nay cac luc lién két ky
nuéc nay van chua dude hidu hét.

- Tuong tac ion: v& mit ly thuyét thi su bén viing ciia cdu tric acid nucleic
phai tinh dén vai trd clia cac su tuong tac tinh dién ctia cac gbc phosphat
mang dién. Thyc nghiém cho thady Tm ty 1& thuin véi ndng dod cation. Mg?*
déng vai trd quan trong trong viéc duy tri cdu tric ctia nhiéu loai RNA nhu
RNA van chuyén, RNA ribosom.
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— C&u tric sidu xoén cta DNA: tit c cac phan t& DNA ctia vi khuén va da
s& DNA ctia virus cé cdu trdic hinh vong. Cdu tric DNA vong cing xuét hién 6
trong ty thé ma ty thé thi c6 6 hiu hét cac t& bao bic cao. Mb&i dau caa chudi
DNA don lién ket lai v6i nhau tao ra ciu tric vong khep kin. Mot s& cau trac
DNA hinh vong nay cé hinh dang siéu cudn, siéu x0dn vin hay sidu xodn oc
Cau trdc nay d6i khi dugc goi 14 cdu tric bac 3 caa DNA Trang thai siéu x04n
" cua phan ti DNA dudc diéu hoa bdi nhém cac enzyme cb tén la topmsomerase
bao gbm hai nhém khac nhau 14 topoisomerase I va IL.

2.3. Su bién tlnh thuan nghich

Khi dung dich DNA bi dun néng trén nhiét d¢ riéng thi cdu tric tu nhlen
& bi pha huy, hai chudi b3 sung sé tach khoi nhau va s& tao ra ciu tric xodn
ngau nhién. Qua trinh bién tinh niy sé 1am thay d6i tinh chat 1y hoc cia DNA
chdng han nhu d6 nhét cia DNA & trang thai blen tinh sé& bi giam dang ké.
Khi DNA bi bién tinh, d6 hap thu mat dé quang ¢ viing budc séng tli ngoai
tang 1én dang ké (khoang 40%).

Qua trinh bién tinh cia DNA
dugdc biéu dién bing dudng cong
néng chay va diém udn clia dudng
cong nay dudc goi 1la nhiét d6 nong

Dang tu nhién

2 . R R ban dau
chay, Tm. Gia tri Tm phu thudc e,
vao nhiéu y&u t6: néng do ion, pH, o

ndng 46 phan ti ctua base G va C.
Ba lién ké&t hydro gitia G va C bén
viing hon so véi hai lién két hydro

Dang blé’n tinh

gitia A vaT. , % ,m
Néu lam lanh nhanh va duy _ \ , '
tri nhiét d6 khoang 25 °C duéi Tm \ \‘f\zé 5
trong mot khoang thdi gian nhét i
dinh thi chudi DNA bi bién tinh sé& Hinh 4.4. Su bién tinh ctia DNA
tré lai trang thai y nguyén nhu la qua trinh thuan nghich

ban ddu. Su lién k&t bd sung giiia
DNA va RNA goi 12 su lai héa.

,3 -RIBONUCLEIC ACID (RNA)

3 1. CAu truc RNA

Ciing nhu DNA, lién két chmh trong RNA la lién két 3, 5 phosphodleste
RNA 14 mdt chudi nucleotid xoén don, ciu tric bac 2 do sy xoén kép cua hai
doan b3 sung nhau trén phéan tit RNA. Ngoai ra RNA cling ¢c6 cau trac bac 3 do
phan ti RNA tén tai nhiéu lién-két-hydro.
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3. 2. Cac loai RNA

‘— RNA van chuyén (tRNA), chlem khoang 15% téng s6 RNA caa t& bao.
tRNA c6 hai chiic ning va do géc OH & dau 3 cua bo ba CCA-OH khéng tham
gia xoén kép va b ba d6i ma ddm nhiém: " -

+ Hoat héa acid amin dé phan ti nay dé dang tao lién két peptid va van
chuyén acid amin nay dén vi tri tdng hop protein.

+ Nhan biét ma trén phan ti mRNA.

Mai mo6t tRNA cé kha nang van chuyén mét acid amin song mot s6 a01d
amin lai ¢6 hai tRNA. tRNA ¢6 chidu dai khoang tit 65 dén 110 ribonucleotid
va c6 cdu tric chung hinh 14 ché ba véi nhiéu vung chic ning khac nhau. -

'— RNA ribosom ~(rRNA),‘ch1em khoang 80% tong-so RNA c‘ua’ t& bao. rRNA
c6 nhiéu loai khac nhau vé trong lugng phan ti va c&u tric phic tap. O t& bao
khong nhan c¢6 rRNA 5S véi 120 mononucleotid; rRNA. 23S cé6 3200
mononucleotid va rRNA 16S gém 1540 mononucleotid. 3 t& bao c6 nhan c6 cac
loai rRNA 5S; rRNA 5,85 véi 160 mononucleot1d TRNA 18S gém 1900

mononucleotid va rRNA 28S c¢6 4700 mononucleotid. & ty the cua te bao dong
vat c6 rRNA 12S va rRNA 168S.

— RNA théng tin '(mRNA), chiém khoang 5% téng s6 RNA cua t& bao.
mRNA la chit tryc ti€p mang théng tin di truyén ti nhan dén ribosom & bao
tuong. G t&€ bao co nhin, mRNA cé cau tric bat dau la phan td 7- methyl
guanosin 5-triphosphat (goi 14 mii), réi d€n mét doan nucleotid khéng ma héa
‘acid amin sau d6 méi dén doan nucleotid ma héa khéi dau bing bd ba ma héa

AUGH Ket thic doan phién dich 13 mot trong ba bo ba ma héa UAA, UAG,

UGA; réi ti€p doan khong phién dich tha 2 va cubi cung.1a dudi: poly A v6i
khoang 20-200 géc adenosinmonophosphat.

RNA nhé ctia nhén (small nuclear RNA/snRNA). Ngudi ta phat hién dugc
5 loai snRNA c¢6 nhiéu trong nhan t& bao véi tén g01 1a snRNA U1, U2; U4; U5
va snRNA U6. Cac snRNA tham gia trong co ché& cit bd doan intron trong qua
trinh hoan thién mRNA.

CAU HOI ON TAP
1. So sanh thanh phén cdu tao va cé’u tric ciia DNA va RNA.
2. Trinh bay c&u tric cia DNA, cdu tric xoén kep va cac luc héa hoc
tham gia 1am bén viing cau tric acid nucleic.

3. Trinh bay c&u tric cac loai RNA va vai tré cua ching.
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Enzym 13 nhiing chit xic tac sinh hoc ddc biét cia cd thé séng, c6 ban
chit 1a protein, c6 tac dung xtdc tac cho hau hét cac phan tng héa sinh xay ra
trong co thé séng. ' :

Enzym c6 mdt s6 tinh chét gidng cac chét xtc tac héa hoc thong thuong,
doé la: -

'~ Céac enzym khéng bi tiéu hao hodc dugc sinh ra thém trong qua trinh
phan ing. - '

— Céc enzym khéng tao ra phan dng, nhung ching lam téng dang ké toc
d6 phan dng, ma nhing phan dng nay vdn xay ra rdt cham khi khéng cé su
xtc tac cua enzym. Enzym 1am thay d6i téc d6 phan dng nhung khéng lam
thay d8i hdng s6 cAn bing clia phan ng ma chiing xuc tac.

. Tuy nhién, ngoai cic tinh chit néu trén, enzym con c6 nhiing tinh chat
khéc véi tinh chat ctia cac chéit héa hoc thong thuong, d6 la:
" — Enzym c6 ban chit 12 protein. o

— Enzym c6 tinh déc hiéu cao va chi xic tac cho phan tng dé tao ra cac san
ph&m mong mudn tit cac ch&t phan dng cho trude hodc tit cac cd chit (nghia la
khéng c6 cac phan tng phu).
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- Céc enzym c¢6 thé thé hién tinh dic hiéu cao (déc hiéu tuyét d6i) d6i véi
mdt co chit, nhung ciing c6 thé tinh dac hiéu réng rai hon (dic hiéu tuong d6i)
d61 v6i mot vai co chat ¢ cau tric gn gidng nhau. ) _

— Cac enzym thuodng chi hoat dong (thé hién chiic nang) 4 vung nhiét d6 va
pH vita phai. : :

1. CACH GOI TEN VA PHAN LOAI ENZYM

1. 1 Cach g01 tén enzym. c6 4 cach g01 tén enzym:

1. 1 1 Ten o chdt va thém tiép vi ngu’ ase. Vi du: co chat la ure tén enzym
14 urease, co chit 1a protein tén enzym la proteinase,..

1.1.2. Tén tée dung va thém tzep’ vi ngit ase. Vi du: tac dung oxy hoéa,
enzym la oxidase, tac dung trao d6i amin enzym la amino transferase tac
dung khti nhém CO,, enzym 13 decarboxylase,..

1.1.3. Tén co chdt, tac dung va thém tzep vi ngiz ase. Vi du: co chat 1a
lactat va tac dung l1a khi hydro thi tén enzym la lactat dehydrogenase, co chit
1a tyrosm va tac dung la khit nhém CO thi tén enzym la tyrosm decarboxylase

1.14. Ten thu‘dng goi: cach goil tén nay. khong c6-tiép vi ngii ase. Vi du: pepsin,
trypsin, chymotrypsin, "

1.2. Phén loai enzym

Kh1 so lugng enzym dIIdc tach chiét, tinh sach va xac dinh dic tinh 1én
dén con s6 hang nghin, viéc goi tén va phan loai tré nén phdc tap 'Pé chuin
hoéa cach goi tén va phan loai enzym, Hiép hoi enzym quéc t&€ (Enzyme
Commission: EC) d3 phan loai enzym theo phan ting ma chiing x1dc tac, thanh
6 loai (class), theo thi tu tit 1 dén 6, mbi loai lai dudc chia thanh cac dudi ldp
(subclass) mbi duol 16p lai duge ch1a thanh cdc nhém (sub-subclass) mbi
nhém gém mot s6 enzym Nhu vay, mbi enzym déu dudc ky hiéu bang mot ma
s6 EC chiia 4 chii s8, cAch nhau bdi cac ddu chdm thap phan. Chii s6 thi nhat
chi loai enzym, chii s6 thd hai chi duéi 16p, chii s6 thi ba chi nhém va chit s&
thi tu chi tén ctia ban than ting enzym riéng biét trong nhém. Vi du: enzym
hexokinase c¢6 ky hiéu 1a EC 2.7.1.1. 14 enzym thudc loai 2, duéi 16p 1a 7, thude
nhém 1 va c6 s6 thit ty cua enzym trong nhém 1a 1.

Sau loai enzym duac sip xép theo thu tu sau:

1.2.1. Enzym oxy héa khi (oxidoreductase): 1a loa1 enzym xuc -tac cho
phan {ing oxy héa va phan dng khi, nghia 13 cac phan dng c6 su trao ddi H
hoic dién tii theo phan tng téng quat sau:

AH, +B - A + BH,
Loai enzym oxy héa khfi gom cac dudi 16p:

— Céc dehydrogenase: sti dung cac phan ti khéng phai oxy (vi du NAD*) lam
chit nhan dién ti. Vi du: Jactat dehydrogenase, malat dehydrogenase, .
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- Céc oxidase: st dung oxy nhu mét chit nhan dién ti nluing kh6ng tham
gia vao thanh phén cd-chat. Vidu:. cytochrom oxidase, xanthin oxidase, ..

- Cac reductase dua H va dlen td vao co chat Vi du: Bcetoacyl ACP
reductase. ’ o : : o _

- Catalase: xtc tac phan tng: H,0, + HZO2 — 0, + 2H, O
— Céc peroxidase: xtc tac phan tng: H,0,+ AH; — A + 2H,0

— Céac oxygenase (hydroxylase): gdn mot nguyén ti O vao.co chat. Vi du:
cytochrom P-450 xtc tdc phan tng: RH + NADPH + H+ + O2 — ROH + NADP+
+ H,0, phenylalanin hydroxylase, ...

1.2.2. Enzym van chuyen nhom ( transferase) la loa1 enzym xuc tac cho
phén ng van chuyen mot nhom héa hoc (khong pha1 hydro) giiia hai co chat
theo phan tng téng quat sau:

; - AX+ B - A+ BX
Loai enzym van chuyen nhém gém cac duéi 16p:
— Céc aminotransferase: chuyén nhém —NH, ti acid amin vao acid cetonic.
Vi du: aspartat transaminase, alanin transferase,... :

— Transcetolase va transaldolase: chuyén don vi 2C va 3C vao cg chat. Vi
du: transcetolase, transaldolase,..

— Céac acyl-, metyl-, glucosyl transferase, phosphrylase: chuyen cidc nhom
tuong tng vao cd chat. Vi du: acyl CoA-cholesterol acyl transferase (ACAT)
glycogen phosphorylase

—. Cac kinase: chuyen goc PO tu ATP vao co chat. Vi du: hexokmase
nucleos1de diphospho kinase, PEP carboxykmase ¥

- = Cac th1olase chuyen nhom CoA- SH vao cd chat V1 du acyl CoA
',acetyltransferase (th1olase),

— Céc polymerase chuyen cac nucleotld ti cac nucleot1de trlphosphat
(NTP) vao phan t& DNA hodc RNA. Vi du: cac DNA polymerase cac RNA
polymerase.

1.2.3. Enzym thuy phan ( hydrolase) 1a loa1 enzym xtc tac cho phan {ing
cit dut lién két ctia chit héa hoc bang cach thuy phén, nghia 14 phan ting ¢6
su tham g1a ctia phén ti nuée, theo phan ing. téng quat sau:

AB+H,0 > AH + BOH
Loai enzym thay phan gom cac dudi ldp
— Cac esterase: thuy phan lién két este. V1 du: trlacylglycerol l1pase
- Cac glucos1dase thuy phan l1en két glycos1d
- Cac protease thay phan l1en k&t peptld trong phan tu protem
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— Cac phosphatase thuy phén lién két este phosphat tach goc PO3 khéi
" cd'chit.

"~ —' Céc phospholipase: thuy phan lién két este phosphat trong phan tu
phospholipid.

~ Céc amidase: thliy phén lién két N-osid. Vi du: nucleosidase.

— Cac desaminase: thiy phén lién két C-N, tach nhém amin ra khéi co
chét. Vi du: adenosin desaminase, guanin desaminase, .

— Cac nuclease: thuy phén cac lién két este phosphat trong phan tu DNA
hosc RNA.

1.2.4. Enzym phdn ccft ( lyase) con. goi'la enzym tach nhém, la loai enzym
xuc tac cho phan ang chuyen di mét nhém héa hoc khéi mét co chdt ma khong
c6 sy’ tham gia ctia phén ti nudc. Phan dng tdng quat nhu sau: -

AB—>A+B
Loai enzym tach nhém gdm cac duéi ldp

— Cac decarboxylase: tach phan t CO2 tl co chat. V1 du pyruvat decarboxylase,
glutamate decarboxylase

— CAc aldolase: tAich mo6t phan ti aldehyd tit co chat. Vi du: aldolase xic
tac phan tng tach fructose 1,6-diphosphat thanh GAP va DHAP.

— Cac lyase: tach ddi mot phan td ma khong cb su tham gla cua phan tu
H,0. Vi du: argmosuccmase

=~ Céc hydratase: gin mot phan ti HzO vao mot phan tli cd ‘chat. Vi du
fumarase

- Cac dehydratase tach mdt phan ti H,0 khdi mét phén ti co chat V1 du
B- hydroxyacyl ACP dehydratase B- hydroxyacyl CoA dehydratase, ...

— Cac syn_thas_e. gén hai phan td ma khong can sy tham g1a'cua ATP 4dé
cung cip nang lugng. Vi du: ATP synthase, citrat synthase, glycogen synthase,
acid béo synthase, d-levulenat synthase, ...

1.?;5 Enzym déng phén (isomerase): 1a loai enzym xtc tac cho phan ing bién
déi gitta cac dang dong phan ctia chit héa hoc. Phan téng téng quat nhu sau:
ABC — ACB |
' Loai enzym dong phén gém cac duéi 16p:
— Céc racemase: chuyén dang déng phan giiia day D va day 1.

- Cac epimerase: chuyén dang déng phan epi. Vi du: ribose 5- phosphat '
epimerase. :

— Cac isomerase: chuyén dang gitta nhém ceton va nhém aldehyd. Vi du:
phosphopentose isomerase.

— Céc mutase: ¢htiyén nhism hoa Koe gifta ¢4c iguyén ti trong mot phan ti.
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1.2.3. Enzym tong hop (ligase hodc synthetase): 13 loai enzym xtc tac cho
phan ting gdn hai phan t véi nhau thanh mét phan td 16n hon, st dung ATP
ho#c cac nucleosidtriphosphat khac de cung cip nang lugng; phan tng téng
quat nhu sau:

. ATP ADP + P1
A+B > AB
Loai enzym téng hgp goém céac duéi 16p:

— Céc synthetase: gén hai phan tl v6i su tham gia ctia ATP dé cung cip
ning lugng. o ‘
— Céc carboxylase: gin CO, vao phan i co chat. Vi du: pyruvat carboxylase, ...

— Ligase: st dung cho viéc gén 2 doan nucleotid véi nhau. Vi du: DNA ligase.

2. CAU TRUC PHAN TU ENZYM
2.1. Thanh phan ciu tao ctia enzym
2.1.1. Thanh phén cdu tgo ciia enzym

Cac enzym la cac protein c6 khoi lugng phén tl tir 12.000 dén hang triéu
don vi Dalton (Da). Ciing nhu cac protein, vé thanh phan c4u tao, enzym ciing
dudc lam hai loai: enzym thudn va enzym tap. !

Mot s6 enzym khéng doi hoi cac nhém héa hoc cho hoat déng cua chung,
d6 1a cdc enzym thuan (con goi 1a enzym mot thanh phén), la cac enzym ma
phan ti chi do cac gbc acid amin ciu tao nén.

Mot s8 enzym doi hoéi thanh phan hiiu co cho hoat dong cua ching, d6 la
cdc enzym tap (con goi 1a enzym hai thanh phan), 13 cic enzym ma ngoai
thanh phan protein, phén ti enzym con c6 chat cong tac (cofactor) 1a cac ion
nhu Fe?, Mg®, Mn%, Zn%, ... ho#c 1a mot phan ti chat hitu cs hodc phic hgp
hitu co kim loai, cdu tao nén. Mot s6 phan tit enzym doi héi ci coenzym va ion
kim loai cho heat déng ctia ching. Trong phdn td enzym tap (con goi la
holoenzym), phén protein dudc go1 14 apoenzym, phan chat cong tac dugc goi
14 cofactor:

Holoenzym = Apoenzym + cofactor

Phén apoenzym mang nhiing d#c tinh cd ban cua enzym, trong khi phén
coenzym hoic ion kim loai 1a chit phdi hgp ciia enzym, ¢6 vai tro b8 sung kha
ning phan tng va kha ning xuc tac cho phin ti enzym.

Coenzym thudng c6 trong thanh phan cic enzym thudc loai oxy héa khi
va loai enzym van chuyén nhém; thidu coenzym, enzym loai nay khéng hoat
dong. Cac cofactor (coenzym) thuong 13 cac vitamin va din xuit cta chiing.
Mot s6 cofactor gdn chat vao phan ti enzym, khéng thé tach ra dude goi 1a
nhém phu (prosthetic group). :
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Nhiing enzym chita kim loai hoic ddi héi kim loai cho hoat déng cta néd
dudc g01 12 enzym kim loai (metalloenzyme). Vaitrd ctia kim loai trong thanh
phin ctia enzym kim loai la:

— Tham gia truc tiép vao phan ing xiic téc ctia enzym.

~ Hoat ddng nhu moét chat oxy héa khil.

— Tao thanh phitic hgp véi co chAt.
Mot s vi du vé enzym kim loai: _ .
Cytochrom oxidase, catalase va peroxidase chiia Fe?* hoidc Fe**
Cytochrom oxidase chita Cu?* o -
Carbonic anhydrase, alcol dehydrogenase chita Zn*
Hexokinase, glucose 6- phosphatase pyruvat kmase chua Mg
Glutathion perox1dase chita Se?* '

2.1.2. Trung tém hoat déng ciia énzyni '

Trung tdm hoat dong hodc vi tri hoat dong (actlve s1te) cua enzym la mot'
ving dic biét clia enzym cé tac dung gin véi cd chat dé xtc tac cho phan tGng
lam bién ddi cd chat thanh sdn pham. M&i enzym c6 thé c6 mét, hai ho#c vai
trung tAm hoat dong. Trung tAm hoat dong clia enzym gdm nhiing nhém héa
hoc va nhiing lién két tiép xuc truc ti€p v6i cd chdt hodc khong t1ep xtc tryc
tiép véi co chdt nhung co chuc nang tI‘IiC t1ep trong qua trinh xuc tac.

V& thanh -phén -cdu tao; trung -tam- ‘hoat-dong thuongbao gem cae- ac1d:r
amin ¢6 cac nhém héa hoc c6 hoat t1nh cao nhu serin (co nhém —OH)), cysteln
(c6 nhém —SH), glutamic (c6 nhém y-COO"), lysin (c6 nhém &-NH,*), histidin
(c6 nhém imidazol*), tryptophan (¢c6 nhém indol®),... 1a nhiing nhém phén cuc
hoic ion héa, c6 kha ning tao lién k&t hydro hosc ion véi cd chat. | ‘

A\ qhan hé giita trung tAm hoat dong va cd chit, c6 hai gia thuyét duge
dua ra:

Thuyét “6 khéa va chia khéa”: Fisher E (1890) da dua ra thuyét “6 khéa
va chia khéa” (“lock and key”) vé tac dong cua enzym, theo thuyét nay, tuong
tac gitia enzym E va cd chat S, nghia 1a su gan gitia enzym va co chat dé tao
thanh phtic hdp enzym - co chit ES ciing gidng nhu quan hé gitia ‘6 khéa” va
“chia khéa”, nghia 12 enzym nao thi chi xic tac cho ding cd chat d6. Thuyét
nay chi giai thich dudc tinh dic hidu tuyét d6i ciia enzym nhung khong giai
thich dudc tinh dic hiéu tuong d6i ctia enzym.

Thuyé't “mé hinh cdm ing khong gian”: dé giai thich tinh d3c hiéu tuong
ddi ctia enzym, Koshland D (1958) da dua ra thuyét “mé hinh cam u‘ng khong
gian” (“induced fit model”). Theo thuyét nay, trung tim hoat dong clia enzym
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E ¢6 tinh mém déo va linh hoat, ¢6 thé bién d8i vé cdu hinh khéng gian trong :
qué trinh tuong téac v6i-cd chat S sao cho phii-hgp véi cdu hinh khéng gian cua
cd chit, dé c6 thé tao thanh phlic hop enzym — cd chit ES :

™

Co chét (S)

Co chét (S)
+ + —_
Phirc hqg enzym- S " Phire hop enzym-
co chat (ES) cd chét (ES)

@ (b)

Hinh 5.1. M6 h|nh “§ khéa” va “chia khéa" (a) clia Emil Fischer va mé hinh
“cam (ng khéng gian” cGia Daniel E Kosland (b).

2.2. Cac dang cau trac cua phén tif enzym -
2.2.1. Enzym don chuéi va enzym da chuéi
Enzym c6 thé do mét chudi, ciing c6 thé do nhiéu chudi tao nén.

Enzym don chudi (monomer) 14 enzym chi do mét chudi polypepid cdu tao
nén, vi du: ribonuclease A, lysozym, lipase, pepsin, chymotrypsin, ...

Enzym da chudi (oligomer ho#c polymer) 1a enzym do hai ho#ic nhiéu
chudi polypeptid ciu tao nén, vi du: aspartat transaminase (AST): 2 chudi,
alkalin phosphatase (ALP): 2 chudi, creatin kinase (CK): 2 chudi, hexokinase
(HK): 2 chubi, lactat dehydrogenase (LDH): 4 chudi, RNA polymerase: 5 chudi,
ATP synthetase: 12 chu01 glutamat dehydrogenase (GLDH) 40 chubi.

2.2.2. Enzym di lap thé ( allosterzc enzyme)

Enzym di lap thé 1a loa1 enzym ngoai trung tam hoat dong con méot

hoac vai vi tri di 1ap thé; trung tdm hoat déng t1ep nhéan co chat dé xdc tac

cho phan ting enzym trong khi vi tri di 1ap thé ti€p nhan yé&u t& di lap thé

~ dé€ diéu chinh hoat ddng xtc tac clia enzym. V& ciu tao phén tl, enzym di

1ap thé c6 thé 1a loai enzym don chudi hoic loai enzym da chudi. Phan ti

enzym di 1ap thé c6 thé c6 loai vi tri di 1ap thé duong, loai vi tri di 1ap thé
am hoic cé ca hai. _

Khi vi tri di lap thé dudng tiép nhan yéu t6 di 1ap thé duong A (chit hoat
héa: activator) thi cdu hinh enzym thay d6i theo huéng co lgi hon, enzym dudc
hoat héa, ai luc enzym véi co chat ting 1én, enzym gén véi cd chit dé tao
thanh phiec hdp enzym — cd chat tot hon, toc d6 phan tng tang l1én.

Khi vi tri di lap thé am ti€p nhan yéu t6 di lap the am I (chét tc ché:
inhibitor) thi cdu hinh enzym thay d6i theo hudng c6 hai, enzym bi tc ché, ai
ldc enzym véi cd chat gidm nén. t6c.d6.phan fing giam. di.
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Théng thudng, nhitng chit hoat hoéa di 14p thé 1a nhiing chit ding trudc
cd chit trong chudi phan tng, trong khi nhiing chat tc ché di 1ap thé 1a nhiing
chat dting sau chudi phan tng hoic 14 san phdm cudi cing ctia chudi phan
ing.Vi du: trong con dudng dudng phin, enzym phospho fructokinase 1a méot
enzym di lap thé, dudc hoat hoéa bdi yéu t& di 1ap thé duong 12 ADP va AMP,
nhung bi tGc ché& bdi y&u t& di 1ap thé 4m 1a ATP va citrat. '

Enel a;];g I3

Hinh 5.2. Tae dung clia y&u t6 di lap thé duong (A) va yeu t& di lap thé am (1) trén enzym
di lap thé don chubi (a) va tac dung cla yéu to di lap thé duong (A) trén enzym di lap thé -
da chudi vdi sy hoat héa lan truyén tir chubi thir nhat sang chudi ti€p theo: (b).

2.2.3. Cdc dang phén ti ciia enzym (isoenzym hodc isozym)

__Trong cing mot loai, cing mot cd thé, c6 nhiing enzym tuy cing xic téc
mét loai phan ng héa hoc nhung lai tén tai duéi nhiing dang phan ti khac
nhau, c6 nhiing tinh ch4t vat Iy va héa hoc khac nhau. Cac dang phéan tit khac
nhau cia mét loai enzym dudc goi 1a 1soenzym hoac 1sozym Vi du: Phén tu
enzym lactat dehydrogenase (LDH) do bén tleu don vi, méi tleu don vi 1a mét
chubi polypeptid ciu tao nen Cac chudi nay gom 2 loa1 do hai gen khéc nhau
téhg hop nén: chudi ngudn gdc tim (H) va chudi nguon goc cd (M). Vi enzym
LDH 14 loai enzym tetramer do bdn chudi polypeptid cdu tao nén, cho nén sy
t6 hop giita hai loai chudi polypeptid di tao thanh nim dang phan ti
(isoenzym) ctiia LDH khac nhau;

LDH, do 4 chubi H tao thanh: HHHH

LDH, do 3 chudi H va 1 chudi M tao thanh: HHHM
LDH, do 2 chudi H va 2 chudi M tao thanh: HHMM
LDH, do 1 chubi H va 3 chudi M tao thanh: HMMM
LDH; do 4 chudi M tao thanh: - MMMM

Vi vay, LDH, dudc goi la isoenzym kiu t1m va LDH; dugc g01 la
isoenzym kidu gan. Cac isoenzym nay c6 hing s§ Michaelis (Km) va téc dd
phan tng té61 da (Vimax) khéac nhau.
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Enzym creatin kinase (CK) do 2 chuai polypeptid cdu tao nén: mot chudi
c6 ngudn goc néo (B) va mot-chudi cé nguon géc co (M) do do tao: thanh 3 loal
1soenzym CK BB CK MB va CK MM : :

2 2 4. Cac tzen chat cua enzym: mot s6 enzym sau kh1 duoc tong hdp con 6
dang chua c6 hoat tinh (dang khéng hoat dong) dude goi 1a cac tién enzym
(proenzym hoic zymogen). Céc tién chat nay khi dugc bai tiét vao méi trudng
khic nghiét clia cd thé sé& chiu tic dung thty phin ctia méi trudng, bi thiy
phén cét di mét doan polypeptid vén che 14p trung tdm hoat dong dé bao vé
trung tAm hoat dong, lam cho enzym dudc hoat héa, trd nén dang enzym chinh
thic c6 hoat tlnh

Cac tién enzym cb tén tiép vi ngu 12 ogen. Vi du: cac tién enzym cuia dudng
tiéu héa chua c6 hoat tinh nhu pepsinogen, trypsinogen va chymotrypsinogen
sau khi dudc bai tiét vao duong tiéu héa s& bi thiiy phan, loai bét mét doan
peptid dé tré thanh cac enzym chinh thic c6 hoat tinh tuong Gng la pepsin,
trypsin va chymotrypsm tién enzym c6 thé co ti€p dau ngu “pro”, vi du: tién
enzym cua thrombin 1a prothrombin. o

2.2.5. Phizc hop da enzym: phiic hgp da enzym 14 mét phtic hgp gom nhiéu
cac phan ti enzym khéic nhau nhung c6 lién quan véi nhau trong mét qua
trinh chuyén héa nhat dinh, két tu véi nhau thanh mét khéi nhiéu enzym.
Khong thé tach riéng tiing enzym trong phtc hop da enzym béi vi néu bi tach
ra, cac enzym rleng biét trong phic hgp da enzym sé bi bién tinh va mat hoat
" tinh. Su két tu cac enzym tao thanh phtic hdp da enzym c6 tic dung ting
cudng su cdng tac cla cac enzym khéac nhau trén mét qua trinh ho#dc chudi
chuyén héa gém nhiéu phan ting, lam ting hiéu lyc va hiéu qua xic téc. .

" Vi du: phiic hgp da enzym pyruvat dehydrogenase xiic tac cho chubi phan
ting bién pyruvat thanh acetyl CoA. Chu01 phan {ing nay gom bon phan ing
v6i sy tham gia cia phiic hgp da enzym pyruvat dehydrogenase gom ba enzym
pyruvat dehydrogenase - dihydrolipoyl transacetylase ~va dlhydrohpoyl
dehydrogenase v61 bon coenzym 1a th1am1n pyrophosphat (TPP) ac1d 11p01c
coenzym A va NAD+ '

3. CAU TRUC VA CHUC NANG CUA CAC COENZYM

Cac coenzym cé chiic nang la tham gia cung enzym trong qua trinh xtdc
tac. Coenzym thudng c6 ai luc v6i enzym ciing tuong tu nhu 4i luc ciia' enzym
véi cd chit; vi vay, coenzym cb the duoc coi nhu mdt co chét thi hai. Trong cac
trudng hop khéc, cée coenzym duge gin dong hoa tri véi enzym va co chic
ning nhu hodc gn nhu vi tri hoat dong trong quéa trinh xtc tac.

Mot s6 coenzym duige téng hop tit cac vitamin nhém B. Vitamin B6, pyridoxin
cAn bién ddi chat it da c6 thé chuyén thanh pyridoxan phosphat 1a dang
coenzym. hoat dong Trong khi dé, niacin, can.mot sy bién d6i co ban béi t& bao
dong vat méi c6 kha nang tic déng nhv-mét-coenzym-
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3.1. Cac coenzym oxy héa khit-
3.1.1. Cdc coenzym Niacin (nicotinic acid: vitamin B,): NAD* va NADP*:

. Nacitin 12 acid pyridin- 8-carboxylic, c6 thé dugc :bién .d6i thanh 2
coenzym chi y&u tham gia vao loai enzym oxy héa khi. Hai coenzym nay la
nicotinamid adenin dinuclotid (NAD') va nicotinamid adenin :dinucleotid
phosphat (NADP*). C4u triic cta coenzym NADP* khac véi coenzym NAD" ¢ d
chd c6 thém mdt gée phosphat 6 vi tri 2’ cua ribose trong phan tu adenosm
monophosphat.

Ca hai coenzym nay déu cé chiic nang 1a van chuyén 2 dién ti va mot H
gita chit cho va chit nhan H trong phan tng oxy héa khi’I xtc tac bdi enzym
dehydrogenase Tuy nhlen €6 enzym dehydrogenase can coenzym NAD", c6
enzym dehydrogenase cin coenzym NADP* trong qua trmh xdc tac. - o

H, .
adenin ~adenin
| CONH;
+ + Ht + 2 —m»
& "
. ribose ——pP—pP——ribose . L , , ‘ribose‘——-P—Pf-ribose‘
NAD* (Dang oxy héa) o ‘ ‘ NADH (Dang khi)

Hinh 5.3. Cong thitc chir va-co che phan {rng clia coenzym NAD*™.

3 1 2 C’ac coenzym Flavm ( vztamm BQ FMN va FAD

- ) * . adenin -
: adenln )

ribitol——p—p ——ribose ribitol—p—p—ibose
NO NN  CHs
Sl s2Hr2ee——>

CH3

" 'FAD (Dang oxy héa) S : e " FADH> (Dang khu’) '

Hinh 5.4. Céng thu’c chir va cd ché hoat dong clia coenzym FAD )

Cé6 2 dang coenzym cua ‘riboflavin 13 flavin mononucleotid (FMN) va
flavin adenin ldinuc_leotid). Vitamin riboflavin chtia mét di vong, isoalloxazin
(flavin), néi qua nguyen ti N-10 dén mot alcol 1a ribitol. FMN c6 mot gdc
phosphat & vi tri 5’ clia ribitol trong phan ti r1boﬂav1n FAD cé cau tric tuong
tu nhu NAD+  nhung c6 adenosin lién két qua pyrophosphat gin v6i di: vong
riboflavin. . ‘ . , .
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Ca FMN va FAD déu cé chiic niang la tham gia vio phan tng oxy héa
khit bing cach trao déi 2 dién t& va 2H* § vong isoalloxazin.

3.1.3. Céc porphyrin Fe** (con goi la. coenzym hem): coenzym hem la
coenzym .cua hé théng cytochrom, cuaa enzym ‘catalase, peroxidase,
monooxygenase va dioxygenase. ‘

Vai tro cta cic coenzym hem la van. chuyen dién ti nho kha ning bién
d8i thuan nghich giita Fe?* va Fe®*:

_ ‘ Fe® - e & Fe® ‘
Cac phan dng dIIdc x1ac tac bdl cac loal coenzym hem

Hai dién ti dudgc van ‘chuyén tit cytochrom b sang cytochrom ¢ trong
chudi hé hap t& bao nhu sau:

2Cyt b Fe?* + 2 Cyt ¢ Fe** & 2Cyt b Fe®** + 2 Cyt ¢ Fe?

Phan ting phan huy H,0, dudc xtc tac bdi catalase (c6 coenzym hem)
nhu sau:

Catalase . :
2H,0, — 2H,0 + O,

Phan ting phan huy H,0, dudc xtc tac bdi peroxidase (c6 coenzym hem)
va d6i héi kém theo médt co chit dang khit nhu sau:

Peroxidase

Phan Gng oxygen héa mét cd chit (thuong 1a thuSc hodic cac chit
xenobiotic) dugec xdc tidc bdi cdc enzym monooxygenase (thudc hé thong
cytochrom P-450) c6 coenzym la chytochrom P-450 12 mét loai coenzym hem va
doi héi mét coenzym dang khii 14 NADPH + H* nhu sau:

. Monooxygenase (Cytochrom P-450)
RH + NADPH + H* + O, — ROH + NADP* + H,0

Phan dng nay néi chung c6 tac dung bién mot chit doc, it tan trong nude
thanh mét chat khong doc hodc it déc hon va tan trong nude nhiéu hon dé c6
thé dao thai khéi co thé. -

Cac enzym dioxygenase 1a loai enzym c6 coenzym hem, c6 tac dung xic .

tac phan tng peroxy héa mot co chat. Phan ting duge thé hién nhu sau:

. Dioxygenase
RH + 0, ——> R-0-O-H

3.1.4. Acid lipoic: acid lipoic 12 mét acid béo chiia 2 nhém sulfur (-SH) c6 tén
khoa hoc 1a acid 6,8-dithio-octanoic. Acid lipoic c6 phd bién trong cac chit tu
nhién. N6 I3 mét chat quan trong trong chuyén héa chit. N6 tham gla vao
phtic hdp enzym khti carboxyl oxy héa ctia acid pyruvic va acid a-ceto glutaric
cung véi cac coenzym khac nhit TPP, coenzym A, FAD va NAD*. '
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ra A A') 2
3.2. Cac coenzym van chuyén nhém

3.2.1. Thiamin pyrophosphat (TPP) vgn chuyén nhém CO,

Trong thanh phin ctia TPP ¢6 thiamin 1a vitamin B,. TPP la coenzym
clia cic enzym c6 vai trd tach nhém CO, clia cic acid a-cetonic nhu acid
pyruvic hodc acid a-cetoglutaric. Sy thi€u hut thiamin anh hudng cht y&u dén
~ hé than kinh ngoai bién, dudng tiéu héa va hé théng tim mach. Thiamin c6 gia

tri trong dié€u tri cac bénh nhu Beriberi, viém than kinh do rugu, viém than
kinh do thai nghén, . :

3.2.2, Coenzym A 'v&n chuyén nhom acyl

Coenzym A (viét tét 1a CoA-SH) gém acid pantotemc (v1tam1n B;) néi véi
mot thioethanolamin tao thanh pantethein va néi véi mot géc phosphat va véi
mot nucleotid 14 adenosin monophosphat qua_ lién két pyrophosphat. Coenzym
A c6 vai tro trong chuyén héa cac acid béo, thé cetonic, acetat va cac acid amin.
Vi du: coenzym A két hgp véi acetat dé tao nén “acetat hoat déng” 1a acetyl
CoA, chit nay c6 thé két hop véi acid oxaloacetat dé tao thanh acid citric, mé
dau cho chu trinh acid citric, c¢6 thé tham gia vao qua trinh sinh tdng hop acid
béo, sinh téng hop cholesterol va cac hormon steroid, .

3.2.3. S-adenosyl-methionin
S-‘adenosyl'-methionin cb tac dling, van Chuyé’n nhém methyl —CH3

3. 2 4 Aczd tetrahydrofolzc (FH4)

Acid tetrahydrofohc ¢ vai tro van chuyen nhom 1 nguyen tu carbon

3 2. 5 Bwtm

~ Biotin co chiic ning nhu mét coenzym ctia enzym carboxylase enzym xuc
tac cho su gin CO, (goi 1a sy carboxyl héa). Vai trd héa sinh quan trong nhat
ctia biotin 1a tham gia cic phan tng carboxyl héa.

3.2.6. Pyridoxal phosphat -

Pyridoxal phosphat la dan xuat cua pyridoxin (vitamin B6). Pyrldoxal
phosphat la coenzym clia enzym trao ddi amin, ¢6 vai tro van chuyen nhém
amin cla acid a-amin 1 cho mét acid a-cetonic 2 dé bién thanh acid a- -cetonic
1, con ac1d a-cetonic 2 nhan nhém amin dé bién thanh acid a- amln 2. ‘
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R1—C|3H—COOH 7 R{—C=COOH

TiiAcid o -cetopic

Acid amin 1

‘CHy—NH;

CHzéo— :

Transaminase.

 Pyridoxal-®) - Pyridoxamin -(®)
: _ R'{—‘?H—ICOOH EE R1fﬁH—CoQH o
. . .Acid-amin 2 - : C o  Acid o - cetonic 1

Hinh 5.5. Co ché hoat d()ng cla enzym transaminase

Ngoai vai trd tham gia vao thanh phan ctia cic enzym .trao;dgi amin,
pyridoxalphosphat con cé vai trd la coenzym ctia chc enzym khit carboxyl cua
mét s§ acid amin nhu tyrosin, arginin, acid glutamic va mot §6 acid amin
khac. San pham cla su khit carboxyl cta acid amin la cac amin co hoat tinh
sinh hoc. Vi du: sy khi carboxyl cta acid glutamic $& tao thanh y-amino
butyric acid (GABA) 1a mdt chét ¢ ché hoat dong ctia- than kinh, sy khu
carboxyl ctia histidin s& tao thanh histamin 1a mot hormon cta md, lam tang
tinh tha&m thanh mach, gy hién tugng di tng, su hydroxy héa cung véi su khii
carboxyl ciia phenylalanin va tyrosin sé tao thanh norepinephrin va epinephrin
13 nhiing hormon quan trong, ... . o ‘ ' ‘

4. CO CHE XUC TAC CUA ENZYM
4.1. Sy bién thién nang lugng tu do (AG < 0) _ )

: Néng lugng tu do claa mét'_hé\thé’ng phan ing 12 ning lugng ¢6 thé tao ra
cong c6 ich. Nang lugng tu do dugc ky hiéu 1a G. Mgt phan ing héa hoc chi c6
thé xay ra theo chiéu ning lugng tu do giam, bién chét c6 ndng lugng tu do cao
thanh ch&t cé miic ning lugng thap hon. Didu nay cé nghia 1a diéu kién can
ctia mot phan ting héa hoc 14 bién thién nang lugng tu do phai Am (AG < 0):

A+B=C+D
G1>G2'_)AG:G2'—G1<O

Tuy nhién, do vat chit cé stic § vé mit héa hoc nén mot phan dng du cé
AG < 0, vAn chua thé ty xay ra dugc.
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4.2. Stic y y ve mat hoa hoc cua vat chat

, Vat chat thuang cb suc y ve mat héa hoc SUc y ve mat hoa hoc cua vat
chat 1a do cac yeu to sau gay nén:

' -~ Yéu t& ve entropy (su chuyen dong hon loan cua cdc phén ti vat chat)
— Ldp ao midc can trd va co the lam mat hoat t1nh cua cd chat
Hmh the khong glan cong kénh cta co chat
- Su sip xep ‘¢hua dinh hudng ctia. cac nhom chIIc nang trén phan th enzym

Vi vay, mot s§ phan tng héa hoc mic du 6 didu kién can la kha nang
xay ra theo huéng ning ludng thap hon (AG < 0), nhung phan tng vin khéng
xay ra dugc. Mudn phan tng xay ra phai c6 thém diéu kién du, nghia la pha1
cung cap cho hé théng phan Ung mot nang ludng de thang dudc stic y vé hoéa
hoc cia Vat chat N3 ang ludng can cung cap dy dudc g01 la- nang luong hoat héa.

4.3. Nang lu?dng hoat hoa (actlvatlon energy: E, )

Néng lugng hoat héa 14 nang lugng cdn thiét aé nang tat ca cac phan tu
cia 1 mol ¢o chat & mot nhiét d6 nhat dinh lén trang thdi chuyén tzep
(transmon state) & dinh cia hang rao ning lugng, dé phan IIng enzym cb thé
xay ra. G trang thai chuyen ti€p, mbi phan tco chit c6 thé sdn sang tham gia
vao sy tao thanh san pham phan tng.

4, 4 Co ché tac dung clua enzym‘

-C6-mét.cach- dé cung cap nhiéu ning llmng hdn cho- phan Iing la-lam-tang-
nhlet do, dleu nay that sy lam téng tuong tac giita cic phan tu, tuy nhién dleu
nay khong xay ra trong diéu kién sinh’ 1§ binh thlidng Co ché tac dung ¢ua
enzym la enzym lam giam nang lu'dng hoat. hoa caa phan ting dé cac cd chat de
dang dat dudc muc nang luong dé ‘dua phan tng vao trang thai chuyen tiép, tu
d6 phan ting c6 thé x4y ra. Téc dd ctia phan tng phu thudc vao sé cac phan ti co
chat vugt qua hang rao nang lugng dé phan ing vao trang thai chuyén tiép.

Vay enzym la glam ning ludgng hoat héa ctia phan tng bang cach nao?
That sy, enzym lam gidm ning lugng hoat héa cta phan ting bing cach két
hgp véi co chit tao thanh phiic hdp enzym co chat (E S) theo phan Ung qua 2
budc sau: ,

E + S “ ES —->E+ P

(@ . (b)

3 day, E l1a enzym, S 14 co chat (substrate), ES la phlic hdp enzym-cd
chat va P 1a sdn ph4dm ctia phan ung (product). Nhu vay, enzym c6 tac dung
bién mét héa hoc don.thuin thanh mdt phan tng héa hoc qua 2 bude gdm mot
phdn itng lién phén ti (a) va mot phan ing ngi phén tiz (b) nhd tao thanh phic
hop enzym-co chat, ca hai phan ing nay déu doi hdi nang lugng hoat hoa thap
hon rit nhiéu so véi pHAn g Khong ¢6 su xic tac cia enzym. s
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C:élch lam gidm ning ludng hoat héa clia enzym 1a enzym két hgp véi co
chét dé tao thanh phic hgp E-S qua trang thai chuyén tiép E-S1* bang nhiing
tuong tac, tao ra cac lién ké&t yéu nhd moét ning lugng hoat héa thap, dong thoi
giéé phéng ra ning luong tu do. Nang lugng tu do dugc giai phéng nay lai g6p
phéin hoat héa phiic hgp E-S dé dua phic hgp nay vao trang thai chuyén tiép
E-82* véi nang lugng hoat héa cling rat thap dé tao san phim P va E tu do,
déng thoi ciing giai phéng ning lugng tu do. Nhu vay, bang cach tao ra phic
hq'p E-S, enzym chi cin nhiing ning lugng hoat héa rit nho ciing cé thé thic
ddy phan ing x4y ra. Ciing chinh vi vy, cac phan ing enzym dé dang xay ra
trong diéu kién nhiét d¢ sinh 1y ctia co thé. ‘

Trang thai chuyén tiép

Nang (:t)

lugng

tu do
G

¥ Khéng AG., Mic néng Iugng giam di
c6 enzym B khi c6 xtic tac clia enzym

v

1

Khi ¢6 xtc tac cha enzym

Tién trinh phan lng
Hinh 5.6..Cd ché tac dung clia enzym: enzym lam giam nang lugng hoat hoa clia phan ng
clia co chat S béing cach tao thanh phic hgp enzym- cd chét ES véi mc nang lugng hoat
héa thdp hon nhiéu so véi khi khong c6 enzym xuc tac dé dua phan (mng vao trang thai
chuyén tiép, tir d6 tao thanh phic hgp enzym san phim EP va phan {ing tao thanh san
phdm P va giai phéng E dé dang xay ra. ‘ : ‘

5. PONG HQC ENZYM
5.1. T6c do phan (ing enzym

5.1.1. Dinh nghia téc d6 phdn ing enzym

Téc d6 phan Gng clia mét enzym la lugng co chat bi bién déi duéi tac
dung ctia enzym iy trong mét phit 8 nhiét dd 25°C dudi cac diéu kién dudgc
chuén héa.

5.1.2. Don vi do téc dé phdn iing enzym

Don vi hoat do enzym dudc thé hién bing don vi quf‘fé t& (Intérnational
Units, IU hoic U) va duge dinh nghia 14 lugng enzym ]am bi&n d6i 1 pmol co
ch&t thanh sin phim trong 1 phit-§-25°C-duéi-cac didu kién.dd duge chuan héa.
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- 5.1.3. Tée dé ban ddu (v)

Téc do ban 'dau ctia mot phan ting enzym (duge ky hleu 14 v) c6 néng do
enzym, nong d6 co chét, 6 mét nhiét d6 va pH nhat dinh, 1a t6c d6 phan tng
enzym 6 nhiing phit dau tién ctia phan tng, khl ma téc do phan ing chua bi
anh hudng bdi sy thay d6i ctia nhiét do, pH, néng d6 san phim phan tng,...
T8c d6 ban dau tang 1én mét cach tuyen tinh, sau dé cong di. Hoat d6 enzym
chi duoc do mot cach chinh xac 6 téc d6 ban dau, nghia 1a do trong khoang 5
phut dau tién cua phan ing.

5.1.4. Téc do cuc dai (Vmax)

Véi mét néng do enzym thich hgp, nhiét d6 va pH thich hop, khi néng 6
cd chit ting 1én thi toc dd phén tng tang lIén. Khi cac phan tu enzym déu béo
hoa co chét thi tdc d6 phan ting dat téc dd t01 da (V. max)

5.2. Thuyét Mlchaehs-Menten

Néam 1913, Michaelis va Menten da dé ra gid thuyét vé vai tro cia néng
dd co chdt trong viéc hinh thanh phic hop enzym — co chat ES.

Su lién quan néi chung giiia enzym, cd chit va san phdm phan ung dugc
thé hién bing phuong trinh sau:

ki ky
E+S<ES—»E+P

Gla thuyet cua Mlchaehs Menten vé su hen quan guia toc do phan ang
va nong d6 co chit duoc tinh toan theo phuong trinh Mlchaehs Menten

(8]

Gday v =téc dd phan tng
Vinax = toc d6 toi da
[S] = néng d6 co chat _ N
Ky = hing s6 Michaelis ctia enzym d6i véi co chat.

Khi nong db co chat thip hon Ky rat nhiéu, nghia 13 véi s§ lugng enzym
vugt qué s6 lu?dng cd chit, trong phuong trinh Michaelis-Menten, ta c6 thé b
[S] 6 mAu s8, phuong trinh tré thanh dang v=V_,, [S) K,;, day la phlidng trinh
tuyén tinh dang y = ax, nghia 1a t6c d6 phan tng chi phu thudc vao nong d6 co
chat [S]. Luc nay phan tng 14 phan tng dong hoc bac 1 bdi vi téc do phan ing
ty 1& thuan v6i néng-dd-co-chit:
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Khi néng d6 co chét tang 1én dén mtc dat gia tri bing gia tri Ky thi
phuong trinh Michaelis-Menten tré thanh dang v =V_./2, c6 nghia 12 toc dd
phan ng bing 1/2 toc d6 t6i da. '

Khi néng 48 co chat 16n hdn KM rat nhiéu thi ta c6 thé bd KM & méu sd
cua phuong trinh Michaelis-Menten, va phuong trinh tré thanh dang v = Vmax,
c¢6 nghia 1a téc do phan iing dat t6c do t61 da (V,,,,). Lic nay t&t ca cAc phan ti |
enzym déu bdo hoa co chat, phan tng dat dong hoc “bac khéng”, béi vi, du 6
ti6p tuc ting ndng dd co chat thi tdc d phan ing ciing khong thay d6i va lic
nay toc dd phan tng chi phu thudc vao néng do6 enzym.

oo . Vmax -------------;--,-‘----‘-
Hinh 5.7. D6 thi Michaelis-Menten vé ‘ ‘
suf phy thudc clia t8c do phan (ng vao A
nong ddo co chat: Km la nong d6 co .
chat ma & dé téc do phan dng bang 1/2 Vimax|. .,
toc do toi da. , : ‘ 2 5

Km [S]

Y nghia ctia cdc gid tri Ky:
_ K, 12 hing s6 téng hop clia cac hing s8 tdc d6, c6 gia tri bdng ndng do co
chét cin thiét dé téc 4o phan tng dat béng 1/2 t8c d6 t8i da. Nhu vay, Ky dude
tinh bang mol/L.

- KM 12 hang s& déc trung cua mdi enzym d01 v6i mdi co chat noé the hién
ai luc cia enzym d61 véi co chét: KM cang nhd, ai lyc cia enzym dé1 véi co chat
cang 16n, bdi vi chi cAn mdt lugng co chit rat nho, toc d6 phan tng da dat 1/2
téc do t6i da, Ky cang 18n, ai lyc cha enzym déi véi co chat cang nhd, bdi vi
phai cAn mét lugng 16n co chit, téc dd phan ting méi dat 1/2 toc do t6i da.

— Muéhn dat dugc Vmax, ndng dé co chét phai > 100 14n Ky,

Y nghla cia V,_,: toc dd t6i da V., thé hién s6 vong quay (turnover
number) cua mdt enzym. Hang s6 dong hoc k, dugc goi la s6 vong quay S6
vong quay clia mot enzym 1a s6 phén ti co chat dugc bién d6i thanh san phdm
trong mdt don vi thoi gian, khi enzym nay dugc bao hoa ddy du véi cd chat.
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Bang 5.1. SG vong quay clia mét s& enzym
[theo Lehninger A, 2005 va Stryer L, 1993]

Enzym Co chat ~ S6 vong quay/giay

Catalase H,0, 1 40.000.000
Carbonic anhydrase o ' HCO:, : 400.000
Acetyl cholinesterase Acetyl cholin 14.000
Lactat dehydrogenase Lactat 1.000
‘Fumarase o : ' " Fumarat 800
DNA polymerase | : | k - 5 DNA o 15
ATPase ‘ k ATP " ' 0,4

Phuong trinh va @6 thi Lineweaver-Burk:

Ve rat khé c6 thé dudc xac dinh mét cach chinh xAc ti do thi hyperbol
cia Michaelis- Menten, vi viy, Lineweaver-Burk da cai tién phuong trinh
Mechaelis-Menten bang cach nghich dio phuong trinh nay va thu duge ‘phuong
trinh tuyén tinh dang y = ax + b nhu sau:

1 Ky 1 1

, v Vmax [S] Vm;x
|

| Hihh 5.8. Dc“i.thi Linéweaver-Burk.

_1/Km/

Y nghia ctia d thi Lineweaver-Burk:

1/[S]

— D6 thi nay da bién dé thi hyperbol thanh dé thi tuyén tinh (dang thang)
nhu vay, tit d6 thi nay c6 thé tim K, va V max MmOt cach dé dang.

— D6 thi nay 1a cong cu dé xac dinh pH va nhiét dé té1 uvu. .

— D06 thi nay ciing con 1a cong cu dé x4c dinh loai chét tc ché 13 chat te ché
canh tranh hay khéng canh tranh déi véi moét enzym nhét dinh.
6. CAC YEU TO ANH HUONG PEN HOAT DPONG CUA ENZYM

Vi cac enzym cé trong huyét thanh véi nhiing lugng rat nhd nen trong
thuc t&€ 1am sang ngudi ta thuong do hoat do enzym chi khéng do néng dé
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~ enzym. Trong nghién.cdu vé enzym, ngudi ta thudng khao sat t6c 4 phan dng
enzym & cac diéu kién khac nhau. Cac y&utd sau cb thé dnh hudng dén téc dd
phan dng enzym. :

6.1. Néng dé co chat [S]

| Su anh hd&ng ctia ndng dd co chit dén hoat dong cua enzym da dude md
t4 & phan déng hoc enzym véi phuong trinh va do thi Mechaelis-Menten.

 6.2. Nong d6 enzym [E]

Ngoai néng db cd chat, ndng do enzym ciing anh hudng dén téc 46 phan
tng enzym. D61 véi cing mét lugng co chét, téc dd phan ng enzym tadng khi
ting néng do enzym va ngudc lai. Tuy nhién, gia tri K,; khéng bi phu thudc
vao néng d6 enzym. '

6.3. Nhiét dé

Nhiét do ting thudng lam ting tdc d6 ctia mot phan ing héa hoc do lam
ting sy chuyén dong clia cac phan td, lam ting s6 va cham hiéu qua cua cac
phan t& enzym va cd chit va ciing cung cip ning lugng cho phan tng. Tuy
nhién, sau khi dat dudc toc do toi da, téc dd phan dng giam dan béi vi ban chit
ctia enzym 13 protein nén khi nhiét do ting cao sé dan dén bién tinh protein,
lam mat hoat tinh xtc tac cia ching. Hiu hét cac enzym c6é mét ranh gidi
nhiét d6 t6i wu gidng nhu diéu kién nhiét do sinh ly cha co thé. Su bién tinh
bit dau xay ra & nhiét-dd tit 40 dén 50°C va sy bién tinh xay ra § nhiing nhiét’
d6 cao hon. Thdi gian ti€p xtc v6i nhiét do cling d&nh hudng dén su hoat ddng
clia enzym. Enzym c6 thé chiu dung dugc nhiét d6 cao hon trong mot thoi gian
ngin. Néi chung, & ranh giéi nhiét dé enzym chua bi bién tinh, khi tidng nhiét
d6 18n 10°C, t6c do phan tng ting 1én gap hai lan, nghia la gi tri hé s6 nhiét
d6 (temperature coeficient) Q,, bing 2. Nhu vay, cac két qua phén tich enzym
phai dudc néu ré 1a duge thuc hién & nhiét do nao va phéi hiéu chinh bing
bang hiéu chinh hoat dd enzym theo nhiét d6 néu can thi&t. Cac mau huyét
tuong c6 thé duge bao quan & nhiét dd trong ti lanh (0°-4°C) hodc déng lanh
trong mdt thdi gian nhat dinh cho dén khi phén tich ma cac enzym khoéng bi
mét hoat tinh. Tuy nhién, khéng nén déng lanh r6i lai 1am tan enzym nhiéu
1an bdi vi didu nay c6 thé gy bién tinh protein. :

Ngoai ra, ngdy nay, cic vi khudn séng & day bién néng hodc sudi nudc
néng ngudi ta da phat hién duge mot s6 enzym bén véi nhiét, c6 kha ning chiu
nhiét rat cao. Vi du: cac enzym Taq DNA polymerase, Tli DNA polymerase,
Pfu DNA polymerase, Tth DNA polymerase, Tma DNA polymerase, ... ¢6 nhiét
d6 t6i uu khoang 75-80°C, c6 thé hoat dong & nhiét dd 95°C trong vai chuc
phut. Vi vay, cAc enzym nay hién dang dugc s dung rong rdi cho phan tng
chudi polymerase (polymerase chain reaction: PCR).
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Hinh 5.9. Anh hudng cia nhiét 4o
trén téc dd phan (ng enzym.

Hoat d6 enzym

Nhiét d6 (°C)

6.4. pH méi truong ,

Ban chit clia cac enzym 13 protein nén ching mang 'dién. Cac mtc d6 pH’
khéc nghiét c6 thé gay bién tinh enzym hodc dnh hudng dén trang thaiion héa
cla enzym, gy nén sy thay ddi cdu tric hoic thay d6i dién tich trén cac goc
acid amin & trung-tdm hoat dong. Vi vay, mbi enzym chi hoat déng trong mét
ranh giéi pH dic hiéu va hoat dong t81 vu 6 mot pH dic hiéu. Hau hét cac
phan dng enzym sinh 1y xdy ra trong mét giéi han pH khoang:tit 7-dén 8,
nhung mjt s6 enzym hoat déng trong mét 'gi6i han pH réng hon mét s8 enzym:
khae. Trong phong thi nghiém, phai duge kiém soat mot cach chit ché pH toI
uu bing nhiing dung dich dém thich hdp : : CeTa -

Hinh 5.10: Anh hudng clia. pH den e ol e e
d6 phan (ing enzym. : .+ o RTINS ERRE L Pl

(a) pH 101 uu'cha: pepsm va: (b) pH t6i -
vu cua trypsin- e

Hoat:do énzyrh

6.5. Cac chat hoat héa _ ‘

Cac chét hoat héa (activator) 14 cic chdt lam tang tdc d6 ctia phan tng
enzym hogc 1a 1am cho enzym & trang théi khong hoat ddng trd thanh trang
thai hoat dong. Cac chat hoat héa thudng 14 cac phan ti nhé hoic cac ion. Cac
chat hoat héa cta enzym néi chung thudng 1a cac kim loai (Ca2+ Fe?*, Mg¥,
Mn*, Zn* va K*) hosc 4 kim (Br' va Cl). Co ch& hoat dong ctia cac chdt hoat
héa 1a tao nén mét vi tri hoat déng tich dién duong dé c6 thé tac ddéng vao cac
nhém tich dién a4m cua co chat. Cac chz‘it hoat héa khac c¢6 vai tro lam thay déi -
cdu hinh khéong gian cua enzym, lam on dinh cdu tric bac ba va bac bén cua
" phan tl enzym, 1am enzym dé& gén véi co chit, ciing c6 thé c6 vai trd hen két co
chit véi enzym hoic v8i coenzym, hoic tao ra su oxy héa hoac su kh.
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Mot s6 coenzym c6 vai trdo nhu mét chit hoat héa d6i véi mot sd enzym
doi héi cac phan ti hIiu co nay cho hoat tinh enzym ddy du cta ching. Vi du:
NAD* 13 mét cofactor c6 thé bi khu thanh NADH trong do co chit thu nhat bi
oxy hoa. a

6.6. Cac chat tic ché

Chat tc che 13 nhiing chat khi ket hop véi enzym cé tac dung tic ch& hoat
doéng cia enzym, nghla la lam giam ho#c lam mA4t hoat tinh cta nhiing enzym

nhat dinh.

6.6.1. Uc che canh tranh (competztwe mhzbztor)

Uc ché canh tranh 1a sy tc ché& clia nhiing chit ¢6 cdu truc tudng tu nhu
phén té co chat binh thudng va canh tranh véi co chit dé gin vao trung tAm
hoat déng ctia mot enzym nh4t dinh. Sy tc ché canh tranh c6 kha ning thuan
nghich; vi vay 6 thé dudc khic phuc sy dc ché canh tranh bang cach tang
ndng d6 co chit. Khi co cht nhidu hon, ching sé& canh tranh véi chit tic ché dé
gin vao trung tdm hoat dong. Nhu dudc chi ra- § hinh 5.11 t& d6 thi
Lineweaver-Burk, gia tri V..., 1a khéng thay d6i nhung gia tri K,,1a 16n hon,
diéu nay chi ra ring cAn mot ndng d6 co chit 16n hon @8 dat duge dong hoc bac
“0” do cac anh hudng cta chit dc ché canh tranh.

Vi du vé tic ché& canh tranh: § phan {ng tit succinat dén fumarat trong chu
trinh acid citric, co chat 1a succinat (OOC-CH,- CH,- COO"), enzym 1a succinat
dehydrogenase. Cac chat tic ché& canh tranh véi enzym succinat dehydrogenase
13 chit ¢6 ciu tric gin gidng nhu succinat nhu oxalat (OOC-COQ’), malonat
(00C-CH,-COO); hoic glutarat (OOC- CH,- CH,- CH,- COO)).

6.6.2. Uc ché khéng canh tranh (noncompetitive inhibition):

Uc ché - R
Uc ché canh tranh khéng canh tranh Uc ché
phi canh tranh

/ Khéng Uc ché b Khong tc ché ¢ Khéng (c ché

Hlnh 5 11 Anh hu’dng cua cac chat u’c che tren do thl Lmeweaver Burk

a. Uc che canh tranh b. Uc ché khéng canh tranh c.Uc che phi canh tranh
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‘Su tic ché& khéng canh tranh xay ra khi chat tc ché& nay gén vao enzym &
mdt vi tri khong phai trung tam hoat déng. Su gén nay c6 thé xay ra véi ca
enzym va véi ca ca phic hdp enzym co chat tao thanh phic hgp EI va ESI:

ES +I=ESI

Su gin nay gy nén mot sy thay d01 cau hinh khong gian cua cau tric phéan
ti enzym, lam cho trung tdm hoat dong ciing bi thay d01, khong thé tiép nhan
dudgc co chit, néu da tiép nhan co chit ciing khong thé bién d01 cd chét thanh san
pham. Sy ting néng dd cd chat khong anh hu:dng dén sy gin cta tc ché khéng .
canh tranh vao phan ti enzym nén khong thé khac phuc dudc tinh. trang tc ché&
bing cach ting nong do co chat. Do do anh hudng cta tc ché khéng canh tranh
trén dong hoe caa’ phan ting 1a lam glam V... boi vi toc do téi da khong thé dat

ditgcé: do ‘enzym. bi bat hoat nhung gia tri K, khong thay déi. Vi du ve tc: .ché
khong canh tranh: cacion kim loai nhu chi (Pb) va thuy ngin (Hg).

6.6.3. Uc ché' phi canh tranh (i uncompetttwe mhzbttwn)

Mot kiéu tic ché c6 kha nang thuan nghlch khac dudc g01 la uc che phl,
canh tranh. Su tc ché nay xay ra khi mét chat tc ché gén vao phic hdgp
enzym-co chat (ES) d mét vi tri khac véi trung tAm hoat dong de hinh thanh
mot phiic hgp enzym-co chat chit tc ché& (ESI) ma khong tao ra san pham P):

 ES+I=ESI

Su tang nong do co chit thuc su lam tang su tc che bdl vi: da cung cép
nh1eu phic hdp enzym-cd.chit hon dé cha't tc ché& c6 thé gin vao. Anh hudng
cua chat.Gic ché& phi canh tranh dugc chi ra tren d6 thi Lineweaver- Burk la lam
giam gia tri V,_,, do bt hoat enzym va lam giam gia tri Ky. - S

CAU HOI ON TAP
1. Trinh bay cach goi tén va phan loai enzym theo phan loai quoc té, cho
vi du méi loai. - : : ,

~Trinh bay thanh phan cﬁ'u‘tao cla enzym.

Trinh bay trung tim hoat dong cla ehzym

Trinh bay cac dang ciu tric cia phan ti enzym.

Trmh bay cilu tao phan ti va co che hoat dong cua coenzym NAD+ va FAD.

Trinh bay co ché hoat dong cua enzym

Trinh bay phudng trinh va dé thi Mechaehs Menten

Trinh bay phuong trinh va db thi Lineweaver - Burk.

© ® N e o e

Trinh bay anh hudng ctia nhiét d6 va pH dén hoat dong cta enzym.

QO

. Trmh bay anh hudng cta cac yéu t& hoat hoa va tc ché& dén hoat dong
clia enzym. : o
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He Chlfdng 6

NANG LUONG SINH HOC

M01 t& bao, co thé s6ng déu cin ning ludng cho su hoat ddng, ton tai,
phat trién cta minh. Khi thiéu néng lugng co thé trd nén mdi mét va phai
“nap” ning luong tit bén ngoal qua duong an va uéng. Cac thanh phén trong
thic &n, nuéc udng cé6 kha nang cung cip nang ludng cho cd the va te bao la
glucid, lipid, protein."

Niéng lugng sinh hoc hay sy oxy héa sinh hoc hay con goi 1a su hd hap t&
bao la qua trinh dét chay cac chit hitu co (G, L, P) tao néng lu!dng cho cac hoat
dong sdng cta co thé. o

Khi vao:co thé, t& bao cac thanh phan hitu co trén sé thoai héa cung cap
ning lugng va sinh ra cic chit cin ba (COZ, NH,,..). N&u chi xem xét vé lugng
chit thoai héa va ning lugng, san pham tao ra thi viéc thoai héa (dst chay)
cac chat hitu cd dién ra trong va ngoal cd the la glong nhau V1 du su dé6t chay
mdt phan ti glucose:

CeHy,05 + O, | — > GCO2+6HO+Qcalo

Tuy nh1en qua ‘trinh dlen b1en su dot chay cac chat hitu cd dlen ra trong
va ngoai cd thé khac nhau vé ban chit.

Su d6t chay cac chit hitu co ngoai cd thé 'xay"fa nhanh, manh mé, cin
ngon lia, oxy khéng khi tac dung truc ti€p, nhanh véi carbon hydro cua chat
hiiu cd; ning lugng (Q) gidi phéng cling mot ldc.

Su d6t chay cac chdt hitu co trong cd thé trong didu kién mhiét Ao khong
cao (37°C), méi trudng 2/3 la nudc, Iugng nhiét tod ra khong dude qua 16n mot
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lic, oxy khéng khi khong tiép xtc truc ti€p véi carbon va hydro cta cd chit. Vi
vay qua trinh dét chay cac chat xay ra tu ti, tiing bude, khéng c6 ngon lia, it
" tang nhiét d9, ning lugng dudc giai phéng dan. Ning ludng gidi phéng trong
qua trinh dé6t chay cac chit hitu co trong co thé dugc tich trit lai duédi dang
nang lu0ng héa hoc. Niang hidng nay s& dudc st dung trong cac hoat dong song
cta co thé nhuﬁ co cd, din truyén xung dong than kinh, h4p thu, bai tiét, tong

hop cic chat can thiét,.v.v. .

Su thoai héa cac chat G, L, P ti thic an duge mmh hoa 6 hinh 6. 1 dién
ra qua 3 budc: ’
Budc 1: sy thoai héa cac chat dén khi tao ra cic don vi ciu tao.

Thoai héa glucid sé tao ra don vi cdu tao la glucose. Thoai héa lipid tao
ra don vi cdu tac 14 acid béo, glycerol. Thoai héa protld tao ra don vi cdu tao 1a
cac acid amin.

Budc 2: su thoai héa cac don vi cdu tao dén khi tao ra cic san phiam
chuyén héa trung gian nhu acid pyruvic, acetyl COA,.v.v.

{ l Thirc &n
Busc 14 roein - Glucid - Lipid
D |
% Acid amin Céc dudng ddnv Acid béo, glycerol .
Budc 2 < i »Pyruvat
» - . »Acetyl COA +————————

Chu trinh
)] a.citric
Budc 3 < \
v
[,  NADHH
SN\,
v O, v ATP v
\ NH, H,0 CO,

» Cac chat dao thai

Hinh 6.1. Khai quat su dét chay cac chat hitu co G, L, P trong co thé
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‘Budc 3: su thoai héa cac chit chuyén hoéa trung glan dén san pham cudi
cing 1a-céc chit cin ba (CO,, NH;) dao thai ra ngoai co thé.

Sy thoai héa cac chdt & buée 1 va 2 dién ra theo nhung qua trinh riéng,
con dudng r1eng va sé dudc trinh bay chi tiét & cac chuong sau. Su thoal héa
cac chat G, L, P ¢ buéc 3 1a glong nhau va ning lugng sinh hoc g1a1 phong khi
thoai hoa cac chét chi yéu xay ra 6 budc nay. Vi vay, chddng nay trinh bay chi
tiét giai doan 3 ctia qua trinh thoai héa chdt tao ning lugng. Riéng thoai héa
glucid 6 buée 2 cling cé tao nang lugng, nhung chi véi mot lugng rat nhé va cg

-ché tao nang lugng sinh hoc dy trit (ATP) 14 hoan toan khac véi co ché chi yéu
tao ATP & buée 3. S

2. BAN CHAT CUA SU HO HAP TE BAO

Khi d6t chay cac chat hitu c¢d tao ning lu’.dng, t& bao cAn si dung O2 va
tao ra san pham CO,, H,0. Day chinh 1a sy hé hép, va qua trinh st dung 0,
tao CO,, H,0 dién ra trong t& bao nén con goi 1a ho hap té& bao

2.1. Qua trinh tao H,0 va CO,.

~ Thuyé’t hién dai vé sy hé hap t& bao gidi thich mdt cach toan dién,
chinh xac vé su st dung oxy, giai phong khi CO,, tao thanh H,0O trong qua
trinh d6t chay cac chat hitu co.

- Khi CO, tao thanh do phan tng kht carboxyl ctia phén td chit hiiu co
nhd enzym xuc tac 1a decarboxylase:

R-COOH — RH+CO,
Phan @ing nay khéng giai phéng nhiéu ning lugng

-

— H,O dudc tao thanh nhd mét day chuyén phan ting bao gébm hang loat
qué trinh tach, van chuyén H, ra khéi co chit va van chuyén H, qua mét chubi
dai cAc chat trung gian cudi cung t6i O,. Trong qua trinh nay, ca hydro va oxy
déu dugc hoat héa chuyén thanh dang cac ion H* va O%. Nhiing ion nay hoat
dong manh nén khi gdp nhau tao thanh H,0.

— Qua trinh van chuyé’ri H, t6i O, tao thanh H,0 giai phéng rit nhiéu
nang lugng va dude tich tri lai cho cd thé st dung.
2.2. Chubi van chuyén dién t&

2.2.1. Thanh phén chubi

Chudi van chuyén dién ti dugc hinh thanh bdi 4 phtc hgp protein van
chuyén dién ti va 2 chit van chuyén dién ti riéng biét nhu 6 hinh 6.5.

—~ Phiic hgp I. NADH-CoQ Reductase.

Trong phtic hdp nay, cac dién ti duge chuyén tt NADH truée tién téi
FMN (flavin mononucleotid, ¢6-chia-Vitamin-B2).va-dugc chuyén: t61 mot
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protein chita kim loai gén véi luu huynh (trung tdm sit luu huynh). Sau d6 2e
duge chuyén t6i CoQ tao CoQH,. Toan bd phan tng & bude nay 6 thé viét:
’ NADH + H* + CoQ » NAD* + CoQH,.
Co ch&€ van chuyén dién ti va hydro cia NAD (Nicotinamid adenin
dinucleotid) téi phtic hop I dién ra théng qua nhan nicotinamid nhu ¢ hinh 6.2..

7 - ||

o}
E~—SH H—C——R c E—-S-—ICII —R E—S8—C—R ‘ E—SH + RCOPOZ-
H ' - .. o }
H. = H Holl
( H CNHz ﬂ_ CNH, H
—_— | .
)/ | | | | R=—(I:——CH20P03
K N . OH .
N% | i
: l R' i
e . R

Hinh 6.2. Cd ché van chuyén dién tir ctia NAD*
- Trong phic hgp I, dién'tﬁ va hydro dudc van chuyén trude hét t6i FMN
(théng qua nhan Flavin) t6i trung tAm sit-luu huynh.
v Co ché& van chuyén dién ti caa trung tdm sit luu huynh 1a théng qua su
thay d6i héa tri clia ion sit. C6 hai trang thai cdu hinh (a,b) clia trung tdm sat
~-luu huynh tuong tng véi 2 trang thai héa tri clia sat nhu ¢ hinh 6.3, .

b -

Hinh 6.3. Hai dang trung tam s&t -luu huynh

+ Phtce hop II: Succinat-CoQ reductase.

Trong phiic hdp nay, 2 e- dudc chuyen tit succinat t6i FAD trude tlen sau
d6 téi trung tdm sit -Luu huynh va cudi cung téi CoQ dé tao CoQH,. Toan bd
phan dng c6 thé viét nhu sau. o

Succinat + CoQ ' Fumarat + CoQH2.
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Co ché van chuyen dién ti caa FAD va trung tam sit -luu huynh cing
gidng nhu da trinh bay & phiic hop trén. '

+ CoQ hay Ubiquinon.

CoQ 12 mét chat mang cac nguyén ti hydro (H* va e). Quinon dang oxy
héa c6 thé nhan 1 e @€ hinh thanh semlqumon va nhan tiép theo 1 e- va 2H*
dé tao ra dang hydroquinon. CoQH, chuyen 2 e t61 phiic hgp CoQH,-Cytc
reductase.

CoQ va CoQH, c6 thé khuyéch tan tuu do vao mang trong ty thé va la
diém noi cha 2 phic hop enzym dau va phic hop thi 3. Co ché van chuyén
dién ti cua CoQ dugc trinh bay & hinh 6.4.

o o : OH
T _ + e_ + H+
HaCO crts (|:H3~9 " c CH HaC CH
Hp 3 ! 3 3
H3CO (CH2-CH C- CH2)10 —J‘—‘
" CHP —R HaCO R
R
°© OH
- CoQ dang oxy héa (Q) CoQ dang trung gian -
(semiquinon) ' CoQ dang Khu
(QH ") (QH,)

Hinh 6. 4 Cd ché van chuyén dién ti cGa CoQ

+ Phiic hgp III: CoQH,-Cytc reductase.

Phiic hop nay gém 3 thanh phén: Cyt b, trung tdm Fe-S, va Cyt cl. Nho
phic hgp nay, 2 e duge chuyén tit CoQH, t6i Cyt c. 2e’ duge van chuyén theo
mét trat tu ti Cyt b, trung tdm Fe-S va t6i Cyt el, cudi cing téi Cyt ¢ @€ tao
Cyt ¢ dang khi. Toan bé phan tng dudc xdc tac béi phiic hgp nay la:

CoQH, +2 Cyt c-Fe ** - : » CoQ + 2H" + 2 Cyte **

+ Cyte: ciing nhu cac Cyt khac, Cyt c 12 protein chita nhém ngoai 132 hem
gidng nhu Myoglobin, Hb. Fe nim & trung tim cta hem lam nhiém vu van
chuyén e- b8i qua trinh oxy héa - khit nhu sau:

Fe ,>*+e- ———» Fe >

+ Phic hop IV: Cytochrom oxidase.

" Phiic hgp nay nhin e tit Cytcva e duoc chuyen theo thi ty téi Cu,” (Cyt
a) va téi phitc hop chita dong thi hai la Cyt a,. Cubi ciing e- duge van chuyen
ti phiic hgp nay t6i nguyén ti oxy (Ia chat nhan dién ti cudi cliing) tgo 0% ..0?

két hop véi 2H* tao H,0. Phan tng dudc xte tac bdi phiic hgp nay cé thé t6m
tit nhu sau:

2Cyt c-Fe ¥ gy + 1/2 0, + 2H' —— 2Cyt c-Fe™* ,, + H,0




2.2.2. Trat tu sdp xép ctia chudi vén chuyén dién tiz va ndng luong gidi phong

+ Thanh phén cta chudi van chuyén dién ti duge dinh huéng chit ché
theo trat tu thé nang oxy héa - khii clia cac chat trong chudi. Theo tinh toan,
e- di tir chat c6 thé nang oxy héa - khii thap téi chit c6 thé ning oxy héa - khi
cao dan.

+ Trong qua trinh van chuyén nay nang lugng duge giai phéng va c6 thé
tinh duge bing mét dai lugng 1a AG®

AG®°=—nf A E®
AG® : su bién thién ning lugng tu do tinh theo kcalo & diéu kién chuin
(pH=7, t=25°C)
n: s§ e van chuyén
F: s6 Faraday = 23,062
AE®: su chénh léch thé ning ctia hé théng cho va nhan e

Cac gia tri trén duge tinh trong di€u kién tiéu chuin: néng d6 0,1M,
nhiét d6 25°C, pH=7,0. Sy thay d8i ning ludng tu do cia mot cap e tu NADH/
NAD* (E”= - 0,32V) dén H,0/ 1/2 0, (E” = + 0,82 V) ¢6 AG” = — 2 (23,062)
[0,82 — (-0,32)] = - 52,6 kcalo/mol

Toan b6 nang lugng trén dudgc giai phong dan tlmg chiang. Ning lugng da
‘tao vai phén ti ATP tit ADP va Pi (AG® can cho téng hop ATP ti ADP + Pi =
+ 7,3 kealo/mol) con moét phén ning lugng toa ra duéi dang nhiét. .

—2.3. --—Cd—ehe»—t—ao—Aw’IlP- G-ty -the-(m»tt-ochond-ria) e

Nang lugng giai phéng trong qua trinh van chuyén H* va e- trong chudi van
chuyén e- duge dung tao ATP td ADP va Pi. Tuy nhién ning lugng trén khéng
dugc stt dung truc tiép dé tao ATP tit ADP + Pi ma qua co ché phiic tap hdn

2.3.1. Nhdc lgi cdu tao ty thé
Céu tao bdi 2 mang sinh hoc.
+ Mang ngoai cho qua tu do phan ti nhé, ion.

+ Mang trong khéng cho qua cac ion (ké ca proton H") va c6 chta cac enzym
cua chubi van chuyén e-, hé thong enzym van chuyén qua mang, ATP synthase.

_Mang ngoai
+Mang trong

Hinh 6.6. C4u tao sd ludc . Khoang giita hai mang

ty thé
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. 2.3.2. ATPsym?hase ‘
' + ATPsynthase duge cdu tao béi 2 phiic hgp oligome F,, F,.

Fo: 12 m{t protein gin chit vao mang trong ty thé va gbm 3 tiéu don vi:
a, b, c. 3 don vi nay tao ra mét kénh cho H* di qua.

F1: gbm 3 tiéu donvia, 3 tleu don vi B Va dugce gén véi- Fo qua cac tiéu
don vi 'y, g, O.

Hinh 6.7. C4u tao
ATP synthase

2.3.3. Co ché'tao ATP

. — Duge Peter Michell dua ra 1961 c6 tén 1a thuyet tham thau hoa
hoc”. Nhung gan day thuyet nay mdéi duge cdng nhan nhd su tién bo vé nhling
k§ thuat tinh che va ciu tao lai mang sinh hoc cta cac bao quan.

— Nang 1u0ng trong quéa trinh van chuyén e duge dung dé bom nhiing
ion H* trong ty thé ra pha 16ng bén ngoai qua mang trong ty thé. Qua trinh
nay tao ra mot gradient ion H* qua mang trong. Vi H* mang dién duong, su
chénh léch nong dd H* tao ra mét su chénh léch dién thé giiia 2 phla clia mang
trong ty thé. Chinh su chénh léch dién thé nay tao ra mot luc ddy H* trg lai
khuén ty thé qua mang trong va lyc nay c6 thé tinh duge :

RT
pmf=y-(—)ApH=y-59ApH
F
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1 don vi pH = 10 14n chénh léch néng d6 H*

chénh léch mét don vi pH qua mang = dién thé 1a 59 mV (6 200C)

R : hang s6 khi = 1,987 calo/mol = ~ T: Nhiét d6 Kelvin.

F: hing s0 faraday (23,062 calo/V! . mol 1) y: Dién thé qua mang
pmf: dugc do bing mV. O ty thé ldc nghi pmf = 220 mV

- Chinh luc ddy H* qua phiic hgp F F, di tao ra ATP tit ADP + Pi

Gan ADP & Pi

H0w./)® Hinh thanh ATP

Cac tiéu don 1
tir ADP & Pj-

vi trd lai vi tri
ban dau

/ .
Quay 120° do lyc
ATP ddy chia dong H*,

thay déi cau hinh
B giai phong ATP

Hinh 6.8. Co ché quay cla ATP synthase tao ATP

Ba tidu don vi B (chtia trung tdm hoat déng) c6 su thay d6i 6 3 dang ciu
hinh, 3 dang nay khac nhau vé ai lyc lién két d6i véi ATP, ADP va Pi.

6 phan ting 1, ADP va Pi gin vao 1 trong 3 tiéu don vi B (6 day 1a B2) va
dong thoi hinh thanh ATP (phan ing 2). Luc ddy H* tao ra modt su quay 120°
cta cac phin a,p; cia F1 va giadi phéng 1 phan ti ATP (6 phan ung 3) tit 1 tidu
don vi B (6 day 1a Bl) kém theo su thay d6i cAu hinh cta ca 3 tiéu don vi B.

- Qua trinh quay cua F1 va tao ATP dudc tiép tuc cho den khi khéng con
su chénh léch vé H* giiia 2 phia clia mang trong ty thé.

Gia thuyét trén vé cd ché tao ATP da dudc ching mlnh bang cac thuc
nghiém .

+ Trong qua trinh van chuyén e’ ctia chudi van chuyen dién ti c6 3 vi tri
ma ning lugng g1a1 phong ti su van chuyén e dt dé ddy H* qua mang trong ty
thé ra ngoai ty thé.
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' 2e van chuyén qua phuc hdp NADH CoQ reductase tao ra’ nang lu’dng da
dé bom 4 H* qua mang trong. ’ : i .

2e vin chuyén qua phic hdp CoQH -Cytc reductase bom 4H* qua mang trong
2e van chuyen qua phua hdp cytochrom oxzdase lam chuyen 2H+ qua mang

Tong cong 10. H+ dudc bom tu ‘trong ty thé. qua mang trong ty the ra ngoa1
kh1 2e” dugc van chuyen tit NADH t6i O,. Néu di ti Succcinat hodc:FADH, chi
¢6 6 H* dugce chuyén qua mang.

Cac thuc nghiém da ching mlnh rang, su van chuyen 3H qua phuc hop
FoF1 dua tao 1 phanti ATP t& ADP + Pi.. =

Nhu vay; mot chubi van chuyén dién ti di tit NADH t6i O, tao ra 3 ATP.
Va néu di tit succinat tao ra 2 ATP va neu di ti sau d6 tao 1ATP.

Nang ludng giai phong trong qua trinh van chuyén e- con dugc te bao st
dung vao cac muc dich khéc ngoai viéc tao ATP : tao nhiét, van chuyén calci, ..v.v.

E

_NADH+H*_NAD"

chenhtechpH | [“gnanap | | - Chenh tech

gita2mang M ATpdolyc |* Védiénthe : =2
' (mang tinh |} day H* » | - (bén trong Lo

- kiém bén trong). | L: v mang dién am

Hinh 6.9. Nang Iuong giai phéng khi van chuyen e
dugc dung dé bom H* qua mang trong ty thé. -

2.4. Didu hoa tong hdp ATP

- Mic tieu 4 Dua ADP vao mdi trudng - . -
| . . Thyo, |
"Hinh 6.10. Diéu hoa téng hop . -
ATP Phu thuéc theo mirc ADP
trong méi trudng nuoi céy té bao.
Thdi gian >
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Ty the smh tong hdp ATP theo nhu cau cua te bao thong qua néng do ADP.

. Nong do ADP thap lam giam tiéu thu O,, giam qué trinh oxy hoéa (van
chuyen e) va g1am tong hgp ATP.

+ Khi tidng dot ngot nong do ADP (v1 du thuy phan nhleu ATP trong
trudng hop co co manh va nhanh) lam tang tiéu thu O,, tang qua trinh oxy héa
(van chuyen ¢) va lam tang qua trinh tong hdp ATP bu lai phan ATP da bi
tiéu hao. Piéu hoa téng hop ATP dugc minh hoa ¢ hinh 6. 10

2 5. Cac chat tc ché chu01 hé hap te bao ‘
Chubi ho hap t& bao bi tc ché béi mot s6 chat nhu sau:

~ Rotenon: chin su van chuyén e giita NADH va Ubiquinon

Ant1m1c1n A; dugc phan lap tit mot chung streptomyces chén su van
. ‘chuyen e gilia Ublqumon dén Cytc.

- CN, CO, HS chin sy khu O, cua cytochrom -a,ag.

- DNP (2 4-dinitrophenol): day 1a chat pha ghep cho phép oxy hoa
NADH lién tuc & mic d6 cao nhung khéng tao ATP ma nang lugng dudc toa ra
dudi dang nhiét.

— Chat pha ghép néi sinh ¢6 & ty thé t6 ChliC m& niu (khac m3 trang).
+ M6 nau la md sinh nhiét, md trang 1a ma duy tra.
+ MG néu chiia rit nhleu ty the nén c6 mau nau.

+ Mang trong ty thé md nau cb mot chat thermogemn, KLPT 33.000 Da
1a chat pha ghep tu nhién c6 tac dung chuyén ning lugng ‘cua qua trinh van
chuyén dién tu thanh ning lugng nhiét (ma khong tao ATP dy trii) nham duy
tri nhiét do cd thé & cac diéu kién tu nhién khac nhau. Vi du cho chudt vao mbi
truong lanh, kha nang sinh nhlet téng lén béi kich thich ting tong hgp
thermogemn 6 mang trong ty the ¢ dong vat xi lanh therrmogenin chiém
15% protein mang ty thé. Ty the t& bao co cling chia thermogenm

Ngudi 16n it md nau, tré méi sinh thl viée tong hdp thermogenm rit cin
thiét dé giit nhiét do co thé khi hé than kinh diéu hoa thin nhiét cua tré chua
hoan chinh.

2.6. Su tao ATP d mitc d0 co chat

T& bao c6 2 cd ché tao ATP hoan toan khac nhau. Nhu trén da trinh bay:
$ ty thé luc chuyén proton qua mang tao ning lugng cho su tong hop ATP tut
ADP + Pi. (o} te bao con mdt cd ché tao ATP khac goi la su phosphoryl héa &

mftic cd chit, xay ra 3 bao tuong ma khéng c6 lién quan t6i mang ty thé va
gradient H*. C6 2 qua trinh phosphoryl héa ¢ mic cd chat trong qua trmh
duong phan. : .

1-3 diphosphoglycerat + ADP —_— 13 pho‘spho glycefat +-ATP
Phosphoenol pyruvat + ADP > Pyruvat + ATP
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3. SU PHOSPHORYL - OXY HOA

Su giai phong ning lugng trong qua trmh van chuyen e- (oxy hoa) ]
chudi van chuyén e- duge tich trit duéi dang ATP tu ADP va P1 nhd qua trinh
goi la phosphoryl héa. : T D
3.1. Sy phosphoryl héa

- Su phosphoryl héa 1 su gin mot goc H PO4 vao mot phan tu chat hiiu

CO.
RH+ .. HQ-P,oaHz-. ———  R-PO;H,+ H,0
Chat hitu cd - A.phosphoric ' Hop chat phosphat hitu cd - -

-~ Phan ung phosphoryl hoéa la phan iing tdng hop nén cin nang lugng
va enzym phosphoryi kinase.

— Phan ting nguge lal la phan IIng khi phosphoryl
R- PO;H, + H,0. —> RH+HPO

- Trong qua trinh nay néng ludng duoc g1a1 phong dung bang so nang
lugng da dung dé tao lién két phosphat :

Phosphoryl héa 14 mot trong nhiing phan dng quan trong bac nhat trong
chuyen héa chat. N6 dong vai trd.chu yeu trong v1ec tlch tru va van chuyen
nang lu?dng, hoat; héa cac qhat ' o SR

r—3a2 -Cac loai lién két phosphat

Cén cl vao ning lugng tu do dudgc giai phong ti phan tng thuy phan cit
dut lién két phosphat, cac lién két phosphat dudc chia lam 2 loai: lién két
phosphat nghéo ning lugng va lién két phosphat giau niang ludng

3.2. 1 Lzen két phosphat nghéo nang lu‘dng

COOH
- Khi thuy phan lién ket nay chicé tit o
1000 -5000 calo dugc giai phéng, ky hiéu R- P. CH._OH)/
|
VD. Lién két phosphat estephosphat. . CHZ0—PO3H;

- Goc — PO H, duoc ky hiéu la —@

3.2.2. Llen ket phosphat gzau nang lu’dng ,
Khi thuy phén lién két phosphat giau nang lugng thi cé6 > 7000 calo dudce
giai phéng _
Ky hiéu 1a R ~®. \. Mot s6 lién két phosphat giau ning ludng la:
+ Acylphosphat:tao thinh do H,PO, k&t hop véi goc acid cta chit hitu co.
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Vi du: Acid 1-3 diphosphoglyceric o
| Nang lu’o’ng gzaz phong khi thuy phan | |

K |
-V-C|300 ‘:...;‘ v

‘ .. CH—OH
. lién. két nay la 10,1 kcalo TR . _,cl:Hzo-—P . :
+ Enol phosphat: do H;PO, két hdp vii nhom chiic enol cta: chét huu
¢d.Vi du phosphoenolpyruvic COOH
Ning lugng gidi phong khi | (I:fQ N @ o
thuy phdn lién két nay l(‘z - 14,8 kcalo ' oHy
+ Amid phosphat(phosphamld) do H3PO4 két hdp v6i nhém amin
Vi du Phosphocreatinin. : e / o
Nang luong giai phong khi ' 'ilH ~ t
thuy phén lién ké’f ndy la - 1 0,3 kcalo (|3=‘NH o I
| - ril CHs
+ Anhydrid phosphat(pyrophosphat) CH,—COOH

La lién két gnia 2 g6c phosphat, vi du trong phan tli ATP la lién ket
phosphat gidu nang lutdng quan trong nhit.

N M ' Néng luong gzaz phéng khi thuy
Ademn Ribose ~ P~ O O phéan lién két nay la - 7,3 kcalo

OH
3_-2-3.. Sl.t phosphoryl — oxy héa o _
" Trong chudi van chuyén dién ti, qua trinh & di ti chét c6 thé nang

oxXy hoa khi thap téi chat c6 thé ning oxy héa cao hon la nhiing qua trinh oxy
héa - khu.

— Trong qua trinh trén, nang 1u’dng g1a1 phong ra dudc su dung de tao
ATP nho phan ting phosphoryl héa ADP.. :

ADP + H,;O, —> ATP+H,0

(lu?dng ATP tao thanh ciia mot chudi van chuyén 2e~da dudc tinh cu thé &
trén). .

— Hai qua trinh trén ludn di kem (gin hen), nghla la su phosphoryl hoéa
ADP thanh ATP di kém véi su oxy héa - khii (chudi van chuyén dién ti) nén
dugc goi thanh tit ghép 1a su phosphoryl — oxy héa. .
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4. CHU TRINH ACID CITRIC

4.1. Khai quat vé chu trmh acid citric va sy hinh thanh acetyl -CoA tu
acid pyruvic

~ Chu trinh acid citric 13 giai doan thoai héa cuéi ciing chung ctia cac chit
glucid, lipid va :protein. Ch4t ddu tién tham gia vao phan tng cua chu trinh 1a
acetyl CoA ma san pham thoai héa cac chat chti yéu tao ra la acid pyruvic. Vi
vay, phai c6 phan ting chuyén acid pyruvic tao acetyl-CoA.

Su khu carboxyl oxyhéa cua acid pyruvic thanh acetyl- CoA xay ra trong
ty the vala dlem n01 acld pyruvic va chu trinh acid 01tr1c

Enzym xdc téc la mot phuc hgp enzym c6 tén la pyruvat dehydrogenase
Phic hgp gébm 3 enzym:

E1l: Pyruvat dehydrogenase ¢6 coenzyme 1a TPP

E2 D‘ihydro_lipo'yl trahsacetyla'se.cé coenzym la lipoamid -
E3: Dihydrolipoyl dehydrogenase c6 coenzym la FAD
Céc budc phan tng dién ra duge tom tét & hinh 6.11.

Bénh Beriberi do thigu Vit bl : nguyén nhin r01 loan do th1eu El a dong
acid pyruvic lam thoai héa than kinh van déng va giy liét.

CHy—C— COO™ .
‘ Thiamine NAD*
Pyruvate pyrophosphate
co, ™ cHy NADH + H'
éﬂ"()}i
bre
Hydroxyethyl TPP
(HETPP) ,
- A A 7
L8 \4 Lo
Pyruvate Dihydrolipoyl Dihydrolipoyt
dehydrogenase transacetylase - dehydrogenase

Hinh 6.11. Chuyén héa acid pyruvic thanh acetylCoA.
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4.2. Cac phan ng cta chu trinh acid citrie. (con goi 1a chu trinh Krebs)

- Toan bd cac phan ing (ké ca cac enzym xiic tac) cua chu trinh acid citric
dudc trinh bay d hinh 6.12.

- Phan u’ng 1: tdng hop c1trat

Mét phéan ti acetyl CoA két hgp véi mot phan tu oxaloacetat (4C) tao
thanh citrat (6C) nho enzym citrat synthase. ,

— Phén éng 2: dong phén héa citrat thanh isocitrat.

Citrate loai di 1 HZO tao thanh Cis-aconitate (2a) va lai két hdp ngay véi

1 H,0 tao isocitrat (2b). Ca 2 phan tng déu do enzym aconitase xtc tac. Két

qud & phan dng 214 vi tri nhém OH bi thay d6i lam m4t tinh can d6i bén viing

ctia phéan tu citrat va tao ra mot phéan ti kém bén viing 13 isocitrat dé dang
tham gia vao cac phan tng tiép theo.

o) Acetyl CoA

Il '
CH;—C ~ S—CoA CoA ~ SH

Oxaloacet;t ' ! | H,~COO™ " Citrat
0=¢- coo C:;tlgat HO-C—COO™
. B A ‘ synthase ) ) B
AT A . CHa~ " CHz COO
' NADH H" 2mcoo : \;HZO Aconitase
Malat NAD* 2a
dehydrogenase 8 ¢H2~CO0~
— e~ coo H Cisaconitat
0_950 (~C00,
C .
Malat H CH H 2b Aconitase
) .
COO ‘ CHU TRINH ACID CITRIC QHz‘COO'
, , HC—coo™ )
Fumarase ,Hzo 7 HG- COo™ Isocitrat
. . . O +
. ’ (,300_ 3a NAD Isocitrat
Fumarat g;H ' . ‘ NADH dehdrogenase
HC ceon- HH
coo - fHCO0
o FADH, 6 e
SUgCZ'at, FA ) ) goo- Oxalosuccinat
ehydrogenase
v Pz coo 3 |
Succinat CH2

CHz- COO

COO- ' 5 : cO
CoA~ SH CO,CoA~SH Ff‘éoo_ 2
GTP CHa- coe_x{j( g a - Cetoglutarat

(ATP) GDP
(ADP) CHSZ-COA napH A
+Pq ﬁ; e o — Cetoglutarat
Dehydrogenase
Sucinyl CoA '

" Thiokinase

Hinh 6.12. T8ng quat-cac-phan-itng-clia-chu-trinh-acid citric
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— Phdn tng 3: khii carboxyl oxy héa isocitrat thanh og-cétoglutarat.

Isocitrate loai di mét cip H, nhd xtic tic ctia enzym isocitrate
dehydrogenase cé coenzym la NAD sé chuyén thanh oxalosuccinate (3a).
Oxalosuccinate loai 1 phan ti CO2 tu phat (khéng can enzym xuic tac) tao
thanh a-cetoglutarat (3b). : : S

“Phan u’ng 4: kht carboxyl oxy héa a- cetoglutarat.

- cetoglutarat ‘nhd xdc tac cla phIIc hdp da enzym a—cetoglutarat
dehydrogenase ( gom 3 enzym) sé€ loai di 1 cap H, duédi dang. NADH2, 1 phan tu
CO,, va c6 su tham gia cia HS CoA tao succmyl CoA Day la phan tng phc tap,
dién ra qua nhiéu buéc tuong tu nhu qua trinh chuyen pyruvat thanh acetylCoA.

— Phadn itng 5: tao succinat.

SuccinylCoA thuy phén tao succinat nho enzym thiokinase. Ning lugng giai
phéng khi thuy phén lién két gidu ning lugng thioeste trong succmyl CoA dudgc
dung de tao 11en két gidu ning lugng trong phén ti GTP tu GDP va H3PO4

- — Phan u‘ng 6: oxy héa succinat thanh fumarat.

Succinat loai di 1 cip H, nhd enzym succinat dehydrogenase cb coenzym
FAD s€ tao thanh fumarat. R _ o L _

— Phdn wng 7: hydrat héa fumarat thanh malat.
Fumarat két hdp véi 1 phéan ti H,0 tao malat nhg enzym fumarase
 Phén ng 8: oxy héa malat thanh oxaloacetat

Malat loai di 1 cap H nhg enzym malat dehydrogenase c6 . coenzym la
‘NAD. Day l1a phan Ung cudi ciing déng vong chu trinh acid c1tr1c IR

4.3. Ket qua, dac d-_lem va y nghia cua chu‘ trinh
- * Két qua o '
— Hai nguyén ta C duéi dang acetyl CoA vao chu trinh nglmg tu vii

acid oxaloacetic. Hai nguyén t C ra khéi chu trinh dlidl dang CO2 do cac phan
dng khu CO, & phan ting 3 va 4.

. — B6n cip H, ra khéi chu trinh: 3 § dang NADH val la FADH Cac cap
H, nay vao chudi hé hap t& bao cho 11 ATP. 1 lién két phosphat giau niang
hIdng hinh thanh ¢ GTP dugc dung tao 1 phan tid ATP. Tong cong 12 ATP.

— Hai phan ti H,0 dude st dung.
* Ddc diém: - X4y ra trong ty thé .

- Trong diéu kién ai khi.
* ¥ nghia.

— La giai doan thoai héa chung, cuéi cing cta cac chat glucid, lipid va
protein. '

'~ Cung cApnhiéu-ning ludng.
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—. Cung cép céc chat chuyén héa trung gian cho céac chuyén héa khac
(lién hé véi cac chuyén héa khac 6 nhiing chudng sau).

4.4. Didu hoa chu trinh acid citric |
Diéu hoa chu trinh acid citric 12 diéu hoa qua trinh tao ATP theo nhu

cAu ctia t& bao séng. C6 3 diém quan trong trong chu trinh acid citric do nhiing
~enzym dj 1ap thé xic tac c6 tac dung diéu tiét hoat dong cta toan bd chu trinh.

— Phan {ing 1: ATP 1a ch4t tc ché di lap thé cia E1.

_ Dhan ting 4: ATP 13 chat tc ché, ADP 1a chét kich thich.

~ Phan tng 5: succinylCoA va NADH ftic ché phan tng.

Toan bd chudng ning lugng sinh hoc cé thé t6m tit nhu hinh 6 13

Trong t& bao, cac chat Pyruvat Acid béo
G, L, P thoai hoéa sé tao ra ’

acid pyruvic, acid béo. Cac : ’
chdt nay thoai héa tiép : Pyravat  Acid béo
trong ty thé t& bao tao cac ! }\\cetyl oA
mau 2C la acetyl CoA. : ~N .

Acetyl CoA thoai héa hoan Chu
toan trong chu trinh Krebs ) trinh acid - > CO,
tao CO, dao thai va H, &
duéi dang NADHH va
FADH, di vao chudi van
chuyén dién t gin 6 mang
trong ty thé. Ning lugng
giai phong trong qué trinh
van chuyen dién tu dudc
dung dé bom H* ti trong
ty thé ra qua mang trong ty thé vao khoang gitia hai mang. Mang trong ty
thé khong cho H* qua lai ty do vi vay tao ra mot chénh léch nong do H* guia
hai phia mang trong ty thé va H* c6 xu hudng bi ddy vao mang trong ty thé
theo quy luat vat ly théng thudng. H* chi c¢6 thé di vao trong ty thé qua ATP
synthase va luyc ddy H* qua enzym nay da xic tac tao nén ATP. ATP tu trong
ty thé ra ngoai bao tudng cung cip ning lugng cho moi hoat déng sOng cua té
bao.

~_Mang trong
Mang ngoai

CAU HOI ON TAP
1. Hay ching minh (bang s0 dd) su dot chay cac chat hiiu co sinh nang
lugng trong cd thé khic véisy dot chay cac chit d6/6 ngoai co thé.
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Thanh phan thit ty cta chudi van chuyén dién tG? hay tinh ning
luong giadi phéng duéi dang calo khi van chuyén 2e tit NADH, dén O,.

Thé& nao 1a sy phosphoryl héa, lién két gidu va nghéo ning lugng:
Cac loai lién két giau néng lugng va cho vi du.:

Ning ludng giai phéng trong qua trinh van chuyén e dudc gin véi
qua trinh tao ATP nhu thé nao.

Pic diém mang trong ty thé c6 gi khac v6i mang ngoai ty thé. Hay
trinh bay cdu tric ATPsynthase.

Antimicin A, CN- tc ché sy van chuyén e & nhiing vi tri nio trong
chudi van chuyén dién t? Hau qua cudi cung cla sy Gc ché ndy 12 gi:

Hay trinh bay chu trinh acid citric: cac phan dng, enzym xtc tac,
ning lugng, dic diém va y nghia.
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. PpHAN2
CHUYEN HOA CHAT

.Chu’dn:g 7

CHUYEN HOA GLUCID

Glucid (carbohydrat) 14 ngudn cung c4p nang lugng chi y&u d6i véi co thé
ngudi (chifm khoang 50 - 55%). M6t gam glucid cung c&p 4 kilo calo. Glucose 1a
chdt duy nhit c6 kha ning cung cap ting luong nhd ning lugng dudi dang
ATP trong diéu kién y&ém khi (khéng c6 oxy tham gia) cin thiét cho nhiing t&
bao phu thuéc glucose nhu héng cdu. Qua trinh tin tao glucose tit cic san
phdm chuyén héa trung gian, tit cic monosaccarid khac x4y ra & gan. Qua
trinh t6ng hgp glycogen xay ra & cAc md nhung chii yéu la gan va co. Glucid
tham gia tong hgp nhiéu phin ti 16n cdu tao t& bao nhu cac glycolipid,
glycoprotein... Thong qua chit trung gian 14 ribose 5 phosphat glucid tham gia
téng hgp acid nucleic.

1. SU THOAI HOA CUA GLUCOSE

1.1. Con dudng dudng phin (glycolysis)

Dudng phan 12 mét chudi cic phan dng héa hoc chuyén héa glucose (6
carbon) thanh pyruvat (3 carbon), xay ra & bao tuong, qua 2 giai doan véi 10
phan tng (hinh 1). '
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~ Giai doan 1: gébm 5 phan tng(1-5). Phan t glucose dude phosphoryl héa
va bi chit déi thanh 2 triose: glyceraldehyd-3-phosphat véi su chi phi 2ATP
“nang lugng diu tu” (phan tng 1 va 3). '

— Giai doan 2: gbm 5 phan ting (6-10). Hai phin tu glyceraldehyd -3-
phosphat chuyén héa thanh pyruvat tao ra 4 ATP (phan Ung 7 va 10). Muoi
phan dng trén dude xic tac bdi cac enzym:

1.1.1. Hexokinase: Phan ting 1 cia qua trinh dudng phan 14 su van chuyén
ctia 1 ATP dén glucose dé tao thanh glucose-6-phosphat (G6P) dudc xtic tac béi
hexokinase. inIexokinase la enzym khéng dic hiéu, cé trong tit ca cac loai té&
bao, xic tac sy phosphoryl héa ctia D-glucose, D-mannose, D-fructose. Hoat
dong xuc tac ctua hexokinase ddi héi ion Mg®, nhém C6-OH ctia glucose gin
v6i phosphat y clia phiic hgp Mg?*-ATP va phan ti phosphat dugc chuyén sang
glucose. Gan ciing chiia glucokinase, cing xdc tic nhiing phan tng nhu trén
nhung chi tham gia trong diéu kién glucose trong mau téng cao.

1.1.2. Phosphoglucose isomerase-PGI (glucose-6’-p‘hosphat ison,ierase)

Phéan @ing 2 1a sy dong phan héa G6P thanh fructose-6-phosphat (F6P)
dutdc xtc tac béi phosphoglucose isomerase, 1a phan dng thuan nghich, c6 su
sép x&p lap thé phan ti

1.1.3. Phosphofructokmase (PFK)

: Phan dng 3 13 phan {ing phosphoryl hoéa. - F6P thanh- fructose-1-6-
diphosphat (F1 6DP) boi phosphofructokinase (PFK), ciing gidng nhu phan
ting 1, PFK cin Mg?*.

1.1.4. Aldolase

Phan ting 4 dugc aldolase xtc tac cit doi phan tl fructose-1-6-diphosphat
thanh hai triose: glyceraldehyd-3-phosphat (GAP) va dihydroxyaceton phosphat
(DHAP). C6 2 loai aldolase, dugc phan loai theo héa hoc, cd ché& xiic tac ciing
khac nhau. Loai 1 c6 trong déng vat va thuc vat, loai 2 c6 trong ndm, tao va vi
sinh vat.

1.1.5. Triose phosphat isomerase (TPI)

Chi c6 mot trong hai triose phosphat & phan ting trén 12 GAP ¢6 thé duge
thoai héa tiép tuc trong cac phan tGng cta con dudng dudng phan. DHAP cé
thé bién d3i thuin nghich mét cach nhanh chéng thanh GAP nhd enzym
triose phosphat isomerase.
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P, + NAD®

NADH + H*
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Glucose

. ATP Mg
1] Hexokinase
ADP
Glucose-6-phosphat (G-6-P)

]

- Phosphofructo
isomerase (PGI)

N

" Fructose-6-phosphat (F-6-P)

ATP Mg®
3] phosphofructokinase (PFK)

. ADP

Fructose-1,6-diphosphat (F-1,6-DP)

4|l Adolase
GAP ] DHAP
"’ |
Triose phosphat
isomerase (TPI) G3P
P, + NAD'
6 N\ . Glyceraldehyd-3-phosphat
dehydrogenase (GAPDH) NADH + H* -

(2) 1,3 diphosphoglycerat (1,3 DPG)
ADP Phosphoglycerat kinase (PGK)
Mg”
ATP
(2) 3-phosphoglycerat (3PG)
[
Phosphoglycerat mutase (PGM)

-]

(2) 2-phosphoglycerat (2PG)
9 4 Enolase
Mg™

4
(2) Phosphoenolpyruvat (PEP)

ADP

Pyruvat kinase (PK) -
10 Mg®, K'
ATP

(2) Pyruvat

(G6P)
=0 ¢CH
ByP=0"CH, CH,— OH
2
H
(F-6-P) OH
H " 4
" HO H
“Byp-0-4CH,

o cn‘ 2= 0—PO,
5
2
(F-1 .G—DP)H|§ Hi;ol H
H

¢
HO

-ﬁp—O—CHz CH,—0—PO,
3(6)'<OHH + HO /J\
3(5) 7/ N fo)
G AN DHAP
G,P H .%o H H

OH /o— oy
“p—0— CH;—C—C
%},P 2 | \\o
(1,3-DPG) H
OH o
“f,pP— 0—CH (l: o
P—  o—  — —
2 2 1\\0
(3PG) H
Hp—o o
HO— CH,— C—C’.
2 | \\
(2PG) W o

CH _é C/
2= l \\o
(PEP) H
(o] o
|| 4
CHy—C—C
(Pyruvat) o)

Hinh 7.1. Qua trinh thoai héa glucose theo con dudng dudng phan



1.1.6. Glyceraldehyd-S-phosphqt dehydrogenase ( GAPDH)

NAD"

I

Seww Cmmy=  Thichemiacelal

h:

1 Phitc hgp -
R enzym co chat

Hinh 7.2. Cd ché hoat dong cla
glyceraldehyd-3 phosphat
dehydrogenase

| o\g OPQ:™

R

1,3 diphosphoglycerat
(1,3 DPG)

Phan ting 6 12 phan tng oxy héa va phosphoryl héa GAP thanh 1,3-
diphosphoglycerat (1,3DPG) bdi NAD"* va Pi dudc xic tac bdi glyceraldehyd-3-
phosphat dehydrogenase. David Trentham tu’ nhiing két qua nghién c11u dong
hoc da dua ra cd ché xic tac cda GAPDH gdm 5 buéc: butdc 1: GAP gin vao
enzym; budc 2: nhém sulfhydryl cia. Cy&trong enzym . ‘gin vao aldehyd tao

thanh thlohemlacetal bucc 3: thiohemiacetal oxy héa thanh thloeste bing
cach van chuyén hydrid (H") sang NAD*. Ning lugng cta su khi aldehyd
khéng bi phung phi ma dugdc bao tén trong lién két thioeste va dang khu
NADH ; bude 4: Mot phan tit NAD* khac thay thé NADH; buéc 5: goc phosphat
gin vao thioeste tao thanh san pham acyl phosphat (1,3-DPG) va enzym phuc
héi (hinh 7.2)

1.1.7. Phosphoglycerat kinase (PGK)

Phan tng 7 la phéan ting d4u tién cta con dudng dudng phan tao ra ATP
va 3- phosphoglycerat (3PG) nhdé phosphoglycerat kinase (PGK). Oxy cua
phosphat tan cia ADP gin vao nhém phosphat C1 cia 1,3-DPG va tao thanh
san phiam (3PG) ,

1.1.8. Phosphoglycerat mutase (PGM)

, Phan ing 8 Phosphoglycerat mutase (PGM) xic tac su chuyén d6i 3PG

thanh 2-phosphoglycerat (2PG). Dang hoat déng cia PGM chita phospho His &
vi tri hoat déng. Phan {ing xay ra qua 5 budc; buéc 1: Tao phc hdp 3PG-
phospho enzym; budc 2: nhém phosphat ctia enzym dudc van chuyén dén co
chét, tao phic hgp 2,3-BPG enzym; bude.-3; chuyén nhém phosphat khac cua
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co chdt sang enzym tao phuc hdp 2PG enzym; buéc 4: tach 2PG khéi enzym
dang hoat dong; budc 5: Think thoang 2,3-DPG dugc tach ra khéi enzym dang
khoéng hoat dong (hinh 7.3)

o

Phic.-hap

/ 3PG-phosphoenzy'm

Phic hgp
2PG-phosphoenzym 3

Phtc hgp
2,3 DPGenzym

Hinh 7.3. Cd ché hoat dong Deohosohoenzym )
clia phosphoglycerat mutase khing hoat dong His

Con ducng du’.dng phan anh hudng dén su van chuyen 0Xy. Trong hong
ciu 2,3 DPG gén vao deoxyhemoglobm va né lam giam ai lyc caa OxXy véi Hb.
Néng dd 2,3 DPG trong héng cau kha cao (~bmM). Trong héng ciu su tao
thanh va phan huy 2,3 DPG phu thuoc Vao con duong duodng phan
szhosphoglycerat mutase xudc tac su chuyen gbc phosphat tit C1 sang C2 cua
phan ti 1,3 DPG dé tao thanh 2, 3 DPG. Sau d6 2,3 DPG lai bi thuy phan tach
phosphat nho 2,3 phosphoglycerat phosphatase (hinh 7.4). Do d6 sy van
chuyen oxXy trong hong cau chiu anh hudng ctia con dudng duong phén. 3 bénh
b4m sinh, thidu hut enzym hexokmase va thiéu hut pyruvat kinase anh hudng
dén duong cong biao hoa oxy cua hemoglobin (hinh 7.5).

Glyceraldehyd 3-phosphat
[

GAPDH diphosphoglycerat 0 o

A mutase NIV
o 1,3-Diphosphoglycerat ' (f‘ : )
Hinh 7.4. Con dudng téng l H—C—OP03
hgp va thoai héa cla 2,3 PGK ;
DPG trong héng cau la ' CHOPG}
mach nhanh cla con dudng 3-Phosphoglycerat 2,3 diphosphoglycerat 2,3-diphospho

dudng phan. ’ T - phosphatase glycerat (2,3 QPG)
‘ PGM ' '

2-Phosphoglycerat
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hexokinase
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Hinh 7.5. Budng cong bao hoa oxy 8 héng 5 /" binh thudng
cau binh thudng, & héng cau bénh nhan :

thi€u hut Hexokinase va & bénh nhan 8 30| \ Thigu hut
thiéu hut Pyruvat kinase -/ pyruvat kinase

1 L [ | 1 |
0 10 20 30 40 50 60
pO, (tarr)

1.1.9. Enolase (tao thanh chdt trung gian “ndng lugng cao “thi hai)

y 'Phén.(ing 91a su_v khti nuéc ctia 2PG thanh ﬁh‘ospl‘z‘oenql, pyruvat (PEP)
béi enolase xiic tac. Enolase chi hoat dong khi 6 dang phic hgp véi Mg**
1.1.10. Pyruvat kinase | o B | ‘
- Phan dng 10 13 phdn tng tao thanh ATP tht hai do PEP chuyén
phosphat tit lién két enolphosphat (lién két gidu ning lugng) sang phén ti
ADP tao thanh ATP va tao thanh pyruvat du(ﬁ tac dung cua pyruvat kinase.

1.2. Sy thoai héa ti€p theo cta pyruvat
1.2.1. Thodi héa pyruvat trong diéu kién yém khi (khéng cé oxy.tham gia)
Trong con dudng dudng phan nhu di md ta & trén, s6 lugng NAD* giam
sau phén ting 6. G cd trong qua trinh hoat ddng khi nhu cdu ATP cao va oxXy
do mau cung cép khéng 44, lactat dehydrogenase (LDH) xuc tac su oxy héa
cua NADH bdi pyruvat tao thanh lactat va NAD*. Phan ing nay ciing thudng
dudc goi 1a phén tng 11 clia con dudng dudng phan. LDH dude ciu tao bsi hai
duéi don vi 1a H va M dé tao thanh 5 1sozym M4, M3H, M2H2, MH3, H4. Typ
H thudng cé & t8 chiic ¢ oxy nhu cd tim, typ M c6 & cac t6 chiic khéng c6 oxy
nhu gan, cd xudng. Typ H cta LDH c6 chiic ning trong su oxy héa lactat
thanh pyruvat, typ M ctia LDH ¢6 xu thé xtc tac theo huéng ngudge lai.

o) OH
]

 CH3—C—COO™ + NADH.H+ <~——=—= CH3;~C—COO" + NAD+
Lactat dehydrogenase H

Pyruvat Lactat
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Bilan ning lugng .

Toan by qua trinh dubhg phan va su khil pyruvat thanh lactat tinh tu
phan ti glucose cé thé viét:

Glucose + 2 ATP + 2NAD* + 2Pi + 4ADP + 2NADH + 2H* —»
| 2 lactat + 2ADP + 2 NADH + 2H* + 4ATP +2H,0
Rut gon la: | | |

Glucose + 2Pi + 2ADP — 2 lactat + 2 ATP + 2H,0
AG? = -196kd/mol
Cung véi sy tao thanh ATP, 31% ning lugng da tao ra 6 dang nhiét nang

1.2.2. Su thodi héa pyruvat trong diéu kién di khi

Véi su ¢6 mit cia oxy (diéu kién ai khi). Phan ti pyruvat vao ty thé, oxy
héa thanh acetat dudi dang acetyl CoA, di vao chu trinh citric va oxy hoéa
thanh CO, va H,0. Phan ti NADH (tao ra & phan ing 6) dugc chuyén vao ty
thé d8 oxy héa trong chudi ho hap t€ bao (xem chudng oxy héa khi), tai day
mdi phan ti NADH tao thanh 3ATP, phan ti pyruvat thanh acetyl CoA cho 3
ATP, acetyl CoA oxy héa trong chu trinh citric cho 12 ATP.

Nhu vay su thoai héa hoan toan phan ti glucose trong di€u kién ai khi
cung cap 38 ATP.

1.3. Con dudng hexose monophosphat

Sy oxy héa glucose theo con duong hexose monophosphat (chu trinh
pentose) x4y ra trong bao tuong cua t€ bao song song véi con duong dudng
phan, nhung chiém ty 1¢ thap hon nhiéu (7 - 10%). Tuy nhién 6 mot s t&€ bao
nhu héng ciu, gan, md md, tuyén siia théi ky hoat dong, con dudng nay chiém
uu thé. . -

Con dudng hexose monophosphat dugc chia 1am hai giai doan:

1.3.1. Giai doan 1:

Oxy héa glucose-6-phosphat tao san pham NADPH va pentose phosphat.
Trudc hét G6P oxy héa bdi NADP* tao thanh 6-phosphoglucono-&lacton dudi
tac dung cta glucose-6-phosphat dehydrogenase (G6PD), duéi tac dung cua 6-
phospho-gluconolactonase 6-phosphoglucono-8-lacton hop H,0 md vong tao
thanh 6-phosphogluconat. 6-phosphogluconat oxy héa béi NADP* giai phéng
CO, va tao thanh ribulose-5-phosphat duéi tac dung cua 6-phosphogluconat
dehydrogenase ‘
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20RO = CH 2

H H

@ Glucose-e-phosphat (G-5-P) (3)

HO OH

NADP* (3) | .
1 C Glucose-s-phoebhiéte dehydrogenase

Y NADPH +H*
6-Phosphoglucono-6 lacton (3)

<6-phospho-gluconolacronase )
v H+

‘H=—C = OH
|
" HO =G H
|

6- Phosphogluconat 3)

Hinh 7.6. Thoal héa clia glucose theo chu trinh pentose

o H &= NADP* (3) R
Lo H"c"'o“ o2 <phosphoglucanat dehydrogenase
= cnzopos
HO =i S ¥ NADPH +.CO,
. He— & o Ribulose -5-phosphat (Ru-5-P) (3)
0 £
©CHEPOY LA : '
Hw-C==0 ) : A1) 2 . NS
e SO Ribose-5-phosphat @ ' R:bose-s-ppospha.t\ :
H~~:I>f OH Isomerase epimerase
H—C—OH  Ribose-5-phosphat Xylulose-5-phosphat
Hee C — OH (R-5-P) (1) . ‘ (Xu-5-P) (2)
(lZHZOF’O%‘ ' - ' Ao
L ) g 1 : S o, CHOH .
e _I&mscetolase B R
FTT _.L o ~ ;‘l3=0 R
. . . HO«wsCmH
O=Cm=H r ' —1 1
T . , H— C— OH
"H~C—OH Glivcer:lt:t(egﬂ -i’»;) Sedoheptulose-7- L
v .7- He— C— OH
CIHZOP o2 phosphat (GAP) phosphat ($-7-P) (1). H=e
X ) g—on
CHOPOY
7 | Transaldolase
r— ) ‘1 O=~=¢~~H
| o Erythrose-4-phosphat g
- rose-4-phospha o
(E-4-P)(1) H=g=—0oH
K . CHOPO;
o ; Transcetolas%
C=0 .
HO— G—H & O=C—H
Fructose-6- phosphat ! Fructose-6- phosphat Glyceraldehyd-3- He (|:_ OH
(F-6-P) (1) H—C—0OH (F-6-P) (1) phosphat (G3P) (1) i
Homee G OH CHOPOS
CHOPOY
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1.3.2. Giai doan 2

Su bién d6i tiép tuc cta pentose-5-phosphat. Trudc hét ribulose-5-
phosphat déng phan héa thanh ribose-5-phosphat nhd ribose-5-phosphat
isomerase va thanh xylulose-5-phosphat nho ribose-5-phosphat epimerase
(ribose-5-phosphat ciing 13 ngudn nguyén lidu téng hop cac purin va pyrimidin
nucleotide).

Né&u nhu nhu cdu chuyén héa ribose-5-phosphat va xylulose-5-phosphat
da ddy dd, phdn du thiia s& chuyén thanh glyceraldehyd-3-phosphat va fructose
-6-phosphat. Nhiing phan ting nay la su chuyén nhém 2 carbon (transcetolase,
phan dng 6 va 8) va chuyén nhém 3 carbon (transaldolase, phan tng 7).
Glyceraldehyd-3-phosphat va fructose 6-phosphat di vao con dutdng duong
phan hodc tan tao glucose. Nhu vay chu trinh pentose phosphat c6 thé viét:

6G6P + 12NADP* + 6H,0 — 5G6P + 12NADPH + 6CO, + P,

Con dudng hexose monophosphat khong cung clp nang lugng dudi dang
ATP nhung né cung céip NADPH va ribose-5-phosphat. NADPH duge su dung
nhu dang ning lugng cho cac qué trinh téng hop acid béo, cholesterol va cac
steroid. Ribose-5-phosphat cung cdp cho qua trinh tong hdp base purin va
pyrimidin.

I\? y » . pd
1.4. Chuyén héa cia cac monosaccarid khac

Cac monosaccarid nhu fructose c6 trong méit ong, hoa qua va la san phim
thuy phin cua saccarose, galactose 14 sdn phdm thuy phan caa lactose,
mannose tit san pham tiéu héa cla polysaccarid va glycoprotein. Sau qua trinh
tidu héa, cic monosaccarid vao hé théng tudn hoan, ching dudc dem dén cac t6
chitc. Su chuyén héa clia fructose, galactose, mannose 1a su bién ddi ctia chiing
thanh san phdm trung gian cta con dudng dudng phén.

1.4.1. Fructose

Fructose hdp thu qua niém mac rudt khong nhanh bing glucose, nhung
mot khi da vao mau thi su chuyén héa lai nhanh hon. Ddi s6ng ban huy cta
fructose sau khi tiém truyén ngin hon glucose, bing 18 phut trong khi glucose
12 41 phit. C6 hai con dudng chuyén héa caa fructose: mot 6 gan va mot & co.

- 3 co: Fructose chuyén thanh fructose-6-phosphat (F6P) dudi tac dung
cua hexokinase, F6P thoai héa tiép tuc theo con dudng dudng phén

- O gan: co it hexokmase mot phin glucokinase, nhung ching ch1
phosphoryl héa glucose (xem phan 2.1). 6 gan fructose chuyén héa qua 6
phan tng dé tao thanh sdn phim trung gian ctia con dudng dudng phan.
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Fructose dudc phbsphoryl héa bdi ATP & C1 thanh fructose -1-phosphat
(F1P) dudi tac dung cua fructokinase ( Khéng c6 hexokinase va ciing khéng cé
 fructokinase cé thé phosphoryl héa F1P thanh F1 ,6DP). Sau d6 aldolase typ B
(c6.kha. ning chit d6i F1P va ca F1,6DP; dsi khi dugc goi la fructose-1-
phosphat aldolase) xic tac chuyén F1P thanh dihydroxyaceton phosphat va
glyceraldehyd. Glyceraldehyd c6 thé phosphoryl héa béi ATP.. thanh
glyceraldehyd-3- phosphat nho glyceraldehyd kinase. Glyceraldehyd c6 thé khti
thanh glycerol bdi NADH dudi tac dung cua alcol dehydrogenase, rdi
phosphoryl héa bdi ATP thanh glycero-3-phosphat nhd glycerol kinase va oxy
héa lai bdi NAD* thanh d1hydroxyaceton phosphat (DHAP) nhd glycerol
phosphat dehydrogenase, cuéi cting nhd triose phosphat Lsomerase dong phéan
héa thanh glyceraldehyd-3- phosphat (hlnh 7.7). :

Fructose 1a m6t dudng sinh nang lugng tot vi sy chuyen héa cia né
nhanh hon glucose (hoat dong cta fructokinase manh’ hdn hoat dong cua
glucokmase) khoéng phu thugc vao hormon.

1.4.2, Ga_lacto_se

Su »chuYén héa galactose xay ra trong gan. Trudc hét galactose dudgc
phosphoryl héa 6 C1 béi ATP thanh galactose-1-phosphat nhé galactokmase
sau d6 nho galacto-1-phosphat uridylyl transferase chuyén nhém uridylyl ctia
UDP-glucose den galactose-1-phosphat dé thanh glucose-1- phosphat (G1P) va
UDP-galactose. UDP-galactose-4-epimerase chuyen UDP- galactose thanh UDP-
glucose: G1P-s&-dong phén héa thanh G6P dé-divi vao con duong ducng phan
nho phosphoglucomutase (hlnh 7.8).. .

1.4.3. Mannose

Mannose chuyén thanh F6P trong con duong dudng phan sau khi trai
qua 2 phan tng:

— Mannose chuyén thanh mannose-6-phosphat dudi tac dung ctia hexokinase.

— Phosphomannose isomerase dong phan héa mannose-6-phosphat thanh
fructose-6-phosphat.
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Hinh 7.8. Thoai hoa clia galactose

2. SU TONG HQP GLUCOSE (CON PUGNG TAN TAO GLUCOSE)

Nzo va hdng ciu st dung glucose la nguén ning lugng chinh nhung lai
khong téng hop dude glucose. Su tong h‘d‘@lucbse xay ra khi dé6i va khi can
kiét glycogen du trd. Chic nang nay rat can thiét do1 v6i viéc cung cap glucose
cho cac mé, dic biét m6 than kinh. Co quan chii y&u cta sy tan tao glucose 1a
gan va khoang 10% dudc tan tao & than (phan vo) va rudt. Hinh 7.9 chi ra céac
ngudn nguyén liéu cung cap cho su téng hop nay.

2.1. Cac giai doan d.éc biét ctia qua trinh tdng hgp glucose

Qua trinh téng hgp glucose (tan tao glucose) st dung cic enzym cua con
dudng dudng phan. Cé 3 enzym trong con dudng dudng phan khéng xidc tac
phan tng thuan nghich d6 14 hexokinase, phosphofructokinase va pyruvat
kinase (hinh 7.11).

Cac phan tng tin tao glucose gdm nhiing phan ung gan nhu ngudc lai
cua con dudng dudng phan, trit 3 enzym khong xic tac thuan nghich .

— T pyruvat thinh PEP phai trdi qua cic phan ting sau: trudc hét
pyruvat vao trong ty thé, duéi tac dung cta pyruvat carboxylase cén ATP dé
pyruvat chuyén thanh oxaloacetat, sau khi tao thanh malat, malat dugc chuyén
ra bao tuong nhd con thoi malat-aspartat (chdt van chuyén dicarboxylat)
(hinh 7.11), 8 bao tuong malat chuyén thanh oxaloacetat rdi carboxyl héa duéi
tac dung cta phosphoenol-pyruvat, carboxykinase cin GTP tao thanh PEP.
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— Phan ting tit F1,6DP thanh G6P cin enzym fructose-1,6-diphosphatase.
— Phan ting tit G6P thanh glucose cAn su xtic tac clia glucose-6-phosphatase;

Ning lugng cin thiét dé téng hop glucose tit pyruvat cé thé viét:
2Pyruvat + 2 NADH + 4H* +4ATP + 2GTP +6H20—)

Glucose + 2NAD* + 4ADP + 2GDP + 6Pi

D61 véi chuyen héa glucose thanh pyruvat :
Glucose + 2NAD+ + 2ADP + 2Pi —»

2 Pyruvat + 2NADH + 4H" + 2ATP + 2H,0.

Nhu vay ndng lL‘tdng can cho sy tong hdp mdt phan tu glucose tit pyruvat

1a 4ATP.

Alanin
Cystein
Glycin
Serin
Threonin
Tryptophan

Aspartat
Asparagin

Phenylalanin
Tyrosin

Isoleucin
Leucin

2.2, Chu trinh Cori

—  Fumarat "

. -Lactat
1
CH3;—C—CO0" Tan tao glucose

j Pyruvat |
co, -————-1

Acetyl -CoA

_ Dealnacatat i
o Citral
Cii
WA (=0
L-Malat L.

Co0o™

Chu trinh ‘acid‘ Citric

HC  coo~ coo” g
| l. | Isocitrat
Ccoo (Isz (I;Hz :
Succjnal CH» CH; o .
’ | _ | _ Arginin
=0 CO_? Glutamin
S~ CoA Glutamat
‘; . - cetoglutarat P
»  Succinyl - CoA a/ce cglutara - - 'Histidin

Prolin

Hinh 7.9. Ngudn nguyén liéu t8ng hop oxaloacetat va
cac san pham trung gian cla qua trinh téng hgp glucose

Co thudng x4y ra qua trinh thoai héa glucose trong diéu kién yém khi
tao san phdm 1a lactat. Lactat tit ¢ duge nhanh chéng chuyén qua mau vé
gan. O.gan lactat 14 ngudn nguyen lidu dé tong hop glucose theo con duong
tan tao glucose. Vong van chuyen va bién d8i nay dude goi 12 chu trinh Cori

(hinh 7.10).
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Hinh 7.10. Chu trinh Cori
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Hinh 7.11. Qué trinh tan tao.glucase tai-gan (AAG: acid amin cho dudng)
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2.3. Chu trinh Glucose - Alanin

Trong nhiéu t6 chiic, trong d6 cb co, alanin transammase chuyén d3i cac
acid cetonic thanh acid amin. Thi du trong cg, pyruvat chuyén thanh alanin,
alanin dugc van. chuyen trong mau dén gan, tai gan dudc chuyen thanh
pyruvat va dudc tong hgp thanh glucose theo con dudng tan tao. Glucose nay
lai dudc cung cip tré lai céac t8 chiic trong d6 c¢6 cd. Qua trinh van chuyén va
chuyén d6i nay dudc goi la chu trinh Glucose — Alanin (hinh 7.12).

‘ Gan 12 noi duy nhit c6 kha ning tan tao glucose tit cac san pham khac,
ti cAc monosaccarid: fructose, galactose, mannose; tU cac san phdm chuyén

héa trung glan

Gan Co
Glucose Glucose
| Pyruvat Pyruvat
Alanin Alanin

- Hinh 7.12. Chu trinh Gluéose — Alanin

2.4, Cac diém diéu hoa con dudng tin tao glucose

Su diéu hod tin tao glucose trudc hét phu thudc vao ty 1é insulin/
glucagon chiu tac dong cia hoat tinh cac enzym '

Bang 7.1. Diéu hoa hoat dong enzym trong qua trinh tan tao glucose

Enzym | Uc ché i Hoat hoa di . enzym I:rotein
' di lap thé Iap thé phosphoryl héa tong hop
PFK | ATP,citrat | AMP,F26P | |
PDPase AMP F2,6P :
PK .| Alanin F1,6P Khéng hoat déng
Pyruvét )
carboxylase » Acetyl CoA
PEPCK | | : S Glucagon hoat héa
PFK-2 | citrat AMP, F6P, Pi | Khong hoat dong |
FDP-2 F6P° - Glycerol 3P

Téng hop lactose

3 co the ngu‘.dl va ddng vat cao cap, lactose du00 tong hop tit tuyén siia
cua phu nit thdl ky cb tha1 va cho con bu
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3. CHUYEN HOA GLYCOGEN

Glycogen dudc du trit trong bao tu0ng du01 dang hat, dufong kinh khoang
100-400 A. Nhiing hat nay chita nhu nhau nhiing enzym cua qui trinh thoai
héa va tong hgp glycogen. C4u triic mach nhanh cta glycogen ¢6 y nghia sinh
hoc dang ké. No cho phép thoai héa cac mach nhanh g1a1 phéng nhanh chéng
glucose (v6i s8 lugng 16n) va G6P. Trong cd viéc giai phéng nhanh chéng
glucose (mot chét sinh nang lugng bing con dudng dudng phan) cé ¥ nghia
quan trong khi cd hoat ddng. Trong gan viéc thoai héa glycogen cho phép gan
nhanh chéng diéu hoa néng d6 glucose bang su bai tiét glucose vao vong tudn
hoan. Thuc t& sy thoai héa lipid cung cap nang ludng va su tdng hop glucose
1a nhiing qua tr1nh qua cham chap dé dam bao cung cdp nang lugng trong
truong hop nhu ciu cdp. Mat khac thoai héa lipid khong x4y ra trong didu
kién yém kh1

3.1. Thoai héa glycogenl :

Co va gan 1a noi xay ra qua trinh thoai héa glycogen 3 co khi t& bao hoat
dong can ATP, glycogen dudgc thoai héa thanh G6P cho con dudng duong phan.
3 gan, khi néng' dd glucose trong mau glam glycogen thoai héa thanh G6P va
trong trudng hdp ndy dude chuyén ti€p tuc thanh glucose dé dua vao vong
tuin hoan diéu hoa miic glucose/mau.

Qua trinh thoai héa cla glycogen nhg hoat déng ctia 3 enzym (hinh 7.13)

~ Glycogen phosphdry'ldse (goi don gian 1a phospho'rylase) xuc tac qua trinh
phosphoryl phéan (bé gay lién két 1-4 glucosid bdng su thay thé nhém
phosphat) tao thanh glucose -1-phosphat (GIP). Enzym nay chi tac dung t6i
kh1 con 4 goc glucose tit diém chia nhanh thi khoéng hoat dong niia.

— Tiép a6 enzym cat nhdnh (glycogen debranchmg enzym) enzym nay. co 2
hoat tinh: ~ :

Hoat tinh chuyen nhanh [ol1go (a1, 4—> o l- 4) glucosyl transferase] thuy
- phéan lién két 1-4 glucos1d gitia géc thu nhit va géc thi hai tinh tit goc nhanh,
chuyén mot doan 3 géc glucose dén gén vao ddu mot chudi thdng khac bang
cach tao lién két 1-4 glucosid, nhanh glycogen nay dugc kéo dai thém 3 géc
glucose, nhanh con lai chi cén mét géc glucose véi lién két 1-6 glucosid. -

Hoat tinh cit nhanh [amylo - « (1, 6)-glucosidase] thuy phén lién két 1-6
cua goc glucose con lai giai phéng glucose tu do.

- Phosphoglucomutase chuyén G1P thanh G6P. G6P c6 thé tiép tuc di
vao con duong duong phéan (d cd) hodc ¢6 thé bi thuy phan thanh glucose (d
gan) dé cung cép cho vong tudn hoan. Sau qua trinh thoai héa khoang 90% géc
glucose ctia glycogen chuyén thanh G1P va 10% chuyén thanh glucose tu do.
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' “G!y'oogen !'PhOSphoiy'Iase'
‘a b ¢ :

0000 ® O 2

©ceo

* Glucose-l-phosphal

Phosphoglucose OO D ST A S
mutase a b ¢ d e N9 ____ . @7 Glucose
a-1,6-glucosidase
Glucose 6
- phosphat

‘Hinh 7.13. Qua trinh thoai h6a glycogen

3.2. Tong hdp glycogen

Su tong hgp glycogen xay ra thuc t& & tit ca cAc md nhung chu yeu d gan
va co. Su tao thanh glycogen xay ra trong bao tuong. Nguyén liéu dé t6ng hop
glycogen la glucose Glucose chuyén thanh G6P réi thanh G1P (xem phén 2).
Tu G1P sy téng hop phén ti glycogen gém 3 budc nhd 3 enzym la: UDP-
: glucose pyrophosphorylase, glycogen synthase va enzym gan nhanh

— Truéc hét enzym UDP-glucose pyrophosphorylase xtc tac su tao thanh
phan ti UDP-glucose tit G1P va UTP. UDP- glucose 12 chat “néng ludng cao”
hoan toan cho phép chuyén phén ti glucose dé gin vao phan tu glycogen kéo
dai phén tu nay.

~ Sau d6 glycogen synthase van chuyén UDP-G d&n nhém C4-OH cta phén
t glycogen c6é sin ¢ ddu khéng khi tao thanh lién k&t 1-4 glucosid va giai
phong phan ti UDP. UDP dudc tao thanh sé tac dung v4i ATP duéi tac dung
cua nucleosid diphosphokinase.

Glycogen synthase khéng c6 kha néng téng hop phan tu glycogen tit dau
ma chi c6 thé kéo dai mach glycogen bang lién két 1-4.

Su téng hop tit ddu mdt phan ti glycogen 14 su gin gdc glucose vao nhém
OH cua tyrosin 194 ctia phén-tii-protein-dude-goi-la-glycogenin bdi enzym
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tyrosin-glucosyltransferase, sau dé tu xic tac kéo dai chudi bdi su gén thém 7
géc glucose tit UDP-glucose tao thanh doan méi “primer” cho su mdé dau téng
hdp glycogen. Protein glycogenin tach rdi khi hat glycogen dat kich thuéc t&i
thiéu. Phan tich hat glycogen cho thay su c6 mit glycogenm va glycogen
synthase véi ty 1é 1:1.

- Sy tao mach nhanh 1a su tao ra lién két 1 6 glucos1d duol tac dung cua
enzym gdin nhdnh (branchmg enzym) goi la amylo-(a 1,4—a 1,6)
transglucosylase. Khi chudi thang da1 11 gbc glucose enzym amylo (1,4—1,6)
transglycosylase’ chuyen mot doan gom ‘6 hodc 7 goc glucose 6 ddu khéng. khit
dén nhém C6-OH cua goc glucose va mach nhanh dugc hinh thanh . Mach
nhanh cii va méi duge t1ep tuc kéo dai bing su tao thanh lién két 1 4 glucos1d

/
1|  Glycogen o
(n géc glucose)
UDP
ATP_: : . .\ :Glycogen :
\ synthasg”" Glycogen
~: - Nucleosid - NUDP - Glucose > (n + 1 g6c glucose)
diphosphokinase ' ‘ '
L - / . PPi
: uTP- »
‘ADP @sphorylas
Pi
. UTP Glucose 1P
.ATP Hexokm ase ADP , Phosphoglucomutase
Glucose 4 > Glucose-6- phosphat

Glucose 6 phosphatase

e\

Hinh 7.14. Su t8ng hdp glycogen mach thing

4C-glucose
3 l
b ettt 1t i e
%[50 Glycogen
synthase ‘ Amylo 1,4-. 1,6
é‘) transglucosidase ?

Hinh-7.15.-.Su-t8ng-hop-glycogen,mach nhanh
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4 DIEU HOA CHUYEN HOA GLUCID

Con duong thoai hoa glucose va con duong tan tao glucose song. song
nhau va c6 nhiéu phan {ing thuin ngh1ch Tuy nhién c6 nhiing phan tng
khéong thuin nghich giita thoai héa va téng hgp doi ho1 su xtuc tac bdl enzym
 khac nhau, chinh nhiing phan lmg nay la nhiing diém d1eu hoa cta hai con
dutdng ngudc nhau. ‘ : :

, 3 co, san pham cudi cung cia su du’dng phan 1a su san sinh ATP va toc
do duong phan tang khi co ¢d. Gan c6 vai tré gili cho mic glucose mau hang
‘ chnh bing cach san sinh glucose va dua glucose viao mau khi cin thiét, ngudc
’la1 thu nhéin va du trit glycogen khi dugc cung'cdp du thiua trong thtic an. Con
duong d‘u?dng phan 3 gan va co ¢b 4 enzym déng vai trd diéu hoa: glycogen
phosphorylase hexokinase, phosphofructokinase-1 v pyruvat kinase.

4.1. Glycogen phosphorylase & co dtfdc dleu hoa theo c¢d ché& di lap thé
béi hormon

S co epinephrin gén vao chét nhan bé mit mang bao tuong, c6 tac dung
hoat héa phosphorylase b qua co ché diéu hoa di lap thé cta cAMP (adenylat
cyclase xtc tac sy tao thanh cAMP véi sy ¢6 mit clia epinephrin). cAMP hoat
héa protein kinase phu thudc cAMP chuyén phosphorylase b kinase sang dang
hoat d6éng. Phosphorylase b kinase dang hoat dong xic tac phan ting
phosphoryl héa phosphorylase b (dang it hoat dong) sang phosphorylase a
(hoat dong) '

4.2. Glycogen phosphorylase & gan dude diéu hoa bdi hormon

¢ gan glycogen phosphorylase duoc kiém soat bdi glucagon theo cd ché
giéng nhu & co.

4.3. Hexokinase bi ttc ch& di 14p thé bdi cac sin phim cta néd

Hexokinase bi tc ch& di lap thé bdi glucose-6-phosphat.

4.4. Pyruvat kinase bi wc ché& bdi ATP

O néng d6 cao ctia ATP, ATP tc ché di lap thé pyruvat kinase bing cach
lam giam ai lyc cia né véi co chat PEP.
4.5. Phospho fructokinase -1 dugc diéu hoa theo co ché& di 1ap thé

~ ATP tc ché& phospho fructokinase —1 bing cach gin vao vi tri di lap thé |
" lam gidm A&i luc d6i véi co chat. Citrat lam tdng tac dung tGc ché& cta ATP.

- Fructose 2,6 diphosphat hoat héa phospho fructokinase —1 va la mot yéu to

diéu hoa cé y nghia nhat do1 v6i enzym nay.

5. ROI LOAN CHUYEN HOA GLUCID
Mot sé tinh trang bénh lydo roi-toan chuyénhéaghicid c6 thé gap 1a:
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5.1. Ha duong huyét (hypoglycemia)

Ha dudng huyét 14 mot héi chiing dudc dac trung béi sy gidm ndéng d6
glucose mau, thuong giam duéi 50 mg/dl tuong dudng 2,8 mmol/l. Merimee va
Tyson da dua ra gldl han thdp cta ndéng dd glucose trong huyét thanh la 35
mg/dl (1,9 mmol/l) & phu nu khée manh truée tudi méan kinh nhin #n 24 gio l1a
kha nang thdp nhit ctia ndng do glucose khéng bénh ly. Ha dudng huyét cé
thé xay ra do diéu tri insulin qua liéu, ho#c cac thude ha duong huyét khac
hoac bdi su gidm tan tao glucose do hau qua cua udng nhiéu rugu. Cing cé thé
x4y ra do nhin &n, hoac ha dudng huyét tu phat. TrIIdng hdp nay it gip nhlmg
khi x3y ra thuong do tén thuong nhleu co quan to chiic.

Ha dudng huyet khi d01 c6 the xay ra do su bai tist q‘ua nh1eu 1nsu11n cua
tuyén tuy: u tuy t& bao tiéu dao (insulinomas), u ngoai tuyén tuy ma san xuét
ra nhiing chit hoat tinh tudng tu insulin, gip trong cac bénh vé gan thiéu hut ‘
glucocorticoid, nhiém triing huyét, gidm du trit glycogen. - :

Hoi chiing ha glucose mau & ngudl 16n ¢6 thé phan biét than'h“hai nhém
dya trén su ha glucose trong huyét thanh xay ra nhanh hay ti tu.

- Giam glucose trong huyet thanh giy ra su ting tlet epmephrln bénh
nhén cé céc triéu chung giy ra bdl epmephrm nhu va md h01 d01 run lay bay,
nén mita, mach nhanh.. :

— Giam glucose huyet thanh tu ti tdl noéng db 20 hoac 30 mg/dl (1 1 hoac
1,7 mmol/l) gay suy yéu chiic nang than kinh trung uong vi vé néo phu thuéc
vao sy cung cdp diy du glucose vé mit ning hmng Nguoi bénh cé cac triéu
- chiing nhu: -hoang sg, khong €6-y -thie, the-6.-Nao- ten thuang, €6 the chét sau
hon mé. ‘ e

Tré em kém nhay cdm véi su glam néng dd glucose tuy nh1en néu nong
dd < 30 mg/dl & tudi hoc dudng va gidm duéi 20 mg/dl & tudi trudc hoc dudng 1a
khong binh thuong. Hién tugng ha glucose mau con gip 6 cac bénh 1 glycogen
bAm sinh nhu sé trinh bay sau day.

5.2. Bénh thi€u vitamin B1

Bénh thleu vitamin B1 (thiamin) con dudc goi 1a bénh Ber1ber1 Bénh lan
dau tién duge mé ta & Java nim 1930, béi Jacobus Bonitus (ngudi Ha lan). Bénh
xudt hién khi c¢6 su suy gidm thiamin trong thdc &n, (thiamin c6 rat it & 16p
ngoai cta gao). Bénh duge dic trung bdi cac tridu chiing than kinh va tim. Véi
than kinh ngoai bién thé hién bang su dau tay chén, suy yeu hé théng co, té bi,
rdi loan cam giac da. Tim c6 thé to, hoat dong tim suy yéu. Vitamin B1 c4u tao
thiaminpyrophosphat (TPP), 14 coenzym caa 3 enzym pyruvat dehydrogenase, o-
cetoglutarat dehydrogenase va céc transcetolase. & bénh Beriberi, pyruvat va a-
cetoglutarat cao hon binh thudng. Trén in vitro hoat d% pyruvat dehydrogenase
a-cetoglutarat dehydrogenase thép, hoat d6 transcetolase trong héng ciu théip.
Tuy nhién, miic dd gidm ctia ba enzym nay lién quan nhu thé nao véi cac triéu
chiing 1am sang 13 diéu hién con,chua o nang.
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5.3. Cac bénh @ glycogen bam sinh

Cac bénh 1 glycogen 12 mdt tap hgp cac bénh thi€u hut enzym cua
chuyén hoéa glycogen, dugc chia lam 10 typ sau day:

'Typ 1: thi€u hut glucose-6-phosphatase (bénh Von Gierke).

Glucose-6-phosphatase 132 enzym xtc tac phan {ng tach glucose khéi G6P
tit gan vao vong tudn hoan. Khi néng d6 G6P tang, glycogen phosphorylase bi
tic ch& va glycogen synthase dugc hoat hoa, hau qua 14 néng dd glucose trong
mau khoéng tang khi dap tng glucagon va epinephrin. Bénh véi biéu hién: gan
to, néng d6 glucose mau giam tram trong, c&u tric cla glycogen binh thudng
nhung ndng d6 glycogen cao trong gan. Ting cetonic va tang lipid mau. '

Typ II: thigu hut a-1,4-glucosidase (bénh Pompe)

Thiéu hut a-1,4-glucosidase gdy hau qua tich luy lugng 16n glycogen c6
c&u tric binh thudng trong lysosom cua tét ca cc t& bao, ngudi bénh chét do
suy tim, suy hd hap, thuong khong sO6ng duge qua 1 tudi. ,

Typ III: thiéu hut amylo-1, 6-glucosidase —enzym cit nhanh (bénh Cori)

Thiéu hut amylo-1,6-glucosidase & tit ¢4 cac t8 chiic 1am cho céu tric cua
glycogen khéng binh thuong, khong c6 amylo-1,6-glucosidase, glycogen khong
thé thoai héa hoan toan giy tinh trang ha glucose mau, nhung khéng tram
trong nhu bénh typ I. Trong trudng hop nay didu tri bing ché& do an véi nong
d6 cao protein. Bénh c6 thé hét & tudi day thi.

Typ IV: th_ié'u hi_1t amylo-(1,4—>1.6)-transglycosylasé (bénh Andersen)

Pay 12 mot bénh trAm trong vé su téng hop glycogen, ngudi bgnh c6 nguy
co khéng sdng qua 2 tudi do su hoat dong khéng binh thuong ctua gan, gan to,
x0 gan. Nong dd glycogen trong gan khong tang nhung ciu trie khong binh
thudng, it nhanh va nhanh rat dai. , '

Typ V: thiu hut glycogen phosphorylase cd (bénh McArdl)

U dong glycogen trong cd nhung c&u tric glycogen binh thuong nguoi
bénh cé biéu hién chudt rat khi luyén tap. Pau cd, myoglobin niéu. Cé bénh
nhan van phat trién binh thudng. '

Typ VI: thi€u hut glycogen phosphorylase gan (bénh Hers)

Ngudi bénh c6 hi chiing giéng nhu bénh typ I nhung dién bién nhe
nhang, véi biéu hién ha glucose mau, i glycogen trong gan, cau tric glycogen
binh thudng. : .

‘Typ VII: thiéu hut phosphofructokinase co (bénh Tarui)

U dong glycogen trong cd, nhung ciu tric glycogen binh thudng, ngudi
bénh c6 biéu hién chudt rat khi luyén tap, mdt s6 bénh nhén c6 myoglobin niéu.

Typ VIIIL:

- Thiéu hut adenylat cyclase. Néng dd catechotamin cao trong nudc tiéu,

bénh'nhan chét tit tudi du thd. Bénhyeo bicu hién nhu bénh typ VI
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Typ IX: thiéu phosphorylasekinase b

C#u tric glycogen binh thuong, ludng glycogen trong gan tang, khéi
lugng gan ting.

- Typ X: thleu kinase phu thudéc cAMP. Benh chi thé h1en kh01 hmng gan
ting.

5.4. Bénh galactose mau bAm sinh

Bénh giy ra do thiéu mét trong ba enzym chuyén héa galactose la:
galactokinase, galactose -1 -phosphat uridylyl transferase va uridin diphospat
glucose - 4 - epimerase bim sinh. Bénh kinh dién 13 thiu galactose -1-
phosphat urzdylyl transferase. Tré em bi bénh nay s€ coi coc, thuong bi nén
mua va tiéu chay sau khi an sfia, cham phat trién tri éc, c6 galactose niéu,
galactose mau ting gay duc thuy tmh thé. Benh duoc diéu trl bang ché& do an
khong c6 siia.

5.5. Bénh vé chuyén héa fructose

Bénh biéu hién bing su khéng dung nap frutose, ha glucose mau, tinh

trang nang c6 nhiém acid lactic, gan to, nguyén nhan do thidu enzym fructose-

I-phosphat aldolase hoac fructose 1,6 diphosphatase. Trudng hop khéng ac
tinh 1a do thi€u hut fructokinase gan.

9.6. B(;nh dai thao dudng

Bénh dai thao dudng (DTD) con goi 1a bénh tiéu dudng. Bénh dudc xem

nhu mot hdi chiing bao gom nhiéu réi Ioan ma su 't'aﬁg""gliiédée’ mau la diu
hiéu dac trung. Trong bénh DTD, mic d6 glam insulin vé s& luong va chit
lugng 1a nguyén nhéan géy tinh trang thay ddi cac con dudng chuyen héa binh
thudng Vi thiéu 1nsu11n nén sy hép thu glucose vao trong t& bao nhd Glut 4
-giam, din dén néng dd glucose trong mau ting cao, glucose sé& dao’'thai ra
ngoai nudc tiéu. Kém theo glucose, nuéc cling bi dao thai theo. Vi vay nhiing
bénh nhan DTD khéng dugc diéu tri sé c6 cac tridu ching khat va déi. Su dao
thai nhiéu glucose lam can kiét du trit glucid, do dé co thé tang cddng thoai
héa cac chat 11p1d va protem dé cung cap nang hrdng cho co thé, hau qua trong
lugng co the gidm. C6 thé dua ra b1eu hién dién hinh ctia bénh DTD la: dai
nhiéu, udng nhiéu, in nhiéu nhung giy nhidu. Con duong duong phén bi han
ché. Su phan ly glycogen thanh glucose tang, va con dudng tdng hop glucose ti
cac san phdm khéng phai glucid tdng. Cac qua trinh nay gy su téng san
phdm pyruvat va acetyl CoA. Acetyl CoA nay khéng vao dudc chu trlnh acid
citric, ma chuyén héa thanh cholesterol va cac chat ceton bao gdm acid
acetoacetic, acid f8 hydroxybutyrlc va aceton. Trong mau nong dd cac chat
ceton tang cao va trong nudc tiéu cé cac chat ceton, hau qua cudi cung c6 thé

dan dén nhiém acid chuyén héa.

Cac r6i loan chuyén héa trong bénh DTD.
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— Hién tugng glycosyl héa: glycosyl héa la cac phén tU protein va enzym
trong mau hodc trong t8 chiic gan v6i phin tt glucose va cic dan xudt cua
glucose, phan ting k&t hgp nay khéng cin enzym ma phu thudc vao noéng do
‘glucose trong mau. A

Trong huy&t thanh albumin bi glycosyl héa thanh fructosamin. Trong
héng cdu hemoglobin A (HbA), bi glycosyl héa tao thanh HbA,, ’

Nguéi ta dinh luong fructosamin va HbA,, dé theo ddi bénh DTD trong
qua trinh diéu tri . -

' — Hién tugng gluco - oxy hoa: trong phan tng glycosyl héa c¢6 kém theo
phén ting oxy héa tao cac géc tu do, md ddu mot day truyén san sinh cac gée tu
do nhidu gap bdi. Gdc tu do 14 mot trong cac nguyén nhén bién chiing mach
mau 6 bénh DTD L : ‘ ‘

- Téng chuyén héa glucose theo con dudng-polyol -
Glucose chuyén hoéa theo con dudng duong phan kém, glucose chuyén héa
theo con dudng polyol, gy tdng nong dd sorbitol va fructose trong t& bao.
Noéng dd sorbitol va fructose tdng trong thiy tinh thé la nguyén nhéan caa duc
thiy tinh thé trong DTD. :

Theo phén loai ctia T8 chiic Y t& Th& gidi, hailoai DTD chinh la:

~ Dai thao dudng 1é thudc insulin (insulih dependent diabetes mellitus
IDDM) hay PTD typ 1, 1a bénh tu mién, dugc déc trung béi su pha huy té bao
B clia tuyén tuy. Nhiing ngudi c6 nguy cd phat trién thanh bénh DTD trong
huyét thanh c6 khang thé khang t&€ bao dao, khang thé khang insulin va
glutamic acid decarboxylase (GAD) va sy gidm déan khé nang bai tiét insulin
cua t& bao B. GAD 1a enzym xtic tac su chuyén acid glutamic thanh acid amino
butyric dudc xem la mdt tu khang thé (auto antigen) cia bénh. DTD typ 1-
dugc dac trung béi: ‘ ' ’

- Sy thiéu hut tuyét d6i hodc gin nhu tuyét déi insulin.

— Sy xudt hién nhiing triéu chiing trim trong

- Kha niéng xudt hién théjcet}on niéu

— Phu thudc vae insulin ngoai sinh dé dadm bao ddi sdng

— Dai thao dudng khong 1é thudc insulin'(n‘on insulin dependent diabetes
mellitus NIDDM) hay DTD typ 2, chiém 85% cac truong hop DTD & cac nude
phat trién va gin nhu 100% & nhiing nuéc dang phat trién. PTD typ 2 duge
dic trung boéi: | ; ‘

' — Néng d6 insulin trong mau binh thudng - ,

_ Céc tridu chitng thudng on hoa (mét méi, khat nudc) déi khi khong c6

triéu ching . o

A 2z o A%, A R = A .
— Khong c6 kha nang xudt hién thé ceton niéu.

124



— Ngudi bénh khong phu thudc 1nsul1n ngoai sinh

Benh thuong dugc chan doan sau tuo1 40, thudng dugdc chidn doan mot
cach ngau nhién sau két qua xét ngh1em glucose mau va glucose niéu. Bénh
cung gip 6 ngudi tré. : ;

DTD la bénh man tinh din dén nhiing bién ching tram trong vé cac
bénh tim mach (hon 70% bénh nhian DTD c6 ty 1é ti vong do bénh tim mach),
bénh than, than kinh.

CAU HOI ON TAP

o1

Trinh bay qua trinh thoai héa tit glucose dén lactat: noi’ xay ra, cac
phan ding va niang lugng dudc tao thanh.

.. Trinh bay su thoai héa glucose trong dleu kien"‘ai khi (c6 oxy) dén san

phidm cudi eiing 13 CO, va H,0: noi xay ra, cac phan Ung tu glucose
dén pyruvat, tinh toan bo ning lugng tao thanh. .. - :

Trinh bay chu trmh pentose (chi ¥ viét cac phan tng trong giai doan
1), ¥ nghia ctia chu trinh nay.

Trinh bay qua trinh thoai héa ctia cic monosaccarid: galactose,
fructose, monnose.

R

Trinh béy qué trinh tan tao glucose.

TN e o

_ Tr1nh bay qua tr1nh thoa1 hoa glycogen

Trinh bay qua trmh téng hop glycogen 6 co , N
Trinh bay su khac nhau ctia qua trinh téng hgp glycogen & gan va co.
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Chuong 8

CHUYEN HOA LIPID VA LIPOPROTEIN

ot

Lipid trong cd thé c6 hai dang:
— Lipid du trit: chi y&u la triglycerid, ham lugng thay déi.

- L1p1d mang: chl yéu la phospholipid va cholesterol thanh phan khoéng
-d6i va chiém khoang 10% trong lugng khé.

L1p1d ¢6 hai chtc ning chinh: san sinh ning lugng va tham g1a ciu tric
ctia t& bao va md. Ngoai ra, lipid tap con lién quan dé&n dic tinh cia mang té
bao va cac hormon steroid, prostaglandin — chat gilt vai tro sinh ly déc biét
trong kiém soat sy chuyén héa cac chit.

Nhu ciu lipid clia co thé: 60-100g/nga?1y v6i nguoi trudng thanh, 30-
80g/ngay véi tré em va chu yéu dudi dang triglycerid.

1. THOAI HOA CUA LIPID G TE BAO
Thuy phéan triglycerid (triacylglycerol) nhd xic tac cua lipase

1.1. Thoai héa cua glycerol

Qua trinh xay ra & gan va moét s6 méd. M6 mad khong c6 glycerolkinase.

126



CCHOH CHOH CH,OH.

' “ATP ADP | o NAD* "'NADH + H*

: -CI‘:.HOH, Glycerol ~ - - (I:HOH OH i _ H H OH

. kinase Ve ‘ ,

© CH,OH ~ CH;0 —\P =0 CHZO—‘P\= @]

s po , H © " MOH
Glycerol Glycerol-3-phosphat Dioxyaceton phosphat

'1.2. Thoai héa ctia acid béo bio hoa c6 s8 carbon chin .
1.2.1. Hogt héa va vén chuyén acid béo vio ty thé

o) : 0.0
I AcylCoA synthetase || ||
R~C~OH + ATP + CoASH v ( » . R=C~SCoA+AMP + PPi

Enzym aclebA synthetase gom cac. iébenzym khac nhalnlwd‘é.c hléu cho
cac acid béo chudi ngén, trung binh va dai; ching cé mit & mang ngoai ty thé.
' ; ' Pyrophosphatase ' S
PPi+H,0 ———— % 2(P)

: ".. Adenylat kinase
ATP + AMP  *=———  2ADP

Nhu \}'@y, s hoat héa acid béo cin 2ATP..‘ | S
- Cac acid béo mach dai duéi dang acylCoA dugc hinh thanh & mang ngoai

~-ty-thé khéng qua-dugc-mang trong ty thé d& vao chat kKhuén (matrix) — noi
chiing bi oxy héa. Chiing dudc van chuyén theo co ché déc hiéu nhg carnitin —
la amin bac 4 mang chiec alcol bac nhi, c6 thé este héa véi acid béo; phan ting
este héa carnitin va acid béo dude xiic tac nhd carnitin acyltransferase I c6 &
mit ngoai cia mang trong ty thé. Este acyl-carnitin di' qua mang trongty thé
vao trong ty thé bdi sy khuyéch tan dé dang thong qua hé théng van chuyén
acyl-carnitin/carnitin (Hinh 8.1). - ' :

Camitin

hai mang acyltransferase ||
20 R— Céo
< N
S—CoA §—CoA
CoA-SH

CoA-SH
Carnitin
acyltransferase |

Hinh 8.1. Van chuyén acid béa vao ty thé theo hé théng van chuyén acylcarnitin/carnitin

127




Trong ty thé, géc acyl dudc chuyén tit carnitin dén coenzym A c6 g trong
ty thé duéi tac dung cla carnitin acyltransferase II khu tri 6 mit trong cua
mang trong ty thé. Carnitin dudc gidi phéng sé tré lai khoang giita cua hai
mang ty thé theo hé théng van chuyén acylcarnitin/carnitin. Co ché& van
chuyén trén giit cho 2 ngudn coenzymA va acid béo g trong va ngoai ty thé
cach biét nhau. o

Cin chi § ring trong ty thé c6 mot loai acylCoA syntetase xic tac phan
ting hoat héa nhiing acid béo & trong ty thé, enzym nay khéng st dung ATP
ma doi héi GTP. ' . ' :

1.2.2. Qué trinh B-oxy héa acid béo

Qua trinh x3y ra trong matrix cta ty th8, gém 4 giai doan nhdm cét dan
acid béo thanh nhiing mau 2C duéi dang acetylCoA tit nhém carboxyl tan cua
ac acyl. - f s S

— Phdn iéng khit hydro lén thit nhdt: su khit hydro san sinh mt lién két
dsi gita C, va Cp (C, va Cy) tao thanh trans-A?-enoylCoA. Cé6 4 loai acylCoA
dehydrogenase, mdi enzym dac hiéu véi mot loai acid béo c6 dd dai chudi
hydrocarbon nhit dinh, cic enzym nay ddu c6 chit cong tac 1a FAD. FAD
nhan dién ti va dién tl nay di vao mot 1 cap dién tu. ’ '

—  Phdn tng két hop nwdc: su két hgp mot phan ti nude vao lién két doi A*
trans duéi tac dung ctia enoylCoA hydratase co tinh d#c hiéu khong gian va
tao hén L-3-hydroxyacylCoA. Enzym nay ciing ¢6 kha n#ing xidc tac phan dng
k&t hop nude vao lién két déi A’-cis ctia cac acylCoA khong bio hoa va sinh ra
D-3-hydroxyacylCoA. ' '

_ - Phdn ing khi hydro lén thit hai: dubi tac dung cua ﬂ-hydroxyacleoA
dehydrogenase c6 chit cong tac 1a NAD* tao ra 3-cetoacylCoA. Enzym nay it
‘dac hiéu véi chiéu dai chudi hydrocarbon cia acid béo nhung déc hiéu tuyét
d8i véi dang dong phén khong gian L. NADH hinh thanh sé nhuong dién tu
cho NADH-dehydrogenase va 3 phan tit ATP dudc tao ra ing v6i mdt cip dién
tit dugde chuyén tit NADH dén O, trong chudi hd hap t&€ bao. . -

—  Phdn ung phdn cdt, tao acetylCoA: c6 sy tham gia caa acylCoA
acetyltransferase (thiolase hay Bcetothiolase) va mot phan ti coenzymA, cit ra
1 phan t& acetylCoA. Goc acyl ciia acid béo bi ngin di hai carbon. Phan tu
acylCoA méi nay lai tiép tuc trai qua 4 phan Gng nhu trén ctia qua trinh B-oxy
héa cho dén khi g8c acylCoA chi con mét phén tii acetylCoA. Nhu vay, vidu 1
phan ti acid palmitic c6 16C dugc hoat hoéa thanh palmitylCoA va trai qua 7

vong oxy hoéa dé giai phong 8 phén tii acetylCoA (Hinh 8.2).
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R~ CH,~ CH, —CH, -c p—‘s CoA

: Acyl CoA

- (C16- Paimityi CoA)
IR FADH ,

- Che
: R CH C C C S COA :
' | " Acetyl CoA.
Enoyl - CoA- Cus '
hydrafase o
. : Acetyl CoA -
R—CH~ c CH- ¢ SCoA o G o
‘ ' ~ Acetyl CoA
B-Hydroxyacy/ CoA NAD * ’ Cio
dehydrogenase NADH+H* ) :
, Acetyl CoA
R~ CH,— c CH,* & - ~8CoA Cs
@) o ‘
‘ s Acetyl CoA
Acyl CoA- CoA SH :
acelyl fransferase G
(Thiolase) ' .
: Acetyl CoA
R— CH,~ Cv*SCOA + CH —C SCOA Cs .
O O o
Acyl CoA Acyl CoA Acetyl CoA

(C14-Myristyl- CoA). T )
. (O) . . . N BES R B i .

Hinh 8. 2. Qua trinh B-oxy héa acid béo

(@): B&n phan {tng chGa chu trinh oxy héa acid béo

(b): Bay vc‘)ng oxy héa clia phan t acid béo 16C din dén su hinh thanh 8 mau
2C (Acetyl CoA)

1.2.3. Bilan ndng lugng cia qud trinh Bfoxy héa acid béo

Mdt phéan ti acid béo c6 s8 carbon chin 2n bj oxy héa hoan toan sé cho n
phén tit acetylCoA, ting v6i 12n ATP (1 phan t& acetylCoA bi oxy héa trong
chu trinh acid citric tao thanh 12 ATP); (n-1) phén ti FADH, va (n-1) phan ti
NADH hoic 5 (n-1) ATP. Qua trinh hoat héa acid béo cdn 2 ATP. Nhu vay, s6
lugng ATP thu dugc l1a: [5 (n-1) + 12n] - 2=17n - 7.

1.3. Thoai héa acid béo khéng bdo hoa

Cac acid béo khong bao hoa (vi du: acid oleic) dugc oxy héa gin giéng nhu
con dudng oxy héa acid béo bdo hoa, nhung cé hai van dé cin chd y. Mot 13,
lién két d6i trong, phan. tii-acid béo-khéng bio-hoa trong tu nhién thudc dang
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cis, con lién k&t d6i cua chit chuyén héa trung gian trong qua trinh oxy hoéa

acid béo bao hoa thudc dang trans. Hai 13, cac lién ké&t d6i cia hau hét phén tu
acid béo khéng bao hoa thudng & nhiing vi tri ma sau khi phan cit din nhiing
mau 2C ké tit ddu c6 nhém carboxyl 14 lién két dsi A%, khong phai 1a-1ién két
d6i A% gifng nhu trong phan ti cac chit chuyén héa trung gian cta acid béo
bio hoa. Piu nay dugc thé hién trong su thoai héa cta acid olei¢ (Hinh 8.3).
OleylCoA trai qua 3 vong oxy héa san sinh 3 phan ti acetylCoA va 1 phén tu
cis-A3-dodecenylCoA, chat nay khong thé duge chuyén héa bdi enzym enoylCoA
. hydratase (enzym niéy chi tac dung trén nhiing lién ké&t d6i dang trans). Tuy
nhién, duéi tac dung cta enoylCoA isomerase, cis-A- enoleoA dudc déng phén
héa thanh trans-A’-enoylCoA (trans-A*-dodecenylCoA) roi chiu tac dung cua
enoleoA hydratase tao thanh L-B-hydroxyacylCoA. San pham nay 1a co chit
clia qua trinh oxy héa acid béo, bdi vay su oxy héa acid oleic dugc tiép tuc va
khi ké&t thic sé tao ra 9 mau 2C. '

18 - 2 |
SNANAANTUARKAAKAAKCS scon Oleyl - CoA

B oxy hda
(5 vong) t\’ 3. Acetyl CoA

\/\W\/ Cis — A% - Dodecenyl - CoA
| ~ SCoA

Enoyl CoA- Cis— £~ Dodecenoyt— CoA
Isomerase

° | .
V4
ANNNNNA C{ scoa Trans — A% - Dodecenyl — CoA

: LHo
Enoyl CoA- l+Hzo

hydratase - Trans — A? - Dodeceny! - CoA
OH é//o
~ SCoA B - Hydroxydecanyl CoA
H : o
B oxy héa
(5 vong)
6. Acefyl CoA

Hinh 8. 3 Qua trinh oxy héa acid beo khong bao hoa cé mét lién két déi (acid oleic) -

- D&i véi cac acid béo khong béo hoa nhiéu lién két do6i doi hoi them enzym
phu niia dé hoan thanh sy oxy héa ching (Hinh 8.4).

Nhu vay, cac enzym phu cua qua trinh oxy héa acid béo cé thé lam cho
tat ca acid béo khong bao ‘hoa gip trong cac lipid tyg nhién dudc oxy héa hoan
toan.
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o 12 e VC// TR S
BANTVIAAAAAL N 5C0A Linoley-CoA |
B oxy hda . B - , cls-2N cis- A2

E;'Qy'clml C'sAadsAbenoleoA
Ls'omerase ‘ : ' R et :
6 . 2. SCoA
/\/\/_‘—f\/\//\lc./
N

B oxy hoa oL . . .;Trans-A’,éis A enoyl CoA

avengy L. ,
Acetyl CoA.

__4 . 1 SCoA
VAVAVERVANE
c .

Y

Enoyl CoA - NAD* - .- . Cis A enoyl CoA
dehydrogenase . | —+NADH +H’

4 2 SCoA -
/\/\/—_—\/\ é 7o, .
% +Trans-& cls &' dienoyl CoA

- 24~ dienoyl CoA- | NADPH +H
reductase NADP*

/\/\/\/\2/ €l CoA »~Trons-A ,encyl CoA

O -
3 1.7 N Co
/\/\/\ \6/\\2/ N S CoA Trans, enoyl ‘A

l B oxy héa (4 vong)

» 5-Acetyl CoA
Hinh 8.4. Qua trinh oxy héa acid béd khéng béo hoa c6 nhiéu lién két déi (acid linoleic)
1.4. Cac thé ceton va su oxy héa cia chling

3 co thé ngudi va dong vat ¢6 vi, acefj?lCOA dudc hinh thanh ¢ gan trong-
qué trinh oxy héa acid béo c6 thé di vao chu trinh acid citric ho#c cé thé tao ra
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cac thé ceton gdm acetoacetat D-B- hydroxybutyrat va aceton dé cung cap cho
cac md ngoai vi (Hlnh 8.5): '

O ngudi khée manh, aceton dudc hmh thanh véi s6 lugng rat it.
Acetoacetat va D-B-hydroxybutyrat sé khuyé&ch tan ra ngoai t& bao gan, réi
theo mau tudn hoan dén cic md ngoai vi nhu co xuong, cd tim, vo6 thugng
than,... Binh thudng “chit d6t” dé cung c&p cho nio chi yé&u la glucose Khi bi
déi kéo dai hodc sy cung cip glucose bi han ch& thi ndo c6 thé dung D- B
hydroxybutyrat dugc tao thanh trong gan tu acid béo lam “ch dét” chinh dé
" cung cdp nang hugng (75% ning luong cin cho nao co ngudn géc tit cac thé
ceton). o

- _0 20
Comc? o+ checT

2. Acetyl CoA
, SCoA SCoA -
B-Cetothiolase ]b, CoASH
o}
P O
CH3—C—CHy— C\ Acetoacetyl CoA
: " SCoA
. - Acetyl CoA + H.0O
HMG. CoA
. synthase S :
- CoASH
L -~ OH ' =
O\\ | 4 o
/C— CHy—C—CHy— C\ B-hydroxy-B-methyglutaryl CoA
G : SHe SCoh . (HMG.CoA)
HMG.CoA ' :
lyase Acetyl CoA
. ' O o B i ‘
O ” A. Acetoacetic
C_CH2 -C— CH3 o -
Ho” NADH + H*
+
) R
o . o OH
I} R VN —
CH3—C—CHj /S CHZ"? CHy
o o HO
Aceton- ' , OH

A.D-ﬁ-hydroxybutyric '

Hinh 8.5. Sy tao thanh cac thé ceton tir acetyICoA

‘Tai cac md ngoai vi, D-B-hydroxybutyrat dudgc oxy hoa thanh acetoacetat,
sau dé6 chat nay dudc hoat héa thanh acetoacetylCoA va rdi phan tach tao nén
2 phan ti acetylCoA (Hinh 8.6)..AcetylCoA. sé.di-vao.chu.trinh acid citric. '
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OH 0]
Rl PP

NAg
Ho o .
D - B - Hydroxy butyrat NAD o
hyd v SR,
dehydrogenase NADH + H" oo
.. O" . ’~‘ v O e : B
| Vi
A.Acetoacetic CH,— C—CH,— C\
G = OH
- PR .. Succinyl CoA
B - Cetoacyl CoA
transferase i : A.succinic
O o)
A v A V4
cetoacetyl COA  CH,—C—.CH,—C
Thiolase r S
Y © | Y ©
2.Acetyl CoA CH,— C< + CH,— C/
e SCoA ™ SCoA

Hlnh 8 6. Sutao thanh acetleoA tur D-p- hydroxybutyrat 3 cac mo ngoal Vi

Sli h1nh thanh va van chuyen cic thé ceton tU gan dén cac md ngoal vi
tao diéu kién cho qui trmh oxy héa t1ep tuc ctia acid béo va acetylCoA trong t&
bao gan. Binh thudng, néng dd cac 'thé ceton trong mau rat thip. Khi d01
glucid hodc khi bi bénh dai dIIdng, su -thoai hoa glumd bi giam va cd the cin
phai oxy héa lipid du trii dé bu dap cho nhu cAu ctia co thé va giy nén néng do
bénh ly ctua cac thé ceton: cAc thé ceton ting rat cao trong mau va nude tidu,
d6i khi c6 mui aceton trong hoi thd. Su tao thanh céac thé ceton bénh 1y 12 hau
qua cla su mit cin dei1 gilia chuyen héa gluc1d va chuyén hoa 11p1d dan dén:

— Thiéu NADPH- -coenzym dugc tao nén tu con dIIdng hexose monophosphat
va can thiét cho qua trinh tong hop acid béo. -

- Th1eu succmleoA san pharn chuyen hoéa trung glan cua chu trlnh a01d
citric va la chat cung cip CoA dé hoat héa acid acetoacetlc '

Tém lai, sy @ dong cac the ceton trong cd thé 1a do téc dd tao thanh cac
chat nay 6 gan vugt qua kha nang su dung chung tai cac md ngoai vi.
1.5. Thoai hoa triglycerid (trlacylglycerol)

Duéi tac dung cua lipase, trlglycerld bi thuy phan thanh glycerol va acid
béo va xay ra theo ting giai doan: trudc hét, lién két este 6 C, va C, bi thuy
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phan kha nhanh,phén con lai 14 2-monoglycerid bi thuy phan cham (Hinh
8.7). Enzym lipase khu tri ¢ microsom cua t& bao md va nhay cam véi hormon; .
enzym hoat dong duol dang phosphoryl héa, can proteinkinase va ATP.

Adenylat-cyclase
ATP —.f—-> cAMP -
\
Protein kmase ~——> Protein kinase
G (*)
3 .
Lipase7T> Phospholipase
ATP.  ADP
(o 0 '
Y Y/ . ;
GHO—C R, cro—¢ Lpase T,
o = L CHO—C™—R
CHO—C—R, RPN ' CHO—C—R; +HO R{COOH ’
" CHO—C—R; .. CHOH -
: . 2-Monoglycerid
Triglycerid 1,2-Diglycerid
Isomerase
o no—ilon
, —C—Rz
CH0 . Lipase .
CH,OH HO ,
‘ RLCOOH +
(|3H20H REOH 12 Chon
Glycerol } ijonoglycerld :

Hinh 8.7. Tac dung cla lipase
- Enzym glycerolkmase xic tac su hoat héa glycerol, tao glycerol 3-
phosphat. Enzym nay cé nhiéu trong gan, than, niém mac ruét. va tuyén vi
dang tao siia.. Glycerol 3-phosphat dudc oxy héa thanh dihydroxyaceton
phosphat (DAP) roi duge dong phan héa thanh glyceraldehyd 3-phosphat
(GAP) nha isomerase xic tac. Glyceraldehyd 3- phosphat dudc oxy hoéa qua

nhiéu budc thanh acid pyruvic, rdi tao ra acetleoA dé oxy héa trong chu trinh
acid citric (H1nh 8.8). :

Acid béo tu do vao mau, gin véi albumin huyet tudng tao thanh mot
dang hpoproteln, roi dugc dong mau dua dén cac mo de thyc hién qua trinh
oxy hoa va tao nang lugng (Hinh 8 8).
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¢}
s
CHO—~C—R,
O
" CHO~C—R,

| S
N4
CH, O-C=R,

CHOH . 3RCOOH—— AcylCoA

Lvon ~ Acidbéo
Glycerol (':,_5 OH

R ATP
Glycerol kinase
» ADP

CH2 OH
: CHOH
Glycero phosphat CHz o-0®
+
Glycerophosphat- . NAD
dehydrogenase NADH + H
’ CH, OH |
C=0

Dihydroxyaceton phosphat é:l-b o@

Isomerase ' |

Cl:HzO®
Glyceraldehyd - 3 - phosphat

Hinh 8.8. Thoal héa cia triacyl glycerol

l 6 Thoai héa glycerophosphollpld

.. B oxy hoa

CHOH — — — Apyruwvic — Acyl CoA

~Chutrinh )
. acid citric
\_,//

Nhiéu enzym xuc tac sy thuy phan cac lién ket este cua cac phosphohpld
(nhut lecithin, cephalin,...). D6 14 nhiing phospholipase cé pho bién & cAc mé va

mdi enzym c6 tinh dic hiéu riéng (Hinh 8.9).

- Phospholzpase A: xic tac sy thuy phan lién két este & C2(Cg) cua
phospholipid, giai phéng 1 phén ti acid béo va tao lysophosphohpld Enzym

nay thudng cé trong noc rin, noc ong va dich tuy.

— Phospholipase B: xuc tac su thuy phan 2 lién két este 6 Cl(Ca) va Cy(Cp)
caa phospholipid, gidi phéng 2 phan ti acid béo va phan con 1a1 la

glycerophosphat-base nitd.
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- Lysophospholipase: xic tac su thuy phan dic hiéu lién két este 6 C, cua
lysophospholipid (lysophosphatidyl cholin hodc lysophosphatidyl ethanolamin).

— Phosphodiesterase: dic hiéu véi lién két phosphodieste, cit mot lién két
este cia diestephosphat. Phospholipase C xtc tac sy thuy phén lién két este
gita glycerol va acid phosphoric tao base nitd dugc phosphoryl héa va
diglycerid. Phospholipase D g3p & céc loai cdy, xic tac sy thuy phén lién két
este giiia acid phosphoric va base nitg dé tao ra acid phosphatidic va base nito.

— Phosphomonoesterase (phosphatase): xtic tac su thuy phan ti€p san ham

~ thuy phan cha phosphodiesterase, vi du: thuy phén phosphocholin dé gidi

 phéng cholin va acid phosphoric.

" Phospholipase B Lysophospholipae
—
1l
o | e e

Rz—g_—' ——0 ZC—H - | Phospholipase D
Phospholipase A ‘
(@]

*ch, o ! o Base N
b
Phospholipase C ™

o
CH2—0~C//— R1

OH — c| — H'
| @
CH,— 0o — (@ — Cholin
‘Hinh 8.9. So d6 mo ta tac dung ciia cac enzym phospholipase
(1) Phospholipid (2) Lecithin

Trong thién nhién, cic loai lysophospholipid thu?ing gip 1a lysophosphatidyl

‘cholin (lysolecithin), lysophosphatidyl ethanolamin (lysocephalin). D6 1a

nhiing chét tdy va gy v3 héng cAu kha manh. Noc rén thudng gy v3 hong
ciu vi chtta nhidu loai phospholipase A. Trong gan va huyét tuong c6 enzym
lecithin - cholesterol acyltransferase, xtic tic su van chuyén géc acyl é C, cla

lecithin dén cholesterol dé tao cholesterol este héa va lysolecithin.

2. TONG HQP LIPID G T BAO

2.1. Sinh téng hop acid béo béao hoa cé S(‘)’ carbon chin

Qua trinh t8ng hgp acid béo bao hoa tit acetylCoA xay.ra G tat ca cac md
nhung dic biét rat manh trong gan, mé md; rudt-va tuyén-vii ciia cac loai dong
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vat cip ¢cao: Su'téng hop. ciing nhu.sy oxy héa acid béo duge x4y ra theo nhiing
con duong khac nhau.véi-su xie tac boi cac hé enzym khac nhau va @ cac vi tri
khéc nhau trong t& bao. Acid béo dudc.tdng-hop bdi nhiing nguyen liéu tu l1p1d
ho#c khéng phai lipid. Ngudl ta biét it nhat 3 qua trinh tong hgp acid béo: &
bao tudng, trong ty. thé va 6-microsom; trong dé su tong hgp .acid béo & bao
tuong déng vai trd chu yéu. L : ot s .

2.1.1. Téong hop acid béo d bao tuang té'bao

Nguyen liéu: 1a acetylCoA- dudc h1nh thémh trong ty thé (do qua trinh
kht carboxyl oxy héa pyruvat, oxy héa mot s6 acid amin, oxy héa ac1d beo) va
‘ duac van chuyén ra bao tuang theo hai‘cach: - o

“ 4+ Nho-hé thong van chuyen trlcarboxylat (1)
A Trong ty the acetleoA + oxaloacetat — c1trat + HSCoA
o Bao tudng c1trat + ATP + HSCoA —) oxaloacetat + ADP + P1 + acetleoA

+ Nho chat van chuyen carnltln 2)

Ty thé ' oL Baotuong . .-

Acetyl CoA o Citrat ——f— Citrat ~o_ Acetyl CoA

il ‘ . N
M / : N
S . Oxaloacetat
Oxaloacetat * : D
) NADH + H
R R B o Malat
\\ . - 4

. L= Pyruvat;-‘.; - Pyruvat,

- Mang trong clia ty thé

N

Khoang giita hai'mang " Trong ty thé’

Carnitin ocyl-
transferase 1l
Acetyl ¢
Carnitin
/ ~——

L Acetyl

Carnitin CoA SH

2 HSCoA

™ Carnitin . Aéetyl CoA ‘

//

Acetyl CoA 4~ Carnitin

Carnitin acyl-
transferase |

e ™~

Hinh 8.10. Sy van-chuyén acetleoA qua mang ty thé ra bao tuong nhd carnitin
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'Chét trung gian dé'tong hdp acid béo la malonylCoA: chit nay dugc hinh
thanh nho enzym acetylCoA carboxylase xuc tac. Enzym- nay c6 3 vung chiic
ning: protein mang biotin, biotin carboxylase Hoat héa CO, bing cach gin CO,
v6i nguyén ti N cua’ vong ‘biotin nhé phan dng phu-thuéc ATP va trans
carboxylase 1am nhiém vu vén chuyén CO, dugc hoat héa tit biotin dén acetyl
CoA dé tao thanh malonyl CoA. Qua trinh trén cé thé tém tit nhu sau:

HCO, + H* + ATP

Bidtin-enzym |

Malonyl-CoA |

Biotin carboxylase :  Transcarboxylase:
ADP + (P) FOOC-Biotin-enzym : :
Acetyl-CoA

Chu trinh téng hop acid béo: gdm 6 phan tng lién tiép nhau do 6 enzym
cia hé théng téng hgp a01d béo xtc tac. Hé thoéng nay la phic hgp multienzym
goi 14 acid béo synthase, gbm 6 enzym va mot proteln khong c6 hoat tinh enzym:

ACP - acyltransferase (AT)

ACP - malonyltransferase (MT)

B-cetoacyl - ACP synthase (KS)

B-cetoacyl - ACP reductase (KR)

B-hydroxyacyl - ACP dehydratase (HD)

enoyl - ACP reductase (ER)

protein mang nhém acyl (ACP = acyl carrier protein)

Phiic hgp multienzym c6 2 nhém -SH: -SH trung tdm (- SH thudc ACP)
va -SH ngoai vi (-SH clia cystein trong phén ti KS).

+ Su tao thanh acetyl ACP va malonyl ACP: sau buéc nay, phic hgp
multlenzym duge khdi dong dé8 s&n sang thuc hién chubi phan tng gén hai
mau acetyl véi nhau, phiic hgp mang nhém acetyl este héa véi —SH ngoai vi va
nhém malonyl este hoa v6i —SH trung tam.

+ Phan ting ngung tu: duéi tac dung cua KS, nhém acetyl dudc chuyén
dén C, cia nhém malonyl va déng thoi khit carboxyl.

+ Phan ting khi 14n 1: kic tac béi KR
+ Phan tng khii nuéc: xtc tac béi HD
+Phan tng khit 14n 2: xtdc tac béi ER

Sau 6 phan ng, butyryl ACP dugc hinh thanh, nhém butyryl dugc chuyén
sang —SH cta KS, tao diéu kién cho —SH cia ACP tiép nhan nhém malonyl
méi tit malonylCoA dé t1ep tuc cac phan tng trén (Hinh 8.11) cho dén khi
palm1tyl ACP dugc tao ra.
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Géc palmityl c6 thé duge g1a1 phong, tao acid palmitic tu do duéi tac dung

cua thioesterase; hodc cé thé du0c chuyen sang phan tu coenzym A, tao

palmltyICoA le hau hét co thé sbng, su téng hdp acid béo '8 bao tudng sé

' dlmg lai kh1 ac1d pa1m1t1c ‘dugc tao thanh (co the do tmh dac hleu cua KS véi
chiéu dai géc acyl ma né tiép nhan).

CH3—CH,—CH,—CO—s  BuyylACP -

HS (Trung tam)
(Ngoaivi) HS —(£) : Hs —{
Acid béo synthase o
. NADP~—_ ER
NADPH + H-—""

CH3—CH=CH—CO—S

HS _A"\ B dehydrobityryl ACP

(enoy! ACP)
H,0~ I HD

CH3—CHOH —CH,—CO—S

HS B hydroxybutyryl ACP

" NADP* ——\J
NADPH + H' 1 KR

CH3—CO—CH,—CO—S$

. HS Acetoacetyl ACP

- i CQZ:\{_KS
' “00C—CH;—CO—§ '

CHy— CO,—S"'(iﬁ Malonyl ACP

"“00C—CH;—CO~SCoA

Malqnyl CoA B Acetyl ACP
Acetyl CoA carboxylase
€O,
CHACO~SCoA - CHy—CO—s
Acetyl CoA ' ‘
HS —{
HSCoA \
“~—HS Acid béo
synthase

CH3;—CO~SCoA
Acetyl CoA

Hinh 8.11. So d6 quatrinh t8ng hop acid b&o & b6 tiong véi phitc hop multienzym
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2.2. Tong hdp ac1d beo 0] ty thé te bao

La su tong hdp ac1d beo mach dal ma chat tlen than 1a acid palm1t1c Cd'
ché& kéo dai chubi carbon cua.acid. beo dudc thuc hlen ‘tudng tu ngugc véi qua
trinh B-oxy héa va chit van chuyén géc acyl la phan tu coenzym A (Hmh 8. 12)

R—CH;—CH,;—CH;—CO~S CoA

Acyl—CoA co (n+2)C
, : SR ‘ NADP*
Khr 1an thif hai. Trans - A2~ Enoyl CoA reductase .
o NADPH +H*
Trans —Az—dehydroacw CoA R— CHy— CH"CH—CO_-SC&A
Khif nudc . . ‘ ‘ ‘
: ' Crotonase
B - hydroxy acyl CoA R——CHz—CHOH——CHz -CO~S CoA
Khi 1én thif nhat K cetoacyl CoA reductase
‘ ' NADH + H*
 Boetoacy CoA R— CHp— CO— CH,—CO~S CoA
' HSCoA
Ngung tu . B - cefothiolase
L R—CH;— CO*-SQ_QA + CH3—CO~SCoA
AcylCoA cd nC Acetyl CoA

Hinh 8.12. Su kéo déﬂ mach carbon ciia acid béo trong ty thé té bao

2.3. Tong hgp acid béo khﬁﬂg béo hoa c6 mot lién két doi

CHy = CH G CH, - CHy
Acyl CoA
(b0 hod)
2.Cytbs i Cyt b5 reductase ~ NADPH + HY
Fe™ (FAD) X ‘
2.Cytb5 "\ Cyt b5 reductase « NADP-

(Fe*) " (FADH,).

CHy - (CHR CH = O | |

~$ CoA

Acyl CoA
(cd mot lidn k&t 3o

Hinh 8.13. Con dudng van chuyén dién tr tao acid béo khong bio hoa c6 mot lién két doi

Trong mb dong vat, acid palmitic va acid stearic 1a tién chét cua 2 acid
béo khong bao hoa c6 mot lién két d61 phd bién 1a acid palrn1tole1c, 16:1(A°%) va
acid oleic, 18:1(A%. Su tong Hop cac-acid béo niy %4y va o'he thong ludi noi bao

140



clia gan va mdé md nhé hé mono-oxygenase dic hidu xic tac. Mot phan tl oxy
ti€p nhan hai cip dién tl, mot cap tii-co chét acid béo bao hoa (acid palmitic
ho#c acid stearic) va mdt cip tit NADPH. Su van chuyén dién ti dugc thuc
hién nho chu01 van chuyen dlen td caa mlcrosom (Hmh 8.13). :

24 Tong hdp trlglycerld (trlacylglycerol) - | S

Glucase

" Glycolysis {

CH,OH oH,0
dihydroxyaceton C=0 - O . . -
phosphat [ I . . 4o CHOH:

;CHZ—O._.'P—? CH,0H  Glycerol

1]

NAD . ADP g~ /" Glycerol kinase . -
Glycerol - 3phosphat [P M I A Lo
ohydrogenase

CH,OH

Glycerol - 3 phosphat OH—C—H ﬁ
CHz~ 0—7—0-

o AMP + PPi ATP CoASH
Z (o]
1—C /. i
SCoA == R1COO° |
CoASH Acyl-CoA synthase Acid béo
AMP+PPI  ATP CoASH

T

Acyl-CoA synthase k Acldbeo

[o}

R I : 0. .
. H3PO,
v L HZ0 i FH o apmotn,
Acid phosphatidic' R2~C—O-—(I}—-H o Rz—!!—o—tI:—H
L . l

Phosphatidat phosphatase

CH;-—O0—P—O . CH,OH
(I)_ © 1,2 Diacylglycerol -
Acyl-CoA synthetase o : .
R3COO’ 3~ C\é : F
SCoA
CoASH  ATP AMP + PP| Acyltransferase
HSCoA o
o CH2- 0w !:— Ry

I |
Ri=C—0—C—H o

CH2=0~~C—R3y

Triacylglycerol
Hinh 8.14. Sy t8ng hgp acid phosphatidic va triglycerid

Triglycerid dudc téng hgp manh & cac t& bao ctia lodi cé xuong séng (dic biét
14 t&€ bao gan va t& bao md), cling nhu trong céic loai thuc vat bac cao. Hai tién
chét chu yéu cin cho su téng hop triglycerid-la glycerol-3- phosphat va acylCoA.
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Glycerol-3-phosphat dugc hinh thanh t& 2 con duong: (1)  tu
hydroxyaceton phosphat duéi tac dung cta glycerol-3-phosphat dehydrogenase
trong bao tuong, (2) tit glycerol tu do dudi tac dung cia glycerolkinase co G té

bdo ganva té baothan. .. - .o L
Trong niém mac rudt, tdng hgp triglycerid trong thdi gian hap thu acid
béo tit long rudt xady ra kha manh va trong ‘qloJ.é? trinh néy"cécvmonogl’ycerid
dugc tao thanh do su tiéu héa 8 rudt cé thé duge acyl héa truc ti€p nhd
monoglycerid palmityltransferase (khéng qua trung gian acid phosphatidic).

~ Trong m3 dy trit ctia m6 ddng, thuc vat; triglycerid thudng la triglycerid
hon hop.

2.5. Tong hgp glycerophospholipid

- Nhiing glycerophospholipid tham gia trong thanh phan cdu tao mang t&
bao va cac lipoprotein van chuyén‘ déu dugc téng hdp ti acid phosphatidic va
su tham gia clia cytidin nucleotid véi vai tro 1a chét van chuyén.

2.5.1. Tong hop phosphatidylethanolamin (cephalin)

CH,
. |
Ethanolamin ~O —CH,—CH,—NH, -0 —CH,—CH,—N"'—CH, Cholin
|
o CH,
. ATP ’ ~ATP ‘
Ethanolamin kinase ‘ ADP o ADP Cholin kinase
O‘-—IID-—O-—CHZ—-CHZ—NH2 0'—l‘°— O—CHZ—CHZ—II\I*—CHR
O- ' v O
CH,
Phosphoethanolamin Phospho cholin
Phosphoethanolamin cre ' A . CTP Phospho cholin
cytidyltransferase PPi ° » o PPI cytidyltransferase
) o I :
o CH,~—0 —C —R, .

. CDP - Ethanolamin 1] | . CDP-Cholin
Phosphoethanolamin R—C—0 _(|: —H . Phospho cholin
transferase CH. OH transferase

cMP : 2
’ : Diglycerid CMP
f T
0 C|Hz.—0—'C— R, 0 c|Hz—o—c— R,
Il 1]
RQ—C—-O—Cl:—H o R—C—O0—C—H ¢ CIHs
- | 1
CH,—0O— IID-- O — CH,—CH,—NH, CH—0— I|= — 0 — CH,—CH,— N*—CH,
' - " |
© © CH,
Phosphatidyl ethanolamin
Phosphatidy! ethanolamin methyl transferase _. Phosphatidyl cholin
(Cephalin), "~ T T " (Leccithin)
_ S- adenosyl- \ S- adenosyl- o

methionin - - homocystein

Hinh 8.15. So-dét8nghop lecithin va cephalin
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Xay ra & cac md dong vat. Enzym xdc tic clia qua trinh nay thudng gin
chat Véo méng cﬁa hé thffng lu’éi ndi nguyén sinh ché’t (Hinh 8.15).

2 5 2. Tong hdp phosphatzdylcholm ( leczthm)

‘ Trong mb dong vat le01th1n duoc tong hdp theo ha1 con du0ng khac nhau
(1) con dudng methyl héa truc tiép nhém amin cta cephahn bai nhom methyl
cua S-adenosyl methionin (chdt cho nhém methyl) (2) con dudng st dung
cholin ngoai sinh (tit thitc 4n) hodc cholin dugc. gidi phéng trong qua trinh
thuy phan phosphatldyl chohn (Hinh 8. 15)

3. CHUYEN HOA CHOLESTEROL -

A Cholesterol la chat can. thlet cua co the tham g1a thanh phan cau tao cua
mang t€ bao va qué trinh t6hg hop cic hormon steroid. Cholesterol cé hai
nguon dudc dua vao co thé ti thic an (ngoai sinh) va dudc tong hdp bdi t& bao,
chu yé&u 13 t& bao gan (noi smh) M01 nguci in khoang 300-500mg cholesterol/
ngay, thuc an’'giau cholesterol gém thit, gan, nio, 1ong d6 tring. Cholestercl
do ngudn gdc ndi sinh khoang 1g/ngay. Khoang 50% lugng cholesterol dude bai
xuét qua phéan duéi dang acid mat, phan cholesterol con la1 duge dao thai duéi
dang ster01d trung tinh. ‘ : : ‘

3.1. Tong hop cholesterol

Cholesterol dugc tong hgp cha yeu 6 gan, rudt. - Ngoai ra, cholesterol dudc

‘tong hop & thugng than tinh hoan budng tring, da va hé thin kinh.Qua trinh

_téng_hdp: cholesterol gém 25 ~buée, chia lam 4 giai doan: (1) t6ng-hop-acid -

mevalonic ti acid acetic dudi dang acetylCoA, (2) bién 601 acid mevalonic

thanh i isopren hoat héa, (8) bién d3i 6 don vi isopren hoat héa thanh squa]en
(4) bién d6i squalen thanh nhén steroid c6 4 vong.

- Acyl CoA

HMG-CoA
_ Synthase ~— e les

|-

" B-hydroxy-p-methyl-glutaryl CoA -

Estrogen.

Cholesterol
thirc an O .

. -2 Insulin
HMG-CoA | ___ __ & Glucagon
reductase

@ T
Acid mevalonic ™~
N A
Cholesterol - /N ' ____..r\(
este ACAT Choleste'ra-l

- Hinh 8.17. Sd dé dieu hoa sinh t6ng hdp cholesterol & t& bao gan
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4. LIPOPROTEIN - DANG LIPID VAN CHUYEN

Lipid khéng tan trong nuéc. Lipid luu hanh trong mau va dich sinh vat,
bao gém chi y&u 1a cholesterol, triglycerid, phospholipid va mot. s0 acid béo tu
do. Lipid lién két véi protein dic hiéu-goi 12 apoprotein (apo)-tao nén cic phan
t¥ lipoprotein c6 kha ning hoa tan trong nudc va 1a dang van chuyén cta lipid
trong mau tuan hoan. o - S

4.1. Cau trae cua lipoprotein -

Lipoprotein dugec Machebocuf mé ta nam 1929. Ngoai thanh phan
protein, lipoprotein con c¢6 cac thanh phéin khac nhu phospholipid, triglyé,erid,
sterid va cholesterol. Lipoprotein cé dang hinh ciu, dudng kinh khoang 100-
500 A. Cac phéan ti lipid va protein lién két v6i nhau cht y&u béi lién két
Vander ‘Waalls. ‘'Theo mé hinh ctia Shen (1977), phan ti lipoprotein ‘gdm:
apoprotein va phospholipid chiém phin vé bén ngoai, phan trung tim gom
triglycerid va cholesterol este, gitia 2 phan 1a cholesterol tu do (Hinh 8.18).
Phan vd c6 chidu day khodng 1 nm, phan cyc va dim bao tinh hoa tan cua
phan tit lipoprotein trong huyét tuong. Cac apoprotein khéic nhau do cdu tric
cha chudi peptid quyét dinh, it nhit da c6 9 loai apoprotein khac nhau duge
tim thay trong cac lipoprotein huyét tuong ngudi (Bang 1). Phan protein ctaa
lipoprotein giit vai trd quyét dinh chit nhan dién ching 6 mang t& bao hodc
hoat héa cac enzym cua ching. ; S 3

- Bang 8.1. Apoprotein clia cac lipoprotein huyét thanh ngudi

Apoprotein. | Trong lugng phantlr | Lipoprotein chifa dung -Chifc nang
Apo A-l 28.331 HDL =~ Hoat hba LCAT
Apo Al 17.380 | HDL R o
Apo A-lV 44.000 Chylomicron, HDL
Apo B-48 240.000 Chylomicron .
Apo B-100 513.000 VLDL, LDL N&i véi receptor clia LDL
Apo C-I 7.000 VLDL, HDL
Apo C-ll 8.837 Chylomicron, VLDL, HDL | Hoat ho6a lipoproteinlipase
Apo C-llI 8.751 Chylomicron, VLDL, HDL | Uc ché lipoproteinlipase
Apo D 32.000 HDL
Apo D 34.145 Chylomicron, VLDL, HDL
4.2. Phan loai lipoprotein

Véi phuong phép sidu ly tdm phén tich, lipoprotein dudc chia thanh cac
loai sau: ,

Chylomicron (CM): 1a lipoprotein c6 kich thuéc 16n nhat va ham lugng
triglycerid cao, apoprotein chii y&u la.apoB-48, apoE va apoC-IL CM dugc téng
hop doc nhét & ludi ndi nguyén sinh cta t€ bao niém mac rudt, chi c6 mit
trong thoi gian ngin & huyét tuong sau bita #n gidu md, 14 yéu t& lam cho
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huyet tuong c6 mau duc va tring. CM sé bién mat sau vai g1d va huyet tutdng
ciia ngudi binh thu0ng khi dé1 phal trong. :

Ldp lipid phan cuc
bé mat

.+ (Phospholipid,

cholesterol,

apoprotein)

: Loi lipid khdng
phancuec
¥ (triglycerid,
.4 cholesterof éste)

Hinh 8.18. Md hinh cau
tric chung cla lipoprotein

Chiic ning cia CM la van chuyén triglycerid ngoai sinh (thfic 4n) ti rudt
téi gan. ApoC IT hoat héa lipoprotein lipase trong mao mach cia mé mdg, tim,
cd xuong...dé gidi phéng acid béo tu do cho cic md nay. Phan CM con lai chta
cholesterol, apoE va apoB-48 (CM tan du); tiép tuc vao mau dén gan — tai day
chung dugdce thoal hoa trong lysosom

Bang 8.2. Cac loai Iipoprotein trong huyét tuong nguai

- | riglycerid

chylomicrons VLDL iDL
O 20%

D cholesterol
Il chospholipid
W ootein

wopoeia | CB48EA | BIOCE | BIOOE | B0 | ACE

Lipoprotein ty trong rdt thdp (VLDL — very low density lipoprotein):
dudc tao thanh & t& bao gan, 1a dang van chuyén triglycerid ndi sinh véo hé
tudn hoan. Apo cia VLDL bao gébm apoB-100, apoC-I, apoC-II, apoC-III va
apoE. VLDL dugc van chuyén tit gan d&n mé md va tai day, enzym lipoprotein
lipase dugc hoat héa nho apoC-II sé xtc tac su thuy phéan triglycerid, giai phong
acid béo. VLDL con lai (VLDL tan du) ti€p tuc dugc thoai héa trong lysosom.

Lipoprotein ty trong thdp (LDL - low density llpoproteln): 12 san phdm
thoai héa cia VLDL trong mau tuan hoan, rat gidu cholesterol va cholesterol
este. ApoB-100 14 apo chinh cia LDL. Chiic ning chu y&u cia LDL 1a van
chuyén cholesterol cho cac mé. LDL dude gén véi receptor dic hiéu ¢ mang t&
bao, sau d6 ching duge dua vao trong t& bao. Cholesterol trong LDL dudc coi
12 cholesterol “x&u” vi né tham gia vao sy phat trién cidc mang vita xo dong
mach 6 thanh cta dong mach.
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Lipoprotein ty trong trung gian (IDL - intermediate density
lipoprotein): ¢ ty trong gitta VLDL-va LDL. VLDL sau khi giai phéng
triglycerid, nhan thém cholesterol este va mit di apoC sé& chuyén thanh IDL
va chit nay nhanh chéng thoai héa thanh LDL.

Lipoprotein ty trong cao (HDL - high density lipoprotein): tao thanh 6
gan va rudt non; dugdc giai phéng duéi dang HDL méi sinh hinh dia, réi chuyén
thanh HDL-3 — HDL-2 nhd su xdc tac cia LCAT (lecithin cholesterol acyl
transferase). HDL giau protein va apo chinh cia HDL 1a apoA-I. HDL van
- chuyén cholesterol 8 cac mé ngoai vi vé gan (van chuyén cholesterol “trd V‘”’)
va & gan, chiing dugc thodi héa thanh acid méat. Cholesterol caa HDL la
cholesterol “t8t” vi ching bao vé thanh mach, khong gay viia xo déng mach.
Lugng cholesterol-HDL cang thap (<0,3 g/L) c6 nguy cd bi viia xd ddng mach
cang cao va ngudc lai.

CAU HOI ON TAP
1. Trinh bay su thoai héa ctia acid béo bdo hoa c6é s6 carbon chén (giai
doan hoat héa va van chuyén acid béo vao ty thé, giai doan B-oxy héa
acid béo). Tinh ning lugng tao thanh khi thoai héa hoan toan moét
phan tu acid palmitic.

2. Trinh bay su thoai héa cua acid béo khong béo hoa c6 mot lién két doi
- (acid oleic).

3.. Trinh bay su tao thénh cac thé ceton va su oxy hoéa ti€p tuc cta -
' chung trong t& bao? Y nghla ctia' sy tao thanh céac thé ceton trong
chuyén héa. »

4. Trinh bay qua trinh tong hop acid béo bao hoa & bao tutdng cua t& bao:
nguyén lidu, enzym xic tac va cAc phan {ing, sin phim tao thanh.

5. Trinh bay qua trinh téng hop acid béo bio hoi & ty thé t& bao.

6. Trinh bay sy lién quan gitia qua trinh tong hgp acid béo bao hoa é
bao tudng va § ty thé t& bao.

Trinh bay sy thoai héa triglycerid & t& bao.

8. Trinh bay qua trinh téng hop triglycerid & t& bao.
Trinh bay su thoai héa lecithin & t& bao.

10. Trinh bay su té‘ng hop lecithin & t& bao.

11. Pinh nghia va phén loai lipoprotein huyét tuong? Néu dic diém sinh
_hoc va nhiing chitc ning chinh ctia tiing loai lipoprotein huyét tuong.
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Chuong 9

CHUYEN HOA ACID AMIN

Protem 1a polyme cua cac ac1d amln dutdc tao ra bdl cg, the song va la dac:
tinh cua su song T4t ca cac ac1d amin cé thé dugc téng. hdp béi nhung co.thé
séng. Nhung 3 mot s6 dong vat bac cao khong tong hgp duge mét s6 acid amin
ma- pha1 cung cip ti thIIC &n. Nhiing acid amin nay goi 1a acid amin cin thiét.
D01 v6i ngudi.dé 1a 8 acid amin: Val, Leu, Ile, Phe, Thr, Trp, Met, Lys. Mic du
cac acid amin: cin cho sy téng hdp protein va mdt s6 phan té khac nhung
khong dude du trit. Nhiing acid amin du thita sé thoai héa. Su thoai héa acid
amin bing cach tach nhém amin tao ra khung carbon. Khung carbon duoc
bién d8i thanh acetyl- CoA, aceto-acetyl-CoA, pyruvat hoic mot trong nhting'
chét chuyén héa trung gian cia chu trinh acid citric. Phan 1én nhém amin cia
céc acid amin thita dudc bién d6i trong chu trinh ure.

Nhiing rdi loan chuyén héa acid amin lam tdng lugng acid amin trong'

mau va ting dao thai ac1d amin ra nlmc t1eu dudc coi la cac bénh ly ac1d amin.

1. SU THUY PHAN PROTEIN THANH ACID AMIN
1.1. Su thuy phén protein ngoai sinh (su tiéu héa protein)

- Protein tit thic 4n, qua trinh tiéu héa bit ddu & da day. Da day bai tiét HCl
va pepsin. da day, pH tit 1 dén 2 cdu tric bac 2, bac 3, bac 4 cla protein b1 pha
V0, protein bi phan giai. Pepsin dugc bai tiét dusi dang tién chat khéng hoat déng
la pepsmogen Pepsinogen-duge-hoat-héa-bdi-HCl-thanh pepsin hoat déng. Pepsin:
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thuy phan dic hidu lién két clia acid amin nhan thom hogc lién két ctia acid amin
acid tao ra cac peptid ngén hon. C4c peptid niy xuéng rudt non.

3 rudt non pH ‘kiém, pepsin bi bat hoat. Tuy bai tiét cac proenzym
(Zymogen) nhu trypsinogen, chymotrypsinogen, proelastase, procarboxypeptidase
dd vao rudt non va dudc bién d6i thanh dang hoat dong. Trypsinogen dudc
~ hoat héa bdi enterokinase ctia rudt non thanh trypsin. Trypsin trd lai hoat héa
trypsinogen, proelastase, chymotrypsinogen, procarboxypeptidase thanh céac
enzym hoat dong tuong ting. Trypsin thuy phan lién két peptid cta cac acid
amin kiém. Chymotrypsin thuy phén lién két peptid gitia cac acid amin trung
tinh. Elastase thuy phan lién két peptid ctia cac acid amin nhé nhu Gly, Ala,
Ser. Carboxypeptzdase thuy phéan lién két peptid ctia cac acid amm C tan giai
phéng acid amin tu do. Rudt non bai ti&t aminopeptidase thuy phéan 11en két
peptid cta acid amin N tan gidi phéng acid amin ty do. Cac acid amin dugc
hé&p thu qua thanh rudt theo cd ché&van chuyén tich cyc cdn ning lugng. -

1.2, Su thuy phéan protein néi smh

Céc protein noi sinh ciing thoai héa va téng hop méi véi mot lugng hing
dinh 6 ngudi truéng thanh. Qué trinh nay goi la su d6i méi protein. Ludng
protein d6i méi chiém khoang 1-2% protein toan phén hang ngay. Ty 1é
protein d6i méi nhiéu hon & tré em trong thoi ky phat trién nhanh. Phéin 16n
cac protein nay ddi méi trong t& bao ndi ching ton tai. Cac protein huyét
tuong két hgp véi cac receptor dic hidu tién cac t&€ bao gan va dude thoai héa.
Su thoai héa xay ra 8 lysosom nho ubiquitin phu thudc ATP. Nhiing protease
tidu hoéa protein nhu: pepsin, trypsin, chymotrypsin, elastase thuy phan
protein trong khiu phén #n khéng c6 vai tré trong su déi méi protein trong
cd thé. Ubiquitin (UB) 14 mét protein c6 76 acid amin. Sy xuét hién ubiquitin
déng nghia véi su thoai héa protein ndi bao. Nhiing protein bi tdn thuong
hodc dot bién ciing nhanh chéng thoai héa qua con dudng ubiquitin.
Ubiquitin khéng tim th&y trong t& bao nhan xd. Sy d8i méi protein 1a sy
thoai héa protein thanh peptid ho#c acid amin. Phéan 16n acid amin tao ra
dudc st dung dé téng hop protein méi, mot s thoai héa thanh san phdm dé
dao thai va bai t1et Su thoa1 héa protein phu thudc ubiquitin va ATP qua
bén budc:

- Butdc 1: ublqultm dudc hoat héa béi enzym El can ATP dé tao lién ket :
thioeste thanh phiic hgp UB-CO-S E1.

.— Buéc 2: enzym E2 tao lién két thioeste v6i ubiquitin va giai phong E1l

— Buéc 3: enzym E3 xtc tac van chuyén protein téi ubiquitin tao thanh
Vphuc hdp ub1qu1t1n- protein.

— Buéc 4: ubiquitin - protein dudc thoai hoa boi phuc hop protease phu
thuéc ATP thanh peptid va ubiguitin dudc giai phéng c6 thé trd lai budc 1.
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2. SU THOAI HOA ACID AMIN
2.1. Sy thoai héa chung cua acid amin
2.1.1. Chuyén héa ciia nhém amin trong acxd amin:‘s

2.1.1.1. Qud trinh trao déi amin

Phén 16n céc acid amin loai nhém o amin bing cach van chuyén nhém o-
amin dén C, cua acid a-cetonic. Acid amin trd thanh acid a cetonic tuong iing
con acid a-cetonic nhan nhém amin tré thanh acid amin mdéi. Qué trinh nay
goi 12 phan tng trao d6i amin. Xc tac phan ung trao d6i amin 1a cac enzym
transammase Phan Ung tong quat cb the v1et R R IE IE

R,- ClH COO" + Ry— CO-CO0~ ~—-—-—>R1 €O COO™ + R2 lCH -_Coo-. i
NH3+ NH3+ o

H4u hét cac acid amin chiyén nhém. aminh sang chit nhan la o-
cetoglutarat. Enzym xiic tac cho phan Ung nay la enzym trao déi amin
transaminase. Cac enzym nay cé pho bién & cAc mb va cé hoat tinh xic tac cao
nhu: AST (aspartat transamlnase), ALT (alanm transaminase). Hai enzym
nay xuc tac cho sy van chuyén nhém amin cua Asp, Ala sang chit nhan 12 a-
cetoglutarat thanh glutamat. Céc ‘enzym transammase co d ca ty the va bao
tuong c6 coenzym la pyrldoxalphosphat '

,Q_‘TQQQQHzCHz(?EQQQT_t;CvIﬂIaQQCDO“ ‘——* _"00CCH,CH,COCOO0" + CH3|CHCOO‘

NH, : NH*,

AST
“OOCCH2CH20HCOO'+'OOCCHZCOCOO‘ ‘OOCCH2€H2COCOO' 'OOCCHZCHCOO‘

NH,* i NH,*

, Hal enzym la AST, ALT thudng dl:idc xét nghlem do hoat do trong huyet
thanh giup cho chan doan, tién lugng cac benh vé co tim va benh ve gan.

K&t qua ctia quéa trinh trao déi amin, nhém amin ctaa nhleu acid amin
duge van chuyen den o- cetoglutarat tao ra glutamat :
2.1.1.2. Qud trinh khi amin oxy hoa . ,
- + Khil amin oxy héa cac acid amin théng thuong.

Qua trinh khi amin oxy héa gom hai giai doan: Oxy héa acid amin tao ra
acid aImin thuy phan tu phat acid Imin tao ra acid a-cetonic vaA NH*,. Qua -
.trinh nay xay ra 6 bao tuong, xidc tac cho phan tng la cac L acid amm oxtdase
¢6 coenzym 1a FMN. Phan iing c6 thé viét nhu sau: ‘
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R—CI:H—COO’7T: R—Cli—COO'—> R—CO—CO0 + NH,'

FMN  FMNH, NH

O

Catalase
H202 _ HzO + Oy

Cac L acid amin odease cb 6 lum ndi bao gan than hoat tlnh thap nén
khéng cé vai tré quan trong trong phan {ing khi amin oxy héa. :

+

Khti amin oxy héa glutamat glutamat tao ra chu yéu trong qué trmh
trao d6i amin, dudc chuyen vao ty the va bi khi amin oxy héa nho enzym
~ glutamat dehydrogenase c6 & ty thé. Enzym nay cé coenzym la NAD* hoic
NADP*

: H,0
'OOC—(CHg)z—?H—COO' ——— "00C—(CH2,—CO—COO + NH,'

AN

Glu NH3* NAD" NADH ' a - cetoglutarat
(NADP*  NADPH)

. Enzym glutamat dehydrogenase c6 hoat tinh xtc tidc manh, nén trong

hiu hét cac sinh vat glutamat duge khit amin oxy héa véi t6’c d(f) cao. Vi vay
- quéa trinh nay cé vai trd trung tim trong Viec kht amin ctaa céac acid amin.
Phan ing thuin nghich tuy thuéc vao nhu cdu cla co thé. Téng cac phan ung
dudc xtc tac béi transaminase va glutamat dehydrogenase (GLDH)c6 thé viét
nhu sau:

acid amin + NAD* + HLO —» Acid a-cetonic + NH,* + NADHH"
(NADP*) o - (NADPHH")
— Su lién quan gifia trao d8i amin va khtt amin oxy hoa.

Cac acid amin théng thuong da kht amin oxy héa gian tiép qua glutamat
vi nhém amin cta hdu hét acid amin tap trung tao ra glutamat trong qua
trinh trao ddi amin do hoat tinh ctia enzym glutamat aminotransferase cao.
Hoat tinh ctua glutamat dehydrogenase ciing rit manh nén glutamat dugc khu
amin oxy héa véi téc d6 cao va c6 1gi vé mit ning lugng. Hon nita cic enzym L
acid amin oxidase xuc tac cho qua trinh khi amin oxy héa cac acid amin
théng thudng hoat déng yéu va qua trinh nay sinh ra chat déc 1a H,0,.

Acid amin a-cetoglutarat - NADH + NHZ —> Uré
Transaminase Glutamat dehydrogenasé
" Acid - cetonic Glutamat : NAD+ + H,0.
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Sé phan cua NH,*

NH," dugc sinh ra é hau hét cac mé va 1a chit déc doi véi co thé. Khi
NH," ting cao co biéu hién nhiém déc, thé hién trang thai hén mé cdp tinh do
thay ddi pH cua té& bao, lam can klet cd chat ctia chu trinh acid citric. Vi 1a
chat doc d6i véi t& bao va md , nén NH4 phai dudc bién d8i thanh chat khong
ddc truée khi duge dua vao mau dé téi gan, hoac than. NH', dugc gan vao
glutamat dé tao ra glutamin nho enzym glutamzn synthetase Phan lmg qua
hai budc :

Budc 1: Tao hop chat trung gian gama glutamyl phosphat
Buéc 2: Tao ra Glutamin.

.’OOC‘:—CHg—:CHz—Cl‘H—COO' U Glutamat
ATP. " NHg'
qutamin synthetase ADP | | o
®—OC CHZ—CHZ—?H coO’ YeGIutamyI phosphat .
o NH -~ NHg' . .
P&y . ) o
HN—OC—CH;—CH,—GH=-C00T" . . Glutamin -
‘ NHg" oo

- Glutamin khéng déc, trung tinh nén d& dang qua mang té& bao. ‘Glutamin
tit cac m6 vao mau tudn hoan rdi dén gan va than nhd enzym glutammase dty
thé thuy phan glutamin thanh glutamat va NH Phan ung xay ra nhu sau:

Hs;N—OC—CHy—CHy— <|:H COO + HO —>» OOC—CHZ-—CHZ—CI:H .coo +NH4*’
NH;,* g NH3+
+ 0 than su thuy phan glutamin tao NH*, cung c&p cho nuéc tiéu. Su
dao thai NH,* é than gép phén diéu hoa thing bing acid base ctia co thé. N&u

luong H* trong nudc tidu cao, qua tr1nh thuy phan glutamin & than xay ra
manh. - . :

+ O gan: NH4+ dudc bién d6i thanh ure rdi dao thai qua than ra nuée tidu,
(*) Qua trinh tdng hgp ure.

Su téng hgp ure xay ra trong t& bao gan, NH duge b1en ddi thanh ure
qua chu trinh ure. Nguyén liéu dé téng hop ure gorn c6:

—~ Mo6t phan tu N 1ay tit NH*, tu do.
— Mbt phan tu N lay ti aspartat
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— M6t phéan ti C 14y tiw CO, duéi dang HCO -
—~ Ba phan ti ATP.. T
-~ Mot phén t& ornitin 1am méi
—~ Nim enzym, ‘ | |
Qua trinh téng hop ure qua 2 budc:
Budc 1: Téng hop carbamyl phosphat :
. Phan iing xay ra & ty thé t& bao gan, tu nguyen heu la HCO Va NH *
nhd enzym carbamylphosphat synthetase I ¢6 & ty thé: '

2 ATP 2ADP+P S
HCO, + NH*, N N HZN-cooﬁ®. :

Carbamylphosphat synthetase I 1a enz_ym‘t’he“'n chét ctia chu trinh ure.
Buéc 2: Gom 4 phan ting.

‘ Phan ung 1: Tao citrulin ti carbamyl phosphat va ormthln Phan ang
xay ra 6 ty thé. « :

H,N- COO ~®+ HzN-(PHz)s-CH-COO‘-—>H2N-‘CO-HN-(CH2)-|CH-COO- +Pi
| NH," . NHY
Enzym xic tac cho phan tng nay 13 ornitin carbamyl transferase.
Citrulin dudgc tao thanh tit ty thé ra bao tuong phan tng véi aspartat.

Phan tng 2: tao arginosuccinat ti citrulin va aspartat nhd enzym
arginosuccinat synthetase: _
Lo ‘ ATP. : NH*3

v
H,N-CO-NH- (CH2)3CIHCOO' -oocICHCH2 coo- T>*H2N—(|3NH(CH2)QCHCOO"

- NH;* . NHY% J— N.HVCHCH;»COO_‘
COO“ ‘

Phan tng 3: tao arginin va fumarat ti argmosuccmat enzym xuc tac cho
phan ling la argmosuccmat lyase ,

INH+3 | - 1|\1H3
*H,N= ICNH(CHz)chCOO—b’OOCCH ~CHCOO + +H2N=|CNH(CH2)3CHCO‘O'

NH|CHCH2000‘ o - NH,
C00- o ‘ |

Phén dng 4: tao ure va ornitin tit arginin nho enzym la argindse.
+H2N=(|JNH(CH2)3FHCOO" — H,NCONH, + H,N CHz(CHz_)z(I)HCOO‘
NH, NH,* . - . :NH*,
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Argmase 12 protein c6 4 tiéu don vi, can ion Mn?* cho hoat d6ng xvc tac.
Enzym thay ] njo, than va mét s6 cd quan khac. Ormtm tao thanh dude van
chuyén vao ty thé va phan ting véi carbamyl phosphat, bit ddu mot chu trinh méi.

Ure hinh thanh & gan vao mau, t6i than dé dao thai. Binh thugng lugng
ure trong mau,ti¥ 0,2 den 0,4g/L (3,5- 7mm01/L), trong nuée tiéu tu 15-
20g/24h. Luong ure thay d3i phu thudc vao khiu phin #n gidu protein. Viéc
xét nghiém ure méu ¢6 ¥ nghia cho'viéc chdn doan bénh than, bénh gan, cac
truong hop nhlem trung, nhiém doc

: .. §OOH
CQZ? NHs . F H 2
2ATP -
Mg* NH, ~ COCH
. - TGN c -NH- GH
o e B e
_ ' ‘ o pH2 Arg/no succ:natsynthetase A N
P H-GNHp < PHZ .. Argino succinat
: ) FCOOH o HpNHy
Pi-+ 2 ADP S, S . . COOH )
C|trulm Arglno succinase
- Ornitin COOH
Transcarbamylase :FH
i
v CH b
Koo
O . COOH
HN-C-0-P-0O™ ©OCHZTNH.
R R PH Hp .+ ... -Fumarat '
- Carbamylphosphat - "' . ‘ ‘ Ly N2
Yipriosp PH2 gooHlll
H-C~ NH —
gOOHz Arginin

Ornitin.

c=0
N

‘Hinh 9.1. Chu trinh Ure
Ndng lugng st dung trong viéc trong téng hop ure 1a: o
Asp + HCO 3+ NH*, + 3ATP + H20 —» Ure + 2ADP + AMP +P;+P; + PP + Fum

Su bai tiét nitd duéi dang ure tit NH*, tiéu t6n khoang 15% nang llidng
cua thoa1 héa acid amin.

e Lién quan gilta chu trinh ure va chu trinh acid citric:

Chu trinh ure cung cap fumarat cho chu trinh citric. Oxaloacetat trong
chu trinh acid citric tham gia phan tng trao d3i amin véi acid amin dic biét
glutamat tao thanh aspartat va a-cetoglutarat. Aspartat phan ing véi mtruhn
ctia chu trinh ure tao ra arginosuccinat. oo
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 a-Keto
apid ,

-phosphat

Ornithin Arginino " Oxaloacatat

* succinat I
s L Malat
' Y
IR Arginin _ ' Fumarat

Hmh 9.2. Su lién quan gilta chu trinh ure va ‘chu trinh acid citric.

Piéu hoa chu ‘trinh ure chu yéu ¢ miic tong hgp carbamylphosphat
Enzym carbamyl phospphat synthetase 1 xtic tac cho phan {ing diu tién cua
chu trinh ure dugc hoat héa bdi N-acetyl glutamat. N-acetyl glutamat dudgc
tong hdp ti acetyl-CoA, glutamat, arginin. N-acetyl glutamat bi thuy phan. bdl
enzym ‘deacylase. Ngoa1 ra diéu hoa chu trinh ure con b1 anh hudng bdi néng
dd cac chat trung gian cta chu trinh nhu ornitin.

2.1.2. Chuyen hoa ;cua ‘nhém carboxyl

Trong qué trinh thoai héa céc acid amin, phan tng khi carboxyl xay ra
dé dang trong cic md nhd enzym decarboxylase tao thanh cac amin. Enzym
decarboxylase dic hidu cho ting acid amin. Phan tng chung cho qué trinh khu
carboxyl cua acid amin:

Decarboxylase ‘
R(IZHCOO ———» R-CH,NH, +co2

NH",

Mot s6 acid amin khu carboxyl tao thanh amin c6 hoat tinh sinh hoc.
Khi carboxyl cua glutamat tao thanh y- amino butyric acid (GABA) 1a chat tdc
ch€& dan truyén than kinh. Chét nay c¢6 nhiéu trong than kinh trung uong dac
biét trong ndo. Su khu carboxyl cta histidin tao thanh histamin 1a chat dan

truyen than kinh. Histamin c6 & nhiéu m6 khéc nhau. Phan iing khii carboxyl
cua glutamat: :

~00C- (CH2)2 CH- COO‘ > ‘OOC(CHZ)Z» CH,-NH, + CO,
| , .
NH"3 ‘ GABA |
Kh1 het tac dung chc amin t1ep tuc khu am.ln,oxy héa nhd cac enzym

mono amino oxidase (MAQ) hoic- dlammo oxzdase tao thanh aldehyd ol
thanh acid tuong tng. : ,
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Phan ting téng quat:

RCH,-NH, -

MAO RCHO 2%, RCOOH.

o, NH“ " NAD"  NADHH*

Ac1d carboxyhc tlep tuc thoal hoa dén 002 va H,0 (xem phan thoa1 hoa
acid beo) .

2.1.3. Chuyé"n héa cua kh,uné, carbon.

Sau khi méit nhém amin, cic acid amin thanh cie san phdm nhu pyruvat,

oxaloacetat o- cetoglutarat hodic bién d8i thanh acetyl CoA, succinyl-CoA. Cac

- san pham nay cé thé di vao chu trinh a01d citric hoic tong hgp nén glucose
hosc tdng hdp nén thé cetonic. = ‘ :

Cé 6 acid amin tao ra pyruvat 1a: Gly, Ala, Cys Ser Thr, Trp —~ ~+
Cé 2 acid amin tao raoxaloacetat: Asp, Asn. . |
Cé6 5 acid amin tao ra a-cetoglutarat: Glu, Gln, Arg, His, Pro.

C6 4 acid amin bién @6i thanh Suceinyl CoA: Val, Tle, Thr, Met.
C6:5 acid amin bién d6i thanh acetyl CoA va acetoacetyl CoA: Leu,

Lys, Trp,Tyr Phe

Céc san pham chuyen hoa trung glan dl vao chuyen hoa trong chu trinh

' a01d c1trlc hoac tong hgp glucose hodc tong hdp the cetomc

Alanm
i | Cystein
Glycin
Serin _
Threonin - L Leucin
Tryptophan . e
o oleuci | Phenylalanin|- -
Isoleucin
e l : Leucin Tryptoptnan
\ Pyruvat Tryptophan : Tyrosin
Phosphoenol- - . 1 | ‘
PR Acetyl CoA &= Acetoacetyl CoA
Asparagin . A\ v
Aspartat [~ Gyaloadetat

Aspartat
Phenylalanin —s Fumarat Citrat
Tyrosin : Arginin
Isoleucin | Succinyl Glutamat
Methionin " CoA ®-celo o ! Glutamin
Threonin glutarat Histidin
Valin Prolin

Hinh 9.3..S8 phan khung carbon clia cac acid amin
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— Thoai héa trong chu trinh acid citric

T4t ca cac san pham trén cta su thoai héa acid amin déu c6 thé di vao
chu trinh acid c1trlc va ti€p tuc thoal hoa hoan toan’ den CO, va HZO

- Téng hdp nen glucose- cac a01d amin s1nh dUOng

‘0 nhiing bénh nhan da1 duong tuy, khi dua mot sb a01d amin vao co thé
thay tang dao thai glucose ra nudc tidu goi 1a cac ac1d amin sinh ducng D6 1a 14

acid amin: Gly, Ala, Ser, Thr, Cys, Arg, His, Pro, Glu, Gln, Met, Val Asp, Asn.
— Téng hop thé cetonic- acid amin sinh ¢etonié.

Trén thuc nghiém mot sd a01d amin 1am tang bai xuit thé cetonic ra nudc
tiéu nén goi 1a cac dcid amin tao cetonic. Nhiing acid amin khi thoai khung
carbon tao ra aceto acetyl CoA va acetyl CoA: déu c6 thé tao ra thé cetonic.
Thuc t& khung carbon cua mét s6 acid amin thoai hoa vita tao ra duong vira
tao ra cetonic nhu: Phe, Tyr, Trp, Ile, Lys. . . -

2.2. Su thoai héa riéng biét cuia cac acid amin

Céc acid amin ¢6 thé thodi héa ridng biét tao thanh cac sin phdm nhu:
oxaloacetat, Sucinyl-CoA, Acetyl-CoA hodc tao thanh a cetoglutarat
221 ‘Ho nhiing acid amin c6 3 carbon bién déi thanh pyruvat: Ala Ser, Cys

Céc acid amin c6 3C b1en ddi thanh Pyr tu Pyr di vao nhlmg ducng
chuyen héa chinh: : o

Ala+oc-cetoglutérét .——————V' M Pyr+ Glu.

Glu kht amin oxy héa thanh NH;‘SVI?B. tai tao o-cetoglutarat nhé enzym
glutamat dehydrogenase (GLDH). Téng clia phan tng la: ‘

Ala + NAD*+H,0 ——»Pyr +NH', + NADHH*
Serﬁlda‘:i"amin nho serin hydratase thénh Pyr.
~ Ser — Pyr+NH,’

Cys bién ddi thanh Pyr v6i su tao ra mot s0 chat ¢6 luu huynh nhu H,S,
S0,%, SCN: :

Ngoal ra Trp bién ddi thanh Ala va Thr thanh amlno aceton roi thanh
Pyr. Sd d6 bién ddi thanh Pyr cua cac acid amin:

Trp —» Ala

Cys ‘ > Pyr
Thr — %  amino aceton——"" e
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2.2.2. Ho nhl"tng dcid amin cé 4C bién déi thanh oxdlbaCetat:‘ A‘sp,:Asn'
Asp trao d6i amin véi o- -cetoglutarat thanh glutamat rdi Glu khu amm
oxy héa nhu phan tng trén.

. Asp + o- cetoglutarat - —p oxaloacetat + Glu

Con Asn bi thuy phan béi asparagznase thanh NH,* va Asp, rdi Asp trao
ddi amin nhu phan tng trén. Ho#c Asp'cé thé bién ddi thanh fumarat-qua chu
trinh ure. S

2.2. 3 Ho nhiing aczd amm ¢6 5C bzen doi thanh a- cetoglutarat qua
‘ glutamat

NhIing ac1d amm trUdc hét bidn do1 thanh glu r01 glu khu amin oxy héa
nhd GLDH thanh o- cetoglutarat

T~ " GLDH | 3
Pro TTT——0 . _ a- cetoglutarat. -

Arg ——»
His : e
Gln bi thuy phan thanh Glu va NH,* , enzym xtc tac la glutammase Pro,
Arg bién d6i thanh semlaldehyd glutamat réi thanh Glu

2.2.4. Sy bién doz thanh acetyl CoA va acetoacetat cua cac aczd amin
mach nhanh: Leu, Ile, Val. '

Cac a01d amin mach nhanh thoa1 hoa tu’dng tu thanh acetyl CoA hoac
acetoacetat . :

Leu % a-ceto caproic » Isovaleryl CoA » B-metyl crotonyl CoA-D acetyl CoA

2.2.5. Su‘ thodi hoa thanh fumarat va acetoacetat' Phe, Tyr

Phe . TV ~+—> PHPP ——>  Homogentisat
Acetoacetat At ' t
umaryl aceto ,
ac?{at < 4 maleylacetat
Fumarat

3. SU TONG HOP CAC ACID AMIN

Co thé ngum va déng vat bac cao tong hgp duge 10 hoac 12 acid amin
trong tong s6 20 loai acid amin thudng giap. Con cac acid amin khéac phai dudc
cung cép tit thic an. Nhitng acid amin ma co thé tdng hdp duge 1a nhiing acid
amin khéng cin thiét. Con 8 acidramin co thé khéng téng hop duge d6 1a nhiing

157




acid amin can thiét: Val, Ile, Leu Lys, Met, Phe, Trp, Thr. Rleng Arg va His co
thé tre em khong tong hdp dudc nén goi la cac ac1d amln ban can thlet

3.1. Qua trinh tao thanh NH*, tit N,, nitrit va nitrat

Qua trinh nay chi c6 § vi sinh vat va thuc vat thuong ding. Viéc ¢d dinh
N, trong hé thong sinh hoc dude xic tac béi phic hgp mtrogenase Phan tng
¢6 thé viét nhu sau: i

N, + 10 H* + 8¢ +16 ATP ————  » 2NH', + 16 ADP +16 Pi +H,

3.2. Sy van chuyen NH“4 vao cac hdp ch&t sinh hoc o

NH," hinh thanh sé dudgc chuyen vao cac hdp chét sinh hoc qua glutamat
va glutamln Con dudng tdng hop glutamln don glan va glong nhau ] m01 co
thé song.

— Tao glutamin: con dudng quan trong nhdt 1a tap trung NH,'vao
glutamat tao ra glutamin qua hai budc nho enzym glutamin synthetase.

1.Glu+ ATP ——» Glutamyl phosphat + ADP.
2. Glutamyl phosphat + NH,"——» Glutamln + P, + H*.
| Phan Ung téng quat cia qua trinh trén: .
Glu+ NH",+ ATP —»Gln+ P, +ADP+H+
- Tao thanh glutamat, o

~ + O vi khuén: su téng hdp glutamat bing cach amin héa a cetoglutarat
nhd enzym glutamat synthetase. Glutamin 1a chét cung cdp nhém amin:

o- Cetoglutarat + Gln + NADPHH*— 2 Glu + NADP*
Glutamat cung c6 the dugc tao ra qua phan dng sau:
a- Cetoglutarat + NH4 + NADPHH+ + ATP———> Glu + NADP* + ADP + P;

+ O dong vat: si tao glutamat chi yéu bang trao d6i amin véi a-
cetoglutarat, hodc c6 thé gén NH,* véi a-cetoglutarat enzym xic tac phan tng
glutamat dehydrogenase:

a- Cetoglutarat + NH,” + NADPHH"* — Glu + NADP* + H,0.
Trong cd thé séng NH*, da duge dua vao phén ti sinh hoc & dang nhém
amin caa glutamat hodc glutamin. Cac nhém amin niy sé tham gia vao cac
qua trinh sinh t6ng hgp cic acid amin va nhiing hgp chit hitu cd c6 nito khac.
3 3. Su tong hdp cac acid amin

Su téng hop 20 acid amin thudng gip d cac cd thé sinh vat c6 su khac
nhau. Thye vat.thugng ddng téng hop dudc tit ca cac acid amin cin cho.su
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téng hop protein ti ngudn N,, nitrit, nitrat. E. Coli té’_ng hgp duge tat ca cac
acid amin td NH,*.. . ... v e e o

Co thé ngudi va dong vat cao cap chi tong hop duge 10 trong s 20 acid
amin tit cac nguyén liéu hitu co. Cac acid amin cdn thiét phai nhan tit thic an.
Qua trinh téng hop acid amin 13 qua trinh gdn nhém amin vao khung carbon
tudng dng tao ra cic acid amin tuong ing. Ti khung carbon, con goi cac chit
chuyén héa trung gian ma téng hgp nén mdt s§ acid amin goi 13 ho clia cac
acid amin ho a- cetoglutarat, ho 3-- phosphoglycerat, ho oxaloacetat va ho
pyruvat, ho phosphoenol pyruvat va ho erytrose-4 phosphat, téng hdp histidin
tu ribose 5-phosphat. '

- Sy tong hdp céc acid amin dude diéu hod theo cd ché didu khién ngudc
(feedback), san phdm cudi ciing clia qua trinh dc ché enzym xtc tac phan tng
dau tién. Cac enzym nay l1a nhiing enzym di 1ap thé va ndéng dd cao ctia sin
phim 14 chit tc ché di lap thé. Cé thé cac san phdm ctia qua trinh chuyén héa
la chét tc ch& nguge enzym theo ¢ ché tc ché phsi hap. Nhiing chat trung
gian cling déng vai tro tc ché ngugc theo ting chéng goi 1a co ché tic ché& ngugc
ké& tié€p nhau. ' : v

3.4. Téng hgp mot s6 chat co hoat tinh sinh hoec tif acid amin

Trong cd thé acid amin 12 tién chat d€ tdng hop nén mot s& chat c6 hoat
tinh sinh hoc nhu: Gly va succinyl-CoA can cho tong hop porphyrin. Cac base
purin va pyrimidin can cho sy téng hop acid nucleic (DNA, RNA), cac
. nucleotid (ATP, UTP) va cic coenzyn (NAD*, FAD). Cac base nay dugc téng
hgp tit mét s6 acid amin nhu Gly, Asp; Gln va Ser. Mt s6 hormon 13 din xuit
cua acid amin: hormon Ts, T, cha tuyén giap va epinephrin, nor-epinephrin
cla tuy thugng than déu duge téng hop tit Phe hodc Tyr. Serin 14 tién chat dé
téng hop nén cholin, ethanolamin ¢6 trong thanh phan phospholipid. Mét dang
dy trit nang lugng trong cd 12 creatin phosphat. Creatin dugc téng hop tit Arg,
Gly, Met & gan vao mau tuin hoan dén cic md va cd. G ¢ creatinin chuyén
thanh creatin phosphat nhd enzym creatin kinase. Glutathion 13 mot tripeptid
gébm Glu- Cys —Gly cé chiic ning chéng oxy héa bao vé mang, dic biét mang
hong cdu. Ngoai ra, mét s6 acid amin 13 tién than ctia mot s6 chit dan truyén
than kinh nhu: Glu tao GABA, His tao histamin, Trp tao ra serotonin, Phe tao
ra catecholamin. Taurin 14 thanh phan ctaa acid mat 1a san phdm chuyén héa

V-

cia cystein. x

3.4.1. Su tao thanh creatin, creatin phosphat va creatinin

Creatin dugc téng hgp tit 3 acid amin: Gly, Arg, Met

159




NH2

Amidinotransferase ‘ |

Gly + Arg — Ornitin + Guanidoacetat C NH
‘Methionin —————> S--Ado Met-. - - O NH
Methyltranéfera§e . ‘ CH2 - C00O™-

Ado Homocystein : : V
“ Creatin
_ Creatin kinase xtdc tac van chuyén nhém phosphat tit ATP sang creatin
tao thanh creatin phosphat khi co nghi va tai tao lai ATP khi can. Creatin mat
nudc déng vong tao creatinin. Méi ngay sy tao thanh creatmln v61 m6t lugng
hing dinh. Creatinin dugc bai xudt qua than ra nuéc tiéu. Luong creatin va
creatlmn ty 1& véi khéi lugng co. :

Ceatin HzN—C—ril—CHz—coo'

MH CHs
* Ceatin (P) HN—C—N—CH,—COO™
| ) N G
Ceatinin- HN—C—T—CHZ——CO

NH CHj;

3.4.2. Sy téng hop glutathion

Glutathion: 1a tripeptid: y-Glu-Cys-Gly. Trong héng ciu glutathion c6
ndéng d6-cao, c6 vai tro nhu la mot chat khu Su téng hop glutathlon

Gly
‘ ADP+Pi
ATP ADP+Pi : l ATP T
Glu + Cys — —> y-Glu- Cys — y-GIu-Cys Gly
o ' Synthetase o A Synthetase: -

. Glutathion dang khi (GSH) khﬁ MetHb thanh Hb va thanh glutathion
dang oxi héa (GSSG). o '

2GSH+2MetHb —»  GSSG+2Hb+H"

Coenzym khit NADPHH* dudc cung cap tit chu trinh péntose'phosphat
dé tai tao lai GSH nhd glutathion reductase -

GSSG + NADPH.H* ——p—NADP*+2.GSH
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Trong cac t& bao ty 18 GSH/ GSSG (khi/ oxy hoa) la 500. Ngoai ra,
glutathion khtt ddc cia H,0, va cac gdc ty do nhd enzym GSH peroxidase.

3.4.3. Téng hop cdc chdt dén truyén thén kinh

Nhiéu chat din . truyén thin kinh 13 din xudt cta cac acid amin:
Catecholamin la dan xuét cia Phe, Tyr. Serotonin dugc tao ra ti Trp,
histamin 12 din xu#t ctia His. Con GABA 1a san pham khi carboxyl cta Glu. |
Glycin ciing 1a chat tc ché dan truyén than kinh (xem chuong 21: héa sinh
than kinh). o ,

3.4.4. Téng hop base nito: purin va pyrimidin

Céc acid amin Gly, Asp, Gln cin cho su téng hop cac base nits (xem
chuong chuyén héa acid nucleic). Cac base nitd c6 trong cic nucleotid giau
nang lugng ATP, GTP, UTP hoic tham gia ciu tao acid nucleic. Cac base nitc
c6 trong thanh phén ciu tao cac coenzym: NAD*; FAD (xem chudng enzym).

3.4.5. Téng hgp mét s6 hormon

Mot s6 hormon 1a din xuit cia acid amin nhu hormon tuyén giap (T3,

T,), hormon tuy thugng than (epinephrin va nor-epinephrin) 14 dan xuit cta

Phe, Tyr. Rat nhiéu hormon c6é ban chit 1a peptld hodc protein (xin xem
chuong hormon)

3.4.6. Tong hop porphyrin

Glycin cidn cho qua trinh téng hdp porphyrin (xem chudng chuyén héa
hemoglobm) Porphyrln 13 thanh phéin cia hem. Hem tham gia c4u tao nhiéu
chi't trong co thé nhu: Hb, Mb, cytocrom va catalase.

3.4.7. Ngoai ra acid amin con la tién chdt cua cholin, ethanolamin

Cholin, ethanolamin, serin: nhiing chit nay tham gia cdu tao phospholipid.
Thanh phan ctia acid méat 13 taurin. Taurin 13 san phém chuyén héa tit Cys
(xem chuong héa sinh gan) San phim chuyén héa ctia Trp tao ra Vltamln PP
(acid nicotinic).

4. BENH LY ACID AMIN

Nhiing bénh 1y acid amin (aminoacidopathies) do r6i loan chuyén héa
acid amin 13 nhiing réi loan di truyén hiém gép. Nhitng bat thudng hosc do
thi€u hut enzym d#c hiéu trén dudng chuyén héa hoic nhiing bit thudng
trong hé théng van chuyén acid amin qua mang. Nhlmg r6i loan nay lam téng
lugng acid amin trong mau, ting dao thai ra nudc tiéu, cung véi nhiing ddu
hiéu 14m sang tucng ting véi nhiing r6i loan.
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HOI ON TAP

Hay trinh bay qua trinh trao d6i amm va qua trinh khit amin oxy héa.
Hay trinh bay su lién quan: gl-uav»trao d8i: amin va khi amin oxy hoéa.
Hay trinh bay qua trinh tao ure (cic phan dng). -

Hay trinh bay su lién quan gitia chu trinh ure va ¢hu trinh acid citric.
Hay trinh bay su tgﬁg hép va vai tro cla creatin trong ¢G thé.

Hay trinh bay su tdng hgp va vai trd cua glutathion trong t& bao.

Thé nao 12 bénh ly acid amin.



Chuong 10

CHUYEN HOA HEMOGLOBIN

Hemoglobin chifm 34% tdng lugng protein trong hdng ciu. D&i sdng
trung binh ctia héng ciu vao khoang 120 ngay. Khi hong cAu gia sé bi pha huy
trong hé théng vong ndi moé gidi phéng hemoglobin. Hemoglobin thuy phén
thanh Hem va globin. Globin thuy phén thanh acid amin. C4c acid amin phéin
16n duge tai st dung dé téng hop protein. Hem thoai héa thanh bilirubin.
Lugng bilirubin phu thudc vao lugng hem thoai héa. Su téng bilirubin trong
mau giy ra cac hoi chiing vang da. ‘ ‘

Su téng hop hemoglobin 14 su t8ng-hop-globin-va-téng hgp hem. Tc“;ng-hc}p

globin c6 thé chi sai s6t mdt acid amin trong chudi globin hoic 1a sai s6t.vé ty 1& cac
chudi trong phén ti hemoglobin. Nhiing sai s6t nay giy ra nhiing bénh ly
hemoglobin va bénh thalassemia. Réi loan téng hgp hem gy ra bénh porphyria.

1. SU THOAI HOA HEMOGLOBIN VA Y NGHIA LAM SANG

1.1. Su thoai héa hemoglobin

1.1.1. Su thodi héa hemoglobin ngodi mach

Hoéng cAu gia bi pha huy trong lach giai phéng hemoglobin va dudc thoai-

héa. Binh thudng c6 khoang 90% lugng hemoglobin dugc thoai héa trong t6

chiic lién vong, ngoai hé théng tuidn hoan. Hemoglobin thuy phén giai phéng
globin v hem. Globin 14 protein nén thuy phén thanh céc acid amin. Nhing-

acid amin nay chu y&u dude tai stt dung dé tdng hgp protein. Nhiing acid amin

khéng dudc tai st dung sé bi thoai héa. Con hem dugec md vong & vi tri carbon
alpha v6i su tham gia ctia enzym hemoxygenase. Enzym nay ctia microsom gan

v6i cytocrom P-450 c6 coenzym 13 NADPH va can mét phan ti oxy,gidi phéng
ra CO va ion sit III. Ion sdt dugec van chuyén dén transferrin. Enzym
hemoxygenase dic hiéu véi hem vi sit tham gia vao cd ché md vong. San phidm
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tao thanh ctia phan {ng nay 1a biliverdin ¢6 mau xanh. G mét s loai déng vat
nhu chim va bo sat su thoai héa henioglobin tao ra biliverdin xuéng rudt va

d2o thai ra phan. O nguoi va mét s dong vat khac biliverdin tiép tuc bi khi
" thanh bilirubin nhd erzym biliverdin reductase ¢é coenzym NADPH va giai
phéng coenzym dang oxy héa NADP*. .
' So d6 thoai héa hemoglobin.

Hb
l"—" Globm —> aa (ta1 su dung hoac thoal hoa)

" HEM Hemoxygenase
S S transferin -

co

v
y

_ 0O,
NADPHH*
NADP* +——

v
A £

, Biliverdin
NADPHH* __.>l Biliverdin reductase
- NADP* +—y
Mau Bilirubin (ty do)

: «— 2UDP glucuronat
Chu R Glucuronyl transferase
trinh . — 2UDP
v

Than <— Gan —» Bilirubin (lién hgp)
urobilinogen | ru@t-ganl’ +—gH*

- ——» 2 glucuronat. . ‘
Rudt «—Urobilinogen » Urobilin (phén)
Nude tidu - I | L
urobilin Stercobilinogen - » Stercobilin(phén)

Hinh 10.1. Su thoai h6a hemoglobin ngoai mach

Bilirubin tao thanh khéng tan trong nudc c6 ai luc cao véi lipid va albumin
ctia huyét thanh. Do c6 4i luc cao vé6i lipid mang nén sy ké&t hgp cta bilirubin
v6i lipid mang giy hu hai chtic ning mang t& bao d3c biét ctia hé thong thin
kinh. Bilirubin dudc van chuyén vio mau va két hgp véi albumin cha huyét
thanh. Albumin vin chuyén bilirubin 8 hai vi tri. Bilirubin dugc tach ra nhanh
chéng khéi albumin huyét thanh x4y ra ¢ gan. Bilirubin di vao t€ bao gan.
Trong t& bao gan bilirubin két hgp véi acid glucuronic tao thanh bilirubin lién
hop. Chat cho glucuronat 13 UDP glucuronat, enzym xuc tac cho phan tng la
glucuronyl transferase. Bilirubin lién hdp dugc bai tiét vao dudng dan mat vé
tdi mat va la thanh phan chinh cta sic t6 mat. Bilirubin lién hgp phan dng
truc ti€p v6i mudi diazo tao thianh chat mau azo goi la phén @ing Van der Bergh.
Trong mét s6 bénh ctia t& bao khi bilirubin két hgp chit ché véi albumin cua
huyét thanh ma khéng thé tach dugc gip trong hdi ching Gilberts.
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Bilirubin glucuronid ti tdi mat xudng rudt, nhd cic enzym cta vi khuén
duong ruft thuy phan tach glucuronat va bilirubin bi oxy héa thanh urobilinogen.
Urobilinogen tiép tuc oxy héa thanh stecobilinogen. Hai sic t8 nay dao thai ra
phan va bi khit thanh urobilin va stercobilin tudng ting. & phan ngudi binh
thudng urobilin va stercobilin tao cho phén ¢6 mau vang. Khoang 20% urobilinogen
va stercobilinogen dugc tai hdp thu vao tinh mach ctia vé gan tai tao lai sic t6
mat. Qua trinh nay goi chu trinh rudt-gan. Mot phan sic t6 mat bi loc qua than
va dao thai ra nudc tiéu va bi khit thanh urobilin va stecobilin. Hai chat nay ciing
tao ra mau cia nudc tiéu ngudi binh thudng.

Tré so sinh nhiing ngay diu sau khi sinh do thi€u cic enzym cta vi khuén
dudng rudt bilirubin khéng bi khit & rudt ma tu oxy héa thanh biliverdin.
Nhiing ngudi ding khang sinh anh hudng t6i vi khudn dudng rudt, phan c6
mau xanh gép trong hdi chiing Crigler Najar.

X4c dinh ndéng d6 bilirubin tu do va blllrubln lién hop trong mau da dudgc
st dung dé chén doan cac bénh vé gan mat. :

1.1.2. Su thodi héa hemoglobin néi mach

Binh thuéng c6 duéi 10% hemoglobin dugc gidi phéng truc ti€p vao tuan
hoan mau. Hemoglobin phan ly thanh dimer o va dimer B. Cac dimer nay két
hgp véi haptoglobin 14 protein ctia huyét tuong tao thanh phtic hop 16n hon nén
khong bi dao thai qua than ra nuée tiéu. Su lién két véi haptoglobin lam 6n
dinh lién ké&t hem-globin trong cac dimer. Phtic hgp hatoglobin-dimer dudgc van
chuyén dén gan va sy thoai héa xay ra nhu trén. N&u lugng haptoglobin bi
giam, trong giai doan tan mAu cac dimer nay bi loc qua cdu than va dudc tai
hap thu réi bién ddi thanh hemosiderin. N&éu lugng hemoglobin nhiéu hon
5g/ngdy sé xudt hién hemoglobin vd methemoglobin ra nudc tiéu. Nhiing
hemoglobin khong két hgp véi haptoglobin, bi loc qua than ho#c oxy héa thanh
methemoglobin hoac thuy phan thanh hem tu do. Nhiing hem tu do két hgp véi
protein 14 hemopexin thanh phtic hgp hem-hemopexin. Phiic hgp nay duge van
chuyén v€ gan va thoai héa & gan. Khi qua nhiéu hem vudt qua kha ning két
hgp ctia hemopexin, thi két hgp véi albumin ctia huyét tuong va dudc git cho
dén khi c6 hemopexin dé két hgp va thoai héa & gan.

1.2. Y nghia 1am sang

Lugng bilirubin trong huyét thanh 1a k&t qua clia su cian bang giita hinh
thanh bilirubin do thoai héa hemoglobin va kha n#ng lién hdp bilirubin cta
gan. Ngudi binh thudng bilirubin toan phin duéi 1mg%, trong d6 tu do 14 0,8
mg% va lién hodp chi duéi 0,2mg%. Su ting bilirubin toan phan trong huyét
thanh giy ra vang da (jaundice). Nhitng nguyén nhén ctia vang da c6 thé chia
thanh 3 nhém chinh: vang da trudc gan, vang da tai gan va vang da sau gan.
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1.2.1. Vang da truédc gan (prehepatzc ]aundlce)

Do tang bilirubin toan phan nhling nguyen nhan lam tang b111rub1n
trong loai vang da nay do tan mau (hemolysis) qua nhleu Tan mau cé the do
dl truyen hoéc tan mau méc phai.

— Tan méau méc phai hay gép 14 do truyén nham nhém mau, do héa chit,
do mét va1 loai ung thu ho#c do dung thudc cé gy tan mau

_ - Tan mau di truyén do xuat hién nhiéu hong ciu khong binh thu’.dng,
lam tang toc d6 pha huy héng ciu trong tuy xuong. Nén tang bilirubin giai
phéng ti tuy xuong va rat it hdong cdu ti tuy xuong vao mau tudn hoan.

- Con do tang pha huy cac thanh phan hem khéng phai cia hemoglobin &
gan va mdt s6 md khac. Hau hét cac trudng hop vang da trude gan chiic ning
gan binh thuong.

- Vang da & tré so sinh: loai vang da nay cé lugng bilirubin toan phan
huyét thanh trén 15mg% xuat hién vai ngay sau sinh hoic & mtc trén 10mg%
sau khi sinh hai tuin. Nhiing nguyén nhan chinh cta loai vang da nay do:
tdng su tan mau trong khi sinh, gan cda tré chua hoan thién nén cic enzym
cia gan chua du vé lugng ciing nhu vé chiic nang gay thidu hut tam thdi
enzym glucuronyltransferase. Vi vay c¢6 su tang tai hap thu bilirubin tu do tu
rudt giy téng bilirubin trén 10mg%. Nhiing dia tré binh thudng bilirubin cao
hai, ba ngay sau sinh. Réi gidm nhanh, trd vé binh thudng & tré duéi bay tuan.
Khi néng d6 bilirubin cao dai ding trén hai tuin ho#c tiép tuc ting trén
15mg% nghi t6i bénh 1y nhu nhém mau Rh.

1.2.2. Vang da tai gan (hepatic jaundice)

— Vang da do khuyét tat su van chuyén bilirubin vao t& bao gan tang nhiéu
bilirubin tu do gép trong hoi ching Crigler-Najar va trong bénh Gilberts do thiéu
hut enzym lién hgp bilirubin véi glucuronat 1a glucuronyl transferase.

- —Vang da xu4t hién khi t& bao gan bi huy hoai hoac do su bai tiét san
pham tit t& bao bi t6n thuong. Trong vang da nay bilirubin lién hop nhiéu hon
gidp trong hoi ching Rotor, viém gan do virus, do nhiém ddc va do khéi u.

1.2.3. Vang da sau gan (posthepatic jaundice)

Con goi vang da do tdc mat, gdy can trd mat xudng rudt. Nhiing nguyén
nhan gay tic mat phd bién nh4t 13 do séi dudng mat, u diu tuy hodc u céc co
quan khac chén vao dudng mat. Vang da sau gan tang cht yéu bilirubin lién
hgp. Lugng bilirubin téi rudt giam nén phan bac mau nhung c6 nhiéu bilirubin
ra nuéc tiéu, nén nudc tiéu c6 mau vang dam. Trong nhiing trudng hgp tic mat
kéo dai, gan cé thé bi t6n thuong, kha ning lién hgp gidm. Nén nhiing trudng
hgp nay bilirubin lién hop cé thé tdng nhung khéng cao nhu trong nhiing
truong hgp vang da sau gan véi chiic néing gan binh thudng.
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2. SU TONG HGP HEMOGLOBIN

Su téng hop hemoglobin & héng ciu chua truldng thanh trong tuy xuong.
Su téng hgp hemoglobin phu thuéc vao su cung cip sit, su tdng hop hem va
téng hop globin. ' P

2.1. Su tdng hop hem

2.1.1. Cdc bude téng hop Hem

T4t c& cac t& bao chiia hemoprotem déu c6 thé téng hap dugc hem nhling
su tong hgp hem xay ra manh 6 gan va tuy xuong. Qua trinh nay xay ra 4 ca
ty thé va bao tuong cla t& bao. Su van chuyén cac chit qua mang ty thé 12 mot
qua trinh phiic tap ciing 14 diém gay ra gian doan ‘trong sy tong hdp hem. Su
tong hgp qua tam budc sau day:

Buécl: sy tao thanh & amino levulinic acid (ALA) tit succinylCoA va
glycin loai CO, va CoASH. Enzym xudc¢ tac phan Gng nay la §-amino levulinat
synthase. Phan ing nay xay ra § ty thé. ALA tao thanh ti ty thé ra bao tuong.

Budc 2: su tao thanh porphobilinogen (PBG) tit hai phan tut ALA enzym
xuc tac la ALA dehydratase loai ¢i mét phan ti nuéc.

Buéc 3: sy tao thanh hydroxymetylbilan, xiic tic phan ing nay la enzym
PBG .deaminase: ,

Buéc 4: sy tao thanh uroporphyrinogen III nhd enzym uroporphyrlnogen :
I1I synthase.

- -Bufe b:-tao-thanh-coproporphyrinogen-HI- nhé enzym- ur’oporphyrinogen'
III- decarboxylase Coproporphyrinogen III ti bao tuong vao ty thé t1ep tuc qua
trinh téng hgp hem.

Budc 6: sy tao thanh protoporphyrinogen IX trong ty thé do su oxy héa
coproporphyrinogen III loai di hai phan ti CO, va hai hydro. Enzym xudc tac
phén Gng nay 1a coproporphyrinogen oxidase.

Buéc 7: su tao thanh protoporphyrin IX enzym xic tic phan ing nay la
protoporphyrinogen oxidase.

Budc 8: Sy tao thanh hem do su gén ion Fe?" vao protoporphyrln IX nhd
enzym ferrochelatase.

-Diéu hoa téng hgp hem: diéu hoa toc d6 tong hop hem trong cac t& bao gan
da dudc nghién c11u qua su diéu hoa enzym ALA synthase theo co ché& didu khién
ngugc. Néu ting néng d6 hem trong gan, giam sy hinh thanh ALA synthase trai
lai s€ tang tao thanh ALA synthase néu lugng hem giam. Diéu hoa téng hop hem
con bi anh hudng bdi nhu cAu hemoprotein trong gan. Téc dd téng hdp hem c6 thé
thay d8i nhanh chéng dap ting véi nhiing kich thich khac nhau: s6 1u0ng héng
cau trong tuy xuong, cac enzym khac trén con dudng téng hop hem va tdc d6 gi
sit clia t& bao ciing gép phan diéu hoa su téng hop hem.
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Su tdng hop hem va nhiing bénh lién quan téi sy thi€u hut cac enzym.

1 Glycin + sﬁccinyl CoA ALA Synthase : Aminolevunilic acid
ALA dehydralase
(PP)
Porphobilinogen (PBG)

Hem 1
1
1
I
1 l PBG deaminase
1
1
1
1
1

Ferrochelatase

T Protoporphyrinogen oxidase (AIP)
Hydroxymetylbilan ------ »  Uroporphyrinogen |

Protoporphyrinogen IX. _(VP)

l Uroporphyrinogen 1ll synthase

1
|
|
|
|
| Protoporphyrin IX (EP)
|
1
|
I
1
I (CEP)

Coproporphyrinogen Il €— <«— <«— Uroporphyrinogenlll

Uroporphyrinogen decarboxylase (PCT)
(HEP)

Hinh 10.2. Sy téng hgp Hem va cac bénh do thi€u hut enzym

PP: Porphyria chi HCP: Coproporphyria di truyén
AIP : Dot porphyria cap. HEP: Pdrphyria gan -tuy xuong
CEP: Porphyria tuy xuong bam sinh.  VP: Porphyria hén hgp
PCT: Nhiém séc t6 da cham. EP: Porphyria tuy xuong

2.1.2. Réi loan téng hop Hem

Su thi€u hut enzym di truyén hay méc phai giy @ dong cac sin phim cta
qua trinh chuyén héa porphyria (tién chit tdng hop hem) trong tuy xuong hay
trong gan goi la cac bénh porphyria (porphyrias). Tinh trang bénh tudng tng
véi su thi€u hut enzym trong mdi buée téng hdp hem trit ALA synthase. Bénh
1y porphyria do r6i loan tdng hdp hem lam tang cac san phdm trung gian trong
mau, trong nudc tiéu va trong phan.

- 2.2, Su téng hgp globin

2.2.1. Sy téng hop globin

Su t8ng hgp globin theo cd ché téng hdp protein & bao tuong. Hem tit ty thé
ra bao tuong két hgp véi globin tao thanh hemoglobin. Su két hop c6 thé xay ra
khi cac chudi globin tach khéi ribosom. Ciing c6 thé chudi alpha tach khéi
polysom dén két hop véi chudi beta con dang gin véi polysom. Chudi beta chi
téch khéi polysom khi da két hop véi chubi alpha tao thanh dime af. Hai dime
af két hop véi nhau tao thanh o,B,. Su két hgp c6 thé xay ra trong qua trinh
téng hgp chudi hodc sau khi két thic su tdng hgp globin. Nhiing gen globin ma
héa cho nhiing chudi polypeptid ctia hemoglobin dudc sip xép trén hai nhiém
sdc thé. O ngudi nhitng gen ma hoéa cho chudi o trén sic thé 16 1a gidng nhau
cho su t6ng hdp chubi a. Con gen ma hoéa cho chubi khéng phai 1a o sép xé&p trén
séc thé sic thé 11 va khéng thé hién nhu nhiing chudi polypeptid.

168



2.2.2. Sy sai sot trong téng hap globin

Su téng hgp globin c¢6 thé gip nhiing sai sé6t vé chat lugng chudi globin
trong hemoglobin goi 14 cac bénh ly hemoglobin (hemogloblnopathles) Con
nhiing sai s6t v€ s6 lugng ctia chudi globin hay ty 1& vé cac chudi globin trong
hemoglobin dugc goi 1a cac bénh thalassemia (thalassemias).

— Bénh ly hemoglobin 12 sy sai s6t mot acid amin trong chudi globin. Su
sai s6t c6 thé trén chudi o hodc sai s6t trén chubi B. Nhiing sai sét nay giy ra
bat thudng vé cdu tric din dén thay d6i tinh chit lam gidm ho#c mat kha
ning van chuyén oxy cia hemoglobln P& thé hién cac hemoglobin bénh ly nay
ngudi ta dung céc chit cai dé ky hiéu nhu: HbC, HbD, HbE, HbS. D6i khi c6
kém theo dia danh tim thay bénh. Cac bénh ly hemoglobm 14 bénh di truyén
va c6 su khac nhau & tiing vung. Vi du HbS c6 ty 16 cao & chau Phi va Nam
My, do sy thay thé 1 ac1d amin trén chudi g >V HbC thay 1 acid amln trén
chu01 BG Glu—Lys : : ) )

‘ - Benh thalassemia do sai s6t trong sy hinh thinh cac chu01 globin. Bat
ky su tao thanh chudi globin khong cin bing giy ra héng ciu nhd nhugc sic
d6i khi lam bién dang héng ciu. Su tich tu qua nhiéu cac chudi globin trong
hemoglobln cla qué trinh phat trién héng cau sé giy tua protein, dan dén pha
huy héng ciu trong tuy xuong. Vi vay, mac du c6 sy tao thanh héng cdu nhlmg
cac t€ bao trudng thanh khong t6i dugec mau ngoai vi dé van chuyén oxy.
Thalassemia la bénh di truyén troi rat phé bién va phan b6 rong rai-trén thé
giéi. Ca 2 typ thalassemia: :

« a-thalassemia 12 do giam ho#c khéng c6 su tao thanh chudi a.

* B-thalassemia 14 do giam ho#c khéng c6 su tad thanh c_hu_éi B.

"

CAU HOI ON TAP
1. Hay trinh bay sd dé thoai hoa hemoglobm ngoai mach va giai thich
cac hién tugng vang da.
Hay giai thich c4c hién tugng vang da.
Thé nao 1 bénh porphyria.
Thé nao 14 bénh 1y hemoglobin.

A

Thé nao 1a bénh Thalassemia.
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Chu?dn'gvll

CHUYEN HOA ACID NUCLEIC

1. CHUYEN HOA NUCLEOTID

Nucleotid 1a don vi cdu tao nén acid nucleic (DNA va RNA), 12 thanh phan
clia céc coenzym, chit thong tin thit hai cia t& bao va la chat du trit va van
chuyén néng lugng.

1.1. Thoai héa ™

#"Acid nucleic trong thtic an khong bi pha hily bdi mdi trudng acid & da day
va chi bi thodi héa chi y&u & ta trang bdi cac nuclease cua tuy va cac
phosphodiesterase ctia rugt non. Cac san pham nay khéng qua dugc mang t&
bao ma tidp tuc bi thuy phan tao thanh cac nucleosid véi su xtc tAc cua cac
enzym nucleotidase ddc hiéu nhém va cac phosphatase. Cac nucleosid c6 thé
duge hap thu tu do qua thanh rudt hodc ti&p tuc thoai héa dé tao cac base tu
do, ribose .ho#c ribose-1-phosphat nhd cic enzym nucleosidase va nucleoside
phosphorylase: ' ‘

Nucleosid + H,O __ Nucleosidase base + ribose

Nucleosid + H,O  Nucleoside phosphorylase » base + ribose-1- P

Céac acid nucleic trong t& bao thudng xuyén bi thoai héa va qué trinh dé
nim trong su bién d6i lién tuc ctia t&t ca cac b phan cfu thanh t& bao.

1.1.1. Thodi héa cia purin nucleotid

Khdi diu ctia qua trinh thoai héa la phan ung thiy phan gbc phosphat
duéi tic dung caa Snucleotidase. Sau khi bi thily phaf g6c phosphat, adenylat
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(adenosin nucleotid) tao thanh adenosin. Adenosin ti€p tuc bi khii-amin thanh
inosin véi sy xtc tac cia adenosine deaminase dé tao thanh inosin. Inosin bi
thuy phan gidi phéng hypoxanthin va ribose-1-P duéi tac dung cua
nucleosidase. Hypoxanthin oxy héa thanh xanthin réi thanh acid uric véi tac
dung cua xanthine oxidase. :

NH,
N

Hy

Rib —@ o o Re—®)

AMP : ’ mp ' XMP GMP
HO . HO : HO~ ‘ HO Co
X nucleotidase . nucleotidase nucleotidase nucleotidase
Pi : adenosin P S ' Pi A Pi A&
Adenosin deaminase lnosin Xanthosin Guanosin
HLO NH,;+ N o purme . Pi purine A Pij \pLirine .
nucleoside . . " nucleoside, ibo nucleoside
Ribose -1-P phosphorylase  Ribose -1-P&~ phosphorylase Ribose -1-P: fgsgghory’ase
» (PNP) xanthine . (PNF) guaningal
, i deamil .
Hypoxanthin oxidase Xanthin eaminase Guanin
0,+H0  H0, NH: H0
02 +H20 ™ xanthine
oxidase
H0,

Acid uric

Hinh 11.1: Con dudng thoai héa cta purin nucleotid

Guanylat (guanosin nucleotid) trudc hét bi thuy phan tao thanh guanosin
cling dudi tac dung cla Snucleotidase. Guanosin tiép tuc bi thiy phan gidi
phéng guanin ty do va ribose-1-P véi su xtic tac clia nucleosidase. Guanin lai bi
khit amin dé tao thanh xanthin nhd enzym xanthin deaminase. Sau dé xanthin
bi oxy héa tao acid uric véi su tham gia ctia xanthine oxidase.

O ngudi, san pham thoai héa cudi cling cua base purin 14 acid uric. Néng
dd acid uric trong m&u ngudi binh thudng 13 2,2-8 mg/dl (130-480 pmol/l).
Lugng acid uric trong nudc tiéu khoang 0,3-0,8 g/24 gis va thay déi theo ché& do
an. Trong bénh Gout (bénh Théng phong), bénh ting bach ciu, ludng acid uric
trong mau cé thé tang t6i-7-8 g/dl c6 su lang dong urat tai mot s6 t6 chic nhu
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sun, bao gan, tdi nhdy cua cac khdp, d6i khi ca & than va cd. Bénh Gout c6 ty 1é
khoang 3/1000 ngudi, thudng gip 6 nam giéi va lién quan dén théi quen an

ubng qua nhiéu. Nguyén nhén thudng gip nhat cua bénh la do thudng tén qua
trinh bai ti€t acid uric, roi loan chuyén héa hoi chiitng Lesch- Nyhan hay von
Glerke) Bénh Gout cé thé dugc didu tri bing cach phoi hgp gitla diéu chinh ché&
d6 &n két hgp véi ding thuéc. Cac thudc diéu tri dya trén nguyén tic tc ché
enzym xanthin oxidase. Khi enzym nay bi tc ché&, san phim chuyén héa ctia
base purin sé 1a xanthin va hypoxanthin. Hai chit nay dé tan trong nudc hon
acid uric va d& dang dao thai qua nudc tiéu.

3 chim, bo sat, coén trung, san phdm thoai héa cubi cung ctia base purin
ciing 14 acid uric. Song ¢ mot s6 dong vat c6 xuong song khac, acid uric bi thoai
hoéa tiép tuc thanh allantoin véi su xtc tac cla enzym la urate oxidase. G loai ca
¢6 xuong, san phadm cudi cung la allantoat do allantoin dudc gén thém mot phan
td nuée dudi tac dung cua enzym la allantoinase. 3 dong vat ludng cu va ‘nhiing
lodi ca sun, san phdm cudi cung la uré do tac dung cta allantoicase thuy phan
allantoat thanh glyoxylat va uré. 3 nhitng dong vat bién kliéng c6 xuong sdng,
sdn phim cudi cung 1a NH," do uré bi thdy phan thanh CO, va NH," véi su xuc
tac cua urease.

1.1.2. Thodi héa pyrimidin nucleotid

Trong cac t& bao clia dong vat pyrimidin nucleotid dugc thoai héa thanh
cac don vi c&u tao. Giong nhu qua trinh thoai héa cac purin nucleotid, cac phan
{ing thoai héa pyrimidin nucleotid 1an lugt 1a khit phosphoryl héa, kht amin
héa va chat dit lién két glycosidic. Uracil va thymin tiép tuc bi thoai héa d gan
qua qua trinh khi thay vi la qua trinh oxi héa nhu qua trinh chuyén héa purin.

Cac pyrimidin nucleotid trudc hét bi thiy phan gidi phéng base pyrimidin
nhd cac enzym 1a nucleotidase va nucleosidase. San pham thoai héa cudi cing cua
chuyén héa pyrimidin 1a amino acid: B- .alanin va -aminoisobutyrat. Hai acid amino
nay théng qua phan Gng trao d6i amin dé tao manonyl-CoA va methylmalonyl- -CoA
dé tiép tuc tham gia chuyén hoa.
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NH, (e}
H. (CHy) -
N7 | Y |
o él\ N o )\ NTH
|
Rib—(P) @rib —(P)
CMP ‘ UMP (dTMP)
H,0 HO o}
. nucleotidase B nucleotidase
Pi cytidine Pi H ~ (CHa)
deaminase N M
Cytidin /_\ — !Jridin (Deoxythymidin)
. Pi_ ' ‘ )\ H
HO " NH, : o o (0] N H
' -, A uridine ) dibva e I H
i - h I ihydrouracil
(d)Ribose-1-P . p osph.ory ase dehydrogenase Dihydrouracil
Uracil (Thymin) —> (Dihydrothymin)
NADPH + H* . .
NADP Hzow Hydropyrimidin
S hydratase
O .
coor 00C o, (cHy) : HON_JL o~ €
CH — (CH .
" ( 3) ('I“H A P CH2
CH=0. HoN - 2 o N
. aminotransferase 2 . . H
Malonic semialdehyd -€ B-Alanin B B-"ureidopropionase B-Ureidopropionat -
(Methyimalonic semialdehyd) ' (ﬁ-AminoisobutyratT/ \ (B-Ureidoisobuyrat)
. o _ Glutamat A o :
o . S NH,* + CO, H,0
i — CoA+NAD:___ __ __ oCetogiutarat -..-....... 0+ 722 o _ET
NADH + H*
COO-
1
CH — (CHg)
1
cC=0
|
S — CoA
Malonyl-CoA

(Methylmalonyl-CoA)

Hinh 11.2. Con duéng thoai héa ciia pyrimidin nucleotid

1.2. Téng hop: Cé hai con dudng téng hop nucleotid 13 con duong tan tao va
con dudng tan dung. :

Con dudng tan tao:
1.2.1. Téng hop purin ribonucleotid

Béng cac nghién citu thuc nghiém sl dung céc chit ghi ddu déng vi phéng
xa “C, N cac nha khoa hoc d4 x4c dinh dudc ngudn gbc cic nguyén ti trong
nhan purin. ‘
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N, ¢6 ngudn géc tit acid aspartic
C, va Cg c6 ngudn goc tir acid formic
N, va Ny c6 ngudn gdc tir glutamin
C,, C; va N, c6 ngudn goc tit glycin
C, c6 nguédn gdc tit CO,
HCO3” :
+ Glycin
! L ¥
Aspartat — Ni/ Sep” N7\

/Ce —a— Acid formic
Acid formic —Jme- C; Came_ :
~n” N

I}

~A

Glutamin

Hinh 11.3. Ngudn géc cac
nguyén tlr trong vong purin

Qué trinh téng hgp purin nucleotid c6 thé dugc chia ra thanh 4 giai doan
chinh sau:

Giai doan 1. Tao glycinamid ribosyl-5"-phosphat (glycinamid ribonucleotid).

Phén tng diu tién (1) cha sy tdng hop 1a su hoat héa phén tu ribose-5'-
phosphat véi su tham gia cua ATP dé tao thanh 5-phosphoribosyl-a-
pyrophosphat (PRPP) vé6i su xuc tac cta ribose phosphate pyrophosphokinase.
Tiép theo (2) 12 phan Ging gin amin cia glutamin vao PRPP v6i su xic tac cua
enzym amidophosphoribosyl transferase tao B-5-phosphoribosylamin. 3 phan
ting tiép theo (3), B-5-phosphoribosylamin két hgp véi glycin tao nén glycinamid
ribotid (GAR). Phan tng nay cin mét phén ti ATP va enzym xic tac la GAR
synthetase.

Giai doan 2. Tao nhan imidazol ca purin:

Phén ing (4) GAR dugc formyl héa bsi N'° -formyltetrahydrofolat duéi tac
dung cia enzym GAR transformylase tao thanh formylglycinamide ribotid
(FGAR). Ch4t nay dugc amin héa (5) véi sy tham gia cta mot phan tu ATP va
enzym FGAR synthetase chuyén nhém amin ti& glutamin dé tao
formylglycinamidine ribotid (FGAM). FGAM dudc loai bd mét phan ti nude (6)
dé tao thanh vong 5 canh la 5-aminoimidazole ribotid (AIR) duéi tac dung cta
enzym FGAM cyclase con goi 1a AIR synthetase va cAn nang lugng tit mot phan
ta ATP.

Giai dogn 3. Tao nhan pyrimidin ctia purin va su hinh thanh acid inosinic:

& phan tng (7), AIR dudc carboxyl hoa nhd enzym AIR carboxylase. Nhom
carboxy nay cé ngudn géc ti carbonat hoa tan trong dung dich, tao thanh
carboxyaminoimidazol ribotid (CAIR). Chat tao thanh k&t hop véi aspartat tao
thanh aminoimidazole-4-(N-succinylocarboxamid) ribotid (SACAIR) (8). Phan
ing ndy cb sy xuc tac cta enzym SACAIR synthetase va can ning lugng ti mot
phan ti ATP. Tiép theo fumarat tach khoi SACAIR duéi tac dung cua
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adenylosuccinat lyase dé tao thanh 5-aminoimidazole-4-carboxamid ribotid
(AICAR) (9). Trong phan ting 10, AICAR bi formyl héa véi su tham gia cia N'°-
formyltetrahydrofolat nhd enzym AICAR transformylase dé tao thanh 5-
formaminoimidazol-4-carboxamid ribotid (FAICAR). Chit nay khii nuéc, déng
vong dé tao thanh inosin monophosphat (IMP) véi su xic tac caa IMP
cyclohydrolase (11).

Giai doan 4. Chuyén inosinat IMP) thanh adenylaf (AMP) vélguanylat (GMP):

Tao adenylat: IMP két hop véi aspartat dé tao thanh adenylosuccinat dudi
tac dung cua enzym adenylosuccinate synthetase va modt phan ti GTP.

Adenylosuccinat tach fumarat duéi tic dung cta adenylosuccmate lyase tao
thanh adenylat (AMP). S

Tao guanylat Inosinat bi oxyhéa & C, cua nhén purln de tao thanh
xanthosin monophosphat (XMP). Enzym xic tac 1a IMP dehydrogenase c6
coenzym la NAD". Sau d6 véi sy xic tac cia GMP synthetase nhém amin cta
glutamin gén vao vi tri thit hai cia phan ti purin tao thanh guanylat (GMP).

Nhu vay qua 4 giai doan trén, cac base purin nhu adenin va guanin dudc
hinh thanh déng thdéi véi su tdng hop nucleosid monophosphat tuong dng la
AMP va GMP.

Diéu hoa t6°13g hop: su téng hop cac purin nucleotid dudc dié?u hoa bdi co
ch& diéu hoa ngudc trong d6 ndng d¢ cac purin nucleotid duge tao thanh tc ché
lai cac enzym tham gia phan ting t6ng hop.

1.2.2. Téng hop pyrimidin ribonucleotid

Pyrimidin nucleotid dugc tao ‘thanh ti aspartat PRPP va carbamoyl
phosphat. Khac véi su tong hop ctia purin ‘nucleotid 1a: qué trinh nay don gian
hon so véi qua trinh t6ng hop purm nhén pyrimidin dudgc hinh thanh trude
duéi dang orotat sau d6 orotat gAn véi PRPP. Cé thé chia qua trinh nay. thanh
hai giai doan:

Giai doan 1. Su tao thanh orotat: nguyén heu dau tién dudgc st dung la
carbamoyl phosphat va aspartat. Carbamoyl phosphat 14 chit trung gian trong

chu trinh uré. dong vat, carbamoyl phosphat trong chu trinh uré dugc téng
hgp duéi tac dung ctia carbamoyl phésphate synthetase I. Trong khi carbamoyl
phosphate trong tdng hdp pyrimidin dude téng hdp & bio tuong véi su xtc tac
caa carbamoyl phosphate synthetase II. Carbamoyl phosphate ké&t hgp véi
aspartate v6i su xtdc tac cia cia enzym aspartate transtarbamoylase tao thanh
carbamoyl aspartat. Chat ndy déng vong dé tao thanh. -dihydroorotat duéi tac
dung ctua dihydroorotase. Sau dé dihydroorotat bi oxy hoa duéi tac dung cua
enzym dihydroorotat dehydrogenase c6 coenzym 1a NAD* de tao thanh orotat.
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H OH
OH OH )
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5-Phosphoribosyl- a—pyro phoshat (PRPF)

Glutamin + H0 amIidophos phorlbosy!
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OH OH
B -5-phosphoribosylamin
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ADP+ Pj
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H
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HC . CH
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Formyg lycinamid ribotid (FGAR)
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Ribose-5-phosphat
Formyl glycinamidin ribotid (FGAM)
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6 ) AIR synthetase

ADP + Py
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. 5-Aminoimidazole ribotide  (AIR) .
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7) AIR carboxylase
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1
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COO- HN~ N
Ribose-5-phosphat -
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Ribose-5-phosphat
5-Aminoimidazole -4-carboxamid ribotid (AICAR)
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. ‘ H Ribose-5-phosphat
5-Formaminoimidazol-4-carboxamid ribotid (FAICAR)
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HL0 4/MP cyclohydrolase

N

_C
HN >N

1 .

HC \\r’\l .C~ N
-20;p — 0 —CH,' o

"OH OH

Inosin monophosphat (IMP)

Hinh 11.4. Con dudng tdng hgp IMP gdm 11 phan {ng v6i
sy xugtacclacacenzym-dac-hiéu
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N
<

Ribose-5-phosphat

Aspartat + GTP
GDP + Pj ~/ adenylosuccinat NAD" +Hx0 IMP dehydrogenase
synthetase . .
NADH +H ‘
-00C — CH, — CH — COO"
1
_ * Ribose-5-phosphat o H Ribose-5-phosphat
Adenylosuccinat ‘ Xanthosin monophosphat (XMP)
;’v"deny/osucciﬂat Glutamin + ATP+ H,0
fumarat yase ‘
Glutamin + AMP+ PP [GMP synthase
NH3 :

Ribose-5-phosphat '
AMP GMP

Ribose-5-phosphat

Hinh 11.5: Qua trinh t8ng hop AMP va GMP tit IMP

Giai dogn 2. Tao thanh pyrimidine nucleotid:

Tao thanh uridylat: Orotat tac dung véi PRPP véi su xtc tac cua enzym
orotate phosphoribosyl transferase tao thanh orotidine monophosphat (OMP).
Sau d6 OMP bi khit carboxyl tao thanh uridine monophosphat (UMP).

Tao thanh cytidylat: UMP phosphoryl héa hai 14n nhé enzym kinase dé
tao thanh uridylate - 5 - triphosphat (UTP). UTP dugc amin héa & vong
pyrimidin tao thanh cytidine - 5 - triphosphat (CTP) duéi tac dung cua enzym
cytzdylate synthetase. 0] doéng vat, chidt cho nhém amin la glutamm con 6 vi
khudn chét cho nhém amin la NH,".
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1.2.3. Tong hop deoxyribonucleotid

Thay vi dugc tong hgp truc tiép tu nguyén liéu ban dau cac
deoxyribonucleotid dudc tong hdp tit cac ribonucleotid tudng Ging théng qua qua
trinh kht oxy 6 vi tri C,.

2ATP + HCO3™ + Glutamin + H,0 o)
I
1] carbamoyl phosphat P C -
2ADP + glutamat ‘synthetase Il .’ NH CH
. —
: ’ A N
NH (o) N N
| 2 COO-
o=¢C Orotate
! PRPP :
_ - O0— PO? gr:gsa;:zonboSyl .
Carbamoyl phosphat transferase
Aspartat Aspartate
2 ) transcarbamoylase
Pi (ATCase) ”
- C ~
0o HN CH
‘ l Il

I L /C

~
NH (|3H2 coo-
I - -
//'C\ ,CH 20,P — O — CH, o
O "N
COoO- ‘
Carbamoy| aspartat

3 dihydroorotat
HZO Orotidine monophos phat (OMP)

OMP decarboxylase

C :

.C. _CH

H COoO-
Dihydroorotat
Quinon '
4 dihydroorotate
Quinon dehydrogenase
‘dang khtr

Uridino monophosphat (UMP)

Hinh 11.6: Qua trinh t8ng hgp UMP gém 6 phan (tng héa hoc véi sy xuc tac clia enzym
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Con duong tan dung:

Trong con dudng nay cac base purin va pyrimidin dudc téng hop trong t&
bao ti cac san phdm chuyén héa trung gian ctia qué trinh thoi héa. Con dudng
nay hoan toan khac so véi con duong tin tao.

0] (o) fo}
1l I i :
0=P=0—P-0—P-0-Hg
| .
oy o o
H H
""OH ~ OH
UTP
Glutamin + ATP + H,0
Hinh 11.7. Sa d6 téng Giutamat * ADP * Pi CTP synthetase
hop CTP tir UTP | NH,
N
0} o) e} |
I 1 1 N
0-P-0—P-0—P-0-HCO N
' |
O O o
CTP

2. CHUYEN HOA ACID NUCLEIC

T4t ca cac t& bao cta o thé séng déu c6 kha ning tu téng hop acid nucleic
can thiét cho minh va khéng yéu ciu phai b8 sung acid nucleic trong thiic &n. Vi
vy ham lugng acid nucleic trong thiic #n khdéng c¢6 ¥ nghia quan trong d6i véi
co thé. Trong t& bao, su d6i méi cia DNA cham hon nhiéu so véi RNA. Su déi
méi ctia DNA xay ra 3 nhiing t& bao dang phan chia va phat trién. Con lugng
RNA thi lai phu thudc vao téc d6 sinh téng hop protein.

2.1. Thoai héa cua acid nucleic

2.1.1. Thoai héa DNA: cac nuclease thﬁy phén lién két phosphodieste trong DNA
con cb tén goi 1a deoxyribonuclease gdm hai loai: exonuclease va endonuclease.

— Exonuclease 1a enzym thuiy phan khéng chon loc. Enzym nay cit mét
nucleotid & dau 5 hoiic dau 3 d€ tao ra mot oligonucleotid ngéin hon.

- Endonuclease 13 enzym thuy phan lién ké&t phosphodieste & giita chubi
polynucleotid.
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2.1.2. Thodi héa RNA: théi gian ban hiy cta cac RNA rit khac nhau. Cac
nuclease thuy phan lién két phosphodieste trong RNA dugc g01 1a ribonuclease
va ciing gdbm hai loai 1& exonuclease va endonuclease.

— Exonuclease: cho dén nay, c6 nhiéu loai RNA exonuclease da dudc tinh
ché&, vi du nhu: RNA II c6 tac dung thuy phan chudi don RNA theo chiéu tit 3 —
5 va san pham thuy phan la cic ribonucleotid-5-phosphat. Trong khi enzym
RNase V c¢6 tac dung thiiy phan chudi don RNA theo chiéu 5 — 3 va sdn phim
cling 14 cac ribonucleotid-5"-phosphat.

~  Endonuclease tao san phdm la 5-phosphat: trong nhém nay c6 RNase I
kiém thuy phén cac lién két phosphodieste bat ky tao san phim thuy phéan la
ribonucleosid-5’-P. RNase P c6 tac dung trén céc tién phan ti RNA dé tao thanh
RNA hoan thién va ciac méu oligonucleotid. RNase H c6 tac dung dac hiéu véi
phan t& lai RNA-DNA, va san phdm thty phan 13 chudi DNA don va céc
nucleosid-5-monophosphat.

Véi su phcﬁ hop cua cac exonuclease va endonuclease cac acid nucleic sé bi
thuy phan tao san phim la céc ohgonucleotld ngin va cac mononucleotid. Cac
mononucleotid nay hodc dugc tan dung dé tong hgp cac polynucleotld theo con
dudng tan dung, hoic dudc thoai héa tiép tuc dé tao san phim cudi cung.

2.2. Téng hgp DNA

Qua trinh téng hop DNA con dudc goi 1a qua trinh tai ban (replication).
P4y 13 m6t qua trinh bao ton théng tin di truyén cho thé hé sau.
I

DNA B protein v\ i B
\ e

Té8ng hap chudi cham (doan Okazaki)

5)

T8ng hop chudi nhanh

Soi DNAb& me

Hinh 11.8: Qua trinh tai ban clia DNA
Theo gia thiét cia Watson va Crick, mdi chudi DNA dugc st dung nhu mot
khudn dé€ t6ng hop nhiing chudi DNA méi theo nguyén téc bd sung. Sy tai ban
trude hét duge khu trd 6 mot viing va sau d6 di chuyén doc theo chiéu dai cia
chudi DNA song song véi sy mé xo0én kép. Ving nay cé ciu tric hinh chii Y nén
duge goi 1a chac ba tai ban clia DNA. Tai vi tri nay hai sgi DNA méi dugc tong

hgp véi sy xtic tac cua hé théng da enzym. Trong dé mdt sgi dudc tdng hgp lién
tuc (chudi nhanh) con sgi kia dude tdng hop ngit quing (chubi cham) trén
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khuén miu cta m01 Sdl DNA me. Qua trinh tong hdp chu01 cham tao nén céc
doan Okazaki. K&t thiic qua trinh tong hdp, cac doan Okazak1 nay dudc ndi véi
nhau nhd sy xtc tac ctia enzym DNA ligase. :

2.2.1. Cac enzym tham gza qua trznh tong hdp DNA

- DNA he licase, Proteln gin v6i chubi don (SSB) DNA hehcase la
enzym md xodn kép bao gdm DnaB protein c6 tac dung tach hai chudi xo0dn kép
DNA bing cach trugt doc theo chiéu dai ctia chudi DNA me theo chiéu 5 > 3
kém theo véi sy thily phan ATP (hodc GTP hay CTP nhung khéng phai UTP). Hai
chudi don DNA tach riéng biét dugc protein gin véi chubi don (single-strand
binding protein viét tit 13 SSB) bam vao dé khbng cho hai chudi lién két trd lai
dé ¢6 thé lam khuén cho su xuc tac téng hop cta Pol III. Ngoa1 ra c6 helicase
khac 1a Rep protein va PriA protein. Hai enzym nay tham gla vao qua trinh tai
ban & E.coli. Ca hai enzym nay déu trugt doc theo chleu dai cia DNA theo chiéu
3 = 5 kém theo su thay phan ATP. ‘ - -

-~ DNA gyrase (Top01somerase) DNA gyrase ch- tac dung ngan chan khong
cho DNA xoén kép tré lai tai chac ba tai ban. Enzym nay c6 vai tro quan trong
trong qué trinh tai ban & vi khuin. Mot s6 khang sinh c6 tac dung tic ché DNA
gyrase nhu novobiocin va acid oxolinic thong qua d6 lam nging qua tr1nh tai
ban ctia DNA. : -

.— RNA primase (DnaG protem) RNA primase thuoc nhom enzym RNA
polymerase la enzym xtiic tac téng hop nhung sdi RNA méi ngin (khoang 10-60
‘nucleotid) lién ké&t b3 sung véi chubi DNA mdi trong qua trinh t6ng hop cac doan
Okazaki trong chudi cham. R1famp101n 12 khang smh ¢6 tac dung tc ché dac
hiéu RNA polymerase va ca przmase Ngudi ta cho ring cd hai enzym nay phéi

hgp véi nhau trong qua trmh tong hdp chubi nhanh.

— DNA polymerase I (Pol I): DNA polymerase I xtic tic su téng hop DNA ti
cac deoxynucleosid triphosphat véi su c¢6 mit cia DNA lam khuén. Phan tng doi
héi trong méi trudng phai c6 ddy du ca 4 loai deoxynucleosid triphosphat. Néu
thi€u mét trong 4 loai thi su tdng hgp DNA sé& bi ngiing. DNA polymerase I 13 chubi
polypeptid c6 928 amino acid véi hai trung tAm hoat déng 14 DNA polymerase I va
exonuclease (3 - 5 va 5— 3). Trong d6 trung tAm polymerase c6 tac dung kéo dai
chudi theo chiéu 5 - 3 c¢on 3 - 5 va 5— 3 exonuclease c6 tic dung stia chita
nhiing sai s6t bing cach cét bd doan c6 sai s6t nay.

— DNA polymerase II (Pol II): Tac dung cia enzym nay hién nay chua
dugc biét r6. DNA polymerase II ciing c6 hoat tinh exonuclease theo chiéu 3 — 5
song khong c6 hoat tinh exonuclease theo chiéu ngudc lai 5— 3.

— DNA polymerase IIT (Pol III): enzym nay c6 vai tro chti yéu trong qua
trinh kéo dai chudi DNA méi theo chiéu 5 - 3 6 E. coli. Pol III cung chi c6 hoat

tinh exonuclease theo chiéu 3— 5. D4y 1a mét phéan ti ldn ¢6 13 tiéu don vi lién
két véi nhau.
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DNA khuon

8 g g - “Trung tam hoat dong ‘g, DNAkhuodn
) polymerase ‘ O\, 7

. “Trung tdm hoat’ dong ek B
ol exonuclease |
Tong hop Ch uo! Su'a chu’a sai s6t

Hinh 11 9: Cau truc va hoat dong clia DNA polymerase I

— DNA ligase: DNA lzgase xac tac v1ec noi- cac mau DNA sdi don (cac doan
Okazakl) thong qua viéc tao thanh lién két phosphodleste gifia dau 3 hydroxyl
clia mau DNA nay v6i dau 5 phosphat cua mau DNA khac v6i ning lugng tu
ATP. DNA ligase cb thé tham g1a qua trmh no1 ha1 diu sOi DNA bi duat hoac nodi
kin de tao DNA vong.

2.2.2. Gid thiét vé sy tdi bdn DNA

Kornberg da dua ra gia thlet vé su ta1 ban DNA & E.coli v6i nhidu glal doan
theo mot trlnh tu sau: :

' _ Giai doan mé dau: sy nhan dién dlem md ddu: G E.coli, dlem mé dau 1a
doan oriC chiia 245 base. Tai day, DnaA proteln (52 kD) sé& dude gin vao de tao
phtic hgp md d4u véi su tham gia cia ATP va protein HU (tuong tu nhu histon)
dé tao phiic hop mé. Ving giau AT phia trai clia doan oriC duge md xoén. DnaA

protein dinh huéng cho DnaBg v DnaC, gén vao dé tao tién phiic hdp moi
" (prepriming complex) va gidi phéng DnaC. Tlep theo v6i sy tham gia cua SSB,
gyrase va DnaB, enzym gyrase tiép tuc théao xodn chudi DNA & viung tién phlic
hop mbi theo ca hai hudng dé tao didu kién cho primase va RNA polymerase gan
vao. RNA polymerase hoat héa przmase tong hdp doan RNA méi theo nguyén téc
b8 sung. -

Céac mau RNA mdi nay cin cho su tong hop cac doan Okazaki tai cac d1em .
khdi du.

— Giai doan kéo dai:
+ DNA polymerase III xic tac su téng hdp doan Okazaki ndi tiép véi RNA
mdi. Poan nay dugc kéo dai t6i doan RNA mbi tiép theo.

~ + RNA mbdi dugc tach ra dudi tac dung cua cua exonuclease cua DNA
polymerase L Enzym nay déng thoi xic tac phan ung kéo dai chudi DNA thé chd
cho vi tri RNA moi.
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+ Cac doan Okazaki duge ndi véi nhau nhd su xic tac clia enzym DNA
ligase théng qua sy hinh thanh hen két phosphodieste giiia hai diu tu do cta
doan DNA méi dugc téng hdp

DNA polymerase

SSB

’hﬁowwwwww 3

. Chudinhanh 4
’WMM% S

RNA primer N Chudi cham
Téng hop doan
: Okazaki ,
3 ﬁwwww ) N, 3

Prlnosome t8ng hgp RNA primer m0| .

ANANAVERIZANAGNE o

- DO?" OKazaki hoan thlen "~ "RNAprimer'ducc thay thé
= bcn DNA do Pol |, .
hal dau duoc néi bdi DNA Ilgase

RN o a 3
w4 RN 5

_ Ténghopdoan  Poan Okazaki
Okazaki m&i )

Hinh 11. 10 Cac giai. doan cua qua trinh tai ban clia DNA

Céac giai doan trén thudc qua trinh tong “hop chu01 cham (téng ho’p khong '
lién tuc). Song song véi qua.trinh nay con co qua trinh tdng hop chudi nhanh
(tdng hop lién tuc). Ngudi ta cho 1 ring qua trinh tong hgp chu01 nhanh- cung co
sy xuc tac cla enzym DNA polymerase III :

— Giai doan két thuc: Vung gen ma qua trinh ta1 ban ket thic kha l6n va
kep guia cac gen Ter E, TerD va TerA & cling mot vi tri va gen Ter F, TerB va
TerC 6 moét vi tri khac. Méi gen nay cé6 chiéu dai khodng 23 d6i base véi trat tu
cac base ngudc xudi khong giong nhau (nonpalindrome). Chac ba tai ban (theo
chiéu ngugc kim ddng hé) vugt qua céc gen Ter F, TerB va TerC nhung két thic
khi gip cac gen Ter E, TerD va TerA. Tuong tu, chac ba tai ban (theo chiéu kim
déng hd) lai vugt qua cac gen Ter E; TerD va TerA song bi ditng lai khi gép gen
Ter F, TerB va TerC. Nhu vay viung gen két thic cé hai cuc, cho phép chac ba
tai ban diing tai d6 chtt khéng vugt qua. Qua trinh nay. cin su tham gia cua Tus
protem (309 acid amin) (termmator utilization substance). Sau d6 v6l sy xtc tac
cua cac enzym topoisomerase hai chudi DNA méi duge tach khdi DNA me.
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Hinh 11.11. Qua trinh k&t thac syt taiban

2 3. Su stta chu’a DNA _ o

Ngutdl ta uée tinh. qua trmh tal ban d E.. colz cb ty le sai s6t khoang 10°-
- 10™ nucleotid. Ngoai ra cac. thudng t6n trén chudi DNA con c6 thé do cac tac
nhan bén ngoai nhu: héa chét, tia ti ngoai, nhiét do, phong xa §6 di c6 dudc ty
18 sai s6t thap nhu trén 1a do trong t& bio c6 hé thong cac enzym stia chita chudi
DNA méi dugc tong hgp. Hé thong enzym sta chiia c6 thé dugc chia thanh 4
nhém chinh: 1) Hé thong enzym stia chita nhiing cip ddi ‘khéng ding trong qua
trinh tai ban; 2) Hé thong enzym stia chiia theo tiing base (thiéu, thia, sai); 3) -
Hé théng enzym sta chiia theo cach cit doan nucleotide; 4) He thong enzym
sua chita truc t1ep doi véi d1-pyr1m1d1n va Og- methylguanm ‘

24. Su’ tong hop RNA (su’ sao chép)

Su tong hop RNA 1a qua trinh chuyen thong t1n di truyen tu DNA sang
phéan tid RNA. Qua trinh nay dua trén nguyén tic giéng nhu su tai ban DNA
‘nhu: 1) Chiéu tong hopti 5 3;2) Niang lugng do ATP cung c&p. Tuy nhién ciing
c6 mot s8 diém khac nhu: 1) Khudén DNA dudc bao tén hodn toan trong qua

‘trinh tong hop RNA; 2) RNA polymerase khong co hoat tinh ctia nuclease 3)Qua

trinh tong hgp khong can cb su tham gla cta moi.

| 2. 4 1. Cac enzym tham gza tong hdp RNA

- RNA polymerase phu thudc RNA (replzcase) Enzym nay xtic tac su nhan |
d6i RNA cua virus trong t& bao- chu Qua trinh nay con dudc go1 la su tai ban
truc tiép ctia RNA virus. :

- RNA polymerase phu thudéec DNA. Enzym nay xuc tac phan ung tong hdp
RNA tu cac nucleos1d trlphosphat bang cachkéo dai chu01 RNA theo phan ung
(NMP) o+ NTP —) (NMP)n+1 £+ PP,
-RNA | T “RNAkéo dal
v O E. coli, RNA polymerase phu thuoc DNA khong chi téng hdp mRNA ma
con téng hop ca tRNA va rRNA. Enzym nay gin-véi RNA polymerase de nhan b1et
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vi tri khéi ddu su sao chép. & t&€ bao c6 nhan, RNA polymerase I xic tac qua trinh
téng hop rRNA. RNA polymerase II xtc tac qua trinh téng hop mRNA con RNA
polymerase Ill xiic tac qua trinh tdng hop tRNA va snRNA (RNA nhé cia nhan).

2.4.2. Cdc giai doan ctia qud trinh téng hop RNA

Khéng gidng véi DNA polymerase, RNA polymerase khong cin mdi dé bat
dau tong hop. Tuy vy su tong hgp chi bit dau xay ra ¢ mét viing dic biét goi 1a
promoter. Pay 14 mét doan DNA dinh huéng c6 tic dung quyét dinh huéng di
chuyén ctia RNA polymerase thudng ndm & vi tri nucleotid -70 dén +30. Tai day
¢6 vi tri mS diu cho su téng hop RNA cung véi cac vung lién dng (consensus
sequence). O E. coli, RNA polymerase bao trum mét vung réng 16n cia DNA khi
n6 lién két véi promoter. C&u tric xoin cia DNA sé& dugc md theo chiéu cta qua
trinh sao chép bing cach vin nguge lai v6i chiéu vong cudn. '

- Giai doan mé dau: RNA polymerase lién két véi promoter trén DNA é vi
tri -35 tao thanh phlic hgp déng véi sy tham gia caa cac yéu t6 sao chép TRII
(transcrlptmn factor) cung vdi cic protein ddc hiéu. Sau do RNA polymerase di
chuyén dén vi tri -10 tao thanh phtic hgp mé. Mot vung xodn kep khoang 17 cap
base dudc thao xodn. RNA polymerase xic tac su tong hop véi su tham gia caa
GTP hogc ATP. Nhom 5-triphosphat nay khéng tach rdi PPi ma dudc giil lai
trong suét qua trinh sao chép. Diéu nay chﬁng td quéa trinh téng hdp dugc dién
ra theo chiéu 5 — 3. Poan ngin RNA mol téng hgp (khoang 12 nucleotid) dudgc
xo0én kép tam thoi vé6i DNA.

- G1a1 doan kéo dal chudi: phan ta RNA polymerase di chuyen dan theo .
chidu dai so1 DNA da du0c thao xoén dé 16 ving khuén sé duge ghép bd sung
Bang cach nay, chudi RNA dudc keo dai theo chiéu 5— 3 véi su tham gia cta cac .
yéu t6 kéo da1 Doan DNA thao xoan sau khi da dudc lam khuon thi ngay tic
th1 dudc xoan lai.

- Giai doan két thac: sau kh1 téng hdp duoc mot loat cac U, doan RNA _
trude d6 co6 thé tu bd sung thanh doan kep do6i gdp khic nhu kep téc nho dau
hiéu két thic 12 mét doan cic nucleotid cia DNA va thudng c6 su tham gia cla
yéu t0 két thic Rho Doan nay chiia cac nucleotid c¢6 tinh chit bd sung tao
thanh cip déi xodn kép. RNA ngung tong hdp, RNA polymerase giai phéng kh01

~DNA, dudc dephosphoryl héa dé c6 the bét dau mot chu ky sao chép mdl ’

 2.4.3. Cdc chét e ché'tong hop RNA

— Rifampicin tc ché RNA polymerase & vi khu#n. -amanitin tc ché RNA
polymerase & t& bao c6 nhén. Actinomycin D ngan can su chuyén dich ctia RNA
polymerase trén chiéu dai DNA, két qua 1a ngén tré sy téng hop RNA.
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- Polymerase hinh thanh phitc hgp
déng tai vi tri -35 véi su'tham gia
clia TFIl va céac protein

chudi DNA md xodn va

&R : ' ' ’
Polymerase di chuyén vé vj tri -10,
l hinh thanh phite hop mé

P n o

oo simismior LoVt
'\ Qua trinh téng hop
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triphosphat

Hmh 11.12. Qua trinh md dau su’
sao chép

Polymerase dich chuyén
1 vé hudng promoter

2.5. Qua trinh hoan thién ctua cac RNA sau sao chép

Céc RNA ngay sau khi dugc tong hdp la nhIing phan tU tién RNA Cac
phan ti RNA nay sé trai qua mot qué trinh hoan thién dé tao thanh cac RNA
trudng thanh (con goi 1a cac RNA hoan thién) le su xuc tic cta cac enzym cb
ban chat 12 RNA (ribozym). Qua trinh nay bao gom 1) Cét bo céc doan intron va
bién d6i mot s6 base trong phén ti; 2) Tao mil & dau 5; 3) Thém duébi poly Ag

d4u 3 (461 v6i mRNA).

2.5.1. Sy hoan thién mRNA

N gay sau khi méi téng hgp, mRNA & dang tién mRNA c6 trong lugng phén
tt 16n hon so véi phén tu mRNA hoan thién. Qua trinh hoan thién bao gom
3 giai doan sau:

—  Cdt doan intron (splicing): cho dén nay c6 3 cach cit doan intron da duge
phat hién va dugc chia thanh 3 nhém: 1, 2 va 3.

+ Nhém 1: cit doan intron theo cach nay d01 hoi c6 su tham gia cua mot
phan ti guanine nucleosid. Nhém OH 3 cua guanin nucleosid tao-thanh lién két

phosphodleste v6i OH 5 cua doan intron. Sau d6 nhém OH 3 ciia doan exon truée
s& noi v6i nhém OH 5 ctia exon sau-va-gial phong doan intron.
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+ Nhém 2: theo cich nay, cin cb sy tham gia cua mot phéin ti adenosin
monophosphat ngay trong doan intron dé tao thanh ciu néi gitia 2 ddu intron
dugc cét bo. I

+ Nhém 3: c4t doan intron theo cach nay cdn thiét phai ¢ sy tham gia ctia
mot phiic hdp protein-RNA dic biét goi 1a phtic hgp ribonucleoprotein trong
huong phﬁn ti nhé (snRNPs). Cac snRNA két hgp véi intron dé tao thanh thé
ghép ndi spliceosome véi su tham gia clia ATP. Sau dé doan intron bj tach rdi ra
va hai doan exon dugc néi lién.

~ Tao mi 7-methylguanosin é ddu 5 & t& bao c6 nhén: dau 5 clia chudi
mRNA méi duge tdng hop bao gid cling 13 nucleosid triphosphat Mot gbc
phosphat duge thuy phdn nhd enzym phosphohydrolase dé tao nucleosid
diphosphat. Duéi tac dung cla guanyltransferase GTP duac gén vao va giai
phéng pyrophosphat Sau d6 duéi tac dung clia guanine- 7-methyltransferase
nhém methyl duge gén vao nhan guanm

- Gdn.-thém duéi poly A: qua trinh gin them du01 poly A khéng don gian
12 gén thém cac adenosin monophosphat vao ddu 3 clia chudi mRNA mdl dudc

téng hop. Su sao chép dugc kéo dai qua chd ma dudi poly A sé& duge gin thém
vao. Sau d6 dudi tac dung cua enzym riboendonuclease, mot doan nucleotid sé

dudc cit di d€ tao nhém OH tu do 6 dau 3. Ngay lap ttc cic mau adenylat dugce
gan thém vao véi su xuc tac ciia polyadenylate polymerase theo phan ting:

'RNA + nATP — RNA + (AMP), + nPP,

Trong dé n c6 thé ti 20-250. "Enzym nay khong d01 h01 khuén Va mRNA
dong vai tro nhu RNA moi de kéodai. - - ; - -

2.5.2. Su hoan thién tRNA (RNA v@n chuyén)
Qua trinh hoan thién tRNA dién ra theo cac budc sau:

— Cét cac nucleotid § dau 5 véi su xtc tac ciia endonuclease 14 RNase p. Cac
nucleotid dau 8 dugc cit nhd enzym exonuclease 1a RNase d.

— C4t b doan intron nhd enzym endonuclease sau d6 nhd ligase dé néi lién
hai doan exon.

—~ Gén thém 3 nucleotid CCA & day 3 (dac trung cho cac tRNA) nhd enzym
tRNA nucleotidyltransferase.

- Thay d6i mot s6 base dé tao thanh tRNA hoan thién. Cé dén hon 60 su
bién d6i cac base va ribose trén cac tRNA véi su xuc tac cua hon 100 cAc enzym
khac nhau dé tao nén phan ti tRNA trudng thanh.

2.5.3. Su hoan thién ctia rRNA (RNA ribosom)

3 t& bao c6 nhan rRNA sau khi sao chép dugc hinh thanh duéi dang tién
ribosom (preribosome) RNA 45S. Phan t& nay dugc bién déi tae ra cac rRNA
188, rRNA 5,8S va rRNA28S-Gt& bao khong rihan c6 su tao thanh tién rRNA
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30S. Phan ti nay cung duge bién d01 de tao thanh cac rRNA 16S rRNA 23S,
rRNA 58 va mét s6 tRNA. -

5 3
cLo ‘Sai RNA don - S

dNTP —-1 RNA directed DNA polymerase
5 ~y .
AN 2NN AN AN N AN
Thé lai RNA-DNA
- T 'Rn'ésa,H

21
CNMP T

'Si don DNA
dNTP Y DNA directed DNA polymerase
5 ‘ . , 3
AN LN NN LN AN

Sai d6i DNA

Hinh 11.3. Qua trinh sao chép ngudc

2.5.4. Su sao chép ngugc DNA ti RNA ctia virus

RNA ctia mét s8 chiing virus & dong vat c6 kha ning sao chép nguge dé tao
DNA. Khi t& bao bi nhiém virus, RNA ciing enzym sao chép ngtidc cua virus xAm
nhap vao trong t& bao chi. Enzym sao chép ngudc nay xuc tac qua trlnh téng hop
DNA tit RNA caa virus dé tao thé lai RNA-DNA. Véi mét s6 chung virus
(retrovirus), thé lai nay ¢6 kha niang hda nhap vao bd gen ctia t& bao chi (cd ché
gdy ung thu cia moét s8 ching virus). Tuy nhién mot s6 y chung virus khéc thi lai
khéng c6 kha n#ng nay (adenovirus). Cac chét c6 tac dung tc che qué trinh sao
chép ngudc nay dudc ting dung lam thudc diéu tri nhidm virus vi du nhu thudc
AZT (3 azido 2, 3 dideoxythymine), thudc diéu tri HIV (human immunodeficiency
virus) c6 tac dung tic ch€ manh qua trinh sao chép nguge caa HIV.

CAU HOI 6N TAP
1. Trinh bay qua trinh téng hdp purin, r1bonucleot1d
Trinh bay qua trinh téng hgp pyrimidin ribonucleotid.
Trinh bay qua trinh thoai héa purin nucleotide.
Trinh bay qua trinh thoai héa pyrimidin nucleotid.
Céc enzym tham gia qué trinh tai ban DNA.
Céc giai doan clia qua trinh tai bdn ban bao ton ctia DNA.
Céc giai doan clia qua trinh sao chép RNA.
Qua trinh hoan thién mRNA.

e L Al
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- Chuong 12

'SINH TONG HOP PROTEIN

Su tdng hop protein con goi 1a su dich ma hay ph1en dich, tic 1a sy dlch
mé di truyén tit mRNA sang trat tu acid amin trong phén ti protem

Chiic nang protein vé ciung quan trong va phong phu xdc tac phan tng
chuyén héa chat (enzym), c8u tric t& bao mang, van chuyén chit (trong mau, qua
mang),.... vi du mdt sinh vat don bao cé téi hon 3000 loai protein khac nhau.

Moi su sai léch trong cdu tric phan td protein téng hop (do di truyén hoac

~do_qua trinh sinh tong hgp) ciing c¢6 thé din téi nhiing trang-thai- benh ly ngh1em~

trong ctia co thé séng.

C6 sy khac nhau vé sinh tdng hdp protein & t& biao nhan that (loal da bao -
eucaryot) va t&€ bao nhan so (loai don bao -procaryot).

1. SINH TONG HGP PROTEIN G TE BAO NHAN SO
1.1. Cac yé€u té tham gia
1.1.1. DNA (Deoxynucleic acid)

‘ DNA 1a co s6 vat chit cta di truyén, va DNA quyét dinh c4u tric déc hiéu
cua proteln duge tong hdp Vi vay DNA quyét dinh tinh chat sinh hoc, chiic
ning cua protein dugc tong hdp Moi su bién ddi trong cdu tric di truyén cua
- DNA s8 dan dén su thay déi vé cau tric claa protein tong hdp.

1.1.2. mRNA (messenger ribonucleic acid)

— DNA 1a ndi chia dung thong tin di truyén va ndm & nhan t& bao (§ t&
bao cé nhan) con mRNA 1a chét truyén théng tin di truyén tit DNA t6i phan ti
protein tdng hdp (3 bao tudng té& bao).
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— mRNA c6 thanh phéin va trat tu cidc mononucleotid phu hgp véi doan
DNA tudng ting (xem phén sinh tong hop RNA). ‘

~ mRNA quy dinh trat tu cic acid min trong phén t protein tong hop
théng qua cic bd 3 mat ma, mbi bé 3 mat ma gdm 3 mononucleotid lién nhau.

— Cé 4 loai mononucleotid (AUGC) t6 hgp thanh cic bd 3 mat ma chiu
trach nhiém ma héa cho 20 acid amin. Ngudi ta da xac dinh cac by ba mat ma
sép x&p theo cach lién tiép nhau, vi du: UAC GCU AAC GUU AUA CCG CUA

1.1.3. tRNA ( trqnsfer ribon_ucleic acid)

— Con goi la RNA hoa tan
trong dich bao, ¢ chitc ning gin két
va van chuyén acid amin trong bao
tudng téi noi dién ra qua trinh tong
hgp protein la ribosom.

— Cé 6 vij tri chdc nang trén
phan t& tRNA, trong d6 c6 vi tri gin
acid amin (-CCA) va quan trong 1a vi
tri 461 ma tuong ing véi bd 3 mat ma
trén phan ti mRNA.

— Dén nay da xac dinh dugc
gan 60 loai tRNA ‘

1.1.4. rRNA (ribosomal
ribonucleic acid)

— rRNA két hop véi cac protein
dic biét tao nén ribosom, 12 noi dién ra
qua trinh t8ng hgp protein.

— Ribsom cta moi t& bao déu
gbm 2 tiu don vi, & t& bao nhan s 1a
30S va 50S tao nén ribosom 708. Trén
ribosom cé cac vi tri chiic nang khac
nhat can cho téng hgp protein.

— Phén 16n ribosom & dang tu
do trong bao tuong va phin nhé gin
v6i Iudi nodi bao tuy theo cd quan.

— Trong qua trinh téng hop
protein, nhiéu ribosom gin trén cung
mot phan ti mRNA  tao thanh
" polyribosom hay polysom.
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1.1.5. Céc enzym

— Aminoacyl-tRNA syntetase; xtc tac tao phiic hdp aa-tRNA. Enzym dac
hiéu véi ca acid amin va tRNA tuong dng.

— Peptidyl transferase: xtc tac phan tng tao lién két peptid trong qua'
trinh tdng hop protein. '
1.1.6. Cdc yéu t6' md dédu, kéo dai, két thic

— Yéu t8 md dau IF: § t& bao khéng nhan c¢6 3 yéu t&: IF,, IF,, IF, (hay
F1, F2, F3).

~ Yéu t6 kéo dai EF: C6 hai y&u t§ EFT va EFG. EFT c6 2 loai EFTu va
EFTs. Ca hai déu c6 hoat tinh GTPase (thuy phan GTP giai phéng ning lugng
cho su chuyén aa-tRNA dén ribosom). EFG céan cho su chuyén vi ciia peptidyl-
tRNA. a

~ Y&u t§két thiic: RF1, RF2, RF3.
1.1.7. Nang lugng va cdc ion: ATP, GTP, Mg*, NH,*, K*
1.1.8. Nguyén liéu la 20 acid amin
1.2. Qua trinh sinh téng h(_ip protein
1.2.1. Hoat héa acid amin

Xay ra 6 bao tudng nho xtc téc.cla enzym aa-tRNAsynthetase. Mbi aa két
hgp dong héa tri véi tRNA. Phan tng dién ra qua 2 budc nhu hinh 12.3. ’
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Hinh 12.3. Hoat hda acid amin

1.2.2. Giai doan mdé dau chubi

Théng thudng su md dau tdng hop proteln déu bit dAu acid amin

methlomn ma héa bdi bd 3 AUG (ma m& diu) nim trén mRNA. Met tham gia

& dau chudi polypeptid & dudi dang fMet- tRNA. Quéa trinh mé dau téng hgp
protem dién ra nhu hinh 12.4.
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Ribosom 70S khong hoat ddéng &
trang thai phan ly thanh 2 tiéu phin
50S va 30S. Diu tién tiéu phin 30S gin
véi IF3 va phiic hop nay gén véi mRNA
roi gin véi IF1. Sau d6 fMet-tRNA va  wésaomv
GTP gin véi IF2 tao thanh phtic hop. s
Phiic hgp nay gin véi phic hop 30S-IF3-
mRNA-IF1 tao nén phiic hdp mé dau va
gidi phéng IF3 cho phép tiéu phan 508
k&t hop véi ti€u phin 30S. Thuy phan
GTP gén trén IF2 tao ning lugng gén
50S vao 30S giai phéng IF1 va IF2 tao
ribosom 70S hoat dong. e v

Két qua cta giai doan md. dau la
fMet-tRNA gin vao vi tri P cta ribosom
tuong tng véi ma md dau AUG cua
mRNA.

1.2.3. Giai doan kéo dai

— Pay 1a qua trinh-lp rap cac
acid amin theo mét trinh tu nhat dinh
dd dudc ma héa 6 mRNA dé tao thanh
chudi polypeptid dic hiéu.

-~ — " Sau giai doan mé dau vi tri P trén
ribosom gén véi phic-hop-fMet-aa va vi
tri A trén ribosom tréng sin sang nhan
acid amin ti&p theo. Tuy bd ba ma héa
cua mRNA 4 vi tri. '

Amahoachoaanaothlaadose‘ o
duge dua dén dusi dang phic hop a.a - Hinh 12.4. Giai doan md d4u
tRNA (vi dy; GCU ma héa cho Ala). . t8ng hop pro.tein

— GTP két hgp véi EF-Tu tao phiic
hop EFTu-GTP, phiic hop nay két hdp véi
Ala-TRNA tao thanh phiic hgp bd 3 EFTu- GTP-Ala-tRNA. Phiic hgp bd 3 nay
gdn vao vi tri A trén ribosom v6i bd 3 d6i ma tRNA gén véi bd 3 mat ma GCU
mRNA va cin ning luong do GTP thuy phan Sau dé6 phtc hgp EFTu-GDP tach
khoi ribosom.

- Tiép theo, nha su xtic télc cua peptidyl transferase, lién két peptid duge
hinh thanh gitta nhém amin cta Ala-tRNA v6i nhém carboxyl caa fMet-tRNA
tao thanh peptidyl -tRNA (fMet-Ala-tRNA) vin gin & vi tri A. Phan tng nay
khong cin ning lugng tt GTP ma 14y ning lugng tit sy thuy phan lién két fMet-
tRNA . :

Tiéudonvi °
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- Sau khi lién két peptid dudc hinh th:‘a.nh nth téc dung cﬁa EFG (cé gén

mot b6 3 mat ma. Do do peptidyl -tRNA chuyen t vi tri A sang vi tri P. EFG
tach khdi ribosom. ltc nay vi tri A lai trang thai md (tréng) sin sang nhén a. a
-tRNA véi b 3 d61 ma tudng ing, bat diu mot chu ky kéo dai méi.
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1.2.4. Giai dogn két thic

~ Su kéo dai chudi polypeptid
sé két thic khi vi tri A trén ribosom
xuét hién nhiing b6 3 két thic (UAG,
UAA, UGA) , nghia la nhiing bd 3
khéng ma héa cho acid amin nao. Cac .
yéu t& két thic RF,, RF,, RF, gn vao
ribosom' tao diéu kién tach cac thanh
" phan caa phtc hop ribosom hoat
‘déng: chudi polypepid, tRNA cuédi
ciing, mRNA, ribosom 70S phéan ly
‘thanh 30S va 508S. |

§ Thoy phan lién két
Peptid-tRNA

2. SINH TONG HQP PROTEIN G
TE BAO NHAN THAT

— @ t€ bao nhan that su téng
hop protein xay ra’d bao tuong, con su
téng hdp mRNA lai xay ra trong nhan
t&€ bao; nghia 12 2 qua trinh nay xay

‘ra 6 2 khu vuc cach biét nhau béi
mang nhan. Trong khi d6 su téng hop
protein va téng hop mRNA & t& bao
nhén sd xay ra 6 cung khu vuc 1& bao
tuong. Chinh vi vay su tdng hop
proteln d t& bao nhin so xay ra ngay
ca khi sy phién ma chua két thic. Con & t& bao nhén that su tong hop x4y ra
khi sy phién ma da két thic, mRNA trai qua sy bién d6i hoan thién va dudc
chuyén tit nhan ra bao tudng t& bao.

Hinh 12.6. K&t thuc t8ng hgp protein

~ mRNA 6 t& bao nhén that sau kh1 tong hop phai trai qua mot qua trinh
hoan thién phiic tap: loai bd intron, tao mii, tao dudi polyA.

— V& tdng quat sy tong hdp protein & t& bao nhan that ciing giéng véi su
tong hgp protein § t& bao nhan so. Tuy nhién sy t8ng hgp protein & t& bao nhan
that doi héi nhiéu yéu t6 tham gia hon, va cac giai doan phiic tap hon.

— Ribosom ctia t& bao nhan that 1a 80S véi 2 tidu phan 408 va 60S; con & |
t& bao nhén xo 14 708 véi 2 tiéu phin 30S va 508.

— Mai polypeptid dugc téng hgp déu bit ddu bing mot methionin chi
khéng phai 12 formyl methionin, va vi vay phuc hdp d4du tién gitta acid amin va
tRNA la Met tRNA.

- mRNA cua t& bao c6 nhén 1a cac mRNA monocistron vad mRNA & t& bao
nhan xd 13 cAc mRNA polycistron.- Nghia-la-mRNA ctia-t& bao nhan that chi c6
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mot diém xudt phét, chi lam khudn cho su téng hgp mét protein. Trai lai,
mRNA ctia t& bao nhéin xd c6 thé c6 nhiéu diém xuit phat va lam khuén cho su
téng hop nhiéu protein thudng cé lién quan véi nhau trong mét operon.

— O t& bao nhan that, cé6 nhidu yéu t6 tham gia vao qua trinh sinh tong
hdp protein hon & t& bao nhén sd. Vi du 8 giai doan mé dau cb cac yeu t8 eIF2,
elF3, eIF4a, eIF4b, eIF5, CPB.

3. SU HOAN THIEN CHUOI PROTEIN SAU PHIEN MA

Cac chubi polypeptld sau téng hop phai trai qua mét qua trinh bién d6i goi
12 su hoan thién, bao gdm cac qua trinh:

1. Loai bd fMet (6 t& bao nhan sd), Met (3 t& bao nhin that ) va mot vai
a.a 6 ddu N-amin tin béi enzym deformylase hoéic aminopeptidase.

2. Cét bd doan peptid tin hiéu (khodng 15-22 a.a) bdi cac peptidase dic
hiéu d61 véi protein dugc tong hgp dé bai xuit ra ngodi t& bao.

3. Thay d01 mot sd acid amin riéng biét: phosphoryl héa Ser, Thr, Tyr &
cac goc OH (vi du casein siia). -

4. .Gén thém cac nhom chiic ning khéic: mdt s protein gan thém cac
nhém phu tao thanh cic phén tii ¢é chiic ning sinh hoc (Hem trong Hb,
Cyt,..) _

5. CAt bd mdt s§ doan protein tao protein & trang thai c6 hoat tinh sinh

 hoc (tién enzym — enzym, tién hormon — hormon,...) ,

6. Tao cac lién két rigang ndi chudi hoic giita cac chudi hinh thanh ciu
tric khéng gian on dinh: lién ket dlsulfua ~ (lién ket gitta cac goc

“cystein), lién két hydro,.. "

4. PIEU HOA SINH TONG HQP PROTEIN
4.1. Hién tuwgng cam tng tong hop (vi du: operon lactose)

4.1.1. Hién tuwong. N&u nubdi E. coli trong mdi trudng cb glucose, E. coli phat
trién binh thudng. Né&u loai bd glucose trong méi trudng va thay vao dé lactose,
E. coli lic ddu khong phat trién va thay c6 enzym Bgalactosidase (c6 ban chat
13 protein). Enzym SBgalactosidase 1a enzym thuy phan lactose thanh galactose
va glucose (hinh 12. 7). Sau mét thsi gian, truc khudn E. coli phat trién va
ngudi ta thay lugng enzym Bgalactosidase ting lén rit cao. Nhu vay qua trinh
sinh téng hop protein 13 enzym da tang lén. Lactose chinh 14 chat gy cam tng
téng hop protein enzym.

197




4.1.2. Gidi thich. Jacob va Monod (giai thuang Nobel vé Y hoc nam 1965) da
mé ta operon lactose nhu hmh 12.7.

Trfu"?sng hgp khéng cé lactose (hinh 12.7a)

ﬂ-galactosidaée Permease Transacetylase

Trudng hop cé lactose (hinh 12.7b)

N$v\ £ 1

@ ¢ ‘5 @ - p-galactosidase Permease Transacetylase
9

Lactose

Hinh 12.7. M6 hinh cam (ing tng hop protein
(a: chét tc ché hoat dong; b: phifc hgp chét e ché-chat cam (g khéng hoat dong).

Mbt operon 13 mdt doan DNA cé chita 3 gen céu tric (Z, Y, A) mé héa 3
enzym can thiét ctia E. coli dé c6 thé c6 thé st dung dugc lactose:

Gen Y: ma héa enzym permease 1a enzym gitap lactose chuyén qua mang vi
khuéin dé dang. Gen A: ma héa enzym acetylase ma vai tro sinh Iy chua dudgc -
biét. Gen Z: ma héa enzym Bgalactosidase c6 tac dung thuy phan lactose thanh
galactose va glucose. '

Ngoa1 gen ciu trdc, operon con chia :

Doan gen khdi dong, ky hiéu P 1a vi tri gen gin véi RNA polymerase bt
diu su phién ma

Doan gen chi huy, ky hiéu O 14 gen diéu khién hoat dong ctia cac gen ciu tric.
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Doan gen diéu hoa, ky hiéu R ma héa mét protein cé tac dung kim ham
'hoat dong cua operon lactose nén goi la chit kim ham

-‘ + Gml thich hién tuong cdm iing

Khi méi trudng nubi cdy vi khudn cé glucose,vikhué{n khéng can st d1_1ng
glucose tir lactose (va moéi truong ciing khong c6 lactose); thi operon lactose ]
trang thai bi kim ham khoéng hoat déng, khéng tong hdp ra cac enzym. st dung
lactose.

Qua trinh kim ham hoat dong xay ra nhu sau:

Gen diéu hoa R s&n xudt mot protein c6 ky h1eu 14 chat kim ham I. Chat 14
trang tha1 hoat dong c6 kha ning nhan dién va gin vao gen O cla operon. Khi
gen O gén vao protein I, gen sé& bi kho4 va ngin chin khong cho ARNpolymerase
gén vao gen P. Vi vay, toan b$ qua trinh phién ma cua cac gen céu trdc sé& bi tc
ché&, khong téng hop ra cic enzym st dung lactose.

Hién tuong cam tng t6ng hdp cic enzym xay ra khi glucose trong méi
trudng nudi cdy bi thay thé bdi lactose. Vi khudn néu mudn ton tai sé phai st
dung lactose. Chinh vi 1y do d6, vi khuén phai tdng. hdp nhlmg enzym c6 thé
thuy phan lactose thanh glucose va galactose

Khi c6 mit lactose (t11c ch&t cam tng), lactose ket hop véi chat kim hém I
tao thanh mot phiic hop Va lam chat kim ham & trang thai khong hoat ddng mat
kha nang nhéin dién va gén vao gen O. Toan bd operon dudc gidi toa- " khii kim
ham". Lic nay ARNpolymerase c6 thé két hop véi vi tri khdi dong P. Su phién
mid MRNA cua toan bd gen ciu tric trong operon dugc thuc hién va sau dé la
cic enzym can th1et cho viéc st dung lactose dugc tao thanh

* C6 ton tai mot kiu diéu hoa tong hdp protein khac goi 1a dleu hoa a duong
tinh véi sy tham gia ctia cAMP va protein CAP. :

Khi c6 méat ca glucose va lactose trong moi truon_g nudi cay E. coli, vi
~khuén st dung glucose trudc tién va viée st dung lactose bi kim ham.

Khi lugng glucose trong moéi trudng giam (do bi st dung va khong dudc b
sung) thi lugng cAMP ting. Su tang cAMP nhu 13 tin hiéu bao vi khuén bi d6i.
cAMP tang s& két hgp véi mot protein CAP (catabolic activator protein). Phiic
hgp cAMP-CAP két hop véi ving khéi dong P va lam tang ai luc gin cha vi tri P
v61 RNA polymerase va vi vy tang cUdng su phién ma cua cic gen ciu truc.
Qua trinh phlen ma c6 thé duge ting lén g&p nhidu 1an.

4.2, Hién tugng kim ham téng hgp (vi du: operon tryptophan)
4.2.1. Hién tugng .

Tryptophan 14 mét acid amin cin thigt d6i véi ngudi, nhung vi khuén cé
thé téng hop duge acid amin nay. Dé’ téng hop tryptophan, vi khuan cin mét sé
enzym xic tic cAc phan tng tong hgp tryptophan. Tuy nhién khi cho tryptophan
vao trong méi trudng nudi cdy, ngudi ta thay luong enzym E1, E2, E3 giam di.
Nhu vay, tryptophan-da-kim-ham-t6ng nén-cae-protein (E1, E2, E3).
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4.2.2. Gidi thich
— M6 hinh operon tryptophan cﬁng géﬁ Aéiécrrcioah gén O, P, 'geh'éf;u tric
san xuét ra cac enzym E1, E2, E3 va gen di€u hoa R san xuft ra chit kim ham L.

Trudng hop khong cé trypiophan (hiﬁh 12. 8a)

R P o z Y A

!

~ mRNA (RVAVAVAN

T D A A A NV mRNA
a\ _ : lE1 | -tz ta |

Lo/

Chatdcché ,
weos W) 4 4
o o A >B » ¢ —> D (Tryptophan)
_ Trudng hgp c6 tryptophan (hinh 12.8b}
- i . v -
R P M z Y A
M"m .
mRNA l '
. / \/ (\/%/\V\ r\/\%\/\ r\/\%\/\ RNA
Chaticché = R E2 . E3
o . B o« '
] PoF %
w/lLA - - g | )
a HH b A > B » C » D (Tryptophan)

Tryptophan

Hinh 12. 8. M5 hinh giai thich hién tugng kim ham tng hgp protein.
(a: chat (c ché& khong hoat déng; b: phitc hgp chat (e ché-chat cdm (ing hoat déng)

— Khi khong c6 tryptophan, chit kim ham I dudc gen diéu hoa san xuét
ra & trang thai khong hoat dong. Nghia 14 n6 khong két hop véi gen O, va RNA
polymerase ¢6 thé tu do két hdp véi gen P va khdi dong sy phién ma cia cac gen

“céu trdc tao ra cac enzym E1, E2, E3. Cac enzym xtc tac cac phan ting tong hdp
ra tryptophan dé vi khuén st dung.

— Khi cho tryptophan vio méi truong hoic tryptophan da duge tong haop
du thita, tryptophan s& k&t hgp véi chat kim ham I tao thanh phic chét hoat
dong. Lic nay phiic chat I sé& két hgp vao gen O ngan chin sy gin RNA
polymerase vao vi tri gen P. Vi vay, céc gen ciu tric khong phién mé tdng hgp
cac enzym E1, E2, E3. Day chinh cd ch& diéu hoa, tiét kiém ning lugng séng
caa sinh vat.
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5.3. Piéu hoa sinh tdng hgp protein & t& bao ¢6 nhan
5.8.1. Vi du vé sy diéu hoa tong hap chuéi globin béi Hem

Khi lugng hem trong t& bao tao héng ciu ting sé tao phic HCR-hem
khéng hoat ddng va vi vay yéu t8 md dau eIF-2 khéng bi tic ché& (do phosphoryl
hoa) s& khéi ddu qua trinh téng hop cac phan ti globin dé tao Hb.

HCR-Hem HCR

khéng hoat dgng ———————» hoat déng
l . ADP
elF-2o.

kinase

Phic hop
chit ché

Hinh 12.9. Diéu hoa sinh tdng hop globulin bdi hem

5.3.2. Vi du vé su diéu hoa téng hgp protein bdi interferon :

Khi t€ bao bai tiét inteferon, inteferon s& hoat héa mét loai proteinkinase.
Enzym nay sé phosphoryl héa yéu t6 mé dau eIF-2 va lam yé&u t8 nay khéng
hoat déng do tao phitic chit ché véi IF-2B. Vi elF-2 khong hoat déng nén t& bao
bi nhiém virus s& khéng téng hgp dudc nhiing protein cin thiét cho né va t& bao
s& chét, kéo theo 12 virus khéng thé nhan lén duge & t& bao ma né giy nhiém.

Nhu vay, diéu hoa sinh téng hgp protein & t& bao c6 nhan khéng phai qua
tac dong tc ché hodc hoat héa gen ma théng qua cac yéu t6 md dau téng hop
protein.
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Interferon ________y. Proteinkinase

‘ l .. ADP
elF-2c - v
kinase

ik
Gt

Protein t bao  r.
nhiém virus ¢—

elF-2 Phitc hop
: < chitché

elF-2p
) 4 phosphatase

Hinh 12.10. Diéu hoa sinh t8ng hop protein t& bao nhiém virus bdi inteferon

TOM TAT o B v .

Qua trinh sinh tong hop protein dién ra & bao tuong, cu thé 1a ribosom cua
t& bao v6i nhiéu yé&u t6 tham gia bao gom: DNA, tRNA, rRNA, ribosom, céc
enzym, cac y&u t6 md ddu, kéo dai, két thic, nang lugng, cac ion va nguyén liéu
12 cac acid amin. Quéa trinh tong hgp protein cé thé chia thanh 5 giai doan: gial
doan hoat héa acid amin, giai doan md diu, giai doan kéo dai, giai doan két
thic va giai doan hoan thién chubi polypeptid méi duge tong hgp. Quéa trinh
téng hop va diéu hoa sinh tong hgp protein ¢6 su khac nhau gitta té bao c6 nhin
va nhan so. Tuy nhién diéu hoa sinh tong hgp protein 4 t& bao nhan that phiic
tap hon va chua duge hiéu biét day du. ‘

CAU HOI ON TAP

1. K& tén va phan tich vai trd clia cac y&u t6 tham gia qua trinh sinh tong hop
protein & t& bao nhén sd.

2. Dé hoat héa mét acid amin cAn ning lugng 12 bao nhiéu ATP va qua trinh
dién ra nhu thé nao. ' o

3. Trinh bay bing so db cac giai doan hoat héa, kéo dai va két thic sinh tong
hgp protein & t&€ bao nhan so? Pé lip ghép mot acid min vao chudi

- polypeptid thi cAn nang lugng 1a bao nhiéu ATP. '

4. Su t6ng hgp protein & t& bao nhan that cé gi khac véi t& bao nhéan so:

5. Nhitng protein dudc t& bao téng hgp va bai tiét ra ngoai t& bao dugc hoan
thién c6 gi gidng va khac cach hoan thién cac protein khong bai xudt ra
ngoai t& bao. '

6. Giai thich co ché diéu hoa sinh tong hgp protein & t& bao nhan so bang
nhiing vi du cu thé.
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Chu?dng 13
HOA SINH MANG TE BAO

Mang t&€ bao bao gém mang bao tuong hay mang bé mat t& bao (mang
plasma), mang cia cac bio quan t& bao (nhu mang luéi noi nguyen sinh, mang
ty thé, mang thé Golg1 mang nhén,...). Nhd cac mang ma t& bao ciing nhu cac
bao quan ngin cach dudc v8i mbi trudng xung quanh ching dé duy tri cac chiic
phan cia méi t& bao va chiic phan dic trung cla ting bao quan t& bio. Trong

cac mang té bao, mang bao tuong’ dong vai tro quan trong trong suy kiém tra va

di€u hoa nhiéu chiic phan co ban cta t& bao nhu: chic phén sinh san, chiic
phan biét héa, chic phan nhan dién va chitic phan van chuyen cac chit qua

‘mang,... Béi vay, nghién ctiu vé mang gitp viée tim hiéu va gidi thich co. ché

bénh nguyén, bénh sinh cta nh1eu bénh ciing nhu co ché tac dung cua thuoc
trong'diéu tri bénh.- ‘ '

Cac phuong phap nghién ctiu vé mang rit da dang, gém 4 loai. chlnh
phuong phap héa ly (nhidu xa tia X, cong hudng tu dién tu, ‘quang pho tu
ngoai, quang phé héng ngoai,...), phuong phap nghién cfiu vé siéu ciu tric,
phuong phap héa sinh, phuong phap siéu héa hoc t& bao dién ti. ‘

1. CAU TRUC CUA MANG TE BAO
'1.1. Thanh phan héa hoc ctia mang t& bao

— T4t ca cadc mang t& bao c6 ngudn gdéc khac nhau déu chua dung hai
thanh phan chinh 13 protein va lipid. Carbohydrat cling 14 mé6t thanh phan
quan trong clia nhi€u mang t& bao. Ty 1& gita thanh phan lipid va- protem
thay déi r&t khac nhau trong cac mang khéc nhau, phan a4nh tinh da dang vé
chiic nang sinh hoc clia cac mang.

1.1.1. Lipid mang té bao

Thanh phén lipid thay d6i rat khac nhau glua cac loai mang, gébm cht
yéu 1a phospholipid vi eholesteral,
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Phospholipid: cht y&u 1a phosphatidyl cholin (PC), phosphatidyl ethanolamin
(PE), phosphatidyl serin (PS), phosphatidyl inositol (PI), sphingomyelin (SM).
Ngoai ra con c6 phosphatidyl glycerol (PG), diphosphatidyl glycerol (DPG) hay
cardiolipin, phosphatidic acid (PA).- Cardiolipin 14 phospholipid dic hiéu cua
mang trong ty thé.

HAu nhu t&t ca cac acid béo tim thay trong thanh phan lipid mang cta t&
bio c6 nhan c6 s6 carbon 1a 16, 18 va 20. Cac acid béo khong bao hoa thuong
chita m6t lién ké&t d6i, nhung ciing c6 mot s6 acid béo khong bao hoa cb 2, 3
ho#c 4 lién két d6i; nhiing lién két ddi déu 6 dang cis. Nhiing acid béo thuong
gip 1a a.palmitic (16:0), a.stearic (18:0), a.oleic [18:1(A%], a.linoleic [18:2(A%
12)], a.arachidonic [22:4(A**"19)].

Cholesterol: chiém ty 1& cao trong thanh phan lipid cia mang t& bao dong
vat c6 vi, khong c6 trong hdu hét mang t& bao khong nhén (prokaryotic). Phin
16n -cholesterol & dang este héa, lién két 16ng 1éo véi mang va lién quan mat
thiét dén tinh 1dng ctia mang.

Bang 13.1. Thanh phan lipid clia cac mang té bao (%)

Nguén géc
5 Cho | PC | PE Pl PS SM | PG | DPG | PA GL
Mang
Gan chuét
Mang bao tuong 3001 18,0 | 11,0 | 4,0 90 | 1401 - - 1,0 -
" Mang Iugi néi bao ' ’
(th& cb hat) 60 | 550|160 | 80 | 30|30 | - | - - -

-Mang Iu8i ndi nguyén sinh |

(thé khéng ¢ hat) |100|550 (210|687 | - [120] - | 19| - -
Mang trong ty thé 30 | 450 | 240 | 60 | 10 | 25 | 20 | 180 | 07 .
Mang ngoai ty thé 50 | 50,0 | 200 [ 130 | 20 | 50 | 25 | 35 | 1.3 | -
Mang nhan 1100 | 550 | 200 | 70 | 30 | 30 | - - 10| -
Mang thé Golgi 75 | 40,0 | 150 | 60 | 35 | 100 | - -] - -
Mang lysosom 140|250 | 130| 70 | - |240| - | 50 - | 120
Mang myelin 22,0 110 | 140| - | 70| 60| - - - ] 30
Mang héng céu chudt 240|310 150 22 | 70|85 | - | - |01 ] -
Mang bao tuong E.Coli 0 0 {800 - - - {150 50 .

(Cho: cholesterol; GL: glycolipid)
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Hinh 13.1. So d6 vé su s3p xép clia phospholipid mang

Lipid mang dugc sip xé&p thanh 2 16p: phin wa nudc (gdm cac nhém chiic

¢6 kha ning tao lién két hydro, vi du: nhém phosphat nhém —OH,...) huéng ra
ngoai va phan ky nuéc (chia cac chudi acyl ctia acid béo) huéng vao trong..

1.1.2. Protein mc‘mg tébao

Dic tinh clia cic mang rit thay d6i, 1a do su thay déi caa protein*tham |
gia cdu tao mang. Protein mang cé cac.chtic nang: (1) van chuyén cac chitvao -
hoic ra ngoal t€ bao; (2) tiép nhan cac tin hiéu ti cac hormon va cac chat héa

hoc khac § dich gian bao, truyén cac tin hiéu nay vao trong t& bao; (3) gidt vai
tré nhu nhiing neo cho cac thanh phan cét 16i cia bao tuong va dich gian bao;
(4) giit vai trd vé su hdp nhat chon loc cta t&€ bao trong qua trlnh biét héa va
hinh thanh nhiing n6i dic hiéu véi cac t&€ bao khac; (5) mét s8 protein mang 1a
nhiing enzym lién két mang, tham gia xtdc tac cic phan tng héa hoc & nhiing
khu vyc khac nhau trong té& bao.

Cac acid amin caa protein mang bao gém acid amin c6 cuc (ua nuéc) nhu
acid amin ki€ém, acid amin acid; acid amin khéng phan cuc (ky nudc) hay acid
amin trung tinh. Cystein 14 acid amin chiém ty- le rat thap trong thanh phéin
cua protein mang, do vay protein mang cé rit it cAu néi disulfua.

1.1.3. Glucid mang té' bao

Phu bén ngoai mang bao tudng 1a 16p 40 bé mit ma thanh phin héa hoc
la polysaccarid, dudc g01 la glycocalyx Hién nay, ngudl ta biét dudc khoang
200 loai glumd tham gia cdu tao mang té& bao bao gbm nhiing monosaccarid va
dan xuit clia chiing, thudng gap 1a glucose, glucosamin, N-acetylglucosamin,
galactose, galactosamm N-acetylgalactosamin. Gluc1d mang bao tuong hinh
nhu déng vai tro trong qué trinh bidt héa va phat trién cta t& bao.
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Glucid mang & dang phlic hop, hoic lién két véi protem nhu thanh phéan
cua glycoprotein, ho#c lién két véi lipid nhu thanh phén cta glycolipid.

Glycolipid: chi€m 2-20% lipid mang, gdm 3 loai: glycolipid trung tinh,
glycolipid acid chta acid sialic, glycolipid. acid chtia ‘acid sulfuric hoic acid
phosphorlc :

Glycoprotein: 1la nhiing polysaccarld lién k&t v6i protein mang; ching
tham gia trong thanh phan ctaa enzym mang, khang nguyén bé mat va cac
receptor mang.

Bang 13. 2. Thanh phan hoa hoc clia mét s6 mang tinh khiét clia t& bao (%)

Cac loai mang . Protein Lipid Carbohydrat
Myelin ’ ' 18 79 IR 3
Mang bao tu&ﬁé o »

Héng cAu ngudi 49 n 43 8
Gan chudt A 44 : 52 4
Amip o 54 42 4
Mang trong ty thé - | 76 o .24 0
Diép lucté 70 30 0

(rau spinach)

- Ty 1é thanh phén proteln va lipid thay d6i rat khac nhau giita cac loai
mang: mang trong ty thé c6 76% la protein va 24% la lipid, mang myelin chi cé
18% la protein nhung ty 1é lipid cao 79%. Carbohydrat dic biét phong phu
trong ming bao tuong cua t& bao c6 nhan nhung lai khong c6 & mang trong ty
thé, hat diép luc. Glycoprotem khoéng ¢6 trong tat cAd cidc mang ctua t& bao
khong nhén. - : :

1 2 Cau truc cua mang té bao

Mic du thanh phan héa hoc ¢6 thé khac nhau, cdc mang sinh hoc déu

duge c&u tric trén cd s mot mAu hinh chung.
1

1.2.1. Nghién citu ciia Gortner E va Grendel F ( 1925) |

Chiét xudt lipid cia mang hdng cdu véi s§ lugng hong cau nhat dinh. Tu
lugng lipid thu dude, cac 6ng trai ching trén bé mit dung dich nuéc. Trong
didu kién nay, phospholipid mang hinh thanh mot ldp phén ti duy nhit: cac
nhém chic cia dau ua nude huong vao trong nuéc va cac dudi ky nudc ngudc
vao trong khong khi; dién tich ctia 16p ddn phén ti nay (monolayer) xAp xi gip
2 lan d1en tlch cua tong sO mang hong cAu duoc tach Bd1 v1 hong cau khong co

bdi mét 16p kép (bilayer) néi ti€p nhau.
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Khong khi

' Hinh 13.2. Lép don lipid
dudc hinh thanh trong nghién clru-
cua Gortner & Grendel

Nhiing thi nghlem tiép theo cho thay cac phan ti phosphohpld khi-dugc
phén tan vao dung dich nudc s& ty hinh thanh hosc- nhung tdm kep hoic
nhu’.ng tal kin ma thanh tai 1a 16p kép phosphohpld Két qua nay x4y ra véi
cac loai phosphohpld tinth khiét va véi nhung hén hdp 11p1d giéng nhu da t1m
thAy trong cac mang tli nhlen v

1.2.2. Mé hinh chung ciia cdu tric cdc mang sinh hoc

- Vao. d4u nhiing nam 1970, Singer SJ va Nicolson GL da dua ra “mé
hinh khdm léng” (fluid mosaic model) ciia mang t& bao gém mot 16p kép
phospholipid c6 cac protein xuyén mang va protein ria mang.

— Lop kép phospholzpzd (phospholzpzd bilayer) 1& don vi ciu tric cd ban
cua mang sinh hoc. Phan tu phosphollpld 12 phan td phan cuc: mot phan ky
nudc va mdt phan wa nuéc; néh méng tao nén mang sinh hoc la tac dung ky
nudc cua cac chubdi acyl cua acid béo trong phan ti phosphohpld vi tac dung
nay dan dén su hinh thanh ldp kép phosphollpld mdt tAm gbébm 2 ldp phéan tu
- phospholipid néiti€p nhau- vacic nhém cta diu phan cuc huéng vé bé mit cb
nuéc bao quanh chudi acyl sé hinh thanh néi tiép phan ky nuéc bén trong
(phén giita cta ldp kep phospholipid).

Hinh 13.3. Mo hinh 16p kép
phosphollpld (phosphollpnd
bilayer) clla mang sinh hoc  L3i ky aude

- Cdc protem mang 's& lien két véi mang theo cac phlidng thic khac nhau
va phan anh cac chiic nang khac nhau trong t& bao: mét s protein chi lién két &
b€ mit mang, mot s protein c¢6 nhiing viing dugc chén vui trong mang va cb
nhiing viing khac nhd ra phia ngoai mang, mot sé protem béc cdu qua mang tu
mét ngoai phia nay sang mit ngoai phia d5i dién ctia mang. Duya vao sy lién két
nay, protein mang dirgc chia thanh hai 1641
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~ + Protein xuyén mang (integral membrane protein): goi la protein bén
trong (intrinsic protein), chi€m 70-80% protein mang, hau hét protein lién két
xuyén mang khéng hoa tan trong nudc. Protein lién két xuyén mang c6 mdot
ho#c nhiéu hon nhiing viing duge kham vao trong 16p kép phospholipid theo
m6 hinh kham 16ng (fluid mosaic model of membrane): mang t& bao 1a hé
théng 16p kép phospholipid & trang thai léng va cac phén tl protein dudc
kham hoic nhiing vao d6 véi mic d6 nong sdu khac nhau. Theo mo hinh nay,
¢6 thé hinh tuong héa: mang t& bao 13 mot bién 16ng lipid, trong d6 cac phén
tli protein nhu nhiing ci lao trong bién 1dng (protein as islands in fluid sea of
lipids). C6 3 loai lién két giit cho protein xuyén mang kham vao trong 16p kép
lipid: (1) tudng tac ion gilta nhiing acid amin c6 cuyc cua protein v6i nhiing
nhém & diu phan cyc cta lipid, (2) lién két ky nudc gitia nhiing goc acid amin
ky nudc cta phan ti protein véi chudi acyl cta acid béo § phén 16i lipid mang,
(3) lién két dic hiéu ctia protein véi nhiing cdu tric xac dinh cua lipid mang
(vi du: nhiing vung cé cholesterol hay phtc hgp glycolipid).

Phan chira cac nhém phan cuc
Hinh 13.4. M6 hinh vé sy tuong tac cla

protein xuy&n mang va protein ria mang
vai 16p kép lipid mang

Phan chifa nhimg

nhém ky nudc Protein lién két

Proteinria  Xuyén mang
mang

Protein xuyén mang lién két chit ché véi mang va rat khé tach chiét,
phai diing nhiing tic nhan manh c6 kha ning pha v& cac lién két cuia protein
véi phan lipid mang theo co ché: tac nhan pha v& (bao gdm: triton X-100,
sodium dodecylsulfat-SDS, sodium deoxycholat,...) sé thay thé& chd ctia phin
~ lipid d€ tudng tac véi phin ky nudc ciia phan tii protein.

L A by e N 2 . . A R
Protein xuyén mang chu yéu la cac protein enzym, protein van chuyén,
protein khang nguyén, protein nhan dién,...

+ Protein ria mang (peripheral membrane protein): goi 1a protein bén
ngoai (extrinsic protein), chi€ém 20-30% protein mang. Protein ria mang khéng
lién két tryc tiép véi phan 161 ky nudc cla phospholipid mang; ching gn véi
mang hodc gian tiép bdi lién két v4i nhiing protein xuyén mang (lién két dic
hidu protein-protein), hogc truc tiép bdi lién két v6i nhiing nhém cta dau phan
cuc cua lipid mang (bao gdm nhitng lién ké&t ion hosc cac lién két y&u khac).
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’ 'Hau hét cac protem ria mang khu trd é mit ngodi mang bao tudng cua t&
bao glong nhu mét s& protein ctua 16p 4o glycocalyx. Protein ria: mang la. cac
proteln caa nhling enzym khéng lién két mang, protein ¢iia cic ciu tric sgi va
ong sidu vi ndm duéi mang bao tuong te bao. x -

i — Tmh long cua mang

+ Ldp doi phosphohpld hmh thanh tlnh long ha1 bac cua mang te bao
lipid c6 chudi acyl cua acid béo mach ngan hoéc khong bdo hoa c6 su chuyen
dich phase & nhiét d6 thap hdn so véi hpld ¢6 chubi acyl cta acid béo mach dai
ho#c béo hoa, bdi vi: chudi acyl mach ngén ¢6 dién tich bé mit nhé hon dé hinh
thanh lién két Vander Waalls v6i cac phin tu khéc va chubi acyl khéng bao
hoa c6 nhiing diém uén nén cé khuynh huéng chap nhan trang thai 16ng ngiu
nhién hon va hinh thanh lién két Vander Waals kém viing bén véi cac phan ti
khac, tao phase 18ng d& dang hon

.L.dp"kep lipid o Lép kép lipid
c trang thai gel : . d trang thai |6ng

Hinh 13. 5 Cac trang thal thay dm cua Idp kep phosphohpld mang t& bao

Mang té& bao chia dong vat va vi khuén cé ty 18 cac acid béo khong bao hoa
nhiéu hon so véi acid béo bao hoa, bdi vay mang té& bao cé su V11ng bén cta 16p
kép lipid & trang thai 16ng tai nhiét d6 thép. =

Oligasaccarid = . e Protein .
N ’ ' Glycolipid ~ riatnang

Protein lién két
. xuyén mang
Phan ua nudc cla

Glycoprotein

. phospholipid
Chudi acyl ;
clia acid béo o
LAp kép
.- phospholipid

Phan ky nudc

Protein lién két - :
xuyén mang Protein ria mang
Bao tuong ) - i ‘ - Dk

Hinh 136, M6 Hink cHORG V& €40 trie c0a cac mang sinh hoc
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+ Cholesterol 13 mot yéu t8 quyét dinh tinh 1éng cia mang t&€ bao. Phan
ti cholesterol ném xen ké trong 16p kép phospholipid. Vong steroid lién két véi
cac chubdi acyl cua acid béo va c6 khuynh hudng'co' dinh chiing, giéi han sy
chuyen dong ngiu nhién cha cac chubi acyl cia acid béo nim gin nh4t, ngan
can cac chudi acyl lién két v6i nhau, phong ngita su chuyén doi tu trang thai
long sang trang thai gel dic. Mt khac, cholesterol c6 tac dung g1am tinh 1ong
xay ra neu mang t& bao & nhiét d thap hon.

Tom lai, tinh 1éng cta 16p kép phosphol1p1d phu thudc vao thanh phan
lipid, néng do6 cholesterol va nhiét d6 mdi trudng.

2. VAN CHUYEN CAC CHAT QUA MANG BAO TUGNG TE BAO

Nuéc . H,0
co,
Cac chat khi  N:
o)

2

. Céc phan tir phan cuc
khéng mang dién, Ure
TLPT thép Ethanol

Céc phan tlf phan cuc

khéng mang dién, Glucose
TLPT 16n
K' Mg* ca®
Cac ion ClI' HCOy
HPO,>
Cac phan tir Amino acid

cyc mang dién tich  ATP*
Glucose 6 - phosphate

‘Hinh 13.7. Tinh thdm cGa mang phospholipid tinh khiét

Su tén tai cta t€ bao phu thude vao sy thim nhting chét can thiét tit moi
trutdng bén ngoai vao t& bao va loai trit nhiing chat chuyén hoéa cin ba ra ngoai
t& bao. Mang bao tuong t& bao déng vai trdo nhu mét mang ngan ban thim gida
t& bao v6i khu vuc ngoai t& bao. Tinh th4m nay cé tinh chon loc cao va cho
phép t& bao giii viing méi truong bén trong hing dinh cta né.

Mot mang nhéan tao tinh khiét chi c¢6 phospholipid hoic phospholipid va
cholesterol c¢6 kha nang cho qua nudc, cac chat khi (O;, CO,, Ny,...) va nhiing
phén t thudc loai ky nuée c6 TLPT thdp, khong mang dién, tan trong nudc
(ethanol,...); khéng cho qua hau hét cac phan ti tan trong nuéc nhu glucose,
glucose-6-phosphat, ATP, nucleosid, acid amin, protein va cac ion (H*, K*, Na’,
Ca?,...). Viéc van chuyén cac phan td va ion niy qua mang cé.n dén nhitng
phan ti van chuyén (goi 1a chat mang=transport molecule) nim 6 mang t&
bao. Hai co ché van chuyen dé cho phep cac chit qua lai 6 mang bao tuong t&
bao: van chuyén truc tiép va van chuyén theo cd ché& néi nhap-ngoai xuit.
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2.1. Su van chuyén trye tiép

Su van chuyén truc tiép cac ché.'t qua mang t& bao thuc hién theo cac
hinh thdc: van chuyén thu déng bao gom khuyéch tan don thuan va khuyéch
tan tang cudng, van chuyén tich cyc. :

2.1.1. Khuyéch tan don thuan ZoT

Cac phan ti nhd, tan trong nude dudc hoa vao 16p kép. phosphohpd di
qua 16p nay @& hoa tan vao dung d1ch nuéc 8 ph1a bén d6i dién ctia mang. Su
khuyech tan nay ty 16 thuan véi gradient nong dé co chat (chat dude van
chuyén) & hai ph1a cua mang, khéng phu thuoc vao sy cé6 mit cua cic chat

khac va khi nong dd co chat 6 hai bén bé mit cua mang bang nhau sé dan dén

trang thai cAn bang. Gia st c6 mot mang clia ving A véi d6 day 1a Ax, hai bén
mang c6 hai dung dich chat tan véi ndng d6 C,, C, va C, > C,. Trong diéu kién
nay, téc do khuyéch tan dudc tudn theo dinh luat Fick: téc d6 khuyéch tan J =
dn/dt (mol/giay') 12 ty 1é thuin véi gradient nong d6 dC/dx qua mang (mol/cm?)
viC la nong do tinh bang mol/cm va x 1a khoang cach pha1 khuyech tan qua
mang tinh bing cm. :

dn ac AC  -DA(C,—C,)
— =J=-DA— =-DA=— = —
dt » dx | Ax Ax
Trong d6 D = héing s& khuyéch tan
AC C]_ - 02
Ax Ax )

Duag dich 1 Dung dica 2

(b)
,—C2=AC

Noug 390 chat an C.

Ax D¢ diy clia mang

T6c 36 vin chuyén —p

Gaadient adng do bt

Hinh 13.8. Khuyé&ch tan don thuan céac chat qua mang bao tuong té bao

Tém lai, van chuyén duéi hinh thic khuyéch tan don thudn dude thuc
hién do su chénh léch vé nong d6 chat tan 6 hai phia cia mang. Hudng vdn
chuyén: tit noi c6 néng dé cao hay dién thé& cao dén ndi c6 néng d6 thap hay
dién thé thap hon, khéng cin phan tng héa hoc va ning ludng chuyén héa.
Téc dé khuyéch tin-ty1é-thudn-véi-dé-chénh néng d6 hodc dién thé& cta chat

211




duge van chuyén & 2 phia clia mang va khi ndéng dé ctia chit dudce van chuyén
d hai bén bé mat cua mang bang nhau sé dan den trang thai can bang, khong
cé sy tich luy cac chét. Piéu gidi han téc do van chuyen 1a su chuyen doi caa
chat dudc van chuyén tit dung dich nudc vao trong- phan ky nIIdc cua ldp kep
phosphohpld mang; do vay téc d§ khuyéch tan ty 1é thuan véi kha ning ky
nudc cua chit khuyéch tan (chit duge van chuyén), néi cach khac hing s6
khuyéch tan D phu thudc vao ban chit cua chit khuyech tan (do hoa tan trong
m3, d6 16n va dd ion hoéa ctua phén ti chét khuyéch tan, mang t€ bao ludn
‘ man'g dién tich (- ) nén cac ion héa tri 1 qua lai dé dang hon). Gia tri cia D khi
khuyech tan qua mang phosphohpld la 100 d 1000 lan thap hon khi
khuyéch tan nhung phan tu giong nhau trong nlmc bdl vi mang t& bao co do
nhdt 12 100 dén 1000 lan hdn nude.

Khuyech tan qua mang dugc. thuc hlen bdl do chenh nong do thu dudc
ndng Iigng tu do ¢6 gia tri 4m 16n. Vi du: van chuyen 1 mol co chat tu dung
dich 1M dén dung dich 0,1M — c6 d6 chénh ndng d6 10 14n hon, gidi phéng
1359 calo ctua nang lugng tu do (25°C), ngudc. lai, van chuyén 1mol co chit
chong lai gradient néng d6 nhu trén sé phai cdn 1359 calo.

Dinh luat Fick khong ap dung cho cic phén ti mang dién. Su khuyéch
tan cta cac phéan ti tich dién qua mang (ngay ca d6i v6i nhiing mang cé tinh
thdm véi ion) dude xac dinh khong chi bdi gradient néng dd ma con bdi bat ky
gradient dién tich nao c6é thé tdn tai khi qua mang. Su ‘khuyéch tan cia mbi
ion nhu Na* déu kém theo su chuyén doi cia mét ion mang dién tich trai ddu
nhu CI. : :

2.1.2. Khuyéch tdn tdng cuong

~ Khuyéch tan ting cudng cin protein van chuyén hay chit mang 6 mang
t& bao, goi 1a permease. Khuyéch tan ting cudng c6 nhiing dic tinh sau:

- Téc dd van chuyén clia chit duoc van chuyen 16n hon rat nhiéu so véi t6c
d6 khuyéch tan ddn thuan.

— MB3i protein van chuyen chi dung cho mét loai phén ti hay ion, hodc mét
nhém phan ti cé lién quan mat thiét véi nhau.

— Khuyéch tan ting cudng cé tdc d6 van chuyén tdi da: khi d6 chénh ndng
dd cuaa cac phan tl qua mang thap thi néu ting d6 chénh néng d6 sé dan dén
su ting tudng tng cta téc dé van chuyén qua mang, t6c d6 nay sé dat cuc dai -
khi gradient néng d chat qua mang trd nén cuyc 16n. Déng hoc ctia sy khuyéch
tan tang cudng c6é thé mé ta nhu phuong trinh dung cho nhitng phan dng héa
hoc don gian dugc xuc tac bdi enzym

Km Phuc hgp Vmax
Sgoai + Permease *—— (S—Permease) ———» Strong
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S = ¢d chit van chuyén. ,
K, = hing s§ hinh thanh phiic hdp S-permease

A e A R
Vimax = t8c d0 t61 da ciia su van chuyén

Téc d0 vaa chuyén —— 2

Kin
Néag d co chat & bén ngodi ——>

P Sy vn
{Permease) chuyen Vmax

Hinh 13.9. Khuyé&ch tan tang cudng cac chat qua mang bao tuong
Vén chuyén glucose vao trong & bao hong cau:

Nang lutdng dudc san sinh ti cac chuyén héa & héng ciu phu thuﬁc vao su
cung cdp hing dinh glucose tu huyet tudng. Glucose vao trong hdng ciu theo
con dudng khuyéch tan tang cudng v6i sy tham gia cua permease dic hiéu véi
glucose & mang héng cau. D6 13 protein xuyén mang c6 TLPT = 45.000 Nho
chit mang, glucose vao trong t& bao véi téc d6 16n. gap 50.000 14n so véi toc. do,
khuyéch tan khong c6 chat hd trg qua 16p kép lipid mang. Yéu td van chuyén
13 dic hiéu véi D-glucose va Km 14 1,5 mM. Véi nhiing chét tuong tu nhu D-
mannose hay D-galactose gia tri Km thay d8i 1a 20 va 30 mM, tudng tu véi L-
glucose thi Km vugt qua 3000mM. Do vay, sy van chuyen cua glucose cua
mang héng ciu cho thay cé 3 dic dlem cla su van chuyen thu dong nay: téc dd
cao cua su khuyéch tan nhim lam gidm gradient nong d3, kha ning bdo hoa
va tinh dac hiéu.

Su trao déi anion & mang héng cdu trong vin chuyén CO, ti cdc mé dén
phoi: o '

Tai mé, néng d§ CO, ting do dugc tao ra tit cac chuyén héa vao mau va
dén héng ciu tao nén bicarbonat (HCOa) nho enzym carbonic anhydrase.
HCO, trd lai huyét tuong, dudc van chuyén dén pho1 HCO; c6 kha ning hoa

tan trong huyét tuong nhiéu hon CO, nén nhd cach nay kha ning van chuyen
CO, tit cac md dén phdi sé ting 1én rat nhiéu.

Tai phéi, HCO; tit huyét tuong vao hong ciu va bi phan ly duéi tac dung
cua carbonic anhydrase tao CO, dé vao phdi va dao thai. Nhu vay, su van
chuyén HCO, 1a mot yeu cAu thiét yéu, su trao d6i HCO, 1a sy trao d6i hai
anion Cl, HCO, vi c¢in permease = 13 mo6t protein lién két xuyén mang. Mot
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1on HCO; dudgc chuyen qua mang thi mét ion Cl dudc van. chuyén theo huéng
ngtidc lai. K&t qua cta van chuyen cap doi nay sé khong lam thay d6i dién tich
& hai phia cia mang hdng cdu. Sy van chuyén cip d01 cua HCO3 va Cl 12 bat
budc. D6 14 hé théng ddng van chuyén (cotransport). s

Tai cac mod ngoai vi
co, ap luc CO, cao 0, co, o,
ap luc O,thap .

‘Hemoglobin

Carbonic H ¥ 2l 'R

anhydrase '/ 7 ¢

CO, + HO et .c 1l
Hco, N

N/

Carbonic  H*
CO wHO anhydrase +

Ban Van chuyén Van chuyén
. (chgyérr:) cung chiéu dsi chiéu
{(unipo ‘ )
Béng chuyén

Hinh 13.11. Cac hinh thirc van chuyén cac chat qua mang té€ bao
(don chuyén va déng chuyén)

Neu hai chat dugc van chuyén tit hai phla do61 dién nhau thi d6 1a qua
trinh vin chuyen d6i chiéu (antiport) va néu hai chat duge chuyén ddi cling
mot phia cia mang thi- g01 13 qua trinh van chuyén cliing chiéu (symport)
(H1nh 13.11). Sy van chuyén chi xay ra véi moét chdt nhu truong hgp van
chuyén glucose thi goi la ddn chuyén hay van chuyén mét chét (uniport).

2.1.3. Van chuyén twh cwc :

Van chuyen tich cuc doi haéi chat mang va ning luong chuyén héa, hucng
van chuyén co chat ngudc véi @6 chénh ndng a6 hoxc dien thé. Van chuyén tich
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cuc sé& dan dén két qua 1a c6 sy tich lu§ mot chit.hoa tan 6 mét phia cia
mang. Su van chuyén tich cuc 13 khong thuéan 1¢i vé& nhiét déng hoc (thu ning
lugng) va chi xay ra khi di kém hodc truc tiép hoic gién ti&p véi mot qua trinh
phat nang lugng nhu su h&p thu ning lugng anh sang mit troi, cic phyén ing
oxi héa, sy phan huy ATP hay dong van chuyen xay ra dong thoi ctaa nhting
phan @ng héa hoc din dén gidm dd chénh nong dd cta chit duge van chuyen
Trong van chuyen tich cuc nguyén phat, sy tich tu chit dugc van chuyén di
kém truc ti€p véi mot phan tng phat nang (vi du: sy phén huy ATP thanh
ADP + P, ). Van chuyen tich cuc thd phat xay ra khi sy van chuyen thu nang
(ngugc dong uphill) ca mot chit hoa tan duge di kém véi dong van chuyén
phat nang (xu01 dong = downhill) ctia mét cha't hoa tan khéac ma chét nay da
duge van chuyén ngudc dong trudc d6 bdi mot qua trinh van chuyen tich cuc
nguyén phat.

Tri s6 ning lugng cin thiét dé"vén chuyén mot chit hoa tan chéng lai
gradient c6 thé tinh duge dé dang tir gradient néng d6 ban ddu. Phuong trinh
téng quat bidu thi su bién thién nang lilgng tu do trong cic phan ting héa hoc
bién chat S thanh chat P la:

AG = AG° + RT Ln [P)[S] Q)

Trong d6 R 1a hing s6 khi 8,315 J/mol. K va T 1a nhiét d6 tuyét d6i. Khi
“phan tng” 14 su van chuyén don thudn clia mot chit tan tit ving cé ndng dd
C, d&n ving c6 néng d6 C, khéng cé lién két héa hoc nao duge tao ra hay bi
chat dat thi su thay d8i ning luong tu do chudn AG°la 0 va su bién thién nang
luong tu do trong quéa trinh van chuyén chit tan la:

AGqy=RT Ln [Cy/Cy] | (@)

Phuong trinh (2) 4p dung véi nhiing chit tan khong mang dién tich. Khi
chdt tan 14 ion, ning ludng cin thiét cho su chuyén doi né phu thuéc vao hiéu
thé& dién ti qua lai mang ciing nhu sy khac nhau vé néng d§ héa hoc ctia ion —
goi 12 hiéu dién thé& héa (electrochemical potential):

AG;=RT Ln [C)/C,] + Z f Ay 3)

Trong d6 Z 14 dién tich cta ion, f 14 hing s6 Faraday bing 96.480 J/Vmol
va Ay 1a hiéu thé dién t& ca mang van chuyén (volt). Hiu hét cac t& bao déu
c6 d6 chénh ion 16n hon 10 I4n & mang bao tudng va cac mang khac trong t&
bao. B&i vay, d6i véi nhiu t& bao va md su van chuyén tich cuc chi y&u 1a qua
trinh st dung néng lucng

Co ché cta su van chuyén tich cuc glu tdm quan trong trong sinh hoc,

cin dén chat mang ciing ning luong chuyén héa va huéng van chuyén ngugc
v6i gradient néng do ho#c dién héa.

2.1.3.1. Vén chuyén tich cuc nguyén phdt: vi du sy van chuyén cip d6i dsi
chiéu Na* va K*. [Na*] trong t& bao < [Na*] ngoai t& bao va [K'] trong t& bao >
[K*] ngoai t& bao, tuy nhién su van chuyén Na* va K* qua lai mang t& bao
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khéng phu thudc vao dinh luit cdn bing Donan: Sy khéng cin bang vé ndng
d6-ciia-cac-ion nay ¢ -hai bén mit cia méng t& bao dudc: thié't lap va ton tailas
nho hé théng van chuyén tich cuc ¢6 6 mang t& bao bao gom enzym Na'K*-
‘ATPase di kém v6i sy chit-dit lién két-gidu ning luang trong ATP dé chuyén
doi dong thoi hai ion Na*va K chong lai @6 chénh nong do. Ung véi su chit
dtt lién két trong phan ti ATP dé thanh ADP va Pi § mang t& bao, s& cb su
van chuyén hai ion K* vao trong t& bao va ba ion Na* ra ngoai t& bao.

‘ Enzym Na'K*- ATPase 1a mot pi‘otein xuyén mang dimer, mdi monomer
gbm 2 tiéu don v1 (1) tiéu don vi nhdé c6 TLPT=50.000 Da, ban chit 1a
glycoprotein; (2) tiéu don vi 16n c6 TLPT=120. 000 Da, ban chét 1a polypeptid
chtta vi tri xiic tac sy phan huy ATP (Hinh 13.12).

Na*K*-ATPase tén tai 2 trang thai: (1) trang thai I — dang khu
phosphoryl, c6 ai lic cao véi Na* va ai luc yéu vdl K*, (2) trang thai II — dang
.phosphoryl hoa c6 4i Iuc cao véi K* va ai 111c yéu véi Na*. Chu trinh hoat dong
ctia ATPase dugc thiét lap gitia hai trang thai nay.

(1) Hinh thanh dang phosphoryl héa cua enzym:
ATP + Enz; —> ADP + P- Enz;
(2) Thuy phan phosphoenzym:
P- Enz; + H,O — Enz; + ADP +Pi
Tém lai ta cé: 4
ATP + H,O — ADP + Pi

2 vitricho K’

: Ohgosaccharld 3Na'

Tidu ddn vi lén +
3 - Na .
Tiéu don @ Gradient néng dd

vi nho

Vi tri xtic tac su 3vitri Gradient néng do

thdy phan ATP

ATP ADP +P cho Na” ) K ATP ADP +P,

@ | - (b)
Hinh 13.12. C4u truc va chlc nang clia Na*K*-ATPase

(a): cAu tric phan tir — chubi I6n déng vai trd van chuyén ion, cé 3 vj tri cho Na* va 2 vi tri cho K*, ¢6 1
phan tir ATP gan & bé mat tiép xtic véi béo tuong.

(b): su phan giai ATP kém v&i su van chuyén 2 ion K* vao trong té bao va 3 ion Na* ra dich gian bao

Theo c¢d ché duge thita nhén, qué trinh van chuyén cac ion Na* va K* qua
mang bao tlidng t& bao duge bt dau bang su gan 3 Na* vao.céc vi tri cé a1 luc
cao trén tiéu don vi 16n cta protein van chuyen G bé mét bén trong ctia mang
t& bao. Tiéu don vi 16n ndy ciing. cé. vi-tri gin véi ATP Su phosphoryl héa
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protein van chuyen lam thay d8i trang thai cta né va ai lyc v6i Na* bi g1am
din dén ké&t qua la Na* dudc giai phéng & mit ngoai ciia mang bao tuong t&
bao Tiép theo 2 K* dugc gin vao vi tri ¢6 ai luc cao v6i né tren mat ngoa1 cua
tiéu don vi 16n. Enzym van chuyen bi khi phosphoryl két qua 1a ai lye cua né
vdl K* g1am va K* dudge chuyen vao trong t& bao. Phan ti protein van chuyén
sén sang bit ddu chu ky mdi clia hoat dong bom Na*va K*.

Sy van chuyen tich cuc Na* va K* qua mang bao tu0ng £& bao c6 y nghia
quan trong d6i véi t& bao vi su vAn chuyén giy nén su phan ly dién thé & mang
t&€ bao, bén trong ctua t& bao cé dién tich 4m hcin bén ngoai t& bao, hiéu dién
thé van chuyén mang 14 50-70 mV, diéu nay la cin thiét cho su din truyén cac
xung dong than kinh va cac hoat dong sinh 1y khac ctia t& bao: van chuyen
nuéc dé duy tri hinh dang t& bao, van chuyén céac chit dinh dudng nhu acid
amin; glucose (Van chuyén tich cuc thu phat)

Tém lai, su van chuyén tich cyc Na* va K* qua mang bao tudng t& bao cb
¥ nghia quan trong: tao dién th& khac nhau 6 hai bén bé mit cta mang, dan
truyén Xung dong dién than kinh, van chuyen nudc duy tri hinh dang t& bao,
van chuyen cac chit dinh dudng nhu acid amin, glucose (van chuyen tlch cuc
thi phat).

Bao tudng " Mang t& bao Gian bao
- 3.Na".E - (P) - > 3.Na'
Hinh 13.13. Qua trinh - |ADP \
_hoat déng clia bom L ATP N
Na*K* - ATPase . 3.Na*.E : -(P
3.Na* _—— 2K*
A
2 k1€ g E - (P) - 2K
(P) ' #

2.1.3.2. Van chuyén tich cuc thi phdt

— Van chuyén glucose tit 1ong rudt vao t& bao riém ban chai cha thanh
rudt: trong cac t&€ bao niém mac rudt, glucose va mot s6 acid amin sé& duge tich
luy trong t& bao nhd sy van chuyén cing chiéu véi Na*, sit dung gradient Na*
dugc thiét 1ap véi sut tham gia ciia Na*K*ATPase.

Su van chuyén glucose tit 1ong rudt vao céc te bao riém ban chai cta
thanh rudt thyc hién nhd protein dong van chuyen clng chiéu dic hiéu
glucose Na* (glucose Na* symport protein) c6 & mang t& bao. Trong hé thong

nay, su van chuyén qua mang cta glucose 1a sy van chuyen cap doi ket hgp
bt buoc (obhgatonly coupled transport) véi su van chuyén cia Na*, :
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 Nbéng do Na* trong 16ng rudt cao hon rit nhiéu so v6i nong 46 Na* trong
t& bao thanh rudt nén huéng ctia phan tng theo chiéu sang phai méc du nong
d6 glucose trong t& bao cao hon trong long rugt. T& bao da st dung do chénh
Na* duge san sinh nho bom Na'K'-ATPase dé van chuyén glucose chéng lai
gradient néng d6 cua né. Hé théng dong van ochuyén cung chiéu acid amin —
Na* cling tuong tu, né st dung gradient Na* dé dua acid amin ti long rudt vao
trong t& bao. S -

- Ngudi ta luu y rdng nbéng d6 glucose, acid amin & trong t& bao dudc thiét
1ap nhd sy déng van chuyén ciing chidu va ciing c¢6 thé do su khuyéch tan ra
ngoai t& bao (vao mau) gy nén bdi sy khuyéch tan ting cudng. Két qua 1a su
chuyén ddi ctia cac ion Na', acid amin va glucose tit long ruét qua t& bao niém
mac rudt dé vao mau. Cac lién két néi cac t& bao niém mac rudt véi nhau da
ngan ngita dude cic phan tu nhiing chat trén khéi sy khuyéch tan trd lai long
rudt. Tém lai, sy van chuyén glucose va acid amin qua cac t€ bao niém mac
rudt duge thuc hién nhd sy phan huy ATP trong t€ bao. Su cip doi cia qué
trinh phan huy ATP véi qua trinh van chuyén vao trong té& bao cua glucose va
Na* 13 gian tidp, su phan huy ATP dudc st dung truc tiép cho viéc tao nén
gradient Na* va gradient Na' nay 1a ngudn néng lugng dé van chuyén glucose
va acid amin (dac biét 12 nhiing acid amin c6 goc R nho, nhu alanin).

Mau ‘ T& bao niém mac rudt Long &ng rudt
T Glucose thifc an
Na' ca &y‘ = Na’ cao
‘K' thap .
Glucose

permease

Glucose Glucose

Na;
Na'
Na'K' - ATPase

Protein déng
van chuyén

K Glucose - Na°

2« Mang nhung mao

Hinh 13.14. Van chuyén glucose tir Iong ruét vao t€ bao niém mac rudt
(déng van chuyén cling chiéu)
Trong van chuyén ciing chiéu, su chuyén doi cia mot co chéit (thuong 1a
Na*) vao trong t& bao theo chiéu xudi phu thudc do chénh néng d% di kém véi
su chuyén ddi cung chiéu hudng vao trong t& bao cua mdt co chit khac nhu
glucose dé chong lai gradient.nhé hon. Sy vin chuyén d6i chuyén (antiport) 1a
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mot qui trinh tucng tu nhung cing véi sy chuyén doi vao trong té€ bao cia Na*
la su chuyén doi bit buoc ra ngoai t& bao ctia chat khac. :

Na* .+ X

X 1a chat van chuyén ra ngoai t& bao chéng lai d6 chénh néng dé.

> Na trong + Xngoél .

ngoin trong

Mbt hé théng van chuyén d6i chuyen quan trong la su van chuyén ion
Ca®* cua t€ bao co tim.

‘ > + 2+
Na ngoai + Ca trong 4—'—"'—‘ Na trong + Ca ngoai

Su van chuyén d6i chuyén trén lam gidm ndéng d6 Ca?* trong t& bao cd
tim. Trong hau hét cac t& bao cg, su ting ndng d6 Ca®" gy nén co rit cd. Béi
vay, hoat dong ctia hé van chuyén nguge chifu Na*Ca?* lam gidm tin s6 co cd
tim. Enzym Na’K*ATPase cia mang bao tudng cua té& bao co tim tao nén do
chénh Na' vi né dude st dung lam nguén van chuyén Ca? ra t& bao. Bom
Na'K*-ATPase va hé théng van chuyén ddi chiéu Na* Ca®" tén tai theo moi
huéng 8 bao tuong cta t& bao co khéng gidng nhu Na*K*-ATPase khu trd trong
t€ bao niém mac rudt chi theo mét hudéng (hudng vao 1ong rudt). :

Na' Ca®

antiport . Ca¥

Hinh 13.15 . Van chuyén Ca?*
va H* ra ngoai t&€ bao

(d6ng van chuyén dsi chuyén)
Van chuyén déi chiéu Na*Ca?* va
Na*H* clla mang t€ bao dugc s&r
-dung-dé-bom-Ca?* va-H*tlr bao
tuang ra khu vuc ngoai té bao. Sy | aH
van chuyén nay diing nang lugng  antiport

Na' K’ - ATPase

tang trit trong do chénh néng dd
Na* sinh ra bdi bom Na*K*-ATPase

Gradient nong d6 Na'

Céac thudc nhu ouabain va digoxin lam ting co co tim va dude st dung
trong di€u tri suy tim. Tac dung d4u tién c@ia nhiing thudc nay la dc ché
Na*K*-ATPase, din dén lam ting Na* trong t& bao. V6i gradient néng d6 Na*
thép, chiic ning clia hé van chuyén nguge chidu Na* Ca?* kém hiéu qua, do
vay ion Ca?* dugc van chuyén tit t& bao ra gian bao bi gidm, ndéng dé Ca?* trong
t& bao tang va kich thich co cd nhiéu 14n hon véi cudng dé manh hon.

Mang bao tucng t& bao ciing c6 hé thoéng van chuyén déi chiéu Na*H*
déng vai tro quan trong trong diéu hoa ndng d6 H* cﬁa bao tudng. Ion Na* vao
trong t€ bao (vAn chuyén xudi dong theo gradient néng do) gy nén sy van
chuyén cap d6i cudng btlc cua proton ti bao tlidng ra ngoai t& bao (Hinh
13.15). Dé pH bén trong t& bao va khu vic ngoai t& bao cia co thé ddéng vat la
nhu nhau (pH ~ 7,0) t& bao cin ning lugng thudng xuyén dé bom céc proton ra
ngodi t& bao. Chuyén-héa-glucose-trong-didu-kién y&ém khi san sinh carbon

219




dioxid (CO,) va né dudge hydrat héa thanh acid carbonic (H, COa) Nhiing acid
yeu nay phén ly tao ra cac protonva cac proton nay khong duge thoat ra khéi
t& bao sé lam pH cua bao tuong giam nghlem trong Bdi vay, su van chuyén
doi chiéu Na* H* dong vai tro quan trong dé chuyén ddl proton qua thua sinh
ra trong cac chuyén héa trén. - :

2.2, Van chuyén theo co che endocytos1s va exocytosis

Su trao d8i chét cta t& bao véi moi trudng xung quanh khong chi d01 v6i
nhiing phéan t& nhé nhu cac ion va monosaccarid, acid amin,... ma con doi véi
nhting phén ti 16n dic biét nhu proteln

T& bao tiét ra, cac loai proteln khac nhau (vi du hormon peptld protein
ctia huyét tuong,...) va protein cdu tric ngoai t& bao (Vi du: collagen) bb1 mot
qua trinh goi la exocytos1s (ngoal xuat) d6 1a su hgp nhét cac tai trong t& bao
v6i mang bao tuong cua t& bao roi giai phong cac thanh phin trong tdi ra méi
trudng xung quanh té bao. Mot qua trinh khac ma nhd no, cac t& bao lién két
va dua vao bén trong bao tudng nhiing phén tu 16n va céc tiéu thé tit khu vuc
ngoai t& bao lién quan dén co ché endocyt051s (ndi-nhap). Trong qua trinh
endocytosis, receptor d#c hidu & bé mit cua mang bao tuong nhan biét phan tu
3 bén ngoai t& bao va lién két véi n6é. Viung ctia mang bao tuong t& bao chia
dung phtic hop receptor - ¢d chit 1on vao trong, hinh thanh tdi (endocytic
vesicle) chita dung chat cdn vin chuyén tit bén ngoai vao trong t& bao. Tii nay
bi tan ra boi lysosom va tao nén lysosom  trang thai méi, trong d6 ¢6 cac chat
ti moi trlidng bén ngoai vao. Cac chit nay bi chuyén héa trong lysosom va tao
ra nhiéu san pham chuyén héa trung gian nhu acid amin, nucleotid,.. .Cac san
phdm nay cé thé dugc vao trong bao tudng — noi ching c¢6 thé duge hop nhat
thanh nhiing phéan tt 16n hon. Céc san pham thoai héa dugc tap hdp thanh tu
va chiu qua trinh exocytosis (ngoai- xuat) dé dao thai ra ngoai t& bao va mang
t& bao dudc tai sinh.

Yo

- Hinh 13.16. Qua trinh ndi nhap

; 1
endocytosis - excytosis . J r

\

Ngoai xuét
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Su hoa nhéap cac mang khéng don gién ma 1a mdt qua trinh phtc tap cé
su tham gia ctia y&u t6 hoa nhap ma hién nay coén chua biét ré rang. Co ché
hoa nhap mang c6 nhiéu gia thuyét dang dugc tranh cai.

CAU HOI ON TAP
1, Trinh:bay vé thanh phan héa hoc chung clia mang sinh hoc.
2. Trinh bay nhiing néi dung cd ban ctia md hinh cau tidc mang sinh

hoc (mang bao tuong t& bao)

3. . Trinh bay dac diém: cta van chuyén thu dong cac chit qua mang bao ,
tuong t&€ bao theo cd ché khuéch tan don thudn. Chovidy. ~

4. Trinh bay dic &iém chia van chuyén.thu déng cac chit qua mang bao
tuong t€ bao theo co ch& khuéch tan ting cudng? Cho vi du.

5. Thé& ndo la don van chuyén? Thé nao la déng van chuyén va ké tén
cac loai dong van chuyén? Cho vi du titng loai van chuyén ké trén.

6. Thé nao 1a van chuyén tich cuc nguyén phat" Trinh bay hoat dong
- ctia bom Na* K+ ATPase ¢ mang bao tuong t& bao.

7. Thé& nao la van chuyen tich cyc tha phat” Trinh bay qua trlnh vin
. chuyén glucose qua t& bao riém ban chii & rut non. - i 3

A

8. Phéan tfch qué trinh vin-chuyén tich cuc thu phatchasd van chuyéh"
Ca® 'va H* qua mang bao tuong te bao. - g , o

9. Trinh bay bing so db qua trinh van chuyen cac chat qua mang t& bao
theo co che nd1 nhap va ngoai xuét.
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Chuong 14 -
HOA SINH HORMON

Hormon 13 nhiing chit hitu co duge san xuit ra véi lugng rat nhéd boi
nhiing t& bao cua tuyen néi tiét. Hormon bai tiét tryc ti€p vao mau va duge
van chuyén téi cac b phan khac nhau cta co thé goi 1a co quan nhan hay co
quan dich. G d6 hormon tao ra nhiing bién d8i héa ly gitp co thé duy tri dude
sy hing dinh ndi méi.

Thoéng qua nhiing blen ddi 1y hoa tai co quan dlch hormon kiém soat cac
qua trinh chuyen héa va cac chiic phan khac nhau cia co thé: su phat trién t&
bio va mo, hoat dong ctia tim-huyét ap, su co bép da day rudt, bai tiét siia va
hé théng sinh san, chitc phan than...v.v. Nhu vay, hormon 14 mét loai tin hiéu
guia cic t& bao (extracellular signaling). Cac t& bao trong co thé séng khong
thé tbn tai doc 1ap ma cb su hdp tac, thong tin diéu chinh 14n nhau dinh hudng
cho su phén chia, chuyén héa cta t8 chic va cd thé.

6 déng vat, tin hiéu giiia cac t&€ bao c6 thé chia lam 3 loai duya trén
khoang cach gitta vi tri chat duge bai tiét va vi tri ma chit d6 thé hién tac
dung.

. — Hormon hay chét ndi tiét 14 nhiing chat hitu cd tac dong 1én nhiing t&
bao & xa vi tri ma né dudc san xudt ra (cac tuyén ndi tist). O dong vat, hormon
duge van chuyén trong mau tit vi tri tuyén ndi ti€t dén vi tri tac dung.

— Tin hiéu tai chd (paracrine signaling)' cac chit hitu cd dude giai
phéng ra tac dung ngay trén nhlmg t€ bao gan ké vdi t& bao san xuit ra nd. Su

dan truyen xung dién tit mot t& bao nay téi t& bao khac hoic tit t& bao than
kinh t6i t& bao co (gay tic ché& hoac kich thich co co) xay ra qua kiéu tin hiéu
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tai chd. Cac chdt thudc loai tin hidu nay 1a ch&t din truyén thin kinh
(neurotransmitter), hormon thin kinh (neurohormone) .s& trinh bay riéng 6
chuong thin kinh. Mic da, thin kinh va néi tiét dugc trlnh bay riéng ré,
nhung din truyén than kinh va hormon rat gibng nhau vé mit diéu hoa
chuyén héa, va trong cd thé chi c6 mét hé théng duy nhit: hé théng than kinh-
noi tiét.

— Tin hiéu ty than (autocrine s1gna11ng) t& bao dap {ing véi cac chat do
ban than t& bao d6 téng hdp va bai tiét ra. Nhiéu yeu td ting trudng (growth
factors) hoat déng theo kiéu nay. Cac te bao nudi cay thudng tiét ra cac chat
dé kich thich ban than chung phat trién va tang sinh. Cac t& bao khéi u cling
giai phong ra cac yeu t6 phat trién dé kich thich su tang sinh qua miic, khong
diéu hoa ctia cac t& bao khéi u, qua trinh nay din téi sy hinh thanh quan thé
khéi u. -

~Nhiéu yéu t6 phat trién duge coi 13 hormon (glong hormon protein).
Chiing khong do cac tuyén noi tiét san xuit ra ma dude san xuit tit cic t& bao
hosc nhém t& bao riéng biét.

Cac tuyén néi tiét chinh ctia co thé va vi tri cha chung dudgce trmh bay &
h1nh 14.1. :

Ving dudi déi
Tuyén yén

Tuyén giap
Can giap (n&m sau tuyén giap)

Tim
Da day

Thuong than
Tuy
Than

Budng tring (ni)
Rau (thdi ky mang thai)

Tinh hoan (nam)

~Hinh 14.1. Nhiing tuyén ngi tiét chinh cla co thé.
Nguodi ta c6 thé phan biét hormon néi chung véi:

~ Hormon than kinh (neurohormone) do cic t& bao thin kinh san xuit
ra va ciing bai ti€t vao mau (vi du vasopressin).

— Chét din truyén than kinh (neurotransmltter) Ciing do cac té& bao
than kinh san xuit ra, nhung khong bai tiét vio mau. ma bai tiét vao khe
synap 1a noi ti€p giap giiia nhiing t& bao than kinh va t& bao nhan dé kich »
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thich nhiing t€ bao nhan gan ké. (v1 du norepinephrin hodc acetylcholln) Tuy
nh1en norepmephrm cling. duoc san xudt boi tiy thufdng than va. bai tiét truc
ti€p vao méu vi vy cling thuoc vé horrmon theo. dinh nghia, cd dlen

Bai tist hormon ¢6 dic diém Kkhéc véi cac chat sinh’ hoe khéc (enzym cac
cha’t chuyén hoéa) 1a su bai ti€t hormon theo nhip sinh hoc; nghla la nong -do
hormon trong mau thay déi theo chu ky. Nhip sinh hoc c6 thé theo gio (LH,
testosteron), theo ngay (cortlsol), theo thang (cac hormon sinh duc nii), theo
mua (thyroxm) Su thay d01 nong dd hormon trong mau theo nhip sinh hoc
ciing véi néng do rat thap (d miic nanogam hoéc plcogam) lam cho viéc dinh
lugng. hormon rat kho khan d01 héi nhiing. ky thuat c6 dd nhay cao va trang
thlet b1 dat tién.

1. PHAN LOAI HORMON

- ‘Hormon cé thé phén loai theo nhiéu cach theo cdu tao héa hoc hodc phan
loai theo co ché tac dung cua hormon. - B :

1 1. Phan loa1 theo cau tao hoa hoc

1.1. 1 Hormon la pepttd va protein

Thuéc loai nay cé nhiing hormon c6 tif 3 acid amin t6i trén 200 acid amin
gdm hormon céac tuyén vung duéi d6i, tuyén yén, tuyén tuy, vi du: insulin,
glucagon.

1.1.2. Hormon la amin (dén xuét cia acid amin)

Hormon 1a amin c6 trong lugng phéan ti thap, 13 nhiing dan xuit cla
tyrosin gom nhlmg hormon cta tuy thugng than tan trong nuéc va nhiing
hormon cta tuyén giap it tan trong nudc hdn V1 du adrenalln noradrenalin,
T3, T4. : :

Nhiéu tac gia xep hai loai trén thanh mot 1oa1 la hormon protein. Chung
thuong dudgc sinh téng hgp trong tuyen ndi tiét & dang nhiing phan ti tlen
chat 16n (preprohormon) Phan tu tlen chit nay chtia mét doan peptid ngin
(thuong 16-22 acid amln) goi 14 doan tin hiéu (signal peptlde) Doan nay sé
dugc loai bd sau khi tién chét vao Iudi ndi bao va phan ti tré thanh tién chat
hormon (prohormon). Prohormon tich lai & cac tu1 du trii trong bao tuong va sé
giai phong vio mau. Nhém hormon nay khong gin véi protem huyét thanh ma
van chuyén trong mau é dang tu do(trit T3 va T4 cta tuyén giap). Hormon
loai nay c6 thdi gian ban hay ngan

1.1.3. Hormon steroid
Gom hormon vo thucng than tuyén smh duc nam va nu

~ T4t ca cac hormon ster01d déu bit nguon it cholesterol va ¢ nhan ciu tao
cd ban Cac hormon ster01d 1a1 chia thanh cac nhom dua Va0 s0 lu0ng carbon '
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C18: estrogen, C19: androgen ,

C 21: corticoid chuyén héa dudng, cortic;l)i'\d,‘chilyéh héa mubiva progestin.

Khéng giéng hormon peptid, hormon steroid khéng tich trit & cac tdi ché
tiét trong t& bao. Hormon steroid c6: thé khuech tan tu do qua mang t& bao vao
dong mau. Trong mau chung két hgp chat ché véi protein van chuyén dic hiéu
cb trong huyet thanh. 8 dang tu do hormon méi c6 kha ning két hgp véi cac

receptor va thé hién hoat tlnh sinh hoc, tuy nhlen 8 dang tu do chung dé dang
bi thoai héa.

1.1.4. Nhém Ezcosan}'ozd" ‘

Ngoal 3 nhom hormon xép.. loa1 trén con c6 nhiing chat gidng nhu hormon
va dugc x&p vao loai Ezcosanozd Nhlmg chét nay khong viing bén, khong tan
trong nuéc va 1a nhiing din xu#t cha acid arachidonic-mot acid béo c6 20
carbon véi nhidu lién két déi. Eicosanoid ¢6 3 phan nhém: prostaglandm
leukotrien va thromboxan. Nhing hormon loai nay thudng khéong van chuyén
xa cac md ma né dude san xudt va tac dung chl yéu tai cAc md rat gin.

1.2. Phan loai theo cd ché tac dung = ‘ ,
T4t c3 cic hormon déu tic dung lén t& bio nhan qua ch&t thu thé dic

hiéu’ (receptor) d t&€ bao nhan. MB3i loai t&bao cé cach két hgp r1eng gitia chat

thu thé véi hormon. Can ¢t vao vi tri khu trd cta chét thu thé (6 mang t& bao

ho#c trong ‘t€ bio) va tinh chat hoa tan-cua’ hormon ma hormon duge’ phan
thanh hai nhém. : . NP

| 1.2.1. Nkém ke‘t‘th v6i thu thé néi bao
- Gém cac hor'nio'n steroid va hormon' t‘uyé'h giép.'
1 2, 2 Nhém két hop vai chat thu the g mang te bao

, Gdm cac hormon peptid va amin tan trong nude. 'Nhiing hormon thuoc
nhém nay khong d& dang qua mang t& bao va két hgp véi chit thu thé & mit
ngoai t€ bao nhan. Nhiing hormon thuéc nhém nay lai chia thanh cac phan
nhém tuy thuoc vao chat théng tin thd hai tham gia vao cod ché tac dung cua
hormon.

2. CO CHE TAC DUNG CUA HORMON |
2.1. Tac dung ctia hormon steroid va hormon tuyé&n giap

Hormon steroid (vi du: estrogen, progesteron, cortisol) va hormon tuyén
giap khé tan trong nudc nén van chuyén trong mau téi t&€ bao nhg chit van
chuyén dic hiéu (proteln) Té6i t& bao nhan, nhiing hormon nay khuéch tan don

thuan qua mang t& bao va ket hgp véi protem thu thé trong bao tucng hoac
trong nhén t& bao.
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Phic hgp
hormon-, proteln
van chuyén Hormon

Protein huyét thanh,

Tang sinh t& bao
‘ Phiic hop ‘ T
‘ hormon-thy thé Thu thé nhan TB

Hinh 14.2. Co ché tac dung clla hormon steroid

Phiic hgp hormon-chit thu thé tac dung nhu mét chit thong tin ndi bao
va gin vao mdt vung dic hiéu cha DNA nhéan goi la ving nhay cadm véi
hormon. Sy gén nay 1am hoat h6a mét s6 gen cia DNA dén téi ting cudng sao
chép mRNA nhd RNA polymerase va qua d6 tang cudng su téng hop protein
mdi déc hiéu (hinh 14.2).

2.2, Tac dung hormon peptid va amin

Phén 16n cic hormon thudc nhém nay tan trong nudc, khéng cin chat
van chuyén, c6 thoi gian ban huy ngén. Cac hormon nay thé hién tac dung d6i
véi tuyén dich bing cach gén véi thu thé & mang t& bao tuyén dich. Su k&t hop
nay lam xudt hién mét chat duge goi 1a chét théng tin thi hai 6 ndi bao. Mot
s6 chat théng tin tha hai 3 dugc biét, trong d6 AMP vong (cAMP) 1a chit
théng tin thd hai dd dugc biét rd nhat. Cac chat thong tin thd hai s& khuéch
dai tin hiéu hormon qua viéc hoat héa cic enzym ndi bao hoidc tdc déng dén
cac qua trinh chuyén héa dic biét din dén thé hién tac dung hormon.

~ * Protein gan vdi GTP va adenylat cyclase (AC).

’ Gan day ngudi ta da phat hién ra mét chit trung gian trong qua trinh
- truyén tin hiéu giita hormon-thu thé mang t& bao va cAMP lia mét protein G
kich thich (Gs,s 1a chit ddu cta stimulating).

Gs khu trd 6 bao tuong khi két hgp véi GTP kich thich su tao ra cAMP tir
ATP nhd AC 1am téng ndng dd cAMP trong bao tuong. Gs gdm 3 tiéu don vi
(polypeptid) a, B va - Gs co the tén tai dud1 hai dang: hoat dong va khong hoat
déng. Khi vi tri gdn véi nucleotid (cia tiéu don vi a) duge két hop GDP, Gs
khéng hoat déng va khéng c6 kha ning hoat héa AC (Hinh 14.3).
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Su lién két epinephrin véi 1. 2. 3.

thu thé thic ddy su thay d6i Gs gé‘;g GDP Tié;? xurc‘:,véi ?S gén GdTP
A P g 2 2 2 va khong phic hgp am tidu don
cali trac Cuf,l Ehl-l t}le’, ke\ ca hoat déng hormon-thy vi o tachra
phan thu thé nam siu ¢ mang _ thé 1am Gs va hoat héa AC
t& bao: Su thay d6i cdu trdccaa - Lt gan GTR -
. PV R o~ s - thay thé GDP
viung ndi bao thu thé sé xic tac .

su thay th& GDP gén véi Gs GTP
khong hoat dong bang GTP. Su T
thay thé GDP bing GTP
chuyén Gs thanh dang hoat
déng (hinh 14.3 ). Khi dé tleu,
don vi B va y tach khoéi tidu don
vi a (Gsa) lic nay két hgp véi
GTP va trd thanh dang hoat
dong. Dang hoat doéng (Gsa) s€
gin véi AC va chuyén AC '
tl,lanh ,dar,lg hoat dong. A\C xuc 4. GTP gén véi a sau khi thdy phan tao n3ng lugng
tac phan tng tao cAMP t& ATP  v4 GDP, o lai g&n trd lai 1, B va phitc hop khong hoat dong
lam ting nong d6 cAMP trong
dich bao tuong.

Hinh. 14.3. Trang thai hoat dong va khong
hoat dong clia protein G

Tém lai: qua trinh dan
truyén thoéng tin tit tin hiéu hormon qua AC gbém hai budc:

— Buéc 1: mét phan ti hormOn’kéi;‘hqip v6i mot thu thé xic tac hoat héa
nhiéu phén ti protein Gs.

- Buée 2: bang cach hoat héa phan tia AC, mot phan ti Gso hoat ddng
xtc tac su téng hop nhidu phéan ti cAMP. ‘Hiéu qua cua dongthac phan ting
lién tlep 12 su khuéch dai rat c6 y nghia cua tin hiéu hormon. cAMP co doi
s6ng ngdn, nhanh chéng bi phan huy béi phosphodtesterase ' -

Tac dung ciia mot vai doc t6 vi khuén thong qua sy bién ddi khong thuan
nghlch protem G d& dudc bist, vi du déc t6 vi khudn ta (cholera toxm) va doc
t6 vi khuén ho ga (pertusis toxin). -

Mbt s8 hormon lai c6 tac dung ngugc lai 12 tc ché AC lam ha nong do
cAMP va lam giam qua trinh phosphoryl héa protein. Vi du somatostatin khi
két hdp v6i chédt thu thé dic hiéu thi protein G loai tic ché& (Gi) tc che AC lam
giam ndéng d6 cAMP lam d6i trong véi tac dung cua eplnephrm
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LON

Hormon gén véi thu thé

. | 0 l o ‘ Protein Gs hoat = : :

@ - ! héa enzym AC @
P AC xdc 4
hormon-thy thé tao)ng;c

lam protein G - 1

gén véi GTP

cAMP hoat héa PKA "~ o

v
5-AMP
® o ' - ©
PKA phosphoryl héa cAMI?’ bi thoai héa,
céc protein khac gay ) mét tac dung

" dap'ing té bao

Hinh 14.4. Coa ché tac dgng‘phgng”c‘ﬂal ho_ﬁn_oﬁ tan trong nuéc
3. NHUNG THONG TIN THU HAI (trong cd ch8 téc dung cha hormon nhém hai).

3 1. AMP vong (cAMP)

cAMP 1a chat thong tin thu ha1 cua
nhiéu hormon (glucagon, epinephrin,
'ACTH, hormon tuyén giap, FSH, LH).

cAMP dutdc tao thanh tu ATP 1a dang
nang hIdng héa hoc du trii chti yéu cta co
thé song.

cAMP
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Co ché& hoat dong lam thay d6i chuyén héa & t& bao dich dap ing véi tac
dung ctia hormon 13 théng qua viéc hoat héa protein kinase A. Enzym chiu tac
doéng ctia cAMP c6 hai phin: phin diéu hoa (R-regulatory unit) va phan xtc tac .
(C-catalytic unit). Khi khong c6 mit cAMP thi enzym & trang thai khéng hoat
dong R ,C, (hinh 14.5).-Do tac dung ctia hormon, cAMP téng trong bao tuang gin
v6i tiéu don vi R va lam tiéu don vi R thay d81 cau hinh tach khoéi tiéu phéan C.
Tiéu phan C lic nay tré nén hoat déng va xic tac cac phan ting héa hoc tuong
tng lam thay déi ,chuyen héa t& bao.

v : Vi trigén

/ cAMP

R: Tiéu don vi diéu hba
C: Tiéu don vi-xuc tac

. Proteinkinase khéng .
- hoatddng khiR + C

4 cAMP 4 CAMP

" Tiéu don vj diéu hoa gan
 cAMP khong hoat déng

\

* Tidu don vj xtic tac tach khoi
tiéu don vi R va hoat dong

R

Hinh 14.5. Hoat hoéa protein kinase phu thUéc'cAMP

Co ché& tang duong mau cua epmephrm 12 vi du dién hinh cua tac dung'
cuia hormon théng qua cAMP.

Co ché nay dudc Sutherland kham pha vao niam 1950 va da chiing minh
ring epinephrin kich thich sy hoat déng cta glycogen phosphorylase thong
qua cAMP. Glycogen phosphorylase tang chuyén héa glycogen thanh glucose
1-phosphat va dan téi téng tao glucose Hinh 14.6 chi r5 mdt loat phan ung tu
giai doan kich thich ddu tién clia mot phén ti epmephrm tdl su ting ndéng do
glucose mau théng qua su khuyéch dai tac dung hormon gén véi chit thu thé.
Nho cach nay ma td moét phan ti hormon cé thé lam thay ddi hoat dong xuc
tac cia hang nghin phan t enzym.
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B Epinﬁ)ﬂf"e [xphantr |

 Phitchop
epinephirin - thii thé [

ATP
Adenylyl
e e cyclase
Hinh 14.6. Co ché gay tang dudng - SR
i ot epinephin ( d'g iny e PRA s PKAhogt dong
mau cla epinephrin (adrenalin) khéng hoat dang J

i 10x phan tir

l4
Phosphorylase b é )
‘ kinase (1) i Phosphorylase b

'/ kinase.(t+)

*
N

100x phan tl

&®

Glycogen .. e ' Sry-
| phosphoryiase b =P, Glycogar priosanoy
khéng hoat déng e T

'_’ 1,000x phéan ti
Glycogen - Glucose 1P
‘ [ 10,000x phan tit |

(.

' 3.2. GMP vong (cGMP)

¢GMP ciing tac dung nhu mdt thong tin
thtt hai, 8 mot s8 loai t& bao nhu rudt, tim,
mach mau, ndo va &ng thu clia than. Thong tin
chuyén bsi cGMP thay d6i tuy theo tinh chéat
ma né tac dung. O than va rudt, cGMP lam
thay d8i sy van chuyén ion va su giit nudc. Geo
tim, né giy gidn cd, 6 ndo né tham gia vao sy
phat trién cia nao. -

3 dong vat c6 vi, c6 mot hormon c6 tén la-
Atrial Natriuretic Factor (ANF) duge giai
phéng tit t& bao co tam that cia tim c6 tac dung
hoat héa guanylat cyclase (GC-enzym déng _ _
vong tao cGMP tit GTP). Hormon dugc chuyén  Guanesin gj"“?gé’,\‘;g)mphos"hat
tit tim theo mAau téi than 1am ting-eGMP-8-dng ‘
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thu din dén tidng bai xuit natri, nuéc 6 6ng than. Tac dung cia cGMP théng
qua protem kinase phu thugc vao cGMP (con goi 14 protein kinase G). Protein
kinase G gém nhiing viing xic tac (C) va diéu hoa (R) tuong tu nhut protein
kinase phu thuoc cAMP. X

. ~ Cé mot loal *’GC thit 2 (dude tim théfy 8 md cd tim va cd'irb'n‘ mach mau)
khéc hin loai trén c6 chita hem va dugc hoat héa bdi oxyd nitric (NO dudc téng
hgp tit arginin). Sy ting cGMP do NO lam gién t& bao cd tron, gidn mach.

3.3. Nhitng thong tin tha hai la din xuit ctia phosphatidyl inositol
biphosphat '

Mot loai thu thé thu ba dudc gén qua protein G véi phospholzpase C.
Enzym nay dédc hiéu véi phosphatidyl inositol 4,5 diphosphat & mang t& bao.
Phospholipase C xic tac tao thanh hai théng tin thi hai: diacyl glycerol (DAG)
~ va inositol 1,4,5 triphosphat tit san phdm phosphatidyl inositol biphosphat.
Nhiéu hormon dudc b1e't 12 tac dung qua cd ché& nay. Vi du: vasopressin tac
dung 1én t& bao gan, y&u t6 gidi phéng thyrotropin (TRF) tac dung 1én té& bao
tuyen yén.

O

|
CH, — 0— C—R,
0

I
CH—O0— C—R;

|r N

CHp = OH

1,2 diacylglycerol ' Inositol 1,4,5-triphosphat (IP3)

Diacyl glycerol (diglycerid) tac dung nhu mot théng tin thi hai, hoat héa
proteinkinase phu thudéc Ca® (proteinkinase C). Proteinkinase C phosphoryl
héa géc Ser va Thr caa proteln t& bao nhan lam thay d8i xuc tac cta protein
nay giy ra nhiing bién ddi dap ting & t& bao nhan.

Inosin triphosphat (IP3) 14 mdt san pham tan trong nudc tao thanh do
tac dung ctia phospholipase C, khuéch tan téi luéi ndéi nguyén sinh chat t& bao.
O d6 IP3 gén v6i chét thu thé dic hiéu 1am md kénh Ca® § ludi ndi nguyén
sinh giai phéng Ca%" vao bao tuong lam ting nong d6 Ca®* & bao tuong gip
hang 100 1an (hinh 14.7)

231




“Homon PP, DAG

_Khoéng-gian ba

-~ < -—----Proteinkinase C- -

Bao tuong

Enzym khong

' E ‘Phospholipase C @ -----« Dap ung hoat déng
Protein G ‘ () t€ b20 Enzym- @
= - Py bl et v

<_--_____/
.
S
NG
o®
=
[e)
.
—
3
3
<«

Dap ing
1€ bao

Kénh Ca® nhay cam véi IP3

Lubi ni bao .

Hinh 14.7. Ca ché tac dung clia hormon qua chét truyén tin thr 2 1a DAG va IP3.

3.4. Ca?*1a théng tin thi hai ctia hormon

Trong nhi€u trudng hgp Ca®" tac dung nhu mét théng tin thi hai kich
thich dap ting noi bao. Binh thudng néng d6 Ca®" dugc giit rat thap (0,2 pM) do
tadc dung cta bom Ca?* trong ndi nguyén sinh chét, ty thé va mang t& bao.
Kich thich cta hormon than kinh hoic cac kich thich khac tao ra mét dong
chay Ca®" vao trong t& bao qua kénh dic hiéu clia Ca?* § mang t& bao hoic giai
phéng Ca? tit ludi ndi nguyén sinh hoic ty thé lam ting néng dé Ca®* § bao
tuong Ca®" kich thich su dép ting t& bao 1a do hoat héa moét loat enzym phu
thudc vao Ca?" thong qua tiéu don vi didu hoa clia enzym nay la calmodulin,

~mdt protein gan véi Ca?

Calmodulin 12 mét protein acid c6 4 Vi tr géin a2+

vi tri cé ai luc véi Ca2+ Su lién két glua
CaZ*va calmodulin din téi su thay d6i cdu
truc cua calmodulin. o) dang lién két véi
Ca?*, c&u hinh calmodulin c6 kha nang két
hop vdl mot loat protein va dleu hoa hoat
dong cua cae protem nay.

, Ngoai cac chit truyén tin thﬁ 2 da néu . L
1én & trén, cho dén nay mdt s chat truyén Hinh 14.8. Sy thay ddi cau hinh
tin thit 2 khac dang dudc phat hién: calmodulin khi gan Ca
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3. 5 Thu the loal tyrosm klnase

V1ec phat hlen ra tac dung
cua insulin- dd dua ra mot co ché&
khac vé tac dung cia hormon loai
nay. Khi insulin két hgp véi thu
thé 2 chubi a nim & mit ngoai
mang té bio s& giy su tu
phosphoryl héa (6 gdc tyrosin) 2
chubi B ndm & mi#t trong t& bao.
Chinh sy phosphoryl héa nay lam
cho vung c¢6 hoat tinh enzym
tyrosinkinase & chudi p hoat héa va
phosphoryl héa cac enzym khac c6
trong bao tuong t&€ bao, bit dau
“dong thac” ctia nhiéu phan. Ung' :
phosphoryl hoéa gay thay d6i
chuyen héa & t&bao dich. '

Mot s8 hormon khac cung tac
dung theo cd ch& nay: yéu t& phat
trién biéu ‘méd- (EGF - epidemal
growth factor) yeu t6 phat trién
ngudn géc tiéu cdu (PDGF-platelet .
derlved growth factor) ' '

4. NHUNG HORMON PROTEIN POLYPEPTID

Phan nay chu yeu trinh bay ciu
cuia cAc hormon.

4.1. Hormon tuyé&n yén

4.1.1. Hormon cua tuyén yén trudc

Hormon tdng trudng (GH
growth hormone hoic STH
somatropin hormon)

La polypeptld gdm 191 ac1d amin

v6i 2 ciu néi disulfua (gitta acid amin

53 va 165, giiia acid amin 182 va 189).
GH cé cau tao rat giébng véi prolactin
cua ngudi va hormon lactogen cua
nhau thai.

_ Insulin gén
“vaothy'thé

Viing ngodi mang '

Ving

Vi tel tur

tyroskmaseéét
: phiosphoryl héa
" ‘Vling carboxyl tan
Protein ‘ o
dich: " ADP .
. Bao - ’ o
tuong Nhimg anh
s huong ndi bao

“ clia insulin

Hinh 14.9. C4u tric don gidn clia thy thé Insulin

truc héa hoc va mot s6 tac dung chmh

Hinh 14. 10. C4u tric hormon tang -
trudng & ngudi
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GH cb tac dung lén chuyen hoa gluc1d lipid, protld va dién giai cua
- nhiéu t8 chiic nhu ¢, mé m3, gan. GH c6 tac dung 1én su phat trién clia co thé.
Thiéu GH din dén hién tugng lun. Thdi gian ban huy cia GH trong huyet
tuong nguoi la 30 20. phut va.nong do trung blnh tix 2- 4 ng/ml d ngu'.dl trudng
thanh. : :

* Hormon klch thich tong hdp sita. (Prolactm = PRL' hogc LTH =
luteotroplc hormone) . .

~ La mot chu01 polypeptid 199 amd amin, trong ludng phan ti = 23000 Da.

- Cau trdc bac mot va hoat déng ctia LTH cé nhiéu glong nhau: véi GH va
hormon tao sita ngudn géc rau thai. LTH tac dung chu yéu 1én tuyén vu dé tao

stia sau dé. :

o Hormon hwdng smh duc (GnH = Gonadotropin hormone)

Nhiing hormon ‘huéng sinh duc gom hormon kich thich nang tring (FSH
-follicle stimulating hormone) Va hormon kich thich hoang thé (LH- lute1n1z1ng
hormon) deu 12 glucoprotein gém hai tiéu ddn vi o va B. LH va FSH c6 cau
tric gidng TSH va HCG (hinh 14.11). M&4i tiéu don vi o rdt giong nhau & 4 loa1
hormon nay va 14 chudi polypeptld 92 acid amin. ‘Tinh dac hleu cua mdi
hormon 1a 6 su khac nhau vé cau tric cua chubi B.

~— Hormon kich thlch nang tring (FSH Follicle stlmulatmg hormone) :

- Trong lugng lphan td : 32000 Da, ndng dd trong huyét tusng: 2-5 mU/mL;
& thdi diém rung tring FSH c6 ndng d6 ting t6i 5-10 mU/ mL. ‘ :

FSH lam nhanh su trudng thanh cta nang trﬁng, ting giai phéng
estrgen ¢ nil, 1am to tinh hoan nhling khong lam téng s6 lugng tinh trung va
, khong lam tang hoat dong cua te bao ke é nam gidi.

121

H.N HN ]
L.l_l._; COOH COOH ..Ft
H,N ' COOH HN LL— COOH

‘92

112

117  COOH ‘ o
HN =)
1B B
, . L  HNTY COOH
HN —- 7 s COOH H,N — r COOH

Hinh 14.11. C4u tric HCG, FSH, LH va TSH
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- Hormon kich thich hoang the (LH Lutelnlzlng hormone)

Trong lugng phan ti: 28500 Da. Nong dd co ban khoang 2-5mU/mL
huyét tuong. G thoi diém dmh cua thdl ky rung trlmg, nong do LH tang dén
~ 16-25 mU/mL. -

b nu LH ph01 hop véi FSH gay rung trung va phat trlen hoang the leh :
- thich bai tiét oestrogen va progesteron

*Hormon kich thich tuyén gzap (TSH = thyr01de stlmulatmg hormone)

Trong lugng phan ti : 28000 Da gém 2 chudi polypeptid: chudi o (92 acid
amin), chudi B (112 acid amln) Néng d6 trung binh 14 3 ng/ml huyét tudng. TSH
tham gia nhiéu giai doan ctia quéa trinh tong hdp cac hormon'giap trang. -

* Hormon kich thzch tuyen v6 thugng than (ACTH Adreno cortlcotropln
hormon).

ACTH nguol la polypept1d gdom- 39 amd amin. Trong luong phan tu 4500
Da. Doan peptid diu 24 acid amin giéng nhau & nhiéu loai dong Vat va nguol
Doan peptid con lai khéng c6 tac dung sinh hoc thay ddi theo nguon gbc dong

vat ( hinh 14 12). :

ACTH c6 nhiéu tac dung kich thlch vo thuong than bai ti6t cAc hormon
chuyén héa duong, kich thich tao melanin do ACTH c6 c&u tao tuong tu
aMSH, diéu nay giai thich vé nguyén nhan giy sam da.trong bénh Addlson
Chu01 peptld c6 5 ac1d amin (tu 6 10) c6 hoat dong cua MSH ' SRR

4.2. 2 Hormon cia tuyen yén giita

_ Thuy gifta tuyén yén bai tiét - -MSH (Hormon kich thich hdc té bao. =
Melanocyte stlmulatmg hormone). Tuyen yén ngudi 16n th1eu thuy gitta vi vay
khong c6 a-MSH 8 huyet tuong va tuyén yen nthdl ‘

o.MSH

Hoatdéng

13l S|nh hoc

24

i Bac hiéu
aal cla loai

39
ACTH

“Hinh-14.12. C4u fao hoa hoc ca ACTH
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4.2.3. Hormon ciia tuyé’n yén sau

Hai hormon peptid c6 mit & thuy sau tuyén yén la oxytocin va
vasopressin. Day 1a hai hormon dugc tach chiét, tinh ché& va tong hgp dau tién
(Vincent Du Vigneaud, g1a1 thudng Nobel 1954). Ching duge tdng hop tir t&
bao than kinh vung duéi déi, di chuyen doc bé trén thi va duoc du tru G cac
nang, $6 dugc giai phéng tuy theo sy kich thlch thich hdp ‘

— Vasopressin: 1a hormon chéng I}IH«:
l6i niéu (ADH = Antidiuretic hormone). Cys—
Céu tao: peptid c6 9 acid amin. ; Tyr

Tdc duhg giam bai tiét nuée tiu

do tang . cudng tai hdp thu nudc & dng ﬁ}ln

~ than va lam co mach nén c6 tac dung Asn
ting huyét ap. Thi€u hormon nay sé
gdy dai nhat, dai- nhiéu (5-10lit/ngay) - ?}f&”‘”‘

va nuéc tiéu c6 ty trong thip (1 001-
1.005).

— Oxytocin: 1a peptid c6 9 acid
amin, khac vasopressin 8 acid amin thi
3 va thu 8. Oxytocin c6 tac dung trén co IIIHQ
tron clia ti cung va tuyén vi, giy co cd

ti cung lic chuyén da va kich thich tiét )
siia khi cho con bi. Hinh 14.13. C&u tao ctia vasopressin
. va oxytocin ngudi

Oxytocin ngudi Vasppressin ngudi

4.3. Nhu’ng hormon rau thai
— Gonadotropm rau thaz (HCG Human Chorlomc Gonadotropin).

Hormon nay xuét hién trong mAu va nude tiéu phu nu ] nh\ing ngay dau
clia thoi ky c6 mang, ¢6 ngudn gdc tit rau thai. HCG cé ndng d6 6 nudc tiéu va
mAu cao nhit vao thang thit 2 va thi 3, mit dan trong vai ba ngay sau khi de.

HCG la glycoprotem gdm hai chudi polypeptid o va B. Chudi o cua HCG
c6 cdu tao glong chudi o cia LH, FSH va TSH. Chudi B dic hiéu cho hoat tinh
sinh hoc cua HCG, k1ch thich bai t1et oestrogen va progesteron (giéng tac dung
cua LH). '

— Ngoai ra rau thal con 'bai ti€t hormon kich thich tao sita (HPL =
Human Placental Lactogen) prolactin rau thai (PRL= placental prolactin) va
hormon kich thich bai tiét hormon tuyén giap (HCT Human Chorionic
Thyrotropin).

4.4. Hormon vung du?dl d01 Ving dudi doi san sinh ra nhung hormon than
kinh c6 tdc dung diéu hoa sy bai tiét nhiing hormon cua tuyén yén trudc.
Nhu’.ng hormon ving dudi.déi-thudngla nhiing peptid ngin.
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Bang 14.1. Cac hormon peptld vung dudi doi -

Tén hormon : "~ Cdu tao ' Téc dung chinh

Hormon gidi phong cortlcotropln Mét chubi peptld 41 acid amin _Kich thich bai ti€t ACTH.
(CRH)

Hormon giai phéng thyrotropin Tripeptid, 3 aéid ai‘nin. | Kich thich bai tiét TSH
(TRH) A L v .
Hormon gidi phéng gornadotropm Mot chudi peptid, 10.acid amin Kich thich bai tiét FSH/LH |
(GnRH) . g } S NE o

Y&u t8 (rc ché Prolactin (PIF). Mot dhuéi»beptid 56.acid amin * | Uc ché bai tiét PRL

Hormon gidi phéng GH (GH-RH) . | 3 dang Peptld 37, 40, 44 acid amin Kich thich bai tiét GH

Hormon (rc ché GH (GH%IH)‘ Peptld 14 acid amln (Ic ché bai tiét GH

4.5. Hormon tuyen can giap va calcltonln

o) ngu!dl tuyen cdn gidp trang dai 6- 7mm va nang khoang 140mg
Hormon tuyen can giap va calmtonm (cung véi vitamin D)tham g1a vao qua
trinh chuyen héa Ca?,

*Hormon tuyén cén gzap (PTH - Parathyrozd hormone): 1a polypeptid
gdom 84 acid amin. Hormon tong hgp gom 34 acid amin ddu, ngudi ta ciing xac
dinh dude chat tién than cua'PTH gém prepro PTH c6 115 acid amin va pro
PTH c6 90 acid amm

PTH 13 hormon lam ting Ca?" méu, tc dung'¢ht y&u 1én t& bao fhan va
‘xuong; ting phan huy xuong, g1a1 phéng Ca*" vao mau; ting tai hap thu Ca?

va tic ch& tai hap thu phosphat cia t& bio than. O mang rudt, PTH tang hap

thu Ca? ph01 hgp véi vitamin D. PTH khéng cé du trit § tuyén, duge tong hdp
va bai tlet lién tuc vao mau

* Calcitonin (CT): duge bai tiét tu t&€ bao cla tuyen can giap va tuyen
giap. TCT la mdt polypeptid c6 32 a01d amin.

Tac dung chinh cta CT 1 ha Ca* va phosphat trong mau, do tic ché su
giai phéng Ca? tit xudng vao mau (nguoc v6i tac dung ctia PTH). Uc ché tai
hép thu Ca®** § 6ng than
4.6. Hormon tuyén tuy

o

Chic phan ndi tiét cta tuyén tuy khu trd § ddo Langerhans clia tuyén.

4.6.1. Insulin

Céu tao: dudc bai tiét ti t& bao B cua dao Langerhans, ban chit la protein.
Céau tric bac 1 cta insulin duge xac dinh béi Sanger (ndm 1933), gdm 51 acid
amin véi hai chu01 polypeptld chubdi A cb 21 acid amin, chudi B ¢6 30 acid amin,
hai chudi néi véi nhau bing hai cdu néi disulfua. Ngoai ra chudi A c6 mdt

disulfua noi chudi. Cautrie bac 2-vabic 8 ctrainsulin dude xac dinh nidm 1969.
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Chat tidn than caa isulin 12 proinsulin. Proinsulin ctia lgn gém mét chudi
polypeptid, bét ddu tit chubi B va néi véi chubi A bdi mot peptid goém 30 acid
amin. Trypsin di thuy phén proinsulin, cit mAu peptid ndi giita chudi A va
. chudi B; giai-phéng insulin va mét peptid C gom 35 acid amin.

Proinsulin Insulin ¢c6 hoat tinh

Preproinsulin

-+

NH,
Boan

- peptid
tin hiéu

Poan peptid tin hiéu

' Hinh14.14. C4u tao cla Insulin

Insulin, proinsulin va peptid C c6 trong huyét tuong duéi dang tu do,
khong k&t hop véi protein. Insulin dugc thoai héa chti yéu 6 gan va théan do cac
protease. .- ’

Téc dung ro nhét cia insulin la lam gidm glucose madu, bang cdch:

— Téng tinh th&m glucose qua mang t& bao, ddng théi ciing 1am ting sy
th&m thau cac ion K* va phosphat vd cd, tao diéu kién thuan 1¢i cho su
phosphoryl héa va st dung glucose. Can cht y ring, c6 mdt s6 t6 chic khong
nhay cdm v6i insulin, do vay & nhiing t8 chiic nay insulin khong lam thay déi
ndng d6 glucose trong t&€ bao (nhu t8 chtic than kinh, bach cdu, phdi, than,
nhat 13 gan). O gan glucose thdm qua mang t& bao mdt cach tu do du cé hay
khéng c6é mit insulin.

— Téc dung tryc ti€p chuyén glycogen synthetase tu dang khéng hoat
dong thanh dang hoat dong, do dé tang cudng qua trinh chuyén glucose thanh
glycogen. :

, — Kich thich téng hop glucosekinase 6 gan, Gc ché& téng hgp mot sb
enzym xuc tac sy tin tao dudng nhu pyruvat carboxylase. :

_  Giam tac dung clia glucose-6-phosphatase.

— Uc ché& phan huy lipid,.cho.nén ting cudng dét chay glucose.
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V& co ché tac dung: insulin tac dung 1én t& bio nhan (t& bao dich) giy
giam cAMP (trai véi tac dung ctia adrenalin va glucagon).

4.6.2. Glucagon

Dugc bai tiét bdi t& bao o cia ddo Langerhans. La mét peptid c6 29 acid
amin, c6 nhiéu doan gidng secretin- hormon tiéu héa. Glucagon thoai héa chu
yé&u & gan. Gidng adrenalin, glucagon. kich thich sy tao thinh AMP vong & t&
bao dich, hoat héa enzym phosphorylase 8 gan (glucagon khéng cé tac dung
hoat héa enzym nay & co). Glucagon con kich thich phan huy md ctia mé, giai
phéng glycerol va acid béo do enzym lipase dugec hoat héa bsi cAMP .

4.6.3. Somatostalin (GIH)

La mot peptid c6 14 acid amin, dudc bai tiét ¢ viing dudi d6i va bdi t&€ bao
D cta tuyén tuy. Somatostalin ic ché su bai ti€t hormon tang truéng (GH hay
STH), insulin va glucagon.

4.7. Hormon tiéu héa (hormon ctia hé théng da day, rudt)

La nhiing polypeptid, dudc bai tiét bdi nhiing t&€ bao noi tiét dac biét cua
duong tiéu héa. : :

— Gastrin: tao ra tit t& bao viung hang vi ciia niém mac da day va bai
tiét khi cé su tiéu héa cac protein. Cé hai loai gastrin: gastrin 1 va gastrin 2.
Ca hai loai déu c6 cdu tao polypeptid véi 17 acid amin, gastrin 2 c6 thém géc
sulfat & acid amin thi 12 (tyrosin). Gastrin téng hdp c6 4 acid amin cudi (acid
“amin - 14- acid amin 17) c6-hoat tinh-sinh- hoc cua- gastrm va dudc st dung
 trong lam sang.

Gastrin c6 tac dung kich thich bai tiét dich vi va co bép cﬁa da day. Ngubi
ta da chlng minh tac dung giy loét cia gastrin va lién quan giiia ting tiét
gastrin véi hoi chiing Zollinger Ellison (u tuy, da tiét dich vi, loét ta trang).

— Secretin: dudc bai tiét & niém mac ctia khic ddu rudt, duge phat hién
nam 1902 bdi Bayliss va Starling. La mo6t polypeptid gdm 27 acid amin, c6 mdt
phin gidng glucagon. Secretin c6 tdc dung kich thich bai tiét nuée va
bicarbonat cua dich tuy.

— Cholescystokinin (CCK): dugc bai ti€t tit niém mac ta trang khi ¢
sy tiéu héa mad va protid. La mdt polypeptid ¢6 33 acid amin. Kich thich bai
tiét amylase tuy.

5. HORMON LA DAN XUAT CUA ACID AMIN

5.1 Hormon tuy thugng than

Tuy thugng than cé hai loai t& bao, mét loai t& bao bai tiét adrenalin va
mot loai t€ bao bai tiét noradrenalin; goi chung 1a catecholamin vi chiing dudgc
coi 14 dan xuit cta catechol.
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HOC}HOH'—C-HZ"NH—CH3 B T

HO , .
Epinephrin ‘
-eineparn o HO

' . o o ‘ Nhén Pyr’oc‘ate,c‘holl ‘
HO CHOH — CH, ~ NH,
HO i ; .
. | “ .N}b[.,epi'xjephrin o

Hinh14.15. Cau tao héa hoc clia catecholamin

* Sinh téng hop catecholamin:

Catecholamin dude t6ng hdp tit mot acid amin cin thiét 12 phenylalanin
qua cac giai doan: : ‘ .

— Oxy héa phenylalanin thanh tyrosin nhd phenylalanin hydroxyl,asev.

— Oxy héa tyrosin thanh. dihydroxy‘phenylalanin (DOPA) nhd tyrosin
hydroxylase.

— Khii carboxyl cia DOPA thanh Dopamin nho DOPA—decarboxylaée cb
coenzym la pyridoxalphosphat.

— Chuyén dopamin thanh norepinephrin nhé dopamin [ hydroxylase.
Phén Ging nay cin sy c6 mit clia oxy phén ti va vitamin C. ‘
~— Metyl héa norepinephrin thanh epinephrin nhd S-adenosyl-methionin
(chat cho gdc —CHy). |
Norepin,ephrin con duge tf;n__g hdp va du trit & téh cung déy than kinh.
Phan ng metyl héa norepinephrin xay ra 8 tuy thugng than trong t&€ bao ua
crom. Ty 18 gitta 2 hormon dudc bai tiét 1a: Norepinephrin/Epinephrin = 1/4.
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CH,—cH—coo~ (D : ~CHy— CH— COO~
l — > , i
NHs" HO NH3*

- Phenylalanin . @l Tyrosin

CHy— CHz— NH3 7— HO CHy— ?H_COO" ,
CO, HO NH3"

DOPAmIn

o™

CHOH — CH,— NHy' -7@—>HO:©'CHOH—CH2—I;JH .
<cHgy ~—~ HO CHj

Norepinephrin .. N Epinephrin

HO
HO

@

HO
HO

@

Hinh 14.16. Téng hop epinephrin va norepinephrin

* Thodi héa cua catecholamin

Xay ra chu yé&u & gan, véi su tham gia cua hai enzym chinh:

— Monoamino oxidase (MAQO): c6 o tan cung than klnh xac tac qua
trinh kh{ amin oxy hoa catecholamin,.tao’ ac1d 3- 4 d1hydroxy mandehc ;

— Catechol oxymetyl transferase (COMT) xuc tac su van chuyen goc -
CH, tit S-adnosyl methionin 1én gdc phenol caa catecholamin. -

San pham thoai héa cudi cung, cht yéu cua catecholamm 14 ac1d Vanyl
mandelic (AVM), chat nay dugc bai tiét ra nude tiéu. Trong nuée tiéu con cé
3.metoxyadrenalin va 3. metoxynorepmephrln 12 nhiing chat khoéng c6 hoat
tinh sinh hoc. Cac san phidm nay dugc dao thai qua nuéc tiéu dudl dang lién
hop véi acid glucuronic va acid sulfuric.

* Tdc dung cua catecholamin.
Epinephrin va Norepinephrin ¢6 nhiing tac dung gi6ng nhau va khac nhau:

— Trén hé tim mach: epinephrin lam gisin mach 8 cd xudng, 8 tim va
1am co mach & da, & cac tang 8 bung. Norepinephrin 1am co mach toan thén, do
do6 gay tang huyét ap.

— Trén chuyén hoa: epinephrin kich thich phan huy glycogen d gan va
cd, lam ting dudng mau qua trung gian 14 cAMP; ting phéan huy lipid giai
phéng acid béo va glycerol.
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ngudn goc can gidp trang).

HO- CHOH — CH, = NH HO O CHOH — CH,—NH,
HO CHa HO

Norepinephrin

Eplnephrln ‘ :
oo wo/ o
CH30 CHOH — CH>— NH HO CHOH — COOH CH30 CHOH — CHz— NH3
Ha HO ' : . Ho

3.Metoxy-epinephrin ' Acid 3.4 dihydroxy 3. Metoxy - norepinephrin
mandelic (AHM) )

MAO lCOMT MAO

CH30 CHOH — COOH
HO

Acid 3.metoxy - 4 - hydroxy mandelic
hay acid vanyl mandelic (AVM)

Hinh 14.17. Thoai héa clia catecholamin

5.2. Hormon giap trang

Tuyén giap c6 hai phan
rd rét: mét phan gébm nhiing |
nang bao tiét cAc hormon c6
iod, chu yéu la thyroxin (T4)
va triiodothyronin (T3), mét ' I o NH5"
phan gém nhiing t& bao nang '
bai tiét mét polypeptid la
calc1tonm (calcitonin ciing cé

T3 HO— o ?H —coo

?H —coo

Hoat ddong tuyén giap phu
thudc vao viéc cung cap iod —
mit nguyén t6 hi€m - qua
thic &n vao cd thé. M01 lién quan gifta tuyén giap va iod da dugc biét tir 1au,
thé hién & bénh budu cd dia phuong do thic an va nude uéng thiéu iod.

| NH3"

* Cdu tao héa hoc

Hormon tuyén gidp 13 din xudt cé iod ctia tyrosin. Chéat tién than cta
hormon tuyén giap 12 monoiodtyrosin (MIT) va diiodotyrosin (DIT). Hai chat
c6 tac dung hormon la T3 va T4. T3 hoat déng manh hon T4 nhung T4 chiém
lugng 16n hon nhiéu.

* Téng hdp hormon giap trang ( hinh 14.18).
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Thoai hoa
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150-200 ug lod/ngay - - . Bai tiét (Mat)

Hinh 14.18. Cac giai doan sinh tdng hap v? bai xuat hormon tuyé’n.,gi‘élp vao.mau.
— Giai doan 1: thu nhan va cb dic iodua bdi t&€ bao tuyén giap:

Iod duge dua vdo co thé qua thic #n va nuéc udng (khoang 50-200
ug/ngay) Tod dugce hap thu bdi rudt dudi dang iodua (I') va nhanh chong dudc
gén vao tuyén giap. Tuyen giap git khoang 100 pg 1od/ngay, 25g tuyén giap
(=1/300 trong lugng co thé) gui 1/3 lugng iod toan phéin cua cd thé. Giai doan
nay duge kich thich cht yéu béi TSH va thioure, bi tc ché& bdi cac anion:
thiocyanat SCN", clorat C10,.

— Giai doan 2: oxy héa iod.

Qua trinh dudc xuc tac boi peroxldase mang. Cac chit thioure, thlourecﬂ
va anion cyanua CN tc ché& hoat déng cua enzym, do do c6 tac dung ngin
chén qua trinh oxy hoéa iodua.

— (Giai doan 3: gin iod phan ti vao thyroglobulm

Thyoglobuhn 12 chit keo, gbm cht1 yé&u la glycoprotein. Iod dudc gin vao
nhiing géc tyrosin caa thyroglobulin tao MIT va DIT dudi tac dung x1c tac cla
iodua peroxldase Sau d6 c6 su ngung tu cua hai phan ti DIT dé tao thanh T4
(cht y&u) va ctia mot phén ti DIT véi mot phéan t& MIT dé tao thanh T3 trén
phéan ti thyroglobulin.
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— Giai doan 4: thuy phéin thyroglobulin:

Dudi tac dung cua cac protease thyroglobulin dugc thuy phan giai phéng
T3 va T4 vao mau Giai doan nay dudgc kich thich bdi TSH. MIT va DIT chta
2/3 ludng iod cua thyroglobuhn khong qua huyét tuong. Enzym- halogenase
cua tuyen giap khi iod cta iodotyrosin giai phéng iodua va mot phan I'sé
tham gia phan Iing iod héa thyroglobulin (chu trlnh iod trong tuyén giap) cung
véi iod 14y ti mau.

T3 va T4 d86 vao mau. Trong huyét tuong, T4 dudgc van chuyen cha yéu
(10% -75%) béi TBG (thyroxin binding globulin) va 15% - 20% bdi TBPA
(thyroxm binding prealbumin). Phin nhé két hgp véi albumin. Binh thuong
trong mau T4 chiém 90%, T3 chi€m 10%, con khoang 0, 03% thyroxin & dang tu
do va dang nay c6 hoat tinh sinh hoc. TBG, TBPA, TBA 14 kho du trit T3 va T4.

* Thodi héa hormon tuyén gidp
Qua trinh thoi héa hormon tuyén gidp xay ra 6 nhiéu mé nhu gan, than...
— Khii iod nhd xic tac clia thyroxin deiodinase.

— Khii amin, khii carboxyl hodc lién hdp & nhém chtic phenol véi acid
glucuronic va acid sulfuric.

+ Céac san pham lién hop dudgc tao thanh 6 gan, theo dudng mat dé xuong
rudt. Vi khudn cé6 enzym B glucoromdase phan huy sdn phim lién hdp, giai
phéng hormon giap trang va moét phan hormon 6 dang tu do nay dudc tai hap
thu nhd chu trinh ruét gan.

+ Qua trinh J:hoarhoa chudi alanin qua cac budc khit amin, khit carboxyl
tao nhiing san pham khéng c6 tac dung sinh hoc.

* Tdc dung ctia hormon gidp trang:

T4t ca cac té bao cia cd thé (tru nio va tinh hoan ngum tru0ng thanh)
déu 1 t& bao dich ctia hormon tuyén giap. Tac dong 1én nhiéu chuyén héa.

+ Chuyén héa glucid: tang hap thu glucose & rudt, tang phan huy glycogen.
4 ‘Tang phﬁnhu}’r lipid, nhat 12 trigl‘ycerid‘ phospholipid va cholesterol.
+ Tang tong hdp proteln do tac dong truc tiép dén su hoat héa RNA
polymerase hodc gian tiép qua kich thich bai tiét GH.

+ Tiang cuong st dung oxy cua cd thé, ting chuyén héa co ban c6 tac
dung sinh nhiét.

6. CAC HORMON STEROID

Thudc nhém nay cé hormon vo thu0ng than va hormon sinh duc ni,
hormon s1nh duc nam. :

6 1. Danh phap héa hoc cua cac steroid

- Hormon - ster01d déu ¢b nhan co ban l1a nhan cyclopentanoper -
hydrophenantren (nhén gonan), 17C véi 3 vong 6. carbon va 1 vong c6 5
_carbon; danh s6 A, B, C, D.
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* Hormon steroid chia lam 3 nhém'

— Nhém 18 C ¢6 nhéan co ban la Estran gbc metyl -CH3 (tuc C18) dmh é
vi tri C13. Thudc nhém nay gém cé cac hormon sinh duc ni.

12
11/ N1

BTy

2 1\10/ ~Ne N

A le |

N

Cyclopentanoperhydrophenantrene (Gornan)

— Nhém 19 C c6 nhén co ban la andostan, géc metyl -CH3 (tidc C18 va
C19) dinh & vi tri C13 va C10. Thudc nhém nay la cdc hormon sinh duc vo
thugng thin va sinh duc nam.

— Nhém 21 C c6 nhén co ban 1a pregnan. Ngoal hai nhém -CH3 dinh &
C13 va C10, cé6 thém mdt chubi ngang - CH2- CH3 dinh & vi tri C17. Thudc
nhém nay co progesteron va cac hormon chuyén héa dudng, hormon chuyen
héa mudi nuéc cua vo thugng than.

- OH

Estran (18C) ~ Aldrostan (19C) " Pregnan(210)

6.2. Hormon v thugng than

6.2.1. Cdu tao héa hoc: Chiét suit khoang 50 steroid dugc chiét xuat tit vo
- thugng than nhung chi ¢6 10 chét c6 hoat tinh hormon, chia lam ba nhém:

— Hormon chuyé’n héa muéi, nude (Mineralocorticoid): aldosteron,11 -
deoxycorticosteron (DOC), dugc bai tiét tit vung ciu cua vo thugng than,
goém 21C.

21
CHZ0H - CH0H
18 | CHO o |
co OH co
19 19
O OH o
11-Deoxy corticosteron ' Aldosteron

1186, 21 dihydroxy.3,20 dioxopregn-4- en-18 -al)
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— Hormon chuyén héa duong (Glucocorticoid): gbm cé cortisol, cortison
va corticosteron, déu c6 21C va c6 oxy 6 C11 nén goi 1a 11.oxysteron.

21 ?Hon
18 20

OH co .
VOB
J

Cortisol (11, 17, 21 trihydroxy
-4 pregnene-3, 20 dion)

.Cortison (11 dehydrocortisol)

21

- CHXOH
18 | 0

20

OH CcoO
poSeh
L

Corticorsteron

— Hormon sinh duc vé thuong thén: gém cé dehydroepiandrosteron
(DHEA), androstendion, 17 ceto androstendion (androstentrion) va 11 B-
hydroxy androstendion. Nhém nay cé 19C.

DHEA (3p-hydroxy 5-androsten-170n)

18

(0] )
(0]

oI

A

Andrrosténtrion
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6.2.2. Téng hop va thodi héa hormon vé thuong thén
Téng hop: nguyén liéu 1a miu 2C (acetat) didn ra qua nhiéu buéc
Thoai héa: chti y&u & gan, nhd cac phan ting oxy héa khii tao cac san

pham khoéng con hoat tinh ctia hormon, dao thai duéi dang lién hgp qua nudc
tiéu. 1-5% cac hormon bai xuit qua nudc tiéu dudi dang tu do. :

6.2.3. Tac dung cia cdc hormon vé thuong thin

— Hormon chuyén héa dudng: kich thich tdn tao dudng, tidng dy trit
glycogen & gan, ting hoat d6 G6 Phosphatase nén ting giai phéng glucose tu
do tit gan viao mau va lam ting dudng mAu. Ting thoai héa acid amin va
protein & co. Cortisol gitp cd thé chéng lai cac stress, chéng viém va chéng di
ting. Vi vay cortisol dudc dung trong diéu tri viém khép va bénh tao keo. -

- Hormon chﬁyén héa mudi: aldosteron cé tic dung manh nhat, cht yéu
la tang tai hdp thu Na* & 6ng lugn xa, ting bai tiét K, do d6 tang git nudc
trong cd thé. » : '

— Hormon sinh duc vé thugng than: tic dung nhu cac hormon sinh duc
nam nhung yéu hon. : : :
6.3. Hormon sinh duc nam

* Cdu tao héa hoc.

- o =0
H
Testosteron (17p-hydroxy-4-androsten-3on) Aldrosteron (5c-androstan 3-ol-17-on)

Ch4t chinh 13 testosteron, do t& bao ké (Leydig) ctia tinh hoan bai tiét,
ngodi ra con c6 aldrosteron — 13 san ph4m thoai héa ctia testosteron & gan.

Té4c dung clia aldrosteron bing 1/6 tac dung cua testosteron.
- * Téng hop. '
Tu nguyén liéu la cholesterol
* Thodi hod.
Androstendion 13 sdn phdm thoai héa ddu tién cua testosteron. Nhiing
giai doan tiép theo gi6ng nhu thoai héa ctia cac hormon sinh duc vé thugng
than. Nhu vay, testosteron (ngudn géc tinh hoan) va androstendion (nguén goc

vo thugng than) c6 chuyén héa chung va bién d6i thanh aldrosteron,
etiocholanolon va modt phan nhd thinh epiandrosteron. Nhiing san phidm nay
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chi€m khoang 80% trong cic 17 cetosteroid trung tinh dao thai ra nudc tiéu
duéi dang lién hgp glucuronic hoéc sulfuric. 3 nudc tiéu tré em, 17 cetosteroid
c6 khoang 2,5 mg/24 gid, tang dan & tubi day thi: nam khoang 13 £ 2mg/ 24 gid
vanii khoang 9+2 mg/24 gid, roi giam dan theo tudi. — .

6.4. Hormon sinh duc nit

Gém 2 nhém: folliculin (hay estrogen) va progesteron Su bai tiét cac
‘hormon nay tuy thuoc vao thoi ky phat trién clia nang triing: giai doan nang
" t8 bai tiét estrogen; giai doan hoang thé, bai tiét estrgen va progesteron.

* Cdu tao héa hoc: R ' '

— Estrogen: 18C gom 3 chat 1a estron, estradiol va estriol. D6 la nhiing
steroid phenolic, chait luu théng chinh trong mau la estradiol.

i Estriol
Estrogen (18C Estradiol ' .
(1 ,3,5-estratﬁen—§3-ol-‘)|7 on) ~ (1,3,5-estratrien-3,17-diol) 1,3,5-estratrien-3,16a., 17 triol)

— Progesteron: 21C, c6 nhin pregnan.

21 CHs

18 20 |
OH CO

19 Progesteron (21C)
(4-pregnen-3,20 dion)

* Téng hop:

Budng triing, tinh hoan, vé thugng than va rau thai déu téng hgp duge
‘cac estron va estradiol ti testosteron va androstendion.

Qua trinh t6ng hop dude kich thich bdi FSH va LH caa tuyén yen va kich
“thich rau thai HCG. Progesteron dugce tong hgp nhleu nhat & hoang thé va rau
thai, duéi tdc dung caa FSH, LH tuyén yén, cac yéu t& giai phéng vung dudi
déi va khi c6 mang con dugc kich thich béi HCG.

* Thodi hoa.

San phdm thoai héa cht yéu ciia estrogen & nuée tiéu 1a estriol, duéi

dang glucuro hoic sulfo lién hgp, mét phan nhé d dang ty do, goi chung la cac
phenolster01d
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3 ngudi binh thudng:

- Trubec ngay kinh néng 46 estrogen ba1 xudt ra nude tiéu 1a thap nhat:
5-10 pg/24h. :

-~ Cao nhit & ngay rung tring: 50- 100 pg/24h. Giam déan rdi dat dinh
cao thit 2 § thoi ky hoang thé.

— Thdi ky hoang thé: 30-40 ug/24h.

Progesteron thoai héa 6 gan tao thanh pfegnandiol dao thai duéi dang
glucuro va sulfo lién hgp.

Ngoai ra, trong cd thé con c6 hormon eicosanoid. Hormon eicosanoid dugc

tong hgp tit nhiing acid béo c6 nhiu lién két d6i ma chat tién than chinh la

- acid arachidonic (20C c6 4 lién két d6i). Hormon eicosanoid dudc xé&p vao loai
hormon tai chd, ba loal ecosanoid chui y&éu da biét 1a:

Prostaglandm ¢6 & nhidu mo, kich thlch co bép cd trdn

Leucotrien c6 & bach ciu, lach gay co bép phé& quan.

Thromboxan c6 6 cac md va bach cau, diéu hoa d6ng mau va 1am co mach.

CAU HOL ON TAP

1

Trinh bay dinh nghia hormon phan blet hormon than kinh, chat dan
truyén than kinh, hormon tai chd, hormon ty than.

Phén loai hormon theo c&u tao héa hoc va co ché tac dung (mbi loai
ké tén va viét cong thic cdu tao mot hormon dai dién).

Trinh bay co ché& tac dung chung ctia horrmon tan trong 11p1d (nhém
steroid), dic di€m tac dung hormon loai nay.

Trinh bay cd ché& tac dung ctia hormon tan trong nuéc, vai trd cha
Protein G (minh hoa tac dung giy ting glucose mau clia epinephrin
bang sd db).

Trinh bay cac ch4t truyén tin thd 2 da biét trong cd ché tac dung cha
cac hormon tan trong nuéc.

Trink bay c&u tao héa hoc, qua trinh téng hop va thoai héa hormon
catecholamin va hormon tuyén giap.

Trinh bay céac loai hormon steroid, méi loai cho vi du.
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PHAN III
HOA SINH MO VA CO QUAN

Chuong 15

SU TRAO BOI MUOI -NUGC

Moi trudng 16ng trong cd thé ludn duge duy tri hing dinh. Su hing dinh
nay do cé sy thang ba?lng gitta nudc, cac thanh phan dic biét cta t&€ bao va cac
chat dién g1a1 Su can bing nodi mdi duge duy tri béi nhiing co ch& diéu hoa
nhim ngin can nhiing thay d6i 16n cac thanh phan nay. Su thay ddi nuée hodc
cic thanh phéin dién g1a1 din dén su thay d8i cac thanh phan khac. Nu’dc va
cac chat dién giai c6 & khap moi t& bao tham gia cau tao t& bao va cin thiét
cho moi hoat dong séng ctia t& bao. Su trao d6i muéi nuée lién quan mat thiét
v6i nhau va lién quan dén chuyén héa cac chat hitu co trong co thé.

1. NUGC TRONG CO THE
Trong co thé nudc tén tai duéi hai dang nude ty do va nude két hop

1.1. Ciu tao va déc tinh ctia nuée

— Nuéc tu do: phan tl nuéc gobm mot nguyén ti OXy lién két véi ha1
nguyen ti hydro. C&u tric phan t& nuéc hinh tam gide, mdi nguyén ti ndm
trén moét dinh va trén cing mot phia. Géc lién két gitta oxy va hai nguyén tu
hydro 14 104,5°. Pdng thoi lién két gitia O-H phan cuc kha manh, nén toan bd
phan ti nuéc phan cuc manh. Chinh déc diém phén cuc nay lam cho nudc c6
nhiing tinh chat ly héa dic b1et quan trong. Nudc hoa tan duge nhiéu chat v6
¢ va hitu co va 13 mbi trudng s6ng khong thé thi€u ctia moi sinh vat néi chung
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va clia con ngudi néi riéng. Trong ¢d thé nude tham gia vao nhiu phan tng
héa sinh. Ty khéi ctia nuéc bién thién theo su thay ddi ctia nhiét do. T4t ca
nhiing tinh chét trén 1a do dic diém phan cuc cia phan ti nudc lam cho nude
c6 thé lién hgp phén ti qua cac lién két hydro véi nhau. Nude tu do c6 diém
déng lanh 6 0°C, s6i ¢ 100°C. Nudc tu do thay déi theo ché& dé an uéng.-

— Nude két hgp: 12 nude tham gia vao cdu tao t& bao va cé hai dang:

+ Nudc hydrat héa tao 16p vé hydrat quanh cac tiéu phin protein tao
thanh cac hat keo hay cac micell. Ngudi ta tinh ring ct 10g protein thi mat 5g
nudc dé hydrat héa lugng protein nay.

-+ Nuéc bi cAm nidm trong khodng gifia cAc phan ti va cac hat nhd tao
nén mang luéi clia gel va 1am cho gel c6 trang thai niia ran. Piéu nay rat quan
trong cho sy séng vi né giit cho co thé sinh vat ¢6 ciu triic nhit dinh, mic du
d6i khi gel chi chita mét lugng rat nhoé chat khé. Mot s& cd quan nhu cd va tim
c6 d6 rén chic nhat dinh nhitng chiia ty 1& nuée tit 70-80%, con 6 mau luogng
nudc 1a 83% lai § trang thai 16ng vi khéng c6 cdu tao gel. Trong phan nudc két
hgp thi nuée bi cAm chiém lugng nhiéu hon nuée hydrat héa.

Nudc két hop khéng déng bang ¢ 0°C ma & nhiét d6 thap hon -0°C.

1.2. Ham lugng nuéc trong co thé

Lucng nudc trung binh ctia co thé ngusi khac nhau tu 40 dé’n 75% trong
lugng ctia co thé. Lugng nudc con phu thude vao gldl tudi va tinh trang cd thé.
Ty 1é nay giam & nhiing nguoi gia va nhiing ngudi béo phé. Tudi cang nhd ty 1&
nudc cang cao. Tré so¢ sinh binh thudng lugng nuéc chiém khoang 80%, sau
mét tudn lugng nuée giam con khoang 60%. G ngusi tr{xang't'héﬁh'lﬁhh thuong
ludng nuée khoang 55-65%. Lugng nudc ctia thai nhi ciing thay ddi phu thuéc
tudi thai. Tudi thai cang nhd lugng nuéc cang nhiéu, thai nhi 2 thang tuéi
lugng nudc chi€m téi 97%, thai 3 thang tudi lugng nudc khoang 94%. Lugng
nudc giam din dén nim thang tudi con khoang 85%. Nudc phan bd khong déu
trong cidc md, nude trong mé md chi chiém 25-30%, ¢ mé lién két nuée chiém
60-80%. Bang duéi diy 1a ham lugng ctia nuéc trong mét s6 co quan va mét s&
dich sinh hoc trong co thé.

Bang 15.1: Ham lugng nudc trong mét s& cd quan va dich sinh hoc cla
co thé ngudi trudng thanh.

Coquan Ham lugng nudc(%) Dich sinh hoc Ham lugng nudc(%)
Gan ' 70 ‘ Mau 80-83

Than 82,7 | Nuéc tiéu 95

Phdi 79 M6 héi 99,5

Xudng 16- 46 Sira 89

Co 70 Nudc bot 99,4
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Nhu vay nudc c¢6 trong moi t& bao, moi md tao ra mdi trudng léong bén
trong co-thé, méi trudng thiét yéu ciia su séng. . ..

1.3. Sy phéan b8 nudc trong cd thé

Nuéc trong co thé phan bd & hai khu vuc :

Nué6c trong té& bao (Intracellular Fluid: ICF) chiém khoang 55% tong
lugng nudc toan phan cua cd thé. ;

Nudc ngoai t& bao (Extracellular Flu1d ECF) chiém khoang 45% téng
lugng nudc toan phan. Nuéc ngoai t&€ bao 1a nude luu thong gdm nudc 6 huyét
tuong, bach huyét, dich gian bao mé lién két, xuong sun va nudc trong cac dich
sinh hoc. Nuéc trong cac dich sinh hoc khac nhu: nuée bot dich tuy, méat, dich
rudt, dich vi, dich ndo tuy. _—

Bang 15.2: Sy phan bd nudc trong ¢a thé:

Khu vuc Ty lé %
Nudc trong té bao - 55
Nuéc ngoai té bao: : 45
- Nudc trong huyét tuong va bach huyét 7.5
- Nudc 4 dich gian bao 20

- Nudc trong céac dich sinh hoc
- Nuédc trong xudng sun
- Nudc trong mé lien két ~ - ' - 15

1.4.Nhu cau nu.’(’ic cta cd thé

Nhu ciu nude hang ngay g ngucn 16n binh thudng khoang 35g cho mdi kg
than trong. O tre em nhu ciu vé n\idc tang gdp 3 dén 4 lan so véi1 ngud1 16n.
Tré so sinh can téi 140g nuée cho mdi cin nang Nhu cdu nudc cia co thé
khéng nhiing thay déi theo tudi ma con thay do1 theo diéu kién thoi tiét va
diéu kién lam viéc. Thoi tiét nong néng nhu ciu nudc cao hon, lao dong ning
nhoc mé4t nhiéu md hdi, nhu cdu nudc tang.

1.5. Su thang bing xuit nhap nuéc - Bilan nude

Binh thuong lugng nudc vao co thé va lugng nuéc bai xudt cb sy can bang

goi 1a bilan nudc. o) nguoi khée manh binh thudng lugng nuéc nhéap bing
lugng nuée xuit hay bilan nuéc bang khéng. Co thé chi c6 kha nang duy tri
thang bing xuit nhap nuéc 6 mot mdc d6 nhat dinh. Co6 thé gap roi loan thang
bing xuat nhap nudc trong mot s6 benh ndi tiét, benh than, suy tim, bénh
gan... :
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- Bang 15.3: Théng bang xuét nhap nudc & co thé.

Nucc nhap I - Nuéc xuét

Nuéc qua dudng udng: 1200ml | - Nuée tiéu: ' 1400ml

Nudc trong thic &n  : 1000ml- Nuédc qua mbé hoéi: ~  500ml

Nudc tit chuyén héa :300ml -~ Nuée qua hoi thé:  500ml
| ’; N | © Nuée qua phén::: 100ml

Tong cang- 2500ml B 2500ml.

1.6. Vai tré ctia nudc trong cd the

Vai trd quan trong cua nudc 1a tham gia c&u tao co thé thong qua nudc
ké&t hop. Nuée tham gia cac phan ting héa sinh trong co thé: hydrat héa, phan
ting thuy phén, phan ting hgp nudc va 14 mdi trudng cia cac phan tng chuyén
héa cta cd thé. Nudc 12 dung méi hoa tan cac chat dinh dudng va van chuyén
cac chit dinh dudng dén cac md va mang cac san pham cin ba tit chuyén héa
cua t& bao dén co quan bai tiét de dao thai ra ngoa1

Nuéc tham' gia diéu hoa than nhiét qua md héi va. qua hoi thd Khi nhiét
d6 mdi trudng ting, nudc tang thoat ra qua hdi thd va md héi cung véi nhiét
giup cho than nhiét khong tang theo nhiét d6 cia méi truong. Nuée lai duge
din truyen nhanh khép co thé nhd hé tuan hoan nen va1 tro dleu hoa than
nhiét ctia nuéc lai cang quan trong. g :

- Nudc tham gla béo vé co thé ciing nhu bao vé cac cé quan théng qua nude

: ~trong cac-dich:-dich-bao khép;-dich-cac-ming va dich-néo- tuy -Dich khép gitip
cho khdp cti dong dé dang, con d1ch mang tim, dich mang ph01 g1up cho cac co

quannay dé hoat dong. g

Nuéc tham gia tao ap suit cua chc dich trong co ,thé.",Cil‘}ng véi céc ché’t
hoa tan trong nuéc, nuéc gép phan tao ra ap suit cac dich ctia co thé.

2. CAC CHAT VO CO (CAC MUOD)

2.1. Ham lugng va sy phan bd cac chit v6 cd trong co thé

Cac chit vd co chiém tit 4 d&n 5% trong ludng co thé va phan bs khéng
déu & cac md trong co thé. Mudi vo cd cb trong thanh phén tit ca cac t& bao va
cac md cua co thé: xuong c6 nhidu Ca, Mg, P duéi dang muéi phiic hgp khong
tan. Trong cac dich ngoai t& bao, da va t6 chic dudi da c6 nhiéu Na va Cl. Dich
trong t& bao cé nhiéu K, phosphat va Mg. Con & tuyén giap tap trung nhiéu
iod. Trong dich da day c6 mét lugng 16n acid clo hydric. Trong dich tuy cé
nhiéu HCO,". Cac chit v6 cd trong co thé tén tai véi lugng khac nhau tuy thudce
chiic nidng sinh 1y cting nhu nhu ciu ctia cd thé. Mot s6 chat tén tai véi s6
lugng 16n nhu Na, K, Cl, Ca, P, Mg. Mot s6 tén tai véi sd lugng nhé nhu: I, Br,
Cu, Co, Mn, Zn, Mo...nhiing nguyén.-t6-nay-dugc goi 1a nhiing nguyén té vi

253




lugng. M6t s6 c6 lugng rit nhé trong cd thé g01 12 nguyén 8 siéu vi luong nhu:
Cr, Si, Ti... Cdc chét nay c6 thé & dang mudi khéng tan, cb the 13 mudi tan
trong cac dich ho#c 6 dang két hop véi protein.

2.2. Nhu cau cac chat vo cd cua co thé

Nhu ciu vé cac chat vd co caa cd thé phu thudc vao tudi va trang thal sinh
ly. D61 v6i ngudi trudng thanh nhu ciu chét vo co trong mét ngay nhu sau.

Bang 15.4: Nhu cau céc chét vo co.

Chat vo co Nhu cAu/ngay Chat vb cd Nhu cidu/ngay
| Na 6g Phosphat 1,5¢g
K  4g Mg 0,38
Ca - .0,8g Fe : : 0,02¢g
Cl : - 4g Cac nguyén t8 vi lugng.

| Tuy vay & giai doan sinh 1y dic biét, nhu cdu vé mot s6 chit co thay doi.
Tré em trong giai doan phéat trién nhu cau vé Ca, P cao hon ngudi 16n. Phu nit
trong thoi ky mang thai va cho con bt nhu cau vé Fe, Ca, P cao hon ldc binh
thuong.

2.3. Hap thu va bai xuit chit vé co

- Cac chat vé co duge dua vao co thé qua dudng tiéu héa, phin 16n dudc
hap thu 6 rudt non vao mau Mac dit mbi mudi c6 cd ché hip thu riéng va chiu
su chi phéi ctia nhiéu yéu t6. Nhin chung cac mudi duge hap thu dé& dang, nhat
- 14 NaCl va KCl. Sau khi dugc hap thu vao mau cac mudi dudc phan b& dén cac
mo theo chiic ndng s1nh ly ctia né va theo nhu cdu ctia co thé. Thi du sit cha
yéu dén gan. Mot s0 mu01 nhu Ca P, Mg, F dén t6 chitc xuong hodc ring,
NaCl trong da.

Mudi dugdc bai xuit chu yéu qua phan, qua nudc tiu va qua mé hai.
Nhiing mudi dao thai ra phdn nhu sit, calci, phosphat, magle cac kim loai
ning (Hg, Pb, Bi, Cu). Phan 16n cac mudi dao thai ra nuéc tiéu nhu: Na, K, Ca,
CL S, I, Co, P. Mgt phan NaCl, sulfat dao thaira mb ho1

24. Vai tro cua cac chat v cd trong co thé

Mic du cac chat v6 cd phan bd khong déu trong co. the nhung chung cling
quan trong trong nhleu quéa trinh séng:

— Tham g1a cdu tao t& bao va mo, mot s0 mudi cua Ca, P tao thanh cac
mudi khong tan tao nén hinh dang dsc thi chia t8 chiic xuong va t6 chiic riang.
Tham g1a cdu tao cac thanh phin quan trong cua t€ bao nhu acid nuclelc
mang te bao :
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— Tham gia binh 8n protein & trang thai keo trong té& bao va mé. Nong
d6 va ty 1&é cia mot s6 chat vd cd anh hudng téi chic phan sinh 1y cuia t& bao
nhit'1a cac chat § dang phiic hgp v6i protein.

L= Tham gia tao ap suat thdm thau: ap suét tham théu cua cac dich
trong cd thé phén 16n do cac chat vé co hoa tan trong cac dlCh tao ra. Ap suit
nay anh hudng téi su phan bé ctia nuée. :

- — Tham gia c4u tao hé théng dém cla co thé: thanh phin hai hé dém
chinh ctia co thé 1a hé dém bicarbonat va hé dém phosphat 14 cac chét vo co.

— Cac chét v6 cd con cb vai tro dac blet nhu: c6 va1 tro trong hoat dong

clia enzym

M6t s ion hoat héa enzym: Cl hoat héa amylase, Na*, K* hoat»hb_éa

ATPase. Mot s6 kim ham hoat d6ng clia enzym d6 1a cac kim loai ning. Mot s&

tham gia cdu tao enzym hodc coenzym, tham gia c4du tao hormon, tham gia
trong qua trinh déng mau va dan truyén than kinh. | ‘ :

2.5. 'M'(f)t s6 chit vo ca trong co thé‘; '
2 5.1. Natrz |

Na* la catlon chinh ctua dlCh ngoai t& bao. Nong d6 Na* mau tit 136- 145
mmol/L. Natri ¢6 vai tro trong sy phin b8 nuéc va tao nén ap suit tham thiu
cia huyét tuong. Khi qua nhiéu Na' gay ting Ap suit thdm th&u cla huyét
tuong, nudc duge gitt lai lam tang thé tich huyét tudng Nong dé Na' toan
' phan ctia co thé lién quan chit ché véi lucng mIdc cua cd thé. Natri duy tri can
bing acid- base bdi co ché&-trao- d01 Na*/H* 6-6ng than. Natri-eon glu vai tro
trong kich thich thdn kinh co. Hang ngay lugng Na' dua vao x&p xi 100-
200mmol, duge hap thu tich cuc & rudt non. Than 14 co quan diéu hoa Na* cla
co thé. Natri ctia huyét tuong dude lo¢ & ciu than va tai hap thu & éng than.
H4p thu Na* cht yéu & dng lugn gan chiém 70%, phin con lai & quai Henle va
6ng lugn xa. Than c6 kha ning hap thu téi 99% lugng Na* bi loc, khi cdn thiét.
T4i hép thu Na* § éng than chiu su diéu hoa cia Aldosteron. Aldosteron 1
hormon chuyén héa mudi nuéc duge bai ti€t tit vé thuong than gii vai trd
quan trong trong cén bing dién gidi. Khi cé aldosteron su tai hap thu Na* &
ong than ting 1én va nudc dudc tai hap thu theo. Mot yéu t6 nita anh hudng
t6i ndng d6 Na* 1a peptid hormon ctia tdm nhi (atrionatriuretic protein: ANP).
ANP lam tang t6c d6 loc cAu than, lam ting bai xudt Na* va nuée ra nude tiéu.

2.5.2. Kali

K" 1a cation chinh & trong t& bao chi€m t8i 98%, ngoai t& bao chi c6 2%.
Noéng d6 K trong t& bao 1a 150 mmol/L, ngoai t& bao 14 3,5 dén 5 mmol/L. Duy
tri sy chénh léch ndng d6 K*, Na* giiia trong va ngoai t& bao nhd bom Na*, K*
ATPase. Kali giit vai trd quan trong trong chuyén héa t& bao, dic biét trong
di€éu hoa nhiéu qua trinh ctia t& bao. Kali ¢6 vai troé quan trong trong kich
thich than kinh co! Nong d3 kali ¢6 vai trd trong diéu hoa néng d6 H*.
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Can bing K* ngoai t& bao duge-duy tri béi than. Ch& d¢ &n hang ngay
binh -thudng cung cip-lugng kali tit-80-100 mmol. Kali dudc hap thu 6 rudt
non, dugde loc qua than va tai hdp thu & 6ng lugn gln. Sy bai xuét kali phu
thudc lugng natri duge tai hép thu va néng dd aldosteron trong tuan hoan.
Khéng chi ndng db kali c6'y nghia, ma quan trong hon cd 12ty 1& vé néng dd
kali giita trong va ngoai t& bao. Ty 1& nay cho phép sinh ra dién thé& hoat dong
cin thist cho chiic nang than kinh co. Vi viy tang hay giam nong dd kali huyét
thanh gay réi loan ty 1& nay dan dén loan nhip tim va liét co.

2.5.3. Clo

CI' 14 anion chinh & dich ngoai t& bao ctia cd thé. Binh thudng néng d6 clo
trong huyét thanh tit 99-109 mmol/L. Chtic nang chinh cua clo duy tri cin
bing thé tich dich, duy tri 4p sust thim th&u ngoai t& bao va trung hoa dién.
Sy thay déi clo ludn ty 1¢ véi lugng natri va lugng nude ctia cd thé. Bt ky su
thay d6i ty 1& natri va clo c6 thé gép phan thay d6i can bang acid- base clia cd
thé. Chuyén héa Clo lién quan chit'ch& véi natri vi né két hop véi natri. Clo
con dac biét quan trong trong viéc duy tri can bang anion- cation khi trao ddi
v6i HCO, (Clo shift). Khi carbonic (CO,) 1a san phim chuyén héa binh thuong
ctia t& bao, khuéch tan tu do qua mang t& bao vao huyét tuong. Mot lugng nhé
CO, hoa tan trong huyét tuong, phan lén khuéch tan vao trong hdng ciu do
chénh 1éch vé néng d6. Trong Lidng ciu cé enzym carbonic anhydrase (CA) xic
tac cho phan tdng hop nudc ctia carbonic thanh acid carbonic. Acid H,CO, phan
ly thanh ion H* vi ion HCOy. Ion H" duge dém bdi.hemoglobin, ion HCOy
trong héng cAu trd nén cao hon huyét tudng nén da khuéch tan ra huyét
tuong. Dé duy tri can bang dién giai Cl' vao trong t& bao d6i chd cho HCO;.
Qué trinh nay goi 12 su ddi ché cua clo hay clo shift. '

~ Khiu phan &n binh thuong hang.
ngay c6 tit 70 dén 200mmol clo ¢ dang
mubi véi natri hogc kali. Clo tit rudt
dude hap thu vao mau. Sy diéu hoa clo
lién quan thu déng véi natri & éng lugn
gin va quai Henle. Qua thita, clo dudc
bai xuét ra nude tiéu va md hoi. Khi qua
nhidu mé hdi sé kich thich bai tiét
aldosteron, aldosteron sé& tac dong 1én
tuyén md hoi dé bao ton Na* va Cl'

.7 ‘Héng cau

" Huyét tuong

2:5.4. Bicarbonat (HCOy)

HCO, la anion nhiéu thd hai cta
dich ngoai t& bao, 1a thanh phan chinh
ctia CO, ngoai huyét tuong va chiém téi - | B AT A
‘hon 90% luong CO,toan phin. Binh thuong lugng HCO,trong huyét thanh tu
99 d&n 28 mmol/L. HCO, 1 thanh phin clia hé dém bicarbonat. Hé dém nay

2.

hoat déng ngay khi cé su thay-doi pH mau. HCO y.ciing 13 dang van chuyén

Hinh 15.1. Sy d8i chd ciia clo gilfa
' héng céu va huyét tuong
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CO, tao ra trong qué trinh chuyén héa chit & cac mo dén phdi dé dao thai.
HCO,; dudc dao thai chti yéu bdi than qua su ting hodc giam tai hdp thu cua
ong than dé€ duy tri caAn bang acid- base ctia ndi méi. Giam lugng HCO-; cta
huyét tuong trong nhiém acid chuyén héa, tang lugng HCO, huyét tuong trong
nhiém kiém chuyén héa. Trong nhiém acid, than ting dao thai H* vao nudc
tiéu HCO, dugc tai hdp thu gdn nhu hoan toan (90% & éng lugn gin con lai &
ong lugn xa). Trong nhiém kiém HCO-, téng, than ting ba1 xuit HCO, ra nuéc
tiéu cung véi Na*

2.5.5. Calci

Hon 99% calci trong co thé c6 & trong xuong, chi khoang 1% trong mau
‘va cac dich ngoai t& bao. C6 rit it calci 6 trong bao tufdng cic t& bao. Nong d6
calci trong mau cao hon ti 5.000 dén 10.000 14n so véi § t&€ bao cd tim va té
bao co tron.

Trong mAau calci tén tai 6 mot vai dang: calci tu do khoang 45%, x4p xi
40% k&t hop véi protein dic biét véi albumin. Vao khoang 15% két hgp véi cac
anion khac nhu: bicarbonat, citrat, phosphat, lactat. Su phin b8 nay cé thé
thay d6i trong mo6t s6 bénh. Pic biét dang chi § khi néng dd cac chat nhu
albumin, lactat, citrat, phosphat, bicarbonat cao. Cé thé thay d6i trong khi
phau thuat hosc diéu tri ting cudng.

Giam calci mau do giam hormon cin gidp, gidm magié, gidm albumin
huyét thanh hoic do tén thuong cidu than, bénh gan man tinh, suy dinh duéng.

Tang calci mau do cudng cin gidp la nguyén nhan chinh, sau la do cac
kh6i u. Trong nhiing bénh nhan cudng tuyén giap cé cudng cin glap Do dung
thu6c loi niéu gay téng taihép thu calei lam tang calci

2.5.6. Phosphat

Céc thanh phan phosphat c¢6 nhiéu trong t€ bao séng va gii vai tro dic
biét trong nhidu qua trinh héa sinh. Cé trong thanh phan cac acid nucleic
DNA, RNA. Tham gia cdu tao cac coenzym. Tham gia cdu tao cac hgp chat
phosphat hitu co gidu ning lugng nhu ATP, GTP, creatin phosphat, 2,3-DPG...
Su thi€u hut phosphat c6 thé lam can kiét ATP, lam thay d6i néng d6 2,3-DPG
trong héng ciu lam anh hudng t6i 4i luc clia hemoglobin véi oxy. Hidu dugc
nguyén nhan thay d6i néng d6 phosphat trong mau thudng khé, do sy d6i chd
cua phosphat & t& bao.

Nguyén nhén chinh lam giam phosphat mau do phosphat vao trong t&

bao. Ngay sau khi phosphat vio trong t& bao, duge t& bao st dung dé téng hop
nén cac thanh phin phosphat hitu cd. Khi cac thanh phan phosphat hitu co
chuyén héa tao thanh phosphat v6 c¢d ra ngoai t& bao vao mau va duge diéu
hoa bdi than. Nong dd phosphat trong mau khoang 12mg%(3,9mmol/L) chl
y&u 12 phosphat hitu co. Phosphat v6 cd chi chiém khoang tit 3 dén 4mg%

Trong deng lugng phosphat chi€ém 80% ludng phosphat toan phan ctia cd thé.
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3. SU TRAO POI MUOI - NUGC

Trong cb_ thé nudc va mudi lién quan mat thiét véi nhau. Qua trinh trao
d6i mudi va nuéc khéng thé tach riéng biét va chiu sy chi phf)'i cua nhiéu yé&u
t8. Nudc va mudi trong duong tiéu héa duge hdp thu vao mau va dua dén cac
mé. Déng thdi cling c6 sy van chuyén nuéc cung véi nhung san pham dao thai

dén co quan bai tlet nhu éng tiéu héa, than, da, phdi dé dao thai ra ngoal
Chinh vi vy mudi nudc ctia cd thé ludén duge do1 méi nhd qua trinh trao déi.

~ 3.1. Cac y&u t6 quyé&t dinh sw vAn chuyén va phin b8 nuéc trong cd thé
3.1.1. Ap sudt thdm thdu (ASTT)

Ap suét thdm th&u cla cac d1ch dudgc tao nén do cac chit hoa tan trong
céac dich. Cac ch4t hoa tan trong cac dich cta co thé c6 ba loai:

— Céac chit dién gidi hoa tan trong céac dich trong co thé gin nhu la y&u
t6 quyét dinh ap sudt thdm thiu cua cac dich. P6i véi dich ngoai t& bao néng
d6 Na*, Cl cao hon, con dich trong t&€ bao ion K, ion phosphat cao hon. Chinh
céc ion nay c6 vai trd quyét dinh ap suit thdm th&u & cac khu vuc nay nhiéu
hon so véi cac ion khac.

— Céac hop chat hitu co phan ti ludng nhdé nhu: glucose, ure, cac acid
amin... Cac chit nay cé the van chuyen qua mang té& bao ciing nhu thanh
mach tuong d6i dé dang vi vay noéng do clia chiing trong cac dich khéng khéc
nhau. Do dé ap suit thadm th&u do ching tao ra trong cac khu vuc dude xem
nhu x4p xi nhau.

— Céac chat hitu co phan ti lugng 16n dic biét 14 protein. Gitta cac khu vuc
¢6 su khac nhau vé lugng protein vi vay ap suét thdm th&u tao ra bdi protein
ciing khac nhau giiia cac khu vuc nay. Ap sust thdm th&u do protein tao ra
dugc goi 1a ap sudt keo. Ap sudt clia tiing khu vuc do ba loai chat hoa tan trong
cac dich tao nén ap suét thim thiu ¢ mbi khu vyc nay. Ap sudt tham thiu cé
tac dung giit nuée va kéo nude vio khu vic né chi€ém giit. Noi ndo c6 ap sudt
thAm thau cao nude sé di vao ndi d6. Ndi c6 ap sust thdm thiu cao c6 nhiéu chat
hoa tan, nudc di vio 1am gidm ap sust thAm th&u, méi trudng trd nén ding
truong duy tri hoat déng séng ctia té& bao.

3.1.2. Ap luc thuy tinh (ALTT)

Ap hic thuy tinh dugc tao ra do luc ép cua nudc vao mang t& bao hay do
ap luc cia dong mau ép vao thanh mach. Ap lyc thuy tinh cé6 tac dung day
nudc ra khoi noi né chiém giii. Khu vic nao cé ap luc thuy tinh cao nudc sé tu
khu vyc d6 di ra.

3.1.3. Can bang Donnan vé dp sudt do keo

Thi nghiém:ca Donnan: 18y m¢t binh dugc ngén déi binh bing mot
mang ban tham. P6 vao mdi niia cta binh cac mué’i NaCl va Na proteinat
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(RNa) riéng biét. Cac mubi nay c6 ndng d6 khac nhau tuong ng véi a va b.
Nuéc va cac ion Na*, CI' qua mang dé dang, ion keo proteinat (R) khéng qua
mang. Sau mét thdi gian khuéch tan, cAn bing duge thiét lap va goi la trang
thai cAn bing Donnan:

Mang ‘ Mang
1 2 1 | 2
Na,® | . Na’, - Na', Na'y,,
Cl, R, Cl,, R, ’
Cr,

Theo Donnan tai trang thai cAn bang thi:
(a-x) (a-x) = (b+x) X..

" Dinh luat Donnan 1: “sy cén bing s& dat dugc” khi tich s8 ndng dd cac
ion khuéch tan c6 cung tri s§ 6 hai phia clia mang. -

Ludng jon khuéch tan :

a2

b+ 2a

. Dinh luat Donnan 2: khi da co su cin bang tong dién tich cac ion ducng
bing tdng dién tich cic ion 4m & mdi phia ctia mang.

O trang thai can bdng Donnan, khu vuyc cé ion keo proteinat cbd Ap suit
th4m thau cao hon. Su chénh léch vé& ap suit tham thau nay do ion keo va do
1on khuéch tan tao ra goi l1a ap suét do keo. : :

3.1.4. Mét sé yéu t6 kRhdc

Ngoai ra con mot s6 y&u t& khac ciing 4nh hudng téi sy van chuyén nudc
dé 1a stic bén thanh mach, stic bén ciia mang t& bao, lyc co bép cla tim va luu
lugng mau.

3.2. Sy trao d8i mudi nuéc va cac chat gita cac khu vue
3.2.1. Su trao déi nuée va cdc chédt gita huyét tuong va dich gian bao

Ng#n cich gitia hai khu vuc nay 14 thanh mach. Gitia hai khu vuc cé su
khac nhau vé néng dé protein, nén cé su khic nhau vé ASTT. Trong huyét
tuong néng dd protein tit 60-80g/L, tao ra ASTT long mach 1a 25mmHg. Dich
gian bao it protein hon nén ASTT 14 10mmHg. Con huyét 4p thi khac nhau
tuy phin ctia hé mach: HA mao dong mach 12 30mmHg, HA mao tinh mach la
15mmHg. Con ap suat thuy tinh ctaa d1ch gian bao 12 8mmHg. Su trao déi
nudc gitta huyét tusng va dich gian bao xiy ra theo sd dd sau:
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Mao déng mach ‘ Mao finh mach

T — -Mao mach. e

HA:30 ASTT: 25 HA: 23 ASTT: 25 HA: 15 | ASTT: ZST
L — "
ASTT: 10 ALTT: 8 . / ASTT:10 ALTT:8
Chénh léch + 7TmmHg ‘ * Chénh léch - 8mmHg
- Nudc va céac chat dinh dudng dira - Nudc va cac chat can ba di vao

Hinh 15.2. Su trao d&i nuSc va cac chét gilta trong va ngoai thanh mach

3.2.2. Su trao déi nuéc va cdc chdt giita khu vuc trong va ngodi té bao

Ngin cach giia hai khu vuc nay 12 mang t& bao. Mang t& bao cho nude
qua lai tu do va thudng di theo cac chit van chuyen qua mang, dic biét la dién
giai dé€ diéu chinh sy chénh léch ap suit thdm thiu. Con cac chit qua mang
" moét cach chon loc va theo co ché van chuyén tich cuc dé€ duy tri tinh trang
chénh léch néng @9 ciia nhiéu chit gifia hai khu vyc nay. Ion Na’, K'van
chuyén qua mang t& bao nho bom Na,K -ATPase. C mot ATP thu;’r phén thi
3Na* tit trong t& bao di ra va 2K* tit ngoai t& bao di vao trong t& bao. Su Van
chuyén Na*, K* qua mang t& bao 14 qui trinh van chuyen tich cyc ngudgc nong
do. Nglidl ta thay rang khoang 25% nang lugng cua cd thé ldc nghi dude st
dung dé duy tri hoat dong ctia bom nay. Ngoai ra sy van chuyén Na*, K* qua
mang qua cae kénh ion trong giai doan din truyén thén kinh co. Ion Cl va ion
HCO,- van chuyén qua mang qua clo shift theo dang van chuyén antiport (mot
ion Cl" di vao thi mét ion HCO, di ra). Ion H* van chuyen cung lactat, glucose,
acid amin theo dang symport. H" con van chuyén véi Ca*, K* theo dang
antiport.

Cac chat dlen gidi con dugec van chuyén qua mang t& bao do sy chénh
léch vé gradlent nong d6. Co che van chuyén cac chat qua mang xem trong
chuong mang té bao. e :

4. PIEU HOA TRAO POI MUOI NUGC

Mot ngudi khée manh b1nh thudng pha1 dam bao nhu ciu vé nuéde, cdn
bang nddc va cac dién g1a1 trong co thé luén duge duy tri. Co ché& cheu hoa cin.
bang mu01 nudc bao gébm céac co ché than kinh, ndi tiét cling véi sy tham gia
ctia mdt s6 co quan tiéu hoéa, thén, phdi, da.

4.1. Co ch& than kinh

Cac receptor thAm thau va cac receptor thé tich caa hypothalamus nhay
cidm véi nhiing thay d6i vé& ap suéit thAm thau va thay d6i thé tich tudn hoan.
Cac receptor nay dap tng nhanh véi nhlmg thay déi nhd vé ap suét thdm
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thau. Khi 4 ap sudt thAm thau huyét tuong ting tit 1% dén 2% s& kich thich lam
tang bai tiét ADH trong tuin hoan 1én 4 lan. Cén khi ap suat tham thau giam
1% dén 2% sé ngiing bai tiét ADH.

4.2. Co ché& ndi tiét

~ Diéu hoa trao d01 mudi nudc ch1u su ch1 ph01 cua nhleu hormon nhu
ADH aldosteron ANP

_ Kicht§ chong ba1 niéu vasopressm hay ADH: la peptld hormon d\mc
tong hdp ¢ hypothalamus va dy trii 6 hau yen ADH lam tang tinh tham nudc
ctia 6ng than, lam ting tai hap thu nuéc & 6ng than, co d#c nuée tiéu. Giam
ADH, glam tai hap thu nutdc midc bi dao tha1 ra nutdc tiéu gay dal nhat

.Cd ché& dleu hoa ba1 tiét ADH

" Khi g1am thé t1ch tudn hoan hoac tang ap sust tham thau huyet tuong sé
lam ting cam g1ac khat va ting bai tiét ADH Két qua lam ting lugng nude
dua vao co thé va tang tai hap thu nudc ¢ éng than. Khéi: lugng midc tudn
hoan ting, 1am gidm ap suit tham thau sé tc ché bai tiét ADH va giam khat.

- Aldosteron: 13 hormon v thudng than c6 tac dung lim tang tai héap
thu Na & 6ng than. Didu hoa bai tiét aldosteron qua he thong Renin-
Angiotensin. Aldosteron

— Atrionatriuretic protein (AN P): 14 peptid hormon dudc t6ng hop 6 tAm
nhi ctia tim ¢é vai trd trong cin bing nuéc va dién giai. AN P tac dong 1én.than
gay tang bai tiét Na va nudc bing cach ting tdc do loc cau than va glam tal hap
‘thu Na ¢ 6ng thén. Theo Zeidel va Brener thi ANPlam gidn mao- mach cau-than
lam tang téc dd:loc cau than 'din dén lam ting thé tich nuéc tiéu va tang bai
xuit Na. ANP dugc giai phéng béi céc tin hiéu tang thé tich mAu va ting ap
sudt mau.

Khat -—— NGO

Tang ASTT ADH
Ha Natri mau
| Gidm thd tich mau , /T'“_‘%,‘ ANP «
[T&ng he tich mau_} Than téng bai xust natri va nudc

Phdi

M Angioten\silt ?
= O“

Angiotenslinogen . Angiotensin | Co mach

Renin

‘Giém ap sudt than Gilr Na+ va H,0

Hinh 15.3. Didu hoa trao d8i mudi nudc bdi hormon va mét sé cd quan
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4.3. Mét s6 co quan tham gia diéu hoa trao ddi muéi nudc

" Trong sd nhlmg cd quan tham g1a diéu hoa trao d8i mudi nudc quan
trong nhA4t 13 ¢6 quan tiéu hoéa, than rdi dén da va phéi.

5 ROI LOAN NUGC- PIEN GIAI

R6i loan nudc-dién gidi trong co thé rat thudng gip trén 1am sang va
cling rat da dang. Nguyén nhan giy réi loan nudc dién gidi cling rit phong
. phad. Vi vay viéc danh gia ding m11c dd va nguyén nhan giy rdi loan 1a can
thi&t. C6 bién phap diéu chmh r6i loan dung, kip thdl thi hiéu qua diéu tri s&
ting lén rat nhiéu.

Nhiing r01 loan nudc trong‘cd thé c6 thé 1a thita nudc hoic thidu nuéc
 Con nhiing rdi loan dién g1a1 trong co thé c6 thé 1a tang hay ha cac dién gidi
\ trong mau. Nhitng dién giai trong mau lién quan chat ché véi su thay d01 nude
ctia huyét tuong 1a cac ion Na* va ion K*. :

* Pé danh gla r6i loan nuéc dién g1a1 trong co thé can blet duac cac thong
6 thé tich tudn hoan, thé tich nudc tiu, ASTT clia huyét tuong va chia nuée
tiéu va dinh lugng cac chit dién gidi trong mau va trong nuée tiéu.

CAU HOI ON TAP
1. Hay trinh bay vai tré va su phan bo cac mu01 v6 ¢co trong cd thé.

. 2. Hay trinh bay cac yéu t§ quyet dlnh t6i su van chuyen va phéan b6
"~ nudc trong co thé.

3. Hay trinh bay su van chuyén nuédc va cac chdt giita trong va ngoai t&
bao, giita trong va ngoa1 thanh mach.

4. Hay trinh bay su diéu hoa trao d8i mudi nudc.

Hay trinh bay cac théng s6 danh gia roi loan nudc- dién giai .
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Chuong 16

KHi MAU VA SU THANG BANG ACID - BASE

Cac co thé dong vat ‘phéi c6 mdt b& mit trao d6i chat dugc biét héa nhu
phéi hodc mang, mot hé théng van chuyén cac khi cho co thé st dung va kh1 do
cd thé dao thai.

‘Céac khi 'dudc vé.n chuyén 1a O, va CO,

Trong qua trinh van chuyen COz, mot hidng ldn H+ tao thanh

pH ctia mau dong mach = 7,40 £ 0,05, pH nay duoc duy tri nhd cac he

théng dém cuaa co thé va nhd cic co quan diéu hoa.

Trang thai acid — base clia t&€ bao dugc phan anh qua trang thai acid —
base cia mau, mau 12 mét md 16ng dé 14y dé phan tich.

1. SU VAN CHUYEN KHi
1.1. Sy van chuyén O, trong mau

1.1.1. Vai tro vén chuyén oxy ctia hemoglobin

& 38°C, 1 lit huy&t tuong chi hoa tan dugc 2,3 ml O,. Mot lit mau c6 150g
hemoglobin (Hb) c6 kha ning van chuyén khoang 200 ml O, (gap 87 lan kha
n#ing cua huyét tuong). 1g Hb c6 kha ning van chuyén duge 1,34 ml O,.

Hb 12 mét chit mang O, Iy tudng, bdo hoa duge 98% O, & phdi va 35% &
co hoat d6ng.

Su gén O, ctia hemoglobih la sy cOng tac.
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1.1.2. Cdc yéu t6 dnh hudng dén su gdn O; clia hemoglobin
DPG |
_HHY 40, <> HbO,+CO,+DPG+H'
TN COZY ‘ v by Ay
- DPG 1a 2,3 Diphosphoglycerat; chit nay cé tac dung lam giam ai luc
cua Hb véi O2 Néng dd DPG cao lam ting hiéu qué van chuyen O,: lam téng

,hleu qua st dung O cua cac mod: 1én nu1 cao < 5500 m, noéng d6 DPG ting;
xuong dong bang ndng 6 DPG glam tré vé mic do bmh thudng

3 bao tha1 HbF cb 2 chu01 y thay cho 2 chu01 B hoat dong phu hdp vdl
diéu k1en bao thai.

Bang 16. 1. Sy khac nhau giita HbA va HbF

HbA - o HbF
Chudi p “Chudiy
o-NH,* ty do a-NH,* tu do
Lys*82 Lys*82

HIS 143 ' Ser’143

Su thay dcn acid amin HIS thanh Ser 8 vi tri 143 cua chum v lam cho
'2,3-DPG gén vao y kém hon, din t6i 4i luc ctia HbF vé6i-O, cao hon &i luc cta
HbA véi O,, diéu nay c6 tac dung hit O, tit HbA cia mau me sang HbF caa

~mau thai nhi. '

DPGT o)
pCO, T - . o .
[H'1T @HY) » — &i lyc Hb vé6i O, giam
Nhiét @6 T —. ‘
1.2. Su van chuyén CO, trong mau
CO, trong mau dudc van chuyén dusi 3 dang:

1.2.1. Dang bicarbonat (HCOy): trong hong ciu, phan 16n CO, dugc enzym
carbonic anhydrase (CA) xuc tac, ké&t hop véi H,0 dé tao thanh H2C03, sau d6
H2CO tu phan ly thanh H* va HCO;: -

Carbomc anhydrase
CO +H,0 «<—> H,CO, < H"+HCO;
Dang HCO chiém 78%.cac dang van chuyen COztrong mau.

1.2.2. Dang carbamin: dang nay chi€m 13% cac dang van chuyen COztrong'
mau. Dang nay duge tao thanh do CO2 phan dng véi cac nhém amin tud do cua '
cac chudi o va B caa Hb theo phan Ung
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R-NH, + CO, <—> R-NH-COO"+H'

Vi pH trong hong ciu bang 7,20 nén cac nhom R- NH2 deu tlch dlen OF
R-NH,*, muén ¢6 R-NH, dé gdn CO, phai c6 phan fing:

R-NH, «— R-NH,+H"
Nhu vay, s tao thanh HCO, va R-NH, déu san sinh H*:
1.2.3. CO; dang hoa tan: diy la dang CO, dugc hoa tan trong mau, dang nay
chi chiém 9% cac dang van chuyén CO, trong mau.

1.3. Kha nang dém ctia hemoglobin

Ngoai vai tro van chuyén 02 va van chuyen mét phan CO, (dudl dang
carbamin), hemoglobm con c¢b vai tré dém do né c6 kha nang git H*. . ‘

Bang 16. 2. Cac dang van chuyén CO,

Dang van chuyén Van chuyén (%)
~ Hcoy s
‘Carbamin B
CO2 hoétan 9 ’

Bang 16. 3. Cac phan u’ng xay ra & dau tan N clia chu0| o va B clia hemoglobin.

Qua trinh o Cacddutan N.. ol
| chudia ,_chuaip_ ol
Sy tao thénh carbamin | Co N Co i
Sy gén DPG | ~ Kneng | C6
Sy gén H* (higu ting Bohr) . . - Cc6 . Khong

Kha ning ‘dém caa hemoglobin 14 do cic nhém cé kha nang gin H*, vidu
nhu 4 nhém amin tan cung va cAc nhém bén imindazol caa géc His. Mot phan
tu hemoglobm c6 38 goc His/ 4 chubi polypeptid ctia né.

Hemoglobin cé6 kha ning dém 50%, con cac dém khac (dém phosphat
trong héng ciu, dém protein huyét tuong) déng gép 10% kha ning dém ctia
mAu. Con lai, H* sinh ra tit H,CO; dudc hip thu theo mét cd ché& khac goi 1a
¢d ch& ddng hydro cung ctia hemoglobin. Co ché dang hydro dugc bidu dién &
hinh 16.2.
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Phéi  Mau  Me
—— HCO; v
Tit khéng khi Tinh mach | . d&nmb

O, HHb «— HHb HHb O,

A

HCO; HY 'HbO, 5 HBO, ____ 5  HbO,” ' H*HCO;

\ g

H,CO, Péng mach , - H,CO,
0, H,0 - '  H0 CO,tumd
Ra khéng khi G R |

Hinh 16. 2. So d6 van chuyén 0, va su van chuyén CO, déng hydro ctGa hemoglobin.

Co ché ding hydro c6 kha nang dém 40% a01d sinh ra trong qua trinh
van chuyén CO, binh thudng. :

Bang 16. 4. Kha nang dém H* sinh ra trong qua trinh van chuyén CO,:

Cac'cachdémH* Kha nang dém (%)
Su dém bdi hemoglobin ' 50
Sy dém bdi cac dém khac 10
Su dém bdi cd ché déng hydro - S 40

Trong hdng ciu, CO, tac dung véi H,0 thanh H,CO; duéi tac dung cla
enzym carbonic anhydrase. HZCO3 la1 phan ly thanh H* va HCO;. H* dudc
dém bdi Hb, con HCO, trong héng ciu cao hon & huyet tuong nén duldc khuéch
tan ra huyét tuong. D& duy tri can bing anion, Cl di vao hong cau thay thé
cho HCO, nhd su d8i chd CI’ (x1n xem chudng 15: sy trao d01 mudi- nuéc).

2 SU THANG BANG ACID BASE
2.1. Co s hoa ly cta su thang bang acld base V-
2.1.1. Khdi niém vé pH: nuéc la chit phan ly yéu:

H,0 & H'+OH" @
Hé sd can bing ctia su phan ly cia nudc 1la:
[H'] [OHT .
Keq = —— (2
[H,0] .
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Néng d9 ctia H,0 trong 1 lit nuéc tinh khiét = 1000/18 = 55,5 mol/L
[H*][OH‘] =Keq[H,0] =1, 8x10x55,5 = 1,01 x 10 @)
[H*] = [OH] = 1x10" mol/L @

Sorensen (1909) da biéu thl néng d6 H* ra pH bang cach bién d6i cac
thong s6 sau:

pH= - log [H*] : _ N G))
[H*][OH] = 1,0 x 10 |
Léy log 2 v& va nhan véi -1, ta c6: log[H'] + log[OH] = loglO'“ =14
- log[H'] - log[OH] = 14
Ky hiéu - log[H'] = pH va - log[OH] = pOH, ta cé: pH +pOH =14

Cac néng do [H*] va [OH] cb hen quan tuong hd véi nhau. Néu nong do
[H*] cao thi [OH] phai thap

Vi du: néu [H"] = 10°M thi [OH] =10 12M
2.1.2. Phwdng trinh Hende’rso'n-Haselbalch

Mbét dung dich acid yeu sé phan ly HA & H* + A‘ ’
He s0 phan ly sé la

Mm@ [HA] .
K= .._.__._...__ - [H+] =
A} A
L&y log 2 v& va nhén véi —1, ta c6:
o [HA]
-log [H+] = -logK — log
[A]
Ky hiéu - log[H*] = pH va - logK = pK, ta cé:
| (a1
pH = pK + log ——
[HA]

Kha ning dém t6t nhit ctia mot dung dich dat duge khi [A] = [HA],
nghia 1a khi do pH = pK. Trong huyét tuong, 90 dén 95% CO, 6 duéi dang
HCOjy, do d6 néng d6 CO, va [HCO3] chi khac nhau @6 khoang 1mmol/L. Déi
véi hé dém [HCO,) H 003 cua huyet tuong, phuong trinh Henderson-
Haselbalch sé 1a:

[HCO;]
pH pK + log _
[H;€07]
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 Theo dinh luat Henry, ndng d6 ciia mot khi trong mot dung: dlch ty 1é véi
ap luc riéng phéan cua khi d6 trén bé mit cta dich. Déi v6i-CO,; néng-dd CO,
hoa tan ty 1é véi 4p luc riéng phén cua né trong dung d1ch nghia 14 phu thudc
vao hé s6 hoa tan a cta CO Sy phu thude- nay duéc xac dinh bing phuong
trinh:: :

[CO2 hoa tan] =a.pCO, (mEq/L)

a 13 hé s6 hoa tan cua CO, va cb gia tri bing 0,03 mEq/L 6 37°C. Phudng
trinh Henderson-Haselbalch lic nay sé tré thanh: ,

[HCO;] :

pH‘= pK + log
0,03. pCO,
[HCO ] dudc tmh bing mEq/ L.

: Kh1 mot acid manh dugc thém vao mau, [HCO ] sé phan Ung véi acid d6,
tao thanh H,CO;, [HCO;] sé giam di va CO, dugc tao thanh. Vi co thé 12 mot
hé théng mé nén CO, du duge thd ra, ty 16 [HCO;)/ pCO, khong bi bién d6i
nhidu. Tudng tu nhu vay, khi mét base duge thém vao mau, no sé bi trung hoa
béi H,CO,. Hé thong dém trong co thé that su la mot hé thong md trong dé
pCO, ludn duge diéu chinh dé phu hgp véi yéu cau cua co thé. Néu su ho hap
khong thuc hién duge su diéu chinh nay, pCO, sé bi thay d6i manh va hé
théng dém bicarbonat s& kém hiéu lyc. H¢ dém HCO;/H,CO, quan trong vi:

* Nhay cam véi didu hoa bdi phdi va than

* D& do ludng

* C6 luong 16n trong mau. ‘

‘Phuong trinh Henderson- Haselbalch 1a phudng trinh co ban the hién
trang thai thiang bing acid-base clia co thé. ,
2.2. Sy thang bang acid-base trong co the séng

Binh thuong, pH mau dong mach 7,38 — 7,42.

Lugng H* tao thanh trong qua trinh chuyén héa 12 khoang 100 mEq/ 24h
pH méau dugc giit thing bing nho cac hé dém trong: huy#ét tucng va hong ciu.
2 2.1. Cac hé dém ciia co thé

- Cac hé d‘em cua huyet twdng va dtch gzan bao huyet tuong va dich glan
bao c6 cac hé dem sau: C .

+ Hé dém b1carbonat HCO‘ /1 H,€0,
+ Hé dém phosphat: HPO,*/ H,PO;

+ Hé dém protein: proteinat/ protein
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~ Cdc hé dém ctia hong cdu: héng clu cb cac hé dém hemoglobin sau:
+ Hé dém hemoglobinat/ hemoglobin: KHb/ HHb |
+ Hé dém oxyhemoglobinat/ oxyhemoglobin: KHbO,/ HHbO,

Kha ning dém clia cac hé dém ctia mau dudge chi ra & bang 16.5.

Bang 16. 5. Kha ning dém cla cac hé dém cla mau

Cac hé dém cia mau Kha ning dém (%)
Hé dém hemoglobin 82
Hé dém protein 10
Hé dém bicarbonat 7
Hé dém phosphat: 1

— Cdc hé dém cua dich trong t& bao:

Trong té& bao c¢6 K, protein va cac phosphat hitu cd cao c6 kha ning dém
t6t sy bign ddi pH khi CO, thay ddi. Kha ning dém cla t&€ bao cua cac mé la
rét 16n, chi€m t6i 52% trong téng s6 kha ning dém cla co thé d6i véi cac acid
chuyén héa (bang 15.6).

Bang 16. 6. Kha nang dém clia cac hé dém cla cd thé déi vdi cac acid chuyén héa

Cac md - Kha ndng dém (%)
- Té& bao clia cac mé 52
Cac dich ngoai t&€ bao 42
Héng céu ‘ : 6

2.2.2. Su diéu hoa thdng bdng acid-base ciia co thé

~ Tac dung clia hé dém: cac hé dém c6 vai trd diéu hoa nhanh chéng cac
tac nhan giy ra mit thing bing ndi mdi vé acid-base.
Vi du: dé1 v6i hé dém bicarbonat: NaHCO,/ H,CO,

Khi mdt acid HA x4m nhap vao co thé, né sé tac dung v6i phan NaHCO,
cua hé dém bicarbonat (vi du HA 14 HCI):

2
CO, + H,0

San ph4m tao thanh 1a CO, va H,0. CO, 1a ch4t dé& bay hai, dugc phdi thé
ra ngoal nén pCO, mau khoéng bi tdng. Nhu vay, khi mét acid xAm nhap vao cd
thé, mac du phai st dung moét phan HCO;, nhung ty sé phutdng trinh
Henderson-Haselbalch it thay d6i, diéu nay ciing c6 nghla la pH cua mau it bi
thay d01
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Trai lai, khi mot base, vi du NaOH x4m nhép vao.cd thé, né sé tac dung
v6i phan H,CO, ctia hé dém bicarbonat-(vi du base la NaOH):

'NaOH + H,CO, ¢ NaHCO; + H,0

- Khi mdt base xdAm nhép vao cd thé, né sé phan ting véi phﬁn acid ctia hé
dém, tao nén NaHCO, 1a mét base dém ctia huyét tuong va dich gian bao va
H,0; pH ctia mau cing rat it bi thay déi.

—Piéu hoa bdi co ché sinh ly: _
+ Didu hoa thing bing acid-base bdi phdi:

Vai trd ctia phéi 1a lam cho cd thé ngudi mot hé théng md, théng qua tac
dung cia hé dém bicarbonat va hemoglobin. CO, dudc tao thanh lién tuc trong
t8 chiic véi t6c d6 200 ml/phiit (» 20 mmol/phit), lién tuc duge: dao thai & phoi
(xem phan van chuyén CO,). o

Khi mét acid manh xdm nhap vao cd thé, né s tac dung véi NaHCO; clia
hé dém bicarbonat, tao thanh H,CO; H,CO, dudi tac dung cia CA sé tach
thanh CO, va H,0. CO, tao thanh dudc dao thai qua phéi. Két qua la acid
manh bi mat di, trong khi co thé chi mat mot phan NaHCO,, con pCO, khéng
thay d6i. RE

Khi mot base manh x4m nhép vao cd thé, cac ion OH' ciia base manh sé
k&t hgp véi CO, (duéi dang hoa tan hay H,CO,) tao thanh HCO; va H,0.
Lugng CO, qua phéi sé gidm nhung pCO, cia mau vAn gilt 8 mic binh thuong.
Su tang pH sau khi thém mét base manh vao cd thé s& tré nén khéng dang ké.

+ Su diéu hoa thing bing acid-base bdi than:

C6 ba co ché chinh cfia than dé didu hoa thing bing acid base nham duy
tri lugng bicarbonat cé trong khu viyc ngoai t& bao:

—Than tai hip thu bicarbonat: gan 90% bicarbonat dugc tai h4p thu 6
&ng lugn gan. Trong t& bao 8ng than CO, va H,0 dugc tao thanh trong cac qua
trinh chuyé&n héa, duge chuyén thanh H,COj duéi tdc dung ctia carbonic
anhydrase. H,CO, dudc phan ly thanh H* va HCO3. Ion H' dudc bai ti&t ra
khdi t& bao 6ng than, HCO; ciing véi Na* duge tai hap thu trd lai mau.

—Than dao thai mudi acid va acid khoéng bay hai. 3 6ng lugn xa ion H*
ciing duge dao thai th& chd cho Na® da dudc tai hap thu cung véi HCO3 . Trong
nude tidu, cac musi Na,HPO, nhan H* trd thanh mudi NaH,PO,, lam cho pH
gidm, con Na* dugc tai h&p thu vao mau. Mot s acid hitu cd nhu acid acetic,
acid lactic, ... cling dugc dao thai duéi dang nguyén ven qua than.

_ Mot cd ché thit ba ciing xay ra & 6ng lugn xa 1a t& bao éng than bai tiét
jon H* dudi dang mudi amon. & t& bao dng than NH; dugc tao ra chu yéu do
thuy phan glutamin duéi tac dung cta glutaminase. NH; khuéch tan thu déng
ra nudc tidu, cting véi H* dao thai dusi dang musi-NH," (xin xem thém chudng
18: héa sinh than va nudc tiéu).
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Hang ngay cé t6i 30-50 mEq ion H* dude dao thal ra nudc tiéu dudi dang
mu6i amon va khodng 10-30 mEq duéi dang cic muéi acid khac.

2.3. Cac thﬁng s8 stt dung d€ danh gia trang thai acid-base cia co thé
2.3.1. pH mau

pH mau dude st dung dé danh gla tinh trang thing bing acid-base ctia
cd thé 12 pH mau dong mach hoic mau mao mach d& dudec dong mach hoéa,
trong diéu kién mau khong bi ti&p xic véi Oxy. D& danh g1a tinh trang thang
bing acid-base ctia cd thé, cAn phai danh gia két hop pH mau véi cac thong s6
thing bang acid-base khac

Binh thudng pH mau - dong mach clia nguoi khoe manh ndm trong
khoang 7,38 - 7,42. S6 di pH mau cua ngudl khée manh dudc duy tri é miic d6
binh thudng la nho kha nang dém cta cac hé dém trong mau va co che hoat ‘
dong diéu chinh ctia phéi va than

2.3.2. pCO, mdu déng mach

‘ pCO mau chi phu thudc vio su hoat dong diéu hoa ctia phéi, tic 1a phu
thudc vao mic 49 thong Kkhi phé& nang. pCO2 mau ty 1é nghich véi mic d6
thong khi ph& nang. Binh thudng, pCO, mau dao dong xung quanh 40 mmHg

2.3.3. Bicarbonat thuc (AB = actual bicarbonate)

Bicarbonat thuc 14 ndng d6 bicarbonat trong mau thi duge 14y trong diéu
kién khéng tiép xic véi khong kh1 tuong tng véi pH va pCO2 thlic cua miu
dudc dinh lugng.

Gia tri binh thudng « cua ABTa 25 mEq/L ‘Thoéng s6 nay phu thuoc nhiéu
vao pCO,. Khi pCO, tang cao, AB sé€ ting lén theo.
2.3.4. Bicarbonat chuén (SB: standard bicarbonate)

Bicarbonat chuén 13 néng 46 HCO, & didu kién chudn: pCO, = 40 mmHg,
t° = 37°C.

Gia tri b1nh thudng cua SB 1a 25 mEq/L Gia tri SB chi thay ddi trong
trudng hop rdi loan thing bing acid- base chuyén hoéa.

2.3.5. Base dém (BB = buffer base)

Base d8m 1a téng s6 ndéng d6 cta cac anion dém trong mau toian phén
(HCO,, HPO,", protein’, Hb’, ...). BB khéng phu thudc nhiéu vao pCO, mau,
nhung bi phu thudc moét phdn vao néng d6 Hb mau. Gia tri BB binh thudng
cia mau la 46 mEq/L.

2.3.6. Base du (EB = excess base)

Base du (ho#ic base thiu) 1a lugng base thidu hut trong mau. Base du
duge xac dinh bing lugng acid dude thém vao mau dé dua pH mau vé pH =
7,40 & diéu kién pCO, =40 mmHg vi nhigt 85 =387°C.
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Gia tri EB binh thudng ctia mau cé pH = 7,4 ; pCO, = 40 mmHg g 37°C
14 bang 0. EB ¢6 gia tri &m ki thi€u base (thita acid); EB c6 gia tri dudng
khi thita base (thiéu acid) trong mau. Thong s6 EB ctia mau ching nhiing thé
hién tinh trang réi loan thing béng acid-base ctia co thé ma né con cho phép
danh gia lugng base thi€u ho#c thia, tu d6 cb thé tinh toan lugng base hodc
acid cAn thit phdi dua vao co thé ¢é diéu chinh lai sy thing bang acid-base
cho bénh nhén. |

3. ROI LOAN THANG BANG ACID-BASE

R6i loan thing bang acid-base 1a mét tinh trang bénh ly lam thay d6i pH
sinh 1y ctia mau. C6 4 loai r8i1 loan thing bing acid-base chti y&u, d6 12 nhiém
acid chuyé&n héa, nhiém kiém chuyén héa, nhiém acid ho hép va nhiém kiém
h6 hap. Ngoai ra, con 4 loai réi loan thing bing acid-base hén hop.

3.1. Nhiém acid chuyén hoa

3.1.1. Pinh nghia nhiém acid chuyén héa

- Nhiém acid chuyén héa (metabolic acidosis) 1a rdi loan thang bang acid-
base do mtic d6 HCO; huyét tuong bi gidm, do d6 1am pH ctia méau giam xuéng
duéi gi6i han binh thuong. Cac phéat hién hoa sinh trong nhiém acid chuyén
héa bao gém pH thap, nong d6 HCO; huyét thanh gidm, c6 sy giam pCO, khi
c6 b bdi phéi va cé sit acid hbéa nude tiéu khi c6 bu bdi than. pH mau thip
trude khi c6 bit va c6 gia tri binh thudng hoic giam nhe sau khi da duge bu. Cl
'¢6 thé tang néu nhiém acid chuyén héa do HCOj; bi mat khi ia chay. K* ¢6 thé
gidm trong nhidm acid do than hoic do ia chay c6 sy mat K* hoic trong nhiém
acid do cetonic trong dai thao dudng.

3.1.2. Nguyén nhan nhiém acid chuyén héa

Nhidm acid chuyén héa c6 thé do cic nguyén nhan cha yé&u sau: nhiém
acid chuyén héa do sy tao thanh H* téng, do &n udng thia acid, do bai tist H*
giam hodc do mat HCO; .

Su bix béi phéi duge thuc hién bdi sy téang thong khi phé& nang dé dao thai
CO, ra khéi cd thé, diéu nay lam giam pCO, va do d6 lam H,CO, giam, ty s6
HCO;/ H,CO, tang va pH méau tang dén v& giéi han binh thudng. Su bu béi
phdi dudc bat dau khi pH thap kich thich cac chemoreceptor va qua trinh bu
boi phéi duge hoan thanh trong khoang tu 12 dén 24 gio.

Sy bix béi thdn c6 higu qua hon khi nguyén nhén gay nhiém acid chuyén

hoéa khong phai do than. Than dap dng vé1 nhidm acid chuyén héa bing cach

tang bai tiét H* va tang tai hap thu HCO;. Su bu d6i v6i nhiém acid chuyén

héa bdi than dude hoan thanh trong khoang thoi gian ti 2 dén 4 ngay, khi su
bai tiét H* trd vé binh thudng.
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3.2. Nhiém kiém chuyén héa

3.2.1. Pinh nghia: nhiém kiém chuyén héa (metabolic alkalosis) 12 mét tinh
trang thita HCO; trong mau, sy ting HCO; lam cho tii s6 ctia phuong trinh
Henderson-Hasselbalch ting, din dén ty s6 HCOZ/ HQCO3 ting, do d6 lam pH
mau cao hon binh thudng. C6 hai didu kién cin thiét clia nhiém kiém chuyén
héa: mot 1a, nong d6 HCO; ngoai t& bao ting va hai la than khong c6 kha
ning bai tiét lugng HCOj dé. :

Khi nhiém kiém chuyen hoa, pH tang, HCO3 tang, pCO2 dong mach b1nh
thuong hodc tang nhe néu su bu bsi phdi xay ra, mic diu pCO, rat hi€m khi
tdng vugt qua 60 mmHg (mot pCO2 cao hon c6 thé chi ra mot nhiém acid hé
hép trim 16n mdt nhidm kiém chuyén héa). pH ting trong nhiém kiém chuyén
héa khong duge bu hosic duge bit mdt phan nhu’ng binh thudng khi nhiém
kiém dudgce bu hoan toan. K* va Cl bi glam Nude tiéu thuang k1em vl sy bai
tiét acid b1 glam va su bai tiét HCOj tang.

3.2.2. Nguyén nhan nhzem kiém chuyén héa

- Nhiém kiém chuyen héa c6 thé do t1ep nhan thita chat klem do mit H*
hoac do K* bi can kiét. Mot nhiém kiém c&p c6 thé bi gdy nén do nén mita, do
in uong phai cac chit khang acid hosic HCOj;. Nhiém kiém chuyén héa man c6
thé do difu tri steroid, bénh Cushing, cudng aldosteron hogc uong thira
licorice trong mot thoi gian dai.

'3 2. 3 Su bu trong nhiém kzem chuyen hoa

“Trong nhiém kiém chuyén hoa, pH téang va ty s0 HCO'/ H, CO3 16n hon
20/1. Su bu d6i v6i nhiém kiém chuyén héa ciing dudc thuc hién bdi 2 co quan
bai tiét 12 phéi va than. Khi nhiém kiém chuyén héa, pH ting giy tc ché
trung tdm hé hap, 1am giam thong khi phé nang, do d6 pCO, tang Than dap
{ing d6i véi pH tiang trong nhiém kiém chuyen héa bing cach g1am tai hap thu
HCOj;, nghia 13 tang bai xust HCO; d& la giam t& s6 cta phuodng trinh
Henderson-Haselbalch, ddng thdi gitt lai H*, trong khi phdi giit lai CO, dé 1am
tang mAiu s6 ciia phudhg trinh nay. Két qua 14 co ché& nay cé tac dung dua ty sd
nay vé gia tri 20/1 va dua pH vé gin pH sinh ly 7, 40.

Su bu bdi phéi trong nhiém kiém chuyen héa it c6 hiéu qua vi day la
nhIing roi loan acid-base nguyén phat. Su giam thong khi phé& nang cling lam
giam pO.,.

3.3. Nhiém acid hd hip

3.3.1. Dinh nghia: nhiém acid ho hap (respiratory acidosis) la tinh trang
tang ap luc riéng phan ciua CO, trong mau (pCO,), nguyén nhén 13 do gidm
théng khi phé& nang. Nhiém acid hé hap thudng gip trong suy hd hip man
hos#c trong dot cip cua suy hd hap cdp. Khi bi nhiém acid hé hap cap, pCO,
mau ting, pH gidm, HCO; binh thudng va ty s6 HCO;/ H,CO, giam.
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3.3.2. Cdc nguyén nhén gy nhiém acid hé hdp

Nguyén nhén cd ban cla nhiém acid hé hép la do giam théng khi phé&
nang nguyén phat mét cach qua miec. Vi du: tic duong thd 1ic che trung tam
ho hép, bénh bai liét, benh phdi, gu ho#c veo cot séng.

3.3.3. Su bu trong nhiém acid h6 hép

Trong nhiém acid hé hap, than dong vai tro chis yeu bing cach giil lai
HCOa, méc du cing ¢6 su tham gia bit mdt phan cta phdi. Than bu d6i véi
. nhidm acid hé h&p bing cach tang su trao ddi Na* va H* (nghia 1a 1am téng bai
xudt H* va giit lai Na*), gitt lai HCO; va ting su tao thanh NH; Cl huyét
thanh gidm vi Cl- dudc trao déi véi HCO; va dugc bai tiét cang véi H+ va NH,".
Mbt phan CO, di vao t€ bao, dude hydrat héa nhd enzym carbonic anhydrase de
tao thanh H CO3 H,CO, sau d6 dugc phan ly thanh H* va HCOj. H+ duge dém

bdi hé dém hemoglobin va cac dém khac; con HCOj3 sé lam tl s6 cha phuong
trinh Henderson-Hasselbalch, do d6-1am pH mau ting dan vé pH sinh ly.

Su bu ctia than bit ddu dude thuc hién trong khoang ti 6 dén 12 gig, dat
t6i uu trong khoang 2 dén 3 ngay va hoan thanh va khoang ngay thit 5 sau roi
loan. Trong nhidm acid h6 h&p man, su bl ctia than khong c6 hidu qua dé dua
pH vé pH sinh 1y nhu khi bi nhiém acid hé hép cép.

3.4. Nhiém kiém ho hép -

3.4.1. Dinh nghia: nhiém kiém hd hip (respiratory alkalosis) la tinh trang
giam pC02 mau, nguyén nhan 14 do ting théng khi ph& nang qua mic. Nhiém
kiém ho hap thudng gip trong suy ho hédp man hoac trong dgt cdp cua suy hé
h&p cdp. Khi bi nhiédm ki€ém hd hép, pCO2 mau giam, pH tang, HCO3 binh
thudng va ty s HCO;/ H,COj, ting.

3.4.2. Cac nguyén nhén géy nhiém kiém hé hap

- Nguyén nhéan co ban cua nhiém kiém ho hap 1a do tang thong khi phé&
nang nguyen phat mét cach qua mtic. Mot s6 nguyén nhan giy nhiém kiém
hé hap c6 thé 1a do thidu oxy, do ting théng khi ph& nang hodc phu phéi.

3.4.3. Su bu trong nhiém kiém hé hép

Vi nguyén nhén cd ban clia nhiém kiém hé hap 12 do ting théng khi phé
nang nguyén phat mdt cach qua miic, vi vay, su bit h6 hdp 1a 1am gidm théng.
khi phé& nang. Né&u cac chomoreceptor hé hip khong dap ting véi pO, cao va
pCO, thip ctia nhiém kiém hd hip thi sy bu chuyén héa sé dudc mot s6 hé
dém s& phat huy tdc dung: cic hé dém hemoglobinat/ hemoglobin,
proteinat/protein va hé dém phosphat (Na,HPO, NaH,PO,) s& cung cép cac
H* @€ HCO; bién d8i thanh H,CO,. Viéc dém d6i véi HCO; lam giam HCOy
va lam tang H,CO;, din dén lam giam ty s6 HCO;/H,CO; cua phuong-trinh
Henderson-Hasselbalch, do d6 1am giam pH. H* cta cac hé dém da st dung
trong qua trinh dém dudc thay thé& béi K*, ditunaylam K*mau ha.
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3.5. Nhitng réi loan acid-base hén hgp

‘Trong thue t&€ 1am sang c6 thé thay nhiéu loai r6’i loan acid-base. C6 mot
6 r6i loan thang bing acid-base hén hgp do hau qua cta su két hop cﬁa hai
hay nhiéu sy mat thang bing acid-base tién phéat hoac cila mét su réi loan
acid-base ma khong dudgc bu mot cach day dt. Mot s68 réi loan thing bing acid-
base hdn hop c6 thé gap la:

1. R6i loan thing bang acid-base hén hgp do mét nhiém acid k6 hép k&t
hop v6i mét nhiém kiém chuyén héa khi nhiém acid hd hap kéo dai va bénh
nhan dude diéu tri véi mot lugng thita cac thudc 1gi niéu, cac thudc nay cod tac
dung lam gidm manh thé tich mau dong mach, giy nén mét su gidm K* mau
va din dén mot sy nhiém kiém chuyén héa chim 1én. 3 nhiing bénh nhén nay,
HCO; va pCO, méu ting nhung K* mau giam.

2. Réi loan thing bing acid-base hén hop do mét nhiém kiém hé hdp két
hdp v6i mot nhiém acid chuyen héa khi bénh nhén bi ngo doc sahcylat do udng
qua liéu aspirin. Lic dau, aspirin kich thich cac thuy thé héa hoc
(chemoreceptor), lam tang thong khi ph& nang qua miic, gy nén nhiém kiém
hé hap. Sau d6, cac san phdm phu ctia salicylat trong thuoc aspirin s& dan dén
nhiém acid chuyen héa. M6t pCO2 thap v6i mot pH mau binh thudng c6 thé
chi d4n mét sy udng aspirin qua liéu. Nhiém acid chuyén héa chiém uu the
tré em, trai lai nhiém kiém hé hap cé khuynh huéng chlem uu the d tubi vi
thanh nién va & ngudi 16n.

3. Réi loan thing bing acid-base hén hdp do mét nhiém acid hé hép két
hop véi mét nhiém acid chuyén héa khi nhiém acid hé hap do ngiing hoat dong
tim phéi va nhidm acid chuyén héa do ting acid lactic mau giy nén do thiéu
oxy md. Trong trudng hop nay, pH cia mau s& rit thip vi ca hai nguyén nhén
nay déu din dén nhiém acid, nghia 1a 1am giam pH.

4. Réi loan théing bing acid-base hén hdp do mét nhiém kiém ho hdp két
hop v6i mét nhiém kiém chuyén héa khi bénh nhan dudgc su dung may ho hip
nhéan tao ket hop véi viée diéu tri bang thudc 1oi tiéu ma khong dudc theo doi

mot cach cin than. Trong tinh trang nay, pH mau s& rit cao do sy tham gia
cta ca hai loai nhiém kiém ho h4p va nhiém kiém chuyén hoéa.

CAU HOI ON TAP
1. Trinh bay su van chuyén O, va CO, trong mau.
2. Trinh bay thanh phén va kha niang dém cta ciac hé dém cua mau.

3. Trinh bay vai trd ctia phdi trong su diéu hoa thang‘ bing acid-base
cua cd thé.

4. Tr1nh bay vai trd clia than trong sy diéu hoa thang bang acid-base
cia co thé .

5. Trinh bay cacloairoi loan thing bing acid-base.
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Chuong 17
"HOA SINH GAN

PAI CUONG

Gan 13 mét trong nhiing ¢ quan quan trong nhét cla cd thé vé chic
phan chuyén héa va 14 ¢d quan thit hai sau hé co xudng vé ty 1é so véi than
trong (ning khoang 2kg). Cac hoat dong chuyén héa clia gan xay ra & cac t&
bao nhu md (parenchymal), chi€ém 80% khéi lugng gan. Gan ciing gdm cac t&
bao Kupffer chtia hé théng kiéi ndi nguyén sinh chit.

Do ddm nhan nhiéu chiic phan chuyén héa 1a ctia ngd cla cac chit vao co
thé qua bd may tiéu hoéa, nén gan 12 mét cd quan dé bi nhiém bénh. Ty 1é bénh
gan-mat thuong cao hon bénh 1y cua cac c¢d quan khac va cac xét nghiém héa
sinh 13 r&t quan trong gitp cho viéc chén doan va theo ddi diéu tri cac bénh ly
cua hé théng nay.

1. THANH PHKN HOA HQC CUA NHU MO GAN

Thanh phén cac chit cau tao gan thay d6i tuy theo dleu klen hoat dong,
an uong, thoi ky hoat déng ctia co thé.

Bang 17.1. Thanh phan héa hoc ctia gan tinh theo ty 1& %

Céc chit Ty 1é %
Nudgc 70-75
Chét khd - 25-30
Protein : "12-15
Glycogen 2-10
Glucose 0,1
Lipid trung tinh 2,0
Phospholipid 2,5
. Cholesterol , : . 2,30
Cac chat khoang rat thap
Cac vitamin | rat thap
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— Protein: protein chiém khoang 1/2 chat khé ctia gan. Nhiing protein
ctia gan la albumin, globulin, mét it nucleoprotein, collagen, ferritin. Ferritin
12 sy két hop ctia apoferritin va sit, vi vay ferritin 1a dang du trit sit cta co
thé. Ngoai ra, gan con chtia nhiéu acid amin tu do nhu cystein, methionin,
tryptophan, arginin, glycin, histidin va nhiéu nh4t 14 acid glutamic.

— Glucid: chiém khoang 2-10% trong lugng khd caa gan tuy theo tinh
trang co thé. Glucid & gan chu yéu 1a glycogen.

— Lipid: lipid gan chi€ém khoang 5% trong lugng khé cta gan, trong dé
40% 1a lipid trung tinh, 50% la phospholipid con lai 10% la cholesterol.

- EnZym va vitamin: gan ddm nhan nhiéu chic ning chuyén héa quan
trong ctia cd thé nhg c6 mot hé théng enzym rat hoan chinh va cé nhleu enzym
ma céc t8 chiic khac khéng cé.

Gan ¢6 chtia nhidu vitamin A'D K, | cac vitamin nhém B (B1, B2, B12 J)
va vitamin C. Ngoai ra gan con chiia mét sd ion k1m loai quan trong nhu Fe,
Na, K, Mg, Cu Zn...

2. CHUC NANG CHUYEN HOA GLUCID LIPID PROTEIN CUA GAN

Cac chuyén héa héa sinh x4y ra & gan rit manh, phong phu, phic tap.
No6i dén hoat déng héa sinh ctia gan 14 néi d&n hau hét cac hoat dong héa sinh
trong t& bao. G day chi néu ra nhiing déc dlem hoa sinh quan trong cta gan
khéc véi cac to chtic khac.

2.1, .Cht’fc nang chuyén héa glucid =~

Gan dong vai tro rét quan trong trong chuyen hoa glucid. Gan 1a kho du
trit glucid ctia co thé dudi dang glycogen

~ Khi néng dé glucose mau c¢é xu hudng tang trén mic binh thuong (vi du
ngay sau biia &n hodc sau khi uéng dudng), ludng glucose tit thiic an qua
thanh ruét theo tinh mach ctia vé gan mdt cach 6 at, gan sé gifi glucose lai va
tdng qua trinh sinh téng hdp glycogen nhd c6 nhiing enzym cin thiét va hoat
dong manh.

Gan c6 thé t6ng hop glycogen tit cac ose khac nhu galactose, fructose, va
manose nhd hé enzym chi c6 § gan.

Gan con c6 thé t6ng hop glycogen tit cac sdn pham chuyén héa trung gian
nhu lactat, pyruvat, acetyl CoA...nhé hé théng enzym chi c6 ¢ gan. Pay la
diém khac nhau co ban gitta gan va cd. Khi co hoat ddng manh, glycogen hoic
glucose 6 co se phan huy manh nhim cung c4p ning lugng nhiéu trong mot
thoi gian ngin; dong thoi qua trinh nay cling sinh ra nhiéu san phim chuyen
héa trung gian. Cic sdn phdm chuyén héa trung gian & cd sé dude van chuyén
vé gan dé tan tao glucose va tong hop glycogen vi co khéng c6 kha niang nay.
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Khi glucose mau c6 xu huéng giam duéi mtic binh thuong, gan sé ting
cudng phan huy glycogen tao glucose cung cdp cho mau. Méc du ¢ va mdt s6
cd quan khéc cling chia glycogen, nhung glycogen khong thé phan ly cung cip
glucose cho mau vi chi & gan c6 enzym glucose 6-phosphatase. Day la enzym
cAn thiét dé xvc tac phan ting chuyén glucose 6- phosphat thanh glucose tu do.

G6-phosphatase

Glycogen ————p G.P /\ »  Glucose
H,0 : H,PO, '

Glucose hinh thanh sé qua mang t& bao gan vao mau va di dén cac co
quan cua cd thé.

Do kha ning téng hdp glycogen manh dé du trit va phan ly nhiéu glucose
v20 miu ma gan déng vai trd cht chét trong co thé trong viéc diéu hoa dudng
méau. Toan bd hé théng diéu hoa dudng mau bing hormon hoan toan phu
thudc vao su toan ven chidc niang gan.

Ngoai glycogen gan con tdng hop heparin, mét chat chéng déng mau tu
nhién cé ban chat polysaccarid.

3 gan, glucose con duge chuyén héa thanh acid glucuronic, mot thanh
phén can thiét cho chiic ning khii déc ctia gan.

2.2. Chitc nang chuyén héa lipid

— Qua trinh thoai héa lipid: qua trinh B-oxi héa acid béo xay ra manh mé
4 gan tao ra cic méu acetyl CoA. M6t phan nhd acetyl CoA dudc dét chay
trong chu trinh acid citric é gan dén CO, va H,0 cung cép nang lugng cho hoat
déng cua gan mot phan acetyl CoA dudc gan st dung tong hop cholesterol,
acid mat. Phan 16n acetyl CoA dugc t& bao gan st dung dé tdng hdp thé ceton.
Thé ceton sau khi tdng hop & gan dude dua vao mau va dén cac t6 chiic khac. o)
céc t8 chiic niy thé ceton dudc chuyén trd lai thanh acetyl CoA dé cac t8 chiic
khac st dung, dic biét 1a ndo va than. Nhu vay, thé ceton 13 dang van chuyén
acetyl CoA trong mau tit gan dén cac t8 chtic khac va gan nhd c6 hé enzym
hoat déng manh da oxy héa acid béo “ hd” cac t8 chiic khac.

— Qua trinh téng hgp lipid.

Nhiéu co quan va t8 chic trong co thé co tong hdp lipid, dic biét 1a mo6
md ¢6 qué trinh téng hop lipid manh. Tuy nhién t8ng hop lipid & gan c6 §
nghia quan trong. Sau khi lipid dugc h&p thu & ruét dusi dang cac thanh phan
céu tao nhu glycerol, acid béo (hoic 6 dang nhiing hat nhii tuong rit nho), mot
phan nhé sé& duge tai téng hop lai thanh lipid & rudt va hau hét duge van
chuyén vé gan trudc khi van chuyén dén cac t8 chiic khac. Ngoai tong hop cac
lipid trung tinh, cholesterol gan con tdng hgp r&t nhiéu cac phospholipid, 1a
phan ti lipid c6 cuc giit vai tro chinh trong c&u tao cic lipoprotein huyét
thanh. Nho qua trinh t6ng hop nay gan déng vai trd quan trong trong viéc van
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chuyén lipid trung tinh, cholesterol ra khéi gan, tranh @ dong md & gan. Khi
chtic nang gan bi suy gidm trong mdt s6 bénh, qua trinh téng hop va van
chuyén lipid ra khéi gan bi r6i loan c¢6 thé din dén @ dong md & gan.

Gan tong hop phan 16n cholesterol huyét thanh. Qua trinh este héa
cholesterol c6 thé didn ra.d gan ho#c huyét tucsng va enzym xic tac cho cac
phan tng este héa nay chi do gan san xudt. Lugng cholesterol este héa
chiém khoéng 60-70% lugng cholesterol toan phan huyét tuong. Khi toén
thuong suy glam chiic ning gan thi ty 1& cholesterol este héa/ cholesterol
toan phan sé giam.

2.3. Chiic ning chuyén héa protein

Gan t6ng hop toan bd albumin va mdt phén globulin huyét thanh. Ngoai
ra gan con téng hop fibrinogen, ferritin, prothrombin cling nhu phﬁn 16n cac
protein huyét tutdng khac. Khi suy glam chiic nidng gan, ty s6 albumin/
globulin (A/ G) sé& giam, va c6 cac réi loan vé dong mau.

Gan con téng hop rit nhiéu cac acid amin khéng cin thiét tit cac acid
cetonic dua vao mau cung cdp cho cac co quan khac tong hgp protein.

Gan chita nhiéu enzym tham gia vao qua trinh thoai héa acid amin, dic
biét cac enzym transaminase xtc tac qua trinh trao d8i amin nhu AST (GOT)
va ALT (GPT). Trong mot s6 bénh gan khi c¢6 tén thuong dan téi pha huy t&
bao, cAc enzym transaminase dudc gidi phéng khdi t&€ bio va ting cao trong
huyét thanh, c6 khi ting g&p nhiéu lan binh thubng (dac biét la ALT). Trong
mot s trudng hdp ton thutdng huy hoai t& bao 8 miic 45 sdu hon, mot s6 enzym
binh thudng c6 & ty thé gan nhu glutamat dehydrogenase (GLDH) cling xuit
hién va tang cao trong huyét thanh.

Gan cb vai trd rat quan trong trong qua trinh khi doéc nhd qua trinh tc*;ng
hop uré tit NH,, mot san phdm clia qua trinh thoai héa acid amin. Cic enzym
tham gia qua trinh téng uré 8 gan hoat ddng manh va gan 1a noi duy nhat
téng hgp uré cta co thé. Trong trudng hdp 3/4 t6 chiic gan bi huy hoai hosc cit
bd, chitc ning téng hgp uré ctiia gan van binh thudng.

Gan tham gia vao qua trinh thoai héa hemoglobin, tao bilirubin tu do va
dac biét 1a tao bilirubin lién hop (dudc goi 1a sic t6 mat) dé dao thai qua mat
hoic qua nudc tiéu.

3. CHUC NANG TAO MAT

Gan san xuit mat lién tuc, du tri trong tdi mat va bai tiét tiing dgt vao ta
trang. Lugng mat bai tiét hang ngay 6 ngudi trudng thanh trung binh 1000 ml.

3.1. Thanh phan héa hoc ctia mét

Thanh phén héa hoc chinh ctia mat 14 mudi mat, sic t8 mat, cholesterol.
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Bang 17.2. Mét s6 d4c tinh va thanh phan héa hoc chinh clia mat

' Mat & 6ng gan Mat & tai mat

Ty trong o 1,009-1,013 1,206-1,048
PH C . 7,5 6,8
Nuéc | 97,6% 86%
Chét kho | | 2,4% | | 14%
Mudi mat ' 06% . 7%
Mucin,sac t6 mat 0,5% 4,1%
lon v6 cd 0,7% - 0,8%
Lipid trung tinh 0,3% 1,9%
Acid béo 0,08% : - 0,1%
Phosphatid 0,05% ' 0,2%
Cholesterol’ ‘ 0,15% ‘ 0,6%

Thanh phin quan trong nhit ctia mat 12 acid mat. Cac acid mat 1a san
phim thoai héa cudi cung cta cholesterol & gan. Trong mat ngudi c6 ba acid
mat chinh 13 acid cholic, acid deoxycholic va acid litocholic.

Cac acid mat khéng duge bai tiét tu do trong mat ma dugc lién hgp vé1
glycin va taurin (mdt din xudt clia cystein) rdi két hop véi Na* hoic K* tao
thanh cac mudi mat. , .

Mudi mat c6 thé k&t hgp véi mot s6 chit hoa tan trong lipid nhu
cholesterol..., dé tao thanh nhiing phic hgp hoa tan trong nudc va dugc dua ra
khéi t& bao gan.

oH . | OH : |
m MW
oH e ,

| Acid cholic Acid deoxycholic Acid litocholic
_ > +
H,-COOH A < Na®
NH, Glycin ‘. ' HO" g+
ICHz'CHz'SOSH ' —HO->
NH, v
Taurin

Muéi mat Glyc;ochoiat Na va K
Taurocholat Na va K
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M6t thanh phan quan trong khac cia mat 13 séc t6 mat. Sic t6 mat-1a
san pham thoai héa cha hemoglobln Séc t6 mat ch y&u 1a bilirubin lién hgp
va b111vecd1n (xem phéan chuyén héa hemoglobin).

3.2. Tac dung cta mat

Mat dugc tao ra & t&€ bao gan, dua xudng du tru & tai mét va duoc dua
xuéng ta trang khi thic an duge dua ti da diy xudng ta trang Mat ¢6 mau
vang 12 mau cda bilirubin con mat trong tai mat ¢6 mau sAm hon ti xanh 14
ciy dén niu nhat (do bilirubin bi oxy héa thanh bilivecdin va bi cd dic). Rudt
hép thu ti 80%-90% acid mat va dua trd lai gan phan con lai dude bai xuat
theo phan ra ngoai. : :

Mudi mat c6 tac dung nhi tu’dng héa lipid cta thiic 4n, 1am tang dién
tiép xtc cua 11p1d v6i enzym lipase, déng thdi hoat héa lipase gitp cho tiéu héa
lipid  dugc dé dang. Nhiing hat nhii tudng lipid nhé (dudng kinh duéi 0,5
micron) c6 thé duge hap thu truc ti€p & rudt. Vi vay, tidu héa, hép thu 11p1d
phu thudc lugng mudi mat cé trong mat.

Mat con cb tac dung lam ting nhu ‘déng rudt vi lu0ng mat hang ngay
dudce bai xuit xuéng rudt rat 16n. :

Ngoai ra gan con dao thai rat nhiéu chat doc cung nhu cac chat can ba
cla cac qua trinh chuyén héa qua viéc bai xudt mat xudng rudt réi theo phan
ra ngoai.

4. CHUC NANG KHU DOC

- Hang ngay cd thé ludn phai tiép nhéan cac chit-déc hai dochuyén héa cac
- chat sinh ra (cac chat ddc ndi sinh) hodc do dude dua vao tu ben ngoal c6 trong
thiic 4n va nuéc udng (cac chdt ddc ngoai sinh). Co thé mudn tdn tai phai cé

mdt co ché€ chéng lai cac chat ddc hai nay va vai trd quan trong nay do gan
dam nhiém.

Du 1a chit déc noi sinh ( H 02, bilirubin tu do, NH,, ..) hay ngoai sinh
(alcol, thudc khang sinh, thudc ngt,..) déu dudc gan gid lai chuyén thanh cac
chdt khéng déc va dao thai ra ngoal Day chinh la chiic phan khit déc cua gan.
Gan thuc hién chiic ning khit ddc bing hai cach.

4.1. Khit ddc theo co ch& ¢& dinh va thai tri

Theo co ché nay, cic chit ddc khi dén gan dugc gan gii lai réi dao thai
nguyén dang theo dudng mat. Cac chit doc duge dao thai theo cach nay khong
b1 bién d6i ve mat héa hoc. Cac chit dgc dude gan khit doc theo cach nay bao
gdm cac mudi kim loai nang (mudi Cu, Pb,...), mét s6 chat mau.

Dua theo co ché& khii ddc nay ngudi ta c6 thé tham do chiic ning gan bang
cach tiém mot chat mau (khong hodc it doc) vao tinh mach. Sau ting thoi gian
nhit dinh ngudi ta 14y mau va dinh lugng ch&t mau. Néu chiic ning gan tét,
chdt mau sé bi gan giii lai ¢é thai trit qua dudng mat va ham lugng chit mau
trong mau sé giam nhanh chéng theo thoi-gian.
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4.2, Khuf doc theo co ché& hoa hoc

Day 1a cach khi doc chinh va quan trong cta gan. Pic diém cta qua
trinh nay 12 chat doc duge bién ddi héa hoc thanh chat khong déc, dé tan trong
nuée dé dao thai ra ngoai.

— Qua trinh tao uré tu NH;.

NH, 14 mét san pham thoai héa cia cac acid amin hoidc cac base nito la
mot chat doc noi sinh, dic biét doc ds1 véi ndo. Khi NH, dén gan sé dugc gan
gitt lai va tong hop thanh uré 1a mot chat khong ddc dao thal ra nudc tidu.

-H,0, ciing 1a mdt chat doc dutdc sinh ra trong mét s phan ting héa hoc s&
duge phan huy béi enzym catalase hoat ddng rit manh & gan theo phan tng sau.

Catalase ‘
H,0, . : > H 0 +1/20,

Ngoa1 cac qua trinh khtt doc 6 trén, gan c6 cac phan ling khu doc sau.

4. 2 1 Phan ung oxy hoa

Céac phan Ung oxy héa cac chit héa hoc (xenobiotic) hodc thuéc cia gan
duge thuc hién bdi cac enzym cytochrom P-450, flavin monooxygenase, amino
oxidase hoic cac dehydrogenase.

— Oxy hoéa carbon mach thing.

Vi du alcol ethyhc bi oxy héa duéi tac dung cua alcol dehydrogenase
thanh aldehyd acetic réi acid acetic.

_9H +H,0 —2H ‘
CH,-CH,0H ——— CH,CHO ——» CH,COOH

Alcol Alcol dehydrogenase Aldehyd dehydrogenase Acid acetic

— Oxy héa carbon mach vong.

OH
" CH, | CHs
O ——
O=\ /=O O=\ /=O
y y
CH; CH;
Hexobarbital San phdm khéng con ddc tinh

— Oxy héa cac hydrocarbon thom.
CH,-CO-NH-C;H, —— CH,-CO-NH-C.H,OH
Acetanilit Octo (hay para) hydroxyaceténilit.
— Khii amin oxy héa. .
C.H,~ CH,— CH,- NH, —» C,H;- CH,~ CHO + NH,
Phenylethylamin Phenylacetaldehyd
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— N-oxihéa.

N-CH, —» 0O=N- CH;
Ny AN
CH, CH,
Trimetylamin | Trimetyl-N-ocid

4.2.2. Phan ung khu
— Khti aldehyd va ceton, vi du cloral bi khi oxy thanh tricloroethanol.

CK + 2H Cl N
Cloral Cl-/C- CHO —» (CI-C-CH,OH Tricloroethanol

Cl ' Cl/
— Khit nhém nitro (+ 2H):

OH | o OH |
NOZO-CH-(IZH-CHZOH —> NHZ—Q—CH-(IJH-CHZO
IIIH l}lH :
0=C-CHCl, - 0=C-CHCl, -

Cloramphenicol Chat khéng c6 dugc tinh

4.2.3. Phan éng thuy phédan (+ H,O)
o]

H . ,CV H v
C-O-CH,-CHyp-N. 27 COOH
CaHs
— >
HO-CH,-CH NS 2
NH, NH, Y2 C,Hs
Procain A. Para amino benzoic Dietyl amino etanol

4.2.4. Phan i&ng lién hop

— Lién hgp véi acid glucuronic: bilirubin tu do, phenol, cic dan xuét
phenol, alcol thom, tecpen, acid béo, alcaloit, steroid, ... dudc dao thai bang
cach lién hgp véi acid glucuronic. Su lién hgp dudge thuc hién qua cac lién két
osid gitia nhém OH ban acetal cua glucuronic véi nhém phenol, alcol hoic
nhém carboxyl. Cac san pham lién hop thudng & dang khéng ddc, dé hoa tan,
d& dao thai theo dudng mat hoic theo nudc tiéu.
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COOH

-‘UDP- glucose UDP-glucuronic acid
(UDPGA)
O—OH - ©—O-GA
UDPGA + — +UDP
UDPGA + RCOOH R-CO-GA + UDP
UPD-GA + Bilirubin tu do ~ Bilirubin lién hgp + UDP.

— Lién hgp véi acid sulfuric.

Indol, phenol va cac din xudt tao ra trong qua trinh théi rita 8 rudt, duge
hap thu mét phan va duge khi ddc & gan biing cach lién hgp véi acid sulfuric. Cac
hormon steroid va dan xudt cling dudc thai duéi dang lién hgp véi acid sulfuric.

OH 0-S0sK
—>
+ H,S0,

Phenol . Phenylsulphat kali
— Lién hgp véi acid acetic. ‘

Day la cach dao thai cic acid meta-, paraaminobenzoic, sulfamid,...

COOH COOH
O 4’
. N CH,-COOH NH-CO-CH 3
Acid paraamino benzoic Para acetylamid benzoic

— Phan tng lién hgp véi glycin. »
Cac acid thom va céac acid di vong dudc lién hgp theo cach nay.
COOH
; COOH

CO-NH-CH,

+ H,N-CH,-COOH
Acid benzoic Glycin Acid hippuric
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— Phan ting lién hop véi glutamin.
Vi du acid phenyl acetic lién hgp véi glutamin dé dao thai du’dl dang
phenyl-acetyl- glutamln

COOH ' ' : COOH

CHy-COOH  + H,N-CH —_— CH,-CO— ~HN- CIH
I
(CH,), | (CH,),
I
. CONH, CONH,
Phenyl acetic "~ Glutamin Phenyl acetyl glutamin

Cac phan ting khit déc ctia gan § trén dude thuc hién. nhd hai hé théng
enzym chinh.

— Hé théng enzym oxidase: hé théng enzym nay cé chtc nang hén hop va,
la hé théng enzym & luéi ndi bao tron cin cé su tham gia cia hé théng
cytocrom P450 (xem phan chuyen héa cac chat xenobiotic)

~ Hé théng cac enzym xtc tc phan ting lién hop.

Nhiéu chit ndi sinh va ngoai sinh lam téng sinh cic enzym thudc hai hé
théng trén (h1en tugng cam tng tdng hdp enzym). Nguoi ta da biét t6i hang
trdm chat c6 tac dung nhu vay va vi vay ching lam ting nhanh phan ang
chuyen héa ctia gan d6i v6i nhifu chit héa hoc khac. D4y 1a hién tugng dudc
chia y trong cong tac dleu tri khi-c6 su st dung phdi hgp cac thude. -

5. MOT SO XET NGHIEM HOA SINH VA GAN

Bénh 1y vé gan c6 thé gay tn thuong t& bao gan ( viém gan do virus, ung
thu gan, ngo doc thude, héa chat,..), gy tinh trang d mat hoic gay suy gidm
chic nang t& bao gan (xd gan, suy gan, ...), giy tdc mat (viém gan, séi mat,...).-
Mot s6 bénh c6 su két hop ca tén thuong t& bao gan, G mat va suy gidm chiic
nang gan. Tuy loai bénh, g1a1 doan bénh ma mic d6 tén thuong, u mat hoéc
suy gidm chiic ning gan s& bidu hién rd hon. Phan nay trinh bay vé gia tri mot
s0 xét nghiém héa sinh thudng dung trong 1dm sang nhim danh gla tén
thudng hoéc suy giam Chlic ning té bao gan va tuy loai bénh ly gan cu thé ma
nguci thiy thudc yéu cau loai xét nghiém cdn lam dé gitip cho chin doan hoic
theo d&i tién trién didu tri.

5.1. Cac xét nghiém dénh gia ton thuong ‘hufr hoai t& bao gan .
5.1.1. Aminotransferase (Transaminase) huyét thanh

Aspartat-aminotransferase (AST) hay glutamat oxaloacetat transaminase
(GOT) va alanin- amznotransferase (ALT) hay glutamat pyruvat transaminase
(GPT) la 2 enzym duge sit-dung+gng,réi trong danh gia sy tén thuong ctia t&
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" bao gan. AST dugc phan b8 rong rai trong cac md ctia co thé, c6 nhiéu & gan,
tim, co xuong. Hoat o AST binh thudng trong huyét tuong do 6 37°C, d nam la
10-50 U/L va 4 nit 1a 10-35 U/L. .

ALT c6 mit truée hét & gan va it hon 6 than, cd xudng. Hoat do ALT bin
thudng trong huyét tuong 6 nam la 10-50 U/L va é nit 1a 10-35 U/L. Trong
viém gan virus cad ALT va AST huyét thanh déu ting nhung ALT ting nhiéu
‘hon c6 thé cao hon hang tram lan so véi binh thudng. Theo déi viém gan cap,
néu enzym huyét thanh tang kéo dai hon 7 -8 tuén cé thé bénh chuyén thanh
man tinh ho#c xo gan. Cac loai tén thuong gan do cic nguyén nhan khac
(nhiém doc rugu cép c6 mé sang, halothan, CCl4, ...). Ngoai ra cac tdn thuong
bénh 1y khac & gan déu c6 ting ALT, AST huyét thanh & cac mutc d6 khac
nhau: tic mat, ung thu gan, .. '

5.1.2. y glutamyltransferase (GGT) huyét thanh

y GT 13 enzym gén 6 mang t& bao cb ndng d6 cao trong than, tuy va gan.
Hoat d6 y GT binh thudng trong huyét tuong do 4 37°C $nam 124 9-40 U/L va &
nit 12 9-35 U/L. Do hoat d6 enzym nay cung cdp théng tin cb ich vé bénh gan
mat, méc di né khong cé gia tri chan doan phan biét gitia tdc mat va bénh t&
bao gan. Trong tdc mat y GT c6 thé tiang trudc ALP. Hau hét bénh nhén gan-
mat c6 hoat do6 cua enzym nay trong huyét thanh tang cao. Khi tén thuong
gan do nhiém déc cip bdi cac nguyén nhén khac nhau, y GT huyét thanh tang
cao (nhiém déc rugu, CCL4, halothan...). Hoat d6 enzym ting cao nhét trong
tic dudng mat. Do ludng hoat dd clia enzym cling dugc ap dung trong nhiing
truong hgp khong vang da d8 chén doan ung thu gan va dugc coi nhu mot xét
nghiém dé chén doan bénh 1y gan & bénh nhéan c6 tang hoat d6 phosphatase
kiém.y GT con tang trong cac bénh vé tuy, nhiém trung cép.

5.1.3. Lactat dehydrogenase (LDH) huyét thanh

Hoat d6 LDH binh thudng trong huyét thanh do 4 37°C 6 nam 1a 135-225
U/L va & nit 1a 134- 215 U/L. Enzym nay c6 mat & bo tuong cua tit ca cac t&
bao va dude gidi phéng vao huyét thanh ti thuong t6n ctia nhiéu t8 chiic khac
nhau, hay néi cach khac enzym nay tang cao trong huyét thanh khong phan
anh dic hiéu cho t6n thuong cd quan nao. Tuy nhién viéc phén tich caic isozym
LDH huyét thanh c6 thé cho nhiing thong tin c6 gia tri hon vé bénh Iy mb san
sinh cac isozym. LDH; c6 nhiéu nh&t 8 gan, co xudng, do vay su tang nhe
isozym nay trong huyét thanh thuong gép trong vang da, bénh duong mat. Sy
tang viia phai hoat d6 enzym gép phé bién trong viém gan cép do virus va X0
gan. Hoat d0 enzym ting cao trong huyét thanh, ddc biét isozym LDH; trong
ung thu gan nguyén phat hodc thi phat.

5.1.4. Glutamat dehydrogenase (GLDH) huyét thanh

Hoat d6 GLDH binh thudng trong huyét tudng do & 37°C 6 nam la 9-40
U/L va & nit 13 9-35 U/L. La enzym c6 nhiéu & ty thé t& bao gan, tim, than. Khi
mic db tén thudng gan nhe (viém gan cap.nhiing tuAn dau) hodc ton thuong it
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6 giai doan viém gan man, xJ gan,... GLDH ting nhe. Khi t6n thuong gan
ning, mic d t6n thuong sdu, GLDH tang cao trong huyét tuong.

9.2. Cac xét nghiém danh gia tinh trang @ mat
5.2.1. Phosphatase kiém (ALP = alkaline phosphatase) huyét thanh

Hoat 43 ALP binh thudng trong huyét tuong 6 nam va 4 nit 1a 30-90 U/L.

Hoat d ALP huyét thanh cé thé ting trong rn(f)t s6 tinh trang sinh ly
binh thudng: phu nit ¢6 thai (3 thang cudi clia thai ky), tré em dang 1én.

ALP c¢6 ngudn géc chtt yéu & xuong (tao c6t bao), phdn nhd hon &
microsom gan va vi vy ALP dudc sti dung nhiéu nhit trong chan doan lam
sang benh gan va benh xuong.. Hoat d6 ALP ting nhe dén ting trung binh &
nhiing bénh nhén bj réi loan chiic ning t& bao gan nhu viém gan, xd gan; tang
nhat thoi trong tdt ca caic loai bénh gan. Su ‘tdng manh cua hoat @6 ALP x3y
ra trong tdc mat ngoai gan nhu séi dudng dan mit chung, tic mat trong gan
nhu tdc mat do thudc hodc xo dudng mat nguyén phat. Enzym nay luén ludn
tang trong bénh gan di cin.

Ngoai bénh gan, ALP con tang trong cic bénh ly vé xuong (vi du Bénh
Paget —u di cén xudng) va cac bénh khac lién quan dén su tiang hoat tinh cta
tao cot bao déu din dén ting hoat d6 ALP huyét thanh du khéng c6 bénh ly
gan. Enzym nay dudc tim thay trong nhau thai va hoat tinh tang d phu nit
mang thai.

5.2. 2 Cdc xét nghiém vé bilirubin huyét thanh

- Nong d6 bilirubin lién hgp va bilirubin tu do huyét thanh 13 nhiing théng
s6 c6 gia tri trong chdn doan vang da va bénh gan c6 tic mat. Nong do
bilirubin huyét tuong 1a két qua clia su cin bing gifia qua trinh san sinh
bilirubin tit thoai héa hemoglobin va kha nang thanh loc cia gan d6i véi
bilirubin huyét tuong. Néng do6 trung binh cua bilirubin todn phain huyét
tudng & ngudi trudng thanh cé biéu hién bén ngoai khde manh < 1 mg/dL,
trong d6 bilirubin ty do < 0,8 mg/dL va bilirubin lién hdp < 0,2 mg/dL. Khi
nong do b111rub1n toan phan ting trén mic nghi ngs, d1eu quan trong la dinh
rd nong d6 cta bilirubin tu do va bilirubin lién hgp, mébi két qua dinh lugng
‘nay rit hitu ich cho vigc phan loai sy tdng bilirubin huyét tuong. Su ting
bilirubin lién hgp xay ra khi trén 50% bilirubin toan phan la bilirubin lién hop
va su tang bilirubin ty do, xay ra khi trén 80% ctia bilirubin toan phan 1a
bilirubin ty do. Khi mét dang ctia bilirubin ndi trdi thi tién st cia bénh nhan
cung nhiing phat hién vé sinh 1y hoc va cic xét nghiém khac sé gidp tim ra
nguyén nhan dic trung cua tinh trang bénh Iy nay.

Mot xét nghlem khac cling thuong dugc dung 14 Alpha-foetoprotein (AFP)
khong phan anh tén thudng gan hodc suy gidm chiic ning gan ma thudng
dung gitip chadn do4n ung thu gan nguyén phat. AFP la mét glucoproteln cb 6
bao thai va bién m#t sau khi-sinh 2 tudn d6 gan ngiing téng hop. G ngudi
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trudng thanh khoe manh AFP huyet thanh khong con hodc c6 rat it. AFP tang
rat cao hang tram 14n so véi binh thudng & ung thu gan nguyén phat, tang it
hon & ung thu gan thi phat, viém gan virus cdp, viém gan man.

5.3. Cac xét nghiém tham do, danh gia chc nang gan

5.3.1. Nghiém phdp bai tiét BSP

Nghiém phap cén cit vao kha nang git chat mau huyét tutdng cia gan va
thai vao mat. Khi ta tiém vao co thé mot ludng chat mau Bromosulfophtalein

,(BSP) nhit dinh sau mot thoi gian lugng BSP sé glam dan trong mau. Thoi

gian nay dai hay ngan tuy theo tinh trang chic nang cua gan doi véi viéc dao
thal BSP vao mat. Khi gan bi t6n thuong suy g1am chiic ning thi kha ning
nay bi gidm di.

Tiém vao tinh mach bénh nhén chat mau BSP heu 5 mg/kg can nang cua
¢ thé. 45 phit sau khi tiém sé& 18y mau Va do luong s6 hidng chit mau con lai
trong mau, chiic ning gan binh thuong néu gan bai tiét duge 95% lugng chit
mau trong 45 phit. Mic dd con lai cia BSP trong mau sau 45 phut (> 5%) ty
1é thu&n véi mic 46 suy giam chiic ndng gan.

5.3.2. Albumin huyét thanh

Néng d6 albumin huyét thanh binh thudng dao dong ti 35 g/L- 50 g/L,
chiém 53% - 65% protein toan phin huyét thanh. Albumin la protein c6 ¥
nghia nh4t dé dinh tinh kha nang téng hop chat ctua gan. Trang thai dinh
dudng ctua benh nhén c6 tim quan trong 16n, boi vi sy téng hop albumin phu
thuéc vao s8 lugng acid amin tit thyc don, déc biét 13 tryptophan. Hoat dong
can bing ctia hormon, ap luc tham th&u, chiic ning than ciing anh hudng dén
nong d6 albumin huyet thanh. Khi gan bi bénh, ndng do albumin huyet thanh
sé glam va sy giam nay khéng Xay ra ngay vi thoi gian ban huy cua albumin
x4p xi 20 ngay, do Vay su suy glam tong hgp albumin s& dugc phat hién sau
khoang 3 tudn 18. Y nghia caa viéc dinh 1u0ng albumin huyet thanh la danh
gia bénh gan man tinh hon 1a tinh trang c&p tinh. N&u néng dd albumin huyét
thanh giam c6 nghla 13 gan da bi giam chiic néng trong thaoi glan dai trudc do.
Béi vay, khi ndng d6 albumin huyet thanh binh thuong chua thé loai bd bénh
1y gan va trang thai bénh 1y gan cip tinh c6 the dang tén tai.

CAU HOI ON TAP

1. Ke tén cac acid méat, mu01 mat va vai tro clia mat trong tiéu hoa lipid
4 rudt.

2. Vi sao néi gan la co quan duy nhat (khong ke cac tuyen ndi t1et) tham
gia vao diéu hoa glucose-mau:
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Y nghia ctia viée tao thé cetonic mau va vai tro tham gia ciia gan nhu
thé& ndo. Gan cé vai tro gi trong diéu hoa cac dang lipoprotein mau.

Vai trd ctia gan d6i véi co thé trong chuyén héa protein.

NhIIng cach khit d6c ctia gan, cho vi du bing cac phan ting héa hoc
cu thé.

Phan tich gia tri cac xét nghiém héa sinh danh gia tén thuong va suy
giam chiic nang gan thudng dugc st dung.
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A,,,,,Chitrdng,:lsi,, L

HOA SINH THAN VA NUGC TIEU

1. THAN |

Hai than cta ngudi trudng thanh ning khoang 300g, chiém 0,5% khéi
lugng co thé. Hoat déng ctia than manh, st dung 8 - 10% oxy cta co thé. Hang
ngay khoang 1.000 - 1.500 lit mau qua than, 10% s6 d6 l1am nhiém vu cung cip
chit dinh dudng cho than, 90% lam nhiém vu bai tiét. Than c6 cac chiic nang:

— Bai tiét cac chét cin ba bang co ché loc va tai hdp thu.

— Tham gia diéu hoa thing bing acid - base nhd cd ché bai tiét ion hydro.

—~Tham gia chuyén héa cac chit va téng hop mot s§ chit nhu acid
hyppuric, urocrom. , ‘

— Chiic phan ndi tiét.

1.1. Chitc phén bai tit

Su bai tiét nudc tiéu xay ra & don vi chitc nang clia than 13 nephron. M&i
than c6 khoang 1 triéu nephron. M&i nephron gbm mot b6 bao mach dudge boc
béi bao Bowman, 6ng than (bao gbm 6ng lugn gin, quai Helle, 6ng lugn xa,
éng gép). Su bai tiét nude tiéu nhs hai qua trinh sidu loc va tai hdp thu. Siéu
loc 14 giai doan d4u cta qua trinh tao thanh nudc tiéu. Hang ngay c6 téi 180
lit nudc tiéu ban ddu duge hinh thanh. Su loc ctia: cAu than nhd ap luc hiéu
dung (Pf).

Pf = Pg - (Po + P¢)

Pg: 4p suit thuy tinh trong ciu than (chinh 1a 4p sudt ctia mao dong .
mach c6 tac dung ddy nuée vao bao Bowman).

Po: ap suit keo cua huyét tuong (cé tac dung hut nude tit bao Bowman
vao mao mach).
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Pc: 4p suét thuy tinh trong bao Bowman (d01 lap véi sy hit nuée tit bao
Bowman vao trong mach). . .

Binh thuong Pg =50 mmHg, Po = 25mmHg, Pc =5 mmHg
Pf 20mmHg

O nguoi huyet ap ha 60 - 70 mmHg, Pg =1/2 huyé’t ap = 30 35 mmHg
sé dan dén t1nh trang vo niéu.

1.1.1. Sz.t loc ctia cdu thdn

Mao mach ciu than cho nudc va cac chit c¢6 phan ti nhé trovng miu qua
lai dé dang va nhu mét mang chin cac ‘phén ti 16n. Cac phén ti 16n nhu cac
protein TLPT 70.000 khong qua duge. Vi vay nudc tiéu ban ddu (nuéc tiéu &
trong bao Bowman, néng d6 cic chit nhu trong huyé&t tuong tru protem) Bing
viéc do dd thanh thai (clearance), bing cac nghién citu sidu ciu tric véi k§
thuat tu chip phéng xa, mién dich héa hoc, ngudi ta da nhéan biét ré rang cac
yé&u t8 khac nhau anh hudng t6i qua trinh siéu loc ctia cac chit ¢6 phan ti 16n
_nhu protein.

1.1.1.1. Kich thudc ctia phan t& duoc loc

Mot bang chiing rd rang va di xua cii d6 1a su loc khac biét giiia
hemoglobin (Hb c6 TLPT 70.000) va albumin (TLPT 68000). Khi tiém tinh
mach Hb, Hb nhanh chéng dugc ddo thai ra nudc tiéu, trong khi d6 Alb nhd
hon Hb, khéng "bi dao thai. Mot thi nghiém khac dua trén hé s8 loc (co'efficien't
_de tamisage) ctia inulin =1; ngudi ta déng thoi xac dinh hé s6 loc ciia dextran
(duong kinh 20 R ) ¢b he s6 loc =1 va clc dextran c6 kich thuéc 16n dan (tu 20-
42.&) véi ba loai dextran tich dién duong, dextran tich dién am va dextran
trung tinh, két qua thu dudc nhu hinh 18.1, clearance giam dén, véi dextran
duong kinh 42 Reo hé s8 loc gan bing 0. :

‘Dextran tich dién duong

Dextran trung tinh

Hé s6 loc

Dextran tich dién am

>
18 22 26 30 34 38 42 AKich thudc phan tir

Hinh 18.1. Hé s6 loc clia cac dextran tich dién duong,
amvatrung tinh,theo kich.thudc cta ching
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'1.1.1.2, Tinh trang huyét déng cuc bo hay luu luong mdu

Su van chuyén nhiing phén ti 16n qua mang ciu théan lién quan téi su
th&m th&u, chiic ning nay khéng chi phu thugc vao kich thude caa phéan ti ma
con phu thude vao qua trinh loc, nghla 12 phu thudc vao luu lugng mau ciu
‘than, gradient ap sust chuyén mang, néng dé protein trong mau ciing nhu hé
sb siéu loc cia mach cau than. Luu lugng mau la thé tich mau qua than tinh
theo thoi gian. O ngudi 16n lugng mau qua than khoang 120ml/phit. Luu
lugng mau qua than 1én gdp 8 14n qua mach vanh tim va gip 400 lan luu
' luang mau & co xudng khi nghi. Sy phan b6 luu lugng mau qua than khéng
dong déu, vung vo6 16n hon ving tuy. Luu lugng mau qua than 16n nghla la ap
suit cia mau trén thanh mao mach 16n. Su ting luu ludng mau cta ciu than
cling lam giam clearance ctia cac phan ti 16n trung tinh va sy gidm cta luu
ludng thi. c6 két qua ngudc lai, Khi truyén angiotensin II vio chudt giy su
glam Ivu lugng mau va nhén thdy sy tang d6 thanh thai cta albumin, hau
qua giy protein niéu. Pidu nay ciing giai thich trudng hgp protein niéu do
ting huyét ap.

1.1.1.3. Su tich dién cua phén ti protein

Ngudi ta tinh duge hé s6 loc ctia albumin 14 0,0375 trong khi hé s6 loc cua
dextran trung tinh c6 cung kich thuéc (35 A) 12 0,24. 8 pH sinh hoc, albumin
nhu mdt polyanion, ngudi ta ciing nhan thay hé s6 loc cia albumin gin giéng
v6i hé s6 loc cia dextran sulfat (ciing 14 anion) c¢6 cung kich thuée (dextran tich
dién am). So sanh hé s6 loc cia dextran trung tinh va hé s6 loc cia dextran
sulfat, Chang (1975) da dua ra cac gia tri vé hé s6 loc cia dextran trung tinh va
dextran sulfat (hinh 18.1). Hé s6 loc giam dan theo sy ting cta kich thuéc phan
tl, tuy nhién véi cung kich thuéc phén tit hé s6 loc cia dextran sulfat thap hon.
D61 véi diethylaminoethyl dextran (dextran dién tich duong) hé s6 loc cao hon
ca dextran trung tinh c6é cing kich thudc. Nhitng két qua trén ciung cd cho gia
thiét thanh mao mach cAu than dudc coi 12 hang rao tinh dién.

Mang mach cau than dudc cau tao bdi 3 16p

— Ldp ndi mac (endothelium): 16p ti€p giap v6i mao mach, 6 day c6 nhiing
clia 86 dudng kinh 500-1000 A.

— Mang co ban (12 16p giila, gdm 3 16p day khodng 3200 A).

— Mang biéu mé (epithelium) tiép giap véi bao Bowman 14 nhiing t& bao -
cao 350 - 500nm, cé nhiing khe trong khoang 250 -500 A.

Cac ngh1en cliu sidu c&u tric da chira rang cac phéan ti 16n di qua cac
ctia s6 cia 16p ndi mod (endothelium), qua 16p mang co ban, qua cac khe ctia 16p
biéu mé (epithelium). Su loc cAu than bi cin trd § mang co ban va khe loc.
Trén bé mit va trong 16p mang co ban c6 nhiing dién tich Am thudc hai loai:
cac glycoprotein chiia nhiéu géc acid sialic vd nhat 13 cAc proteoglycan cé
nhiéu nhém sulfat ma cu thé 13 heparin sulfat glycosaminglycan 1a thanh
phin mang dién tich Am chinh trong mang cd ban, con nhiing t& bao ndéi md va
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bidu mé dugc phti ddy nhiing mucoprotein gidu acid sialic. Ngudi ta ciing thay
nhiing cation dugc gin trén nhiing polyanion clia mang cd ban cdu than va t&
bao ndi mé. Nhu vay cuing véi nhiing két qua nghién cttu 6 hinh 18.1, chinh 16p
polyanion 14 lyc can rat 16n dé6i véi céc protein mang dién tich Am.

1.1.1.4. Vai tro cua hinh ddng phéan tu’

Nhling phan t@ c6 hinh dang khéc nhau cung dugc van chuyén qua mao
mach cau than khac nhau Nhiing phan ti c6 cdu tric mém déo trong dung
dich, su loc qua mach ciu than dé& dang hon.

1.1.2. Sy tdi hép thu g ong thdn

Ong than dudc ciu tao bdi mét 16p t& bao c6 cdu tao nhu nhung mao. Céc
chit duge tai hap thu 6 6ng than rat khac nhau

1.1.2.1. Chét khong dugc tdi hdp thu

Mot s6 chit duge dao thai qua ciu than nhung khéng dugc tai hap thu &
dng than nhu inulin, mannitol, natri hyposulfit Vi vay do d6 thanh thai cua
cac chat nay dé danh gia mic d6 tén thudng ctia ¢au than.

1.1.2.2. Taz hép thu hoan toan (glucose)

Trong diéu kién binh thudng glucose dudc loc qua ciu than véi téc d6
150g/24h va hau nhu dudgc tai hf{p thu hoan todn nén trong nudc tiéu chi cé
6mg/24h. Qua trinh tai h&p thu & éng luon 14 qua trinh van chuyén tich cuc
can nang lugng 12 ATP va nhé chat dong van chuyén (co transport), sy van
chuyén nay kém theo sy hé&p thu natri. Khi van chuyen glucose khong bi ..
phosphoryl héa, chudi carbon ciing khéng bi thay ddi khi qua mang. Vi tri dic
hiéu ctia su tai hé’p thu nhay cadm véi chat e ché canh tranh nhu D-galactose,
D mannose, ploridin.

1.1.2.3. Tdi hdp thu 99% (nudc)

Nuéc dugc tai hap thu & dng lugn gan, dng luon xa, quai Helle va 6ng
g6p. O 6ng lugn gah nude dude tai hap thu 80%, su tai hap thu nuée & day dudge
goi 1a sy tai hap thu “bat budc”, nude dugde tai hap thu cing véi natri. Su tai
hédp thu natri, clo va nuéc & diy 14 tuong duong lam cho nudc tiéu khong bi cb
d#c ho#c hoa lodng. G quai Helle va 6ng lugn xa 90% lugng nudc con lai dude
tai hap thu, phu thudéc vao ADH, mét hormon chong bai niéu. Hormon nay
dudc cd dinh trén chit nhan dic b1et cua mang ong than.

~ 1.1.2.4. Tdi hép thu phén lén (Na*, Cl-, uré)

Su tai hdp thu natri rat phic tap, 6 6ng lude gan 70% mudi dude tai hap
thu. Sy hdp thu thay d6i ngudc chidu véi 4p luc déng mach than. Lugng mau
dén than phan bd khéng déu giita ving vo ndng (nephron mit mudi) va ving
v6 sau (ap luc déong mach than thap hon) 6 ddy hap thu muéi nhiéu hon. Yéu
t6 chinh gay su tai hip thu 13 4p suit tham thau va ap luc thuy tinh trong
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mao mach &ng than. Su gidm cta dong mau qua than (ha huyét ap, giam thé
tich mau) thi su tai hdp thu & 6ng lugn gin lai ting dé ha thap lugng natri dao
thai ra nuéc tiéu va ngudc lai. O 6ng lugn gin lugng Na* dude tai hdp thu la
16.800 mEq/ 24h. § &ng lugn xa khodng hon 10% natri dugc tai hap thu, chiu
anh hudng cla renin, angiotensin II va aldosteron.

Sy t4i h&p thu natri & 6ng lugn 13 qué trinh tich cuc doi héi nang luong
16n tuldng duong véi sy tiéu thu 24g glucose/ 24h, nghia 1a chi€ém 90% su tiéu
~ thu oxy ctia than.

Cl” dugc tai hdp thu thu déng song song vdl Na

0] quai Helle, su tai hap thu Na* 1a thu dong theo gradlent dién thé gay
ra bdi CI™.

O 6ng gop cling c6 su tai hap thu Na* va ciing chiu anh hudng ctia aldosteron.
Cudi ciing thi lugng natri con lai trong nudée tiéu 1a 100 - 150 mEq/ 24h.

Uré duge tai h&p thu dén 40 - 50%, uré tai h&p thu thu dong hoan toan
phu thuéc vao ndng d6 uré trong mau.

1.1.2.5. Chét dugc bai tiét & cdu thin, ong thdn va tdi hdp thu ¢ 6ng thén

Acid uric dugc cAu than loc khoang 6 mg/ phit, 6ng than bai ti€t khoang
6mg/ phut. & 6ng than 95 - 98% lugng d6é dudc tai hdp thu, lugng acid uric dao
thai khoang 0,33mg/phit tuong duong 600 mg/ 24h.

Creatinin dugde loc qua cdu than va ciing dudc tai hap thu & 6ng than.
Ham luong creatinin dugc coi nhu mot ddu hiéu dé theo déi chic nang than.

1.1.2.6. Tdi hép thu protein

Théan tai hap thu phén 16n nhiing protem da du0c: loc qua cAu than. 99%
albumin loc qua ciu than dudc tai hap thu 6 6ng lugn gan. Dai véi cac protein c6
TLPT nhd (cac chudi nhe lamda, kappa, lysozym, B2-microglobulin, hormon)
ciing dugc tai hap thu hdu hét & 6ng lugn gin nén dao thai ra nudc tiéu mot
lugng khong dang ké. Céac protein dude lién két véi diém ban chai, duge thim
vao khéng bao, hoa vao trong lysosom, tai dé protein bi cac hydrolase cua
lysosom thuy phén va cic san phdm thuy phan nay tré lai mau. Qua trinh thuy
phan dién ra ti vai phdt dén vai gis. Hau qua chuyén héa clia sy tai hdp thu
thay ddi theo loai proteln Déi v6i albumin va protein c6 TLPT 16n sy loc cta -
cAu than rit it, néu cit bé hoan toan hai than (th1 nghiém trén chudt) thdi gian
ban huy cac protein nay hau nhu khong thay d6i. Ngudc lai d8i véi cac protein
trong lugng phén ti nhd sy loc qua cdu than d& dang, néu cit bd hoan toan hai
than (cting thi nghiém trén chudt) nhan thay sy ting rd rét thoi gian ban huy
clia cac protein nay.

- NhS qua trinh tai hap thu & éng than ma treng nudc tiéu nguodi binh
thudng khoe manh lugng protein rit thap. Cac xét nghiém théng thuong khéng
phat hién dugc va dude coi 1a khéng-eé-protein.
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1.2. Chitc phan chuyén héa

Chuyén héa chét xay ra § than rat 'manh nhim cung cip néhg lugng cho
than hoat déng (bang ching la than st dung 10% oxy ctia toan co thé).

— Trong than chuyén héa glucid chi€m uu thé, chu trinh pentose xay ra
khéng manh, cht yéu 14 con dudng dudng phan: Cac din suit phosphoryl nhu
hexose phosphat, triose phosphat dé dang dudc khi phosphat nhd cac
phosphatase 6 than, acid phosphoric dugc bai xuét. :

-Véi chuyén héa lipid, cac lecithin duge khi phosphat nhd
glycerophosphatase, cac chit cetonic duge thoai héa hoan toan.

— Véi chuyén héa protein, than c6 nhiéu hé théng enzym khi amin, mot s6
enzym khii amino acid dang D (dang khéng cé trong tu nhién) va cic enzym
khlt amino acid dang L, tao ra cac acid cetonic, giai phéng NH; duéi dang NH,*
6 than. Ciing nhu gan, than ciing ¢6 qua trinh khi nuéc ciia creatin tao thanh
creatinin va ngung tu acid benzoic véi glycin dé tao thanh acid hyppuric.

1.3. Vai tro cta than trong thiang bing acid - base

Théan diéu hoa thing bing acid - base bang cach tai hdp thu bicarbonat,
gitt lai Na* bai tiét H* va dao thai cac acid khong bay hoi nhu acid lactic, thé
ceton, acid sulfuric sdn phdm cta chuyén héa protid, acid phosphoric sén
phiam ctia chuyén héa cac phospholipid. Céc acid nay két hgp véi cac cation ma
cht y&u 1a Na*. Cac cation nay sé& tai hap thu & t& bao dng than thé ché cho ion
H* dao thai ra ngoai. ‘

€6 3 co ché& chinh diéu hoa thing bing acid - base'nhidm duy tri-lugng -
bicarbonat cé trong khu vic ngoai té& bao.

1.3.1. Thén téi hép thu bicarbonat

Gan 90% bicarbonat dudc tai hap thu & éng luon gin. Trong t& bao ong
than CO, va H,0 dudc tao thanh trong cAc qua trinh chuyén héa, dudge chuyén
thanh H,CO, duéi tac dung cta carbonic anhydrase. H,CO, phén ly thanh H*
va HCO; . Ion H* dugc bai tiét ra khoi t& bao 6ng than, HCO; cung véi Na*
dugce tai hap thu trd lai mau. (hinh 18. 2)

1.3.2. Thén dao thdi ion H* dudi dang mudi acid va acid kEhéng bay hoi

G 6ng lugn xa ion H* ciing dude dao thai th& chd cho Na* da duge tai hap
thu cung v6i HCO; , Na* tu cac mu6i phosphat dinatri chuyén thanh muéi
phosphat mononatri, pH cua midc tiéu cing giam (hinh 18.3).

Than dao thai cac acid khong bay hoi nhu acid lactic, thé ceton, a01d
sulfuric san phim ctia chuyén héa protid, acid phosphoric san phidm cta
chuyén héa cac phospholipid. '
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1.3.3. Thédn ddo thdi ion H*dudi dang muéi amon

Mot c6 ch& nia ciing xay ra & 8ng lugn xa 1a t& bao 6ng than bai tiét ion
H* dudi dang muéi amon. O t& bao 6ng lugn xa, amonic dugc tao ra cha yéu do
thuy phan glutamm dudi tac dung cua glutaminase. Amomac khuéch tan thu
déng ra nuéc tiéu cing véi H' dao thai dudi dang mudi amon (hlnh 18.4).
" Hang ngay c6 khoang 30 - 50mEq ion H* dudc dao thai dudl dang muéi amon
va khoang 10 - 30 mEq duéi dang cac mudi acid khae.

1.4. Chiic phin ndi tiét

Than con c6 vai tro diéu hoa hing dinh ndi méi, thang bing nuée, dién
giai, va huyét 4p thong qua hé théng Renin - angiotensin - aldosteron.

1.4.1. Hé théng Renin - angiotensin - aldosteron

Hé théng bén canh ciu than tong hop bai tiét ra mét protein enzym 1a renin,
c6 tac dung thuy phin protein. Renin ¢6 trong lugng phan ti 40.000. Renin dugc d6
vao tinh mach théan. Trong mau, renin tic dung dic hiéu trén protein 1a

'anglotensmogendutdc tong hop tir gan., Angiotensinogenla mot polypeptld (alpha
globulm) Renin thuy phén chit lién két peptld gitta acid amin 10 va 11 gidi phong
angiotensin I, khong c6 tac dung sinh hoc gdm 10 acid amin. Mot enzym khac cta
mau (enzym chuyén) cit 2 acid amin & dau C tan (His va Leu) clia angiotensin I
tao thanh angiotensin II ¢6 cac tac dung sinh hoc:

— Co mach va ting huyet ap manh g4p 50 14n so véi adrenalin.
— Co cd tron. - o e e i
— Tang bai tiét aldosteron ctia v thugng thén.

Anglotensm IT c6 doi s6ng ngén, sé nhanh chéng bi enzym amznopeptzdase
thuy phéan cit Asp 6 ddu N tan tao thanh angmtensm III. Angiotensin IT va III
c6 chit thu thé & mang t& bao ving ciu ctia vé thuong than. Chinh ching kiém
soat su tdng hdp va bai tidt aldosteron. Su tao thanh va thoai héa angiotensin I,
IT, IIT dudgc trinh bay & hinh 18.5.

1.4.1.1. Sy diéu hoc bai tiét va gidi phéng renin

- Hé théng thin kinh giao cam va catecholamin diéu hoa g1a1 phéng
renin qua trung glan cua chit cdm thu beta adrenergic (chat gidi phéng
adrenalin). Hé giao cdm bi kich thich g4y ting bai xuit renin.

— Thay déi ap sudt tiéu déng mach: ha huyét ap, luu lugng mau dén than
gidm lam tang sy bai tiét renin.

— Tang nong d6 Na* § t& bao 6ng than lam gidm bai tiét renin va ngudc lai.

~ Angiotensin II dc ché ngugc lai sy bai tiét renin. Hién tugng tic ché

ngugc nay cé vai tré quan trong trong diéu hoa hé théng renin — angiotensin
(hinh 18.6). '
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 Angiotensinogen. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu-Leu-Val-Tyr-Ser-R

Renin

Angiotensin I 1 2 3 4 5 6 7 8 9 10
 Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu
1 Enzym chuyén

Angiotensin I1 1 2 3 4 5 6 7 8
) Asp-Arg-Val-Tyr-Ile-His-Pro-Phe
A .
Amino peptidase

AngiotensinIIl 2 3 4 5 6 7 8
Arg-Val-Tyr-Ile-His-Pro-Phe
t ?
Angiotensinase
Sdn phdm khéng hoat déng
3 4 5 6 7 8
Val-Tyr Ile-His-Pro-Phe

Hinh 18.5. Su hinh thanh va thoai h6a Angiotensin 1,1l va ll.
Kich thich hé giao cam

An ioténsino sen ' i v ) Tang Na* t& bao éng than

*) RENIN

Angiotensin T ¥~ HaHA

Angiotensin II ‘ . ', Ha Na* t& bao ong than

Hinh 18.6. Co ché diéu hoa bai xust Renin

1.4.1.2. Sy diéu hoa t6ng hop va bai tiét aldosteron

- Néng do natri mau: su téng hgp aldosteron ting khi nong dd natri mau
ha. Khi natri mau ha hon 10 mEgq/l, aldosteron tidng bang cach chuyen
corticosteron thanh aldosteron.

—~ Nong d6 kali mau: kali mau tang kich thich su chuyén cholesterol
thanh pregnenolon dé thanh aldosteron: :
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- Néng @6 natri trong mau tang (ap sudt thadm thau khu vuc ngoai t&
bao ting anh hudng dé&n t& bao vung duéi déi) gay tiang bai sudt ADH hau
qua la tang tai hdp thu nuéc & dng than, tac dung trd la1 véi sy bai tiét
renin (hinh 18. 7)

, | Corticosteron Cholesterol
Tang Na*/mau  Ha Na'/mau—p—p l Ting K*
i * Aldosteron

2*ADH 5% ) Renin

I

Angiotensin II

Hinh 18.7. Diéu hoa bai tiét aldosteron

Tac dung ctia hé théng renin — angiotensin — aldosteron thé hién & hinh
18.6 va 18.7.

1.4.2. Sy bai tiét yéu té'tao héng cdu ctia thén

a globulin 1 Huyét tuong

(tiénEp)——>Ep |
REF

T

Protein kinase ADP |
(hoat dong)
ATP Than

PGE,—} Tién REF
cAMP
Protein kinase
(khéng hoat ddng)

- Gan _—"

Hinh18. 8. Hoat h6a ERF

TU ndm 1950 ngtxdl ta dd x4c dinh duge méi lién quan truc tiép gifia tinh
trang thi€u oxy va ndéng 46 moét hormon méi trong huyét tuong dé la
erythropoietin - Ep (chdt tao hong ciu) cd tac dung kich thich t& bao héng cau
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. tién than phat trién thanh héng ciu trudng thanh. Mgi lién quan cua

erythropoietin (Ep). véi than duge phat hién nam 1957 béi Jacobson. Ep dudc tao
ra tu alpha-1- globulm do gan tong hop. Ep (khéng hoat dong) tré thanh dang
hoat déng nhd yé&u t8 tao hong ciu cta than 1a Renal erythropoietin factor REF).

ERF la glycoprotein hormon, dudc téng hop tai t& bao ké 6 gin 6ng lugn
duéi dang tién ERF khong hoat déng. Tién ERF dugc phosphoryl héa thanh
dang hoat dong nhd modt protein kinase dang hoat dong. Protein kinase hoat
dong lai dugc tao ra ti. protein kinase' dang khong hoat déng nhd cAMP. Gan
day ngddl ta d san xuét dudc erythropoietin duéi dang thuéc dung cho bénh
nhan thdm phan phic mac.

1.4.3. Prostaglandin

Ba typ prostaglandin dudc tim thay & than 1a PGE,, PGI,, TXA,, ching duge
san xudt ¢ nhiing doan khac nhau ctia nephron hosc trong t& bao ké. PGE,, PGI,
¢6 tac dung glan mach, chéng lai tac dung co mach cua angiotensin II, c6 tac
dung lam gidm dao thai natri va loi tleu nhe. PGE, con ¢6 tac dung 1én su-téng
hop REF thong qua tac dung hoat héa adenylat cyclase, (AC) dé tao AMP vong
(hinh 18.8). TXA, 12 yé&u t6 co mach. Prostaglandln dugc tang cudng san xudt
khéng chi do sy ting ham lugng angiotensin II ma con do nhiing kich thich than
kinh than.

1.4.4. Vitamin D3

Vitamin D3 hay cholecalciferol 1a tién hormon phu thudc vao tia tu
ngoa1 Cholecalciferol dudc tao thanh tit da t6i huyét tuong nhd sy van chuyén
ctia D3- binding protein rdi dude oxy héa 8 gan thanh 25-OH-D3. Sau d6 25-
OH-D3 dugc chuyén téi than nhd protein gdn 5-OH-D3 Tai than dugc oxy héa
thanh 1, 25-(0H)y-D3 hay calcitriol. Calcitriol c6 tac dung tang cudng hap thu
calei & rudt va tai hap thu calci & than.

1.4.5. Atrio natrinuretic factor ANF (yéu t6 bai niéu natri ciia tdm nhi)

Atrio natrinuretic factor (ANF) 14 san phdm ctia t& bao trong tAm nhi, e6
thé ca trong tAm thit. ANF gay tang bai suat natri théng qua tac dung loc
natri § cAu than va tai hip thu & 6ng lugn gin. ANF ciing c6 tac dung d61 lap
v6i ADH trén 6ng gép giy su glam tai hap thu nuéc. N6 cung ¢6 thé lam tang
ap luc thuy tinh trong mach va gidm tai hép thu NaCl d dng gop.

2. NUGC TIEU

Nuéc tiéu la dich bai suit quan trong nh4t chia phan 16n cic chit can ba
ctia co thé. Nhiing thay d6i vé& cac chi s8 héa ly va dic biét 1a nhdng thay d6i
vé thanh phéan héa hoc ctia nudc tiu phan anh céc réi loan chuyén héa.
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2.1. Tinh ch4t chung clia nuéc tiéu
2.1.1. Thé'tich nudc tidu

Thé tich nuéc tiéu trung binh § ngudi 1én trong 24h khoang 1.000-
1.400ml, tuong dudng 18 - 20 ml/kg than trong. Thé tich nude tiéu thay ddi
theo di€u kién sinh 1y, bénh Ij. Lugng nudc tidu tinh theo than trong g tré em
nhleu hon nguoi 16n. Uong it nuée, lam viéc trong diéu kién 4m, nong ra nh1eu
md héi, luong nudc tiéu it. Mot s6 trudng hgp bénh ly nuée tleu c6 thé
>2500ml/24h trong bénh dai théo dudng, dai nhat. Lutdng nudc tiéu cung co

thé dusi 750m1/24h trong cac trtIdng hgp thiéu niéu, vo niéu trong viém cau
'than cdp, viém 6ng than cap do ngd doc, mat mau, bong ning.

2.1.2. Cdc tinh chdt vét ly cia nudc tiéu

2.1.2.1. Mau sdc

Nudée t1eu binh thudng c6 mau tu vang nhat dén mau hé phach tuy theo
luong nudc tiéu va dé dam dic. NhIing sic to chlnh trong nudc tiéu 1a cac san
pham ¢6 nitd nhu urobilin (san phdm OXy héa cua urobllmogen), cac dan xuat
cua 1ndoxy1 3 bénh gan méat mIdc tiéu c6 mau nau vang cua bilirubin. Nudc
tiéu mau hong do ¢c6 mau. Nuéc tiéu duc nhu nude vo gao do ¢6 dudng chap.

Nu?dc tiéu binh thuong 14y trong diéu kién dung quy cach thuang trong
su6t, @& mot thai gian ngan sé thanh dam may vén duc cta nhiing t& bao n01
mo va urosomucoid, 1o llmg d gitia hay day ong tuy theo ty trong nudc tiéu.
Nudc tiéu sau khi de chd mat hay lanh c6 thé c¢6 cin ac1d uric, mu01 urat hodc
phosphat ling xudng day lo. Phan biét bang cich dun gin sbi, mudi urat tan,
‘mudi phosphat khong tan trong méi- truong trung tinh ho#c™ k1em tan trong
mbi truéng a01d nhe.

2.1.2.2, Dé sanh

D sanh cua nudc tiéu binh thudng cao hon nudc mdt chit. Cac trudng hgp
nuéc tiéu cé mAau, mu, protein, dudng ch&p nude tiéu sanh hon va cé nhidu bot.

2.1.2.3. Mui

Mui caa nude tidu dac biét, dé ngoal khéng khi ¢6 mui khai do uré bién
ddi thanh amoniac. Mot s6 bénh ly nudc tiéu c6 mui ceton, mui héi (truong hop
s6t cao, ung thu thén, ung thu bang quang).

2.1.2.4. Sitc cang bé mdt clia nudc tiéu

Stic ciang bé mat ciia nude t1eu th4dp hon nudc, khoang 64 - 69 dyne/cm?
(cua nudc 1a 72). Trong viém gan, tic mat, nude tiéu cé mudi mét gy sic cang
bé mit giam. *

2.1.2.5. Ty trong

Ty trong nuéc tiéu thay d6i trong ngay. Nuédc tiéu 24h & diéu kién 15°C
ty trong dao dong 1 005 1,030, trung binh 14 1,018 + 0,022. Trudng hgp dai
duong ty trong cé the £61-1,03 - 1,04 , truong hop dal nhat ty trong lai thép.
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2.1.2.6. pH

pH ctia nudc tiéu 24h hoi acid khoang 5— 6 trung b1nh 5 8. Nuéc tiéu amd
do su c6 mit cta cac acid acetoacetic, acid uric, phosphat acid va cic mudi
" amoni. pH thay d6i theo ch& d6 &n, &n nhiéu rau nuéc tiéu it acid, c6 khi truhg
tinh ho#c hoi kiém, 4n nhiéu thit pH nudc tiéu cang acid, lao dong manh vé co
bép, hoat déng thé duc thé thao ciing ting d6 acid trong nude tiéu. Trong dai
thao dutdng ning, pH nudc tiéu acid do bai xuit cac thé cetonic. Cac trudng hgp
viém bé than, bang quang, pH klem do phan ting 1én men amoniac, 6 bénh nhén
viém da day da acid pH nuéc tiéu sau bita an thudng kiém, & bénh nhan ung
thu da day, pH nuéc tiéu héiu nhu khong thay d(‘)’i‘&' céc thoi diém trong ngay.

2.1.8. Thanh phan héa hoc ciia nudc tiéu

Thanh phéin trung binh cla cac chit trong nude tiéu 24h dugc trinh bay &
- bang 18. 1.

Bang 18.1. Thanh phan cac chat trong nudc tiéu 24h

Anion (gam) ] Cation (gam) Chat hiru co (gam)

clorua 6-12 Na* 4,0-6,0 ure 20 -30
phosphat 25-40 | K 20-3,0 creatinin 1,0-1,8
sulffat 20-35 Ca"” 0,15.-0,25 acid uric 04-08
NH, 0,3-1,2 acid amin 2,0-40
Mg™ . 0,10-0,20 acid hyppuric  0,1-1.0

2.1.3.1. Cdc chdt v6 co
- Clorua: néng dd clo trong nudc tiéu phu thude vao ché d6 an. Trong
viém than, nhiém trung clo gidm trong nudc tiéu.

— Phosphat: su bai suit phosphat ting 6 nudc tiéu gip trong cac bénh
nhuyén xuong, uu ning tuyén giap va thiéu ning can giap trang.

2.1.8.2. Cdc chét hitu co

— Uré: luang nito tit uré trong midc tiéu chi€m 80 — 85% nito toan phén
ctia nude tiéu. Nong d6 uré trong nudc tiéu ty 1é thudn véi ché& @6 4n giau dam,
s6t cao, dai thao dudng, vu ning tuyen thutdng than, nhiém ddc asenic va
phospho. Néng dd uré trong nuéde tiéu giam do t6n thuong biéu md 6ng than
nhu viém than cdp do nhiém déc .

~ Creatinin: sy bai xudt creatinin trung binh d nguoi trufmg thanh nam
gidi la 20 - 25mg/kg than trong Teo cg, thoai hoa cd, uu ning tuyen can giap
trang creatinin trong nudc tidu tang.

— Acid uric: ché& d6 4n nhiéu dam, lugng acid uric tang Vlem than benh
chuyén héa nucleoprotein & t&€ bao nhu bénh bach ciu, ac1d uric nude tiéu
tang. .

302



- Acid amin: nuéc tidu chita tit cd acid amin, mdi acid amin chiém
khoang 10 — 30mg trong nudc tiéu 24h. Riéng glycin va histidin nhleu hon,
khoang trén 100mg/ 24h. & phu nit sy bai xuét His cao nhat vao glua ngay thi
15 - 20 cta chu ky klnh nguyét.

— Cac hormon, v1tam1n enzym trong nuéc tiéu c6 amylase ¢6 cac vitamin
B1, PP, C va cic dang dan xuit ctia ching, cé cac hormon sinh duc nam, sinh
duc nii, vo thugng than duéi dang dan xuat gluco lién‘hop.

Viéc dinh lugng mét s8 chat trén trong nuée tiéu c6 gia tri chdn doan mot
s6 bénh.

2.2. Cac chat bat thuong trong nudc tiéu

Céac chdt dugc goi 1a bat thuong la nhdng chit ch1 xuét h1en trong cac
truong hdp benh ly

2.2.1. Gluczd

Nuée tleu binh thudng cb mot lugng nhé cac ose nhu glucose, fructose
arabinose, galactose, nén nudc tiéu c6 tinh khii y&u,khé phat hién bang phan
tung khi thudc thit Fheling. Trong trudng hgp bénh dai thao dudng, ndng do ‘

_glucose trong mau tdng qua ngudng (1,7g/l ) nén bi dio thai ra nude tidu.
Ciing c6 truong hgp glucose mau khéng cao nhling kha nang tai hap thu o'ng
than gidm ciing c6 glucose trong nudc tiéu. Mot s6 bénh réi loan enzym bam
sinh trong nudc tiéu xuit hién galactose, fructose.

2.2.2, Protem :

 Nude t1eu bmh thucng ) mot 1u0ng nhé protem khoang 50—100 mg/24h c6
55-60% nguon gdc huyét thanh (trong dé chi c6 40% 13 albumin con lai 1a IgG va
cac manh cua IgA, chudi nhe lamda, kappa) khoang 40% la cac glycoprotein cé
ngudn gdc tir than va cac dudng din nudc tidu. Véi néng d6 nay cic xét nghiém
thong thudng khéng phat hién dudc nén trong nuée tiéu ngudi binh thudng duge
coi 14 khong c6 protein. Néng dd protein trong nudc tiéu >150 mg/24h dudgc coi 1a
bénh 1y, xuit hién trong cic trudng hgp: sét cao, lugng protein viia phai khoang
0,56-1 0g/24h Bénh dai thio dudng véi t6n thuong sém & than thé hién trong
nudc tiéu c6 moét lugng albumin rit nhéd goi la albumin niéu vi luong
(mlcroalbumlnurle) Trong cic bénh hé théng nhu viém da dong mach, xd cing
bi, cac trudng hgp nay lugng albumin khoang 1g/24h. Bénh paraprotein, nudc
tiéu c6 cac protein trong lugng phan ti thap nhu protem Bence Jonce (chubi
lamda, kappa, cac protein nay tta é 80 - 85°C va tan 6 100°C). Bénh suy tim va
déc biét trong cac bénh vé than (xem trong chin doan bénh than).

2.2.8. Cdc chdt cetonic

Nuéc tiéu binh thudng chita vai miligam acid acetic/1 lit nuée tidu va vai
tradm miligam acid beta hydroxybutyric. Cac chit nay ting trong trudng hop d6i
lau ngay, trong bénh dai thao dudng va sau-mébt.sd trudng hgp ding thuée mé.
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2.2.4. Sdc t6'mdt, muéi mat

Séc t6 mat 13 bilirubin lién hgp, sdc t6 mat va mudi mat cé trong nudc
tiéu trong cac trudng hgp tén thu’.dng gan va duong mat nhat la trong cac
truong hop vang da do viém gan va tic mat. ‘

2.2.5. Héng cdu va hemoglobm

Nudc tiéu c6 hdng ciu trong viém than cap, trong lao than, ung thu than.
C6 hemoglobin trong cac trudng hop s6t rét 4c tinh, hoang dam do tiéu huyét,
bong ning.

2.2.6. Porphyrin

Ngudi binh thudng hang ngay bai xuit khoang 50 - 200 mg porphyrin
(copoporphyrin I va II). Cé hai loai porphyrin niéu: porphyrin nié¢u v6 cén
nguyén nhan di truyén do thiu mét enzym cta qua trinh t6ng hgp Hem & tuy
xuong hoidc 6 gan. Porphyrin niéu thi phat do nhiém cac chat doc cé tac dung
tic ché& qua trinh tong hgp Hem.
2.2.7. Duéng chép

Nuéc tiu c6 dudng chip trong cac trudng hop bénh giun chi gy t6én
thuong bach mach tai chd lién quan t6i dudng bai xuit nude tiéu.
2.2.8. Nitrit

Nitrit dudc tao thanh ti nitrat bi khii bdi cac enzym reductase do mot s&
vi khufn san xudt ra. Vi vy su cé méit nitrit trong nuée tiéu biéu hién c6 hién
tuong nhiém trung dudng tiét niéu.

CAU HOI ON TAP N
1. Trinh bay co ché loc va tai hap thu protein ctaa than.
2. Trinh bay vai trd ctia than trong thiang bing acid - base.

3. Trinh bay cac chat bit thudng trong nude tiéu.
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Chuong 19

HOA SINH MAU

MAau 13 mét t8 chiic cia co thé, luu théng trong hé tuin hoan va thuc
hién nhiéu chic ning sinh 1y quan trong. Mau di dén céc cd quan ctia cd thé
nham dam bao su tn tai va lién két hoat déng ctia tat ca cac cd quan véi nhau
va v6i méi trutbng bén ngoai. Chinh vi vay, méu anh hudng dén cac chiic ning
s1nh hoc ctia t&t ca cac bd phan cta co thé.

1. CAC CHUC NANG SINH LY CUA MAU

1.1. Chiic nang d1nh ‘dudng: mau van chuyen cac chat dinh dudng (tit hé
thong tiéu héa) téi cac mo.

1.2. Chiic nang bai ti€t: mau van chuyén cac chit cin ba (san phim thoai
hoéa chat) tit cac md t6i cd quan bai tiét (than, da, phéi, rudt) dé dao thai ra
ngoai.

1.3. Chitc nang hé hip: mau déng vai trdo quan trong trong qua trinh hé hép.
Mau dua oxy tit phéi dén cac mb cta cd thé déng thdi thu nhan CO, tit mé dén
phdi va dao thai ra ngoai.

1.4. Chiic nang bao vé: mau c6 hé théng bach cau, khang thé, khang ddc t0...
c6 tac dung chéng lai cic tdc nhan nhidm khuén. Trong mau ciing c6 hé thong
déng mau va chéng déng. Trong diéu kién sinh 1y hai hé théng niy luén cin
bing nhau.

1.5. Chitc nang diéu hoa

2 . ~ ~ A N - P A P4 > 2
— Méau tham gia vao cd ché diéu hoa cac chiic phan clia co thé bang cach
A R 2 N P ~ AL oA A 2 e P
van chuyén cac hormon tit cac tuyén néi ti€t dén cac to chiec.

— M4u duy trithing b3ng-acid-base-ctia-cothé.
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— Mau diéu hoa thing bing nuéc nhd tac dung clia méu lén su trao déi
nuée gitia dich luu théng va dich m6. - -

— MaAu diéu hoa than nhlet

Mau con dutdc goi 1a moi trlidng n01 maéi va cb thanh phin hoéa hoc kha on
dinh. Chinh vi vy, viéc nghién ctiu vé mau cé nhiéu gia tri trong 14m sang bdi
nhiing thay d6i cac chi s héa 1y ctia mau ciing nhu nhiing thanh phin héa hoc
clia mau phéan anh nhiing thay d8i chtic nang ctia nhidu cd quan trong co thé.

. Mau ngudi chiém khodng 1/13 trong lugng cd thé (dao déng tit 4-5 lit).
MaAu tap trung nhiéu & co (40%), phdi (6,56%) va thvén (7,56%). Su-phan bd mau
trong co thé thay ddi tuy theo trang thai sinh ly cta co thé. Mau gdm c6 huyét
tuong chi€m 55-60% thé tich mau va huyét cdu (gém’ hong ciu, bach ciu va
tiéu cdu) chiém 40-45% thé tich mau. :

2. TINH CHAT LY HOA CUA MAU

2.1. Ty trong

Binh thuodng ty trong ctia mau tu 1,050-1 060 (trung binh 1 056) Trong
d6 ty trong huyét tuong 1,024 va ty trong huyét ciu 1 093

2.2. D6 nhét

Binh thudng d6 nhét cha mau gip 4-5 14n so véi nude 6 38°C. D nhét caa
mau phu thudc vao s8 lugng huyét cAu va néng d6 protein. Trong trudng hop
thiéu mau, d6 nhét cia mau gidm cé khi chi con 1,7 1an. Trong trudng hgp ting
héng ciu va bach cdu, d6 nhét cia mau c6 thé ting 1én dén 24 1an so véi nude.

2.3. Ap sudt thAm thau

Yé&u t8 quyét dinh 4p sudt thim thau clha mau 14 cac phan ti hitu co va
cac ion c6 trong mau, chta yé&u la Na*, Cl, HCO, va cac chéit khac. C6 nhiéu
cach do ap sudt tham thau:

- Po truc ti€p: a4p sudt thdm th&u cha mau binh thudng tit 7,2-8,1
atmosphe & 37°C. Phuong phap nay it dude st dung vi phiic tap.

- Do gian tiép: dua vao d6 ha diém déng cta huyét thanh hay huyét
tuong vi 4p sudt thAm th&u va d6 ha diém dong ty 1& thuan véi néng d6 cac
chit phan ly. Mét phudng phap do glan tiép khac 1a st dung ap suét thdm -
th&u ké&. Phuong phap nay do 4p sust thAm th&u clia mau théng qua do d6 din
dién cta huyet tuong (don vi 12 miliosmol/lit viét tit 14 mosm/lit). Binh thudng
ap sudt thAm thau la 292-308 mosm/lit huyet tuong.

2.4. Chi s6 khuc xa

-Chi 6 khic xa ctia huyét tuong thay ddi tit 1,3487 dén 1,3517. Chi s6 nay
phu thudc vao néng d6 cac muc‘fi vd co va nbéng dd protein (chd y&u la néng 6
protein). C6 thé do chi s6 khic xa ctha huyét tuong dé suy randng do protein.
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2.5. pH va hé dém ctiia mau

pH mau ngucdi va dong vat cao cap hang dmh dao dong trong khoang
7,38-7,42. pH mau luén dude duy tri 6n dinh nhd co ché& diéu hoa manh mé
thong qua cac hé thong dém cua mau va su diéu tiét clia cac cd quan nhu phéi
va than (xem chi tiét chuong: thang bang aczd base) :

3 THANH PHAN CUA MAU

Mic di ¢6 nhiu chat khac nhau khong ngtIng duoc dUa vao mau va dao
thai ra khéi mau ‘song thanh phan héa hoc ctia mau kha 6n dinh. Thanh phén
héa hoc cia mau phan anh tinh trang sinh 1y cta co the Do vay cac xét
nghlem héa sinh méau déng vai tréo quan. trong tren lam sang glup cho viéc
chén doan, theo déi va tién lugng bénh.

Thanh phén héa hoc cia mau toan phén, huyét tuong va huyet ciu rat
khac nhau. : '

Bang 3. Ty 1& nuSc va chat khd trong méq .

Nuéc (%) ~ Chétkhd (%)
Mau toan phan ~ 76-85 | 1524
Huyét tuong - . ~ 90-91 o 9-10
Huyétcdu o ; 57-68 o 32-43

3.1. Thanh phin huyét cAu

+ Hong cau: s6 lugng hdng cau ngudi & nam gidi: 4,5 <5 trigu/mm®, nii-4=
4,5 triéu/mm?. Ngudi séng 6 ving nii cao ¢6 s6 luwng hong ciu nhiéu hdn (7-8
tr1eu/mm3) dé th1ch ting véi khéng khi loang Héng cau trtidng thanh khéng c6
nhén, d6i séng ngin khoang 120-130 ngay va bi pha huy 6 lach va he vong ndi
md. Chic ning chinh cta hong cau la chtc niang hé hap (van chuyen 0, va
CO,). Ngoai ra héng cdu con tham gia diéu hoa cin bing acid base, trao ddi
mudi nude, khit d6c H,0, va nhiéu qua trinh chuyén héa khéc.

Thanh phan héa hoc ctia hong ciu: hdng ciu ngudi c6 57-68% la nuéc,
con lai 14 chat kho. Hemoglobin chiém khodng 95% cac chat hiiu co tuong
duong véi 43-40% khdi lugng hong cAu hay 15 g hemoglobin/dL, mau. Lugng
hemoglobin thay d8i theo lita tudi va c6 nhiéu loai hemoglobin (xem chuong
hemoglobin). Ngoai hemoglobin, héng cdu con chiia moét s8 protein khac nhu
cac enzym, cic protein c&u tric va cic san pham chuyén héa khac.

Lipid cta hong cdu chu yé&u la lecithin (3,3-3,7 g/l), cholesterol (1,3-1,6
g/l) va cac phospholipid khac.

Cac chat dién giadi: 80% phospho mau & 'trong hong cdu. Néng d6 kali
trong hong cdu cao hon huyét tuong t6i 20-30 14n (450-480 mg %). Néng do
Na: 50-110 mg %, Mg: 5 mg %; Fe: 100 mg % va Cu: 1,5 mg %.
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Mang héng cdu cé chia cic chat quyét dinh nhém mau mang tinh khang
nguyén cia hdng cdu. Cac chit nay 1a phiic hgp cta ghyco-protein, gluco-lipid
trong d6 phan glucid déng vai trd quan trong va déc hiéu:.

+ Bach cau: s lugng bach ciu trong 1 lit mau khoang 7QQOImm ¢ nam
va 6. 800/mm 4] nu Khac vdl hong cau, bach cau co nhén, cb ty the nong do

glycogen, proteln cac enzym chuyen hoa duong.. Chlic nang ctia bach ciu la
bao vé cd thé thong qua co ché& mién dich t& bao va mién dich dich thé. Acid
~ folic dong vai tréo quan trong trong qua trinh trudng thanh caa bach cau. Vi
vay trong cac benh da bach ciu nguldl ta dung khang acid folic dé diéu tri.

+ Tiéu cAu: 1a t& bao dic biét khong cé acid nucleic. Thanh phan tleu
cau gdm: protein 57%; lipid 19%; glucid rat it. Chiic nang co ban cta tiéu ciu
la tham gia qua trinh d6ng mau.

3.2. Thanh phan huyét tuong
Huyét tuong gbm 91% 14 nuéc va 9% la chat kha.

3.2.1. Thanh phdn khi

100 ml méau déng mach chita 18 dén 20 ml oxy trong dé ¢6 0,3 ml 6 dang

hoa tan, con lai k&t hop véi hemoglobin ctia héng cdu. Trong 100 ml c6 45 dén

50 ml CO,, trong d6 75% & huyét tuong, 25% & hong ciu va ton tai ca 6 3 dang:

hoa tan, dang HCO, va dang két hgp véi hemoglobin.

3.2.2. Cdc chdt vé co

Céac chét vd co trong huyét thanh gém cac cation Na*, K*, Ca*™, Mg++...
cac anion Cl, HCO,, SO%, PO43'...céc yéu t8 vi lugng I,, Cu, Fe, Zn...C4c cation
va anion nay & dang ion héa hoic 8 dang phiic véi protein. Nong d6 cac chat vo
co trong mau duge biéu thi theo 3 cach:

- Tinh theo ndong d6 g %, g , mg %, mg , caAch nay it dung:

Na+ 300-340 mg %
K* 15-20 mg %
Mg 1,7_-2 mg %
Ca™ 9-11 mg %
Fe**, Fe™* vét
Cu*™ Vét
Cr o 300-380 mg %
Phospho v6 co 5 mg %
| Phospho toan phéan 10-15 mg %
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— Tinh theo néng d6 mili duong lugng trong 100 ml ‘\hay" 1000 ml (mEq %
hay mEq ). La khéi lugng ion tinh ra mg chia cho héa tri ctia ion dé.

23 mg
1 mEqcta Na'= ———— =23 mg
3 .

35,5 mg
1mEqcaaCl = ——— = 35,5mg
_ 1

40 mg
1 mEq cia Ca**= = 20 mg
2

_ Hoat ddng cta cac chat d1en g1a1 trong dung d1ch khong ty le thuan véi
néng dd cac chat bidu thi theo khéi lugng. Song néu tinh theo ndng d6 dudng
lugng thi mot mili duong lugng chat nay tuong dng v6i mot mili du:dng lugng
chat khac. Chlnh vi vay, viéc biéu thi ndng d6 theo mEq ‘chinh %4c va hdp ly
hdn so-véi nong dd mg % Thi du: trong huyét tugng chua : o

Na*3260 mg% = 142 mEq/l
Cr 3650 mg% = 103 mEq/l

Nhu vay, 103 mEq/] Na sé két hop véi 103 mEq/l Cl con la1 39 mEq/1
Na* sé ket hgp véi anion khac nhu HCO3 . Néu b1eu th1 theo mg% ta thay
1u0ng Cl sé nhleu hdn Na*. . :

Néng do6 dién giai trong huyet thanh t1nh ra mEq/l

Cation - ‘ - _ Amon ‘
Na* 142 mEq/1 Clr - 103 mEqg/l"
Kt B "~ HCOjy 27
Ca* 5 HPO,* 2
Mg* 3 SO,* |
' Téng cong 155 Protein 16

Acid hitu cd 6
Tong cong 156

~ Nh& cach bidu thi nong dd cac chat dién g1a1 theo mEq ta con thay duge
c6 su cin bing anion va cation & dich trong va ngoal t& bao. D6 14 cin bing
Donnan, trong doé:

Anion trong t& bao Cation ngoai t& bao
Anion ngoai t& bio Cation trong té|bac
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~ Né&u do ap suét thdm thau theo don vi mili phan t thdm thau (mosm/l)
trong d6: 1 osmol chiia 6,02 1023 tiéu phan thi mau toan phan c6 ap sudt
thdm thau 14 305 mosm/l. Trong dé:

Natri 142 mosm/l
Clo 103 mosm/1
Kali 5 mosm/1
Calci 10 mosm/]
Glucose 5,5 (1 g/l)
Uré 5 (0,3 g/D)

Glucose va uré binh thubng c6 vai tro it quan trong trong viéc tao ap sut
tham thau. Trong trudng hop bénh 1y khi néng d6 cac chit nay tang cao trong
mau lam cho ap sudt tham thau tang cao theo.

Thay dm bénh ly:

Binh thudng cac chat dién g1a1 trong mau cbé néng do tuong ddi 6n dinh.
Trong cac diéu kién bénh 1y sé din dén sy ting hoidc giam nodng d6 cac chit
qua miic binh thuong.

— Natri: tang trong viém than, giam trong thiéu ning vo thu(jng than
(bénh Addison).
' — Clo: tang trong choang phan vé, viém than man (kem theo uré huyet

cao), than nhiém md; giam trong tdc moén V1, nén nhiéu, ia chay, tic mat va
bénh Addison.

- Calci: tang trong cudng giap trang; giam trong thiéu ning giap trang,

- col xudng, mém xuong.

— Phospho: tédng trong thiéu ning giap trang, viém than; gidm trong coi
xuong, cudng giap trang.

3.2.83. Thanh phdn hitu co
— Protein toan phan

Trong huyé&t thanh protein toan phin dao dong trong khoang tiut 73,10
6,06 g/L. Chiic ning cta protein1a duy tri ap suit keo trong huyét tuong. Tac
dung ctia ap sudt keo 1a ngin chin su mit dich ti mé. Lugng protein toan
phén trong huyét tuong bi anh hudng béi tinh trang dinh dudng, chiic ndng
gan, than, r6i loan chuyén héa va mot s& ’tinh trang bénh ly. Tri s6 protein
toan phan it c6 gia tri trén 14m sang song tri s8 ctia cac phin doan protein déc
hiéu thi dao déng nhiéu va chinh sy thay d8i nay méi c6 gi tri chdn doan.

Khi mat nuéc thi tat ¢a cdc phan doan protein trong huyét thanh déu
ting gay ra hoi chiing tang protein. Sy mat nuéc cé thé bi gay ra bdi giam hap
thu hoac la ting sy mat nude trong mot s6 bénh nhir Addigon, dai thao dudng
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hoidc 14 ia chay ning. Trong giai doan khdi phat cua benh u tiy xuong cé sy
gia ting cua moét phan doan protein giy ra su tang tri s6 protein toan phan
trong huyét thanh. Nguyén nhén giy ra glam protein huyét thanh cé thé do
tdng sy mét protein hoic do giam cung cdp protein do d6i hay gidm hép thu.
Trong hoi chdng viém than, mat protein 1a do albumin bi thoat ra ngoal cac
ong than bi tén thuong. Ngoai ra mit protem con c6 thé do mit mau trong
chan thuong, trong béng nang hay do truyen dich nhanh hdn so v6i v1ec bd
sung protein.

- Albumi‘n

Albumin c6 trong lugng phan tu khoang 66. 000 va chi€m khoang hon
mot nia ligng protem toan phan. Ap suat keo cua méau cht yéu 1a do albumin
tao nén. Albumin d6ng vai tré nhu phén ti van chuyen cac chit kém hoa tan
nhu acid béo, bilirubin, cic hormon, calci, kim loai, thudc va vitamin. Néng dd
albumin trong huyét thanh binh thudng dao déng trong khoang 56,67 + 5,28
g/dL; (nam), 53,72 + 4,26 g/dL (nii). Gidm albumln huyét thanh thudng gip
trong ‘bénh gan (do giam san xudt), bénh vé than (do tang su dao thal) va cb
the gip trong hoi chiing gidm albumin do di truyén, do albumin khéng dugc
san xuat. Tang albumin gap trong mat nuéc hay khi truyén albumin. Nhiéu
protem trong huyét tuong 6 dang da hinh thal (polymorphlsm) do su da dang
veé gen trong qua trinh tal t6 hop.

- Prealbumm :

Prealbumin con dudc goi la prealbumm-gan vl thyroxm c6 trong lutdng phan
ti vao khoang 54.000. Chic ning chta yeu cua proteln nay la van chuyen thyroxin
~ va triiodothyroxine. Prealbumin 13 mot protem chi dlem rat nhay dé danh gia tinh
trang dinh dudng vi thai glan ban hiy clia né rit ngin. Prealbumin gidam nhiéu
trong benh gan do giam tdng hop song lai cb thé tang trong bénh than khi ma
mang cau than khéng loc duge. Prealbumin di chuyen nhanh hon albumm va
thuong duoC dinh lugng béi k§ thuat khuyéch tAn mién dich. z

- _Protem-gan retinol (retinol-binding protein)

Protein-gin retinol (RBP) 13 mot protein van chuyén khac. N6 phéi hgp
v6i prealbumin dé van chuyén vitamin A (retinol) dén té& bao dich. RBP ciing di
chuyen nhanh hon albumin va duge dinh lugng dua vao k¥ thuat khuyéch tan
mién dich.

~ Alpha-1-antitrypsin

Alpha-1l-antitrypsin (AAT) con dudc g01 la alpha 1- antl protease thudc
nhém chit tc ché serine protease va dugc tong hgp 6 gan. Chiic néng cua AAT
1a bAat hoat cac protease nhu elastase va collagenase. Chinh vi vay AAT cé
chic nang ngin can su pha hiy mo lién két giy ra do elastase giai phéng tit
bach cdu ¢ vung v1em AAT 1la proteln c6 nhiéu dang phan ti khac nhau_
Thiéu hut AAT d 3 An dén cac bénh vé gan & tré em va amphysema (rd1 loan to
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chiic x0, md lién két) & tudi 20 30. Tén thuong nay la do AAT khong tc ché&
dudc cac protease gy ra su roi loan ciu tric cia cic md. AAT con 14 chat phan
11ng pha cap (Acute phase reaction/APR). :

APR 1a nhém cac protein ting cao t“r(‘)ﬁg"p'han’ ing viém cip. Nguyén
nhén cua qua trinh nay thudng do nhiém khuén, béng, ung thu... Nhin chung
APR déng vai tro trong sy bao vé cua cd thé. Do APR c6 vai trd trong nhiéu
trang thai bénh ly nén viée dinh lugng APR thudng it ¢6 gia tri chdn doan ma
c6 gia tri trong theo déi va diéu tri. Khi APR téng thi albumin, prealbumin va
" transferin gidm va protein toan phan khéng thay d6i hodc tang d6i chut.

. Viéc dinh lugng AAT c6 thé bang dién di béi khoang 90% vét cua alpha-1
chinh 1a protein nay. 'AAT con c¢6 thé dugc dinh lugng st dung k§ thuat khuéch
tan mién dich. Cac dang phan tt caa AAT dudc xac dlnh béi dién di & diém
déng dién.

—Alpha 1-acid glycoprotem ’

Alpha-1-acid glycoprotein (AAG) co trong lu’dng phan ti vao khoang
44.000 va dudc tdng hop tai gan. Chiic ning cia né la bat hoat progesterone
va c6 kha ning gin véi cac thudc kiém tinh do vay anh hudng dén chuyén héa
thude. AAG cling 1a mot APR, tang trong phan ting viém, dic biét trong céc
phan tng tu mién nhu hen ph& quan, bénh lupus ban dé. AAG ciing tang trong
ung thu, bdng, chén thuong. Gidm AAG c6 thé do suy dinh dudng, tén thudng
gan, viem than va lién quan chit ché véi viéc st dung thudc tranh thai bang
dudng udng. AAG dudc dinh lugng dua vao ky thuat khuéch tan mién dich
hodc do dd tan xa.

- Alpha-2- macroglobulm

Alpha-2-macroglobulin (AMG) 14 mét trong nhiing protem c6 trong lugng
phéan ti 16n nhat va 1a chit Ge ché protease. AMG ciing c6 chiic ning trong qua
trinh déng mau va phan huy fibrin. Né Gc ché trypsin, chymotrypsin,
thrombin, elastase, kallikrein va plasmin. AMG khéng phai 142 APR, né giam 6
nhiing bénh nhan hen phé& quan, viém c6t sdng va 6 nhiing bénh nhan diéu tri
bdi streptokinase. AMG c¢6 thé tang khi mang thai ho#ic 3 bénh nhan diéu tri
bang estrogen hay bénh nhéan méc bénh gan, dai thao dudng viém Sng than.

AMG dudc dmh lugng dua vao ky thuat khuéch tan mién dich hay do do
tan xa. :

— Haptoglobin

Haptoglobm 1a mét glycoprotein, c6 tinh da dang phan t& va cé chuc
nang 13 van chuyén hemoglobin tu do trong huyét tudng dén hé théng te bao
lu6i néi mac noi ma né sé dudc thoai hoéa. Hemoglobm khong gin vdl
haptoglobin sé& dudc loc qua mang ciu than, l4ng dong & 6ng than va gy ton
thuong than. Con hemoglobin gén véi haptoglobin c6 trong hugng phan tlt qua

‘16n so véi 18 loc § mang cdu than nén khéng giy ton thudng than. Diéu nay
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giéi thich tai sao haptoglobin thudng bi giam khi bénh nhan bi tan mau.
Haptoglobm c6 thé déng vai tré nhu APR nén né tang trong viém nhiém, chan
thuong, ung thu...

Haptoglobin di chuyen cung véi vét cta alpha-2 va dudc dmh ludng béi
k¥ thuat khuéch tan mién dich hay k¥ thuat do dd duc. '

— Hemopexin

Hemopexin beta-1 globulin ¢é chiic ning nhu la protein van chuyén hem
tu do. Phiic hgp hem-hemopexin dén gan noi hem s& dude giai phéng dé tdng
hogp bilirubin. Trén 1Am sang hemopexin it khi duge dinh lugng.

— Ceruloplasmin

bay la alpha-2 globuhn ¢6 chiic ndng van chuyen dong va dudc tong hgp 6
gan. C6 6 nguyén ti déng gin rit chit véi mdi phan tl ceruloplasmm tao ra
phic hgp c¢6 mau xanh nhat. Ceruloplasmm van chuyén khoang 90% déng clia-
huyét tudng 10% dbng con lai thi duge gdn véi albumin. Thuc ra chiic ning
chinh xac clia ceruloplasmin hién nay chua duge biét rdé song dudng nhu né
déng vai tré nhu mét enzym oxy hoa Ceruloplasmln cling 12 mét APR, tang
trong viém, xd gan, ung thu bach ciu c4p & nhiing bénh nhéan bi Hodgkin va
‘hen phé& quan. Né cung ting 6 nhiing phu nit c6 thai hay diing thudc tranh
thai bang dudng uéng. Ceruloplasmln gidm & bénh Wilson. D4y 14 mét bénh di
truyén ma ngudl bénh khéng bai ti&t dudc dong qua dudng mét dan dén 1
dong déng.& gan, nio, than va héng ciu. Ceruloplasmln cling giam trong
nhUng truong hgp suy dinh dudng, viém gan man.

" Ceruloplasmin dugc dinh lugng bdl ky thuat khuech tan mién dich hay
ky thuat do 43 duc.

— Transferin

Transferm la beta glycoprotein cé vai trd trong van chuyén sit. Ton sit cé
nguon gbc ti qua trinh thoai héa hem hay hdp thu ti thic #n dudc van
chuyén bdi transferin d&n ndi ma héng cau dudc téng hop & tuy xuong. Nong
dd transferin trong khoang 25-50 umol/L N6 gidm trong bdéng, nhiém khuén,
ung thu, bénh gan, than hay bénh g1am transferin do di truyén. Transferm
tang trong th1eu méu do thigu sit. Co thé phan tng bu véi viéc thiéu sit bang
viéc tang san xuit transferin. Transferin cung ting trong thai nghén, khi ma
nhu cdu sit ting cao, hay trong qua trinh st dung estrogen.

— C-reactive protein

C-reactive protein (CRP) phan ting véi C polysaccarid cta thanh té& bao
phé& cau. CRP la APR va dudc tong hop 6 gan. ARP 14 mot marker khong dic
hiu, né téng trong qua trinh viém, chan thuong, ung thu. Viéc dinh lugng
CRP c6 gia tri trong viéc theo d6i qua trinh diéu tri va tién trién cta bénh. CRP
con tham gia trong qua trinh hoat héa bd thé, thUc bao va giai phéng
lymphokine. '
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| CRP dugc dlnh lugng bang ky thuat mién d1ch enzym (EIA) hay ky thuat
do d6 tan xa.

- F Lbrmogen

Fibrinogen la mot glycoprotem hoa tan dudc tong hdp bdi gan.
Fibrinogen déng vai tré nhu mét cd chét cho enzym thrombin trong qua trinh
d6éng mau. Fibrinogen ciing 12 mét APR, nd giam trong bénh déng mau rai rac
trong thanh mach, bénh gan, hay bénh di truyén giam fibrinogen. Fibrinogen
thudng dudc dinh lugng bdi thiét bi do flbrmogen Trong dién d1 huyet tuong,
fibrinogen di chuyén téi viing beta.

— Khdng thé (immunoglobulin)

Khang thé 1a thanh phan cht yéu cta protein: huyét thanh ma khong
duge téng hgp bdi gan ma dudc téng hop bdi dong t& bao lympho B. Khang thé
duge dinh lugng béi ky thuat do dd khuyech tan hay khuyech tan mién dich.
T4t ci cac khang thé ¢6 hai chudi nang va hai chudi nhe giéng hét nhau. Cau
tric tetramer dugc duy tri bdi cac ciu ndl d1sulf1de C6 5 loai khang thé khac
nhau: IgG, IgA, IgM, IgD va IgE. Cac khang thé nay tham gia truc t1ep trong
cac phan Ung khang nguyén- khang thé. Su dap Ung mién dich bao gébm mot s6
qua trinh: san sinh khéng thé, cac t& bao trung gian mién dich (lympho ), dal
thuc bao, va b3 thé. : :

Lugng khang thé giam trong cac benh suy giam mién dich do di truyén.
Su ting khang thé dugc phan thanh 2 loai: ting khang thé don dong (tU mot
dong t& bao) hay khang thé da dong (tit nhiéu dong t€ bao). Su ting khang thé
c6 thé phat hién bang ky thuat dién di.

+ IgG

- IgG 1a loai khang thé c6 néng d6 cao nhit & nguosi trudng thanh. IgG cb
thé khuech tan ra ngoai thanh mach hay vudt qua hang rao rau thai. N6 ¢6
chiic ning trung hoa chit doc, gin véi khang nguyén, va hoat héa b6 thé. IgG
c6 trong lugng phén ti vao khoang 150.000 va ¢ ngudi trtidng thanh néng 43
khodng 13,68 +0,93 g/L. Tré so sinh- khong c6 kha nang san xudt ngay IgG nén
lugng IgG & tré 1a do me truyén sang qua rau thai. Tré 3 thang tudi c6 ham
lugng IgG: 350- 400 mg/dl. Tré 1 tu6i ham lugng khoang 700-800 mg/dl va ndng
dd nay tang din dén nam 16 tudi. IgG da dong lién quan dén cac bénh gan,
bénh collagen tu mién, lao, nhiém khuian... .

+ IgA

IgA c6 trong lugng phan tu khoang 160. OOO cb trong nuée bot, nudc mat
dlch miii va dich rudt....Vai trd caa IgA 1a bao vé bé mat co thé khéi su nhiém
khuén. IgA c6 ciu tric dimer trong eac d1ch trén va ben viing v6i cac protease
nhd cac thanh phin phu trg goi 1a protein bai tigt Trong huyét tuong, IgA ton
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tai 8 dang monomer. & ngudi trudng thanh néng dd IgA tit 3,26 + 0,11 g/L. G
tré sd sinh, ham lugng thudng vao khoang 25% ctia ngudi 16n va dat 50% vao
tudi tha 3 va dat 100% vao tudi thit 16. IgA khéng vugt qua hang rao rau thai
do vay méau cudng rén ¢6 ham hidng IgA it hon 1 mg/dl. IgA da dong tang trong

' X0 gan, viém gan man, hen phé quan va lao ph01

+ IgM. -

IgM cb trong lugng phan t& khodng 900.000 va 1a khang thé ddu tién
dugc san xuit trong qua trinh dap tng mién dich. DAy ciing 12 khang thé dau
tién duge sin xudt & bao thai trong qua trinh phat trién. IgM chi c¢6 & trong
mau do né ¢é trong lugng phan ti qua 16n dé c6 thé vugt ra ngoai thanh mach.
3 ngudi trudng thanh lugng IgM vao khoang 0,93 + 0,17 g/L. Tré em 4 thang,
ham lugng IgM chi vao khoang 50% so véi ngu(n 16n va dén 8 tudi thi ham
lugng IgM bang ngudi 16n. 3 mau cudng rén, IgM<20 mg/dl. Polyclonal IgM
tang cao trong xd gan, sot rét, nhiém khuén...

+ IgD va IgE

IgD va IgE chi chi€ém khoang duéi 1% téng s6 khang thé trong huyét
tuong. Chtic ning ctia IgD hién nay chua ré rang. IgE dudc gin véi t€ bao mast
va lién quan chit ché véi phan tng di tng (binh thudng 0,44 + 0,17 mg/L).

+ R&iloan tdng hop khang thé don dong ,

R&i loan téng hop khang thé don dong gap trong ung thu ac tinh hay u
lanh va thuong gép trong u da tuy. Bénh nay lién quan dén nhiéu loai khang
thé khac nhau véi nhiéu biéu h1en 1am sang khéc nhau va xudt h1en cac dang
khang thé bt thudng (protein Bence Jone). Trong thé bénh nay, protem toan

phan thudng tang (10-12 g/dl) va ting phan doan gamma. Xuit hlen protein
Bence Jone trong nuéc tiéu.

— Beta-2-microglobulin (B,M) .

Day la protein cé trong lugng phén ti nhd vao khodng 11.800. N6 1a
chubi nhe lién két véi khang nguyén HLA va tim th&y & nhan t& bao. Chudi
ning cia HLA x4m nhap vao mang té bao va chudi nhe bam vao chubi ning
trén bé mit cha t& bao. B2M dudc gidi phéng vao trong mau trudc khi t& bao
chét va dudc loc qua cAu than, tai hap thu va thoai héa 6 éng lugn gin. Nong
d6 B2M trong huyét tuong phan anh ty 1& san xuit va chiic ning ciia ciu than
trong viéc loc va tai hdp thu protein. B2M con dudc dung nhu mét tumor
marker dic biét 1a trong viéc chén doan ung thu bach ciu va 13 mot test nhay
cho viéc danh gia chic ning than. '

B2M dugc dinh lugng nhd k§ thuat mién dich phéng xa (RIA), khuéch tan
mién dich. Lugng B2M trong huyét thanh dao d6éng trong khoang 0.7-3.4
mg/dl va trong nudc tiéu 1a.0-300 ug/l.
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- Lipid

L1p1d toan phin trong huyét tharh’ trong khoang ‘4-7 g/l bao gom
trlclycerld phosphohpld steroid... lipid dugc van chuyen trong huyet thanh
duéi dang cac hat lipoprotein. Cac hat nay cé c4u tao theo nguyén tdc phén 151
12 phan 11p1d khéng phan cuc nhu triglycerid, cholesterol este héa, ddu khéng
phéan cuyc ctia phospholipid, cholesterol tu do, protein; phén ngoai hat 1a phan
phéan cuc cia phospholipid, cholesterol tu do va protein. Tuy theo ty trong cua
cac hat ma nguoi ta phén ra: .

— a-lipoprotein ho#c hpoprotem co ty trong cao (high den51ty 11poprote1n
, viét tit 1a HDL) di chuyén cung a-globulin, gidu phospholipid va protein. Néng
do HDL trong huyet thanh ctia nam: 1,25-4,25 g/l; nit 2,5-6,5 g/l.

—-B- 11poprote1n hoac lipoprotein ¢6 ty trong ‘thap (low density hpoproteln
LDL) di chuyén dién di cung véi a- globulm LDL glau cholesterol nong do
huyét thanh khoang 3-4,5 g/l. '

— Pre-B- 11poprote1n ho#c lipoprotein cé ty trong rat thap (very low density
lipoprotein viét tit 1a VLDL) khi dién di ndm gifia o va B hpoprotem VLDL la
dang van chuyén cht y&u cta triglycerid ndi sinh.

Chylomlcron khéng di chuyén khi dién di. N6 duge téng hop 6 thanh rudt
khi hap thu tr1g1ycer1d va cholesterol ngoai sinh. Sau dé chylomlcron theo
bach mach vao &ng nguc roi vao mau. bay la dang van chuyén cia trlglycerld

Ty trong cua cac lipoprotein phu thudc vao phin protein goi la
apoprotein. Cé nhiéu loai apoprotein khac nhau. "

" Cholesterol mau ton tai duéi hai dang cholesterol tu do va cholesterol
este héa. C& hai déu 13 thanh phén ciu tao clia cac hat lipoprotein. Néng d6
cholesterol toan phin trong huyét thanh tit 1,5-2,0 g/l hay 4,0-6,5 mmol/l
(trong d6 tu do: 1,1-1,6 g/l; este héa: 0,35-0,9g/1). Ty s6 gilia cholesterol este
héa va cholesterol toan phan binh thudng dao dong trong khoang 0,6-0,75. Ty
s0 nay c6 gia tri trong viéc danh gia chu‘.c nang gan.

— Glucid

Glucid trong mau la glucose. Nong do glucose binh thuong trong khoang
80-120 mg% hay 4,95 0,63 mmol/L. Néng d6 nay dugc diéu hoa bdi hé théng
hormon.va gan. Glucose mau ting nhe sau biia s#n hay sau nhéing stress.
Nhiing trudng hop benh Iy gay tang glucose méau nhu dai thao dudng do cac
nguyén nhan khic nhau nhu: do tuyén yén, tuy, tuyén giap, tuyen thugng
than. Glucose mau giam trong nhiing trudng hep thiéu &n, dal thao than,
thleu ning tuyén yén va tuyén thugng than... o

Ngoai ra trong mau con cé cac chat nito khong pha1 protld nhu uré
@3, 537 mmol/]); acid uric (190-420-pmol/); bilirubin-(tu-do: 2-8 mg/l; toan
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phan 10 mg/l) ; creatinin (nam: 83,33 20,50 mol/L ; nii: 64,95 19,80 mol/L) ;
creatin (1-1,5 mg/l) ; NH, (binh thudng rat it). Trong mau con c6 cac enzym va
cac enzym nay dudc chia thanh hai nhém: i) nhém enzym huyét thanh cé chic
néng nhu cac enzym trong chu trinh déng mau...ii) nhém céc enzym khong c6
chitc nang nhu phosphatase kiém, amylase LDH, GOT... su thay d6i néng do
cdc enzym nay cé gia tri trong viéc chin doan, theo ddi va tién luong nhiu
tinh trang bénh 1y clia cic c¢d quan trong co thé.

A\l

CAU HOI ON TAP
1. Thanh phan chinh ctia mau, vai tro va chtic ning.
2. Thanh phén v6 co cia mau, vai tré va thay ddi bénh ly.

3. Protein trong huyét thanh, chiic ning va thay déi bénh ly.
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Chuong 20 . .

" HOA SINH CO

Trong co thé, md co duge chia lam ba loai: co vén (con dugc goi 1a co
xuong), cd trén (co khdng cb véan) va co tim. Mo cg chiém khoang 40% trong
lu’.dng co thé. Co c6 mdt kha ning dac biét 1a co dudi. Nho kha ning nay, co ¢b
thé thuc hién nhiéu chtic nang sinh 1y quan trong nhu van déng, tuan hoan,
ho hap, bai tiét, thuc hién trang thai thang bang co thé,... Trong bai nay,
ching ta chu yeu tim hiéu cAu tric va co ché& co co van.

1. CAU TRUC CUA CO VAN

Co van 1a loai cd c6 van, duge co rit theo y muén caa con ngudi. Cd van
gdm cac b co cb du0ng kinh tit 20 dén 100 pm. Cac b co nay dugc tao thanh
bdi cac sdi co 1a cac t& bao da nhan khong 18 ¢6 thé c6 chiéu dai toan bd mot co
va c6 thé 16n 1én trong qua trinh phat trién ctia cd. Trong phan bao tudng cua
t& bao co c6 nhiéu to cd, cac td cd nay cod thé kéo dai toan bd chiéu dai cua mot
sgi cd. Duéi kinh hién vi dién
ta, hinh anh td co cua cac té
bdo c¢d van gdébm nhiing vung
sdng t8i ro rét. Cac vung sam

1l | 1 1 1 L1}
Il «— - Bon vi ¢d co 4
II ] | 1 I ll
i [} I

- Béng i>|+—Bang A—>‘<' Béng (e

hon 13 bang A, cac vung nhat ii :; E*V T.?g+': i E';

hon 13 bang I. Cac don vi dudc S U ——
13p lai cta t6 co dude goi la don — m—
vi co cd (sarcomere). Pon vi co W a T, o T
gdm bing A va 2 ntia bang I, c6 Bazi o DaM:  Paz

chiéu dai tit 2,5 den 3 um khi R

cd gifn, nhung ngin dén khi co o ; N

co, dudc giéi han béi hai dia Z » cesee

(dia Z ndm § gitia cac bang I). e

Nim giiia cac bang A la dia M. Hinh 20.1. C4U frdc cia co van
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Co van gom hai loai sdi, s¢i day va sgi méng. Céac viing t6i hon ctia cac bang A
dugc tao thanh do hai loai sgi nay dan xen nhau (Hinh 20.1).

1.1. Sgi day

Cac sgi day cia cd cua dong vat cé6 xuong séng dudc tao thanh bdi mot
loai protein duy nhat 14 myosm Myosin 1a mot phén ti rat 16n cé kh01 lugng
phan td 470 kDa, chita 6 chudi polypeptid, gdm: 2 chudi ning (mdi chudi c6
khoi lugng phan ti 230 kDa) va 4 chudi nhe (c6 khéi luong phan ti 18 kDa va
20 kDa). Vi anh dién tu cho thdy myosin 12 mét protein c6 hinh dang dac biét,
gébm phin dau hinh ciu gin véi phan dudi dai hinh gay. Phan ddu tan N cua
chudi cudn lai thanh mét hinh ciu cé k1ch thuée khoang 55 x 200 &, phén diu
C tan lai tao thanh mdt sgi polypeptid xodn kép o c6 chiéu dai khodng 1600 A.

" Myosin ¢6 thé bj thuy phan bdi enzym trypsin thanh cac-doan c6 hoat
tinh sinh hoc goi la doan meromyosin nhe (light meromyosin: LMM) va doan
meromyosm néng (heavy meromyosin: HMM). Doan meromyosm nhe 1a médt
chudi xoin kep o hinh gay, dai 850 A Doan meromyosm ning gbm mét doan
hinh gay gén v6i mét ddu hinh cdu dbi, doan nay co thé bi thuy phan thém
nita bdi enzym papain thanh 2 phén doan nhé hinh ciu duge goi 1a phéin doan
meromyosin ning S-1 (HMM S-1) va mét phan doan hinh gay dude goi la phin
doan meromyosin ning S-2 (HMM S- 2) Mbi phan doan HMM S-1 chtia mot vi
tri c6 hoat tinh ATPase va mét vi tri gin actin (Hinh 20. 2)

Myosin chi tén tai duéi dang cac phan ti don trong méi truong cé luc ion
thap Tuy nh1en ] dleu kién smh ly, cac protem nay két hdp le nhau tao
cac du01 ducc sap xep xen ke v6i nhau Do d6, sci day cod ha1 dau cuc la cac. dau
myosin hlnh cau.

Ngoai vai tré cfu tric, chudi nang cta myosm con c6 hoat tinh cla ATPase
thuy phan ATP thanh ADP va Pi dé thic ddy su co cd. Vi vay, co.cd 1a mbt. qua
trinh chuyén nang lugng héa hoc tit sy thuy phdn ATP thanh ning lugng ¢ hoc.
Cac chubi nhe ctia myosin nhd
su phosphoryl héa c6 tac dung
diéu chinh hoat tinh ATPase
cua chubi ning.

1.2. S¢i mdéng

' Cac sgi day myosin

Sgi méng gdm cac e
protein la actin, tropomyosin han teryosln \

va troponin.

Chudi ning meromyosin
1.2.1. Actin ' > . E ;
Chudéi nhe meromyosin

Cdu tric: actin 1a mét

i QRN ST H20C g -actin, sgi da
protein c¢6 phé bién-&-t&-bao inh 20.2 . Cau tric sgi méng F-actin, sgi day

myosin va san ph&m thuy phan myosin b&i trypsin .
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~ that (eukaryote) c6 khéi lugng phén ti 4 kDa. Trong méi truong cé luc ion
thap, actin ton tai 8 dusi dang cac chubi don nhu nhiing hinh ciu c6 hai thuy
goi 1a G-actin, mdi chudi gdn véi mdt phan tit ATP. Dudi cac diéu kién sinh 1y,
G-actin dudc polymer héa dé tao thanh cac soi duge goi la cac sdi F-actin nhd
su thuy phan ATP thanh ADP va Pi, trong d6 ADP vAn con gén vao don vi F-
actin. F-actin tao nén phan 16i ctia sgi méng. M&i don vi chubi don ctaa F-actin
6 kha nang gén vao diu S1 cia mét phan ti myosin riéng biét. Do d6, F-actin
12 mdt phén ti ¢6 cyc. Cac b6 s¢g mong déu xu4t phat ti hai phia cta dia Z.

C6 it nhat 6 loai actin, c6 chudi polypeptid gan gidng nhau, dudc goi la
cac dang phén td (isoforms). Cac dang phén ti cua. actin cé chiic nédng co cd
khac nhau. Actin ctia cd van khac véi actin ctia co tim, ciing khac véi actin cua
cd tron, ciing khac véi actin clia cac t& bao khong phai t& bao co.

- v - P . N e 2 < . R A
Chite néng: actin cé vai trd chu yéu trong qua trinh di chuyén cta nhiéu
s AN R
loai t& bao, ké ca su co co.

1.2.2. Tropomyosin

Céu triic: tropomyosin duge tao thanh tit hai chudi polypeptid, mdi chubi
¢6 khoi luong phén tl 66 kDa, tao nén mot cudn xoan o song song. Céac phén
t& hinh roi dai 400 & dudc gin lién tiép dau - dudi, tao thanh cac sdi nim &
viing xodn cta F-actin sao cho mdi phan ti tropomyosin gén v6i bay chudi don
cla actin theo cach tuong tu nhu nhau.
| Chitec néing: tropomyosin déng vai tro diéu chinh sy tudng tac cua actin
va myosin trong qué trinh co co. -

1.2.3. Troponin

‘Céu tric: troponin 13 mét phiic hgp c¢6 khdi lugng phén t& 76 kDa, gdbm
ba chudi polypeptid 14 troponin T (37 kDa), troponin I (23 kDa) va troponin C
(18 kDa). M&i tropomyosin gan mdt phiic hop troponin.

Chitc ndng: phiic hgp troponin gén véi tropomyosin dé diéu chinh sy co cd
théng qua ion Ca®". M&i chudi polypeptid ctia phiic hgp troponin thé hién hoat
tinh khac nhau d8 thuc hién chitc nang ddy du cta phic hdp. -

— Troponin T gin vé6i tropomyosin.
_ Troponin I gén véi actin.
- TnC gén Ca®.

1.3. Cac protein khac cua co

Ngoai myosin va actin, trong thanh phin cdu tao cua cd con cb cac
protein khéc. Cac protein phu nay c6 vai tro kiém soat su ldp rap sdi co. Dia Z
13 noi neo dau caa hai s¢gi méng d6i nguge nhau, ciing 12 mot vi tri chita mot s6
protein sgi, gdm céc protein:
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a-actinin: protein nay gin vao ddu tan cta sgi F-actin ¢ phia trong ctia
dia Z, nén dudgc cho 12 c6 vai tro d61 véi su gén ctia cac sgi mong vao dia Z..

Desmin va vimentin: hai protein nay gin vio bén canh dia Z, c6 tac dung
gill cho cac sdi cd bén canh nam sat bén nhau.

~ Tinin, mot phan ti protein gém 33.000 géc acid amin, c6 khéi lugng phan
t 3.600 kDa, 14 mét phan tii protein 16n nhat dude biét cho d&n nay (khéng
thé dudgc loc qua gel acrylamide) kéo dai ti sgi day dén dia Z, tac dung nhu
mot ché dua de gitt cho s¢i day tap trung vao don vi co cd. Tinin co the kiém
soat d6 da1 cua sdi day

Nebulm ciing la mot phén tu protein rat ldn gbm khoang 7.000 goc a01d
amin, khéi lutdng phan tu khoang 800 kDa, chay doc theo 80% chi€u dai cta
sgi actin. Viéc gan cia né vao dia Z va chay doc theo chiéu dai s¢i actin cla
nebulin gdl y rang né c6 tac dung kiém soat do dai cta actin.

C-proteln va M- protem c6 vai tro trong viéc tham gla vao su lap rap cac
sgi day. 7

Myoglobin: 1a mot chudi polypeptid gbém 153 acid amin, c6 chiic héng du
trit va van chuyén OXy cho ty the cua te bao co. bé thuc hién chitic ning nay,

myoglobin phai ¢6 kha ning gén oxy & ap luc oxy thap ¢ mé cd khi hemoglobm
mang oxy toi.

2. SU CO CO VAN | . |
‘Khi ed co, chiéu dai ctia cac don vi co co giam di. Tuy nhién, trén kinh
“hién vi dién td, ngubi ta thdy rang d6 rong cia bang I va ctia viing H giém di,
trong khi chiéu dai clia cac s¢i day va s¢i méng khong thay d6i. Nhu vay, dé co
co, cac dau S, cha soi day (myosm) kéo cac sgi mong (actm) tu 2 phla ve di ia M,
lam cho cac phan cua cac sdi
day va s¢i méng trugt lén Cd gian Déu myosin Aqui day . Sgiméng
nhau va cai vao nhau, lam B ‘ ' ‘
cho cac dia Z sat lai gin
nhau, chiéu dai cua co sé

ngin di 1/ 3 so v6i1 khi co nghi
(Hinh 20. 3).

2.1. Co ché co co van

Khi mét xung déng than
kinh tdc déng vao diém néi
than kinh co clia c¢d van, Ca?
dugc giai phéng vao ving don
vi cd. Ion Ca? gén vao
troponin C, gy nén mdt sy
thay ddi hinh dang cta actin

Bia Z f———— piaMm —y| Oia Z

Hinh 20. 3. Su trugt clia cac sgi day (myosin) trén
céac sdi mdng (actin) trong qua trinh co co
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va 1am cho myosin gin vao actin, tao thanh phic hgp actin-myosin. Qué trinh
co c6 dugc thuc hién qua qué trinh ghép cip gifta su thuy phan ATP va su
trugt ctia ddu myosin doc theo sgi actin, bdt ddu ti phtic hgp actin-myosin
(dudc goi 1a phiic hgp Rigor), gdm 4 giai doan nhu sau (Hinh 20. 5).

1. M6t phén ta ATP gan vao vi tri gan ATP dang md tu do é phan dau S1
ctia s¢i myosin, 1am md khe hé & vi tri gdn actin caa myosm va lam cho d4u S1
ctia s¢i myosin tach khai sgi actin.

2. Enzym ATPase 8 ddu S1 clia myosin thuy phan ATP thanh ADP va Pj,
ning lugng sinh ra lam “dyng” phan td myosin day, dua né vao “trang thai
ning lugng cao”, 1am cho ddu S1 huéng gin nhu vudng goéc véi sdi actin va
chuyén dich vé dia Z dén gén vao mét tidu don vi méi trén phén ti actin.

3. Sy tach Pi & dau S1 cla myosin din dén viéc déng khe hd cta diu
myosin, lam ddu S1 clia myosin gin chit hon vao actin, tao nén trang thai
chuyén tiép trung gian. : ‘ :

Trang thai chuyén tiép trung gian nay ngay lap ttc gy nén “mét hoat
dong cé hidu qua”, 1am cho dau S1 ctia myosin di chuyén mét bude khodng 60
A doc theo sgi actin vé phia dia Z, diéu nay ciing c6 nghia 1a kéo sdi actin vé.
phia dia M.

4. ADP dugc giai phéng, phiic hgp actin-myosin véi dau S1 clia myosin da
budc duge mot budc doc theo sg¢i actin, tré lai trang thai ban dau, vi tri gin
ATP lai dudc md ty do dé sln sang ti€p nhan phan ti ATP méi dé lai buéc vao
mdt chu trinh co co tiép theo.

M6i chudi phan tng nay cé dén khodng 500 d4u S1 trén mdi chudi day
dugc dlch chuyen mdt cach khong dong thoi véi toe do khoang 5 lan trong mot
gidy. Su chuyén dich cac cac ddu S1 ctia myosin trén sgi méng actin vé phia
dia Z ciing c6 tac dung kéo-dia Z tiu 2 phia v& phia dia M, cd s& bi co lai.

Khi Ca?* tach khéi don vi co cg, tach khéi phan ti troponin C va nong do
ctia Ca?" gidm xubng trang thai nghi, sy thay d6i hinh dang cta troponin C
dAn dén su thay d6i hinh dang troponin I va tropomyosin, diéu nay lam cac vi
tri gdn Ca? ctia phtic hdp actin-myosin déng lai. ATP lai gén vao myosin thay
th& ADP nhung hoat 4o ATPase bi tic ch& va phtic hgp actin-myosin bi phén
ly. Liic nay co & trang thai nghi.

Céc chudi nhe clia myosin cé chiic ning lam ting téc dd co co: tdc do trugt
cia cic chudi ning ctia myosin doc theo sdi actin bi gidm di 10 1an khi loai bo
cac chudi nhe ctia myosin di. Cac chudi nhe ctia myosin c6 tac dung nhu mét
canh tay don 1am khuéch dai sy thay d6i hinh dang dé tao nén “moét hoat déng
c6 higu qua”, lam cho ddu S1 ctia myosin bude mot bude doc theo s¢i actin vé
phia dia Z.
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2.2, Nang lugng co cd van

2.2.1. ATP tu do: hop chat du trit
ning ludgng phd bién nhat déi véi
phén 16n cac qua trinh héa sinh, dic & g aTp 4 Déu S1tach khdi &,
bist 14 d6i véi su co cd 1a ATP. Dudi k sgi actin

tac dung ctia enzym ATPase, ATP bi — i . L
thuy phén, lién két pyro phosphat : oiu 1 chuy én dich

tan cﬁr}g bi qﬁt, ning ludng du tri TEREES”  va gan vao mot tiéu don vi .
trong lién k&t nay dugc giai phéng, @ Thuyphan j, actin mi
cung cap cho su co co: ‘ ‘
ATPase ‘
ATP ---eueuuv > ADP + Pi + néng lugng %0  PAu S1kéo sai actin vé

. phia dia M
2.2.2. Creatin phosphat: ATP la '

nguén ning lugng ma cé thé c6 thé

st dung truc tiép cho su co cd. Tuy

nhién, ham lugng cua ATP tu do

trong t& bao co rat thap (chi khodng

5 micromol/g cd tudi), chi du cho 2-3

14n co co ho#c 1 dén 2 gidy hoat dong

co ¢o bép ning. Do dé, co thé ludn c6

ging dé cung cip diy di ATP cho co
hoat dong. Diéu nay c6 thé dat duge |

. v6i mot tdc do rat 16n bing cach si » ,Hinh 20. 5. Cd ché co covan

dung mdt hop chit gidu ning lugng ' '

‘thi hai, d6 1& creatin phosphat. Chit nay c6 thé ngay lap tic chuyén nhém
phosphat ctia né cho ADP nhd tac dung ctia enzym creatin kinase (CK) de tao
ATP theo phan tng: ~

Phic hop acin-myosin
trd lai trang thai ban dau

creatin kinase
Creatin phosphat + ADP -------------c-v-- > Creatin + ATP

Miéc du ham hxdng creatin phosphat 13 15-20 micromol/g cd tudi, nghia la
gip khoang 3-4 1an ndéng d5 ATP tu do trong cd, nhung né cing chi cho phép
cung cidp ATP cho cd hoat dong thém mét thdoi gian rit ngén, nghia 1a chi
khoang 6-7 giay.

2.2.3. ADP: & thdi diém néng d5 ADP cao nhét do su thuy phan ATP dé cung
cap nang ludng cho su co cd sinh ra, ADP cling c6 thé ké&t hop véi phan tit ADP
thd hai duéi tac dung ctia enzym adenylat/kinase dé tao thanh mot phéan ti
ATP va mot phan tit AMP theo phan dng sau:

adenylat kinase
ADP FADP == <ATP + AMP
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Tuy nhién, cach hinh thanh ATP thd hai nay 1t thuan 1gi bdi vi né lam
gidm ham lugng ADP trong cd.

2.24. Con dwo‘ng duong phédn yém khi va di khi

Nhu trén da thay, kha ning cung cdp ning luang tic thi cua ATP va
creatin phosphat chi cho phép co hoat dong trong khoang 7 dén 8 giay.

Co ciling c6 thé st dung mot trong hai con dudng chuyén héa glucuse 14 con
duang hexokinase diphosphat trong diéu kién 4i khi va trong diéu kién y&m khi
~dé bd sung ATP cho cd. Thuc chat, hai con dudng nay chi khac nhau tit chuyén
héa ctaa pyruvat tré di. Mdi phan ti glucose thoai hoa theo con duong dudng
phan yém khi cung cép 2 phan ti ATP. Trong khi d6, méi phan ti glucose thoai
héa theo con duong dudng phén ai khi cung c&p 36 hoac 38 phan ti ATP. Tuy
nhién, su thoai héa cua glucose theo ca con dudng y&m khi va con dudng ai khi
ciing chi c6 thé cung cip lugng ATP dé co hoat dong trong vai phut

2.2.5. Thodi héa lipid va protein

P& c6 thé co co trong mot thoi gian dai hon, c¢d phéi st dung ning hrdng
14y tit cac qua trinh chuyén hoa cac chét lipid va protein (acid amin). Nguén
ndy cung cip trén 95% ning ludng dé co cd trong mét thoi gian dai. Trong 3
loai chédt co ban la glucid, lipid va protein thi lipid 14 loai ch&t cung c4p nhidu
ning lugng nhat. Cac glucitd (carbohydrat) va cac protein (nghia la cac acid
amin) c6 gia tri nang lugng 12 3 dén 4 kcal/ g trong khi lipid (nghia 14 cac acid
béo chudi dai nhu palmitat hodc triglycirid nhu tripalmitin) c6 gia tri niang
lugng cao gap gan 3 1an (9,30 kcal/ g) (Bang 20-1).

'Bang 20.1. Su thay d&i nang lugng tu db va gid tri nang lugng clia
cac chat chuyén héa khac nhau

'Co chat Trong lugng phantlr | AG® (kcal/ mol) Nang lugng (kcal/g)
Glucose 180 - 686 3,81
Lactat 90 -326 3,62
Palmitat 256 - 2380 9,30
Tripalmitin 809 - 7510 : 9,30
Glycin 75 - 234 3,12

S& di lipid c¢6 gia tri ning lugng cao hon carbohydrat hoic protein vi
‘trang thai oxy héa trung binh ctia cac nguyén tl C cla cac phan ti lipid 6 tri
56 nhé hon clia cac phén ti carbohydrat hosic protein. Trang thai oxy héa ctia
nguyén ti C cta carbohydrat va lipid nhu sau:

Carbohydrat: =CH-OH, -CH=0, -CH,-OH; lipid: -CH,-

Cac nguyén ti C trong carbohydrat dé bi oxy héa hon cac C nguyén ti C
trong lipid. Vi vay, trong qua trinh thoai héa, s6 duong lugng kht (s6 H* + ¢)
duge tach tu lipid nhiéu gdp gin 3 ldn dugc tach ra ti _carbohydrat hodc

protein. Cac duong lu‘dng khii nay c6 thé dugc st dung dé tong hgp ATP trong
qua trinh van chuyén H* va dién ti trong chudi ho hap t€bao & ty thé.
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2.3. Diéu hoa su co co van. Phan ti diéu hoa chii yéu ctia su co ¢d van 13 ion Ca®".

Su co co van duge kich thich bdi cac xung dong thin kinh van dong. Cac
xung déng thin kinh cé tac dung khéi doéng su co co theo co ché nhu sau:

—Khi co nghi: troponin gin doc theo ranh ctia actin lam cho d4u S1 cuaa
myosin khéng gidn dude vao actin. Binh thudng, mang luéi co tuong khéong
tham Ca?', chita enzym Ca%-ATPase c6 tac dung bom Ca®* vao luéi co tuong
dé duy tri néng d6 Ca?* trong dich bao khi cé nghi  mic dé thap dusi 107 M,
trong khi néng d6 Ca?" trong luéi co tuong 1a trén 10°M. Kha ning bdo quan
Ca? ctia luéi co tuong 14 do mot protein khoi lugng phan ti 55 kD c¢6 hoat tlnh
cao (thanh phan c6 t6i 37% Asp va Glu) tén la calsequestzn c6 kha ning géin
trén 40 ion Ca?

—Khi co co: su dén clia mot xungi d6ng than kinh lam ting su th&m cha
luéi co tuong déi véi Ca?* trong vai phan nghln gidy, lam cac Ca? khuech tan
nhanh qua cac kénh Ca?* vao trong dich bao ctia sdi cd, 1am ting néng d6 Ca®*
trong sgi co 1én khodng 10°M. Néng dé Ca?* nay du kich thich su thay d3i
hinh dang cta phiic hop troponin-tropomyosin, cho phép su co cd bat diu.

Co giGn trd lgi: khi kich thich co c6 giam, mang cd tuong tré nén khéng
thdm d61 véi Ca®, Ca® bén trong cd tuong lai duge bom ngugc trd vao luéi co
tuong, l1am néng d6 Ca? trong co tuong giam manh, giy nén sy gidn co.

3. SU CO CO TRON

‘Ngoai cd van, cic ddng vat c6 xuong séng con cé hai loai co khac la co tim
(cardiac muscle) va cd tron (smooth muscle). Cd tim cé cau triic tuong tu nhu
¢cd van, nhung duac ciu tric phtu hdp véi hoat dong bom cta tim. Co tim khac
cé van chil yéu vé chuyén héa vi né phai hoat déng lién tuc trong suét qua
© trinh s6ng nén né phu thudc vio chuyén héa ai khi nhiéu hon co van. Sy co cd
tim cta ddng vat c6 xuong sdng dude khdi ddng lién tuc bdi ban thin co tim
hon 12 do su kich thich thén kinh tit bén ngoai, mic du sy kich thich than
kinh c6 thé 4nh hudng dap tng cta co tim. Trai lai, co tron c6 cdu tric khac
rat nhiéu so véi co van, thudng tu doéng co riut médt cach cham chap, kéo dai va
khéng ¢6 y thic. Vi du: su co gidn cla cac cd tron thanh rudt, ti cung, cac
mach méau Ién, ... Co tron dugc tao thanh tit cAc t& bio don nhan hinh 6ng nhd.
Céac sgi day va méng cta cd tron it nhidu c6 thé dugce x&p theo chiéu dai cta t&
bao nhung khéng tao nén cac sdi co.

Myosin ctia cd tron c6 su khéc biét véi myosin cla cd van & mét vai diém:

—Hoat d6 ATPase t6i da ctia myosin cd tron chi bing khoang 10% hoat do
ATPase ctia myosin cua cd van.

—Myosin ctia ¢d tron chi tuong tac véi actin khi mét goc Ser dic biét &
mot trong cac chudi nhe ctia né dude phosphoryl héa.

—Myosin ctia cd tron tao nén cac sdi day véi s6 lién két ngang it hon so
véi cac s¢i day do myosintaonénciacovan:
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3.1. Su co co tron dugc khoi mao béi Ca®

Cac sgi mdng cuia co tron chita actin va tropomyosin nhung khéng chia
troponin Tuy nhién, sy co cd tron ciing dudc kich thich bdi Ca®* béi vi enzym
kinase ciia chu01 nhe caa myosin—mdt enzym c6 tac dung phosphoryl héa cac

Jhum nhe cua myosm -kich thich co tron co. Enzym nay ch1 dudgc hoat hoa khi
no duge gan v6i mot protem dic b1et la Ca*-calmodulin.

Noéng d6 Ca? trong t& bao thay do1 theo d6 tham ctia mang bao tuong cua
t& bao co tron déi véi Ca?t, duge kiém soat bdi mot hé théng than kinh dic biét.
" Khi néng d6 Ca?* tang 1én dén khoang 10° M, su co cd tron dudc bat ddu. Khi
noéng d6 Ca?* gidm xudng dén khoang 107 M, do tac dung ctia Ca**-ATPase cua
mang bao tuong, kinase ctia chudi nhe myosin bi bit hoat, chudi nhe caa
myosin bi khit phosphoryl héa bdi enzym phosphatase c6 & chubi nhe cta né,
cd tron sé bi dan. That su, Ca"’+ ciing nhu cAMP, 13 mot théng tin tht hai, c6
tac dung truyén cac tin hiéu trong t& bao. Trong nhiéu trudng hgp, Ca?* 1a mot
thong tin thi hai trong khi calmoduhn thuOng 12 mdt chat nhan tin hiéu trong
t& bao.

3.2. Su hoat déng cla co tron duge diéu khién bdi hormon

Co tron ciing dap tng véi hormon, vi du nhu epinephrin. Su gin cta
epinephrin vao receptor gdn mang bao tuong clia cd tron cé tac dung hoat héa
enzym adenylat cyclase. Enzym nay c6 tac dung thuy phan ATP thanh cAMP
va Pi. cAMP dudc san sinh trong dich bao gén va giy nén su phén ly cia mot
dimer diéu hoa 13 R, cia mdt protein kinase dang khéng hoat dong 1a R,C,,
tao nén su hoat héa cac tiéu don vi c¢6 kha ning xidc tac su phosphoryl héa
kinase ctia chubi nhe. Kinase ctia chudi nhe dudc hoat héa chi gin vao Ca®-
calmodulin mdt cach yéu 6t, 1am cho co tron bi gidn. Vi du: khi bi hen, do su co
qué mtc ctia phé& quan, ngudi ta thudng didu tri lam théng khi phé nang bing
khi dung chiia epinephrin c¢é tac dung lam gidn phé quan.

Sy xudt hién cac sy kién din dén su co cd tron thudng cham hon rdt
nhiéu so v6i sy xuét hién cac sy kién din dén sy co cd van. That sy, cdu tric
va hoat ddng clia co tron lam né phi hgp véi chiic ning ctia né, d6 1a su duy tri
truong lyc trong mét thoi gian dai véi mot mic do tiéu thu ATP thap hon
nhiéu so véi cd van khi ciing thuc hién mét nhiém vu. Do d6, su gidng nhau vé
cdu trdc va chiic nang gitta TnC va calmodulin, ngusi ta gdl ¥ ring TnC 12 mot
bién thé ctia calmodulin, TnC d4 tién héa hon § co van dé tao nén mot dap ing
nhanh d6i véi su ¢6 mét ciia Ca?*

4.SU CHUYBN PONG CUA CAC T BAO KHAC

Maic du actin va myosm chiém uu thé nhat & co, chung van c6é mit & cac
t& bao khac. Trong thuc té, actin 14 mét protein c6 é nhiéu noi va thuong gap ]
cac t€ bao nhan that, chiém ti 5 dén 10% protein toan phan cta cac té& bao
nay. Tréi lai, s6 lugng myosin chi bang khoang 1/ 10 s6 lugng cta actin. Ty 1&
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nay ciing cho th&y ngoai vai trod co ¢ trong hé théng actin-myosin, actin con cé
vai tro trong mot s6 hé théng chuyén déng khéng phu thudc myosin, cing nhu
vai tro 1am thanh phan bé khung ctia t& bao.

4.1. Actin tao nén cac vi sgi c6 kha ning co rut

Trong khi actin trong co tao thanh cac sg¢i mdng thi actin & cac t&€ bao
khong phai co c6 mot ty 18 cin bang gitta G-actin va F-actin, tao thanh cac vi
sdi. Trong diéu kién sinh 1y, G-actin dudc polymer héa nhd su c6 mit cia ATP.
Su tap hop va phéan ly cla cac vi sgi phu thudc vao s6 lugng clia cac protein
gin actin. Vi du: profilin-mét protein c6 khéi luong phéan ti 16 kD-gin Vin G-
‘actin véi ty 1& 1:1 tao nén phdc hgp profllactm ¢6 tac dung ngan can su
polymer héa actin. Profilactin ¢6 nhiéu § ddu tinh trung. Su tiép xtc véi vo
tring lam ting pH d dau tinh trung, kich thich lam phan ly prof11act1n thanh
G-actin va protein gin actin. G-actin méi dugc gidi phéng lam biing nd mét su

‘polymer héa, tao nén mét bé cac sgi F-actin dung lén trong vai gidy, lam cho
dau tinh trung 18i ra, ddm xuyén qua 18p vo tring dé bit ddu su hod mang
gitia tinh trung va tring, md ddu cho su thu tinh.

Su tap hdp va phan tan clia cac s0i actin cling déng vai trd jquan trong
trong su chuyén déng ctia'céc t&€ bao khong phai cd nhu sy chuyen doéng caa
amip, su thuc bao, su thd ra, thut vao ciia mang t& bao, su chuyén déng cla
cac v.i.nhung mao hoic su chuyén déng cuia cac sgi truc théin kinh.

4 2 Actomyosm cung co. kha ning co. rut

Myosin 6 cac té bao khéng phai co tao thanh cac sgi day g cac vi ban ciing
c6 tac dung co riat. Mot trong nhiing qué trinh co rit do myosin la qua trinh
phén chia t& bao & cac t& bao dong vat va ddn bao. Trong giai doan cudi cta sy
phan bao, mdt khe nit duge hinh thanh vong quanh ving xich dao cta té& bao
dugc phén chia, ndm vudng géc véi truc t& bao. Khe nit nay duge tao thanh
v6i sy tham gia cia mot dai actomyosm Chinh sy co rit cua phan ti
actomyosin da tao nén su phan chia ctia t& bao. Cac tiéu cdu ciing chda
actomyosin. Sy co rit cta tidu ciu ciing dudge bit ddu bdi su hoat héa Ca?*-
calmodulin ctia kinase chudi nhe cua myosm giéng nhu qua trinh xay ra d6i
v68i ¢o tron.

CAU HOI ON TAP
1. Trinh bay cau tric clia co van va vai trd clia cic protein ctia cd van.
2. Trinh bay su co cd van.
3. Trinh bay néng lugng co cd vén.
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Chuong 21

HOA SINH THAN KINH

M6 than kinh gém cé nfo va than kinh ngoai bién, 14 mot trong cac mé cé
cac van dé phtic tap nhit vé su lién quan gitia cdu tric vi chic ning.

Mic du mé than kinh chi chita mét vai loai t& bao, trong d6 chta yéu la
cic t& bao than kinh hay con goi 14 neuron, nhung mé than kinh, d#c biét 1a vo
dai ndo lai déng mdt vai tro cht dao trong viéc diéu hoa cac chiic ning caa
toan co thé. _

MJ3i neuron cé thé ti€p ndi véi mot hosc nhiéu neuron khac, phan tiép néi
dudc goi 1& synap. Mdi neuron cé thé dap tng hoac khong dap ung lai nhiing
leh thich hoéc tic ché& dudc truyén téi. :

Nhiing ndm gin day, nhd su phat trién chia nhidu nganh khoa hoc ky
thuat, dic biét 1a ctia cac k§ thuat nghién ctiu vé sinh y hoc phéan td, con ngudi
da dat dude nhiéu thanh tyu nghién ctiu vé cdu triic, chiic nang vé than kinh,
dac biét 14 vé co ch& dan truyén xung dong than kinh, mét s6 co ché diéu hoa
hoat déng than kinh va van dé tri nhé, bude ddu di vao viée st dung cac t& bao
goc trong diéu tri c6 hiéu qua mot s6 bénh nio nan giai nhu bénh Alzeimer,
bénh Parkinson, ...

Su khac nhau co ban giita mé than kinh véi cac mé khac 14 kha nang’
tuong tac ctia phiic hgp c6 tinh t8 chiic cao ciia hé théng than kinh véi cac mod
va ¢6 quan khéc cha co thé théng qua dap tng cla cic neuron nhd su din
truyén xung déng than kinh qua cac synap.

1. CHUYEN HOA CAC CHAT TRONG MO THAN KINH

Chuyén héa cic chdt 8 md thin kinh xay ra manh mé& nhim cung cép
ning lugng cho cac hoat déng phtic tap ctia ndo.
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 Néo st dung mot lugng oxy rat 16n d€ phuc vu cho sy hd hap t& bao xay ra
rdt manh. Khi phan tich- m4u déng mach dén va tinh mach tit ndo ra, nguéi ta
thay cit 100g nio tiéu thu 3,3 ml oxy trong 1 phiit, 16n hon 20 14n lugng oxy co
tiéu thu ldc nghi ngoi. Ndo ngudi chi chiém 2% than trong nhung tidu thu mot
luong oxy tit 20 dén 35% téng lugng oxy tidu thu cta ca cd thé. Nio rat nhay
cam véi tinh trang thidu oxy, nédo chi chiu dudc tinh trang thiéu oxy trong 5-6
phiit, su thiéu oxy qua 6 phut sé gy tén thudng khong héi phuc & nao.

Tinh trang thiu oxy khong chi &nh hutdng truc t1ep dén mé than kinh ma
con 1am trd ngai cho qua trinh ti tao ATP, gay réi loan chuyén héa chét & nio.

1.1. Chuyén héa glucid & mé than kinh
 Hé théng théiﬁ kinh tao nén mét mang théng tin gifta cac giac quan, méi
‘trudng va tét ca cac phén cta co thé, trong d6 ndo 1a trung tdm chi huy. Hé
théhg nay luén luén hoat ddng va cAn mét lugng 16n ning lugng dé hoat dong.
Trong nhitng diéu kién binh thudng, ngudn nhién liéu duy nhat cho nio
hoat dong 1a glucose. N&o sit dung khodng 103 g glucose méi ngay. Lugng
glucose nay dap tng cho tdc d6 st dung ctia néo 1a 0,3 micromol/ phit/ g mo.

S6 lugng oxy tiéu thu 1a 3,4 L/ ngéty va toc dd tiéu thu oxy 1a 1,7 pmol/
phut/g mé.

S6 lugng va téc d6 tidu thu ATP tuong ting 1a 20,4 mol/ngay va 10,2
pmol/phit/g mé. Phan 16n ATP dude st dung béi ndo va cac md than kinh khéc
dugc tao thanh nho sy hoat déng cta chu trinh acid citric ma 6 ndo, chu trinh
nay hoat dong véi kha ning gin nhu téi da. Con dudng dudng phan hoat ddng
v6i khoang 20% kha ning ctia né. Phan 1én ning lugng dude néo st dung vao
viéc duy tri gradient ion qua mang bao tudng va cho su téng hop cac chit din
truyén than kinh va cac thanh phan t& bao khac. :

1.2. Chuyén héa lipid § mé than kinh

Mot loai dai phén ti trong ndo dang dude quan tam la lipid. Su chuyén
héa lipid xay ra é m6 than kinh ciing tudng ty nhu 8 cac md khac. Tuy nhién,
t6c d9 d6i méi cla céc lipid & mé than kinh chi4m hon so véi téc d6 & cac noi
khac, vi du: stt dung H® ghi d&u, ngudi ta thay acid béo 6 gan dudc d6i méi 50%
trong 24 gig, trong khi acid béo & nio chi dugc thay thé 20% trong 1 tuan. Nio
cling tong hgp dudc cac phospholipid tap.

Nio cb6 cac lipid duéi dang phtic hgp va dudc biét héa, nhung ching thé

hién chte ning dé duy tri tinh toan ven cda mang hon 14 céc vai trdé chuyén
héa chit.

1.3. Chuyén héa protein § mé thin kinh

Cac protein ctia nido cé toc dd quay vong tuong d6i nhanh so véi cac
protein ctia cac md khAc ciia cd thé mic dit cac t& bao ndo khong phan chia sau
khi chiing da dugc biét héa: '

329




Chuyen héa cla cac acid amin  md than kinh néi chung cling glong nhu
chuyen héa acid amin 6 cac m6 khéc. Tuy nhién, do déc diém chiic ning cla hé
thong than kinh, chuyén héa ctia mot s acid amin. r1eng biét c6 nhiing dac
diém khac biét, nhat 1a déi véi chuyén héa ctia mot s§ acid amin ma dan xuit
cua ching 13 cac chat dan truyen than kinh va su sinh téng hop mot s§ peptid
than k1nh sé dudc trinh bay & phan dudi.

SU DAN TRUYEN XUNG DONG THAN KINH QUA SYNAP

Cac t& bao ctia hé thong thin kinh bao gdm céc t&€ bao néo c6 kha ning
tiép nhan va dAn truyén cac thong tin 13 cac neuron dudc biét héa rit cao. Mbi
neuron gém mét than t&€ bao, cac sgi nhanh cé cac dubi gai giéng nhu cac
anten cd chuc nang thu nhéan cAc tin hiéu ti cic t&€ bao khac va mét sdi truc
kéo dai tit than t& bao cé chiic ning chuyén cac tin hiéu cho céc t& bao khac.

'Ngoai cic neuron, hé théng than kinh trung uong con ¢c6 cac té bao khiac.
Vi dy, trong n#o cé cac t& bao than kinh dem véi s6 lugng 16n hon gap 10 lan
56 lugng neuron. Cac t&€ bao than kinh dém nim xen ké gifia cAc neuron va c6
vai tro lam vat cach dién cho cac neuron. C6 5 loai t& bao than kinh dém co
ban 1a: t& bao sgi than kinh, t& bao than kinh dém it gai, vi t& bao than kinh
 dém, t& bao mang nio thit va cac t& bao hinh sao. Mbi loai t& bao than kinh
dém c6 mot chiic ning riéng biét. Cac t€ bao hinh sao gli cic qua trinh ra phla
ngoai hé théng than kinh trung udng. Cac qua trinh nay dugc lién ké&t dé tao
thanh cac phiic hgp, hinh thanh nén cac hang rao dé ngan cach hé théng than
kinh trung uong v4i méi trudng bén ngoai. Cac t&€ bao sao cling gul nhiing qua
trinh tu’.dng tu vao hé théng tudn hoan mot cach chon loc. Cac t& bao hinh sao
cling cam dng cac t& bao ndi mac cua cidc mao mach dé h1nh thanh cac mang
luéi c6 tac dung ngan can su di chuyén thu dong ctia cac phan ti hoa tan trong
nudc vao ndo. Mang ludi nay duge goi 1a hang rao mau-néo. Cac chit hoa tan
trong nuéc nay chi cé thé di vao néo kh1 co cac hé thong van chuyén qua mang
dac biét doi véi ching.

Mai ngudl binh thudng c6 khoang tit 10!! dén 10 neuron. Lién lac gitia
cAc neuron cua hé théng than kinh 14 nhg cac tin hiéu dién va cac tin hiéu hoa
hoc. Céac tin hiéu dién chuyen cac xung dong thin kinh xuéng sdi truc than
k1nh va cac chat héa hoc chuyén tin hiéu qua ndi than kinh gitia cac t& bao.

2.1, ATP duy tri mot thé ning dién qua mang & neuron

Adenosin triphosphat dugc tao thanh tu chuyén héa caa glucose dugc st
dung dé duy tri mot dién thé can bing qua mang clia neuron x4ip xi -70 mV,
bén trong Am hon bén ngoai. Thé hiéu nay dudc duy tri la nhd hoat ddng cua
bom ion Na*, K* ma nang lugng hoat ddng cua bom nay 1a do su thuy phéan cua
ATP thanh ADP va Pi. Hé thong nay bom Na' ra ngoai, trong khi K* dugc van
chuyén di vao t& bao theo co ché van chuyen d6i khang (antiport). Cac kénh dé
Na* di vao t€ bao gdm céac proteln thay d6i hinh dang khi thé niang qua mang
gidm (trd nén Am hon) xudng dudi mot gistri ngudng: Kh1 mang bi khti cuc, ca
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Na* véi ndng dd & ngoai cao hon & trong t& bao sé di vao t& bao va K* véi n6ng do
] trong 16n hon 6 trong té& bao sé& di ra ngoai, dé dat dugc nhiing gradlent nong
dd cin thiét. Cac kénh duge m3 nhanh chéng & méot viing nhat dinh cta t&€ bao
chi trong khodng vai mili gidy. Su khii cuc cuc bd gy nén su thay déi hinh dang
cua cic protein bén canh, tao nén cac kénh ion. Cac kénh nay md trong chéc lat
cho phép nhiéu ion hon di qua va that su tac ddng dén cic protein lién ké cho
phép qua trinh ti€p tuc dién ra doc theo sdi truc than kinh. Sy truyén xung dién
nay chi di theo mét huéng (Hinh 21.1). Dy 14 qua trinh khii cyc va tai khii cuc
doc theo chiéu dai ctia s¢i truc thin kinh, cho phép xung déng dién dude truyén
di ma khéng bi giam vé d6 16n. Sy truyén xung déng dién 1a mot qué trinh xay
ra lién tuc trong m6 than kinh va ATP dudc sinh ra tit chuyén héa ctia glucose
dé duy tri su hoat déng cta hé thong nay.

2.2. Tuong tic neuron-neuron xay ra qua synap than klnh

C6 hai cd ché chung , '
cho sy tuong tac gitda _ 'F—*“”"'"'"'";'"HmrénT“YM
neuron va neuron: cic synap o
dién va synap héa hoc..

Mg  Dong

. Céac synap dién cho
phép truyén nhanh céc tin
hiéu ti t& bao dén té& bao.

. o, Mang dugc tai
Cac synap héa hoc kht cuc

cho phép truyén cac tin
hiéu linh hoat véi ciac miic
d6 khac nhau ti t&€ bao dén
t& bao. Cac synap héa hoc
gdm 2 loai:

- Moét ‘lhoai gin truc ' }
tiép vao vkenl:x 1o’n va lam Mang duge tai Khi cue Nghi
cho n6 ma hoéc dong. khir cuc ‘

- Mot loai gin vao
mdt receptor tii d6 giai Hinh 21.1. So d6 vé cd ché truyén xung dong than kinh
phéng ra mot thong tin thi
hai dé tac dong vao kénh ion 1am cho né md hoic déng.

V& cac synap héa hoc, chiing t6i tap trung trinh bay su téng hop va thoai
héa cac chit din truyén than kinh héa hoc (chemical neurotransmitters).

Céac chat din truyén than kinh héa hoc c6 thé 1a chat hoat héa hoac chat
tc ché. M6t s6 chat din truyén thidn kinh hoat héa 1a céc chdt nhu
acetylcholin va cac catecholamin.

Mbt s6 chdt dan truyén than kinh tc ché la cac chit nhu y-aminobutyric
acid (GABA), glycin-va-taurin(Bang-21.1).
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Bang 21.1. Cac chat dan truyén than kinh trong mé than kinh

Cac chat dan truyen than kinh klch thich

- Acetyicholin

Aspartat

" Dopamin
Histamin
Noradrenalin (norepineﬁhrin)
Adrenailin (epinephrin)
ATP
Glutamat
Serotonin (5- hydroxytryptamin)

Cac chat din truyén than kinh c ché:

GABA (y-aminobutyric acid)
Glycin
Taurin

Cac chit trén dudc x€p vao cac chit din truyén than kinh vi ching dat
dudgc cac tiéu chuén sau:

1.
2.

o ok

Chiing dugc théy & d4u tan cung soi truc tién synap

3 neuron tién synap cé cic enzym can th1et cho su tdng hop cac chit
din truyén than kinh.

Su kich thich trong nhiing diéu klen sinh ly giai phéng cac chat nay.
3 synap c6 céc co ché& k&t thic nhanh chéng tac dung cua chung.
Chiing tac dong truc ti€p 1én diu sgi hau synap.

Do hau qua cua 5 tiéu chuén trén, thuoc ndo lam thay d6i chuyen hoéa
cua chit dan truyen than kinh thi sé anh hudng in vivo dén dan
truyén than kinh.

T4t ci cac chit din truyén than kinh dugc téng hop va du trit trong
neuron tién synap. Chung sé dugc giai phong khi c6 sy kich thich t& bao than
kinh. Chung duge chuyén vao khe synap va gin vao mot receptor dic biét trén
khép néi ctia s¢i hdu synap dé kich thich t&€ bao ti€p theo, gy nén mot su dap
ting nhu da néi trén. Néu chéat dAn truyén than kinh 12 mdt chét kich thich, né
sé& gAy nén sy khu cuc cua mang neuron. Néu chat din truyén than kinh la
mot chét tc ché, né s& gdn vao mot receptor lién két v6i kénh, gdy nén su thay
d6i hinh dang cta cic protein clia receptor, 1am cho kénh nay md céc 15, cho
phép céac ion tich dién Am nhd, dac biét 14 Cl° di viao t&€ bao. Piéu nay lam tang
kha néng dan ion Cl cla mang hiu synap, lam t& bao khé khi cuc hon va nhu
vay chét tc ché dAn truyén than kinh ting tao cuc.
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Hai chét tic ché dan truyén than kinh trong hé théng thin kinh trung
udng la glycin - chét ¢6 tic dung chu yéu trén diy than kinh tuy sdng va than
ndo, va y - aminobutyric acid (GABA) - chit tac dong cha yé&u 1én tit ca cac
phan khéc cta nio. Strychmn mét alkaloid c6 d6c tinh cao khi vao cd thé
gin vao cac receptor ctia glycin & hé théng than kinh trung uong, vi vay cé.thé
dugc st dung véi cac lidu rat nhé dé kich thich hé théng than kinh trung uong.
Nhiéu ch4t c6 tac dung dugde ly nhu cac benzodlazepm va cac barblturat ciling
c6 kha ning gin vao receptor cta: GABA cua hé théng than kinh trung uong.

2.3. Sy tong hdp, du trit va gidi phong cac chit ddn truyén than kinh

Cac chdt din truyén than kinh khéng phai peptid (nonpeptide) ¢6 the
dudc téng hop & bat ky phin nio cha t& bao thin kinh, trong bao tudng gin
nhan t€ bao ciing nhu trong sgi truc than kinh. Phén 1én cac chat din truyén
than kinh khéng phal peptid 1a cac acid amin, cac dan xudt cua cac a01d amin
hodc céc chat chuyén héa trung gian khac.

Céc chét din truyén than kinh dugc bao quan trong cic tii nhé & ddu tan
clia sdi tién synap. Khi xung dién dugc truyén dén dau tin cta sdi tién synap,
cac ion Ca® di vao t& bao lam cho ndng d6 Ca?" trong t& bao tang 1én. Ca? gén
véo cac tii nho cta synap va khéi dadu cho mét loat cac su kién, lam cho xung
dién chuyén thanh céc su kién héa hoc. Nguéi ta cho ring Ca?* ciing hoat héa
mot protein kinase phu thudc Ca**- calmoduhn de phosphoryl héa mot protein
¢ tén la synapsin I — protein nay dugc gin vao bé mit cua mang sgi tién
synap Sau kh1 dugc phosphoryl héa, protein nay ‘tach khoéi mang va cac tdi nho

_cla synap- gan vao mang-sgi tién synap-va g1a1 phéng-cac chat- dan truyen than
kinh vao khe synap nhd qua trinh ngoai xuét bao (exocytoms) Synapsin I dlidc
kht phosphoryl va tach khéi cac tii nhd dé cac tui nay c6 thé tiép nhan them
cac chat dan truyen than kinh va lai bit ddu mot chu trinh hoat dong mdl '

Cac chat din truyén than kinh duoc giai phéng nhanh chéng di qua khép
synap (rong khoang 20 nm), dén gan vao cac receptor trén bé mit sgi hau
synap, 1am sy thay ddi hinh dang cta mang va bit ddu mét qua trinh truyen
ba xung dién & t& bao hau synap.

2.4. Sy két thuc tin hiéu & khép synap

Su két thidc tin higu ¢ khép synap dudgc thuc hién bang 3 cach sau:
chuyén héa, tdi hdp thu va khuéch tdn. Céc chit héa hoc c6 thé dap tng d6i véi
cac dap tng nhanh thudng duge thuc hién bdi moét hodc cd hai cd ché diu tién.

3. CAC CHAT DAN TRUYEN THAN KINH

Cho dén nay ngudi ta da phat hién duge khoang 40 chat din truyén thin
kinh, c6 tac dung din truyén xung dong qua synap. Cac chit nay dudc chia
thanh 2 nhém: nhém céc chit phan td nhd (thudng 1a cac din xuit acid amln)
va nhém cac phén ti lén (cac peptid than kinh). :
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3.1. Cac chit dan truyén than kinh phan t& nhé

Nhém cac chat din truyén than kinh phéan ti nhé gdm nhiing chat cé tac
dung nhanh va giy ra phén 16n cac dap tGng c&p cta hé théng than kinh nhu
s truyén tin hiéu cam gidc téi ndo va sy truyén tin hiéu van dong tit ndo dén
cac cd. :

Phin duéi day s6& phéac thao mot s6 con dudng héa sinh nhu téng hop va
thoai héa cac chit din truyén thin kinh tit nhém tac ddng nhanh, dic biét 1a
acetylcholin, cac catecholamin, serotonin va GABA. ’

3.1.1. Acetylcholin

Acetylcholin dudgc téng hogp tail synap bing phan {ing ngung tu gida
acetyl CoA va cholin dudi tac dung ctia enzym cholin acetyltransferase:

cholin acetyltransferase
CH,-CO-SCoA+ HO-CH,-CH,-N*(CH;); —» CHa‘CO'O'CHz'C‘Hz_'N"L(CHa)rs:'"r99ASH
Acetyl CoA cholin Acetyl cholin

Cholin dugc 18y chii y&u tit thic 4n, mot phan tit sy tai hdp thu tu khép
than kinh hodc tit cAc ngudn chuyén héa khac. '

Ngudn chi yéu cua acetyl CoA la tu sy khti carboxyl oxy héa cta pyruvat
nhd phiic hgp da enzym pyruvat dehydrogenase. '

Nhién lidu chuyén héa chii y&u clia t& bao than kinh 14 glucose con duong
chii yéu 48 san xudt nang lugng 1 chu trinh acid tricarboxylic. Acetyl CoA su
dung cho su téng hop acetylcholin. T& bao thin kinh khong téng hgp acetyl
CoA tit acetat va CoA vi cac t& bao nay khong c6 enzym acetyl CoA synthetase.

. Acetyl CoA. dudgc téng hgp bén trong cac ty thé va enzym cholin
acetyltransferase ¢6 mat trong bao tuong cla t& bao thin kinh. Co ch& van
chuyén acetyl CoA qua mang ty thé trong t& bao tién synap tudng tu nhu cd
ché& van chuyén acetyl CoA qua mang ty thé § cac loai t& bao khac. Acetyl CoA .
dugc giai phéng va tudng tac voi receptor nicotinic-acetylcholin khu tra trong
mang t6 bao hau synap. Sau khi phat huy tac dung truyén thong tin,
acetylcholin 6 mang hau synap bi thuy phén bdi enzym acetylcholinesterase
thanh acetat va cholin: ' ' :

acetylcholinesterase .
CH,-CO-0-CH,-CH,-N*(CH,), + H,0 —» CH,-COOH + HO-CH,-CH,-N"(CHy);
Cholin dudc thu nhan bdi mang tién synap va dugc sti dung lai dé téng
hdp acetylcholin; con acetat dugc tai hip thu vao mau va dugce chuyén héa béi
chc m6 khac hon 13 duge chuyén hoéa tai mé than kinh.

38.1.2. Cdc catecholamin

Cac catecholamin nhu epinephrin, norepinephrin va dopamin (3,4-
dihydroxyphenylethylamin) dudc téng hop tit phenylalanin va thoai héa nh
da dugc trinh bay 6 chudng hormon. :
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C6 38 cach cht y&u d€ k&t thuc tdc dong ctia cac chit din truyén thin
kinh loai catecholamin: methyl héa mét trong cic nhém OH ctia catechol, khi
amin oxy héa nhanh chudi bén va tai hdp thu vao neuron tién synap (cac phan
{ing nay dudc chi ra & chuong hormon). Enzym catechol-O-methyltransferase
duge tim thdy trong bao tudng cta t& bao, ¢6 tac dung xdc tac su van chuyén
mot nhém methyl tit S-adenosylmethionin dén mét trong s6 cic nhém OH.
Monoamin oxidase (MAO) xtc tac cho phan ting khi amin oxy héa cua cac
amin thanh cac aldehyd va anion amoni. Enzym nay cé thé tic dung lén cac
amin da bi hodc khéng bi thay d6i béi phan ting ciia enzym methyltransferase.

Mot diéu dang chii ¥ 14 cidc enzym thoai héa khu trd trong bao tuong cta
t& bao thin kinh nén cic amin phai dudc- hép thu tit synap vao bao tuong t&
bao truée khi thoai héa. Vi du, d6i vl dopamin, ¢6 mot protein van chuyén
chiu trach nhiém ta1 hap thu né vao neuron tién synap. Mét.trong cac tac
dong ctia cocain 13 gin vao protein Van chuyén dopamin va can trd sy tai hip
thu caa dopamm lam cho dopamin nim lai trong synap trong moét thoi gian
dai va tiép tuc kich thich céc receptor ctia neuron hau synap.

3.1.3. Serotonin (5-hydroxytryptamin)

| CHgHOOO | CH,CHNH,
"NH,
- N g N
R

H
- ~ Tryptophan” k 5-Hydroxytryptamine -
0O, tetrahydrobiopterin H20 FAD
Tryprophan 5- monooxygenase amino oxidase
H20 dlhydrobloptenn NH,,. FADHZ %
@j 'l (I T
5-Hydroxylryptophan 5-Hydroxy1ndole 3- acetaldehyde

- | aromatic
L-amino acid . aldehyde dehydragenase
decarboxylase 2H NADH
. .
\Q:TCHZCHZNHa ‘[ UCHchO

5-Hydroxymdole—3-acetate

5- Hyd|
ydroxytryptamine (anion of 5 - hydroxyindoleacetic acid)

(serotonin)

Hinh 21.2, Su tdng hdp va thoai héa cla serotonin (5-hydroxytryptamin)

Su sinh téng hgp serotonin tit tryptophan ciing gdm cac budc tuong tu
nhu sy tdng hgp cac catecholamin. Khac véi cic catecholamin, con dudng thoai
héa chi yéu 1a khii amin oxy héa bdi enzym monoamin oxidase (MAO).
Aldehyd dugc oxy héa thém nita nhd enzym aldehyd dehydrogenase dé thanh
5-hydroxyindol-3-acetat-(Hinh-21.2).
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3. 1 4. ¥ ammobutyrzc acid ( GABA)

Y- ammobutyrlc acid (GABA) dugc tong hop va thodi héa qua mot loat cac
phan IIng thudng dugc goi la nhanh chuyen héa ciia GABA (GABA shunt).
Trong cac phan dng nay, o- cetoglutarat cua chu trinh acid citric dugc trao ddi
amin nhd enzym transaminase dé tao thanh glutamat theo phan ang 1.

Glutamat dugc khii carboxyl nhé enzym glutamat decarboxylase dé tao thanh
_ GABA (theo phan ing 2):

Acid a-amin = Acid a-cetonic

HOOC-CH,-CH,-C-COOH LA HOOC-CH,-CH,-CH-COOH |
{ Transaminase ]
0 (1) NH,
Acid a-cetoglutaric ‘ Acid glutamic

Glutamat decarboxylase’

HOOC-CHQ-CHQ-(llH-COOH <seiee-> HOOC-CH,-CH,-CH,-NH, + CO,
. @) ’
NH,
Acid glutamic Gamma- aminobutyric acid (GABA)

GABA 1a mot chat din truyén than kinh loai tc che va glutamat 1a mot
chit dan truyén than kinh loai kich thich, c6 thé tham gla vao cac con duong
chuyén héa chung & t& bao hinh sao. Glutamat cling c6 thé dudc bién d6i thanh

glutamin nho enzym glutamyl synthetase, dudc cung cip ning lugng bdi ATP
theo phan ting 3: .

ATP ADP + Pi \
HOOC-CH,-CH,-CH-COOH + NH; _ _/_; HZNOC-CHZ-CHfCH;COOH
Glutamyl synthetase '
NH, 3) - NH,-
Acid glutamic Glutamin

Sau do, glutamln dudc van chuyén dén cac tai tién synap.

Trong qué trinh tic ch& than kinh, glutamin lai dugc thuy phan bdi
enzym glutammase thanh glutamat va NH, theo phén ting 4:

Glutaminase
H2NOC-CH2-CH2-(‘3H-COOH + H,0 -------- > HOOC CH2 CH,-CH-COOH
' ‘ 4 1 -
- NH2 - et B ! c »,N:!-IZ- : + NH3
Glutamin Acid glutamic
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Sau do, glufamat lai dudgc bién d6i theo phan ting 2 thanh GABA 4§ ti
tién synap dé tham gia qua trinh tic ché& than kinh. Nhu vay, glutamat dugc
coi nhu mét chit trung gian trong qua trinh chuyen héa cua GABA.

Trong qué trinh kich thich thin kinh & tdi tién synap, glutamm blen
thanh glutamat theo phan ting 4. : : ,

Sau khi phat huy tic dung, GABA dudc thoai héa thanh succinat
semialdehyd nhd su trao déi amin véi acid a-cetonic, g1a1 phéng acid amin
theo phan ing 5:

: Acid a-cetonic Acid amin - | |
HOOC-CH,-CH,-CH,-NH, LZ} H.OOC-CHz;.CHz-CHQ
GABA ' Transaminase Succinat semialdehyd
(5) ‘

Succinat semialdehyd dugc tao thanh s& bi oxy héa thanh acid succinic
(succinat) theo phan ting 6: : :

H,0, NAD* =~ NADH.H*

HOOC-CH,-CH,-CHO »  HOOC-CH,-CH,-COOH
Succinat semialdehyd Dehydrogenase Succinat ‘

(6)

- Succinat dudc tao thanh sé duge tlep tuc thoai héa trong chu trinh acid
_g\trlc (Hinh 21.3). :

.' Dudi gai neuron _ ' : Sai truc
I Synap Tui tién synap @

GABA Glu Gin

T& bao _ GABA |
. co +NH:
hinh sao 2 @) . 4.
) Glutamat e — \ Gl
Oxoacid Gin synthefase
Amino acid % 1 )
a. - cetoglutara %

(3)
Chu trinh citric ﬁ

Nhanh
chuyén hoéa
cla GABA

Oxoacld

w. Amino acid |

- Oxaloacelat Succinat Succinat

\ / R \©)_ oo
: &

. : 4 .
Hinh 21. 3. Su chuyén héa clia GABA va glutamat trong t& bao than kinh
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3.2. Cac chit dan truyén thin kinh phan t& 16n (cac peptid than kinh)

Cac chit din truyén than kinh phan t 16n c6 ban chat peptld con goi la
pepid than kinh (neuropeptid) thudng duge téng hop tit cac phan ti protein
16n hon, sau d6 duge thuy phan cit dit bét chudi peptid dé tao thanh cac
peptid cb phan td nhé hon. Do dé, su tong hop chiing doi hoi cdn cé6 mot bd
may sinh tong hgp protem nhu sy sinh tong hop bat ky mot protein nao khac,
va nhu vay phai xay ra trong phan than t& bao than kinh, chi khéng xay ra

trong sdi truc than kinh.

Khac véi su tong hop cac chat dan truyén than kinh phan ti nho mbi loai
neuron cé thé téng hdp duge mot hodc vai peptid thin kinh. Cac peptid than
kinh thudng c6 vai tro lam trung gian cho cac dap Ung vé cac cAm giac nhu déi,
khat, tinh duc, vui, buon yéu thudng, dau dau khd, .

Mot s6 peptid than kinh dli(_jc th4y trong m6 nao 1a: chat P, cic endorphin,
cac enkephalin, somatostatin, angiotensin I, angiotensin II, ..

3.2.1. Chét P |
Chat P (substance P) 12 mét peptid c6 11 acidamin, cé cdng thiic ciu tao 1a:
Argl-Pro-Lys-Pro-Glu-G'rlu-Phe-Phe-Grly-Leu-Met11 .

Chat P 1a chit din truyén than kinh loai kich thich, c6 vai trod truyen
cam giac dau.

3.2.2. Cacendorphin

Trong s8 cac peptid than kinh dang chi ¥ nhat dudc bai tiét bdi thuy
trudc tuyén yén la cac opioid peptid, sd di ching cé tén nhu vay béi vi ching cé
tac dung gi6ng nhu opiat trén hé théng thin kinh trung wong. Céac chit nay
bao gdm mot s6 endorphin, trong doé B- endorphln véi 31 acid amin, cb tac dung
giam dau manh nh4t. Céng thic ciu tao caa B- endorphm la:.

Tyr! -Gly-Gly-Phe-Met5-Thr-Sex_'-Glu-Lys-SerlO-Gln”-Thr-Pro-Leu-
Val*®-Thr-Leu-Phe-Lys-Asn?’-Ala?!-Ile-Val-Lys-Asn?°-Ala-His-Lys-
Lys-Gly*-Glu®!

B-endorphin ¢6 nghia la morphln néi sinh (endo = endogenous = nbi sinh,
orphin = morphin), c6 tac dung giam dau g&p hang trim lan morphin.

B-endorphin 14 din xu4t cia hormon B- lipotropin (8-LPH) ctia thuy truée
tuyén yén. B-LPH c6 91 acid amin va 13 tién chit ctia B-endorphin, khi bi thuy
phan bdi enzym protease sé& giai phéng ra B-endorphin (doan peptid tit acid’
amin 61 dén acid amm 91).

Cac chét-nay- gan vae-eac-opiat receptor trong néo va the hién tac dung
giam dau rat manh mdi khi cé kich thich dau.
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3.2.3. Cdc enkephalin

Enkephalin 14 cAc pentapeptid, gom hai chit. M6t enkephalin cé dau tan
N 14 Met dugc goi 12 methinin-enkephalin va enkephalin cé dau tan N la Leu
dugc goi 1a Leu enkephahn Cong thiic hai enkaphalin nay la

Tyr!-Gly- Gly-Phe- Met®
Methionin- enkephalm (Met enkephalm)
Tyr'-Gly-Gly-Phe- -Leu®
Leucin-enkephalin (leu-enkephalin)

Enkephalin ciing c6 tac dung giam dau kiéu opioid.

3.2.4. Somatostatin

Somatostatin 12 mét peptid duge bai tiét § viing hypothalamus, c6 14 géc
acid amin vé6i 1 cAu néi disulfur gitta 2 Cys & vi tri s6 3 va 14. Cong thic ciu
tao clua somatostatin 1a:

Ala'-Gly-Cys3-Lys-Asn-Phe-Phe-Try- Lys Thr-Phe-Thr-Ser-Cys'*
| S 'S | '
Chiic niing ctia somatostatin 14 tc ché su bai tiét hormon ting trudng (GH).

3.2.5. Angiotensin I va angiotensin IT
Angiotensin I va IT 1a ééc oligopeptid c6 cong thiic cdu tao la:
— Angiotensin I gbm 10 g6c acid amin:
Asp'-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu®

— Angiotensin II 1 san phdm thuy phan ctia angiotensin I bdi enzym
chuyén angiotensin, gdm 8 géc acid amin:

Asp!-Arg-Val-Tyr-Ile-His-Pro-Phe®

Chiic ning cua angiotesin 12 co mach, ting huyét a4p va gidi phéng
aldosteron tit v6 thugng than.

Sau khi dugc tong hgp, cac peptid than kinh sé theo s¢i truc than kinh di
xudng ving soi tién synap.

Cb hai co ché& van chuyén cac peptid than kinh xuéng sdi truc: van chuyén
chat dan truyen than kinh peptid véi t6c d6 nhanh khoang 400 mm/ ngay va
van chuyén véi t6c d6 cham khodng tit 1 d6n 5 mm/ ngay. Vi cac loai sdi truc co
do6 dai rdt khac nhau: tit 1 mm dén 1 m nén thdi gian van chuyen mot chat din
truyén than kinh peptid c6 thé kéo dai tit 150 miligidy dén 200 ngay.
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Trinh bay su chuyé'n héa cac chit trong mé than kinh.

‘Trinh bay cd ché& din truyén xung dong than kinh.

Trinh Bé\y cac chit din truyén than kinh hoat héa va ftic ché.

Trinh bay chuyén héa ctia cic ¢hat din truyén than kinh phan ti nhd.

‘Trinh bay ciu tao va chiic nang ctia mdt sd chit din truyén than

kinh phén tt 16n.



Chugng 22

HOA SINH CAC DICH SINH VAT

1. DICH NAO TUY

Dich ndo tiy dudc hinh thanh nhu mét qua trinh sidu loc cua huyét
tuong nhd dam réi mach mac (hang rio mau nio). Dich néo tuy cé trong néo
that, 6ng tiy va khoang duéi nhén. Dich ndo tiy thudng xuyén dudc tao ra va
tu tiéu di do sy hap thu dich cta vili méng nhén (arachnoid vili) néi lién véi-
xoang tinh mach n&o & nfo va tiy séng do dam réi tinh mach quanh séng.
Lugng dich ndo tuy dudc tao thanh la 500ml/ ngay. Dich no tay cé tic dung
bao vé trung uong than kinh trudc cac bién ddi ap luc va sang chan. '

1.1. Tinh chéit cta dich néo tuy

3 ngudi trudng thanh binh thudng, lugng dich ndo tiy khoang 150ml.
Tré em ludgng dich nio tay it hon, khoang 30 - 60 ml & tré mdi sinh, khoang
100ml & tré trude 1 tudi.

Dich n&o tay & viing nio that va tiy séng lung c¢6 khac nhau.

Dich n#o tiy ctia ngudi binh thudng trong subt va khéng mau, ty trong
1,003 - 1,008.

Ap lyc dich néo thy song lung khoang 80 - 180 mmH,0 & tu thé ndm. Khong
duge phép rit nude néo tiy qua 10 - 12 ml 8 ngudi 16n va 3 - 5 ml § tré em..

1.2. Thanh phan héa hoc

1.2.1. Protein

Khoang 80% protein trong dlCh néo tiy cé ngudn géc huyet tuong, ching
duge khuéch tan qua hang rao mau ndo. Phin con lai duge téng hgp trong nao
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thy. Su thim th&u cta protein qua hang rao mau néo phu thudc theo tudi. o)
ngudi trudng thanh, néng d protein: toan phan trong dich ndo tiy khoang
1/250 ctia huyét tuong. Néng d¢ protein toan phan, albumin va IgG trong dich
ndo tiy dudc trinh bay 6 bang 22.1.. - - ,

Néng d6 protein toan phan trong dich néo ty ting trong mot s6 truong
hdp bénh ly (bang 22.2). . '

Trong dich néo tiy c6 mét s8 protein quan trong ma su thay d6i néng dd
~cac protein nay trong dich nfo tuy c6 § nghia trong chan doan bénh. Néng do
céc protein nay trong dich néo thy dudc trinh bay & bang 22.3.

Bang 22.1. Ndng do protein toan phan, albumin, IgG trong dich nZo tdy theo tudi
: ( theo Thompson & Keir 1990)

Tudi Protein toan phén Albumin I9G
: mg/l mgl/l mg/l
X sb | X SD X SD

Trudc sinh
27 — 30 tudn ' 1390 770
32 - 36 , 1200 490
36 — 40 930 | 290
Sau sinh >
0-1tudn 770 160
1-4 660 160
1 - 3 thang . 450 130
3-6 . 290 - 40
6-12 270 70 ,
1 - 16 tudi 220 50 105° 29
17-30 367 63 170 46 17 4
31-40 363 61 179 50 21 7
41-50 : 433 79 204 57 | 24 8
51 - 60 ‘ 479 94 242 56 27 9
61-77 526 o132 238 73 26 9

N6ng do6 protein trong dich néo tdy tiang vi bén nguyén nhan sau day:

— Tang tinh thdm thau ctia hang rao mau ndo, thudng gip trong cac
truong hogp viém. : '

— Giam dong chay ctia nuéc ndo tuy xay ra trong triibn_g hop téc do khéiu
" hoic ap xe tuy. . o

— Phan {ing cla cd thé, hau qua cla sy ting t8ng hop globulin mién dich. .

~ Su phé hiy ctia hé théng trung uong than kinh, tach rdi cac protein clia
t& bao ndo vao nudc nio tuy. o : '
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Bang 22.2. Nguyé&n nhan tang protein toan phan nuéc néo tay

Nhiém trung
Viém mang néo nhiém khuén
Viém mang néo do lao
Viém mang n&o do ndm
Viém mang nao do virus
Viém néo do virus
Nhi&m triing Ky sinh tring .
. ~ Ap xe nao.
P Bénh ac tinh
_ . U hé théng than kinh trung uong
Tham nhiém mang nao.
Giam doéng chdy ciia nudc néo tuy
U tay ’
N3o Gng thay
: v ~ Céac nguyén nhéan khac:
’ Héi chitng Guillain — Barré.
‘ Neurosarcoidosis..

- Bang 22.3. M6t s6 protein quan trong trong nudc néo tiy

Protein , Néngdo
| Proteintoanphan | Lién quan véi tudi xem bang 22.1

: Albumin Lién quan vdi tudi xem bang 22.1

Immunoglobulin G- ' Lién quan véi tudi xem bang 22.1

C reactive protein ' 1,5 — 37 pg/L '

B2 - microglobulin 0,6 -2,1mg/L

a2 - microglobulin , 1,0 -6,4 mg/L

Immunoglobulin A 0,4-4,2mg/L

Immunoglobulin M 0,6 mg/L

D- neopterin < 3 nmol/L

Prealbumin (transthyretin) 4 - 31 mg/L

Protein phdn itng C (C reactive protein : CRP) Ja protein dugc tong hgp
& t& bao gan. Su téng hop ting bdi cytokine, duge tach roi tit dai thyc bao trong
qué trinh viém nhiém. CRP khéng dudc tdng hgp bdi t& bao bi viém nhiém.
Néng d6 CRP c6 thé ting t6i 600mg trong trudng hop viém nio nhiém trung.

Neopterin va S,- microglotulin

Neopterin 12 san phé'{m_ oxy héa caa D 7,8-dihydroneopterin béi dai thuc
bao. Nong dd neopterin ting trong nio tuy thudng gip trong cac bénh nhiém
tring, nhidm virus, nhiém nidm két hgp véi dap ting mién dich t& bao.
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B, microglobulintdng thudng két hgp véi su c6 mét bach cu lympho da
dudgc hoat héa trong hé thin kinh trung udng, hodc do tdng su tao thanh
ching. Xac dinh noéng d6 B, microglobulin cé thé phat hién s6m di can
lymphoma va sy tién tridn leukemia dén hé théng than kinh.

Enzym trong dich no tiy déu c6 ngudn goc ti huyét thanh, nhdng t& bao

cau tao hé thong than kinh hoic t& bao khéi u va viém. Enolase dic trung cua

neurong isoenzym creatin kinase BB, 1soenzym lactatdehydrogenase (LDH) la

nhiing chi thi khong d#c trung cho mic do tén thuong t& bao ndo. Hoat dd cac, .

enzym trén cé thé tang trong nudc nao tuy cia bénh nhin viém mang nio
nhidm khudn va ca trong cac khéi u 4c tinh cta phdi Va via.

1.1.2. Glucose

Néng d6 glucose trong dich ndo tiy thit lung ciia nguoi binh thudng chi
bing 60 — 80% clia huyét thanh. Dich n#o tiy gin n#o thit ndng d6 glucose
gan bing huyét thanh hon.

Néng db glucose trong dich no tuy ting trong cac truong hop: dai thao
dudng, dac biét trong hon mé do dai thao dudng, trong viém néo, dong kinh,
mua vn, cic u ndo, xudt huyét nio, ting huyét ap.

Néng d6 glucose trong dich ndo tiy gidm gip trong cic truong hop viém
mang nio. Do nhiém khuén: nio mé cdu, ph& ciu, lién cau, do lao. C6 trudng hgp
viém mang nao nhlem khuin ndng d6 glucose giam t6i 1mmol/, trong khi viém
mang nio do virus néng dd glucose trong dich néo tiy gdn nhu binh thuong.

1.1.3. Lactat

Néng dd lactate trong dich néo tay thit lung ngudi binh thudng 1a 1,1 —
2,4 mmol/l. Nong d6 lactate > 3,5 mmol/l trong céc truong hgp viém mang néo
nhiém khuan < 3mmol/l thudng gép trong viém mang nio do virus.

1.1.4. Lactatdehydrogenase (LDH)

- Viéc x4c dinh hoat d6 LDH trong dich ndo tiy c6 y nghia va nhay hon d61
v6i xac dinh néng d6 lactate. Tuy nhlen viéc xac dinh hoat d6 LDH khong dudc
phé cap rong rai.

1.1.5. Cdc chdt vé co

Clo (CI) trong dich nio tuy binh thubng cao hon trong huyét thanh.
Khodng 120 — 130 mEq/l. Néng d6 Cl giam trong viém mang néo, viém nao,
viém tay xam va cac bénh khac trong hé than kinh trung uong. Néng do Cl
giam manh trong viém mang néo do lao.
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Calci (Ca*) trong dich ndo tiy ngudi binh thudng tuong d6i én dinh la
2,43 £ 0,05 mEq/l, Néng 46 Ca* ting trong viém mang nio mu hoic do lao,
trong chén thudng so n#o, xuit huyét nio. Néng d6 Ca?* gidm trong co giat,
cOl1 xuong.

Magne (Mg®') trong dich ndo tiy 1a 2,4 + 0,14 mEq/l cao hon trong
huyét thanh.

Néng d6 bicarbonat (HCO,) trong dich néo’tﬁyfddng dudng véi huyét
thanh, 1a 24 — 30 mEq/1.

2. SUA

Stia 1a chdt dinh dudng hoan hao nhfit, ¢6 gia tri dinh du6ng cao. 100ml
sita cung cdp 63 kcal. Cac tuyén sita chudn bi tiét sita ti khi c6 thai va bit
dAu tiét sita vao nhlmg ngay gin sinh. Qua trinh tao thanh va bai tiét sita phu
thudc vao sy kiém soat cia tuyén yen va tuyén sinh duc. Thanh phén cua siia
thay ddi theo thdi gian ké tit khi bt ddu dén khi th01 t1ét siia.

2.1. Tinh chat

Stia 1a dich c6 mau tring duc, c6 mui, vi dic biét. Ty trong cta siia
khoang 1,026 — 1,028 (& 15°C), pH ctia siia hdi acid (6,56 — 6,95).

2.2. Thanh phén héa hoc

Trong sita ¢é cac thanh phan proteln 11p1d glumd chc chat khoang va
cac vitamin. . ‘ T

2.2.1. Protem Néng d6 proteln trong siia me khoang 1 — 1 5g/100m1 Protein
cta sita c6 the chia thanh 3 nhém: casein, lactoalbumin va lactoglobuhn

Casein la thanh phéin protein quan trong nhit trong sita, 14 protem chia
nhiéu nhém phosphat, chinh cic nhém phosphate nay c6 tac dung c6 dinh ion
calci , casein dé hoa tan. Bing ky thuat dién di c6 thé phan tlch dudc a, B, Y
caseln Céc casein déu 12 cac polymer va giiia cAc monomer n01 v6i nhau bang
cau disulfur. Trong thanh phén casein ¢6 nhiéu acid amin cin thiét.

Lactoalbumin va lactoglobulin khac casein 1a khéng chida nhiéu
phosphat, nhung lai chtta nhiéu luu huynh. Cé hai loai a, B-lactoalbumin,
trong thanh phan cadu tao cia ching c6 nhiéu tryptophan. Trong stia con cé
nhiéu peptid va cic acid amin tu do. ‘
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Bang 22.4. Thanh phan acid amin, V|tam|n chat khoang, aC|d beo
trong 100ml sita me ( sifa 8n dinh)

Acid amin Vitamin ‘ - Chat khoang
Lys - |110mg Vit A 254 |[UM Natri 15mg
Met 40 - | Retinol | 40pg Kali 41—
Tp 30 B carotene 30 ug Calci 34—
Phe 20 Vit D 2,2 1UM Phospho 15—
Thr 70 VItE .| 0,181LUM Magnesium 2-
Val 130 | vitK "1,51U" sat 01—
Leu 150 Vit B, 0,01 mg- Kém 0,4-
lle 110 Vit B, 0,04 mg Béng 0,014-
Arg 60 Vit Bs - : 0,01 mg Mangan 0,01 -
His 59 Vit PP (B,) 0,1mg Fluor = 25 ug
Cys 26 a.Folic(Bs) = |0,2ug lod 5,9ug
Tyr 82 - Pantothenic 210ug Acid béo o
Ala o8 V!t By : 0,03pg. a. palmitic 1,19
Asp 130 |viee 4ug® a. stearic 0,2-
Glu 264 . . '

a. linoleic 0,3 -

Gly 34 a. linolenic Vét
Pro 137
Ser 60

Cdc s6'liéu ciia Vién dinh dudng ( Thanh phén dinh dudng thitc dn, Nha xudt bin Y
hoc 1995), (1) Jean Hamburger.

2.2.2. Lipid

‘Lipid trong sita 13 mot hén hgp phic tap, chai yéu la triglycerid, cac lipid
trong siia cé ty trong thép. & trang thai nhii tuong héa, cac hat nhi tuong c6
kich thuéc khoang 0,5 — 10 p, trung binh 2 -3 p. Trong 1 lit sita c6 téi 2 ty hat
nhii tuong.

" Trong sila c6 nhiéu acid béo chua no cin thiét, c6 téi 20 loai acid béo
(bang 22.4) | '
Cholesterol khoang 0,20g/100ml.
~ Phospholipid, d#c biét 13 lecithin (19%), cephalin (0,02 — 0,05%).

2.2.3. Glucid

Glucid chinh ctia sita 1a lactose dudc tong hdp ] tuyen silia tu glucose cua
mau. Ndng d6 lactose khoang 7g/100ml. D$ ngot cua lactose kém hon 6 lan SO
v6i saccarose. Nong do glucose khoang 1g/ 100ml Trong siia con c6 mot s8 cac
oligosaccarid d#c biét cidn cho sy phat trién ctia mdt s8 vi khudn sinh acid
lactic (L- bifidus). Cac ohgosaccand nay chia N- acetyl glucosamin, L-fucose,
glucose va galactose. Vi khuén L — bifidus 12 vi khuén rudt dic trung & tré em
con bi, noé sé mat di khi tré théi-bi.
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2.2.4. Cdc chdt khodng

Céac chit khoang ctia sita ¢6 ¥ nghia rit 16n ddi véi su phat trién cia tré.
Siia chita nhiéu calci, phospho, kali. Cac chat khoang nay trong siia d& tidu
héa va hip thu, cha yéu ching 6 dang két hdp trong casein va phospholipid.
Lugng sit trong siia th&p khoang 1 — 2mg/1 nhung & dang cac hgp chat hiiu co
d& chuyén héa. Trong siia con ¢ cac yéu té vi lugng nhu coban, dong, kém, chi,
lod, crom, asen, titan, .

2.2.5. Cac enzym

' Trong sita me c6 cic enzym amylase, lipase, protease, galactase, catalase,
peroxzdase phosphatase, xanthmoxzdase

- 2,3. Stta non

Sita non dugc tiét ra it ngay sau s1nh Sita non khéc siia 6n. dinh vé néng
do va thanh phan protein. Sita non c6 ndng d6 protein cao, téi 28%, trong d6
cht yé&u 1a cac IgG khang thé, ching chlem t6i 40 — 50% protein toan phan.

3. DICH VI

Dich vi 14 hén hdp chat tiét cta cac t&€ bao tuyén bai tist cua da day. Qua
trinh bai tiét dich vi phu thudc vao cac hormon; gastrln secretin, cholecystoklmn
Cafein, histamin ciing c6 tac dung kich thich sy bai tiét dich vi. Ngoai ra s6 y Iugng
va tinh chat cua thiic 4n ciing c6 tac dung dén su bal tiét dich vi.

Trong cac t&€ bao tuyén da day, t& bao chinh bai tiét pepsinogen, té' bao
vién ving than va day da day bai tiét HCL, t& bao biéu mé va cac tuyén vung
tdm vi bai ti€t dich vi kiém, clorua bicarbonat, mucin.

3.1. Tinh chit cta dich vi
- Trong 24 gid da day tiét khoang 2 — 3 lit dich vi.
Mau sic: binh thudng dich vi trong suét, ¢6 mau sang, vang nhat.

pH cta dich vi 13 ti 1 dén 2.

3.2. Thanh phan ctia dich vi

Dich vi chita 97 — 99% 14 nuéc, con lai 14 muxin, cac enzym tiéu héa va
cac mubi vo cd.
3.2.1. HCl1

HCI1 do t& bao vién tiét ra, quyét dinh pH caa dich vi. HCI ton tai & dang -
tu do Va dang két hgp véi protein ma cha yéu 1a véi muxin. HCI duge tong hop
ti ngudn H* cta phan tng phan ly cia H,CO,, Cl tit NaCl ciia mau. H* dugc
van chuyén ra long da day bang cd ch& van chuyén tich cuc. Su bai tidt HC]
cua da day chiu &nh hidng ctia cAc hormon da day — ‘rudt, gastrin cé6 tac dung.
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kich thich, secretin, cholecystokinin va pancreozymin c6 tac dung tc ché su
bai tiét HC1. Néng d6 HCl cta dich vi thay ddi theo tinh trang bénh 1y cua da
day: viém loét da day, hanh t4 trang, da toan, cuong toan, cudng day than
kinh X,... D6 acid trong da day dugc dinh lugng theo phuong phap chudn d% 1a
két qua caa tong lugng HCI tu do, HCI k&t hop va cac acid yéu khac. Néng do
HCl1 = 40 mEq/L ' o | |

3.2.2. Cdc enzym thiy phén protein

— Pepsin }

Pepsin 1 enzym thily phan protein dugc: t€ bao chinh cua tuyén da day
ti6t ra dudi dang tién chét 13 pepsinogen, c6 M= 40.000 Da. Pepsinogen dugc
hoat héa thanh pepsin nhé HCl hodc tu hoat héa bing cach cit di 42 acid
amin. Pepsin ¢6 M= 33.000 Da. Trung binh 1 lit dich vi c6 khoang 1g pepsin.
Pepsin thity phan protein thanh peptid.

— Cathepsin

Cathepsin 14 enzym thuy phan protein, hoat dong thich hop & pH 3,9,
nén enzym ndy quan trong trong cac trudng hop do acid caa dich vi yéu (tré
em khi con bi me).

— Rennin

Rennin 13 enzym lam déng vén sita. Dudi tac dung cua Rennin, casein
chuyén thanh paracasein khong hoa tan, vi vay c6 tac dung khong dé sita qua
da day nhanh, tao diéu kién cho pepsin tac dung.

Rennin ¢6 chi y&u & tré em, ngudi 16n khong c6 rennin, tac nhén lam
déng vén sita 8 ngudi 16n 14 pepsin. ‘
3.2.3. Lipase

Dich vi ciing ¢6 mot it lipase ¢6 tac dung thiy phan lipid nhung khong
phai 1a vai trd chinh.
3.2.4. Mucin

Mucin — mucoprotein dugc cac t& bao nhiy ving tdm vi va mén vi tiét ra.
Thanh phan ch y&u clia mucin 14 cac glucoprotein, ching c6 tac dung bao vé
niém mac da day, bdo vé cac vitamin tan trong nuéc nhu vitamin B1, B12, C,
tranh sy tac dong ciia HCL va pepsin, gitp hap thu st va vitamin B12.

Trong dich vi cdn chia cac mudi vé cd, cac ion Na*, Ca**, K', Mg, CI,
ure, mot s6 acid amin, creatin va acid uric.‘ :

Trong cae trudng hgp bénh 1y c6 thé xuét hién acid lactic, acid butyric do
hep mon vi, sdc t6 mat do dich rudt trao 1én, mau tudi hoic mau den do chay
mau da day.

348



4. BACH HUYET
Bach huyét dugc tao ra tit huyét tuong nhd qua trinh loc qua thanh mach.

Dich bach huyét bao gém dich ctia hé bach mach, dich khe, dich ngoai
bao. Vi vay thanh phan cta dich bach huyét ¢6 khac nhau chit it theo nguén
gbc ctia né. ' o

Thanh phéin héa hoc ctia dich bach huyét

- Néng d5 glucose va ure trong dich bach huyét tuong tu nhu trong huyét
tuong.

— Céac chét dién ly: Na*, K*, Ca?, Mg®,Cl-, khac huyét tuong chut it.

— Néng d¢ protein trong dich bach huyét thap hon trong hgy& tuong va
khac nhau theo nguén géc ctia dich bach huyét. Thi du néng do6 protein trong
dich bach huyét 14y 6 chan 13 2 — 3g%, & rudt 1a 4 — 6g%, va & gan 13 6 — 8g%.

— Thanh phan lipid trong dich bach huyét chi y&u 1 cac lipid trung tinh.
Nong 6 thay d6i theo ngudn goc ciia dich. Sau khi &n néng db lipid trong dich
bach huyét ctia rudt va 6ng nguc ting rat cao, 1am cho dich bach huyét & day

¢6 mau duc nhu sita. D6 14 cac lipid ctia thic &n .

Béng 22.5. Nong do mot s6 chit trong dich bach huyét so vdi huyét tuong
' (trong 100ml) -

- Cacchat Dich bach huyét 6 Dich bach huyét & Huyét tuong

b . ving co : ong nguc
N | esq | ea . » _édg

Protein 29 49 - 75g
Fibrinogen ~ . 40 mg ' 300 mg
Glucose : 100 mg 110 mg : 100 mg
Na* : 330 mg 330 mg , 320 mg
K* 23 mg 24mg 20 mg )
Ca™ 10 mg 11 mg <77 10mg
Mg* 3mg 3mg 1,8 mg
crr 420 mg - 410 mg 370 mg -
Phospho vé co 3mg v 4 mg 4 . 307mg

CAU HOI ON TAP
1. Trinh bay thanh phan héa hoc ctia dich n#o tay.
2. Trinh bay thanh phan héa hoc ctia sita me.
3. Trinh bayrthanh phimcta dich o1
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