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LOI GISI THIEU

Thyc hién mot s& diéu cua Luat Gido duc, B Gido duc & Dao tao va Bo Y té&
da ban hanh chuong trinh khung d&o tao Dudc si dai hoc. B Y t& td chitc bién
soan tai liéu day — hoc cac mén cd sd va chuyén mén theo chuong trinh trén nham
tung buée xay dung bd sach dat chuan chuyén mén trong cong tac dio tao nhan
luc y té.

Sach HOA SINH HOC dudgc bién soan dua vao chucng trinh gido duc ciia
Trudng Dai hoc Y — Dude Tp Hb6 Chi Minh trén co sé chuong trinh khung da dudge
phé duyét. Sach duge cac giang vién cé kinh nghiém tAm huyét cua bd moén Hoa
Sinh, khoa Dudc bién soan theo phuong chidm: kién thic co ban, hé théng; noi
dung chinh xac, khoa hoc, cap nhat cac ti€n bd khoa hoc, kyj thuat hién dai va thuc
tién Viét Nam.

Sach HOA SINH HOC da duge Héi dong chuyén mén tham dinh sach va tai
liéu day - hoc chuyén nganh Dudc cia B Y t& tham dinh nam 2007. B6 Y t& quyét
dinh ban hanh la tai liéu day - hoc dat chudn chuyén mén cua nganh trong giai
doan hién nay. Trong thdi gian ti 3 dén 5 nam, sach phai duge chinh 1y, bd sung
va cap nhat,

B6 Y t€ xin chan thanh cam on cac tac gia va Héi dong chuyén moén thim dinh
da giip hoan thanh cudn sach; Cam on PGS.TS. Bach Vong Hai, PGS.TS. Dao
Kim Chi da doc va phan bién dé cudn sach sém hoan thanh kip thai phuc vu cho
¢Ong tac dao tao nhan luc y té.

Lian diu xuit ban, ching téi mong nhan dude y kién dong gép cua déng
nghiép, cac ban sinh vién va cac ddc gia 46 1an xuat ban sau sach dudc hoan
thién hon.

VU KHOA HOC VA PAOTAO-BO Y TE



LOI NOI PAU

DE cung cdp tai liéu cho sinh vién dai hoc Dudc hoc tap thuan loi; Bé mén Hoa
Sinh khoa Dudc, Pai hoe Y — Dude TP. H6 Chi Minh da xudt ban phan 1 (Hoa Sinh
ciu triic) tiép theo phan 2 (chuyén hoa céic chit va hoa sinh mét s co quan) nham
cung cap day du tai liéu hoc tip mén hoa sinh cho sinh vién Dude nam thii ba,
sinh vién hé tap trung béh nam va ciing ¢6 thé dung lam tai liéu tham khao cho
can bo Y — Dudge.

Trong phan 2 nay, sach dude cac nha gido ¢6 nhiédu kinh nghiém va tAm huyét
tham gia bién soan, sach duge chia lam 11 chuong gidi thiéu vé chuyén hoa cua
glucid, lipid, protein va acid amin, hemoglobin, acid nucleic cing nhu sy 11én quan
va diéu hoa chuyén hoa cua cac chat. Phan 2 nay ciing dé cip dén chuyén hoa
mud) nudc, thing bang acid—base va hod sinh mét s8 c¢d quan: hoa sinh than va
nude tiéu; hoa sinh gan va hoa sinh mau.

Trong qua trinh bién soan, cac tac gia ¢b ging cung cAp nhiing théng tin cap
nhat trong linh vuc hoa sinh ciing nhu mét sé cau hdi tu ludng gia dé sinh vién cé
thé tuy danh gia kha nang cia minh.

Mic didu da hét stc c6 ging, nhung chac chin sach con nhiing khiém khuyét
trong qua trinh bién soan. Do vay, ching téi chin thanh mong muén nhan dudc
nhiing y kién déng gép quy bau cla quy thay cd, sinh vién, cac ban déng nghiép va
déc gia dé 1an tai ban sau sach sé duge hoan thién hon.
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Chuong 1
CHUYEN HOA GLUCID

MUC TIEU

1. Viét duoe so do va xde dinh vai tro cia nhiing con dwo‘ng chuyén hod
chinh cua glucid.

2. Néu duoe y nghia va méi lién quan gita con duong duong phén va chu
trinh pentose.

3. Néu duoe dde diém chuyén hod glucid @ cde mo.

4. Trinh bay dudc cde qud trinh tong hop glucid trong ca thé.

5. Trinh bay dudc chuyén hod ctia frutose, galactose, mannose.

6. Trinh bay dude chuyén hod ctua glucid trong cdc truong hop sau khi dn,
khi daéi.

7. Trinh bay duge su diéu hoa va nhiing réi loan ctia chuyén hod glucid.

1. DAI CUONG

Chuyén hoa glucid 1a mdt trong nhiing qua trinh chuyén hoa quan trong trong
cd thé séng, cht yéu nham cung cip ning ludng cho té bao hoat dong. Ngoai ra su
chuyén hoa nay con cung cip nhiéu san phdm chuyén hoa trung gian quan trong.
Qua trinh chuyén hoa glucid c6 lién quan chit ché véi su chuyén hoa cac chat khac
trong co thé, nhat la d6i véi chuyén hoa lipid, acid amin va acid nucleic.

Nhu cau glucid ctia ngudi trudng thanh la 300 — 500g trong 24h. Khi tang
luong lipid va protid trong kh&u phéan an thi nhu ciu glucid ¢6 thé giam thap.

Trong cd thé ngudi va dong vat cao cap, glucid ton tai dudi ba dang:

— Dang di trii la glycogen, tap trung chu yéu 6 gan va cd.

— Dang van chuyén la glucose tu do trong mau va cac dich cua co thé.

— Dang tham gia cfu tao trong céc té chiic ctia cd thé.

1.1. Ngudn glucose ctia pe-thé

e Ngudn glucose ngoai

L no L:Eki ”’UME!%LNhﬁL an, bao gom:
HUBT
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— Tinh bat: 1a thic an glucid chi yéu cia ngudi, cé trong cac hat ngi cée, cu.
— Glycogen: ¢6 trong cac té chiic va co dong vat.
~ Cellulose: ¢6 trong rau va mot s6 qua.,

Cac disaccarid: thudng gap 13 saccarose (dudng mia), lactose (dudng siia),
maltose (mach nha)...

Cac monosaccarid ¢6 trong thic an véi lugng it, thuong gap la glucose (nho),
fructose (trai cdy), mannose, ribose...

Su tiéu hod va hdp thu glucid

Qua trinh tiéu hoa glucid ti thite an thuc chat 14 qua trinh thuy phdn cdc
polysaccarid va disaccarid duéi tic dung cua cic enzym 6 dudng tiéu hoa thanh
cac monosaccarid. Enzym thily phan tinh bét va glycogen la amylase cua nudc bot
va dich tuy. C6 hai loal amylase 12 a—amylase va f—amylase. B—amylase ¢ trong
mot s& thuc vat, a—amylase cé trong nuée bot va dich tuy, ca hai déu thuy phén
lién két o—1—4. p—amylase tac dung 8 phan dau mach nén dude goi 12 exoamylase.
a—amylase thi thily phén cac lién két 6 gitia nén cé tén 1a endoamylase, d hé théng
tiéu hoi a—amylase 12 enzym thuy phan amylose va amylopectin (thanh phan cia
tinh bdt va glycogen) cho maltose. o—amylase 14 enzym cidn Ca*. Vi a—amylase
khéng cit duge lién k&t o—1—6 nén san pham trong qua trinh thuy phan
amylopectin 13 cac oligosaccarid (dextrin). Rudt chi c6 thé hap thu monosaccaraid
nén oligosaccarid tiép tuc dude thuy phén tiép boi cac oligosaccaridase cua rudt
non. Cac disaccarid trong thtc an nhu lactose va saccarose cung véi cac san pham
thuy phan cua tinh bdt va glycogen sé bi thuy phdn duéi tac dung ciia maltase,
saccarase, lactase dé cho san phidm cudi cing 12 cic monosaccarid chd yéu la
glucose va mot s6 it-fructoee va galactose. Su thi€u hut lactase & rudt dan dén tich
tu lactose gay tiéu chay khi dung lactose vi lactose khong dudgc hap thu s€ 1én men
béi vi khudn va ap lyc tham thiu ting gay hidt nude vao long rudt.

Tat ca cac monosaccarid déu duge hap thu hoan toan & rudt non, su hap thu
té6t nhat 6 phAn dau cta rudt non. Téc d6 hap thu cua cic monosaccarid:
galactose(110) > glucose (100) > fructose (43) > mannose (19) > pentose (15-19).

Su hap thu cé6 hai cd ché gom (1) su khuéch tdn don gidn phu thude vao
gradient néng d6 chia monosaccarid gitia t& bao mang rudt va mau: (2) s¢ vén
chuyén tich cuc khéng phu thude vao gradient ndng d6, ina phu thudce vao nang
lugng cung cip, cd ch& nay xay ra déi véi glucose va galactose.

Su hap thu monosaccarid ¢ rudt non ciing bi anh hudng bdi mét s& tac nhan
nhu thyroxin lam ting qua trinh hap thu cac hexose hay su thay déi ndong d6 cua
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cAc cation dic biét 1a K* lam tang hip thu glucose. Su hap thu cac hexose t61 uu
khi ¢6 mit cac vitamin nhém B nhu thiamin, pyridoxin va pantothenic acid.

e Nguon glucose néi sinh

Nguén carbohydrat néi sinh chinh la glycogen ctua gan. Ngoai glycogen trong
¢d thé con ngubn carbohydrat nhé 1a galactose, mannose va pentose. nhiing chat
nay ¢6 kha nang chuyén thanh glucose.

Ngoai ra, trong cd thé con c¢6 nhiing thanh phan khéng phai carbohydrat cé
kha niang tao glucose nhu (1) cac acid amin, né dugc xem la mét trong nhing
ngudn nguyén lidu dé téng hdp carbohydrat, (2) lipid, cac acid béo khéng c6 kha

ning chuyén thanh glucose, nhung phan glycerol dudc xem la nguén tao glucose.

1.2. St dung glucose ctia co thé

Thoai hod

Dé cung cap nang luong cho co thé, glucose bi thoai hoa hoan toan thanh CO,
va H,0 (dudng pyruvat), qua trinh nay xay ra & tat ca cic ma.

Téng hop dang du triz

Khi khéng c¢6 nhu cAu nang ludng khan cidp hay nhu ciu téng hop cac san
pham dac biét, thi lugng thita glucose sé duge du trd duéi dang glycogen & gan va
mé. Ludng glycogen du trid trong c¢d thé ¢6 gidi han, khi vudt giéi han nay lugng
glucose thira sé dugc chuyén thanh acid béo va du trit duéi dang triglycerid trong
mo ma.

Stz dung téng hgp cdc thanh phan khdc

Mot phan glucose dude stt dung dé téng hop:

— Ribose va deoxyribose can cho téng hop acid nucleic.

— Mannose, glucosamin, galactosamin, neuramic acid (thanh phan cua cac
mucopolysaccarid va glycoprotein).

— Glucuronic acid (tham gia trong cac phan ing khu ddc — detoxication).

— Galactose (trong thé.nb phan cua glycolipid va lactose).

— S dung téng hdp acid béo va acid amin. (1) C6 nhiéu acid amin khéng ¢
trong khau phin an, nhung van xuit hién trong thanh phan protein cia mé cd
thé, d6 1a nhiing acid amin do co thé tu tdng hop. Cac acid amin nay dude tong hap
tit khung carbon 14 glucoge Way chat chuyen Hod clia glacose. (2) Qua trinh chuyén
glucose thanh acid béo xay ra khi vugt qua-gidi han du trii & dang glycogen.
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2. THOAI HOA GLUCOSE

Trong t& bao cua cac td chic, glucose tu do dude tao ra mdot phan do thoai hoa
glycogen (it) hoac do t€ bao 14y tir mau ngoai bién vao. Glucose chi cé thé di vao con
duong thoai hoa khi né & dang glucose—6—phosphat. Tit glucose—6—phosphat cé thé theo
nhiéu con dudng thoai hoa nhu (1) Con dudng duong phén (glycolysis), (2) Con duong
Hexose monophosphat hay chu trinh pentose phosphat, (3) Con ducsng Uronic acid.

2.1. Thoai hoa glucose theo con duong dudng phan - glycolysis

2.1.1. Puong phan-Glycolysis

CH,CH
Qua trinh oxi hoa glucose G @
dén pyruvat goi la qui trinh Phosphoryl hoé OH
duong phan (glycolysis). Phan Hexokinase D - Glucose
ing dau tién cua con dudng 0P cho B
duong phan la phan Ung L
phosphory! hoa glucose ¢ C—6 bai G6P OHOH

hexokinase. Tié€p theo glucose—6— (@ Isomerhoa
phosphat dudge 1some hoa thanh Phosphoglucaisomerase
fructose—6—phosphat va fructose—

6—phosphat dude phosphory! hoa

Glucose - 6 - phosphat

ti€p tuc dudi tac dung enzym * < ocH; 0 CH.OH

phosphofructokinase cho fructose Fep

1,6-diphosphat. Qua trinh @Phosphorylhoé_ @ Fructose 6 — phosphat
p » . Phosphofructokinase

phosphoryl hoa vé su tham gia

cua 2 phan tiu ATP va su hién P

dién cua Mg?*. Duéi tac dung cua OCH

aldolase, fructose 1,6—diphosphat FDP w

bi pha 61 tha I ma an dol

! phan déi thanh hai manh 3C @maﬁ' mese_w diphosphat

la glyceraldehyd—3—phaosphat

(G3P) va dihydroxyaceton 1

phosphat (DHAP). Chi c¢6 G3P E—

L .. , . N DHAP > G3P

tiép tuc thoai hoi. Su can bang (B Isomer hoa

thanh phfin hai loai triose— (|3H20 <F> Triose phosphat Isomerase C'TI

phosphat nay duge diéu khién bsi  €=0 o

triose—phosphat isomerase do d6 Ch2OH CH,0 &

ca hai triose tif hexose déu.cé.thé Dihydroxyaceton. phosphat Glyceraldehyd — 3 — phosphat

duge su dung hoan toan. Mat Hinh-7\1. Budng phan - Glycolysis
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khac dihydroxyaceton phosphat c¢6 thé chuyén hoa theo dudng khac, d6 la

khi ¢6 sy hién dién DPNH enzym glycerophosphat dehydrogensase sé khu

dihydroxyaceton phosphat thanh glycerol cung cap cho téng hgp lipid (hinh 1.1).

G3P tiép tuc bi oxi hoa
va phosphory! hoa dudi tac
dung glyceraldehyd — 3 -
phosphat dehydrogenase cho
1.3 — diphosphoglycerat va
gial doan nay tao ra mot
NADH H*, trong diéu kién
hidu khi NADH H* sé di vao
chudi hd hap t& bao tao ra 3
ATP. 1,3 —
diphosphoglycerat ¢6 xu
huéng chuyén nhém acyl —

phosphat cho ADP
dé tao ATP va phan
Ung nay xuc tac bal

phosphoglyceratkinase. Pén
thdi di€ém nay téng s6 ATP
A bai duong
glvcolysis 1a 0. Con duong

tao ra con
glycolysis that su cho nang
lugng @ cic phan 1ing con lai.
3—phosphoglvcerat qua gia
doan 1somer hoa cho 2-
phosphoglycerat va tiép tuc
bi khu nudc bdi enolase cho
(PEP).

xuc

phosphoenolpyruvat
Cudl cung véi tac
pyruvat kinase tiép tuc qua
trinh phosphoryl hoa ¢ mtc
cd chat, PEP chuyén
phosphat cho ADP va cho

pyruvat ¢(hinh 1.2).

2| G3P

Oxi hoa va
phosphoryl hoa

Glyceraldehyd — 3 - Phosphat

dehydrogenase
v
2 | DPG
@ Phosphoryi hoa &
mire ¢o chat
Phosphoglycerat kinase
v
3PG
Isome hod

Phosphoglycerat mulase

(®) Dehydrat hoa
Enolase

Phosphoryl hoa
@® d e o chat

Pyruvat kinase

A 4

<:::’ ATP

Pyruvat

NAD Glyceraldehyd - 3 ~ phosphat

0
NADH, N _.
¢-olp
CHOH

o B>

1, 3 — diphosphoglycerat

ADP
P
A coO-
bron
CH,0

3 - phosphoglycerat

coo-
-0
CH;O<:>

2 - phosphoglycerat

Cl)OCY
(Ni -0
CH;
ADP Phosphoenolpyruvat

Coo-

: =0

CH,
Pyruvat

Hinh 1.2. Buéng phan - glycolysis

2.1.2. Chuyén hod tiép tuc-ciia-acid-pyruvic

Trong diéu kién hiéu khi
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Trong diéu kién té& bao clia té chiie dude cung cip du oxy, acid pyruvic sé dudec
chuyén vio trong ty thé, 3 d6 né bi khi carboxyl oxy hoa thanh acetyl CoA. Sau dé
acetyl CoA ti€p tuc di vao chu trinh Krebs dé tiép tuc thoai hoa. Phan tng khu
carboxyl oxy hoa cua acid pyruvic thuc ra 14 mét chudi phan (ing duge xuc tac bai

mot phic hdp da enzym, phtiic hop ndy cé su tham gia cua cic coenzym: thiamin
pvrophosphat, NAD, FAD...

S Mg? CH,CO~§
CH:COCOOH + | _ Lipoic —r _Lpoic + €O,
acid pyruvic HS
CH3COM S HS\
| >lpoc + CoA-SH ——— | >Lipoc  + CHCO -S-CoA
HS HS
FAD NADH,
FADH, NAD
S
L> Lipoic

Trong diéu kién yém khi

Trong trudng hdp co ¢d yém khi khi ¢d van doéng cuong d6 cao hay ¢ nhing vi
khuan lactic séng trong diéu kién khéng c6 oxy, acid pyruvic bi khit thanh acid lactic.

C|OOH Lactic dehydrogenase ?OOH

(|: =0 /\ » CH~OH

CH:‘. NADH H” NaD® O
Acid pyruvic Acid lactic

Trong quai trinh 1én men rudu, acid pyruvic bi khi thanh etanol.

COOH H

| Pyruvat decarhoxylase | Alcol dehydrogenase

C=0 » C=0 » CH,0H

| N N

CH; CO;  ChHs NADH H* napt O
Acid pyruvic Acetaldehyd Etanol

2.1.3. Nang luong tao ra qua quad trinh thodi hod glucose theo con duong
duong phan

Qué trinh thoai hoa glucose theo con dudng dudng phan chii yéu nhiam cung
cip nang lugng cho té& bao hoat déng.

Nang lugng tao ra duge tap trung vao cic lién két phosphat gidu nang lugng
trong phan ti ATP.
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Glycogen Glucose

. - ATP
s P
lc ADP
Glucose — 3 - ——» Glucose -6 P
Fructose - 6 -
C ~ ATP
ADP
Fruc|lose -16-d®
v
Dihydroxyaceton — P Glyceraldehyd - 3 (B
Glycerol - P l 13-di (® glyceric acid
ADP

lecle'ro! NADH  H:o l—" > +ATP (x2)
3-® glyceric acid
2P glyceric acid
2-® enclglyceric

ADP
l—" > +ATP(x2)
Pyruwc acid
Acetaldehyd
2 Etanoi 2 acnd lactic Acetyl CoA
CT Krebs
NADH H*tx2 +12 ATP (x2)

CO; + H,0
Hinh 1.3. Nang lugng tao ra qua qua trinh thoéi hoa glucose theo con dudng dudng phan

Trong diéu kién hiéu khi c¢é du oxy, mét phan tid glucose thoal hoa hoan toan sé cho
26 ATP va 4 NADH2 (= 12 ATP) = 38 ATP. Néu ti glucose cua glycogen 1a 39 ATP.

Qua tinh toan trén ta thiy thoai hoa glucose mét cach hoan toan dén CO, va
H,0 (nghia 1a c6 syt két hop véi chu trinh citric va chudi oxy hoa khu té& bao) sé
cung cAp mét lugng 16n nang lugng duédi dang ATP cho té& bao.

Tuy nhién su thoai hoa glucose bing con dudng dudng phan trong diéu kién
yém khi (san pham tao thanh la acid lactic) cling ¢6 ¥ nghia vé phuong dién nang
ludng, bdi vi tuy né tao it ATP, song san pham thu dude l1a acid lactic sé duge co
thé st dung lai dé tai tao glucose cho qua trinh thoai hoa tiép theo. Vi vay con
duong nay van déng vai tro quan trong ve& phuong digh cung cAp nang luong (dic
biét 1a t6 chitc cd khi c6 hoat déng).
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2.1.4. Puong phan (glycolysis) 0 co — Chu trinh Cori

Co xucng ldy nang luong chu véu ti qua trinh thoai hoa glucose bang con
dudng dudng phan (glycolysis). Khi co hoat déng ging stic hay vdi cudng d6 nhanh
glycogen cua cd dudge huy déng phin giai cho glucose—6—phosphat dé thoai hoa tao
nang lugng. Nhung hé hd hap va tuan hoan khong cung cip dit oxy cho cd, dé oxi
ho4 hoan toan lugng glucose nay. Do d6, mét phan pyruvat sé khéng bi oxy hoa
ti€p tuc ma bi khit bai lactat dehydrogenase cua ca cho lactat. Sau dé lactat duge
phoéng thich vao mau va duge gan st dung dé tan tao glucose.

Lactat sau khi vao gan dudc oxy hoa thanh pyruvat, pyruvat tiép tuc tham gia
vao qua trinh tin tao glucose (gluconeogenesis) cho glucose. Glucose sau dé duge dua
vAo mau va van chuyén dén co dé téng hop dang glycogen du trit (hinh 1.4a va 1.4b).

Gan Mau Co
Glycogen
Glucose » Glucose - 6 - phosphat
Lactat « Lactat
{ (Tim)
CO, +H,0 CO, + H,0
Hinh 1.4a. Chu trinh Cori
Gan Mau Co
Glucose » Glucose
NAD‘ NAD'
NADH \6ATP NADH 2ATP
2Pyruvat 2Pyruvat
NADH NADH
NAD" NAD*
Iactat < 2L actat

Hinh 1.4b. Chu trinh Cori
2.1.5. Duong phan (glycolysis) ¢ héng cdu
Chu trinh 2,3—diphosphatglycerat (chu trinh Rappoport).

Trong héng cau, giai doan xuc tac bdi phosphoglycerat kinase dudc thay thé
bing moét qua trinh gidi phéng ning lusng duwéi-dang nhiét lién quan téi lién két
giau nang lugng caa 1,3-DPG. Enzym-diphosphoglycerat mutase xuc tac su bién
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61 1.3-DPG thanh 2.3 DPG, chdt nay dugdc chuyén thanh 3-PG nho 2.3
diphosphoglveerat phosphatase. Trong nhing phan dng nay, néu mit mét
phosphat giau nang lugng thi ¢6 nghia la khéng c6 su téong hgp ATP trong qua
trinh dudng phan. Dav la vu thé tiét kiém nang lugng cia hong cau vi né cho phép
qua trinh dudng phan van xav ra khi nhu cau ATP 1a té1 thiéu.

2.3-DPG ludén luon két hgp vér Hb lam giam ai luc cua Hb vdi O, va gay
chuveén dich dudng cong phan v HbO, sang phai. Do dé. su c6 mat cua hgp chat
nav trong hong cau co tac dung kich thich HbO, giai phéng O,. Nhu vav. su tao
thanh 2.3-DPG ¢6 y nghia quan trong trong qua trinh didu hoa van chuvén O, cila
Hb. Su tang néng do 2,3-DPG lam giam ai hic giva O, va Hb, do d6 tang kha nang
cung cap O, cho té& bao (vi

du: khi thiéu mau hay 6 dé

GiP «--—-—---- Glucose
¢:10) va ngudc lar. NAD" i
Hién tugng thiéu enzyvm >

bam sinh cua héng cau c6 NAD" H-
v Diphosphoglyceratmutase

anh huong truc tiép dén qua 13_0PG > 23_PDG

trinh téng hop 2,.3-DPG nhu: ADP 4
. - . 2.3 Diphosphoglycerat
Thiéu hexokinase sé lam Phosphoglycerat kJ'nas:D phosphatase
giam néng do 2,3-DPG, gay ATP
tang &i luc ciia O, véi Hb, do 3P
d6 lam giam lugng O, téi cac L
@Ebio. ke » Pyruvat

Thiéu pyruvat kinase: Hinh 1.5. Chu trinh 2,3—diphosphoglycerat trong hong cau

lam tang ndng d6 2,3-DPG va tang cung cap O, cho t& bao.

O héng cdu ngay ca trong didu kién hiéu s
khi, qua trinh duong phan ciing van tao ra l
lactat vi 8 hong cAu khéng c6 ty thé, NADH G6P
duge taoc ra boi glvceraldehvd phosphat l
dehvdrogenase khéng thé bi oxv hod trong i
chudi hé hiap va do d6 tiép tuc phan ting véi l
pyruvat tao lactat va NAD'. NAD" tiép tuc dude

i R . G3p Lactat
su dung trong con ducng ducng phan. Day la NAD*
madt trudng hop dac biét vi khoang 90% nhu cau <'-NADH _>|
nang lugng ¢ hong cau duge cung cip bdi con  15_ppg—s— - — — - L Pyrvat

dudng duong phan n&y (hlah 1.5). Hinh 1.6. Glycolysis & hdng cau
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2.2. Thoai hoa glucose theo con dudng hexose monophosphat
(pentose phosphat)

Su oxy hoa glucose theo con dudng nay xay ra § cac td chitc song song véi con
dudng dudng phan, song chiém ty 1& thap hon nhiéu (7-10%). Tuy nhién ¢ mot so
t& bao va td chic nhu hdng cdu, gan, tuyén sita trong thoi ky hoat dong, té chic
ma... su thoai hoa glucose theo con dudng nay lai chiém uu thé.

Chu trinh pentose phosphat ciing 12 mét con duong thoai hoa glucose nhung
khong tao ATP, ma cé hai chite nang 1a (1) tao NADPH cung cap cho qua trinh
tong hop acid béo va steroid va (2) tong hop ribose cung cip cho qua trinh tdng hgp
nucleotid va acid nucleic.

Chu trinh pentose phosphat xay ra 3 t& bao chat va chi yéu g gan, mdé mg, vd
thuong than, tuyén giap, hong cAu, tinh hoan va tuyén siia trong thai ky hoat
déng. Chu trinh nay chiém ty 1& thap & co xuong va tuyén sita trong thoi gian
khéng hoat dong. 0 nhiing mé ma chu trinh pentose phosphat hoat déng cao sé su
dung NADPH do chu trinh nay tao ra dé tham gia khit trong qua trinh téng hap
acid béo, steroid, acid amin va gluthathion.

Dac biét ¢ hdng ciu chu trinh pentose cung cap NADPH dé khi? glutathion &
dang oxy hoa tao glutathion dang khu. Phan dng nay rit quan trong vi
glutathion dang kht cé vai tré phan hay H,0,, vi H,0, lam giam thdi gian séng
va gay ton hai mang t& bao hdng cdu din dén tiéu huyét. Mot bénh ¢é tinh chat
di truyén do thiéu mét enzym trong con duong pentos phosphat 12 glucose—6—
phosphat dehydrogenase (G—6—PD), dan dén thiéu NADPH va dac biét d té& bao
héng cau va giy ra tiéu huyét (hemolytic anemia) khi bénh nhan sd dung cac
thu6c tao ra cac gdéc cé tinh oxy hoa nhu thudc sét rét primaquin, aspirin,

sulfonamid hay khi bénh nhin in cac loai dau.

Con duong nay la mét chu trinh trong dé ¢ 3 phan tit glucose—6—phosphat di
vao sé tao 3 phan tu CO, va 3 phan tu pentose phosphat, tiép theo 1a mét chudi
phan iing bién d6i dé 3 phan tii pentose phosphat trén tao thanh 2 phéan tu
glucose—6—phosphat va mdt phan ti phosphoglyceraldehyd. Triose nay hoac sé
thoai hoé tiép tuc theo con duosng dusng phan tao acid pyruvic hoac sau khi dong
phan hoa thanh PDA thi tiép tuc két hgp véi mét phan td PGA dé tao fructose 1-6
diphosphat, sau d6 thanh fructose—6-phosphat. Phan ti1 nay dude déng phan hoa
thanh glucose~-6—phosphat va tiép tuc di vao chu trinh pentose. Mit khac tu san
pham fructose—1,6—diphosphat-ciing-c6-thé-di-vao-qua trinh thoai hoa theo con
duong dudng phan (hinh 1.7).
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H ‘C’OH . . C”O QOOH
H'gc;\ NADP  NADPHH ng(;\ HCoH
HOCH o HOCH 0 HOCH
H(':(il H(l)O_HJ HCOH
HC HC HCOH
o —® G o -®
Glucose — 6 - phosphat 6 — phosphogiucono - lacton 3 - Ceto - 6 — phosphogluconic
< NADP"
NADPH H*
COOH
HEON Cr0H H'QOH
(IZOH (‘3 =0 9 =0
HCOH === HCOH — HCOH
HCOH HCOH " ueon
CHO —@ cho—® EH,0 —P)
Endiot Ribulose - 5 — phosphat 3-Keto-6-phosphogluconic acid
Epimerase
H\(':,OH ?Hon
HCn;O_HJ HO?H
HC H(l:OH
CH0 —® CHO —(®)
Ribose — 5 - phosphat Xylulose — 5 - phosphat
LP; Transketolase
(IJHzOH Transketolase
_£=0 H
ROCH CHOH (':: 0 _
(HCOH) HC=0 HCOH
CHO —®) : CHO -(B)
Sedoheptulose-7 "Gée glycoaldehyd " Glyceraldehyd - 3 ~ phosphat
(%HQOH
H HOC
c=0 HCOH
‘ HCHOH j Héﬁ
Transaldolase HCOH HC
CHO —@) CH,0 —(®)
Erythrose — 4 — phosphat Fructose -6 — p.hosphat

Hinh 1.7. Con duong hexose'ionophosphat
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Moi lién quan gita con duiong deong phan voi chu trinh pentose

Gitta hai con dudng nav ¢6 mdt sd san pham chung ma ti d6 su thoai hoa tiép
nhiing san pham nay khéng phan biét chuing ¢6 ngudn goc ti con duong thoai hoa
nao. dé la cac triose phosphat. fructose—6—phosphat, fructose—1.6—diphosphat

(hinh 1.8).

Glucase Glycogen
\/ NAOH H

'
G-6 ‘® J » Ribulose 5P acw aucleic

%
Gyeotss| v . LN
ylulose 5f Ribose 5P
F-6 -® /
[ | \ \
v v >

6—1.6—® Faf-f

/

Oihydroxyacelon F) «— Glyceraldehyd -F)

Pyruvic

Hinh 1.8. M&i lién quan giira con dudng glycolysis va hexose monophosphat

2.3. Thoai hoa glucose theo con dudong uronic acid

CH0-® CH,OH UDP - glu - pyrophosphorylase CH,0H
H O R ® Glucosemutase R Oy H 0y
o4 WA, = M Ho@ — OH HA_
HO "0 ow HO ™ om
H OH uTeP ®-@® 0
Glucose - 6 - phasphal Glucose - 1 - phosphal NADUPP - glucose
)l UDP - glucose
d
NADH, dehydrogenase
CHOH NADP  NADPH,  COOR uoe COOH
H COOH H H . / H O
])<0H 4 L Kon n M H OH WA
H (o) HO
H OH NAD + H OH H OH
a gluconic k’ a. glucuronic a. UDP glucuronic
NADH;
0
C CH:OH
ot | _E=o
HO(‘:_l HOCH
Hg H('ZOH
HO(IEH CH;0 -(®
CH:OH Xylulose
a. Ascorbic

Hinh 1.8. Con duchg urenic
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O gan glucose thodi hoa theo con dudng nay cho acid glucuronie. acid ascorbic
va pentose. Con ducong thoai hoa nay khéng cho ATP. UDP-Glucuronat la dang
hoat déng cua glucuronat sé tiép tuc tham gia tong hop proteoglvean, cac hormon

steroid. bilirubin hav lién hop véi méot s6 thuoe dé dao thai qua nude tiéu hav mat.

Glucuronat tiép tue bi khu thanh L-gulonat véi sy hién dién cua NAPH H+. O
déng vat c6 kha nang téng hgp vitamin., L-gulonat tiép tuc chuvén hoa cho
ascorbat, riéng ¢ nguoi va linh trudng vi thiéu L-gulonolacton oxidase nén khéng
thé tdng haop ascorbic.

Sau cung l—gulonat c6 thé chuyén hoa cho D-—xylulose 5-phosphat. D—

xviulose 5—phosphat ¢6 thé thoat hoa tiép tuc trong chu trinh pentose (hinh 1.9).

2.4, Thuy phan glycogen (glycogenolysis)

Trong qua trinh thuy phan glycogen, ca lién két «—1—4 va a—1-6 déu duge
thuy gial. Co 4 phan Ung véi su tham gia cua enzym: (1) phosphorvlase thuv
phan lLén két u-1.4 (2) cac phan dUng cit nhanh va cit lién két o—1—6, (3)
phosphoglucomutase chuvén glucose—1-phosphat thanh glucose~6—phosphat, (4)
glucose—6-phosphatase chuvén glucose—6—phosphat thanh glucose (hinh 1.9. 1.10).

Trong cd vi thiéu enzvm glucose 6—phosphatase nén glvcogen cua co khong 1a
ngudn cung cap glucose truc tiép cho ngudn glucose mau, tuv nhién né lai la nguén
cung cip nang ludng cho su co co do glucose 6-phosphat di vao thoal hoa theo con
duong duong phan.

o
o O
O

OQ?D Glucano
Phopharyfase transferase 1.6 - glucosidase o

Hinh 1.10. Cat nhanh trong thuy phan glycogen

Glycogen

-\ Phosphorylase

Phosphoglucomutase -
Glucose 1 - phosphat phogl » Glucose 6 - phosphat Glucose 6 phosphataf ® Glucose

Hinh 7.11. Thily phan glycogen (glycogenlysis)
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3. TONG HQP

3.1. Tan tao glucose (gluconeogenesis)

Dé tao nang luong. phan 1én cac té chic ¢6 thé chuyén ho cac ngudn carbon tit
nhiéu duong khac nhau nhu glucose, triacylglycerol, acid amin, pyruvat... Tuy nhién
ngudn carbon cin ban va duy nhat ma nio va hé théng than kinh trung uong su
dung 1a glucose. Mét s6 mé khac ciing stt dung glucose 14 nguén can ban nhu cg,
phéan tiy than, tinh hoan va héng cAu. Vi vay cac té bao phai c6 kha nang i téng
hop glucose tiz nhitng nguyén lidu khdc dé duy tri ndng dé glucose mau nam trong
giéi han va gidi han nay d ngudi tudng déi hep, luong glucose mau nay nham duy
tri hoat déng co thé dac biét 1a ndo va hé than kinh trung uong va cung cip cho
qua trinh téng hop glycogen du trit. Nhu cau glucose clia nio ngudi tudng d6i 16n
khoang 120g/ngay so véi téng luogng glucose st dung cua toan bd cg thé la
160g/ngay. Tong lﬁqng glucose c6 trong glycogen du trit clia toin bd cd thé & bat ky
thoi diém nao 1a 190g va ludng glucose trong toan bd dich c¢o thé la 20g. Do dé,
luong glucose du trit cua ¢o thé chi du cung cdp cho nhu cAu glucose trong mét
ngay. Vi vay khi thdi gian nhin d6i kéo dai trén mét ngay hay khi cd thé phai hoat
dbéng o CLtEiﬁg d6 cao (vi du nhu mét cude chay marathon) luong glucose du trii gan
nhu can kiét va glucose phai dude téng hdp mdi (ti cac nguyén liéu khac). qua
trinh tong hgp méi glucose dude goi 1a tén tao glucose (gluconeogenesis).

Tan tao glucose (gluconeogenesis) duge dinh nghia nhu 14 qua trinh sinh téng
hgp glucose tif nguén nguyén liéu cé cdu tao 3 va 4 carbon. Cac thanh phan chinh
tham gia tan tao glucose )a lactat, san pham tir qua trinh dudng phan xay ra d co
xuong va héng cAu; acid amin, tit ngudn thic an hay ti qua trinh phan giai
protein cua cd trong thdi gian d6i va xa bita 4n, trong 20 acid amin d protein tri
lysin, leusin va cac acid amin con lai déu sdn siang tham gia quéa trinh tong hop
cho glucose; alanin, ti chu trinh gluose—alanin & co; propionat, san pham tu qua
trinh thoai hoa acid béo hay acid amin; glycerol, san pham trong qua trinh thoii
hoa lipid. Va qua trinh nay xay ra trong phan té& bao chat cua té bao (hinh 1.12).

Qua trinh tdn tao glucose (gluconeogenesis) xay ra chinh ¢ gan, ngoai ra con
c6 mdt con dudng phu xay ra & phan vo than.

Glucose duge tao mdi chil yéu cung cip cho ndo, mé than kinh va co xuong.
Ngoal ra. mét phan_sé cung cdp cho qua trinh téng hgp cAc hexoamin, cac

polysaccarid phuc tap va eac glveopraotein hiay-glycolipid.
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Glucose

I

Glucose — 6 — phosphat

Fructose — 6 — phosphat

!

Fructose - 1, 6 - diphosphat

~ N\

Dihydroxyaceton phosphat Glyceraldehyd — 3 — phosphat
4

[1:

—>— —> —

Phosphoenolpyruvat

|

Glycerol - 3 - phosphat Oxaloacetat +— «— +— «— Succinyl CCA «——— Methylmalonyl CoA

N |

Glycerol 4—4—1 Céc acid amin J r Propionyl CoA r
Lactate

Hinh 1.12. Qua trinh tan tao glucose (gluconeogenesis)

3.2. Téng hgp glycogen

Hai té chic téng hop glvcogen manh nhét trong co thé 1a gan va co. Trong cd
thé glycogen du trii chi véu & gan va co, ty 1é cao nhat & gan 2%—8%. Co chita
1%—3% glycogen nhung vi khoi lugng ¢d 16n nén téng ludng glycogen ciia cd la
nhiéu nhat. Glvcogen cia gan la dang du tri chung cho toan cd thé, nguge lai
glvcogen trong cd chi du trit riéng cho ¢ ma thai.

O co xuong glycogen 13 nguén nang lugng chinh cung cip cho qua trinh co ca.
Gan 14v nguén nang lugng chinh tU qua trinh thoal hoa acid béo, riéng nguédn
glyvcogen cua gan chu véu cung cidp cho glucose mau va van chuvén dén cac mé
khac dé thoai hoa tao nang lugng. Do d6, gan duge xem la td chite diéu hoa glucose
cua c¢d thé véi vai tro diéu hoa luong glucose mau thong qua diéu hoa qua trinh

tong hop va phan giai glycogen bang cnzyid glyeopen synthase va phosphorvlase.
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Dé thich hop véi vai trd nav. trén gan chia lugng 16n glveogen. tiu 2% dén 89« trong
luong cua gan. O gan muc 81 da cda qua trinh téng hop elveogen va cua qua trinh
phan gdi glveogen tuong duong nhau. nhung 3 ¢o thi qua trinh phan giad ghveogen
¢o thé gap 300 lan qua trinh téng hop glveogen. Cac enzvm cua qua trinh tdng hap
va phan gidi glycogen & gan va cd nhu nhau nhung néi tiét té diéu khién lai khac
nhau. Nguvén liéu dé téng hop glyvcogen cta té bao la glucose. Cac 18 chire lav
glucose t mau tuan hoAn, con td chue gan ngoai hiong glucose do mau dua dén
(sau khi an). con mot lugng Ién glucose do té bao gan tu téng hop W1 cac
monosaccarid ngodl glucose. cac acid amin. glveerol, acid lactie... (khi an thue an
chia nhiéu cac monosaccarid khac. khi déi, khi van déng ¢ nhiéu ...). Glucose tu
do 6 mau tuan hoan. sau khi qua mang té bao bi phosphorvl hoa thanh glucose—6~
phosphat, sau d6 duge déng phan hoa thanh glucose—1-phosphat dé tham gia tong
hop glveogen.
Tong hop mach thang

.4 qua trinh tao cac lién két 1.4 glucosid gida cac phan i glucose dé kéo dai

mach thang caa phan wi glveogen (hinh 1.13).

Glucose

s

ATP
Hexokingse
ADP

¥\

Glucose - 6 - pnosphat

Phosphoglucomutase

¢

KJDP - Gle pyrophosphorylase

Glucose - 1 - phosphat

Ol)

UDP - Gle

G!ycogensynmase
UDP

Glycogen G, m
' oK 2L ..

Hinh 1.13. Téng hdp-mach thing clia glycogen

} Doan glycogen Gle,
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Tong hop mach nhanh

LA qua trinh tho cac ién két «—1--6 glucosid wong phan tu glveogen. Trong
qua trinh chudi thang, khi chudi thang da kha dis enzym amvlose (1—-L 156)
transglucosidase &6 cat mét doan dau cua mach thang (it nhat A 6 phan td
glucose) sau d6 chuvén dén gan vao OH cua (6 cua phan td glucose cua cang

chudi hoae chudr khae. Sau dé mach nhanh méi tao thanh la dudge kéo da.
3.3. Tong hgp lactose

Disaceand duv nhat duge tong hop 6 o thé ngudi v dong vat cao cap 1a lactose.
Lactose duge tdng hop @ tuvén sta caa phu ni trong thoi ky ¢6 thai va cho con bu.

Nguvén liéu dé téng hop lactose 1a glucose t miau hoace do phian huy glveogen
(thinh 1.11).

Hexokinase
Glucose » G-6-P

7N

ATP ADP Phosphoglucomulase

Pnosphorytase k
Glycogen » G-1- ADP

2] /
UDP giucose Uriay!
pyrophosphorylase lransferase

UbP -G uoe ATP

epinerase
Lactose synthelase
UDP - gal » Lactose
Glucose

Hinh 1.14. TES'ng hop tactose
3.4. Téong hop glycoprotein
Giai doan dau tién reng-qua-trinh-téng-hop-glvcoprotein la téng hop chudi

oligosaccarid gan véi lipid. Phan hipid tham"gia T dolichol phosphat, 1iép theo 1a
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qué trinh téng hop chudi oligosaccarid. Qua trinh trén xay ra 8 luéi néi chat, bude
ké tiép chubdi oligosaccarid cua oligosaccarid—DPP sé duge chuyén sang lién két véi

mot polypeptid (hinh 1.15).

Dolichol <

C UDPO GlcNAc
UMP
O—<F>®—‘ Dolichol

—O GleNAe

(-

Q:)—<F><F>' Dollfhol

&
\

i 4Do| 4
. e li 400 —<B> \DC‘LZZ
‘ Q h@-— Dohchol
: 3D°' ' : : 3 UpP
<P>- DoncholCj o
Asn =X - Ser/Thr_- polypeptid )
C;;% d—s,”®;; ;o:chm

%: Asn -X — Ser/Thr___polypeptid)

Hinh 1.15. Téng hop glycoprotein

4. CHUYEN HOA CUA CAC MONOSACCARID KHAC

Trong thuc an coba hexosehinh khae ngoai glucose dude ¢d thé hap thu v:

sit dung la galactose| fructose va mannoserthinh 1.16).
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Carbohydrat tir thifc 3n Carbohydrattrong té bao  Chuyén héa lipid

Lactose — ——— Galactose Glycogen
UDP - Gal|— UDP - Glu—— G1P Glycer!
—— Glucose | =< = GEP
Maitose
|
— Mannose +—»Mannose - 6 - phosphal—l Gtlyceroi - 3 - pnospnat
Sucrose — ——— Fructose Fep

l l

Fructose ~ 1~ phosphat + DHAP

Glyceraldehyd

G3P

Hinh 1.16. SUr dung galactose, fructose, mannose

4.1. Su st dung galactose

Ngudén D—galactose chu yéu tit su thuy phan lactose ¢6 nhiéu trong sia. Con
duong chinh dé su dung galactose 14 qua trinh chuyén thanh glucose—6—phosphat
dé tiép tuc thoai hod bang con dudng dudng phan. Qua trinh chuyén galacrose
thanh glucose—6—phosphat gém 4 phan dng theo so ¢6 ¢(hinh 1.17).

Phosphoryl hoa

Chuyén gdc UPD- sang galactose va goc P— sang glucose

Epimer hoa

Isomer hoa

UDP - Glu - Gal phosphat

Galactokinase undyltransferase .
Galactose ———— Galaclose 1 - phosphat ﬁ- Glucose 1 - phosphat ———— Glucase 6 - phosphat
DP UDP - Glu UDP - Gal Phosphc glucomutase

N

UDP - Gal epymerase
Hinh 1.17. Chuyén galactose thanh glucose-6-phosphat

o) tuvén vi trong thoi ky hoat déng cic enzvm tham gia trong qua trinh trén
cling ¢6 mat trong qud trinh-téng hdp, lactose, Lactose duge tao tit su két hop
UDP—galactose va glucese duéi tac dung cua lactose synthase.
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Trong cd thé galactose khong chi cin cho qua trinh tdng hgp lactose. ma con

tham gia vio qua trinh tong hop glveolipid. glveoprotein va proteoglyean.

O ngusi bénh ¢é tinh di truvén la galactose huyét bam sinh (galactosemia) do
thiéu enzvm UDDP—glucose—galactose—uridvltransferase. bénh gaiv su tich tu
galactose va galactose--1-phosphat trong mau va mé voi triéu ching lim sang nhu
cham phat trién tri nido. due thuy tinh thé, gan to... Bénh gap ¢ tré sd sinh khi bat

dau dung sia ¢o lactose. khi d6 phai cho tré ngung sta.
4.2. Su s dung fructose

Iructose ¢6 nhiéu trong trai cav va la san pham thuy phin cua sucrose (ducng
mi:). Qua wrinh phosphorvl hoa fructose xav ra 6 hau hét cac mé va cho fructose—6—
phosphat, san pham orung gian ctia con duong dudng phan. Bén canh qua trinh wén
con ¢6 mdt con duong phu chuvén fructose thanh fructose—1—phosphat bsi enzym
(ructokinase ¢6 nhiéu ¢ gan, than va rudt. fructose—1-phosphat tiép tuc bi phan d6i
cho dihvdroxvaceton phosphat (tham gia téng hop glvcerol) va D—glveeraldehvd
duéi tae dung cua aldolase B ¢hinh 1.16). Qua con dusng phu nayv cho thav trong ché
d6 an cho nhiéu fructose (nhu trai civ. duong mia, bia...) thi tang tong hgp cho acid

béo. VLDL. do d6 ¢6 thé gav tang triacylglycerol va LDL cholesterol mau.

4.3. Su s dung mannose
Mannose ¢6 nhiéu trong san pham tiéu hoa cia cac loai thic an ¢ chita nhiéu
polvsacearid hayv glveoprotein. Sau khi duge hdp thu mannose phosphorvl hoa cho

mannose—G-phosphat va sau d6 tiép tuc dude isomer hoa cho fructose—6—phosphat
(hinh 1.16).

5.SU CHUYEN HOA CUA GLUCOSE 6 MOT SO TRANG THAI

5.1. O trang thai sau khi hip thu glucose tiv hé théng tiéu hoa
(Fed state)

Carbohvdrat sau khi qua qua trinh phan giai ¢ hé théng tiéu hoa cho
monosaccarid ¢6 thanh phan chu véu 1a glucose. Monosaccarid sau khi hap thu
qua rudt sé dén gan va co. O gan glucsose bi oxv hoa dén CO, va H.O mét phan
khac tham gia téng hop glycogen va triacylglycerol dua dén mé ma dé du tra. 0 co
gluose by oxy hoa dén CO, va H,O dé cung cAp ATP va tham gia téng hop glycogen
cua co. Mét phan glucose dén.mo.ma.dé téng hap-triacylglveerol. Khi dén nao thi
chu véu glucose bi oxy hoa dén €07 ¥4l H)0dédung cap ATP (hinh 1.18).
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O trang tha nay Sau bia an Rust

msulin 14 tac nhan Cacbohydrat chat beo

chinh diéu khién qua

t¥inh chuvén hoa cua Lipid
' Glucose

. Gan : Nio

chinh cua mswinltaga — / ____ __ 2

glucose. Hoat  ddng

tang qua trinh tong hgp
glveogen  (ghveogenesis)

0 gan VA cd ti ngudn

glucose va  dong  thot

cung gia tang qua trinh 0 Glycogen du trs

{
{
l
|
v

C
tong hop triacylglyveerol oY
) & el . ol &8 Triacylglycerol
g gan va mo mo (dac ="Bfe
bict 1 khy mot lugng lén M6 mg
glucose duge hap thu). Hinh 1.18. Trang thai sau hap thu glucose tir hé tiéu hoa

5.2.0 trang thai dé6i (Fasting state)

Khi co thé ddng vat thidu thie an, cd thé ¢é nhu cau cap thiét vé su duy tri nong
d6 glucose trong mau. vi néng dé glucose dang giam duéi gidgi han (khoang 2.5 mM ¢
ngudi) va gay roi loan hé thin kinh trung udng. O ngudi 1a biéu 16 cua triéu ching ha
duong huyét trong mau nhu hoat déng cd v&u va khéng phéi hgp, réi loan nhan thuic
vit d6 md hoi. Néu nong dd glucose tiép tuc giam sé dan dén tinh trang hén mé.

Ngudén cung cdp
glucose mau cap thiét Trang tha di °o
IaA ngudn glveogen du
trid trong gan. Trong Gan 7{&/
vong vai gidy lugng Glycoge Glucose
glycogen cua gan cé thé

Co
. L . Acid amin \_pr_om
phian gial, cung cap R Thécelon —------------- > ===+ CO;
glucose dua vao mau, N cdmmeo o AGIDED = - mmmmmmm e 2
qua trinh nay la qua ?
trinh phan giai glucose o Tnacylglycerol
(glveogenolvsis). Moma . c B8Rt

Glvcogen cua c¢o

) i ) Hinh 1.19. G trang thai dé6i
chita mot lugng 1on

glucose du trit, nhungmé-khdng-true-tiép-cung-eidp glucose cho mau. Mic du
slveogen cua gan l1a nguon cung cap glicese ¢Ap thiét nhung gan ¢6 thé lap tic san
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xuét glucose bing qua trinh tdng hgp mdi glucose tit acid amin cta cd (acid amin
dude phéong thich tir ¢s va chuyén téi gan dé téng hgp glucose) — qua trinh
gluconeogenesis. Cung ldc nav qua trinh ketogenesis bat diu, qua trinh nav xay
ra ¢ gan va chuyén acid béo dude phéng thich tit mé md thanh thé ceton dé cung
cip cho cAc mé nham tranh qua trinh sit dung qua miic glucose. Qua trinh phéng
thich acid béo tit dang dy tri la triacylglycerol trong mdé md goi la qua trinh
lipolysis. Qua trinh nay xay ra véi su diéu khién clia cac hormon. Adrenalin va
glucagon kich hoat enzym phéng thich glucose tu glycogen cua gan. Glucagon ciing
hoat hoa qua trinh téng hop méi glucose (gluconeogenesis). Cac glucocorticoid hoat
hoa qua trinh giai phéng acid amin ti ed. Adrenalin va adrenocorticotropin
(ACTH) va hormon tang trudng sé hoat hoa qua trinh lipolysis (hinh 1.19).

6. LIEN QUAN CHUYEN HOA CUA GLUCOSE

gH

G6P F;emose[ ———— Nucleotid
phospha
F6P DAan chit amin

. Glycolipid, gtycoprotein
cua dudng yeollpid, giycop

G3P DHAP

1,3DPG 2,3DBPG

> Glycerol - 3 - phosphat ——— > Lipid

!{}E i

PG ——>  Serin

2PG

Acid amin nhan thom

Aspartal ~— Pyrimidin

Asparginin
Alanin
Acetyl CoA Acid béo va triacylglycerol

CG,+H,0

Hinh1.20. Lién gquan chuyén hoa cla glucose
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7. VAN CHUYEN GLUCOSE QUA MANG TE BAO

Mbt trong nhiing giai doan quan trong nhat cua chuyén hoa glucose 1a van
chuvén glucose qua mang té& bao. Glucose dude van chuvén vao t& bio bl cae tac
nhan van chuyén. Cé nam tac nhan van chuyén glucose dudge tim thav 1a GLUTT,
GLUT2, GLUTS3. GLUT4 va GLUTS5 va sau diy la su phan b8 cua cac tac nhan
van chuyén nay (Bang 1.1).

Bang 1.1. Cac tac nhan van chuyén glucose qua mang té bao

Téac nhan van chuyén Phan bé
GLUT1 Héng cau, cac mao mach clha nhao
GLUT2 Gan, mang rudt, t& bao cua tuy
GLUT3 HAu nhit duy nhat ¢6 4 té bao than kinh (nao), ca cia bao thai
GLUT4 Mo nhay cam véi insulin (nh ¢d xudng. co tim. m6 md)
GLUTS Mang ruot, tinh dich. ¢d xudng, mé ma. La tac nhan van chuyén cho .
fructose va ca glucose. ] '|
Glucose
GLUT 2
Glucose Glucose - 6 - phosphat
Glucokinase

1

)

)

)

v
Glycogen

Hinh 1.21. Van chuyén glucose clja GLUT2

8. PIEU HOA CHUYEN HOA GLUCOSE VA GLYCOGEN - HOAT DPONG
CUA HORMON VA NHUNG NHAN TO KHAC TRONG QUA TRINH
CHUYEN HOA

Binh thuong glucose mau 0.7 - 1.2 g/L hay 70 — 120 mg% hayv 4.22 — 6.67mmol/L.
Dudng huyét luén tudn én dinh nhd su can bing gitia ngudn cung cap va luong st dung.
Ngubén cung cap glucose vao mau nhu ngudn glucid ngoai sinh ti thic an,
nguén né1 sinh do phan giai glycogen va tin tao glucose & khoang giiia cic bita an.
Su dung glucose 6 cac t6 chiic nhat 1A md cd, md than kinh, mé md. St dung
glucose dé tdng hop dang du trif 8 tit ca cac td chitc vA nhiéu nhit 8 gan va co.
Diéu khién chinh cic qua trinh chuyén hoa cia carbohvdrat 1a cac hormon.
Khi co thé ¢ trang-thai-sau-bita-inshieng-lén-carbohvdrat chu véu la glucose
duge hap thu tu ruét. a frang thai nay, insubin 1a tac nhan chinh diéu khién qua
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trinh chuvén hoa cua glucose. Hoat dong chinh cia insulin 1a gia tang qua trinh
16ng hop glveogen (glveogenesis) ¢ gan va cd tif nguén glucose va dong thai cang
gia tang qua trinh téng hop triacviglveerol ¢ gan va mé ma (dac biée 1la khi mat
luong lén glucose duce hap thu).

Ngudge lai ¢ trang thai dé1 hav xa biia an hoat dong cua insulin giam di. tac
nhan chinh diéu khién cic qua trinh chuyén hoa glucose hic nay l1a cac hormon
nhu glucagon. glucocorticoid, adrenalin. ACTH (adrenocorticotropim). hormon tang
trudng. Vi luong glveogen cua gan ¢6 gidi han, nén dé dap ung nhu cau glucose cia
¢6 thé trong hic nav e thé phai st dung ngudn acid amin ti qua trinh thuv phan
protein cua cd dé tan tao glucose. Khi d6 oo si dung ngudn nguvén lidu dé thoai
hoa cho nang lugng 1A c¢ae thé ceton tir su thuy phan acid béo cia mé mé thav thé
cho glucose. Do d6. khi co thé trong tinh trang déi kéo dai, ¢o rvat can thiét cho su

~0ng (nguon cung cap glucose ).
Insulin

Do té bao 3 ¢ dao Langerhans cua tuyén tuy. Insulin lam giam glucose mau
dot () Lam tang su su dung glucose 6 tat ca cic md nhat la té bio cd. xuong, tim
va mé md bing cach tang hoat dong GLUTY van chuvén glucose qua mang té bao
va bang cach kich thich sinh téng hgp cac enzvim chinh cta con dudng dudng phan
(glveolvsis) (2) Tang tong hop glveogen biang cach ting hoat glveogen svnthase (3)
(viim su phan v glvcogen @ gan. co.

Ngoai ra,insulin con lam ting qua trinh s dung glucose dé téng hop acid béo

va lipid du trd 6 mé md va e ché cic hormon gay ting glucose mau.

’}\ Protein
Ngoar & bao Trong té bao phosphatase 1G
Glycogen
Glycogen Glycogen
synthase b Synthase a
Phosphorylase
UDP glucose
Glucose - 1 - phasphat
Glucose GLUTI'J\ > Glucose —————» Glucose - 6 phosphat
Hexokmase }
@/
GLUT, O

Tac a2 .
\_9‘ cﬁazlclnsaign

N

Hinh 1.22. Tac'dong'eaa‘insulin
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Glucagon

Do té& bao cua tuv tiét ra tac dong lén gan kich thich gan phan giai glycogen
thanh glucose vao mau.

Adrenalin

Su co ¢d hay kich thich than kinh khién tuy thugng than giai phéng adrenalin,
adrenalin kich thich gan phan giail glycogen vao méau va kich thich co phin giai
glycogen cung cap nang ludng cho ¢ hoat dong.

Thyroxin

Hormon tuyén giap, lam tang glucose mau do (1) tang hap thu glucose 8 rudt
(2) tang phan ly glycogen o gan.

Glucocorticoid

Hormon vé thuong than, lam tang dudng huvét bang cach (1) tang hap thu
glucose & rudt (2) ting tin tao glucose (gluconeogenesis), (3) tang phan ly glycogen
(4) Ge ché tidu dung glucose & cac mé ngoal gan.

Hormon tdng truong

Hormon tuyén yén trude lam tang dudng huyét do giam téng hdp va tang phan
huy glvcogen, giam su tham glucose vao cic mo.

ACTH

ACTH kich thich vo thugng than tiét hormon steroid trong dé cé glucocorticoid.

9. ROI LOAN CHUYEN HOA GLUCID

9.1. Bénh dai thao dudong tuy

C6 hai dang dai dudng tuy: (1) Dang 1 (type 1), con duge goi 1a typ tre vi xay ra
4 tré em va ngudi nho tudi (2) Dang 2 (type 2) xay ra ¢ ngudi 1én tusi va dic biét cb
thé trang map.

D61 vél typ 1 té bao B cua dao Langerhans tuy khéng ¢6 kha ning tiét insulin,
do d6 phuong phap diéu tri 1a bd sung insulin. Nguyén nhan gay dai dudng typ 1
do hé théng mién dich ctia co thé tu tao khang thé tdn cong t& bao p.

Dai véi typ 2. dit mot luong dang ké insulin dude tiét ra nhung khong duy tri
duge néng do glucose ¢ mic binh thusng. Nguyén nhén chua duge biét ré nhung
trong mét sd trudng hop 1a do t&€ bao dich khéng dap tng véi insulin. Do dé,
phuong phap diéu tri trong dai duong typ 2 la diéu chinh ché& d6 an thich hgp va
dung dude pham kich thich tang tiétisultniedatébao tuy.
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Ddc diém & ngudi ddi duong tuy:

— Néng d6 glucose trong mau tang.

— Tang thé ceton va acid béo tu do trong mau.

— Mat muai.

— Tang lugng nudce tidu, tang uré.

— Mb va té bao déi nang lugng.

Nguyén nhan ¢hinh 1.23).

Do thiéu insulin, kha nang van chuyén glucose qua mang t& bao bi giam va
qua trinh phosphoryl hoa glucose bi giam. Néng dé glucose ting cao ¢ khu vuc
ngoali t& bao nhu mau va dich gian bao, trong khi t& bao khéng c¢é glucose de
chuyvén hoa, nén lam viao tinh trang déi ning luong t&€ bao. Té& bao phai ting cudng
thoai hoa cac co chat khac, nhat 1a lipid. Acid béo duge giai phéng tit mé ma.

Than
I
Nao
Tf Ta K +» Glucose + nwdc
Glucose
Co
Gan X Acid amin
Thé ceton
v > Thé ceton (RCOO-) + Na* K
Acid béo
(@]
igB Mo md
o°8880

Hinh 1.23. R&i loan do thiéu insulin

Qua trinh thoai hoa lipid cu thé 1a cac acid béo, sé& tao nhidu acetyl CoA.
Nhung acetyl CoA trén lai khéng dude oxy hoa hét trong chu trinh acid citric vi
thidu oxaloacetic (san pham dudc tao ra chil yéu bdi acid pyruvic cua hoa trinh
thoai hoa glucose). Acetyl CoA sé& bi ¢ dong lai, chuyén hoa theo huéng tao thé
cetonic. chit nay dude dao thai qua dudng tiéu va hoi thd. Vi ting dao thai thé
ceton trong nudc tidu sé k&t hgp véi tang thai mudi.

Glucose duge dao thai trong nude tiéu lam ting ap luc thAm thiu nén kéo theo
tang dao thai nudc qua than. Do dé bénh dai thio duong thudng kém theo réi loan
chuyén hoa lipid va cae-chuvén-hoa-khic-eia-eothé nhu trao déi mudi nudc, cin
bang acid base.
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Tinh trang déi nang luong trong t€ bao cua cac cd quan sé dan dén réi loan
chitc nang va thoai hoa cac cd quan d6 nhu duc thuy tinh thé, tén thuong hé théng
mach mau. suy giam mién dich, nhiém khuén...

9.2. Bénh ha duong huyét tu phat

Do khéi u t&€ bao ciia dao Langerhans gay tang tiét insulin. Biéu hién la dudng
huvét ludn bi ha S thoi diém xa bia an hay ¢é nhiing con hén mé ha dudng huyét
(hinh 1.24).

Ruot

—TTNT T T TN
AL _A_X_4__ >

Khong cé glucose tut hé tiéu hoa

) insulin uc ché harmon cuba cac qua trinh

Glucose it PR

Ca

\
-
- d- - - -

Lwang it acid amin «

Lwang it thé ceton 7 AN

Gan

Lirong it acid beo

Hinh 1.24. K&t qua cua tang tiét insulin
9.3. Bénh galactose huyét bam sinh

Bénh c¢6 tinh di truvén. Do thiéu enzym galactose uridyl transferase nén galactose
khéng dtige chuyén thanh glucose, & trong gan giy suy gan cé thé gay ti vong.
Phai cho tré ngiing sita me thay thé bing sita khéng ¢é lactose.
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TU LUONG GIA

Chon mét hay nhiéu cdu dung trong cac cAu sau:
1. Vitamin ndo c¢6 anh hudng nhiéu trong qua trinh hap thu va chuyén ho4 glucid.

a. B,

b. B,
c. B,
d C

2. Tap hop cac phan ting nao sau diy sinh ATP truc tiép

1 y 4 5
PGA — 1,3 Q1P Glycerat Z—> 3P Glycerati' 2 P Glycerat — PEP AN Pyruvat

a. 2,3
b. 1,2
c. 2,6
d. 2.4

3. Mét phan tu glucose tit glycogen thoai hoa dén pyruvat cho téng s& ATP Ia
a. 5ATP

b. 9ATP
c. 8ATP
d. 16 ATP

4. San pham thoai hoa cudi cing cua glucose theo con dudng dudng phan
a. Xay ra d hong cau la lactat
b. Xay ra d hong cau la pyruvat
c. Xay ra 6 té bao cd trong diéu kién y&m khi la pyruvat
d. Xay ra g t&€ bao cd trong diéu kién yém khi la lactat

O bénh nhan dai dudng tuy, do thidu insulin nén:

[}
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10.

a. (Giam hoat dong glycogen synthase

b. Téang hoat dong GLUT4

c¢. Tang hoat hexokinase

d. Giam téng hop cac enzym chinh ctia con dusng glycolysis

Cac hormon nao sau day lam tang qua trinh phéan giai glycogen ¢ gan
a. Adrenalin

b. Glucagon

c. Glucocorticoid

d. ACTH

Ché d6 an nhiéu dudng nao sau diy cé thé giy tang triacylglycerol va LDL
cholesterol mau

a. Saccarose

b. Lactose

c. Fructose

d. Manose

Tré thiéu G—6—-PD khéng dugc st dung cic thude tao ra cac goc c6 tinh oxy hoa
va an cac loai dau do:

Héng cAu thiéu NADPH

m

b. Héng cau thidu glutathion dang khu
c. Hoéng cau thiéu glutathion dang oxy hoa
d. Héng cau khéng phan huy dudce cac goe oxy hoi

San pham nao sau diy ctia con dudng dudng phan c6 thé téng hop cho lipid

a. G3P

b. DHAP
c. DPG

d. 1,3DPG

Tac dong dé lam giam glucose mau cua insulin
a. Tang hoat glycogen synthase
b. Tang hoat dong GLUT4

Tang hoat hexokinase

o]

i

Tang téng hop cac enzym chinh clia con dudng glycolysis
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11. Khi co thé dong vat d trang thai déi, d€ cung cdp nham duy tri néng dé glucose

cho mau thi cac qua trinh nao sau day xay ra:

a.
b.
C.

d.

Tang phan giai glycogen cua gan
Tang phan gial triacyiglycerol
Tang qua trinh tin tao glucose tu acid amin

Tiang phan giai glycogen cua co

12. Glycogen cua cd khong 1a ngudn du trii cho toan cd thé vi cd thidu enzym

C.

d.

Phosphorylase
Phosphoglucomutase
Glucose 6 phosphatase

Glucano transferase

CAU HOI NGHIEN c(u BAI HOC

1. Vi sao glycogen clia co khéng 1a nguédn du trit glucose dé€ cung cap cho toan cd thé?

2. Vi sao 6 md md. tuyén thugng than, chu trinh pentose chiém ty 18 cao hon?

3. Vi sao ch& dd 4n nhiéu dudng mia, bia c6 thé gay ting triacylglycerol va LDL
eholesterol mau?

4. Vi sao tré thiéu G-6-DP khéng dudc sit dung cac thudc tao ra cac goc cé tinh
oxy hoa?
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Chuong 2
CHUYEN HOA LIPID

MUC TIEU
1. Néu duge tién trinh, co ché cua phan ung thiy phén va su hép thu cia
cdc hop chét lipid. _
2. Trinh bay va giai thich duge tién trinh, co ché cua su thodi hod lipid.
3. Néu va giai thich duge tién trink, co ché cia sy sinh tong hop lipid.
4. Trinh bay va gidi thich duwdc tién trinh, co ché cta su sinh tong hdp va
thodi hod cholesterol.

Cung nhu glucid va protid, lipid 1& thanh phan cd ban cua sinh vat.

O cac nuée cong nghiép phat trién, > 40% nhu ciu vé nang lugng dude cung
cdp bdi triglycerid tir thic an. Triglycerid cung cdp hon 1/2 nhu cau vé nang ludng
cua mot sd cd quan, dic biét 1a gan, tim, va md xuong.

Vé mat sinh ly lipid ¢6 thé chia thanh hai loai:

Lipid dw triz: chu yéu la triglycerid, ton tai trong co thé véi ludng thay déi.
Lipid du trit dude tao thanh mét phan do thic 4n, mét phan c6 ngudn géc ndi sinh
do qua trinh téng hop ti glucid hay protid. Khi déi, co thé ngusi va dong vat su
dung ma du tri t cac té bao ma.

Lipid cdu tao (lipid mang): chu yéu la phospholipid va cholesterol; 1a thanh
phan khéng thay ddi, chi®m khoang 10% trong ludng khé ctia cac t6 chiic.

Nhiing nghién ctiu vé chuyén hoa lipid da xac dinh lipid ¢6 hai chiic nang
chinh la san sinh niang lugng va xdy dung cdu truc té bao va mé. Ngoai ra, mot sd
lipid phtc tap con gid cac vai tro quan trong nhu c6 lién quan dén dic tinh cua

mang té bao, kha nang hoa tan cua nhiing chat khong phén cuc trong cac dich cua

r -@A THU VIEN
2 HUBT

TAI LIEU PHUC VU THAM KHAO NOIBO

co thé; cac hormon ste ro sinh ly dac biét trong viéc

diéu hoa qua trinh ch
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1. SU TIEU HOA VA HAP THU LIPID TRONG THUC AN

1.1. St tiéu hoa lipid
1.1.1. Su thuy phan triglycerid (triacylglycerol)

Triglveerid 1a chat tiéu bidu cua lipid don gian c6 trong thite an goi 1a chit béo.

Su tiéu hoa lipid thuc chat la su thuy phén triglycerid xay ra theo ting giai
doan ¢ hanh t4 trang nho tac dung cia enzym lipase ciing v3i sy tham gia cua cac
tac nhan nha tuong hoa 14 mat va mudi mat.

Trude khi thuy phéan, lipid dude nhit tuong hoa bdi mudl mat ¢é trong dich
mat. vi & trang thai nhi tudng lipid cé dién tich tiép xuc 16n, lam tang tac déng
cua lipase va dude phan tan dudi nhiing hat nho d& c6 thé khué&ch tan dé dang qua
mang rudt.

Mudi mat 14 hgp chat ludng cue, tac dong nhu mot chat dién hoat sinh hoc
chuyén chat béo trong thic an thanh nh@ng mixen hdn hop cua mud mat va
triglycerid.

Lipase 1a nhiing enzym cua hanh ta trang duge tiét ra ti tuyén tuy, cb tac
dung thuy phan lién két ester cua acid béo va glycerol.

Lipase tach cac acid béo ti phan tu glycerid véi t6c d6 khac nhau tuy thudc
vao vi tri cua acid béo trong phan tu triglycerid. Enzym nay cat mét cach dac hidu
lién két ester 1.3 (o, cua triglycerid nén sy thuy phan lién két ester g vi tri 2 (B)
cin phai ¢6 su déng phan hoa dé chuyvén lién két ester ti vi tri 2 1én vi trf 1.

AB AB OH AB CH
isomerase
AB AB T OH OH
e /-\AB EO OH
AB A8 L_OH H OH AR
Triglycerid 1,2 diglycerid 2 - monoglycerid 1-moncglycerid  glycerol

Hinh 2.1. Sd dé cla su thiy phan triglycerid
Su thuy phan triglycerid khéong hoan toan nén tao thanh mét hén hdp cace san
pham trung gian gbm c6é triglycerid. diglycerid, monoglycerid, glycerol va acid béo.
1.1.2. Thuy phan phospholipid
Phospholipid bi thuy phan bdi enzym phospholipase cia dich tuy. Cé nhiéu

loai phospholipase, mbi loal thuy phan mét trong cac lién két ester ctia phan tu
phospholipid:

— Phospholipase A1l cat lién két ester ciia chie alcol 6 C1. Enzym nay ¢6 nhiéu
trong mang cua lach, nao. gan va nhiéw trong dich tuy.
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— Phospholipase A2 cat lién két ester cua chiic alcol 6 C2: enzym nay c6 trong
noc ran dée, dich tuy.

— Phosphodiesterase c6 trong t€ bao rudt, cé thé cat lién két ester gita acid
phosphoric va cholin, giai phéng cholin va acid glycerophosphatidic hay lién két
ester giaa acid phosphoric va glycerol, giai phéng diglyeerid va phosphocholin.

— Phosphomonoesterase (phosphatase) tiép tuc thuy phan san pham thuyv
phan cua phosphodiesterase, nhu thuvy phan phosphocholin giai phéng acid

phosphoric va cholin.
1.1.3. Thuy phan sterid

Cholesterol ester (sterid) bi thuy phan bdi enzym cholesterol esterase cua rut
tao thanh cholesterol va acid béo.

1.2. Su hap thu lipid

Hén hop lipid bi thuy phan chua hoan toan dude hap thu qua mang rudt 8
dang nhi tuong nhd cac acid mat.

~ Glycerol va acid béo mach ngan (< 10C) theo mau dén gan, chu yéu qua tinh
mach cua. Cac acid béo di chuyén trong mau duéi dang két hgp véi albumin.

— Cac acid béo mach dai, mono, diglycerid dudec si dung dé tong hop lai
triglvecerid & mang ruét. Cac triglycerid méi duge téng hgp nay khuéch tan qua
mach bach huyét ré1 vao mau dé van chuyén dén gan, cac to chiic, cd, mé md duéi
dang nhing hat lipoprotein goi la chylomicron. Tai céc t6 chic, phan lén triglycerid
cua chylomicron duge thuy phin béi lipoproteinlipase thanh glvcerol va acid béo.
Nhing san pham nay sé dugc chuyén hoa tiép tuc § té& bao. O co, cac acid béo bi
oxy hoa dé giai phéng nang hiong; con & md md, cac acid béo dude ester hoa trd lal
thanh triglycerid di trit. Khi khau phdn an chia nhiéu acid béo han nhu cau can
cho cd thé, triglvcerid téng hop & gan dude van chuyén vao mau dudi dang
lipoprotein tdi cic t& chie, dac biét 1a mé ma dé du trit, va dén ¢ dé cung cip nang
lugng. Khi hormon bao hiéu co thé cin nang lugng, triglycerid trong mé ma duge
huv dong. thuv phin thanh glycerol va acid béo dudi tac dong cua enzym lipase

nhayv cam véi hormon.

2. SU THOAI HOA LIPID
2.1. Thoai hoa glycerol

O gan va mot s6 toé chiekhae, glycerol dude phosphoryl hoa thanh glyeerol 3 —

phosphat dudi tac dung cua enzym glycerolkinase. Chat nav sau dé duge oxy hoa

41



thanh dihydroxyacetonphosphat Dihydroxyacetonphosphat duge chuyén thanh
glyceraldehvd 3-phosphat dudi tdc dung cla enzym triose phosphat isomerase.
Chit nay tiép tuc tham gia con dudng Embden Meyerhof hay téng hdp glycogen.
Mé mg khong ¢6 enzym glycerolkinase.
CH,OH
|
HO-C-H Glycerot

|
CH,0H

ATP
Glycerolkinase

i Glycerol 3 - phosphat

Glycerol 3~ phosphatdehydrogenase

NADH + H

i I Dihydroxyacetonphosphat

H_C-OH © Glyceraldehyd 3 - phosphat

Qua trinh thoai hoa

Hinh 2:2. S¢ d8|qua'trinhi-thoai hoa glycerol
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2.2, Thoai hoa acid béo
2.2.1. Su oxy hod acid béo bdo hoa c¢6 56 C chdn
2.2.1.1. Hoat hod acid béo va van chuyén vao ty thé

Trude khi tham gia viio qua trinh f oxy hoa, acid béo dugc hoat hoa thanh acyi
CoA: nhém carboxyl ciia acid béo tiac dung véi nhém thiol cuia CoA dé tao thanh
mot thioester.

Phan ving hoat hoa xav ra d bén ngoai ty thé, véi su hién dién cua ATP, Mg?*
va duge xtce tae boi enzvm acyl CoA svnthase (thiokinase).

. hokinase ) -
R - CH, ~ CH, - COOH + CoASH + ATP,\T' R-CH.,-CH,-CO ~ SCOA + AMP + PP,

e

Pyrophosphat duge hinh thanh trong qua trinh phan tng sé lap tuc bi thuyv
phan dudi tac dung cua enzvm pyrophosphatase tao thanh orthophosphat:

PP, + H.O

2P
AMP dudgce giai phéng trong phan tng trén s& dugc phosphoryl hoa tra lat:
AMP + ATP — 2ADP
Vav thuc chat qua trinh hoat hod mét phan tu acid béo da s dung 2ATP.
C6 nhiéu loai thiokinase khac nhau tuong ting vé timg loai acid béo ngan hoac dai.
Qua trinh B oxy hoa xay ra § trong ty thé (14 ndi c6 nhiéu enzym can thiét cho

su [3 oxv hoa) ma cac acyl CoA khéng vugt qua dude mang ty thé nén phai duge van
chuyén vio trong ty thé nhd hé théng carnitin c6 nhidu trong ¢d va mé déng vat.

Carnitin 12 mét amin bac 4, mang mét chic aleol bac 2, ¢6 thé ester hoa véi
acid béo duéi tac ddng cua acylearnitin transferase I theo phan ang:

<|'.H" acvl carnttin fransfera .k‘t‘(';H"
CH.-N'-CH., - (I.‘H - CH., - (C0OO0OH + IFC -85CoA =T (CH,-N'-CH, ~-CH - UH, - COOH + CoASH
| ! 1 |
CH, OH O CH,, (l)
Carnitin Acyl CoA = ()

I
R

Acyl carnitin

Gée acyl duge chuvén tit lién két thioester véi CoA sang lién két oxy — ester véi
nhém hvdroxy! ctia carnitin.

Acvlcarnitin ¢6 thé vugdt qua mang ty thé dé dang: sau khi vao ty thé. né giai
phéng tré lai cartinin va acyl CoA (gdc acvl dude chuvén tit cartinin dén CoA cé
san trong tv thé, dudi tac dong cua enzym carnitin acvitransferase II). Acvl CoA
lic nay méi bat dau qua trinh {3 oxy hoa.

Nhiing acid béo mach ngan (< 12€),¢o,thé di chuyén qua ty thé ma khong can
chi't van chuyén.
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2.2.1.2. Quad trinh foxy hod

Qua trinh p oxv hoé xay ra trong ty thé, gém bén phan ing:

Phan iing oxy hod lan 1:

Puge xuc tac boi enzvm acyl CoA dehydrogenase, c6 coenzym la FAD, hinh
thainh mét lién két déi gidia Co va CP. san pham tao thanh la trans — A2 enovl CoA:

acvlCoAdehydrogenase

R-CH,-CH, - CO ~SCoA » R-CH=CH-CO ~ SCoA
Acyl CoA FAD FADH. Tran-A’ enoyl CoA

Acid béo chua bdo hda tao thanh trong gial doan nay c6 ciu tric dang trans,
trong khi phan 16n acid béo thién nhién thudc loati cis. _

FAD két hop véi 1 cap H tach ra tit Ca va CB cua cd chat tao FADH2.

FADH2 tao thanh dudc oxy hoa trd lai bdi enzvm trong chuéi hé hip té bao.

Phan ung két hdp nudc

Su két hgp nude vao néi déi ctia trans —A2— enoyl CoA duge xdc téc bdi enzym
enovl CoA hydratase (géc OH dugc gin vao CB) tao thanh B —hydroxyacyl CoA:

Enoyl CoAhydratase -~
- » R-CH-CH,-CO~SCoA
e I B °

A% - Enoyl CoA B - hydroxyacylCoA

R-CH=CH-CO ~SCoA

Phan iing oxy hoa lan 2

Dudi su xtc tac cua enzym B-hydroxyacyl CoA dehydrogenase, ¢6 coenzym la

NAD, chic alcol bac 2 duge oxy hoa thanh chie ceton:
. . . — hydruo: { CoA dehydrogenase
R—CH- CHy - CO ~ SCoa —T0mvesy 708 CVToR™ R — ¢ - CH, - CO ~ SCoA
! [l
OH NAD' NADH + H* 0
B - hydroxyacylCoA B - cetoacylCoA

Phan ting phan cat dan xuat f—cetonic (su thio gial)

Nhém thiol ciia CoA tac déng tai CP cua B-ceto acylCoA, phan cat lién két
gita Cu va Cf3, tach moét phan tu acetyl CoA ra khoi B — cetoacyl CoA. Phan {ng
nayv duge xuc tac baoi enzym B-cetothiolase (acyl CoA acetyl transferase) va cé su
tham gia cua moét phAn tit coenzym A tu do:

R C1eH, - 00 - 8Coa AV ZCrd el ransferase 00 ~§C0A + CH,— (O ~ SCoA
(II) CoARH

CoASH
B — cetoacyl CoA Acyl CoA Acetyl CoA
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Nhu vay. két qua cua mdt chu trinh $ oxy hoa 14 tach ra dudec mét phan tu
acetyl CoA va mét phan tit acvl CoA ngan di 2 C so véi acid béo ban dau.
Acvl CoA ngan di 2 C lai tiép tuc bi oxy hoa qua cic giai doan nhu trén cho
dén khi toan bd phan tit acid béo bién thanh acetvl CoA.
Phuong trinh tdng quat cua su 3 oxv hoa acid béo c6 dang:
CuHu, 0y + (n—1CoASH + (n - DFAD + (n - h)NAD + (n — HH.O
nAcetylCoA + (n— DFADH + (n - H)NADH + (n - 1)H~

{n = m/2)

Vi du: néu acid béo la acid palmitic ¢6 16C. dugc hoat hoa thanh palmitvl CoA. sau
7 vong oxy ho# sé tao thanh 8 phan ti acetyl CoA theo phuong trinh phan ving sau:

C:H 4,0, + 7CoASH + 7FAD + TNAD + 7TH,0
8AcetviCoA + 7FADH + 7NADH + 7H-

Acid palmitic (16C)
ATP

CoASH
AMP + PP

Palmityl CoA (16G)
HO L oH—FAD

Acetyl CoA 2H-—=>NAD
CoASH H,0
4H
Acetyl CoA
CoASH H,0
Acetyl CoA 4
CoASH H,0
Acetyl CoA 4H
CoASH 20
4H
Acetyl CoA
CoASH H:0
4H
Acetyl CoA
CoASH
H,0
Acetyl CoA 4H

CoASH

Hinh 2.3. S8 dé ctia qué tinh B & BXy hoa acid palmitic
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2.2.1.3. Su tong két ning luong cua qud trinh thodi hod acid béo

* Hai phéan tng 8 — oxy hoa phéng thich 4H. trong d6 2H dudc chuyén chd bdi
FAD (FADH,) va 2H dudc chuyén cha bai NAD (NADH + H').

Trong chudi hé hap t& bao. su oxy hoa tiép moét phan tt NADH + H* giai phéng
3 ATP. 1 phan tit FADH, giai phéng 2ATP. Nhu vay méi vong B oxy hoa cung cip
5 ATP va tach ra mét phan ti acetyl CoA.

* Méi phan ti acetyl CoA ti€p tuc bi oxy hoa trong chu trinh Krebs va giai
phéng 12ATP.

Nhu vayv. mét phan ti acid béo ¢6 s6 C chan (2n), sau khi bi oxy hoa dén ciung
s€ cho:

n phan td acetyl CoA hav 12n phan tu ATP

(n —=1) phin td FADH2 va NADHH+ hay 5(n—1) ATP.

Nhu vay. nang lugng téng céng thu duge la [5(n =1) + 12 n] ATP. Néu tru 2
ATP da dung trong qua trinh hoat hoa acid béo, thi lugng ATP thu dudc sé 1a (17n
~7) ATP.

Vi du: Su oxy hoa mét phan ti acid stearic ¢6 18 C (n = 9)

sé cung cap (17x 9) —7 = 146 ATP.
2.2.1.4. Cdc con dizong thodi hoa tiép tuc cua acetyl CoA
Oxy hoa d chu trinh Krebs

Sau qua trinh B oxy hoa, acid béo bién thanh cac phin tu acetyl CoA. Acetyl
CoA sé vao chu trinh Krebs. tiép tuc bi oxy hoa hoan toan thanh CO, va H,0.

Su tao thanh cac thé ceton

Acetyl CoA dudc tao thanh ti phan ing B oxy hoa cla CH (II CH
acid béo cing c6 thé bién ds1 thanh cac thé ceton. Céic thé 0
ceton gom c6 acetoacetat, 3 — hydroxybutyrat va aceton. Aceton
Qua trinh tao thanh thé ceton qua cac giai doan sau: //0
— Hai phan tu acetyl CoA ngung tu véi nhau tao CH, -~ l(i - CH. - C\O—
thanh aceto acetyl CoA, dudi tic déong cua enzvm [— O
cetothiolase. Acetoacetat

— Aceto acetyl CoA ngung tu véi 1 phin ti acetyl CoA
nia tao thanh (-hydroxy—f-metylglutaryl CoA (HMG OH

| 0

P . ~ " { Y/,

CoA) dudi tac déng cua enzym HMG CoA synthetase. Sau CH,—-C-CH, - C<
dé, chat nay phan tich dé cho trd lai acetyl CoA va Pl{ O
acetoacetat dudi tac dong cua enzyi HMG CoA Jvase. B - Hydroxybutyrat
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— Acetoacetat bi khii thuan nghich dé tao thanh p—hvdroxvbutyrat dudi tac déng
cua enzym f—hydroxvbutyrat dehydrogenase. Acetoacetat bj khd nhom carboxyl dudi

tac déng cua enzyvm acetoacetat decarboxylase dé tao thanh aceton.

9] 0
7 V4
CHg - C\ + CHi - C\
S-CoA S - CoA
Acetyl CoA Acetyl CoA
thiolase CoA — SH
/O
CH; = C - CH, - C_
I S-CoA
0 0.
Acetoacetyl - CoA
I Acetyl — CoA + H,0
HMG - CoA
synthase
CoA - SH
0 OH 0
N\ | 7
/C—CHZ—C—CHQ—C\
-0 | -
CH; S - CoA
B Hydroxy - B methylglutaryl - CoA
(HMG - CoA)
HMG - CoA lyase Acetyl - CoA
0
0
AN
/C ~CH; - C ~CHj
-0
Acetoacetat
Ageloacetat . [-hydroxybutyrat dehydrogenase
decarboxylase NADH + H yeres
Co,
NAD*
0 OH
| N 1
CHy-C-CH; C - CH, - CH - CH;
/
-0
Aceton p~Hydroxybutyrat

Hinh 2.4. So do sy tao thanh thé ceton tir acetyl CoA
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Acetoscetat, 3 —hvdroxybutyrat dudge tao thanh d gan. vao mau réi chuvén dén
cic td chie. Tai day. ching dude bién déi thanh acetyl CoA va bi oxy hoa trong chu
trinh acid citric dé cung cap nang lugng cho mé, dac biét 1a co xuong. cd tim va vo
thuong than. Nio thuong su dung nang ludng tu glucose. c6 thé thay bang nang
lugng tir cac chat trén khi bi doi kéo dai. hay co thé thiéu glucose.

Binh thucdng, nong dé aceton dudc tao thanh ti acetoacetat rat thap. Khi déi
glucid hay khi bi bénh dai thao dudng khéng diéu tri, ndng dé chdt nay trong mau
tang, do su gia tang nhip d6 oxy hoa cac acid béo du trd tao ra nhiéu acetoacetat.
Aceton dugce bai xuit qua khi ths ra va nude tiéu. Trudng hop nang c6 thé dan dén
nhiém acid huyét va hén mé. Do dé. su tao thanh cac thé ceton bénh 1y 1a hau qua
cua su mAat can d8i gita hai qua trinh chuvén hoa glucid va lipid: hay néi cach
khac, do tée dé tao thanh cac chdl nay trong gan vugt qua kha nang si dung
chung trong cac mo ngoai vi.

Cac con dudng chuyén hoa khac

Acetyl CoA cing ¢6 thé duge co thé st dung lam nguyvén liéu dé téng hdp
cholesterol hoac tai tao acid béo.

2.3. Sv oxy hoa acid béo biao héa c6 s6 C le

Qua trinh oxy hoa cing thuc hién gidng nhu trén, nhung san pham cuéi ciing
cua sy 3 — oxy hoa la propionyl CoA (thay vi acety] CoA).

Propionyl CoA dudc tiép tuc thoai hoa biang phan tng carboxyl hoa chuvén
thanh methyl malonyl CoA, véi su xuc tac cua enzym propionyl-CoA carboxylase,
coenzvm la biotin va ATP (chat cung cip niang luong); sau dé chuvén thanh
succinyl CoA nhs su xuc tdc cua methyl malonvl CoA mutase ¢6 coenzym la
vitamin B12:

Propiony! COA carboxylase

D, HOOG - CH - CO - SCoA
/, Biotin, ATP '
Co;

CH.
Methyl malonyl CoA

CH- - CH,; - CO ~ SCoA

Propionyl CoA

Mety! malonyl CoA

Coenzym B.,
mutase

HOOC - CH; - CH; - CO ~ SCoA
Succinyl CoA

|
[}

\_/' Krebs

Hinh 2.5, Su theai hoatiép tuc cua propionyl CoA
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2.4. Sy oxy hoa acid béo chua bao hoa

Cac acid béo chua bio hoa duge oxy hoa gan giéng nhu acid béo bao hda nhung
can bo sung mét sd enzym.

Trong qua trinh oxy hod. sau khi phan cit dan nhitng mau 2C ké tir diu c6
nhom carboxyl, acid béo chua bio hoa ¢6 lién két dé1 dang cis sé tao ra cac acy!l
CoA chua bio hoa (enoyl CoA) cé lién két déi gitta C3 va C4 (AY), chi khong phai la
lién két doi gitia C2 va C3 (A?) gidng nhu trong phan ti cac chit chuyén hoa trung
gian cua acid béo bao hoa. Do d6, trong qua trinh oxy ho4, can cé thém hai enzym
phu la enoyl — CoA isomerase va 2.4 — dienoyl — CoA reductase.

— Vi enzvm enoyl — CoA hydratase chi tac ddng trén hop chat dang trans, nén
cdn c6 thém enzym enovl — CoA isomerase. dé bién dai lién két déi tir dang cis
sang dang trans va chuyén tir vi tri A" sang A%

Vi du: trong su thoai hoa cua acid oleic. oleovl CoA trai qua ba vong oxy hoa
tach ra dugc 3 phan tu acetvl CoA va mét phan ti cis ~ A' — dodecenoyl — CoA
khong thé chuyén hoa tidp dudi tac dong cua enzym enoyl CoA hydratase.

Dudi tac déng cua enzym A’ \* — enoyl — CoA isomerase, cis — A'- enoyl CoA
duge dong phan hoa thanh trans — A* — enoyl CoA; chit nay chiu tac dung cia
enzvm enoyl — CoA hydratase tao thanh  — hydroxy dodecenoyl — CoA (trans — A®
dodecenov] — CoA).

Sau d6, qua trinh oxy hoa tiép tuc gidng nhu cic giai doan cia su oxy hoa acid
béo bao hoa.

— Dé1 véi cac acid béo chua bio hoa ¢6 nhidu lién két @61, nhu acid linoleic 18:2
(A"'9). cAn c6 thém mot enzym thi hai dé hoan thanh su oxy hoa, dé la 24 —
dienoyl CoA reductase.

Vi du: Linoleoyl-CoA qua 3 vong B oxy hod tach ra duge 3 phan tu acetyl CoA,
phan acvlCoA con lai ¢6 12C vdi hai lién k&t d6i dang cis 1a cis — A* va cis — A"

Dudi tac dung cua enovl — CoA isomerase, hdp chit nav dude bién déi thanh
dong phan trans — A%, ¢is — A"

— Qua trinh oxy hoa tiép tuc dé tao thanh trans A% cis A4 — dienoyl CoA va
enzvm 2.4 dienoyl CoA reductase sé xtic tic phan tng chuyén hgp chat nay thanh
cis — A’ — enoyl CoA.

Sau d6. co ch&t nay duge enzym enovl CoA isomerase bién déi thanh trans — A
enoyl CoA va qua trinh oxy hoa lai tiép tuc nhu binh thuong.

— S6 ludng ATP dude tao-thanh-trong-qua-trinh-oxy-hoa acid béo chua bao hoa
it hon so véi qué trinh oxy hoa acid béo bao How' ¢o éing s6 C.
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Linoleyl CoA

3vong foxy hod l

0
L8 ¢ 0 1
/\/\/:\/:—\/C ~ SCoh
12
Enoyl - CoA
isomerase
7 8 y 2
o/ NN TN e seon
3l
1vong [oxy hod l o
5 4
YAVA NV VA R
10 {
FAD 0
Acyl - CoA
dehydrogenase
FADH,
2]
5 4
W\C ~ SCoA
1 3
NADH+H*
2.4 - dienoyl - CoA
reductase
NADP*
5 2 i
—— C ~SCoA
10 4 3
Enoyl - CoA
Isomerase
0
2 (I‘,I SCoA
~S8Co
10/\/\/\/\\\/
4 2
4vong foxy hoa
Acetyl CoA

Hinh 2.6. Su oxy hod acid’béo chua bao hoéa linolenic
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12:2cA3S

12:2tA2 cAB

10:2 cA*

10:2 tAZ cA*

10:1 ¢A?

10:11A2



3. SU SINH TONG HGP LIPID

3.1. Sinh tong hop acid béo
3.1.1. Sinh téng hop acid béo bio hoa

Qua trinh tdng hdp acid béo bao hoda xay ra d nhiéu té chiic nhung manh nhat
trong gan, md md, rudt va tuyén vi. Su téng hop va oxy hoa acid béo xay ra theo
nhiing con dudng khac nhau, duge xuc tac bdi hé théng enzym va ¢ cac vi tri khac

nhau trong té bao.

Nhing c6éng trinh nghién cttu cta Lynen, Wakil, Popjack, Vagelos... cho thay
¢6 ba quéa trinh sinh téng hop acid béo:

— Qua trinh sinh téng hop acid béo & bao tuong.
— Qua trinh sinh tong hop acid béo 6 ty thé.
— Qua trinh sinh téng hdp acid béo d microsom.
3.1.1.1 Sinh téng hop acid béo bao hoa & bao tuong
Payv 1a qua trinh chi véu dé téng hop cac acid béo c6 mach carbon tir 16 C —18 C.
Cac yéu t6 tham gia qua trinh sinh téng hdp gom cé:
* Acetyl CoA
Acetyl CoA la nguyén liéu ban dau dé tong hdp acid béo, duge hinh thanh

trong ty thé do qua trinh thoai hoa glucid va acid béo. Acetyl CoA dudc van chuyén
qua mang ty thé ra bao tuong theo hai co ché:

— Su tao thanh citrat trong ty thé ti acetyl CoA va oxaloacetat: cac phin tu
citrat qua dude mang ty thé nhd hé théng van chuyén tricarboxvlat. O bao tuong.

dudi tac dung cua citrat lyase, citrat cho trd lai oxaloacetat va acetyl CoA:

Acety! CoA + Oxaloacetat cltrat synthetase  ityat + CoASH

Citrat + ATP + CoASH —SODEe .y  loacetat + Acetyl CoA + ADP + P
— Nhd hé théng carnitin 6 mang ty thé: acy! carnitin dude hinh thanh va sé
qua mang ty thé ra bao tudng. O bao tuong, nhém acetyl sé& duge chuyén tir acetyl

carnitin dén CoA ¢6 san trong bao tuong dé tii tao acetyl CoA:

oo carnitin acetyl transferase
Acetyl CoA + Carnitin - f% Acetylearnitin + CoASH
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* Malonyl CoA

Malonyl CoA dude tong hop trong bao tudng tit acetyl CoA dudi tac dung cua
acetvl C'oA carboxylase. Phan \ing cian su tham gia cua ATP nhu chit cho nang
lugng, biotin la coenzym cua carboxylase, dong vai trdé chuvén chs CO.,.

. 2tyl CoA xylase
CH, - CO ~SCoA + ATP + COj 2 ‘; if”b‘”y +“HOOC - CH, — CO ~ SCoA + ADP + P
100N

Acetyl CoA Malonyl CoA

* He théng phic hdp enzym téng hop acid béo

Hé théng nay gém cé 6 enzym gan vdi nhau quanh mét protein van chuyén géc
acvl (ACP: Acyl Carier Protein). Trong qua trinh 3 — oxy hoa acid béo. cac chat
chuyén hoa trung gian dude hoat hoa dusi dang két hop vdi mét phan ti van
chuvén géc acyl 1a CoA, con trong su sinh tdng hdp acid béo, tac nhan van chuyén
goc acyl 1a ACP.

ACP la mét protein tap ¢6 phan apoprotein la mét chudi polypeptid gébm 77
acid amin va nhém ngoai la 4—phosphopantethein, din xuat cua acid pantothenic.
Nhém ngoai gin v8i apoprotein qua lién két ester véi serin (acid amin thi 36 cua
apoprotein). Gdc acyl can duge kéo dai gian vao ACP qua lién két thicester véi
nhém —SH cua 4— phosphopantethein.

a.al
|k o
{a.a 36) Serin—O—P—O—CHQ-?—?H—%—NH—CHz—CHz —(lz—NH—CHz-CHg—SH
|
| T OH CH;OH O o) ‘[
aarl
Apoprotein 4 - phosphaopantathein

Hinh 2.7. Cau tao cua ACP

Gdc 4-phosphopantethein hoat déng nhu mét “canh tay di déng” van chuyén
mach acyl, can kéo dai lan ludt dén 6 enzym bao quanh phan ti ACP:

1: Acetyl CoA ACP transferase.
: Malonyl CoA ACP transferase
3: B — ceto acyl ACP synthetase
4: B — ceto acyl ACP reductase (coenzym NADPHH")
5: 3 = hydroxy acyl ACP dehydratase
6: Enovl— ACP reductase (coenzym NADPHH™)

o

Sau enzym nay lan luct xtic tac 6 phan UIng cua qua trinh kéo dai mach carbon
thém 2C.
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Qua trinh sinh téng hop
* Su tao thanh acetyl ACP va malonyl ACP
Acetyl CoA va malonyl CoA phan dng véi nhém — SH cua ACP, duéi tac dung

cua enzym ACP- acety] transferase va ACP- malony! transferase tao thanh acetyl
ACP va malonvl ACP:
ACP - Acetyl transferase
CH,- CO ~SCoA + HS - ACP ——— CH, - CO ~ SACP + CoASH
Acetyl CoA Acetyl ACP

ACP - Mulonyl transferase
HOOC - CH, — CO ~ SCoA + HS - ACP HOOC - CH, — CO ~ SACP + CoASH
Malonyl CoA Malonyl ACP

* Phan ung ngung tu
Acety] ACP va malonyl ACP ngung tu vdi nhau dé tao thanh acetoacetyl ACP.
Phan 1ing ngung tu dudc xtic tic bdi enzym 3 —cetoacyl ACP synthetase, giai
phéng CO.,.
B cetoacyl ACP synthetase
CH; - CO ~SACP + HOO(C —CH, - CO ~ SACP ~—— CH;- %‘ - CH,-CO~SACP
HSACP+CO, ()
Acetyl ACP Malonyl ACP Acetoacetyl ACP
* Phan wng khu thi nhadt
Acetoacetyl ACP dudi tac dung cua enzym P—eto acyl ACP reductase (cé
coenzym la NADPH + H+), bi khii thanh B - hydroxybutyryl ACP.

[icetoacyl ACP reductase

CH, - ﬁ' — CH, - CO ~ SACP , CHy;-CH-CHy-CO~SACP
|
O NADPH + H” NADP- OH

Acetoacetyl ACP B - hydroxybutyl'y] ACP

* Phan ung khw nuoc
3 — hydroxybutyryl ACP tach ra mot phan ta nude dudi tac dung cua enzym f3

— hydroxy acyl ACP dehydratase (crotonase) tao thanh trans — A*~ butenoyl- ACP
{crotonvl ACP)

S— hydroxy acyl ACP dehydratase

CH. - (}‘H - CH, - CO ~SACP ~ - CH;-CH=CH-CO ~ SA(CP
OH H.O
B - hydroxybutyryl ACP trans - A2~ butenoyl ACP
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* Phan ung khu thi hai

La phan Ung hydrogen hoa lién két déi cua trans — A* — butenoyl — ACP tao
thanh butyryl ACP, véi enzym xuc tac 1a hydroxy acyl ACP reductase (enoy! ACP
reductase), coenzym 1a NADPH, H'.

Hydroxy acyl ACP reductase
CHy - CH =CH - CO ~ SACP », CHy—-CH,-CH,-CO~SACP
NADPH + HY NADP*
trans — A2— butenoyl ACP Butyryl ACP

Nhu vay, sau mét chu trinh téng hgp gdm 6 phan Ung nhu trén, da tao thanh
butyryvl ACP ¢6 mach carbon kéo dai thém 2C. Butyryl ACP tao thanh lai tiép tuc
phan Ung véi mot phan ti malonyl ACP mdéi va sau mét chu trinh téng hdp gidng
nhu trén, sé tao thanh mot acid béo dai hon 2C (6C). Qua trinh c tiép tuc cho dén
khi tao thanh palmitoyl — ACP ¢6 16C.

Giai doan cubi ciia su tong hdp la su giai phéng ACP ra khoi Acyl ACP song
song v4i s tao thanh acyl CoA:

Palmitoyl ACP + CoASH

HS - ACP + Palmitoy! CoA

Cac acid béo bao hoa ¢é s& carbon 1é ciing dude tong hop dudi tac dung cua
phitc hop enzym téng hop acid béo. Qua trinh téng hgp duge khdi dau bang mot
phan tU propionyl — ACP (thay vi acetyl — ACP) ngung tu véi malonyl ACP.

3.1.1.2. Su sinh téng hap acid béo bdo hoa ¢ hé thong trong ty thé

Hé théng nay it quan trong hon chu vé&u chi dé kéo dai mach C tit nhiing acid
c6 mach C ngin. Ta c6 su thanh lap cac acid béo ¢6 tir 18C trd 1én ti nhiing acid
béo ¢6 12C, 14C. 16C da dudce tong hop & hé théng ngoai ty thé.

Ca ché kéo dai mach carbon dude thuc hién tuong tu nhung ngude lai véi
quéa trinh B ~ oxy hoa, chat van chuyén nhém acyl 1a CoA chd khéng phai 1a
ACP, cac enzym xuc tac gidéng nhu trong qua trinh B oxy hoa tri phan dng khu
thi hai, enzym xic tac 1a enoyl reductase cé coenzym la NADPH (chi khéng
phai la NADH).

3.1.1.3. Su sinh tong hdp acid béo bao hba & microsom (vi thé)

Hé théng nay chi ¢6 nhiém vu kéo dai nhitng acid béo ¢é tir 10 carbon trd 1én
da dudc tong hop sin & bao tuong.

Nguyén liéu dé téng hdp 1a malonyl CoA, NADPH + H* Chit van chuyén

nhém acyl 12 CoA thay vi ACP. Qua trinh nay chi yéu ding dé téng hop cac acid
béo cb 22C va 24C cnra sphingolipid:
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R~ C-SCoA Acyl CoA c6nC

Ngung ty HOOC - CH; - C - SCoA
0
/3~ cetoacyl CoA synthetase CoA - SH + CO,
R- ﬁ -CH, - ﬁ ~ SCoA (3 ~ Celoacyl CoA
Khif (3 1 <NADPH H
NADP-
/}- cetoacyl CoA reductase R- (l:H -CH, - ﬁ ~SCoA
OH
Khif nwdc < [} — Hydroxyacyl CoA
H;0
v
R—CH=CH—?|-SCOA
| CoA deh ©
- i¢
[3- Hydroxyacy! CoA defydratase NADPH + H*
Enoyl CoA reductase < Enoyl CoA
NADP*
Khit1an 2 !
R-CH,-CH;- ﬁ ~ SCoA Acyl CoA ¢6 (n+2) C
0

Hinh 2.8. Su sinh tdng hop acid béo bio héa & hé théng trong ty thé
3.1.2. Sinh téng hop acid béo chua bao héa

3.1.2.1. Acid béo chua bao hoa cé6 mét lién két doi (monoethylenic)

C6 thé duge tao thanh tu suw khi hydrogen cia cac acid béo bao hoa tuong ling.
Trong mé ddng vat, acid palmitic va acid stearic thudng la tién chit cua hai acid
béo khéng bio hoa cé6 mot lién két d6i phd bién la acid palmitoleic, 16:1c (A%) va
acid oleic, 18:1c (A"). Lién két doi A® ctia cac acid béo khéng bio hoa duge tao thanh
do mot hé monooxygenase dae hiéu xuc.tae.
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Vi du: phan Ung cua qua trinh hinh thanh palmitoleoyl CoA nhu sau:

Palmioleoyl

PalmitoylCoA + NADH + H* + O, —— CoA + NAD* + 2H.0
3.1.2.2. Acid béo chita bao hoa c6 nhiéu néi déi (polyethylenic).
Su téng hop nay phue tap hon, phai tuAn theo mét s quy luat:
— Lién két dé1 dau tién luén ludn dude tao o vi tri A? (gita C9 va C10)
— Lién két doi ké tiép duge tao thanh trong khoang gitia nhom — COOH va ndi déi

thi nhat. khéng bao gid xav ra trong khoang gita nhém — CH,, tan cung va néi déi.

— Cac l1én két da1 duge tao thanh cach nhau 3 C.
15 3 1 8 6 4 2
16 14 12 10 9 7 ) 3 1
5 13 1 8 S 2
16 14 12 10 9 7 6 4 3 1

Vi vay. dong vat ¢6 vi khéng thé thuc hién phan (ing téng hdp cac acid béo cb

hai hay nhiéu lién két déi trong khoang tit C9 dén Cm nhu acid linoleic (18:2¢A”'¥)
va acid linolenic (18:3cA®!*'%). Cac acid nay dudgc goi la acid béo thiét yéu (hay
vitamin F) phai duge cung cap tir thic dn. Sau khi duge tiéu hoa va hap thu, cac
acid nay sé duge khit hydro tiép tuc dé tao thém lién két ddi hay kéo dai mach C.

Vi du: acid arachidonic (20:4cA®®"1%) duge téng hgp tit acid linoleic, 1a tién

chit cua cac hdp chit thude nhéom eicosanoid, déng nhiéu vai tré quan trong trong

su diéu hoa chuvén hoa.

3.2. Sinh tong hop triglycerid (triacyl glycerol)

3 -

Triglyeerid dugc tong hgp d nhiéu té chite hodc t& bdo cuia gan, than. mé md, rudt...

* Nguyén liéu ban dau la glycerol va acid béo dudi dang hoat hoa la glycerol —
phosphat va acvl CoA.

Glycerol 3 — phosphat dugce hinh thanh tit hai con duong:

- 0 gan. than, mém mac rudt, glycerol duge hoat hoa thanh glycerol — 3 -

phosphat bing su phosphorvl hoa véi chat xuc tac la enzym glycerolkinase:
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— Té bao md khdéng ¢6 enzym ndi trén. do d6 glycerol — 3 — phosphat dudc tao
thanh tir su khid dihydroxvaceton phosphat. san pham trung gian cua su thoai hoa

glucid, vé1 sy xuc tac cua enzvm glycerophosphatdehydrogenase. coenzvm la
. g phosp
NADH + H".
CH., — CH, - OH
| OH NADH + H! NAD* [
C=0 » CH-0OH
| glyeerol-3-phosphat dehydrogenase |
(‘1‘13 - () }.)(_);(!"{'_; (j[]._) h () - PO;gHg

Dihydroxyacetonphosphat

Glycerol - 3 — phosphat

Acid béo duge hoat hoa bdi enzym thiokinase, vdi su ¢6 mat cua ATP va CoA tao
thanh acyvl CoA (gidng giai doan hoat hoa acid béo ciia qua trinh oxyv hoa acid béo).

% Qua trinh sinh téng hop triglveerid xav ra qua cac giai doan sau:

— Hai phan 14 acyl CoA két hop vdi glycerol — 3 — phosphat tao thanh acid
phosphatidic {1.2 diglycerid phosphat) vdi su xdc tac cua enzym acyl transferase:

()
(CH, - OH . (‘H;—()—(‘
| acyl transferase
CH- OH e~ ( H-O- C
CH.- O-TP0 EHZ—)R - CO ~SCoA 2CoASH ( H,— O - I)() H.

Glycerol - 3 — phosphat

Acid phosphatidice

— Acid phosphatidic chuyén thanh 1,2 diglycerid nhd su xic tic cua enzvm

phosphatase:
?
CH,-0O0-C-R

(')
CH»—O C R

(le 0-C 4 phosphatase
|' N /\
(‘[_l: - () - P(),;H: H.’O HQP()|

Acid phosphatidic

> (HO(‘

( H, - OH
1,2 diglveerid

— Diglvcerid tiép tuc phan ung véi mot acyl (oA thi ba, dudi téc dung cua

enzvm diglveerid —

acyl transferase dé tao thanh triglvcerid:

? P
CH,.-O-C-R N
é\H - (/ ) Acvltransferase |_ °

et " CH-0-(C
| \R /_\ I .
CH: - Oli R - CO~8CoA CoASH Pl 00k

1,2 diglyeerid

b
Triglycerid O
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Trong niém mac rudt cua cac déng vat bac cao, monoglycerid dudge tao thanh
do su tiéu hoa § rudt c¢6 thé dude acyl hoa truc tiép dudi tac dung cha enzym
monoglycerid palmitovltransferase va qua trinh nay khdng can vai tro trung gian
cua acid phosphatidic dé tao nén diglycerid.

3.3. Sinh tong hop glycerophospholipid (phosphatid)

Mang sinh vat ciu tao bdi 2 thanh phin chu yéu la protein va lipid. Trong sé
cac lipid mang, glycerophospholipid va cholesterol chiém ty 1& cao nhat.

C6 nhiéu con dudng téng hop glycerophospholipid, phé bién nhat la tu acid
phosphatidic.
3.3.1. Phosphatidyl ethanolamin (cephalin)

— Phosphoryl hoa géc ethanolamin nho ATP va enzym ethanolaminkinase:

ethanolaminkinase

Hz;\] - CHA — CHg — OH /-—\‘ > HzN - CH'_J_ - CH_)_ - OPO.‘}H_)
Ethanolamin ATP ADP Phosphoethanolamin

— Phosphoethanolamin phéan tng véi cytidin triphosphat (CTP) dé tao thanh
cytidin diphosphat ethanolamin (CDP — ethanolamin).

NH,
N
0 NOCH,-0O-P-0-P-0-P-0OH + HyN - (CH, - CH., - OPO;H,
I I |
0 0 0
OH OH
Cytidin triphosphat (CTP) Phosphoethanolamin
NH,
N -
Phosphoethanolamin 0 (!)H 9H
<ytidin transferase N QCH,-O-P-0-P-0-CH,-CH,- NH, + PP
[ I
0 0
OH OH
Cytidin diphosphat ethanolamin (CDP - ethanolamin)

— CDP - ethanolamin két hgp véi diglycerid (diacylglycerol) dé tao thanh
phosphatidylethanolamin dud sy xuc tac cua enzym phosphoethanolamin transferase
(phan cytidin monophosphat-ena-eytidin-diphosphat-ethanolamin dudc tach ra va phan
phosphoethanolamin sé dude chuyén dén diglyeéria):
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0
N~ Il
| OH OH CH,-0-C R
0 L
Y\I()CHQ—O——P---O{P O-CH,-CH,-NH, + CH 0-— (i{
i i {
) 0 CH,- OH
OH OH
Cvtidin diphosphat ethanolamin  (CDP - ethanolamin) 1,2 diglycerid
NH,
o)
N I
OH CH) -O0-C-=-R
Phosphoethanolamin Y
transferase N OCH,-0- ]ﬁ’ OH + CH 0- C\
|
0 CH,-0O- P O —-CH, - CH, - NH,
OH OH O OH

Cytidin monophosphat (CMP) Phosphatidyl ethanolamin (cephalin)
3.3.2. Phosphatidyl cholin (lecithin)
O mb dong vat, phosphatidyl cholin (lecithin) c6 thé duge téng hgp theo hai
hudng khac nhau:
3.3.2.1. T Phosphatidyl ethanolamin

Metvl hoa truc tiép nhém amin cua phosphatldyl ethanolamin bing nhém
metyl cua S — adenosylmethionin.

@ ¢
(‘HJ“O C R CH,-O-C-R
/O 3 S-adenosylmethionin | Y
CH 0O-C CH-0- C
| R ™ 30H, |
(H)—()—/P O -CH.,-CH,- NH, CHQ—O—P O - CH, - CH, — N+ (CH.),
o’ “on o’ “OH

Phosphatidyl ethanolamin (cephalin) Phosphatidyl Cholin (Lecithin)
3.3.2.2. Tz Cholin

Cholin dude cung cap tu thiuc an hay giai phéng tit qui trinh thuy phén
phosphatidyl cholin.

Qua trinh nay dude thuc hién bang moét loat nhitng phan tng tuong tu nhu
qua trinh tao thanh phosphatidyl ethanolamin.

3.3.3. Phosphatidyl serin

Trong mé déng vat, phesphatidyl serin dudc téng hdp tit phosphatidyl
ethanolamin bang cach trao ddi giia goc ethanolamin véi gée L — serin.
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3.4. Sinh téng hdgp sphingolipid

Sphingolipid ¢é thanh phan alcol 1a sphingosin. Sphingosin dudc téng hgp tu
palmitoyl CoA va serin. Sau khi dude tao thanh, nhém amin cua sphingosin duge
acvl hoa bang mot acyl CoA mach dai dudi tac ddng cua enzym sphingosin acyl
transferase dé tao thanh N — acetyl sphingosin hay ceramid Ja tién chat cua cac
sphingolipid.

— Sphingomvelin: duge tao thanh do phan ing gida ceramid vdi phosphatidyl
cholin (hay CDP — cholin).

— Cerebrosid: dude tao thanh do su két hgp truc ti€p cia ceramid véi glucose
hav galactose. '

— Gangliosid: duge tdng hop tit cerebrosid qua nhiing phan ting gan thém mét

s6 goc galactose, galactosamin. va acid N — acetyl neuraminic dudi dang hoat hoa.

4.SU CHUYEN HOA CHOLESTEROL

Trong co thé. cholesterol tham gia vaoc thanh phiin cdu tao cua mang t& bao va
quéa trinh téng hop nhiéu hormon steroid va acid mat. Cholesterol do hai nguén
gbe: dua vao tif thite an (ngoai sinh) hoac téng hop bdi cac t& bio, chu yéu la té bao
gan (nd1 sinh).

4.1. Su tiéu hoa va hap thu cholesterol

Luong cholesterol dua vao co thé tir thic in 13 khoang 300-500mg/mgay. Thitc
An giau cholesterol 1a thit. gan, nao, long dd tring. Cholesterol ¢é ngudn géc ndi
sinh la khoang l1g/ngay.

Cholesterol duge hap thu d rudt cung véi cac lipid khac ¢ dang nhing phan tu
chylomicron. Cholesterol dudgec hap thu van chuyén trong hé théng mach bach
huvét va dude ester hoa véi cac acid béo chudi dai. Cholesterol van chuyén trong
mau dén cac t8 chitc dudi dang phic hop lipoprotein. 0 ngudi, cholesterol toan
phan (cholesterol tu do va cholesterol ester) trong mau viao khoang 200mg/100ml,
trong dé chu yéu la cholesterol ester.

4.2. Su sinh tong hop cholesterol

Cholesterol dude tédng hdp chu véu 6 gan va ruét. Ngoad ra, cholesterol ciing
dugc téng hgp d vo thuong than, da, hé than kinh. tinh hoan, buéng tring.....

Cung gidng nhu acid béo. cholesterol duge tédng hgp tir cac don vi acetyl CoA
qua mot loat cac phan Ung két -hgp va hoa vong.

Qua trinh sinh téng hop cholesterol gom ba giai doan:
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4.2.1. Téng hop acid mevalonic tir acetyl CoA

- Ha1 phan tu acetyv]l CoA ngung tu véi nhau tao thanh aceto acety] CoA.

— Acetoacetyl CoA ngung tu v6i mét phan tit acetyl CoA nita dé tac thanh
f — hvdroxy — B — methylglutaryl CoA (HMG CoA) véi su xuc tiac cua enzym HMG
CoA svnthetase.

— HMG CoA bij khii oxy va loat CoA dé tao thanh acid mevalonic véi su xiic tac
cua enzvm HMG — CoA reductase, c6 coenzym ia NADPH H+.

CH} - CO i SCOA + CH3 - CO -~ SCOA
Acetyl CoA Acetyl CoA

thiolase
CoASH

CH3 'I'lc - CHZ ~-CO~SCoA
o)

Aceto acetyl CoA

CH3 - CO ~ SCoA
HMG CoA synthetase

\“CoASH

(I)H
CH; - ? - CH; - CO ~ SCoA
CH, - COOH

) - hydroxy 3 Metylgiutary! CoA
HMG CoA reductase 2 NADPH + H-

CoASH ZNADP*

(l)H
CH3—(|3—CH2—CH2—OH
CH, - COOH

Acid Mevalonic
Hinh 2.9. So dé su tao thanh acid mevalonic tir acetyl CoA

4.2.2. Tao squalen

Acid mevalonic dude hoat hoa bdi hai phan tu ATP, dé tao thanh mevalonat
pyrophosphat. Chat nay bi khu nuédc va khu carboxyl thanh isopentenyl pyrophosphat
hav chdt déng phan la 3;8=dimetylallylpyrophosphat(co 5C). Hai chit ddng phan
nay két hgp véi nhau cho ra geranylpyrophosphat (co 10C).
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Sau d6, mét phan ti isopentenyl pyrophosphat nila sé tham gia phan ing véi
geranyl pyrophosphat, loai mét phan ti pyrophosphat, dé tao thanh farnesyl
pyrophosphat (¢6 150).

Hai phan tu farnesyl pyrophosphat s& ngung tu vdi nhau, dudi tac dung cua

enzym squalen synthetase dé tao thanh squalen (c6 30C) va gial phéng

pyrophosphat.
OH
|
CH; - ? —CHz - CH,-CH Gerany! pyrophosphat (10C)

CH. - COOH

Acid Mavalonic Isopentenyi pyrophosphat(5C)

KZATP Pyrophosphat
2ADP CHs . CHs

Il
CH CH, CH;
g ?‘CH?‘CH:‘O‘P*O'P \CHQ/ \C/
Il

Mevaionat pyrophosphat \CHz/ \C/
[
}\HZO CHH/O—P-O_P
I‘CO? Farnesyl pyrophosphat (15C) ’

CH, = ? -CH;-CH,-0-P-0O-P ijarnesyl pyrophosphat (45,
CHy

Isopentenyl pyrophosphat

o
Isomerase . «CH2 C
CHy~G=CH~CH;~O-P-0-P | !

302 2-0-F-0-F , CHa CHiCH CHE\CHXC% CH,
o T ¢ i
Dimetyl altyl pyrophosphat (5C) CH  CH CH, PN
N \CHQ CH5y CH;
){ Isopenteny! pyrophosphat (5C) CQB \CH3
Squalen (30C)

CHy., CHy
C
CH o chs Hinh 2.10. S dé su tao thanh
\CH; N Squalen tr acid mevalonic

Geranyl pyrophosphat {10C)
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4.2.3. Bién déi squalen thanh cholesterol

— Squalen két hop véi oxy phéan tu dudi tac dung cua squalen monooxygenase
tao thanh Squalen 2.3 epoxid, sau d6 déng vong tao thanh lanosterol.

— Lanosterol sau mét loat cAc phan ing khu metyl, oxy hoa, khi hydrogen sé
tao thanh cholesterol.

Squalen
0, NADH + H-

NADP~

H,0

A
OH
Lanosterol
khu metyl
o]
khu hydrogen

Cholesterol

Hinh 2.41. Sur tao thanh cholesterol tir Squalen

4.3. Tong hop cholesterol ester

Cholesterol ester c6 thé duge téng hdp bl hai con duéng khéac nhau:

4.3.1. Acid béo duoc hoat hod boi CoA thanh acyl CoA véi sy tham gia cua
ATP. Acyl CoA tac dung véi cholesterol véi su xudc tac cua enzym acyl CoA
cholesterol acyl transferase tao thanh cholesterol ester. Con dudng nay xay ra o
cac to chic gan, rudt, thuong than..

Acyl CoA - cholesterol
acyl transferase

Acyl CoA + Cholesterol ~ Cholesterol ester
CoASH

4.3.2. Dudi su xuc téc cua enzym lecithin cholesterol acyl transferase, goc
acyl clia acid béo gan & vi tri C2 trong phan i lecithin duge chuyén truc tiép dén
cholesterol dé tao thanh cholesterol estar jConduéng nay xay ra d huyét tuong.
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lecithin cholesterol

v tranferase o
Lecithin + Cholesterol —— ranferase Cholesterol ester + Lysolecithin

Phan ting ester hoa cholesterol nham muc dich dua cholesterol ra khéi lipoprotein.
dé ngan ngia cholesterol khuéch tan téi cac té chic, vi cholesterol giai phéng ra
khoi gan chu yéu la cholesterol tu do két hdp véi lipoprotein huyét thanh.

4.4. Piéu hoéa sinh tong hop cholesterol
Sy téng hop cholesterol dude diéu hoa bdi cholesterol. dude dita vao cg thé tir
thuc an. mot s6 hormon va acid mat.

— Cholesterol tir thie an: khéng dc ché su téng hop cholesterol 3 rudt, nhung
uc ché sy tdng hop cholesterol 8 gan, do giam tong hop HMG — CoA reductase,
enzym dAu tién cia qua trinh tdng hdp cholesterol.

— Nhin déi: lam glam tdng hop cholesterol ¢ gan do giam ludng acetvl CoA,
ATP va NADPH, con khi an mot ché d6 an ¢6 nhiéu md thi qua trinh téng hdp
cholesterol sé tang.

— Acid mat: ¢é tac dung tc ché truc tiép su tédng hop cholesterol 3 niém mac ruét.

— Estrogen va cac hormon sinh duc nit: dc ché qua trinh téng hdp cholesterol do
tic ché HMG CoA synthetase, 1Am giam ham Iudng cua HMG — CoA trong té bao.

— Ngoai ra, nong dd cao cua cholesterol trong té& bao ciing hoat hoa enzym acyl
CoA — cholesterol acyl transferase ting cuong qud trinh tao cholesterol ester la

nguon du trit cholesterol clia co thé.

4.5. Su thoai hoa cholesterol
Su thoai hoa cholesterol dan dén sy taoc thanh acid mat. Qua trinh nay xay ra
¢ gan va rudt.

Cac acid mat dude tao thanh do su cat ngan diy nhanh va cic phan tdng
hvdroxvl hoa 6 nhan. Khac véi nhiing san phdm khac, cholesterol khéng duge oxy
hoa thanh CO, va H,0, nén qua trinh nay gitip cho cd thé khéng bi ¢ dong

cholesterol d cac té chitc. gay nhiéu bénh nguy hiém nhu x¢ vida déng mach.

Cac acid mat la dan xuét cua acid cholanic. cau tao khac véi cholesterol 8 cac

diém sau:
~ C6 24C (do mach nhanh bi cat di 3C), géc — COOH gin & C24.
~ Khéng con lién két dé1 d vong B.

— C6 thém mét sb goc hydroxyl.
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Mat nguoi ¢6 chia 4 acid mat la acid cholic, acid chenodeoxycholic (duge tao
thanh 6 gan, goi 1 acid nguyén phat) acid deoxycholic va lithocholic (dudc tao
thanh o ruét. goi la acid tha phat). Cac acid nav chi khac nhau 6 s6 lugng nhém
OH gan vao nhan sterol.

Cac acid mat liédn hgp véi glycin hay taurin biang lién két amid véi goc —
COOH ¢ C24. tao thanh acid glycocholic, glycochenodeoxycholic, taurocholic.

taurochenodeoxvcholic.

Do tinh chat kiém ctia mat, cac acid mat lién hgp nay dude trung héa thanh
J
mudi mat ¢é tinh chat nhu hod manh. nén rat can thiét cho su tiéu hoa mé.

HAu hét acid mat dugc giai phéng ti gan dudi dang lién hop, dd truc ti€p vao
hanh ta trang, qua éng dan mat hay du tri 6 tii mat khi chua can dén.

O rudt, dudi tac déng cua vi khuan rudt, cac acid mat lién hop bi thily phan
aiail phéong glycin hoac taurin. Sau d6, géc — OH & C7 dugc tach ra, acid cholic dude
chuvén thanh acid deoxycholic. acid chenodeoxycholic chuyén thanh acid

lithocholic (acid mat thi phat).
Phan 18n acid mat ¢ rudt duge tai hap thu qua tinh mach ciia, téi gan va bai

tiét lai vio mat, d6 1a chu trinh gan rudt clia acid mat. Phan con lai sé bai tiét ra

ngoai theo phan.

OH

COOH COOH

Acid cholic Acid chenodeoxycholic

Acid deoxycholic Acid Lithocholic

Hinh 2.12. Cautao hoa-hoe cua cac acid mat
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COOH + H;N - CH; - COOH —_— COQOH - HN - CH, - COCH

Aclid cholle Glycin Acid glycocholic
COOH +H,N-CH-CH; -SOH  —s COOH + HN - CH, - CH, - COOH
Acid cholic Taurin Acid taurocholic

Hinh 2.13. Sy lién hop cla acid mat
5.SU CHUYEN HOA LIPOPROTEIN

Qua qua trinh chuvén hoa lipoprotein, cac lipid sé duge van chuvén bang
nhung loal lipoprotein khac nhau va theo nhing huéng khac nhau.

5.1. Chylomicron

T& bao rudt téng hdp triglveerid tir acid béo dudc hap thu qua rudt sau bia
an. Triglycerid k&t hgp véi luong nho cholesterol va phospholipid, nhan apo C
va apo E tit HDL tao thanh chylomicron. Chylomicron van chuvén triglycerid.
cholesterol cua thic an qua hé théng bach huyét vio mau. Trong mau, dudi tac
d6ng cua enzym lipoproteinlipase trong mao mach ndi mé, phan Idn triglycerid
chia chylomicron bi thiy phan cung cdp acid béo tu do cho mé cd (oxy hoa dé
cung cip nang lugng) va moé méd (tdng hop triglycerid). Phan chylomicron con lai
(chvlomycron remnant) tiép tuc di chuyén trong mau, bi thau tém béi gan va

thoal hoa trong lysosom.

5.2. Lipoprotein ty trong rit thip (VLDL)

Tai gan va rudt, triglycerid két hgp véi apo — B100, phospholipid va cholesterol
tao thanh lipoprotein ty trong rat thap (VLDL). VLDL van chuvén cha yéu
triglvcerid ndi sinh vA mét phan cholesterol tit gan dén cac md ngoai vi. Trong
mau. VLDL nhan apo — CII cua HDL d& kich hoat enzym lipoprotein lipase thuy
phén triglvcerid cung cép acid béo cho cac t€ bao ngoai vi, 1am giam ty lé cua
triglvcerid va ting ty 1é cua cholesterol. VLDL sé& bién déi thanh lipoprotein ty
trong trung gian (IDL). Mét phan IDL dugc thoai hoa nhanh ¢ gan. phan con lai
chuyén thanh lipoprotein ty trong thap (LDL) nho thiy phéan bét triglycerid dusi
tac déng cua enzym HTGL-(hepatic triglycerid hipase).
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5.3. Lipoprotein ty trong thap (LDL)

L.DL van chuyén cholesterol tif gan theo mau dén cac t& bao md ngoai vi, tudng
tic véi receptor— LDL trén mang té bao va duge té bao thau tém. LDL thoai hoa
cung cap cholesterol cho cac t& bao (1a nguvén liéu dé téng hop steroid, thanh phan
ciu tao cua té bac. Khi LDL hién dién nhiéu trong mau s& khién nong dé
cholesterol trong mau tang cao va c¢6 thé G dong & thanh mach mau gayv bénh xo
via dong mach.

5.4. Lipoprotein ty trong cao (HDL)

HDL dugc tong hop & gan va rudt theo mau dén cac md ngoai vi. Tai day, HDL
thau nhan cholesterol thita tir t& bao, van chuvén vé gan dé thoai hoa va dao thai
theo duong mat. Do d6. HDL dudge xem 1a chat chéng d dong cholesterol ¢ thanh
mach va han ché& nguyv cd gay xo viia déng mach.

TAI LIEU DOC THEM

1. Bé mdén Hoa sinh — DBai hoc Y-Dugde TPHCM. Hoa sinh y hoc. NXB Y hoc TP
HCM 2003.

B6 Y t&€, Vu Khoa hoc va Dao tao. Hod sinh hoc. NXB Y hoc Ha Noi. 2005,
Christopher K. Mathews. K.E. Van Holde. Biochemistry, 1996.

[

aow

Victor L. Davison., Donald b. Sittman. Biochemistry. 3 th edition, Harwal
Pubhshing, 1994.

5. P.N. Campbell. Biochemistry Illustrated. 4 th edition, Churchill livingston,
2000.

6. Robert K. Murray, Daryl K. Granner, Victor W. Rodwell. Harper's Illustrated
Biochemistry. 27th edition, Lange Medical Books/Mcgraw—Hill. 2003

=1

David L. Nelson, Michael M.Cox. Lehninger. Principles of biochemistry. 4th
edition. 2005.

TU LUONG GIA

Chon mét cAu tra 16i diing nhat trong cac cau tir 1 dén 5
1. Qua trinh sinh téng hgp acid béo quan trong nhit xav ra tai:
a. Tvthé
b. Bao tuong

Microsom

d. Mé mgd
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2. Cac triglycerid (triacylglycerol) theo mau van chuyén dén gan, cac td chuc, mb
md dudi dang:

a. Chylomicron

b. LDL
c. HDL
d. VLDL

3. Trong su oxy hoa cac acid béo chua bio hoa, cin c6 thém enzym enoyl — CoA

isomerase nham muc dich:

a. Bién ddi lién két d6i ti dang cis sang dang trans va chuyén tir vi tri A, sang A,

b. Bién déi lién két dai tir dang cis sang dang trans va chuyén tir vi tri A, sang A,.

c. Bién déi lién két doi tit dang trans sang dang cis va chuyén tit vi tri A, sang A,

d. Bién doi lién két dbi tir dang trans sang dang cis va chuvén tir vi tri A, sang A,.
4. Trong su sinh téng hgp acid béo, tac nhan van chuyén gée acyl la:

Coenzym A

ACP
c. Carnitin
d. CTP

5. Protein van chuyén gdc acyl (ACP) c6 nhém ngoai la:
a. Acid phosphoric
b. Acid pantothenic.
c. Acid nucleic

d. 4-phosphopantethein

Chon tdp hop cau tra 10i dung trong cac ciu tir 6 dén 10
6. Vai tro chi yéu eia cac hop chét lipid trong co thé la:
Diéu hoa cac qua trinh chuyén hoa
Cung cap va du trd ning lugng
c. Baovécdthé

d. Tham gia cdu tao té& bao

_\]

Trude khi thuy phan, lipid phai duge nhii tuong hoia bdi mudi mat c6 trong
dich mat, nham muc dich:

a. Tang dién tich ti€p xiic

b. Giam dd hoa tan trong nude
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10.

c. Tang tac déng cua enzym lipase

d. Phén tan nhé dé dé khuéch tan qua mang rudt
Cac con dudng thoai hoa tiép tuc cua acetyl CoA:
a. Oxy hoa ¢ chu trinh Krebs.

b. Tao thanh cac hop chat cetonic

c. Téng hdop cholesterol

d. Tai téng hop acid béo

Glycero!l duce hoat hoa thanh glycerol — 3 —~ phosphat véi chit xic tac la
enzym glvcerolkinase tai:

a. Gan

b. Than

c¢. Niém mac ruét

d. Mé md

Su sinh téng hop cac acid béo chua biao hoa ¢ nhidu néi déi (polvethylenic):

a. Lién két d6i dau tién ludn lusn dude tao 8 vi tri A9

b. Lién ké&t d6i k& tiép dugc tao thanh trong khoang gitia nhém — CH, tan
cung va néi déi.

c. Cac lién két d61 dudce tao thanh cach nhau 3C.

d. €6 thé dugc thuc hién tu su khi hydrogen ctia cac acid béo bao hoa tuang ting.

CAU HOI NGHIEN cUU BAI HOC

o

- W

F)'l

Trinh bay bén giai doan ctia qua trinh B oxy hoa acid béo bao hoa ¢6 s C chan.
Hay trinh bay va giai thich co ché cua su didu hoa sinh téng hgp cholesterol.
Viét phuong trinh téng quat ctia su 3 oxy hoa acid béo.

Tinh ning lugng thu duge tit phan ting oxy hoa hoan toan mét phan tu acid
palmitic (18:0),

Néu cd ché hoat hoa va van chuyén acid béo vaoty thé.
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Chuong 3
CHUYEN HOA PROTEIN VA ACID AMIN

MUC TIEU

1. Trinh bay duge cdc enzym thity phGn protein va co ché tdic dong clia
ching. :

2. Viét duge cde phdn ing khiz amin, khiz carboxyl, trao doi amin ctia cdc .'
acid amin cung cde co ché cua ching.

3. M6 ta duge cdac giai doan cua chu trinh uré,

4. M6 ta duge su bién hod cua acid a - cetonic.

5. Trinh bay duye su thodi hod riéng biét cua cdc acid amin.

6. Trinh bay dudge nguye‘ln tde chung dé tong hop acid amin.

7. Trinh bay dude cde yéu t6 va thanh phdn tham gia vdao qud trinh sinh
téng hop protein.

8. Mé ta duge ba giai doan ctia su sinh téng hgp protein  ribosom.

Protein cua thic an dude tiéu hoa ¢ dudng rudt thanh acid amin. Acid amin
dude hap thu qua tinh mach clia téi gan, vao hé thong tuidn hoan. Mat khac cac
protein cua cac t6 chiic khéng ngiing thoai hoa, dua acid amin vao mau. Tt ca cac
acid amin do tiéu hoa thiic an (téic ngudn géc ngoai sinh) hoc do thoai hoa cac t6
chic (ndi sinh) hop lai thanh mét ngudn acid amin dé st dung chung cho moi nhu
cAu cua cd theé.

Moi té chiic ciia cd thé 1ay cac acid amin thich hgp tit nguén trén dé tong hop
thanh nhiing protein riéng cua minh. Mét phan cac acid amin bi thoai hoa hoic
chuyén thanh glucid. Pac biét khi an qua thia so véi nhu ciu thay thé protein cua
cd thé thi acid amin con 12 nguén cung cdp nang lugng quan trong.

1. BIEN HOA PROTEIN
1.1. Tiéu hoa protein — cac enzym thuy phan protein

O dong vat cao cip, nguén cung cap doc nhat vé protein la thic an. Su hap thu
chi dude thue hién sau
amin hoac déi khi t61 nhii

Uy phan protein phic an tdi gial doan acid
fkgl™ yA:EIN—QLIf! trinh thuy phan protein ¢
HUBT
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duong tiéu hoa dudc xuc tac bdi nhiéu enzym proteinase. bai tiét & cac bd phan
khac nhau nhu da day, rudt, tuy tang. Tat ca déu la peptidase thuy phan lién két
peptid cua protein, mdi mét enzym ¢6 tiac dong dac trung d6i véi lién két nam 6 vi
tri xac dinh trong chudi polypeptid.

Nguoi ta phan biét hai loai: endopeptidase va exopeptidase.
1.1.1. Endo peptidase

La cac enzvm xic tac su thuy phin cac lién két peptid d trong chudi
polvpeptid. Cac endopeptidase 6 éng tiéu hoa gém cé:
1.1.1.1. Pepsin

Dude tiét ra tit cdc té bao chinh cila niém mac da day dudi dang pepsinogen
khong hoat dong. O méi trudng acid, pepsinogen ti xuc tac bién thanh pepsin,

Pepsin hoat déng manh ¢ pH = 1.7 — 2. Pepsin dac hiéu vdi nhing lién két
peptid trong dé cé goc NH, cua acid amin thom (tyrosin, phenvlalanin). Pepsin ciing
c6 thé thuy phan dugc nhiing lién két peptid khac nhu: leu — Val, Leu — Glu...
nhung véi muc d6 thap hon.

~HN-R-CO¥NH - Tyr
Pepsin

Pepsin cat phan ti protein thanh cac proteose va pepton, dé la nhitng manh
protein ¢6 trong lugng phan tit con kha 1én.
1.1.1.2. Trypsin

Li enzym peptidase guan trong nhat clia tuy tang déng vat cao cap. Dang tién
enzym la trypsinogen dudc tiét ra & tuy réi d6 vao rudt.

Tryvpsinogen bién thanh trypsin hoat déng bing phan dng tu xuc tac hoac do
enterokinase cua ta trang.

Trypsin hoat déng t8t nhat 8 pH = 8 v& thuy phan cée lién két peptid trong d6
c6 nhém carboxyl ctta cac acid amin kiém nhu arginin, lysin.

Arg— COINH-Val ... CO-NH-Lys—CO$NH ...

Trypsin Trypsin

1.1.1.3. Chymotrypsin

Cang la mét peptidase cua tuy tang dude tiét ra ¢ dang tién enzym la
chvmotrypsinogen. Chymotrypsinogen chuvén thanh chymotrypsin hoat dong duéi
tac dung xuc tac cua trypsin. Chymotrypsinogen hoat déng manh nhat ¢ pH = 8.
thiy phin cac lién két peptid ¢6 dangs:

Tyrosin — CO ? NH -
, Chymotrypsin

Tvrosin ¢6 thé duge thay thé bai phenvlialawing trvptophan, methionin, leucin.

Nhu vay tinh dac hiéu cuaehvimotrypsinogen rong rii hon so véi trvpsin.
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1.1.2, Exopeptidase
LA cac enzym xuc tac su thuy phéan cac lién két peptid ¢ hai dau cua chudi
polypeptid. Céc polypeptid san pham clia sy tiéu hoa protein dudi tac dung cia cAc
endopeptidase ké trén lai tiép tuc chiu tadc dung cua cac exopeptidase sau:
1.1.2.1. Carboxypeptidase
La mdt peptidase cua dich tuy, hoat déng ¢ méi truong kiém, thiy phén cac
lién két peptid gom c6 gée carboxyl ti do 6 tan cling.
—CO?NH—(IJH—COOH
carboxypeptidase R
Carboxypeptidase hoat ddng manh néu acid amin tan cting la phenylalanin va
khéng hoat déng néu acid amin la prolin hay hydroxyprolin.
1.1.2.2. Aminopeptidase
Cua dich ruét hoat déng trong mdi trudng kiém thuy phéan cac lién két peptid
c6 gbc NH, tu do tan cang:
H.N - CH - CO%NH ...
R Aminopeptidase

1.1.2.3. Dipeptidase

Ctia dich ruét thuy phan cac dipeptid giai phéng céac acid amin tu do.

Tém lai, dudi tae dung hén tiép cua nhiéu enzym tidu hoa khéc nhau, protein
thic an bi phan hdy thanh nhiing acid amin va mdt s peptid ngan. Mét s& protein
nhu keratin khéng bi tac dung bsi nhitng enzym trén do cau tao dac biét cua keratin
¢6 chiia nhiéu lién két disulfur,

Cudi cting, hau hét cAc acid amin va ¢6 thé mot vai peptid ngin dude hap thu
qua mang rudt vao tinh mach cda t6i gan va cac té chite.

Qua trinh hap thu khéng phai 14 mét hién tudng khuéch tan don thuan. Cac
dong phan tu nhién dang L cua acid amin dude van chuyén tich cuc qua thanh
rudt vao mau. Qua trinh nay cin ATP cung cidp nang ludng va su tham gia cia
pvridoxal phasphat, con cac déng phan dang D dude khuéch tan tu do qua thanh
rubt. Cé hién tugng canh tranh trong su hap thu cac acid amin. Moét acid amin an

vio qua thira c¢é thé 1am cham su hap thu cia moét acid amin khac.
1.1.3. Enzym thuy phdn protein cua cdc t6 chue
Nhiing t6 chile ¢é cAc enzym thity phAn proteinima co ché tac dung va tinh

chit dae hiéu tudng tu/mhu véi cic @nzym tidu hod. Nhiing enzym thiy phén
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protein cua cac td chiic dude goi la catepsin. Nguai ta da xac dinh duge 3 loai A, B,
C. Co ché tac dung tuong dudng véi pepsin, trvpsin va chvmotyypsin.

Nhiing té€ bao cling chua cac carboxypeptidase va aminopeptidase.

Cac enzym tiéu hoa cua t&€ bao duge chiia trong cac lysosome. Khi mang lipoprotein
clia lysosome con nguyén ven, cac enzym nay o trong d6. Khi mang nay bi va, cac
enzvm cua lvsosome duge giai phong vao bao tudng va thuy phan protein cua té
bao va pha hiy té bao. Hién tugng tu tiéu cha té bao khi té& bao chét duge giai
thich la do su ¢6 mat cua cac enzym nay.

C6 thé han ché qua trinh tu phan hiy t&€ bao bang cach ngAm cac té chic chét
vao cac thude thi nhu formol, con dé lam bién tinh va mat kha nang hoat dong cua

tat ca protein ké ca cac enzym. Vi du: trusng hgp udp xac.

1.2. Can bang déng cuia protein

Protein sau khi an va tiéu hoa gitip giit viing noéng doé acid amin trong cd thé
khéng thay déi. Phan 1dn cac acid amin nay dude sit dung dé téng hgp cac protein
va cAc polvpeptid ctia ¢o thé. Déng thai cac protein 8 cac t& chie cua cd thé khong
ngung thodi hoa. Do d6, ¢6 su chuyén hoa lién tuc cha nito .

Cén bang dam: 1a su so sanh giGa lugng nito nhap va dao thai ra ngoai (chu
véu 1a qua nude tiéu)

Ngudi ta nhan thay & co thé ctia ngudi 16n da trudng thanh ludng nitg dua vao
qua thite an (nito nhap) bing nits dao thai ra (chit yéu la qua nude tidu) tie la nits
xudt. Hién tuong nay goi 1a su can bang dam.

Can bang 1a dudng hay am tuy thude luong nito xuit it hay nhiéu hon nitg
nhap. Can bang duong cin trong nhitng trudng hdp co thé dang 18n. c6 thai. thoi
ky lai stic sau khi 6m. Can bang 4m gip trong nhiing trusng hop déi an, dang sét,

sau khi mo.
1.3. Du trQ@ protein

Trong cd thé protein duy trit long léo. ¢ thé van chuyén dude. Vi du: khi co thé
thiéu an, ngudi ta thay protein ctia gan, huvét tuong giam xuéng. Néu c¢d thé duge
cung cip protein day du. protein cua gan, huyét tuong trd lai binh thuong.

Trai lai nhiing ¢d quan nhu tim, nao ¢é lugng protein cd dinh hon. Khi thiéu
protein, cic ¢d quan nay su-dung-protein-euacd-Colansudn cung cap protein cho

ndo va tim. Vi vay, protein cua mau, gan, ¢8 dudc'¢o1 nhu 12 protein dd tri.
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2. THOAI HOA ACID AMIN

2.1. Nhirng qua trinh chung cua su thoai hoa acid amin
2.1.1. Khu amin

Su khid amin 14 mdt qua trinh rat quan trong, trong dé nitd tach khéi phan tu
acid amin duéi dang NH.,.

Cé bén con dudgng khu amin:
2.1.1.1. Khi amin — khi oxy

Tao NH, va acid wuong ang.

R — CH - COOH —2% R — CH, - COOH + NH,

|
NH, Acid tuong ung
2.1.1.2. Khw amin ndi phan tu
Tao thanh acid khéong no va NH,,.

R - CH,- CH - COOH —*. R—CH = CH - COOH + NH,
|

NH, Acid khong no
2.1.1.3. Khi amin thuy phan
Tao oxy acid va NH.,.

R~ CH- COOH + H,0 -, R_CH - COOH + NH,
|

I
NH, OH
Oxy acid
2.1.1.4. Khuw amin oxy hoa
Tao acid a—cetonic va NH3.

R CH - COOH + 1/2 0,— 2%+ R - C - COOH + NH,
! Il
NH, 0

Thuc t& & co thé dong vat, qua trinh khid amin cia acid amin « bao gid cang la
qua trinh khd amin oxy hoa. tao thanh acid o cetonic va NH,. Phan tng gom hai
gral doan.

Gial doan 1:

— Khit hydro. xtic tac bdi dehvdrogenase tao thanh acid imin.

R - CH - COOH : R-CH-COOH
| / \ If

NH. FAD FADH, NH S
Acid imin
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Gial doan 2:

— La su thuy phén tu phat

- % - COOH + H.,O R - ﬁ — COOH + NH,
NH O

* Riéng dé1 vdi acid glutamic dude khu amin — oxy hod boi mot enzym dic biét

la L — glutamat dehydrogenase ¢6 coenzym la NAD hay NADP tuy theo loai té bao.

(lfOOH (lj-OOH fOOH
(?Hz)z (CH 2)v (CHz)z

L — glutamat dehvdrogenase

—(I:H / — HN*CH /\ 0= CH
COOH v (‘()OH COOH

NAD- NADH + H*
hav
NADP NADPH 1
Acid L — glutamie Acid — cetoglutanic

So v6i cac phan ving khi amin oxy hoa khéac. thi phan Ung nay la phan Ung
thu&n nghich (cac phan ving khac khéng thuan nghich). Chiéu ngude lai (cé thé goi
1a amin hoa — khii oxy = hydro hoa) thi dic biét quan trong.

That vay d6 1a mdt trong nhiing con dudng chinh dé ¢ dinh NH, vio mért hap
chat hGiu co (¢ day la acid « — cetoglutaric) va nhém amin nay ¢ thé dé dang
chuvén tir acid glutamic sang mét acid o — cetonic khac bdi su chuyén amin.

AMat khac. su chuyén tit acid glutamic sang acid u — cetoglutaric (mét san
pham trong chu trinh acid citric) cho ta thayv su lién guan gifta qua trinh chuvén
hoa glucid va protid.

* O dong vat cao cap, enzvm glutamat dehvdrogenase git vai trd thoai hod la
chu véu (¢6 nghia Ia xuc tiae phan tng theo huéng khu amin oxv hoa) véi coenzym
la NAD va no két hop véi cace transaminase dé lam thodn hoa cac acid amin khic.

Trong tv thé t& bao gan. NH, tao ra do xac tac cua enzyvm nayv ¢é duge dung
tam nguyvéen liéu dé tong hop ure.

Trai lai 6 cae vi sinh vat, L — glutamat dehvdrogenase ¢é tac dung theo hudng
sinh téng hop (amin hoa — khii oxv) véi coenzym khni la NADPH (vi é vi sinh vat

kha nang tong hgp acid amin T cao hdn so val su thoatl hoa).
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2.1.2. Phan vng trao déi amin

Braunstein va Krisman (1937) khi nghién cttu su thay d8i cta acid dicarboxylic d
t6 chiic ¢ da nhan thay acid glutamic va acid pyruvic bién thanh acid o — cetoglutaric
va alanin rat nhanh. Nguge lai, néu thém vio t8 chie o alanin va acid o — cetoglutaric
thi qua trinh ngudc lai cting xay ra theo phan \ing sau:

COOH COOH
((ITHz)z CH, CH; (é‘Hz)z
H,! —leH + é‘O - - (llH—NH2 + (tj‘—"O
(|300H CI‘OOH (|300H ([:‘-OOH
Acid glutamic  Acid pyruvic Alanin Acid — cetoglutaric

O phan ting trén khong c6 su giai phéng NH,, ma chi ¢ su di chuyén géc amin tit
mot acid amin sang mot acid o — cetonic nén phan ting nay dude goi la su trao doi amin.

Cac phan dng trao d6i amin chiu tac dung xuc tac cua cic enzvm goi chung la
transaminase (coenzvm la pyridoxal phosphat).
2.1.2.1. Co ché cua si trao dé1 amin

Gom hai giai doan:

Giat doan 1:

COOH CHO COOH CH, - NH,
! (P)OH.C H I (POH.C OH
(CH.) ) = 0 (CH,), =~
| + | | + N
H,N— (le \N CH, F =0 ‘N CH;
COOH COOH
Acid glutamic Pyridoxal@ Acid —cetoglutaric Pyridoxamin@

Giai doan 2:

CH, - NH, CHO
B)OH,C on  f @omc on G
AN Z !
| + $=0 | +(|‘H-NH2
x . XN .
N~ CH.  cooH NT CHi o ooon
Pyridoxamin@ Acid pyruvic Pyridoxa]@ Alanin

2.1.2.2. Su lién quan giwa-phdnaing-trao-déi-aminwva-su khit amin oxy hod

— Cac transaminase 1goal ¢d ra conthaiwnhiéu 6 than, tim, gan, rudt.
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~ O cac té chic déng vat ¢6 hai loai transaminase phé bién va hoat déng manh
nhat la:

* Glutamic oxaloacetic transaminase (GOT = ASAT = Aspartic transaminase)
Xtc tac phan dng:

GOT

Acid glutamic + Acidoxaloacetic Acid - ceto glutaric + Acid aspartic

* Glutamic pyruvic transaminase (GPT = ALAT = Alanin transminase) xQc tac
phan Ung:

GPT

Aaid glutamic + Acid pyruvie Acid - ceto glutaric + Alanin

Viéc dinh lugng hoat dd cac enzym GOT va GPT duge iung dung trong lam
sang dé chan doAn mét s bénh vé gan, tim ra mot s6 bénh khic.
Gan: GOT binh thuong tir 15 - 29 U/LL
GPT binh thuong tu 11 — 26 U/L

Trong bénh viém gan cAp tinh do nhiém virus, nhiém déc, GPT tang rat nhiéu,
c6 khi gap 100 lan, GOT ciing tang nhung it hon, thuong thi transaminase tang
vAt 16n. tir thai ky  bénh trude khi xuat hién vang da nén ngoai gia tri chan doan
lam sang con ¢é gia tri dich té rat 16n trong bénh viém gan do virus.

Transaminase tang it trong cac bénh x6 gan, ung thu gan, viém td mat.
Transaminase con tang trong cic bénh khac dang chi y 1a bénh nhéi mau co tim.
Trong bénh nay GOT tang rat cao, GPT tang it hon, ty s6 % >1

¥

* Phin 18n cac acid amin thién nhién déu ¢6 thé trao déi amin dude, tuy nhién
véi mitc @6 khac nhau, manh nhat 14 acid glutamic, acid aspartic, alanin ré1 dén
nhing acadd amin khac nhu glycin, valin. histidin, tryptophan.

* Hai qua trinh khit amin va trao déi amin lién quan mat thiét véi nhau. Nguoi
ta biét ring nhiéu enzym khit amin oxv hoa cia nhiéu acid amin thi hoat déng yéu
trit enzym khit amin oxy hoa cua acid glutamic (glutamat dehvdrogenase). Nhung
txai lai, nhing enzym trao dé1 amin thi hoat déng tuong déi manh va pho bién.

Vi vay phan 16n cac acid amin déu khi amin oxy hoa gian tiép qua hé théng
enzvm transaminase nhd acid a — cetoglutaric va enzym L — glutamat dehydrogenase

(khi amin oxv hoa cua acid glutamie) theo trinh tu sau:
— G6e NH, dau tién duge chuyén i acid amin sang acid o cetoglutarie (1).

— Sau d6 A. glutamic viia dudge tao thanh bi khi amin oxy hoa va tai tao lai
A. o cetoglutaric (2).
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()R- CH - COOH + A. u —ceto glutaric =———= R~ C -~ COOH + Glu
| Transaminase {l

NH, O

) L - glutamat dehydrogenase 5
(2) NH; + A. o - ceto glutaric < # ® T+ Glu

R - (I:'H — COOH A. o — ceto glutaric NH,
NH, \ﬂ;>
Transaminase
/\ Jlutamat dehydrogenase
- _ o (2)
AL u — ceton A glutamic

Hinh 3.1. Su khd amin oxy hoa gian tiép cac acid amin qua hé thdng enzym transaminase
Nhu vay ca hai qua trinh khii amin va trao déi amin, chu yéu 12 qua trinh sau
déu din dén su khu amin ciia tit ca cac acid amin. Mit khac su trao d8i amin
ciing din dén qua trinh téng hop moét s6 acid amin (nhu Glu, Asp, Ala) tu cac acid
ot — cetonic tuong ung 1a nhitng san pham thoai hoa cua glucid trong chu trinh acid
citric. Pidu nay cho thay c6 su lién quan gitta chuyén hoa glucid va protid.

2.1.3. Khu carboxyl

La mét qua trinh kha phd bién ¢ déng vat dac biét 1a rit phd bién d cac vi sinh
vit tao thanh cic amin tucng ung.

R - CHJ — COOH — R - CHZ - NHZ + C())
i
NH,

Enzvm xuc tac qua trinh khu carboxyl la decarboxylase ¢é coenzym la
pvridoxal phosphat.

Vi khuan 6 rudt c¢é nhiéu loai enzym decarboxylase cia acid amin. do dé & ruét
¢6 nhiing san pham khu carboxyl. Mét phan cua cac san pham nay dude hap thu
qua mang rudt.

M6t s6 amin, san pham cua qua trinh khi carboxyl etia acid amin ¢é vai tro
sinh hoc dac biét.

Vi du: dudi tac dung cua histidin decarboxvlase, enzym c¢6 6 hau hét mol té
bao. histidin bi khu carboxyl tao histamim. Chat nay cé tac dung giin mach, co co
tron va tang tinh tham ctla thanh mach. O nio cé mot decarboxylase hoat dong
manh khu carboxyl cua acid glutamic tao thianh y — amino butyrat 1A chat ¢é tac
dung diéu hoa hoat doéng than kinh, e ché phan xa than kinh.
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HC:F CHz—(le—COOH ’—_:rCHZ—CHz—NHZ

Histidin decarhoxylase

N\/N NH, \ ” N
Histidin CO, Histamin
CO, « i3 v

HOOC - CH, - CH, - CH - COOH HOOC - CH, - CH, - CH., - NH,

|
NH,

Glutamuat
decarboxyluse

v — aminobutyrat

Cac amin tao thanh do quéa trinh khu carboxy! lai bi khi amin oxy hoa nhg
enzym mono amino oxvdase hoiac diamino oxydase dé tao thanh NH, va aldehvd.
1120,

R-CH,-NH, — R -CHO + NH;

2.2, San pham cuébi ciing cua su bién hoa acid amin
2.2.1. Chuyén hod cua NH,

NH, la san pham thoai hod cua acid amin va mét phan cac base purin; base
pyrimidin. Day 1a mot chit doc d61 véi co thé. Co thé khi doc bang cach bién NH,
thanh glutamin (14 dang van chuvén khéng doc trong mau cua NH.), uré (san
pham dao thai chu yéu ciia NH, 6 nguoi = 80%).

Ngoai ra NH, con cé thé tham gia phan (ng amin hoa.

Ham luong NH, trong mau rat thap: 5.88 — 11,75 pmol/l do ¢6 su tao thanh glutamin,
2.2.1.1. Su tan thanh glutamin

Glutamin duge téng hdp theo phan ving sau

O=C—NH,
?OOH (:7H3
CH, AT ADP AP, CH.
NH., + HZN—(I‘H G/z)hn I‘,ﬁjuw > HZN—CI‘H + H.O
(lf()OH é‘-OOH
Acid glutamic Glutamin

Chiéu ngudc lai cia phan ng téng hdp glutamin chiu xtc tac cua glutaminasc.

Glutamin khéng ddc. cé trong mau tir 60 — 100mg / L va la dang van chuyén quan
trong cua NH | trong mau. Glutamin dude tao thanh ¢ hau hét cAc t6 chic (¢, nao, cic
tuveén) tir acid glutamic va-NH, duge-giai-phéng-do-gua trinh khi amin. Su tdng hop

glutamin can glutamin gynthetase xuc tac va\ATP\dé cung cdp nang lugng.
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Glutamin dudc van chuyén bdi mau dén gan va than. O d6 glutamin duge thuy
phan thanh acid glutamic va NH, nho enzym glutaminase ¢6 & nhiéu t6 chuic.

o) gan ngudi va nhiéu loai déng vat ¢6 xuong séng, séng trén can, NH, duge
dung dé tdng hop uré réi dao thai.

O chim va loai bo sat. NH, dudc tong hop thanh acid uric va dac thai.

O nhiéu loai dong vat séng dudi nude nhu ca. NH, duge dio thai true tiép vao
moil truong.

O t& bao éng than. NH, két hop véi ion H* tao thanh NH’ réi dao thai ra nudc
t1éu giup didu hoa thiang bang acid-base cua cd thé.

Trong truong hop toan huyét, su san xuit NH, ¢ than ting cao va giam trong
truong hop kiém huyét (toan huyét thi ion H' d than tang cao lam xiic tac viée san
xuit NH. d€ tao thanh NH| roi dao thai ra nudc tiéu).

NH,

Mo ATP A. Glutamtc
Glutamat synthetase
Pi + ADP
Glutamin
|
Mau ’ l
Glutamin
|
Thén /\ Gan
Glutamin Glutamin
H,0 H,0

\ ~«——(Glutaminase———» /
k. Glutamat ‘_/
] Y

4

NH; NHs
NH Ure

| [

Nwde tidu l . i
NHa Ure

Hinh 3:2. Qua tiinhvah éhuyén NH, trong ca th&
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3 nio su tao glutamin la con dudng chu véu dé loai NH,. tranh nhiém doc cho
nao. Nio cling ¢6 thé téng hdp uré nhung s8 lugng khong dang ké do dé khéng cb
val tro quan trong trong viéc loai NH,.

Ham higng NH | trong mau 3 ndo cao nhung lugng acid glutamic ma mau cung
¢Ap cho ndo khéng du dé tao glutamin. Do dé nio phai téng hdp acid glutamic dé:
dap ng nhu cAu cao cua nio dél véi loal acid amin nay. Nguvén liéu truc tiép dé
tao acid glutamic 1a acid a — cetoglutaric (san pham trung gian cua chu trinh acid
citric) (phan Wng ngudce lai véi phan iing khit amin oxyv hoa).

— Ngoai ndo. NH, ciing dude nhiéu mo khac cua cd thé sii dung dé tao aciad
glutamic. tir dé tao ra nhiéu acid amin khac.

- NH, cung dude co thé si dung dé tong hop carbamyvl phosphat trong chu
trinh wré. Ngoai ra. NH, ciing con la tién chat cua cac nucleotid c6 base pyrimidin.
2.2.1.2. St tao thanh uré (chu trinh ornitin cua Krebs va Henseleit)

Uré dudge tao thanh d gan cua nhing loai tiét uré tit nhiing gée NH.,.

Ngudi ta nhan thav:

— MaAu tinh mach eia dén gan chita nhiéu NH, hon mau ¢ gan ra,

— Néng dé6 uré ciia mau & gan ra cao hon mau téi gan.

-0 déng vat da cat gan, nong d6 uré trong mau giam,

— Trong mét s truong hdp bénh vé gan nhu xo gan, nong dé NH,, trong mau cao.

Krebs va Henseleit da ching minh bang thuc nghiém sy tao thanh uré bing
cach cho tac dung té chitc gan véi dung dich musi NH,' loang trong mét ludng khi
oxyv. Trong diéu kién nay, thAy xuit hién mét lugng nho uré. Khi thém din dan
mot loat cac acid amin, Krebs va Henseleit nhan thay chi ¢é ornitin, citrulin va
argimin ¢6 tac dung tang hiéu suit uré.

Sau dé Ratner va Cohen da xac dinh chi tiét cac phan dng enzym cua qua
trinh tong hgp uré.

Qua trinh nayv gom ba giai doan:

Giai doan 1: Chuyvén ornitin thanh citrulin

Gém hai bude:

Buge 1: tao thanh carbamyl phosphat khang bén.

NH,
N - acetyl Glutamat I
COz+NH; +2ATP +H,0 = > CO + 2ADP + P,
|
O ~ PO3H2

Carbamyl phosphat
Hinh 3.3. Sy tao thanh carbamyl phosphat khéng bén & ty thé

Can xuc tac cua carbamyl-phosphat-synthetase-cé-trong khoang cia ty thé. Su
tao thanh carbamy) phosphat xay ra & tyihé’
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Buoce 2: chuyén nhém carbamyl phosphat téi ornitin dé tao thanh citrulin,
dong thoi gial phéng mét phan tit acid phosphoric.
Phan ting nay xay ra chu yéu & ty thé t& bao gan va duge xic tac bdi enzym

ornitin carbamyl transferase (OCT) trong ty thé t& bao gan.

i
CO
I
CH; - NH; NH
| NH, i
(CHa): | OCT {CHa)
| + C=0 +— | * H,PC;
CH -~ NH, | CH — NH,
I 0 ~ POsH; t
COQH CCOH
Ornitin Carbamyl phosphat Citrulin

Hinh 3.4. Su tao thanh citrulin
Citrulin dude tao thanh rdi ty thé ra ngoai t& bao chit tham gia giai doan 2.
Giai doan 2: Chuyén citrulin thanh arginin

Gd&c NH, thit hai tham gia J giai doan nay khéng phai truc tiép ma 1a duéi
dang két hop trong acid aspartic.

Giai doan nay gém hai budc:

Bude 1: k&t hop citrulin vé1 acid aspartic vél su ¢6 mat cua ATP, Mg**, tao

thanh arginosuccinic. Xuc tac phan ting 1a enzym arginosuccinat synthetase.

NH, NH  COOH
Cio g -NH - CtH
r*llH COOH ATP AMP + PP, ,LH C::Hz
(Cl?Hz)s + HN- éH w_gy‘ R (éHz)z COOH
<|:H ~ NH; cle H0 (|3H - NH,
CI:OOH CIOOH éOOH

Citrulin Acid aspartic Arginosuccinic

Hinh-3-5..Su tao thanh arginosuccinic
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PPi bi pyrophosphatase thuy phan tao thanh hai phén tu phosphat vd cg va
phan vng trén do d6 chuyén dich vé phia phai.

Biioe 2: tach arginosuccinic thanh arginin va acid fumaric nhg arginosuccinat lyase.

NH COOH TI'H
I I
C—-NH-CH C—NH;
| I |
NH CH, NH COOH
| | Arginosuccinal lyase | |
(CHp);  COOH > (?Hz)a + (|3H
I
(i)H—NHz C1;H—NH2 (T‘H
COOH COOH COOH
Arginosuccinic Arginin Acid fumaric

Hinh 3.6. Su tao thanh arginin

Giai doan 2 xay ra & gan va than. Acid fumaric tao thanh lan lugt bién thanh
acid malic, acid oxaloacetic. Acid oxaloacetic dugec amin hoa nhd phan ting trao doi
amin véi acid glutamic chuyén thanh acid aspartic, dé lai tham gia vao chu trinh
uré. Nhu vay acid aspartic déng vai trd trung gian chuyén van nhém NH,.

Giai doan 3: Thuy phin arginin

Nhs arginase thily phan arginin thanh ornitin va uré.

NH ] /NHZ
I 0= C\
C—NH;, NH;
I

NH CH, -~ NH,

| Arginase |

_—
(CHa) H0 (?Hz)z
(|ZH - NH, ?H - NH,
COOH COOH
Arginin Ornitin

Hinh 3.7. Sy thuy phan arginin

Ornitin lai tiép tuc tham gia vao giai doan 1 dua mdt phan td carbamyl

phosphat méi vao chu trinh tao uré. Phuong trinh téng quat sau:

2NH; + COs+3ATP & 2H,0 Uré + 2ADP + AMP + 4Pi.
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Uré dude tao thanh & gan qua mau (3.3 — 6.7 mmol/l) van chuvén tdi than dé
dao thai ra ngoat.

Hang ngav mél ngudi bal xudt chung 7 — 10g uré ( 117 — 167 mmol) hay hon
nuda tuy theo ché dé an.

Nong dé uré trong mau thay déi tuv theo khau phan an. Chang han sau mét
bda an gau protid. uré trong mau cé thé lén t4i 8.3 mmol/l. Nhung dé la sy tang
nhat thoi. sau mot thoi gian lal mat di.

Nhung néu ndng do uré tang kéo dai. thi d6 1a mét dau hiéu bénh ly. Mac du
ban than uré 12 mét chat khéng doc. nhung su U dong cua né trong c¢g thé thuong
kém theo su U dong nhing san pham chuvén hoa ddc (nhu NH.). vi vay noéng do
uré trong mau tang cao, kéo dai, duge xem nhu la mét dau hiéu nghiém trong.

a cetoglutarc

Trao ddi amin

Glu

A.oxaloacetic
A. aspartic
7 - - ATP ADP + PP,
Pi Citrulin Citrelin
A. malic
Ornitin A. arginosuccinic

Carbamyl Phosphat A. fumarnc

4 Heé théng van chuyén

/v?ADF’ +Pi = Ornitin déc hiéu & mang Arginin
Enzym R0

Omitin
NH; + CO; + H,0 + 2ATP

A S

Hinh 3.8. So dé tém tét chu trinh tao uré

Uré huyét tang trong cac bénh viém than man (tang viia nhung ngav cang
ting dan theo ty 1& mic d6 bénh ning dan c6 khi t6i 50 mmol/ | mau), viém than
cdp (ndng do uré ¢ thé tiang rit cao cé khi téi 83 mmol/ 1). Ngoai ra uré huyét con
ting trong cic bénh gay-ra-su-mat-nude-trong-es-thé nhu tiéu chay. dich ta.
choang, hoac chiing tiéu it
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* P31 vl su baid tidt uré trong nude tiéu.

— Tuav thude vao trang thai sinh ly: ngusi ¢6 thai lugng uré dao thai nuéc tiéu
giam (do bao thal gia nitg)

Tav theo tudl: tré em bii tiét nhiéu hon ngudi 16n (néu tinh theo mmol uré /

24 g0/ kg can nang).

~ Trong moét s6 trudng hop bénh ly, thi su bai ti€t uré tang trong cic bénh nhu
dai thao dudng, st (do tang thoai hoa protid). Giam bai tiét uré gap trong cac
bénh vé gan nhu gan thoai hoa md. xd gan. ung thu gan giai doan cud (do giam
tong hap uré) hoac do téon thuong biéu mé 6nhg than, gav rdi loan bai xuat. vi du

nhu viém than cap. viém than do nhiém dac chi. thuy ngan.

Acid « — cetonic 1a san pham khi amin — oxy hoa ciia acid amin, tiép tuc chuyén
hoa nhu saw:

— Hoac thoai hoa thanh cac chat trung gian trong chu trinh A, citric réi thoal
hoa hoan toan dé thanh CO, va H,0.

— Hoace chuvén hoa trd lai thanh acid amin nhe sy trao déi amin hoac amin hoa.

~ Hoac tao thanh glucid: cae acid « — cetonie cé thé chuvén hoa tiép tuc thanh
acid pyruvie. acid a — cetoglutaric. suceinyl CoA, acid oxaloacetic (tat ca déu 6 thé
tong hop glucose hay glycogen 6 gan). Acid pyruvic, acid o — cetoglutaric. suceiny!
CoA déu c6 thé chuvén thanh acid oxaloacetic. Chat nay dude dung dé tao glucid
qua chit trung gian phosphoenol pyruvat (PEP) theo con dudng téng hdp glucid.
('ac acid amin nav duge goi 1a cac acid amin tao dudng.

— Mot s6 acid u — cetonic bién hoa theo con dudng cua cac acid béo sau khi khit

carboxvl.
R-CH,-CO-COOH —— R-CH, -~ COOH—— Acetyl CoA
Acetyl CoA duge dung dé téng hop cic acid béo hodc tao thanh cac chat
cetonic, do vay cac acid amin tugng ang dude goi la cac acid amin tao ceton,
Ngoal ra ¢6 5 acid amin via tao duong va ceton nghia la vua tao dudge
oxaloacetat va acetyl CoA. D6 la phenylalanin, tyrosin, tryptophan, isoleucin
va lvein.

So do sau day (hinh=3:9y-biéu-thi~su-thoai~hoa cua suon carbon ctia cac
acid amin.
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Ala Arg
Cys His
Cly Glutamat «— Gin
Hyp ,/ Pro

lle Ser _—"T'= " cetoglutarat

Leu Thr / Ny
Trp Y \\

itral lle
Citrat X
Pyruvat /ﬁ Sucqnyl CoA Met
/ \ Val
Acetyl CoA | Chu trinh 1
acid citric |
T \ ;
Acetoacetyl - CoA \\ /
Oxaloacetat ,/ Tyr
Leu, Lys,Phe AN Fumarat <«—
o Tyt ~ P Phe
Trp, Tyr ~__ -

Aspartat «— Asn
Hinh 3.9. Su thoai hoa cla sudn carbon cla cac acid amin
2.3. Thoai hoa riéng bhiét cia mét s6 acid amin

{Chi giéi thiéu su thoai hoa cac acid amin dén cac chat trung gian cua chu
trinh acid citric. Su chuyén hoa tiép tuc cia ching da néi ¢ phan chuyén hoa cua
acid a — cetonic).

2.3.1. Cdc acid amin tao oxaloacetat
b6 14 aspartat va asparagin
Aspartat va asparagin
chuyén hoa

Acid oxaloacetic

Chu trinh acid citric hoac tao thanh glucid
2.3.2. Cdc acid amin tao pyruvat
Goém threonin, alanin va cystein
2.3.2.1. Threonin
— PAu tién chuyén thanh glycin va acetaldehyd.

— Glycin nhan thém 1 carbon ti N°N'* metylen tetra hydro folat, dé thanh
serin rol pyruvat, con acetaldehyltao acetyl CoA:

(Pyruvat ——=—— oxaloacetic ~—=——— tao duong)
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2.3.2.2. Alanin

Chuyén thanh pyruvat nhd phan ing tao déi amin véi acid a—cetoglutaric.
2.3.2.3. Cystein

C6 hai con dudng chuyén hoa

— Tao Taurin

SH SOH

(I‘JHz CIJHz SOH SO3H
|CH—NH2 % (|3H—NH2 %, (!JHZ L (IZHQ
(!JOOH (i:OOH éHz -NH; (,:Hz —NH,
Cystein Acid cystein sulfinic Hypotaurin Taurin

Hinh 3.10. Su tao thanh taurin

Taurin sé két hgp véi cac acid mait 6 gan tao nén cic mudi mat vi du nhu

taurocholat
— Tao Pyruvat va SO,

[
S0, — SO

Cac gée SO,> nay tham gia cAu tao cac lién két ester sulfat ciia nhiéu hgp chat
quan trong cuia ¢d thé nhu cAc mucopolysaccarid sulfat, cac lipid phuc tap. Cac géc
SO con tao ra cac lién hop SO,* d gan véi cac hormon steroid hodc cac chat déc
nhu phenol, cresol, indol... dé dao thai ra nudc tiéu.

Cac sulfat nudc tiéu c6 ngudn gbc chu yéu ti cac acid amin chita Iuu huynh nhu
methionin va cystein. Hai acid amin nay cé trong thianh phan cau tao ctia protein; vi

vay ludng SO,* dao thai trong nude tiéu phu thude ludng protein an vio.
2.3.3. Cdc acid amin tao succinyl CoA (ciing cé thé tao glucid)

Gom methionin, valin. isoleucin va leucin.

2.3.3.1. Methionin

Trudc hét methionin phai dude hoat hoa thanh S — adenosy]l methionin. Chat
nay sau khi chuyén nhém mety! cho chait nhan trd thanh adenosyl homocystein réi
bi thuy phén thanh adenosin va homocystein. Homocystein ngung tu véi serin tao
thanh cystathionin, réi ¢h&t niy tidp tic thoai hoA dé giai phéng cystein, phan con
lai dan dén succinyl CoA.
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NH;

CH; - CH, - CH - COOH N N
| | + Adenosin . \> ®
—_—_—
S NH, ATP XN N 0 CH;-8~CH;
| i
CHa CH;
K 1 @
Methionin S. Adenosylmethionin HN-CH - COO
—CH; H;0 Adenosin
4-— S - adenosyl homocystein A_A_, Homocystein
Cystathionin Cystein
synthetase
y Cystath.onin T .... Succmy' CoA.
; ; Qua mot 58 gial doan
Serin H,0

Hinh 3.11. Chuyén hoa clia methionin

Qua trinh thoai hoa methionin ciing la qua trinh tao cystein trong co thé (thuc
nghiém da chimg minh, khi cho thém cystein thi nhu cau vé methionin trong khau
phan giam).

* Trong Met hoat hoa (S — adenosyl Met) thi lién két S~CH, 1a lién két giau
niang lugng, nhd dé né dé dang cung cap nhém CH, dé mety]l hoa nhiéu hgp chat
khéc nhu chuvén ethanolamin thanh cholin, noradrenalin thanh adrenalin...

* Vai tro cia Met trong viéc chuyén nhém metyl Ia chic niang quan trong. vi
Met la chat cung cAp nhém metyl chi yéu cua cd thé.

. s 2 . < - + Vit.B 2 ., .
Homocystein ¢6 thé nhan — CH |, tir 5 — metyl tetrahydrofolat———>» methionin.

Tuyv nhién co thé khong tong hgp duge homocystein nén can bé sung Met ti thac an.

* Trong bénh homocystein niéu, mot bénh di truvén do thiéu enzym
cvstathionin synthetase, homocystein khéng chuyén thanh cystathionin duge va
ngan can su tao cystein. Luc nay, homocystein xuat hién trong nude tiéu. Tré méc
bénh nay bi din dén. C6 thé diéu tri sém bing vitamin B6 liéu cao, mot ché dé an
tang Cvs va giam Met.

CH,
Metyl hoa -
HO-CH;-CH;-NH, —————» HO—CHQ—CHQ-—N*—CH3
~
CH,
Etanolamin Cholin

Hinh 3.12. Metyl hoa ethanolamin thanh cholin
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HO
RO —J\/: HO —_ _~

Nor adrenaln Adrenaiin

ﬁ‘/\f—CHOH “CH=NM: eninos  HO i \. —CHOH - CH, - NH - CH,
e e
/

Hinh 3.13. Mety! hoa noradrenalin thanh adrenalin
2.3.3.2. Vulin, isoleucin va leucin

Do ¢6 ciu trdc tuong ty nén trong qua trinh thoai hoa ¢ gian doan dau cua 3
acid amin nayv ¢6 nhiing phan iing giéng nhau. dé la phan ung trao doi amin va
khi amin oxv hoa tao va cac acid « — cetonic tugng ting. Sau do la khu carboxyl
oxVv hoa cho ca 3 acid amin trén.

Sau gial doan nay md1 acid amin thoal hoa theo con dudng riéng. Valin va
1soleucin tao succinvl Co:\ con leucin tao acetyl CoA v acetoacetyl CoA.

* Mot 58 tre em do di truvén thiéu enzym khd earboxvl oxy hoa 3 acd
( — cetonic tuong ang v valin, isoleucin, leucin nén cac acid « — cetonic nay
khong chuvén hoa dude viu bi v dong. tang cao trong mau va dao thai nhiéu trong
nuée tieu. Nude tiéu caa cac bénh nhan nav do dé c6 mui dac biét.

2.34. Cdc acid amin tgo a - cetoglutarat

Gom acid glutamic. glutamin, histidin, prolin va arginin.
2.3.4.1. Glutamat va glutamin

Glutamm thuv phan tao thanh glutamat. Glutamat chuvén thanh
« — cetoglutarat theo 2 cach: trao dé1 amin hoac khii amin oxy hoa.
2.3.4.2. Histidin, prolin va arginin

Su thoal hoa 2 acid amin nav theo cac con duong khac nhau nhung déu dan
don u—cetoglutarat.

2.3.5. Cdc acid amin tao acety CoA

Gom threonin. glvein, serin, alanin. eystein, phenvlalanin, tvrosin, tryptophan,
lvsin. leucin.

Ngoar 5 acid amin tao pvruvat ké trén (Thr. Glv. Ser. Ala. Cys) tao dugc
acety] CoA. ¢on ¢6 5 acid amin truce tiép tao acetvl CoA khong qua pvruvat. Bé la
Phe, Tyr. Trp. Lyvs. Leu (Leu da trinh bay ¢ phan acid amin tao succinyl CoA).
2.3.5.1. Phenylalanin va tvrosin

Phenyvlalanin chuvén thanh tyrosin nha enzym phenylalanin hydroxvlase ¢6 6
gan déng vat ¢é vi. khong ¢6 ¢ cac mé khac.

Tvrosin qua mét loat phan Gng ichuvénthanh fumarat va acetoacetat. Véi
f} — cetothiolase xuc tac, acetoacetat chuyén thanh acetvl CoA va acetat.
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* Ré1 loan chuyén hoa cua phenylalanin va tyrosin

— Thiéu phenylalanin hvdroxylase gay ra bénh phenvl ceton niéu. Do thiéu
enzvm nay nén phenylalanin khong chuyén thanh tyvrosin duge ma phai di theo
con duong tao phenyl pyruvat.

ICOOH
COOH ?H -OR
él:H ~NH; Tyrosin Ch;
CHz COOH
c=0

a. phenyl lactic

COOH CO ' NH CH - COOH
| |
CH2 glutamin CHZ CHz

@ CH,
CO NH,

Phenyl acetyl gtutamin

NHy

a. phenylpyruvic

a. phenyl acetic

Hinh 3.15. Con dudng tao thanh cac hgp chat phenylceton

K&t qua la phenylalanin va cac chit thoai hoa cia né nhu acid phenyl pyruvic,
acid phenyl lactic, acid phenyl acetic, phenyl acetyl glutamin tang trong mau va
trong nuéc tiéu.

Tré mac bénh nay tinh tinh dan d6n. Phat hién cang sdm cang tat va diéu tri
bang mét ché& d6 an giam phenylalanin c6 thé ngan ngwa tién trién xau cua bénh.

Dong thai do Phe khong dude chuvén thanh Tyr, nén ciing kém theo su thiéu
melanin. nén bénh nhan c6 téc mau nhat hon so véi binh thudng.

— Thiéu enzvm oxydase dé chuyén acid para hydroxy phenyl pyruvic thanh
acid homogentisic (con got la p. hvdroxy phenyl pyruvat hydroxylase = oxydase):
bénh tyrosin niéu.

0 bénh nay, p — hvdroxy phenyl pyruvat va tvrosin khéong chuyén hoa duge, bi
i dong trong mau v bai xuit nhiéu trong nudc tiéu.

Trong trusng hgp nay, ngudi ta nhan thay sit dung vitamin C ¢6é thé dua su
chuvén hoa tré lai binh thuong.

(Nguoi ta cho rang-su-réiloan-nay-khéng phai-do gen ma 1a do su bat hoat ctia
enzym oxydase. Vitamin € nhotad dng Khit é0a no6 ¢6 thé thay thé dusc).
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— Thiéu acid homogentisic oxvdase = bénh Alcapton niéu.

LA mot bénh bam sinh do rhicu enzym oxyv hoa. acid homogentisic lam acid
nin khone thoai hoa dude. u dong lai va dao thai ra nude tiéu. Acid homogentisic
khi ti&p xuc vai khong khi sé bi oxy hoa cho mot sae t& miu nau dé nhan biét. O
nguol binh thuong. acid homogentisic bi oxy hoa ngiyv khi tao thanh cho actd
acetv] acetic va khong xudt hién trong nude tiéu.

* su tao thanh melanim.

Melanin [a mot sac 6 den ¢6 6 cac vi sinh vat, thuce vat, déng vat va nguoi. O
nguol, melanin cé ¢ da. tée. long véi lugng thav déi. Né la nhing dan xuat cua Phe
va Tyvr e6 nhan indol.

HO
¢ Ny CH, - CH - COOH CH; ~ CH - COOH — CH; - CH - COOH
L ‘ — ' — ) |
# NHz NH; & NH-
OH HO ‘
Phernylalanin Tyrosin 3. 4 - Dihydroxy phenylaianin
(DOPA)
0 0 5 4 3
CH; . cH,
—_— t I 6 9 t
CH - COCH ¢~—CH - COOH
0 [ 07 7 N2
NH;,
Phenylalanin 3.4 quinon = Dopaquinon 2 - carboxyl - 2,3 - dihydro indol - 5, 6 — quinon
H

0, ~0
Polymer hoa O
6 - " o ‘ X0
0 f‘|‘ S
: ®
&
Indol - 5. 6 - quinon 0 Melanin

Hinh 3.16. Su tao thanh melanin

Nhiing ngudi khong ¢6 melanin sé mac bénh bach tang. Dav 12 moét bénh bam
~tnh do thiéu mét phan hoac hoan toan melanin & da, 16ng. téc, con ngudi. Nguvén
nhan cta bénh la do thidu enzym tyrosinase (xtc tac viée hvdroxy hoa tyrosin
thanh DOPA). hoac thi€u enzvm dé oxv hoa DOPA.

* Su tao thanh cac hormon giap trang.

Cac ndi tiét t6 giap trang dude tong hop ¢ tuvén giap véi tvrosin va géc iod . Sy
thiéu noi tiét té giap trang T3 (3. 5. 3" trilodo thyronin) va T4 (3, 5, 3, 5’ tetra iodo
thvronin = thyroxin) ¢ thoi ky bao thai va sau khi sinh din dén mét trang thai
cham phat trién vd thédde va shin kinhe Bénh nay phé bién ¢ nhitng ving co
nhiéu bénh budu 6 do chiew iod.
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* Su tao thanh cac catecholamin = noradrenalin va adrenalin.
Phe va Tvr la tién chat dé tong hop nén cic eatecholamin 1A noradrenalin va
adrenalin.
CO,
Hydroxy! hoa Hydroxy! hoa Hydroxyl hoa
L N S S . LR

HO Metylhoa O

; \I CHOH -CH,-NH, ————» \| \l CHOR - CH, - Nt — CH:
P P

HO HO
Nor adrenalin Adrenalin

Hinh 3.17. Sy tao thanh cac catecholamin

+ Advenalin: gian mach c¢6 xuong. tuv, co mach ¢ da. nd tang. o bung.
Adrenalin cang lam gian co tron cua da dayv. rudt, bang quang. vi phé quan, kich
thich chuvén hod glveogen, hpid.

+ Noradrenalin: 1am co mach toan than gav tang huvét ap.
2.3.5.2. Tryptophan

~ Trvptophan duge thoal hoa thanh alanin va tao thanh acetyl CoA.

— Mot trong nhiing san pham thoai hoa quan trong ctua Tryp la su chuvén
Tryvp thanh 5 — hydroxy tryptamin (serotonin) ¢o6 tac dung co mach, tang huvét ap,
¢6 nhiéu & cace t6 chite duong rudt. dudng mat, ¢6 rat it  mau va tang cao trong cic
hoi chimg u & ruét,

3 duong rudt dudi tiac dung cua vi khuan. Tryp chuvén thanh mot loat san
pham duge bai xuit theo phan va nude tidu nhu indol, acid indol acetic. scatol (gav
mu dac iét cho phan).
2.3.5.3. Lysin

Chuvén thanh acetvl CoA.

2.3.6. Su tao thanh creatin
Puge thuc hién qua hai giai doan:
Glycin ~ + Arginin  ——— - Ornitin + Acid guanido acetic
C=NH
Gan

) |
Acid guanido acetic —7—> Homocystein + N - CHs
{

Met ?Hz
COOH
Creatin

Hinh 3.187SU tao\thanh creatin
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Creatin tao thanh duge van chuyén tdi cd qua mau dé tao nén creatin
phosphat khi tac dung véi ATP. Pay 1a mot dang du trd nang lugng cua cd thé.
Khi can. co thé s& l4v nang lugng nay bing cach chuyén nhém phosphat cua
creatin phosphat sang ADP dé tao thanh ATP.

San pham kht nude clia creatin 1a creatinin c6 & trong co va duge dao thai qua
nude tidu.

2.3.7. Su tago thanh glutathion

Day 1a mot tripeptid duge tdng hop chu véu ¢ gan. Qua trinh téng hdp gém 2
gl doan

Gan
Glutamat + Cystein v - Glutamyl cystein

ATP ADP +P.

G :
y — Glutamyl cystein + Glycin 4—'7%» Glutathion

ATP ADP +P,

Hinh 3.19. Su tao thanh glutathion

Glutathion déng vai trd cua mét hé thong oxy hoa khit (van chuvén hydro).

3. TONG HQP ACID AMIN

Cac aicid amin 1a thanh phAn céu tao ciia moi protein trong cd thé. Cac sinh
vat c6 kha nang khac nhau trong viéc tong hgp 20 loal acid amin cé trong thanh
phan ctia protein.

— Thuc vat bac cao tong hgp dude tat ca cac acid amin tit NH.,, nitrit hoic nitrat.
Cac cdy ho dau c6 thé stt dung nito ciia khi quyén dé téng hop cac acid amin.

— Cac vi sinh vat tay theo loai ¢6 thé dung NH, hoic nitrit hav nitrat dé tong
hgp tat ca cac acid amin. Tuy nhién cting ¢6 loai vi sinh vat khéng téng hop dudgce
cac acid amin ma phai cung ¢ap cho ching.

— Dong vat cao cap khéng c6 kha nang tong hop tit ca acid amin théng thudng.
Mot s& phai dude dua vao ti thic an. Do dé ngusi ta phan biét dé1 véi dong vat cao
cap hai loal acid amin:

* Acid amin can thiét: 12 nhiing acid amin phai cung cap tir bén ngoai vao néu
khéng thi co thé déng vat khéng phat trién binh thuong duge. D81 véi ngusi da
trudng thanh. theo Rose va céng su thi d6 1a 8 acid amin: Lys, Thr. Met, Val, Leu,
Ile, Phe va Trp. Hai acid amin arginin va histidin cting la acid amin can thiét d6i
V6l tre em va cac suc vat non vi cd thé ching co thé téng Lgp duge hat acid amin
nay nhung khéong dapling di-nhu-ecau-trong-qua-trinh tang trudng. Do dé né dude
got 12 hai acid amin ban¢an thiés,
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Bang 3.1. Acid amin cén thiét va acid amin khéng can thiét

* Cac acid amin con lai 14 nhitng acid amin khong can thiét. D6 1a nhiing acid
amin ma cd thé ngudi va déng vat cé thé téng hop dude.

Acid amin can thiét Acid amin khdng can thiét
Lysin Glycin
Threonin Alanin :
Methionin Cystein ,'
Valin Acid glutamic
Leucin Glutamin
Isoleucin Acid aspartic
Phenylalanin Asparagin
. Tryptophan Tyrosin
] Arginin (ban can thiét) Prolin
Histidin (ban can thiét) Serin :

Mbi mot acid amin c6 mét con duong tdng hop riéng, nhung cb Jnhﬁng diém
chung 12 néu trong co thé ¢4 acid o — cetonic tuong ing cua acid amin nao thi
acid o — cetonic d6 ¢6 thé thanh acid amin tudng ting bing cach.

— Amin hoa (ngugc véi phan tng khu amin oxy hoa):

Pé 1a su gidn NH, vao acid amin.

Vi du: sy tao acid glutamic 6 da s6 sinh vat la do sy amin hoa
acid u —cetoglutaric nho xidc tac cua enzym L — glutamat dehvdrogenase.

L - Glutamat + NADP + H,O

NH; + o — cetoglutamat + NADPH,

Pay la phan Ung rat quan trong d6i vdi sinh téng hgp cac acid amin 6 nhiéu
loai sinh vat vi dé 1a con dudng chu yéu tao nhém acid amin o truc tiép tir NH..

Sau d6 nhém amin cua acid glutamic duge chuyén sang cac acid « — cetonic
khac nhau tao nén cac acid amin tudng ing nhd cac phan ng chuvén amin vdi cac
transaminase.

— Chuyén amin:

Cac acid o — cetonic thudng nhan nhéom amin cua acid glutamic, dé tao nén
actd amin tudng Ung v4éi suc xuc tac cua transaminase.

GPT

Pyruvic + Acid glutamic Alanin + Acid a — ceto glutaric

Cac acid o — cetonic, ké ca cac acid a — cetonic tudng dng véi cac acid amin cin
thiét déu c6 thé bién thanh acid amin tuong ting. Vi vay c6 thé dinh nghia cac acid
amin can thidt nhu sau: acid amin can thigt 14 ¢ac acid amin ma co thé khong téng
hgp dudce cac acid o — cetonie cua ching.
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Cd thé ngudi ¢6 thé tong hop dude 10 acid amin khéng can thiét tir cac acid
amin khac hoac tir san pham thoai hoa acid amin glucid va lipid.

Glvem: duge tong hop 1t CO. va NH ..

Alanin: dudge tong hop Lit pyruvat hhd phan ing chuvén amin tir glutamat

Cvystein: dude tédng hop tit Met qua nhiéu gial doan

Acid glutamic: duge tong hop nho phan Gng amin hoa u—cetoglutarat.

Glutamin: duge tong hop tir glutamat va NH,, xic tac béi glutamat synthetase.

Acid aspartic: duce tong hap tir oxaloacetat nhd phan vng chuyén amin tit glutamat.

Asparagin: dude téng hop tir aspartat va NH,, xic tac béi asparagin synthetase.

Tyrosin: duge tong hop tf phan tng hvdroxyl hoa phenyvlalanin.

Prolin: duge téng hdp tu glutamat.

Serm: duge tong hgp tu glvein hoac tu 3 — phosphoglycerat.

4. SINH TONG HOP PROTEIN

4.1. Pai cuong

Mot trong nhitng van dé cd ban trong sinh hoc phan ti 1a van dé sinh téng hop
protein. Protein c6 tinh dac hiéu rat cao va ching quyét dinh cho tinh dac hiéu cho
méi loai té bao. Tinh dac hiéu nav dude truyén lai cho thé hé sau. Diéu dé ¢6 nghia

1 té bao con ¢é nhiing protein dic hiéu cua té bao me.
4.2. Luan thuyét trung tam

Nam 1958, luan thuvét trung tAm dude Crick dua ra véi ndi dung la thong tin
di truvén duge luu git trong ADN (hoac ARN 6 mét sé virus) duge truyén theo
hudng ADN qua ARN rai téi protein va khéng thé truvén theo huéng nguadc lai.

Phién ma Phien dich
Nhan doi ADN «—— ARN «————— Protein

Hinh 3.20a. Luan thuyé&t trung tam

0 mdt s6 virus giy ung thu, nguci ta phat hién transcriptase nguge xuc tac su
tong hgp ADN dua trén khuon 1a ARN virus, theo nguyén tic bé sung déi base, tao
thanh cac ADN bg sung, Cac. ADN nay c6 thé nhan déi va xen vao bd gen ciia té
bao chu gy ung thu.
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Trong E. coli cing phat hién duge ARN polymerase. né phu thuée vao ARN
(hay ARN replicase), lifu xtic tac su tao thanh mot ARN bd sung véi ARN virus
ma né bi nhiém dude dung lam khuén.

Do céac phat hién trén, Crick (1970) d3 b8 sung luin thuyét trung tim duge
trinh bay trong sd 46 (hinh 3.21) sau:

Phiénma Phién dich
Nhan déi ADN «— > ARN ———  Protain

Phién ma nguoc

Hinh 3.20b. Luan thuyét trung tam dugc b sung
4.3. B6 ba mat ma (codon)

Ma di truvén c6 bdn dac diém sau:

Mbét ma gém 3 nucleotid va dude goi 14 ma ba (triplet). AUG 1a ma mdé dau, 3
ma két thic 1a UAA, UAG, UGA.

Cac ma dudc x&p lién nhau, vi du UUUUCC tuong tng Phe—Ser.

C4c ma la phé bién, giéng nhau & tat ca cd thé séng.

Ma thoai hoa: ¢6 trén mot ma ung voi mét acid amin nhat dinh.

Cac codon 6 ARNm cua 20 acid amin thudng gip trong phén tu protein duge
trinh bay trong bang 3.2 sau:

Bang 3.2. Bang tir dién vé cac bd ba mat ma (codon)

Nucleotid Nucleotid th( hai Nucleotid
thit nhat U C A G th(r ba
Phe Ser Tyr Cys U
U Phe Ser Tyr Cys c
Leu Ser Stop Stop* A
Leu Ser Stop Trp G
Leu Pro His Arg U
c Leu Pro His Arg C
Leu Pro Gin Arg A
Leu Pro Gin Arg G
lle Thr Asn Ser U
A lle Thr Asn Ser C
lle* Thr Lys Arg* A
Met Thr Lys Arg" G
Val Ala Asp Gly U
G Val Ala Asp Gly C
Val Ala Glu Gly A
Val Ala Glu Gly G
Chu thich:

— U: Uridin nucleotid, C: ¢cytosin nucleotid, A: adenin nucleotid, G: guanin
nucleotid.
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— Stop: codon stop = ma cham dit su sinh tdng hdp.

— AUG ma hoa cho Met, sit dung nhu méa khdi dau ¢ té& bao loai ¢6 va va ma
hoa cho Met trong phan tu protein.

* 0 ty thé loai ¢6 vi , AUA ma hoa cho Met, UGA ma hoa cho Trp. con AGA va
AGG su dung nhu codon stop.

4.4, Cac yé&u t6 tham gia qua trinh sinh téng hop protein
4.4.1. Vai tro cua ADN

ADN la chat liéu luu gi@ thong tin di truyén. Phan td ADN chia dung toan bd
cac “tin hiéu” vé cau tric cua cac protein dac hiéu cla té bio va cac “tin hiéu” dé
dudc truyén lai thé hé sau.

M3i protein ing v8i mot doan ciia phan tit ADN, trong d6 méi mét acid amin
duge ma hoi bing mdt bd ba mononucleotid goi 12 bd ba mat ma (codon). Thi tu
cua cac acid amin trong chudi polypeptid, ing vdi thi tu cac bd ba mononucleotid
trong chudi ADN.

ADN ¢6 hai hudng hoat déng:

Huong thi 1: 1a su nhan d6i hav tai ban ADN xay ra ¢ nhan té& bao khi phan chia.
Huong thiz 2: 1a diéu khién qua trinh sinh téng hgp protein théng qua su sinh
téng hdp.

ARNm (ARN théng tin): mdi ddu ARNm dude sinh téng hdp trén khuén mau
142 mét soi ADN. Cac théng tin tit ADN dude chuyén sang ARNm va qua trinh nav
goi 12 sy phién ma hay su sao chép. Sau d6 ARNm duge dung lam khuén mau cho
su sinh tdng hdp protein. Pé 13 qua trinh phién dich.

Phidén ma Phién dheh

ADN ——— ARNm ——— Protein
4.4.2. Vai tro cua ARN théng tin (ARNm)

ARNm chinh la chit trung gian chuyén théng tin tit ADN dén chudi
polypeptid. V61 nguyén liéu la cac mononucleotid tuong ung, enzym xiuc tac ARN
polvmerase phu thuéc ADN, ARNm dudc sinh téng hop dua trén khudn mau la

mot sgi ADN. Su sinh téng hgp nay tuan theo quv luat déi base dé tao nén phan ti
" lai ARNm — ADN. D¢ 1a qué trinh phién ma.

Nhu vay cac théng tin 8 ADN vé ciu tric cua protein nhat dinh nao dé da
dude chuyén sang ARNm va ARNm, dudc col nhu “ban sac” cua mdt khiac ADN
tudng tng. Sau khi duge sinh téng hgp xong, ARNm dugc tach khoi phan tu lai va
ra t& bao chat dé di dén-ribosom tarnoixayra-guaitrinh sinh tdng hop protein.
ARNm chia khoang 5% téng s6 ARN ctia'tébio,
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4.4.3. Vai tro cia ARN van chuyén (ARNY)

Chuc ning cia ARNt la van chuyén cac acid amin mét cach dac hiéu dén noi
sinh tong hdp protein. Vi vay co it nhat 20 loai ARNt. Ngay nay, ngudi ta biét
khoang 60 loai ARNt va da xac dinh duge cAu tric bac 1. 2, 3 cua nhicéu loai ARNt.
Phén tu ARNt ¢6 khoang 75 — 85 mononucleotid va M = 25.000 - 30.000.

A-OH3 <+— Acid amin

C
|
S C
Tay TWC (Thymmn, Pseudo unidin, Cytosin)
Tay DHU
Cubn TWC
Cudn DHU
N~ < - ~ \)
=~ — - Taythém

Tay d6i ma

Bo ba aé ma (anticodon)
Hinh 3.21. Ciu tric téng quat clia ARNt

Cau tric téng quat gébm:

a) Pau 5 thudng 1a géc acid guanylic (GMP) dau kia bao gid ciing 1a bs ba C—
C-A. trong d6 A (AMP) 8 tan cung va la ndi truc tiép gan acid amin (30OH cua
adenin sé ester hoa vdi acid amin o dac hiéu).

b) Anticodon (d61 ma): 1a mét cudén gébm 7 mononucleotid. trong dé ¢6 bd ba
mononucleotid tudng tng véi acid amin ma ARNt ¢é nhiém vu van chuvén mot
cach dac hiéu.

ARNt duge sinh téng hop nhu ARNm nghia la dua trén khudén mau la mét sgi
ADN. Chiing chi€ém khoang 15% tong s6 ARN cua té& bao.

4.4.4. Vai tro cua ARNribosom (ARNvy) va ribosom

ARNr chiém khoang 80% téng s6 ARN cua t€ bao. Ching dude sinh téng hap &

hach nhan theo kiéu ARNm va di dén ludi néi sinh chat dé tham gia ciu tao

ribosom 12 ndi xay ra qua teinhsinh tong hop pretein.
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Ribosom 12 nhiing tiéu thé ribonucleoprotein cé thé 3 trang thai tu do trong té
bao chit hay dinh vao mang cta luéi ndi sinh chat. Ribosom cua t€ bao khong
1nhan nho hon té bao cé nhan.

Ribosom gbém 2 ban don vi ¢6 hing s6 lang khac nhau.

O t& bao khéng nhén (vi khudn):

Ribosom 1a tiéu thé c6 hing 8 ling 70s gdm hai ban don vi 50s va 30s c6 thé &
dang tu do hay két hgp thanh ribosom 70s.

50s . Ribosom 50s ¢6 hai vi tri:
Ranh gan ARNm + A 12 noi tiép nhan aminoacyl-ARNL.
30s + P 14 noi tiép nhan peptidyl-ARNL.

Ribosom 30s ¢6 kha nang gin ARNm.
Vitri P Vitri A
Ribosom 70s

O t& bao c6 nhan:

Ribosom la tiéu thé ¢6 hing s8 ldng 80s gém hai ban don vi 60s va 40s, ¢ thé
phan ly hoac két hgp lai véi nhau.

Polysom:

Trong quéa trinh téng hdp protein, nhiéu ribosom gin trén cing mét phéan tu
ARNmMm tao nén polyribosom hay con goi la polysom.

-—— Polypeptid
ARNm

5 3
Hinh 3.22. Sy tao thanh dang thai cac chudi polypeptid gidng nhau cba polysom
Nhiéu chudi polypeptid gidhg nhau ¢é thé duge tao thanh lién tiép tit mét
ARNm bdi ¢ac ribosom cua polysom.

4.4.5. Vai tro cua enzym

Hai enzym quan trong la:

Aminoacyl — ARNt synthetase xuc tac viéc tao thanh phite hgp aminoacyl —
ARNt (aa — ARNt). Enzym nay c6 tinh dic hiéu cao véi ca acid amin lan ARNt
tuong ung. Tinh dac hiéu caa ARNt cao han véi cac acid amin. Pa thu dugde hau
hét cic aminoacyl — ARNt synthetase dudi dang tinh khiét.

Peptidyl transferase: c6 3 ban don vi 16n cua ribosom, xuc tic phan ting tao
thanh lién két peptid trong qua trinh tonghdp protein.
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4.4.6. Vai tro cua ndng lugng va cdc ion

GTP cung cdp nang ludng cho su chuyén vi (peptid — ARNt & vi tri A sang vi
tri P ¢ ribosom); cAn cho viéc gin formyl — methionin (f - Met) va aminoacyl —
ARNt vao ribosom.

ATP cung cip nang lugng cho su sinh téng hop aa — ARNt.

Creatin phosphat can cho su tai tao ATP nha su xic tac cua creatinkinase (CK).

gl

ADP + Creatin phosphat ATP + Creatin

Mg++: 5 — 10 mM can cho su gian f — Met hay Met (6 t& bao ¢6 nhin); aa —
ARNt va ARNm vio ribosom. 1am én dinh ribosom.
4.4.7. Vai tré cua cdc yéu t6 md dédu, kéo dai va két thuc

Yéu t6 mas dau IF (Initiation factor): can cho su gan f — Met — ARNt (hay Met —
ARNY G t& bao ¢é6 nhan) vao ribosom.

Yéu t6 kéo dai EF (Elongation factor): tao phuc hgp véi GTP va aa — ARNt;
can cho sut gin aa — ARNt vao ribosom.
— Yé&u t8 két thic RF (Release factor): chdm ddt su sinh tong hgp protein va

tach chudi polypeptid ra khoi ribosom.

4.4.8. Nguyén liéu cho su sinh téng hop: 20 acid amin

4.5. Sinh tong hgp protein = Sy phién dich
4.5.1. Co ché

Chinh ribosom 12 noi phién dich ARNm thanh chudi polypeptid, vi d noi day
cac acid amin dude rap lai véi nhau theo trinh tu cua codon cua ARNm.
4.5.1.1. Kich hoat acid amin

Trudc khi sinh téng hgp., acid amin duge phién ma trong nhan va 6 t&€ bao chat
thi acid amin duge kich hoat. Su kich hoat gdm hai glai doan:
— Acid amin phéi hgp vdi adenin tao thanh adenylat — acid amin — enzyme va
pyrophosphat (PP).
Enzyvm + R - CH - COOH + ATP == [R-CH - COO ~ ATP!Enzym + PP
! |
NH, NH,

(Aminoacyl synthetase) Adenylat acid amin enzym
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— Sau dé. acid amin dugc chuvén sang ARNt 6 3'OH chuyén biét, tao thanh
aminoacyl ARNt (aa — ARNt).

(R - CH - COQ ~ ATP]Enzym + ARNt — aa — ARNt + AMP + Enzym
\H,
4.5.1.2. Su sinh téng hop

Enzvm aminoacyl — ARNt synthetase gan acid amin vao ARNt rat chuyén
biét. ARNt chita 3 dau kia mot codon bd sung véi mét codon cia ARNm. Nhu thé
acid amin sé dude dat theo mét thid tu dude 4n dinh bdi ARNm gii nhiém vu nhu
mot car khuodn.

Su dinh vi cha aa — ARNt thuc hién trén vi tri “P” (Peptidyl) va “A”
(Aminoacyl) d trén ban don vi 50s (hay 60s & t& bao ¢6 nhan). Chinh ribosom xiic
tac thanh lap lién két peptid gitta cac acid amin.

4.5.2. Sy sinh téng hop protein ¢ té' bao khong nhéan (prokaryot)

Cé ba giai doan: khdi dau, kéo dai va két thiic.

4.5.2.1. Su khdi ddu
a) Gan ARNm vao 30s

Hai ban don vi 30s va 50s ¢ dang riéng 1é trong té bao chat. Khi bat dau sy
sinh téng hop ARNm gin vao 30s tit dau 5° ndi c6 codon AUG (mi khéi dau) véi sy
ho tro ctia véu t6 khdi dau IF3 dé c6 phite chat 30s — ARNm — IF3.

b) Gan acid amin ddu tién

Yéu to IF2, GTP va mét aa — ARNt sé ndi véi phitc chat trén. O t& bao khong
1than, acid amin dau tién la formyl methionin (f — Met) (N ~ amin ctia methionin
bi formyl hoa). Aminoacyl — ARNt1 ( nghia la formy)l — methionin — ARNt) sé gin
vao vi tri P ciia 30s. anticodon nam ngay véi codon khdi dau AUG.

¢) Gan ribosom 50s

Sau dé IF, gdn vao phite chat dé cho 50s phdi hop véi 30s véi su phéng thich
IF,. Sau d6, GTP dugce phin giai thanh GDP + Pi ciing véi su phéng thich IF, va IF,.

Nhu thé ta c¢6 phic chal khai dan 70s géom: Ribosom 70s + ARNm + f-Met—
ARNZt trén vi tri P.

102



4.5.2.2. Su kéo dai

Sau khi thanh lap phuc chat khdi dau, 70s sé bat dau sy kéo dai bang cach thém
vao ting moét cac acid amin, gin bang dau N — amin va di dén acid amin cud ciing ¢6
nhém -COOH tu do. Su thém vao mét acid amin gbém ba pha lién tuc va sé 1ap lai bao
nhiéu lan néu cé bao nhiéu acid amin trong chudi polypeptid duge tong hop.

a) Sy ¢o' dinh aa ~ ARNt,

Su ¢6 dinh cia aa — ARNt, thuc hién trén vi tri A cua ribosom, anticodon cua
né nam ngay codon thi 2 cia ARNm. Yéu t6 EF — Tu va EF — Ts va GTP can thiét
cho pha nay. Sau dé6 GTP phan giai va ¢é su phéng thich EF — Tu va EF — Ts.

b) Su’ thanh lap lién két peptid

Lién két peptid néi lién - COOH cua f — Met va N — amin cua aa — ARNt, duge
xtc tac bdi peptidyl transferase cua 50s véi sy phéng thich EF — Tu va EF — Ts.
Sau phan 1ing nay, vi tri A c6 ARNt, cia acid amin th( hai néi lién véi f — Met:
acid amin dau tién (f — Met) tach khoi ARNt,, ARNt, mang acid amin thd hai va f
— Met (chuédl peptid) dugc goi la peptidvl — ARNt,. Vi tri P van con ARNt,.

¢} Sw hoan vi

Yéu t6 EF — G (G=GTPase) va GTP can thiét cho su hoan vi.

ARNt, ciua f — Met ro1 khoi ribosom véi su phoéng thich GDP va EF - G.
Peptidyl — ARNt hoan vi tir A sang P mot 1an véi su xé dich mot codon cia ARNm
do su di chuvén cua ribosom.

Maét chu ky phan ting méi bat dau: c6 dinh aa — ARNt, trén A; thanh lap lién két
peptid tha 2. hoan vi va lap lai... Ribosom phién dich ARNm theo chiéu tu 5 — 3.
4.5.2.3. Su két thuc

— Su sinh téng hgp cham dit khi ribosom nhan biét codon stop. Codon nay tay
loai ARNm c6 thé la UAA, UAG hay UGA § dau 3.

- Dé cho ribosom mhAmn dign codon stop, A ¢6 yéu td R (Releasing factor); R,
nhan UAA va UAG, R, nhan UAA va UGA.
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- Sau khi hoan vi lin cubl cung qua P, peptidyl — ARNt bi thiy phan béi
peptidyl transferase (tac d6ng nhu mét hydrolase) duge kich hoat bdi R. Lién két
bi cat, day polypeptid ra khéi ARNtn phéng thich vao t&€ bao chit vA ARNtn roi
khoi ribosom, dong thoi ribosom roi khéi ARNm va phén ly thanh 30s va 50s.

— Trong su phién dich, ribosom di chuyén theo chiéu dai cia ARNm. Ribosom
kéo theo véi né chudi polypeptid dang kéo dai va khi su sinh téng hdp cham diit,
ribosom tach khéi ARNm cung mét liic véi chudi polypeptid duge phéng thich. o)
Colibacille, thai gian sinh téng hdp ndi 15 — 30 gidy cho mdt chudi polypeptid 150
acid amin.

— M6t phan tii ARNm cé thé dude phién dich cing mt hic bdi nhiéu ribosom:
a6 1a su phél hop theo chiéu dai cia ARNm ciia nhiéu ribosom goi 1a polysom. Kich
thude cua polysom tiy thudc vao chiéu dai cua ARNm. Trung binh ngusi ta tinh
cl mot ribosom cho 80 mononucleotid, vay tuong ung cé tir 5-6 ribosom cho mét
ARNm dung lam khuén dé téng hop mét chudi 150 acid amin.
4.5.2.4. Hdu phién dich

Chubi polypeptid sau khi tach khoi ribosom ¢é acid amin ¢ dau amin tan la
formyl Met. Dudi tac dung cua deformylase, nhém formyl tach khoi chudi polypeptid
va chudi polypeptid ¢6 dau amin tan 1a Met. Hodc ¢6 thé Met tiép tuc bi tach khoi
chuéi polypeptid nhd methionyl — aminopeptidase.

Chudi polypeptid vira tdng hop la ciu tric bac I chia protein. Tinh chit sinh ly
cua protein (du 12 enzym hay protein ciu tric) thi tiy thude vao cau tric bac 11
(su gap chuéi polypeptid bdi cac lién két khong dong hoa tri — lién két hydro) va
nhat 12 cdu trdc bac IIT (lién két déng hoa tri khac véi lién két peptid — lién két
disulfur hoac lién két khu nuéc) va cé thé 14 cau trac bae IV (su phdi hop clia cac
ban don vi).

Su gap chudi polypeptid dé thanh dang c6 tinh chit sinh 1y 1a mét dién tién tu
nhién. C4u tric bac I nghia la thi tu cua cac acid amin etia chudi polypeptid sé 4n
dinh kiéu gip cua protein.

Khi d4 dugce sinh tong hop xong thi protein khéng.con chiu anh hudng clia gen
trong su gap.
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Giai doan mé dau

@ - Ribosom 30s

AUG v }
S 11 + -
Ma khdi dau ARNm
Codon
‘ AUG
5 v 1] I |
" AN
— ﬂ —_— C_
Y
GTP e .0
h
IF)  — _ < B — Met
f - Met - ARNY | —» ARNt
f - Met — ARNt  =——b — Anticodon
5' 1
[1] o 3
Codon khdi dau (,
Fy ey - R 508
F, €
3 7
—
b tri Vitri A
5 Vitri P ,lv . 3
1] T
IF, Phuc hgp mé dau
IF;
GDP + Pj

Hinh 3.23. Giai doan mé dau cua qua trinh sinh tdng hdp protein
d té bao khong nhan (prokaryot)
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Giai doan kéo dai

Vitri A

F - Met - ARNt,

51

Ma khai dau Mggla aa, Aminoacyl - ARNt,
EF-Tu ——r — -
EF-Ts ———
GTP - v

GDP + Pi

5 ki
EF-Tu - 1
Peptidy! transferase
EF-Ts <—-/
5 I 3I
EF-G —
GTP ——» 1
ARN,
5 3
EF-G «——
GDP+PI
5 /‘ A 1 T T
Ma khén dau

Hinh 3.24. Giai doan kéo dai ctia qua trinh sinh téng hop protein
6 té baekhong nhan (prakapyot)

Cé dinh aminoacy! - ARNt,

Taa noi peptid

Hoanvj — —— &



Giai doan két thuc
v

- ' ®
\- . v ——
N L]
N\
A\ 4
A
P - —
- | Ly 3
L LA
Ma cia aa tan cing Ma két thuc UAA, UAG, UGA.
a\
- N
N
\
Polypeptid .\.\-
 /
—_—— —— I 3'
L
ARNL,
- 3
/ 50s
30s
- \/—4 3
ARNm

Hinh 3.25. Giai deankét thic eta qua trinhsinh téng hop protein
d té'bao khong fhan (prokaryét)
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4.5.3. Sinh téng hop protein & té'bao c6 nhan (eukaryot)

4.5.3.1. So sdnh vdi sinh téng hop d té'bao khong nhdn
So sanh gita hai qua trinh sinh téng hgp cho ta su hiéu biét vé tac ddng cua
cac chat khang vi sinh.

Vé mat cd ban. dién tién gidng nhau nhung c6 sy khac nhau vé cac yéu té
tham gia.

Ribosom cua té bao ¢é nhan 14 80s gdm 40s va 60s.

Su khdi dau can AUG hay GUG va methionin chi khéng phai f — Met.

O t& bao c6 nhan ¢6 hai loai ARNt cho Met: mét cho Met khdi dau va mét cho
Met AUG. .

— Met — ARNt ¢6 thé formyl hoa dé thay thé f — Met — ARNt & t& bao khéng nhén.
Formyl — Met ~ ARNt ¢6 thé khai mao sinh tdng hop protein & vai té bao c6 nhén.

Su thanh lap phiic chat khdi diu can 3 protein F,, F,, F, nhu IF,, IF,, IF,.

— Su kéo dai: tudng tu nhu & t& bao khéng nhan. Peptidyl transferase ¢ 60s va
véu t6 T, giéng nhu EF — T d t& bao khong nhan, nhung khéng phéan chia thanh Tu va
Ts. Tu va Ts ¢6 thé thé T, § t& bao c6 nhan, nhung T, khéng thé thé dude Tu va Ts. T,
gidng nhu yéu t6 G d té bao khéng nhan. T, chi ¢6 chiic nang d 80s va G thi 6 70s.

— Su cham didt: tuong tu nhu 8 té bao khéng nhan.

Do la sinh téng hgp trong té bao chat.
4.5.3.2. Sinh téng hop protein 0 ty thé (t& bao c6 nhdn)

Giéng nhu d té bao khéng nhan vi ribosom cua ty thé la 70s.
4.5.4. Mét s6 tac nhan dnh hudng dén sinh téng hop protein

4.5.4.1. Cdc chat khdng sinh: ¢6 thé chia lam ba loai dua theo co ché'tic déng trén
s sinh tong hop protein.

a) Khang sinh tdce déng trén s bién duong cua acid nucleic

Rifampin tc ch& ARN polvmerase phu thuéc ADN lam ngan chan su khdi dau
sinh téng hop ARNm (nhung khéng ngan chan su kéo dai). Rifampin khéng anh
hudng trén ARN polymerase cua t& bao thi, do dé khéng anh hudng trén sinh tong
hop ARNm d déng vat. Nhung rifampin ¢6 thé itc ché sinh tdng hop ARNm ¢ ty thé
loai ¢6 vt khi nong dé thude cao hon so véi nong dé can thiét dé e ché enzym cia
vi khuan. Rifampin 1a mét chat diét khuan.

by Khdng sinh tdac déng do sw két hop voi ban don vi 30s va gdy su tich tu phiie
chdt khoi dau cua sinh tong hop protein-do, doc,sai lam md cua ARNm va tao ra
nhing polypeptid bét binh thuong.
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(3ém c6 nhém khang sinh aminoglycosid. Pay a nhiing chit diét khudn gém:
gentamycin, tobramyecin, amikacin, kanamycin, streptomycin, neomycin.

— Noi tac dong chu yéu cua nhém nay trong t€ bao 1a ban don vi 30s lam tich
tu phuc chat khoi dau.

—~ Con ¢6 kha nang tao ra su doc sal ma di truyén cua ARNm do dé céac acid
amin khéng ding sé gdn vao chudi polypeptid dang sinh téng hgp.

Thusng cac khang sinh lam dnh hudng dén qua trinh sinh téng hdp protein la
cac chat kim khuan. nhung nhém aminoglycosid lai la chat diét khuan. Diéu nay
6 thé 1a do ai luc cao cua ching d8i véi ribosom hodc cé thé 1a do tac déng thi cap
cua ching trén vo té bao.

¢) Khdng sinh tdc déng trén chitc nang cua ribosom vi khudn gdy e ché thudn
nghich qud trinh sinh téng hop protein. Nhitng chal kim khudn néy gom.:
cloramphenicol; tetracyclin.

Khang sinh nhém macrolid: erythromycin, lincomycin, clindamycin.

— Cloramphenicol:

Tac dong cht yéu bang cach két hgp thuan nghich véi ban don vi 50s (noi tac
déng gan véi noi tac déng cua khang sinh loai macrolid va clindamycin). Diéu nay
ngan chan sy thanh 1ap lién két peptid d ribosom.

Cloramphenicol cling ¢6 thé dc ché sinh téng hgp protein & ty thé loai cé vu, ¢b
1é b1 vi ribosom trong ty thé loai nay tuong tu ribosom vi khuan la 70s.

Té& bao sinh héng cau 6 loai ¢6 vii dusng nhu dac biét nhay cam véi cloramphenicol.

— Tetracyclin:

Ngan chan sinh téng hop protein do né gin chuyén biét vao 30s gidng nhu
aminoglycosid. N6 ngan chan aa — ARNt tdi ndi ti€p nhan trén phic hgp ARNm-—
ribosom. Piéu nay lam ngan chan su kéo dai. Tetracyclin ciing lam anh hudng dén
sinh téng hdp protein 6 t& bao sinh vat ¢6 vi ¢ nong dd cao.

~ Erythromyvein:

Ervthromyecin va cde khang sinh loai macrolid khac ngin chan sinh téng hop
protein bang cach phéi hop véi ban don vi 50s ctia vi khudn nhay cam. Erythromycin
c6 thé ngan chan su ¢8 dinh ciia chloramphenicol (ciing tac dong trén 50s).

~ Lincomycin va clindamyein:

(6 dinh & ban don vi 50s va vc ché sinh téng hop protein. Mac du clindamyecin,
ervthromycin, lincomycin, chloramphenicol khéng cé cau truc tucng ty (khéng ké
hincomycin va clindamycin.ed-cau-trie-tusng tu),.chiing déu tac dong cung mdt ndi

va sy ¢6 dinh cua khang sinh nay trén ribosom |6 dgan chan su ¢d dinh ctta khang
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sinh khac. Ervthromvein ngan chan sy 6 dinh cua chloramphenicol va day
Hneomvein (hav clindamyein) ra khoi phic chit 50s — Lincomycin. Do d6 khong
nén phdi hagp ervthromyvein véi chloramphenicol. erythromvein véi lincomyein.
4.5.4.2. Mot s6'chdt khac

— Emetin (alealoid): tc ché su gin acid amin — ARNt.

~ Poe L6 enia vi khuan bach hau khi hoat T, cua t& bao ¢6 nhéan.

— Abrin va Ricin (protein thue vat): tc ché sinh téng hop 6 ribosom & té& bao ¢
nhan bang cach 1am mat hoat tinh ban don vi 60s va ngan chan su kéo dai. Tuy
nhién ¢6 mot s6 bang ching ching té protein thue vat nav doc déi véi té bao ung
thu hon té bao thuong.

— Puromycin: ciu tao tucng tu nhu Tyrosinyl — ARNt, tao thanh peptidyl —
puromyvcein theo ¢d ché canh tranh va tach roi khoi ribosom, lam ngung su kéo dai
chudi polypeptid. Puromvein tac déng tic ché sinh tdng hdp protein & ca t& bao cé
nhan va khong nhan.
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TU LUGNG GIA

Chon mot ciu tra 16i ding nhat trong cac ciu tir 1 dén 10

1. Carboxypeptidase khéng hoat dong néu acid amin tan cung la:
a. Phenvlalanin
b. Tyrosin
¢. Histidin

d. Ca 3 cau trén déu sai
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Qua trinh hap thu cua cac L — acid amin qua thanh rudt:
a. LA mdt qua trinh khuéch tan don thuan.
b. La mét qua trinh van chuyén tich cuc can ATP cung cAp nang lugng.

c. La hién tugng khuéch tan don thuin hoidc van chuyén tich cyc phu thudc

vao néng dd cua acid amin dé trong mau.

d. Ca ba ciu trén déu sal.

Qua trinh khtu amin cia acid amin = 3 co thé déng vat bao gio ciing la:
a. Qua trinh khu amin noéi phan tu.

b. Qua trinh khyd amin thuy phan.

¢.  Qua trinh khu amin oxy hoa.

d. Gém ca 3 qua trinh trén.

Trong chu trinh uré phan ting tao carbamyl phosphat xayv ra ¢:
a. Tv thé té bao gan.

b. Tv thé t& biao gan va than.

c. Té& bao chat,

d. Ca 3 déu sai.

Trong chu trinh uré, acid aspartic gid vai tro:

a. Trung gian chuyén van nhém carboxvl.

b. Trung gian chuyén van nhém NH.,.

c. Cung cap nhém NH, cho acid o ceto glutaric.

d. Ca 3 cau trén déu sal.

Su tong hop glutamin trong cd thé can:

a. Glutamin svnthetase xic tac va GTP cung cap nang lugng.
b. Glutamin svnthetase xuc tac va ATP cung cip niang ludng.
c. Glutaminase xic tac va GTP cung c4p néng ludng.

d. Glutaminase xuc tac va ATP cung cAp niang luong.

O chim va loai bo sit;

a. NH, dudc téng hop thanh acid uric va dao thai.

b. NH, dugc dao thai truc tiép vao mdi trudng.

c. NH, dudc tong hop. uréd rdi dao thai.

d. NH, duge dung dé téng hop cdcmuoy/ NH ¥ dé¢ dao thai.
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8. Pepsin dac hiéu véi nhiing lién két peptid:

a.
b.
c.
d.

9. Trong chu trinh uré, arginin duge thuy phan duéi tac dung cua arginase thanh:

a.

a.

Trong d6 c6 géc NH, cua acid amin ¢ nhan thom.
Trong d6 cé6 goc COOH cua acid amin ¢6 nhan thom.
Trong d6 cé goc NH, cua acid amin ¢6 di vong.

Ca 3 cau trén déu sai.

Ornitin va uré.
Ornitin va acid aspartic.
Ornitin va citrulin.

Ca 3 cAu trén déu sai.

10. Homocystein niéu 1a mot bénh di truyén do thiéu enzym

a.
b.

d.

Phén biét dang, sai trong cac ciu sau bang cach tich ( v) vao cot D

Cystathionin hydroxylase.
Cystathionin synthetase.
Homocystein synthetase.

Ca 3 cau trén déu sai.

cho cau diang, vao ¢dt S cho cau sai

amin oxy hoa cua acid glutamic 1a phan ing khong thuan nghich.

TT Néi1 dung b

» Amino peptidase hoat déng trong moi trudng kiém thuy phan céac
lién két peptid c6 goc NH, tu do 6 tan cung.

12 Trypsin diic hiéu véi nhiing lién két peptid trong dé cé6 gbéec NH,
cua acid amin ¢6 nhén thom.

13 Cac amin tao thanh do qua trinh khd carboxyl lai bi khu amin
oxy hoéa nhd cac transaminase dé tao thanh NH, va aldehyd.

L4 Bénh alcapton niéu c6 thé nhan biét dé dang do acid homogentisic
khi tiép xiic vdi khéng khi sé cho mét sac t& nau.
Cac acid o — cetonic, ké ca cac acid a — cetonic tuong ting vdi céc

15 | acid amin cin thiét déu cé thé bién thanh cac acid amin tudng
ung nhd su trao déi amin.

6 So véi cac phan tng khi amin oxy hoa khac thi phan dng khu
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17 Chymotrypsin hoat déng manh nhat 8 pH = 8 thily phén céc lién
két peptid c6 dang Tyrosin — CO - NH -
1 18 | Uré huyét giam trong céc bénh viém thAn man tinh, viém théan céAp.
| 19 3 ndo c6 mdt decarboxylase hoat ddng manh khit carboxyl clia
acid glutamic tao thanh acid o cetoglutaric.
90 Qua trinh thoai hod methionin ciing la qué trinh tao serin trong
cd thé.
21 | Glycin duge tong hgp tit CO, va NH,,.
+,, | Glutamin duge téng hgp tit glutamat va NH, xvc tac béi
glutamat synthetase.
93 Trong sinh t8ng hgp protein d t& bao khéng nhén, ba codon stop 1a
UAA, UAG, UGA.
24 Peptidy] transferase cé é ban ddn vj 14n cia ribosom, xtic tdc phan
ting tgo thanh lién k&t peptid trong qué trinh téng hgp protein.
o5 Khi da duge sinh téng hgp xong thi protein vAn con chju anh
' hudng cia gen trong sy gép.
26 | Ribosom ctia t&€ bdo ¢6 nhén 1a 80s gém 30s va 60s.
97 Sinh téng hgp protein 8 ty thé t& bdo c6 nhAn giéng nhu & t€ bao
chit t&€ bao cé nhén.
o8 Sy khdi dAu trong sinh t8ng hgp protein d t&€ bdo c6 nhéan cén
AUG hay GUG va methionin chit khéng phai f - Met.
99 O t€ bao ¢6 nhan c6 2 loai ARNt cho Met: m6t cho Met khdi dau
L vd mdt cho Met AUG.
30 | Puromycin chi tic déng tc chd sinh téng hgp protein & khéng nhan.

Dién vao ché tréng chia chc cAu sau

31.
32.
33.

34.

Cac transaminase ¢6 coenzym I «...oocoiioniiiiiee i,

Chu trinh uré cAn t8ng cOnE......covveovr e dé cung c&p nang ludng.

C6 thé diéu trj sém bénh Homocystein niu bANG............cocovieirineeenan. liéu
cao, mét chd do &n tANg..........cocoiveiienecenns va giam

.....................................

Tryptophan 12 tién chat dé tong hgp nén cée catecholamin.
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35.

36.

37.

38.

39.

40.

Giai doan chuyén citrulin thanh arginin chi xay ra 8
Glutamin ]a dang van chuvén khong ddc et1a....c....o.ocooooiivevennn., trong mau.

Trong chu trinh uré, arginosuccinic tach thanh arginin va acid fumaric dud
SU XUC LAC CUA.....oiiiiiiie e

Trong su sinh tong hdp protein 8 té& bao khong nhan, chudi polypeptid sau khi
tach khoi ribosom c6 acid amin ¢ dau amin tan 1A ...
Sau khi sinh téng hop xong, su gip chudi polypeptid dé thanh dang ¢6 tinh
chi't sinh 1y 12 mot dién tién........oocoooeiiieiie

Déc td cua vi khuan bach hau khtt hoat. ..o cua té bao c6 nhan.

CAU HOI NGHIEN cUU BAI HOC

1.
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Trinh bay cac vi tri tac dong cua cac endopeptidase va exopeptidase.

Giai thich su lién quan mat thiét gitta phan tng trao déi amin va su khu amin
oxy hoa trong qua trinh khit amin cua cac acid amin.

Trinh bay bang so db cac giai doan cua chu trinh uré.

Trinh bay dudc su lién quan gida chu trinh acid citric va chu trinh uré

Trinh bay dude nguyén tic chung dé tong hdp acid amin.

M6 ta mét cach tdng quat ba giai doan cuia sy sinh téng hgp protein & ribosom

cua t& bao khéng nhan. So sanh hai qua trinh sinh téng hap protein ¢ té€ bao
khéng nhan va té& bao c6 nhan



Chuong 4
CHUYEN HOA HEMOGLOBIN

MUC TIEU

1. Trinh bay va gidi thich duge tién trink va co ché cia qud trinh sinh tong
hop hemoglobin.

2. Trinh bay va giai thich duoc tién trinh va co ché cia qud trinh thodi hod
hemoglobin.

3. Néu va gidi thich duge nhitng bénh ly gay ra do réi loan chuyén hod
hemoglobin.

1. SINH T6NG HOP HEMOGLOBIN

1.1. Sinh tong hop hem

Hem c6 cau tric gobm nhan protoporphyrin 111 két hgp véi Fe?*,

Su téng hop hem xay ra trong hau hét t& bao ngoai trit héng cau trudng thanh
vi khéng c6 ty thé. Khoang 85% su téng hgp hem xay ra & t& bao tién héng cau
trong tuy xuong.

1.1.1. Téng hop nhan protoporphyrin IIT

Hai nguyén liéu khdi dau cho qua trinh téng hdp nhin porphyrin tu dé tao
hem la succinyl CoA va glycin. Succinyl CoA 12 m6t chat trung gian cta chu trinh
acid citric, con glycin 1a mét acid amin . Qua trinh tong hdp nhan protoporphyrin
qua cac giai doan sau:
1.1.1.1. Tao acid 6 —amino levulinic (ALA)

Su téng hop ALA xay ra ¢ ty thé, noi ma succinyl CoA dude tao thanh trong
cac phan ung cua chu trinh acid citric. Glycin dugc hoat hoa bdi pyridoxal
phosphat (vitamin B6).

Succinyl CoA két hop véi glycin, loai CoA tao thanh acid a - amino — B — ceto

]

adipic. Chat nay nhanh chéngbikhi-carboxyl-détaothanh acid § — amino levulinic
(ALA) véi su xtc tac cla enzyimdsissy ekl AMENenzym 1a pyridoxal phosphat:

HUBT
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C|JOOH (|300H (|JOOH

CH. CH, CH,
Succiny! CoA | | |
CO ~ SCoA HSCoA (l')O ALA synthetare CO

Peridaxel phosphat |

+ —— CH-NH, —™\ " CH,-NH,

5 — ‘ CO.
Glycin ?Hz NH, ’
COOH

Acid - amino Acid - amino -
- cetoadipic levulinic (ALA)

1.1.1.2. Tao porphobilinogen

ALA dudc tao thanh s& di chuyén dén bao tusng. Tai ddy, hai phan tit ALA
ngung tu vdi nhau (loai 2 phén tit H,0) va déng vdng pyrol tao thanh
porphobilinogen véi sy xuc tdc cua enzym ALA dehydratase (porphobilinogen
synthase), enzym nay bj tc ch€ béi chi kim loai (Pb).

(|DOOH <|300H (|JOOH
(|IOOH ?m (|300H (iZHz (|300H (l;Hz
CH, CH.
CH CH2 2H10 \ / 2 CH2 CH2

ALA dehydratase

ﬂc_-—/'—.g_ _.JU

c CH
7 : \\ A NH, - cH, R
NH, - CH, [OHN NH, ~ CH, Tt H
Porphobilinogen

1.1.1.3. Tao uroporphyrinogen

Bén phan tit porphobilinogen két hgp véi nhau, loai 3 NH, tao thanh mét
tetrapyrol mach théng va ch&t nay lai tifp tuc loai NH, va déng vong, cic nhén
pyrol néi véi nhau bang cAu néi — CH, cé thé tao thanh uroporphyrinogen I (enzym
xuc tac 12 uroporphyrinogen synthetase) va uroporphyrinogen III (enzym xuc téc
la uroporphyrinogen cosynthetase).

Hai chit nay chi khaic nhau vé vi tri ctia hai nhém thé 6 nhan pyrol IV,

Binh thudng, déng phan dudge tao thanh hiu nhu déu la uroporphyrinogen I11.
Khi c6 réi loan chuyén hoé porphyrin mai taothanhuroporphyrinogen 1.
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H.N - CH}Y -CHY CH
H

| I I
P N _ A

uroporphyrinogenase |~ H

g IV)NH HN( II

NH; A P

| 111 |

P “A

Uroporphyrinogen I

1.1.1.4. Tao coproporphyrinogen 11
Uroporphyrinogen et chuyén thanh
coproporphyrinogen III nhd su khu carboxyl cua
tdt ca cac gde acetat (A) 6 mach nhanh dé chuyén
thanh cac géc metyl (M) véi sy xuc tac cua enzym
uroporphyrinogen decarboxylase.

1.1.1.5. Tao protoporphyrin 111
Coproporphyrinogen II1 roi bao tuong vao ty
thé. O day. né bj khit carboxyl va oxy hoa dé chuyén
hai nhém thé propionat (- CH, - CH, — COOH) ¢
hai nhan pvrol I va II thanh hai nhém vinyl (- CH
= CH.,) tao thanh protoporphyrinogen III véi sy xuc
tic cua enzym coproporphyrinogen oxydase (chi tac
ddng trén ca chat la coproporphyrinogen III).
Protoporphyrinogen 111 tiép tuc bj oxy hoa dé
chuyén cdu néi — CH, - gita cac nhan pyrol thanh
ciau néi methenyl (- CH =), tao protoporphyrin III.
Enzym xue tac la protoporphyrinogen oxydase.

1.1.1.6. Tao hem

O ty thé, protoporphyrin-I-két-hop-vai-Fe
tao hem, nhd sy xde tac cua enzym hem synthase

u o

A P
\
1|
A N A
— N —
IV)NH HN( II
p X b
| 11|
| A
Uroporphyrinogen III
M P
| 1|
M M
— H sy
IV)NH HN( II
p P
| 11 |
P M
Coproporphyrinogen II1
M Vv
\I
M N M
J _—
{|v NH_HN( I
3 —
S N
111
P M

Protoporphyrin I (IX)
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(ferrochelatase). Transferin cita huyét tudng (3 globulin chita Fe*") lam nhiém vu
van chuvén sat dén cac cd quan tao mau.

1.2. Tong hop globin

Qua trinh tong hop globin cimg theo ¢6 ché chung cla qua trinh sinh téng hop protein.

Nguyén liéu la cac acid amin cung su tham gia ciia nhiéu véu té khac nhu acid
nucleic (ADN va ARN)., vitamin (acid folic, B,.,). cac chat cung cdp nang lugng
(ATP. GTP).

1.3. Su ké&t hgp giita hem va globin dé tao thanh hemoglobin

Sau khi duge tong hop xong, hem rai ty thé ra bao tudng dé két hgp véi globin.
Su két hgp gitta hem va globin dude thuc hién qua lién két phéi tri gita Fe caa
hem véi nito imidazol ¢histidin) cuia globin.

Qua trinh téng hgp hemoglobin xay ra chii yéu d cd quan tao mau nhu tuy

xuong va cac héng cau non.

2. THOAI HOA HEMOGLOBIN

Héng cau ngudi c¢é ddi séng trung binh khoang 120 ngav, trong thoi gian nay
Hb khéng bi bién d6i. Khi hdng cau chét, Hb s& dude gidl phéng va bi thoai hoa.
Trong diéu kién sinh ly. ¢ ngud trudng thanh binh thudng, ¢6 tir 1 —2 x 108 héng
cau bi thoai hoa trong 1 gid. Tru Fe va globin, nhitng san pham thoai hoa cua
porphivrin khéng duge ¢d thé st dung trd lai.

Su thoai hoa Hb xay ra chi véu 6 nhiing té bao thudc hé théng lién véng noi
mo nhu gan, lach, tuy xuong....

Khi hemoglobin bl phan huy sé giai phéng globin va hem:

— Globin chuvén hoa theo con dudng thoai hoa cua protein néi bao dé tao acid amin.

— Hem sé thoai hoa lan lugt tao thanh sic td mat.
2.1. Tao biliverdin

Dudi tac déng cua enzym hem oxygenase, vong porphyrin cia hem bi md gitia
nhéan pyrol I va II bang cach oxy hoa va loai C & cau néi methenvl o dudi dang
carbon monoxid (CO), giai phéng sat duéi dang Fe'™ tao thanh biliverdin (sic t&
mat mau xanh).

Fe tach ra k&t hgp vai mst protid vAn chiuven 13 transferin. dude mau dua dén
tuv xuong dé dung lai.
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P P\ /M M\ Vv
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K H

Biliverdin

Hinh 4.1. So dd phan img tao sic td mat biliverdin
2.2. Tao bilirubin

Biliverdin nhanh chéng bi khit 6 cAu néi — CH = tai vi tri y ( cdng H 6 Cv. N két
hop véi H va cac noi doi sé di chuvén) tao thanh bilirubin (sdc t& mat ¢6 mau vang
xanh) vé1 su xue tac cua enzym biliverdin reductase, ¢6 coenzym la NADPH cung
cip hvdro. Bilirubin nay khé tan trong nude, cho phan tng mau diazo chim va
gian ti€p, goi 1a bilirubin tu do hay gian tiép. Sau khi tao thanh ¢ mé ngoai vi, né
duwde chuvén vao maun két hop véi albumin, globulin ctia huyét thanh va theo mau
dén gan. Vi né 1a chat tan trong lipid nén cé thé thAm qua mang t& bao gan dé

dang va tach khoi albumin. globulin.

M_ vV M P R M M LV
| v || !
& N P N P N
N N N N O
H H H H
Bilirubin

Rinh 4.2:Cau tricicua sic tomat bilirubin
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2.3. Sy lién hgp bilirubin & gan

Tai gan, bilirubin ty do lién hgp véi mét hay hai phén tit acid glucuronic tao
thanh dang lién hdp bilirubinmonoglucuronat (20%) va bilirubindiglucuronat (80%).
Phan dng xay ra gitta hai nhém carboxyl (~ COOH) cta géc propionat (P) o
mach nhanh cua bilirubin vdi nhém OH béan acetal cua acid glucuronic. Acid
glucuronic d dudi dang hoat hoé uridin diphosphat glucuronat va phan tng lién

hgp dudc xuie tac bgi enzym glucuronyl transferase.

Bilirubin lién hgp tan duge trong nude, cho phan dng mau diazo nhanh va tryc
t1ép, goi 1A bilirubin tryc ti€p. Bilirubin lién hop dude bai tiét vao mat theo mét co
ché& van chuyén chii déng rdi theo dng ddn mat d& vao rubt.

Binh thudng, trong mat ngudi biliverdin ¢6 mét lugng rat nhé coén bilirubin
chiém khoang 15~20% trong lugng khé.

-00C “00C

OH OH
HO HO

Billrubin  diglucoronat

Hinh 4.3. CAu truc cua bilirubin 1ién hop
2.4. Sy bién dai bilirubin J rudt

O ruot, dudi tac dong cua enzym - glucuronidase, bilirubin lién hgp bi thuy
phan giai phéng bilirubin tu do. Dén dai trang, dudi tac dung cua cic enzym cua vi
khuadn yém khi, bilirubin ty do bi khi oxy, bao hda céc lién két dsi dé tao thanh
urobilinogen va stercobilingogen, la nhiing hop chét khong mau.
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Trén 50% cac san ph&m khi nay cua bilirubin duge tai hap thu qua tinh mach
cua; mot phan theo mau vé gan, dude oxy hoa trd lai tai tao bilirubin réi lai theo mat
dé vio rudt tao thanh mot chu trinh gan rugt, mét phan nho theo mau vé than va dao
thai ra ngodi theo nudc tidu. Phan con lai ciia urobilinogen va stercobilinogen ¢ rugt
khéng duge tai hap thu, 88 duge ddo thai ra ngoai theo phén.

Trong phén va nudc tiéu, urcbilinogen va stercobilinogen bj oxy hoa bdi oxy
cua khong khi tao thanh urobilin va stercobilin ¢é mau vang cam, tao mau cho
phan va nudc tiéu,

Binh thudng nudc tiéu chia rat it urobilinogen va urobilin (1-4mg/24gid), con
stercobilinogen trong phén ¢6 khoang 40-280mg/24gio.

Khi bj tic mat, phian s mat mau do bilirubin lién hgp khong xuéng rudt duge,
nén khong tao urobilinogen va stercobilinogen,

Trudng hgp thiu men vi khuan ruét (uéng nhiéu khang sinh, tré sd sinh thiéu
enzym cua vi khudn rudt...) Bilirubin khéng bj khit d rudt, duge dao thai nguyén
ven ra phfin va bj oxy hoA nhanh ngoai khéng khi tao thanh biliverdin, lam cho
phan ¢6 mau xanh.

N v My E 'N E
] |
— OH CH OH
M ( H M M N HoM M N il M
= 8H [—— Y 4H =\ H
N V2N Y NH | HN Y NH | HN
p N p N E P N E
| ] || | |
P M P M P M
Bliirubin Urobllinogen Stercobilinogen
F‘W F2H
M. E M /B
e Wi
H - H
| \ N AN ‘ \ N HN
H —_— H
o’ | N \E S| N £
|| ||
% \
P M P M
UrebillA i Stercobllin

Hinh 4.4, Céc s&n pham thoal.ha4 cla bilirubin

121



T& bao ndi mac vong mé MAU GAN
Bilrubmn > Bilirubin > Bilirubin tu do
NADPH < Albumin UDP - glucuronat | , Acid glucuronic
Bilverdin lransferase /
reductase
NADP Bilirubi wl' h
Biliverdin firubin fién hop
NADPH MAT
Hem oxynase
CO, Fe* 5 N |
NADP* RUOT acd glucuronic
| |
Hemoglobin Héng cau Bilirubin
8H
THAN ./
Urobilinogen «— Urobilinogen
4H
2H Stercobilinogen < Stercobilinogen
| |
NUGC TIEU | 2H PHAN 2H | on
4 v 4
Urobilin  Stercobilin Stercobilin Urobilin

Hinh 4.5. So dé cla su thodi hoa hemoglobin

3. ROI LOAN CHUYEN HOA HEMOGLOBIN

3.1. Réi loan sinh tong hop hemoglobin
3.1.1. R6i loan sinh téng hop hem

Su thiéu hut cac enzvm chinh trong qua trinh sinh téng hop porphyrin gay d
dong cac tién chdt ctia porphvrin trong hdng cau, cac dich co thé va gan; d6 la
nhdang bénh thudée nhém bénh porphyrin niéu. Vi du:

- Binh a dong uroporphyrin I Jam nuée tiéu c¢é6 mau dd, thidu hut uroporphyrinogen
[1L. do dé khéng tong hgp dude hem dé tao hong cau lam cho bénh nhan bi thiéu

mau tram trong.

— Bénh 1t dong porphobilinogen trong gan giy véi loan than kinh.
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3.1.2. Réi loan sinh téng hop globin

Trén thuc & c6 khoang 300 loq gen téng hgp nén cac chudi globin cua hemoglobin.

Ciae loal nay chi khac nhau 6 mot vi tri trén chudi polvpeptid cua globin. Su
thav d6i nho nav khéng lam thay d6i dang ké cdu tric va chiic nang cua phan ti
hemoglobin tru trudng hdp acid amin valin thay cho glutamat & vi tr1 tha 6 cua
chudi 3 cua globin gay bénh thiéu mau héng cau hinh ludi liém hay lvsin thav
cho glutamat ¢ vi tri thd 6 cua chudi B cua globin gay bénh thi€u mau hong cau
hinh ba.
3.2. Roi loan thoai hoa hemoglobin

Binh thuong. nong dé bilirubin toan phan trong mau vao khoang 0,2 - 0,8
meg/dL (3.4-13.6 mmol/L). cht véu o dang tu do (85%) ¢on dang lién hgp chi ¢ o
dang vét (15%,). Khi bilirubin trong mau vugt qua 1mg/dL (17mmol/L.) sé khuyéch
tan vao cac 1o chae. dae biét 1A da va mém mac Vang da xudt hién khi néng dé
Lilirubin toan phan > 2 —2.5mg/dL (34 — 42.5 mmol/L) huvét thanh. Su tang nong
d6 bilirubin trong mau cé thé do sy tao thanh bilirubin nhiéu hon sy dao thai &
gan binh thudng; hay truong hdp gan bi suy nén su dao thai bilirubin giam. Sau
dav 1a mot s6 bénh 1y vang da do ré1 loan thoai hoa hemoglobin.

3.2.1. Vang da trudc gan

Xav ra do nhing nguvén nhan lam tan huyét hay tang su pha hay hdong cau:

— Bénh do Hb bat thuong (HbS. thalassemia...).

— Bénh di ruvén do thidu enzvm G6PD.

— Bénh mién dich (truvén nham nhém mau. bat déng nhém mau — Rhesus...).

— Bénh mac phai (s6t rét, s6t xuat huvét, nhiém trung. nhiém déc dung mai
hau cu).

Nhiing truong hgp nay sé tao ra mot lugng 16n bilirubin tu do, khéng dude qua
phan ang lién hop 6 gan hét nén nong dé tang cao trong mau {khoang 6 — Tmg®s).

O wé s¢ sinh. do hé théng lién hdp. cac thu thé d mang té bio gan chua hoan chinh
nén cong lam tang bilirubin ty do trong mau gay chiing vang da sinh ly kha phé bién,
thusng xav ra vio ngav thu 2 hav thu 3 sau khi sinh, dac biét § tre sinh non.

Trong trudng hop nay sé khong cé bilirubin tu do trong nude tiéu, vi khéng tan
trong nude nén khong qua dudge than.

Ngoal ra. do hugng biluubin tang nen urebilinogen va stercobilinogen sé duge

diro thai nhiéu ya phan va nude tiéu. Phan sé ¢6 mau vang sam.
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3.2.2. Vang da tai gan

Trong truong hgp viém gan, t& bao gan bj tén thudng 1am giam kha nang lién
hgp bilirubin, bilirubin ty do trong mau tdng va giam stercobilin trong phén.

Ngoai ra, khi viém gan cac nhu mé gan bj phu né chén ép cac vi quan mat giy
tAc mat lam cho bilirubin lién hgp khdng xudng rudt dude, tang cao trong mau va
xudt hién trong nudc tiéu (sdc td mat).

Urobilinogen ciing cé thé tang trong nudc tiéu vi tén thuong gan lam giam kha
nang tai tao bilirubin tir urobilinogen, chat nay bi @ dong 6 gan, tran vao mau va
dao thai ra ngoai theo nudc tiéu.

3.2.3. Vang da sau gan

Trong truong hgp dudng din mat bj tic (do bj s6i mat, u dau tuy tang...), bilirubin
lidn hdp khéng xudng rudt duge, bi o lai d gan, trdn vao mau va ting lén rat cao,
chiém ty 1& trén 80% bilirubin todn phén. Bilirubin lién hgp tan duge trong nude nén
qua duge cdu than va thai nhidu ra nude tidu (c6 séc t& mat trong nudc tiéu),

Urobilinogen c¢6 thé tang do \ trong gan, tran vao mau va xudt hién nhidu
trong nudc tidu. Bilirubin lién hgp khéng xudng rudt duge nén sé khéng cé
nrobilinogen va stercobilinogen dao thai ra nude tiéu va phan. Trong trudng hgp
nay. phan cé6 mau trdng xam nhu dat sét.
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TY LUQNG GIA

Chon tép hgp clu tra 18i dung trong céc cu sau

1.  Nhing nguyén nhén lam tan huvét hay ting sy pha huy héng cau giy vang da la:

a.
b
c.
d.

Bénh do Hb bat thuong (HbS, Thalassemia...).

Bénh di truyén do thiéu enzym G6PD.

Bénh mién dich.

Bénh mac phai (s6t rét. s6t xud't huvét, nhidm trang...).

2. Phan tng lién hgp bilirubin & gan:

a. Tao thanh dang lién hgp bilirubinmonoglucuronat (80%) va bilirubindiglucuronat
(20%).

b.

Xdy ra gitta 2 nhém carboxyl (-~ COOH) cua géc propionat (P) ¢ mach

nhanh cua bilirubin v8i nhém OH ban acetal caa acid glucuronic.

c.
d.

Acid glucuronic 8 dang hoat hoé uridin diphosphat glucuronat.

Puge xtce tac bdi enzym glucuronyl tranferase.

3. Bilirubin tiyt do (gidn tiép)

a.
b.
c.
d.

Khé tan trong nudc.

Cho phan (ing dinzo nhanh.

Van chuyén trong mau d dang két hop vdi albumin, globulin.
Tham qua mang t&€ bao gan dé dang.

Chon cfu tra 10i tuong tng

4. Hay chon cAc y&u t8 c6é lién quan dén cac bénh ly sau day do r8i loan chuyén
hoa hemoglobin:

1. Vang da trudc gan a. Bilirubin ty do trong méu tang
2. Vang da tai gan b. Bilirubin lién hgp trong mau ting
| 3. Vang da sau gan ¢. C6 séc t8 mat trong nude tidu

d. Cé nhiéu urobilinogen va stercobilinogen dao thai
ra nudc tiéu va phan

e. C6 {t urobilinogen va stercobilinogen dao thai ra
nudc tidu va phan

f. Khéng c6 urobilinogen va stercobilinogen dao thai
ra nudc tibu va phan
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CAU HOI NGHIEN CUU BAI HOC

1. Trinh bay va giai thich qua trinh thoai hoa bilirubin & ruét.

2. Nguvén nhan va triéu chiing cua bénh ly vang da trude gan do ré1 loan thoiu
hoa hemoglobin.

3.

Neéu cac hau qua do v6i loan thoal hoa hemoglobin trong truong hdp bi tac mat.
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Chuong 5
CHUYEN HOA ACID NUCLEIC

MUC TIEU

1. Viét duge so dé su thodi hod base acid nucleic, base purin, base pyrimidin.
2. Trinh bay duoe so d6 téng hop nhén purin va pyrimidin.
3. M6 ta dude qud trink téng hop ADN, ARN.

4. Phan tich dude cdc réi loan chuyén hod.

Tat ca cac L& bao cla cd thé sdng déu c6 kha ning 1ong hgp acid nucleic cin
thiét cho t& bao do dé khéng yéu cau phai cé acid nucleic trong thdc in. Acid
nucleic trong thiic an khéng c¢é y nghia dac biét déi véi co thé. Acid ribonucleic ciia
té bao luén déi mdi nhanh chéng, né tang trong t& bao cing vdi su téng hdp
protein. Su déi mdi ADN trong cac mé thi cham hon nhiéu, su déi méi xay ra trong
cac té bao dang phat trién, té bao tai sinh.

1. THOAI HOA

Acrd nucleic Nuclease . . Nucleotidase Nucleosid + Nucleosidase Base nitd +
——— Nucleotid "———— —_— )
(ADN. ARN) phosphat Pentose

Nuclease la phosphodiesterase ¢6 trong dich tuy. Nucleotidase 12 mot phosphatase
va nucleosidase, 1a mét phosphorylase, ca hai enzym cé trong dich ruét.

Phosphat dude st dung trd lai cho qua trinh phosphoryl hoa hay duge thai ra
trong nudc tiéu dudi dang phosphat vé co.

Pentose t thie 4n tham gia dang ké vao qua trinh téng hop acid nucleic cho
co thé.

Base purin va pyrimidin dude phéng thich trong qua trinh tiéu hoa cua acid
nucleic, phan 1én duge thoai hoa va dao thai, mét phan dude stt dung lai dé dng
hgp acid nucleic.

1.1. Thoai hoa cac base purin

Thoai hoa chinh cua base purin theo sd dd'sau:
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O ngudi va déng vat c6 vu thodi hoa base véi hai loai phan tng chi y&u 1a khi
amin thiy phén va oxy ho# (hinh 5.1). O ngusi, linh trudng, chim va mdt a8 bd sat
san phdm thodi hod cubi cding clia base purin 13 acid uric va dude dao thai ra mudc
ti€u. Néng 46 acid uric trong mau ngudi binh thuong véi nam 1a 202 — 416 umol/L
vdi nit 13 142 — 339 umol/L. Lugng acid urie trong nudc tidu 2,97 ~ 4,8 mmol/24h.
Luong acid uric trong nudc tiéu thay d6i theo ch& d§ an, dac bidt tang véi ché d6
an gidu purin (gan, than. thit. cua). Trong bénh gout, bénh tang bach cAu. acid
uric trong mau tang rat cao.

AMP GMP
H,0 H:0
5'- nucleolidase < §'- nucleotidase C
Pi Pi
Adenosin Quanosin
. H;0
Adenosin H:0 Nucleosidase ‘
deaminase .
NH, Ribose
0
N
¢ LY
H;N N NH
inosin 'b°9° G"‘"Ro
Nucleosidase { H:0 Guanin deaminase[(
Ribose NFs
Hzo
L\)I > Xanrhm oxidase )jj: Xanthin oxrdasﬁ ﬁ >—OH
Hypoxanthln Xanthln Acld Urle
OH " q NM,  COO™ NH;
N . NH, - Allantoi
N \ anloinase
g SN S AP AR
=\ -
HO” N~ N N H b
Acld Urle Allantoln Allantoat
Aﬂantofcasei
Urease Il
UNH] +———2H,N —C — NH,
Urea

Hinh 5.1. Thodi hod cic basé nhan purin
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O moét 36 dong vat ¢6 xuong séng khae, acid urie bi thoai hoa tiép tuc thanh
allantoin nhd urat oxydase. O cac loal cA ¢d xuong san pham cudl cung la
allantoat. O lodi ca c6 sun v déng vat ludng cu san pham cudi cung 1a uré. Nhiing

dong vat bién khong cé xuong sdng san pham cuéi cung 1a NH, (hinh 5.1).

1.2. Thoai hoa cac base pyrimidin

Su thoar hoa base pvrinndin xav ra chu véu 6 gan theo so d6 sau:

NH,
NT |
o)\NH

Cytosin

0 0
CHs
g g
0" N 0 NH
Uracyl Thymin
0 0
> CH;
0" NH 0" NH
Dihydrouracit Dihydrothymin
l , l (|3H3
NH; - CO - NH - CH,CH,CO0H NH; = CO - NH - CH,CHCOOH
f - Ureidopropionic B - Ureidoisobutyric
| > NHy « |
| e
NH, ~ CH;CH,COOH M NH; - CH,CHCOOH
B — Alanin B - Aminoisobutyric

Hinh 5.2. Thodi hoa base nhan pyrimidin
San pham thoai hoa cudi cing cua pyrimidin 1a uré va 3 — alanin (¢t uracil) va
3 — aminoisobutvrat (tu thymin) (hinh 5.2).
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2. TONG HOP

2.1. Téong hop nucleotid

Trong c6 thé nucleotid duge tdng hdp theo nhu ciu phat trién ciia t&€ bao va
md. dic biét khi té bio phan chia. Cé hai con dudng téng hgp nucleotid 1a: (1) con
duong tong hop mai, (2) con dudng tan dung lai bing qua trinh phosphoribosyl hoa
base hay nucleosid.

2.1.1. PRPP (5-phosphoribosyl~I-pyrophosphat) la chdt trung gian cé vai
tro quan trong trong tong hap nucleotid

PRPP dudc tao thanh tui nbose — 5 — phosphat va adenosin triphosphat (ATP).

Ribose — 5 — phosphat + ATP - PRPP + AMP

Nguon ribose — 5 — phosphat dudc cung cap ti qua trinh chuyén hod glucose
hav tir qua trinh thoai hoa nucleosid.

PRPP dugc su dung cho ca qua trinh tdng hgp mdi va qua trinh tan dung lai.
Nong d6 PRPP trong té bao luén dude diéu hoa va thusng & muc thdp, qua trinh
tong hop PRPP dude xue tiac bdi PRPP svnthetase va can Pi. Binh thuong nong
dd Pi trong té& bio ¢ miic thap, nén hoat déng PRPP synthetase thap, nhung khi
Pi tang. thi hoat doéng enzym tang dang ké. Ngudge lai ADP uc ché hoat dong
PRPP svnthetase.

2.1.2. Téng hop moi nucleotid nhéan purin

Nguoén carbon va nito dé' tong hop nhan purin. Ngudn nay 1a glutamin, glyein,
aspartat, cacbon dioxid, va carbon cita folat. Nhan purin duge téng hdp trén mot
phan tu PRPP (hinh 5.3)

CO; (tir hé ho h3p)

Aspartat l /
¢
&

N
|
L al o /7 T NS N - Methenyl - tetrahydrofolat

SN TNH
N'® - Formyl / N

tetrahydrofolat \ /

Amin cla glutamin

Glycin

Hinh 5.3. Nguén carbon va nitd dung téng hgp nhan purin

Téng hop inosin 5 — monophosphat (IMP). IMP dugc téng hgp qua 11 bude va
si dung 6 lién két phosphat gidu nang lugng (hinh 5.4). Pay la qua trinh tén
nhiéu nang lugng.
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Tong hop AMP va GMP tir IMP. Tu IMP qua qua trinh gan thém nhém amin
cua aspartat cho AMP. Cang tid IMP qua qua trinh oxy hoa va gan thém nhom
amin cua glutamin cho GMP. V& mat nang ludng thi GTP dude su dung cho gqua
trinh IMP — AMP va ATP dudc su dung cho qua trinh IMP — GMP. Co ché nav

giap can bang lugng nucleotid adenin va guanin (hinh 5.5).

Aspartat

-00C - CH; - CH - COO0-
-00C - CH, - CH - COO- f

0 NH NH;
I o ,~00¢- CH CH- c00~ L
N SNNG : HN/ @ /
HCx N GTP Mg?* HC\ HC\ ’
N | Adenylosuccinal synthase Adenylosuccinase
R-5F) ;- s@ .- s@
[nosin monophosphat Adenylosuccinat Adenosin monophosphat
(IMP) (AMPS) {AMP)
NAD~
H,0
IMP dehydrogenase
NADH H~
0
! 2
e N Glutamin  Glutamat / N
HN HN
\ N
| | CH
A IN/CH \B/ LA IN/
g N | ATP HN N
R-5 _@ Transamidinase R-5 @
Xanthosin monophaosphat Guanosin monophosphat
(XMP) {GMP)

Hinh 5.5. Téng hgp AMP va GMP tr IMP
Didu hoa qud trinh téng hop mdi nucleotid bang co ché e ché nguoe (feedback).

Hai enzyvm xuc tac cua hai phan ng dau tién trong qua trinh tdng hop IMP la
PRPP synthetase va PRPP amidotransferase, bi tic ch& ngude boi IMP, GMP va
AMP (hinh 5.6).

Giai doan téng hgp adenylosuccinat tit IMP, bi dc ché bdi AMP va giai doan
téng hdp XMP, bi e ché bet GMP (hinh,5.6),
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Ribase - 5 - phosphat

Ribose pnosphar | (e === AMP - - o oo oo
Pyrophosphokinase| (D= -- GMP---------——---
(PRPP synthase} @., e IMP o mm oo _

PRPP Glutamyl | (e~~~ GMP -- -~ -~ - Looe 0N
Amidotransferase O' - IMP ' R

5 - Phosphornbasylamin

Adenylosuccinat IMP dehydrogenase

synthase
______ AMP----»@‘/ \@4- GMP -~~~

Adenylosuccinat XMP

1

{
1 I
i |
| Adenylosuccinase) Transamidinase :
| :
' "

Hinh 5.6. Piéu hoéa téng hop AMP va GMP

2.1.3. Con duong “tan dung lai” nguén nucleosid hay base nito dé téng hop
nucleotid nhan purin

Tir nguon base purin cua qud trinh thodi hod nucleotid: ¢6 hai enzvm chuvén
biét xuc thc qua trinh van chuvén ribose phosphat tit PRPP sang base purin tu do.
Hypoxanthin — guanin phosphoribosyltransferase xic tac qua trinh tao nucleotid
tif base guanin hay hvpoxanthin. va enzym bi ttc ch& bdi IMP hay GMP. Adenin
phosphoribosyl transferase xuc tac giat doan tao AMP t adenin (hinh 5.7).

T nucleosid: Nucleosid duge phosphorvl hoa bal nucleosid kinase thanh
hucleosid 5--monophosphat. Tuv nhién con dusng nay khéng quan trong 6 déng
vat ¢6 vd. Nucleosid kinase 6 dong vat c¢6 vd chi c6 adenosin kinase.

Gan 12 noi téngrhdp-va-cung-edp-chinh-basenhan purin va nucleosid nhan
purin cho qua trinh plesphoribosylhoa ¢ cac 'td chite khéng c¢é kha nang téng hop
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mét nucleotid. Vi du nhu nao. héng cAu va bach cau da nhan sit dung ngudn base
purin dé tao nucleotid purin chit khéng téng hop nhan purin.

NH- NHz
L PRPP  PPI
NZ N \> \\ j \>
1% i Adenin
N NH Phosphonibosyl
Transferase ®_ 0- HzC o\l
Adenin VN
OH OH
PRPP PPi ]\
T\ L > = \\‘/: ’
ypoxantin — Guantn
N N NH phosphonbosy! ® 0- HQ o
Hypoxanthin transferase [/
OH OH
IMP

PRPP PP Ni\
:1\ S NS
H2N \N NH Hypaxantin - Guanin @ 0- M, C\/

phosphanbasy!

) transferase
Guanin

OH OH
GMP

Hinh 5.7. Con dudng tan dung lai base nito dé téng hop nucleotid
2.1.4. Téng hop méi nhan pyrimidin

Nguén carbon va nito siz dung cho tong hap nhan pyrimidin. Ngudn nay gém
ghutamin, aspartat va carbon dioxid. Khac véi purin, nhan pvrimidin khong dudge
tong hgp t PRPP ma sau khi téng hdp hoin chinh nhan pyrimindin mé két hgp
vl PRPP tao nucleotid (hinh 5.8).

Carbamyl

phasphat i +— Aspartat

Hinh 5.8. Ngutn cacbon va nitesur dung tc‘;ng hdp nhan pyrimidin
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Tong hop uridin 5 — monophosphat (UMP). Giai doan diu tién la tong hap
carbamovl phosphat. Carbamoy] phosphat dudc tong hop trong té bao chat tu
glutamin va carbon dioxid. ngoai ra carbamov] phosphat ¢dn duge téng hgp & tv
thé 16 bao gan (chit trung gian ela gua trinh téng hdp uré) (hinh 5.9).

CO. + Glutamm + ATP

@ Carbamoylphosphat
synthase If
O 0 0]
T Aspanat 4 . I
X 0- transcar -0-CJ Dihydro _C
H3N3 4 5(|:H2 bamoy[ase HzN Clng orotase H[|\J |CH2
f >
0=C; "CH N G CH G |CH
; 7N @ VANVAN @ZO 7N\
0-® HN, €00 P, 0 N COO 0 N COO-
___________ H H
Carpamoy! Aspartic Carbamoyl aspartic Dihydroorotic acid
phosphat (CAP) acid acid (CAA) nAD" {DHOA)
@ Dihydroorotat
dehydrogenase
NADH H'
0 o)
€O PP, _ PRPP
INT T AL ® HN i HN
2 v ) Orotidylic acid Orotat
O "N decarboxylase O N phasphoribosyl O coo-
| { transferase H
R-5P) R-5-)
UMP Oraotic acid
ATP OMP (OA)
@ NADPHH  naDP'
ADP
UDP - - » dUDP
Ribonucleotid
ATP> reductase /G:DHZO
ADP B
v v '
TP dUMpP Ns. N‘IO
ATR / Glutamin | Metnyt Hi ol
CTP\, Thymidylat [ @
synthasev @ synthase ! H; folat
NH 0
CH;
N7 /” HN |
R-5-0)-O)-F) R-5-®
CTP T™P
Hinh 5.9, TERG|Hop/Mhahlpyrimidin
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Tiw UMP téng hop CTP va dTMP

Ti UMP dén CTP qua hai giai doan: (1) chuyén UMP thanh UTP nhg
phosphat kinase, (2) nhém amino ctia glutamin két hgp UTP cho CTP (hinh 5.9).

Pé tong hop dTMP nhd enzym ribonucleotid reductase khi UDP thanh dUDP,
riép theo enzym thimidvlat synthase xic tac chuvén nhém methyl cuaa N5N10
methvltetrahvdrofolat dé tao TMP (hinh 5.9).

Piéu hoa sinh tong hop nucleotid pyriniidin

Nucleotid pvrimidin ¢ ché ngudge enzym aspartat transcarbamoylase va

dihydro orotase.

2.1.5. Con duong “tan dung lai” nguén base nito dé téng hop nucleotid
nhan pyrimidin

CAc base nité nhan pyrmidin ta qua trinh thod hoa nucleotid la uracil va thymm,

e Uracil c6 thé dude chuyén thanh UMP qua hai phan tng:

Phan ang dau tién dudi tac dung cia uridin phosphorylase.

Uracil + Ribose 1-phosphat — Uridin + P1

Phan tmg th hai dude xuc tac béi uridin kinase.

Uridin + ATP - UMP + ADP

o Cvtidin cang dudge phosphoryl hoa bl uridin kinase.

e Thymin dude chuvén thanh dTMP qua hai giai doan:

Thymin phosphorviase chuvén thvmin thanh thyvmidin.

Thymin + deoxyvribose 1-phosphat — thvmidin + Py

Thyvmidin kinase chuvén thvmidin thanh dTMP.

Thyvmidin + ATP - dTMP + ADP
2.1.6. Tong hop deoxyribonucleotid

Deoxyribonucleotid duge tao thanh Lol qua trinh khu ribonucleotid. Cac
deoxvribonucleotid dudgce tao thanh do qua trinh khu bdi ribonucleotid reductase 1a
dADP, dCDP. dGDP, dUDP. Riéng dTMP ducge tao tt dUMP véi xic tac cua
thvmidylat synthase.

2.2. Téng hgp acid nucleic
2.2.1. Téng hop ADN

Tong hop ADN la ot qua trinh tal ban x4y ra 8 hau hét t& bao va dac biét

phic tap 6 té bao c¢é nhin, Qua trinh nav dide 1ighién cu dau tién 8 muc enzvm
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boi Kornberg., Qua nghién cau cua Kornberg va nhiéu tac gia khace da gra thiét su
tu ban ADN qua nhigu giai doan theo trinh ty sau (hinh 3.10):

Giar doan md dau

Nhan dién diém khdi dau (ori) cua qua trinh tai ban: tai diém khd dau xay ra
i & hap cua protem nhan dién diém khdi dau vér mét doan ADN (or). Vi du o
E.Col diém mo dau la doan ort C sé két hop vai protein dnad tao phiic hop khai
dau. Su k&t hop gita ori va protem giup xie dinh diém khdi dau cua qua trinh tai
ban ADN

Dudi tae dung cia helicase soi déi ADN dudge thao xoan. Trén cac doan ADN
don <au khi duge thao xoan co nhiéu phan ti SSB protein gan vao nham gia cau
nae soi dan khong bi xoan kép trd la.

ADN primase xue tae téng hop nhing 3¢ ARN mon ngan khoang 10-200 nucleotid
tren chuot cham. Cae miau ARN méi nav ean cho su tong hop cae doan okazaki,

Giar doan kéo dai

Sot nhanh (leading suand) duge tong hop lién tue dudi tac dung cun ADN polvinerase.

Trén soi cham (lagging strand) ADN polymerase [II xuce tic tong hgp nhang
doan okazaki (1000-2000 nucleotid) néi tiép vdi ARN moi. Sau dé ARN moi duge
tach ra va cac doan okazaki nav néi lai véi nhau nho enzyvm ADN /ligase.

Giai doun két thuc

Nguoil (a ¢on biét rat it vé giai doan nay.

FE .. Protein ket nop diém khai
dat (On_binding oratein)

se  SSB (DNA binding protein)

(Protein két hgp AND)
Polymerase

Helicase
Primase
Ligase \
3 /5 5
Chudi nhanh Chudi cham
(Leading strand) {Lagging strand)

Hinh-6110. Tangthep ADN
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Cac thuong ton co thé xay ra trén ADN

Su sai 1am khi kep déi trong qua trinh tai ban ¢6 thé tich lay tao dét bién, d E.
Coli ty 1& sai JAm 13 10— 10", Nhung may man la phan 16n cac sai lam xay ra trén
ADN khéng ma hoa protein va thém vio dé cac sai lam nay ¢6 thé dudce stia chita.

Sai lam tao ra do cac tac nhin méi trucng, do cac yéu t8 vat ly va hoa hoc. Cac
thuong 16n nay dude chia lam bon loal.

Bién d67 trén mot base

— Khu purin

— Khu amin cua evtosin va uracil

— Khu @amin cua adenin va hvpoxanthin

— Alkvl hoda base

— Thém vao hav mit di moét nucleotad

-~ S dung thanh phAn cé cau tao tucng tu base nits dé tdong hop nucleotid

Bién doi trén har base

—Tha UV tao dimer giga hal thvmin

Mat doan

— Do bic xa ion hoa g’ g
— Do chat phéng xa l
GATC endonuclease
- Do cac goc oxy hoa ty do . .
Xuat hion cdc lién két g * ;j
— (Gita cac base trong cung chubi l exonuclease
hay gitia hai chudi 3.‘ 5
Cac hé thong sita chita thiong ton ST 3
Dé stia chiia cac sai s6t va thuong . l polymerase .
ton xayv ra trén cic ADN. t& bao ¢é 53_ L . 35
hane loat cac enzvm, protein tham gia .
trong qua trinh nay. Nguol ta chia l gase
thanh bon hé thong sua chiia nhu sau: 2 5:
3

Swa chrta sw kep doi khong dung

trong qua trinh tdi ban Hinh 5.11. Sua chua sy kep ddi khéng duang

C E. Coli ¢6 3 protein (Mut S. Mut C va Mut H) thamn gia xdc dinh sai lim
trén chuéi ADN. Tiép-theocicenzymligase-polrmerase, SSB loai bd sai Jam va
tao lai chubi.

138



H¢ thong sia chita theo cach cat nucleotid

Hé thong nav sua

chiia cac thuong ton 2 SRVIVIVIY g
ciu trac mét doan trén
ADN. Cac enzym tham J
gia nhu exonuclease, 3: 5
ADN  polymerase va 5 oo 3
ADN ligase. l Tang hap pc‘j

Swa chita  theo sung va gan lai
cach cat base g 5.

3

Sua chiin cac

. . Hinh 5.12. Sia chira theo cach c¢it nucleotid
thuong i6n nhu kha

3
‘ ATCGGCTCIATCCGAT
binh thudng. cic base RN

purin, cic base khéng

b1 alkvl hoa., su tao TAGCCGAGTAGGCTA 3
J

dlme...‘ cac Aonzylm l Nnidt do

tham gia hé théng sua

‘

0 - v b h T 3
chda  nay la  ADN ATCGGCT[UATCCGAT
glvcosylase. nuclease. PV byt

ADN polvmmerase va ,JAGCCGAGTAGGCTA X
- (o)
ADN ligase. U‘d Uracit DNA glycosylase
H thong swa chita _ .
theo cdch cat chudi doi. 3 ATCGGCTATCCGAT

PEr i

Hai ‘otel e
Al protemn can STAGCCGAGTAGGCTA
o]

cho hé théng sua chia
nax 1a Ku va ADN-PK l Nuclease

(ADN protem kinase),

chiing sé gan vao hai ’L!\Ti (|: G1 G| Cl N Tﬁ Cl G|A|TI

dau cua doan ADN TAGCCGAGTAGGCTA
grap tach roi hai dau. 5 3

tiép theo hai dAu nav l DNA polymerase + DNA figase

duge thao xoan. Cac 3 5
ATCGGCTICIATCCGAT
T T U I O T A O
TAGCCGAGTAGGCTA
sau d6 ADN ligase 48 B 3

gan hai doan lai. Hinh' 5.13.'S(ra chita theo cach cat base

nucleotid sa1 sé duoe

cat bo bdi exonuclease.
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JOImr I/

J' Két hap hai protein Ku va DNA PK

/Zrmm@ @mmm/

l Bua hat doan dan nhau

el

l Thao xoan

P ¥

l Tao lién két

I
S /
# . l Gén lai

Pasunnnmninnnyg

Hinh 5.14. Sira chita theo cach cit chudi doi

2.2.2. Tong hop ARN (transcription)

ARN polymerase phu thuéc ARN la enzym phu trach téng hop ARN, khéng
can moi dé bat dau tong hop. né gan vao mét vi tri khéi dau dac biét trén chudi
ADN khuon goi la promoter va su téong hop dude khoi dau. Don vi sao chép dude
dinh nghia 12 mét vang trén doan ADN khudn c6 chia cac vi tri dau hiéu cho su
khdi dau, kéo dai va dau hiéu két thue. ARN dudce tong hdp ¢6 chiéu tu 5'-3'.
2.2.2.1. Cdc giai doan cua mot qud trinh tong hop ARN

Giai doan khoi dau

ARN lién két v61 promoter ADN tai vi tri =35 tao thanh phue hop déng. Sau dé
ARN polymerase di chuvén dén vi tri —10 tao thanh phic hop mdé. Mot ving cua
chuéi xoan kép dude thao xoan. ARN polymerase tién hanh téng hdp ARN.

Giat doan keo dai

ARN di chuyén dan doc chiéu dai cua doan ADN theo chiéu 3'-5", ARN dude

tong hgp co chiéu 5'-3'_Gial doan kéo dai 51 t1ép tuc dén khi polymerase
gap doan két thuc. THU VIEN
25> HUBT
140 ) . -
TAI LIEU PHUC VU THAM KHAO NOI18O




Grai doan két thue

Dau hiéu ket thue la mot doan cac nucleotid A va doan ¢6 chiia cac nucleotid
¢6 tinh chat bo sung tao thanh kep déi xoan kép trén ADN khuon. Sau khi ARN
tong hop moét loat cac U. doan ARN trude dé 6 thé tu bo sung thanh doan kep doi

gap khue. thi ARN dung tong hop va duge giai phong khoi ADN.

“ Mat don vi sao chép >

s « Boandugc

«————— Promoter

, sao chep )
5 . - 3
B CroTTcace N GTATAAT | 5 ADN
- 35 - 10
F’PE’/"\_,/"\3‘
5 RNA
Hinh 5.15. Mot don vij sao chép
c' .
_, TTTTTTTT 3 5600
3 AAAAAAAA 5
, TTITTTTY .
5 S~ 3
- . ADN
¥ AAAAAAAA 5

y UUUUUU-3'

m-
COO0O0a”
OOOOOHOCC

RNA

o

Hinh 5.16. Sao chép - tong hop ARN
2.2.2.2. Su hoan thién cdac ARN sau qua trinh sao chép

Cac ARN tu qua trinh sao chép la cac tién ARN. Cac phan tii nay phai trai
qua qua trinh hoan thién dé tao cac ARN trudng thanh.,

Su hoan thién ARN théong tin (ARNm)
Qua trinh bién déi ARNm gbém cac giai doan sau:
— Cat cac doan itron (doan khéng ma hoa).

— Tao ma 7-methylguanosin ¢ dau 5.

— Gan thém dubi poly 1\ THUY VlEN
25> HUBT
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Exon; Intron Exon.

>
I
@

o

A,

My — G- OH G »G
A
Mi —  6-G — An C\/G-A/

Hinh 5.17. Sur hoan thién ARNm
Su hoan thién ARN van chuyén (ARNt)
Qua trinh hoan thién gdm cac budc sau:
— Cat bo cac doan itron néi lién exon.
— Cat cac nucleotid ¢ dau 5'va 3.
— Gan thém CCA ¢ dau 3.
— Thay d6i mot s6 base.
Sw hoan thién ARN ribosom (ARNr)

18S 585 283 3
.

Tien RNA, 458

- 5.85
— J 28S

Hinh 5.18. Su hoan thién ARNr

3. BENH LIEN QUAN DEN ROI LOAN CHUYEN HOA NUCLEOTID

3.1. Réi loan thoai hoa nucleotid purin
3.1.1. Gout
Trong bénh gout, acid uric trong mau c6 thé tang 7-8g/100ml dan dén su két
tinh va lang dong urat trgrrerie=té strrbaorgATti nhay cua cac khép, than,
do1 khi ca trong da va c a) IIH&H’]‘\MENLH‘H két tinh la té chic viém,
HUBT
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hinh thanh té chic hat bao quanh cic mo chie. va bang cach nav tao cac hat gout
to nho khac nhau thuong gap d cac khdép ngén chan ngon tay gay viem khdp man
tinh va bién dang khép. Thusdng cac bénh nhan c¢6 khuynh hudng xo cing dong
mach vi tang huvét ap. Néu uric két tinh nhiéu trong than eé thé gav suyv chue
nang than.

Nguvén nhan:

Acid urie tang do cac nguvén nhan sau:

e O vai bénh nhan, PRPP synthase khong dap ting véi ¢ ché te ché ngudce
(feedback) cua purin nucleosid diphosphat.

s Do thiéu hut mot phan HGPRT (hvpoxanthin — guanin phosphoribosyl
transferase) nén dan téi tang luong PRPP trong té bao va din theo su gia tang
tong hop méi nhan purin. Sy thiéu hut mét phan khong gay triéu ching than kinh
nhu hét ching Lesch~-Nvhan.

Didu tri:

Allopurinol 1a duge pham quan trong diéu tri gout: né Ge ché qua trinh san
xuat acd uric.

Allopurinol bi oxy hoa bai xanthin oxidase cho oxy purinol.

Oxy purinol két hop chat véi xanthin oxidase nén vic ché kha niang oxv hoa cua
PNZVIN nity.

Allopurinol phan ung véi PRPP véi xice tac caa HGPRT giap lam giam PRPP
va do d6 }am giam qua trinh téng hgp méi purin.

Colchicin Ia duge pham ¢é tinh khang viém dung cho gout. né gidp ngan su tap
trung bach cau d cac t6 chiic viém.

3.1.2. Hoi chung Lesch - Nyhan

Hoi chung di truyén do gen trén nhiém sac thé X. Do suy giam hoan toan hoat
déng cua HGPRT nén gav ra tang qua trinh téng hop purin. Vi HGPRT & bénh
nhin hau nhu khéng hoat déng nén con dudng “tan dung lai” hypoxanthin va
guanin khong hoat déng kéo theo viéc tang PRPP dong thoi IMP va GMP giam.
Piéu nayv dan dén ting tong hop méi purin.

Trié¢u ching: tang uric mau, tao soi uric va dac biét 1a triéu ching than kinh
nhu cham phat trién tri ndo. Triéu ching than kinh c¢6 thé vi nao la 8 chic su
dung con dudng téng hagp nucleotid chinh 1a con dudng “tan dung lay”,

Piéu tri: allopurinol lam giam su tao acid uric nhung khong ¢ tac dung giam
triéu ching than kinh va khéng cé hoat tinh cua HGPRT nén PRPP khéng thé
phan ng véi allopurinol do dékhéng lam giam\guid trinh tong hop méi purin.
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3.1.8. Bénh Von Gierke

Do thiéu nang hoat tinh caa glucose 6-phosphatase dan dén su tang ribose
phosphat. Tang ribose phosphat dan dén tang PRPP. PRPP gav tang qua trinh
tong hagp ma purin.

3.1.4. Bénh giam uric mau

Giam wric mau dong thai vél tang ddo thal hvpoxanthin va xanthin do suv
giam xanthin oxidase nguvén nhan ti tdn thuong gan hay khiém khuvét trén gen.

Py

Triéu ching 1a tang xanthin trong nude tiéu va sol xanthin.
3.1.5. R6i logn gay suy giam mién dich

e Do suy giam adenosin deaminase (ADA)

Khi suyv giam ADA lugng deoxvadenosin va adenosin sé cao do khong dugce tiép
tue thoai hoa chuvén thanh deoxvinosin va inosin. Néng dé cao dATP (do giam
thoai hoa) & tte ché ribonucleotid reductase vii do d6 tic ché téng hgp ADN. Cac té
hao bach cAu dac biét 1a t& bao B va t& bao T sé giam do khéng ting sinh binh
thuong gy suv giam mién dich.

Triéu chithg suyv giam mién dich xuat hién khi bénh nhan duoc 6 thang tudi la
nhiém khuan man tinh. cham phat trién va bénh nhan thusng chét sau 18 tuéi.

Diéu tri: ghép tuy xucng.

e Do suy giam purin nucleosid phosphorylase

Viéc suv glam enzvm nay gy tich lay dGTP. Giéng nhu dATP. dGTP dGc ché
ribonucleotid reductase nhung ¢ mic d6 khac nhau.

Trong trudng hgp nav chi cé té bao T bi giam, con té& bao B khéng bi anh hucng
(chua rd nguyén nhan). Triéu chiing la nhiém khuan man tinh.

Chua ¢6 phuong phap diéu tri. Bénh nhan dudc nuéi trong méi trucng it
nhiém khuan.

3.2. Roi loan thoai hoa nucleotid pyrimidin

Khéng giéng nhu san phim thoai hoa cua purin, san pham thoai hoa cua
pyrimidin dé tan trong nudec hon nén it gav cac triéu ching hon trong trudng hop
rét loan thoai hoa. San phiam thoai hoa ciia primidin tang trong nude tiéu trong
truong hap ung thu bach cau. khi chup tia X do ¢6 su pha huy ADN.

Bénh tang acid orotic trong nudc tiéu

Do khiém khuyét orotat phosphoribosyltransferase va orotidin 5’ — phosphat
decarboxvlase nén orotidin s’ <= phesphat) khong-duce chuyén thanh UMP va vi thé
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tich liy. Khi UMP giam sé giam tong hdp ADN va ARN gay triéu ching 12 thiéu
mau va cham phat trién.
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TY LUONG GIA

Chon mét hay nhiéu cau dang trong cac cau sau

1.

o

Nguyén nhén ting acid uric trong bénh Gout la do

a. PRPP synthase khéng dap ting vdi tac dung tic ché cua purin nucleosid
diphosphat

b. Do thiéu hut mét phan hypoxanthin — guanin phosphoribosyl transferase
c. Do ting lugng PRPP trong té& bao

d. Do tang téng hdp méi nhan purin

Cac roi loan chuyén hoa trong hoi chiing Lesch — Nyhan

a. Qua trinh phosphoribosyl hoa hypoxanthin va guanin khéng hoat dong
b. Giam IMP va GMP

c. Giam PRPP

d. Tang PRPP

Nguyén liéu chinh tham gia vao qua trinh téng hop nucleotid nhan purin theo
con dudng “tiAn dung lai” la

a. Nucleotid purin
b. Base purin

Nucleosid nhan purin
d. PRPP
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Cac enzym tham gia vao qué trinh thoai hoa nucleotid nhéan purin
a. Deaminase

b. Oxidase

c. Nucleotidase

d. Nucleosidase

Céc enzym trong qua trinh tdng hop nhan purin bi tc ché bdi ca AMP, GMP,
IMP (cd ché feedback)

a. Adenylosuccinat synthase

b. Ribose phosphat pyrophosphokinase

c. PRPP glutamyl phosphokinase

d. PRPP glutamyl amidotransferase

Trong qua trinh tong hop nhéan purin. phan dng tiép theo cua 5 — phosphof —
D — Ribosylamin 14 phan ting véi

a. Metyl H4 folat

b. Glycin

c. Formyl H4 folat

d. Glutamin

Trong qua trinh téng hop nhan purin, phan tng tiép theo cua Formyl
glicinamid ribosy! — 5 — phosphat 14 phan ting véi

a. Formyl H4 folat

b. Aspartat

c. Glutamin

d. Glyein

Trong qua trinh téng hop nhan pyrimidin, phan tng tiép theo cua UTP la
phan dng véi

a. Metyvl H4 folat

b. PRPP

c. ATP

d. Glutamin

Trong qua trinh téng hodp nhin pyrimidin, phan tng tiép theo cua dUMP la
phan ung véi

a. Metyl H4 folat

b. PRPP



c. ATP
d. Glutamin
10. Phan ng chinh trong qua trinh thoai hoa nucleotid nhan pyrimidin

Thiy phan phan duong

i

Khit amin

=

Oxy hoa
d. Thuy phan lién két amid

DPién vao cho trong cac cau sau

11. Réi loan do suy giam Adenosin deaminase c6 biéu hién la...... A).ooenn do

12. Co ché tac dung cua Allopurinol trong diéu tri bénh Gout la

13. Ngudn Ribose—5-phosphat sii dung cho téng hop PRPP dude cung cip tu

14. PRPP dugc su dung cho qua trinh .., ..... (A).......... va qua trinh ...... B).........

15. Phan ng chinh cia qua trinh tdng hdp nucleotid purin ¢ ndo. hdng cau va
bach cau da nhan la

CAU HOI NGHIEN cUU BAI HOC

1. Chuyén hoa chinh cia ngudn acid nucleic tit thic in ?

2. Nguvén liéu st dung cho qué trinh phosphoribosyl hoa trong qua trinh tong
hgp nucleotid nhan purin theo con duong “tan dung lai” ?

3. Nhing phan (ing chinh enia qua trinh tdng hop nucleotid purin 6 nio, hong cau
va bach cAu da nhan 1a?

4. Co ché tac dung ctia allopurinol trong diéu tri bénh gout ?
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Chuong 6
LIEN QUAN VA DPIEU HOA CHUYEN HOA

MUC TIEU
1. Trinh bay dutoe bang so dé su lién quan giia cde chuyén hod glucid, lipid,
protein va acid nucleie.

2. Néu duge tinh théng nhét cia cde chuyén hod, su bién déi qua lai va sw
khéng thé thay thé nhau hoan toan duge cia cde chuyén hod nay.

3. Gidi thich duge cdc co ché diéu hoa chuyén hod ¢ mize té bao.

Maic du c6 nhiing con dudng chuyén hoa riéng biét nhung cac chuyén hoa cua
glucid, lipid, protein va acid nucleic déu c6 nhiing diém chung va c¢6 méi lién quan
mat thiét véi nhau hinh thanh nén qua trinh chuyén hoa chung ctia co thé.

Su tong hop va thoai hoa cac chét trong co thé luén dude kiém soat chit ché
bdi t& bao va duge diéu hoa phi hop véi nhu cdu ctia co thé.

1. LIEN QUAN GIUA CAC QUA TRINH CHUYEN HOA

1.1. So d6 lién quan chuyén hoa cac chat
Su lién quan gitia cac qué trinh chuyén hoa trong cd thé dude biéu thi qua sd
dé sau (hinh 6.1).

1.2. Su théng nhat chuyén hoa

Thé hién & cac mat sau:

+ Chu trinh acid citric

— La giai doan thoai hoa cudi cung cua glucid, lipid, protein.

— Cac con dudng chuyén hoa cua glucid, lipid, protein déu dan dén moét san
pham chung la acetyl CoA.

— Acetyl CoA bi oxy hoa trong chu trinh acid citric tao CO, va H,0.

+ Ho hap té bao

Qua qua trinh hd haplTe bac ?lucm. i} 15.\231‘91011] @eu bi oxy hoa theo nhiing
cd ché va hé thong enzym g clis Eﬂ ri U.ihly. tao CO, (khu carboxyl bai
HUBT
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decarboxylase), tach dan tir 2H va dua t6i O, thd vao qua chuébi hé hap té bao (oxy
hoi sinh hoc) tao thanh H,O.

+ Tich trd va si dung nang lugng

Nang lugng giai phéng tif su oxy hoa glucid, lipid. protein 6 cac muc d6 khac
nhau, nhung déu dude st dung bang hai dang nhu nhau la phat nhiét va du tri
dudi dang ATP. Chung ta khong thé phan biét dudc ngudn goc ATP tir chuyén hoa

nao cua cac chat.

Protein i '
A.nucleic Glucid Lipid

Acd amin «—— Nucleosid I
W * Nucleotid
Glucose Glycerot Axit béo
G- 6P
./Ié/» NADPH,
Ribose - 5P
PGA

v
Leu,lle Pyrtljvat
Asp '\\‘ :

. Acetyl CoA | »

Ox'a/knacetat \J\ , oM ‘ 1120,
Citrat Ho

Fumarat

I CTacdcitic 2H. | 1€

"""" 2H bao H,0

Hem «——— Succinat /<
CO:X\ CO;

L— Glu < o - Ceto Glu

Hinh 6.1. Sc dé lién quan chuyén hoa cac chat
1.3. Su bién d6i qua lai gitta glucid, lipid va protein

Su bién d6i qua lai gitta glucid, lipid va protein théng qua nhing chat "nga ba
duong”. Nhitng chat nay vira 14 san pham thoai hoa chung, viza 1a tién chat cho su
1a1ng hdp cac chét. Vi du: pyruvat, oxaloacetat, acetyl CoA.

Mét vi du ching minh 1a khi stt dung acetat "'C dua vao co thé sinh vat thi
thay xuit hién ''C trong cAc phéan ti glucid, lipid, protein. Diéu niy ching té rang
acetat la t1én chat chung cua gluerd, hipidyprotein.
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Pyruvat la sian pham khU amin cta acid amin alanin. Pyruvat ¢6 thé dudc
tdng hop thanh glucid qua qua trinh tan tao glucose; ddng thsi pyruvat cé thé
chuvén hoa thanh acetyl CoA tham gia vao qua trinh tdng hop acid béo.

Phosphoglyceraldehyd (PGA) la san pham tit su khit hydro cua glycerol ¢6
nguén géc lipid (thanh PDA (phosphodioxyaceton) rdi thanh PGA). PGA c6 thé
tong hop glucid qua qua trinh tan tao glucose hoac chuyén thanh pyruvat. Pyruvat
¢6 thé dude amin hoa thanh acid amin 1 alanin.

Nhu vay ta thay c6 su bién d6i qua lai giita glucid, lipid va protein. Tuy nhién.
chung khéng thé thay thé nhau hoan toan duge vi:

— Glucid 11 ngudn nang luong chu yéu cia c¢d thé (mdt glucose di dén chu trinh
acid citric cung cip 38 ATP).

— D61 vdi lipid: ¢é cac acid béo can thi€t ma co thé khong thé téng hop dudgc
(acad linoleic, acid linolenic).

— D31 véi protein: ¢6 cac acid amin cin thiét ma co thé khong thé téng hop duge.

Do d6 dé co thé phat trién tdt, can ché d6 dinh dudng hdp ly. diy dt cac chat
véi ty lé nhat dinh.

1.4. Su lién hgp gita eac phan ¥ng va cac qua trinh

Su lién quan chuyén hoa con 13 su lién hop giita cac phan ting va qua trinh.
— Phan tng lién hop: két hgp 2 phan tng giai phéng (thoil hoa) va thu (tdng
hop) nang luong.

ATP ADP

Glucose /

Phan ting tong hgp glucose — 6 — phosphat 13 phan tng thu niang lugng va
phan tng thuy phan ATP la phan ing giai phéng nang lugng.

Vi du: » Glucose — 6 — phosphat

— Cac qua trinh chuyén hoa: lién quan véi nhau qua nhiing san pham chuyén hoa.
+ Thoal hoa glucid (theo con duong hexose monophosphat) cung ciAp NADPHH"

cho su téng hop acid béo va ribose — 5 — phosphat cho su téng hop nucleosid,
nucleotid va acid nucleic.

+ Thoal hoa glucid (theo con dudng hexose diphosphat) cung cap oxaloacetic giip
ngung tu acetvl CoA (san pham clia su oxy hoa acid béo) vao chu trinh acid citric.

+ Chu trinh acid citric lién quan véi chu trinh uré qua aspartat (aspartat dong
val trd trung gian chuvén van nhom NH, cho chu trinh uré).

+ Chu trinh acid eitric cung cip_succinyl CoA cha qua trinh tao Hem.
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1.5. Quan hé chuyén hoa giira ciac bao quan trong t& bao
Tv thé:
— La noi xay ra qua trinh chuyén hoa nang luong manh mé.

— LA noi cung cip nang luong (ATP) cho cac bé phan khac caa té& bao, dam bao
cho cac hoat déng ciia té bao.

Nhan té bao:
— Téng hop ARN cho su téng hgp protein 3 ribbosom.
— Tong hop NAD cho cac qua trinh kh\ hydro cua ty thé va cac noi khac.

1.6. Quan hé chuyén hoa giita cac mé

Ngoai cac qua trinh chuyén hoa chung, méi mé déu c6 dac diém va chic nang
chuvén hoa riéng. nhung ¢6 lién quan lan nhau.

1.6.1. Gan (trung tam trong méi lién quan chuyén hod giita cdic mé)

— (C6 chiic nang glycogen (téng hdp glycogen du trit va phan ly thanh glucose
vao mau khi cin d€ cung cap cho cac mé).

-~ Qua trinh B — oxy hoa acid béo bio hda xay ra chu y&u 6 gan.

Glvcogen Acid béo
Gan 1
Acetyl — CoA
Mau |
* Glucose Thé’ ceton
(‘ 1\7
V6 khie O Elt.ose Acetyl — CoA
(cd) 1—6P—
Gliveogen—" 0 CO.,
H.O
Hinh 6.2. Quan hé chuyén hoa giira cac mé.
Chil thich: OA: oxaloacetat; CT: chu trinh.
1.6.2. Nao

Nio can duge cung cap thudng xuyén glucose va oxy. Ngudn nang lugng chu
véu cung cdp cho ndo la tur glucose mau thoai hoa theo con dudng hexose
diphosphat higéu khi. Khi déi-eac thé cefon (acetoacetat va B — hydroxybutyrat)
thay thé glucose cung cap nang lugng cho nio.
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1.6.3. Co

Ngudn ning lugng chu yéu cung cAp cho cd 1a su oxy hoa glucose, acid béo va
thé ceton. Ludng glycogen & cd chiém khodng 1/3 téng glycogen trong c¢ thé. Lugng
glycogen nay dude chuyén thanh glucose — 6 — phosphat nhanh chéng réi thoai hoa
tiép tuc theo ca hai con dudng hiéu khi va yém khi. Co khéng giai phéng glucose tu
do vao mau do khong ¢6 glucose — 6 — phosphatase. Mt lugng 1dn alanin (dugc tac
thanh ti pyruvat) va cang vdi lactat dude chuyén dén gan dé tao glucose (hinh 6.3).

) ]
e thcose 7 > Glulcose
Glyéogen <« G6P G6P
Glycogen
Pyruva o Pyruvat
/ T L Lactat l
n Lactat Alanin
Gan Miu Protein Ca
11

Hinh 6.3. Quan hé chuyén hoa gira gan va co
Chu thich: G6P: glucose-6-phosphat
Khi co nghi, acid béo va thé ceton duge sit dung lam chat d6t. Co tim st dung

acetoacetat nhiéu hon so véi glucose.
1.6.4. M6 mo

LA noi du trit triglycerid. Tai diy xay ra qua trinh téng hop va phan giai
triglycerid (hinh 6.4).

Glucose &lggzglt
ViDL AB+ Acy@
Thé ceton
Glycerol « Glyceraol HZO
AB - albumin AB
Gan Mau Mé ma

Hinh 6.4. Qua trinh téng hop va phan giai triglycerid 8 mé ma

Chi thich: VLDL (very low density lipoprotein): lipoprotein ty trong rat thap;
AB: acid béo; TG: triglycerid.
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2. DIEU HOA CHUYEN HOA

Mbt dac diém cua ¢ thé sdng 1a kha nang tu diéu hoa. Su diéu hoa duge the
hién ¢ hai muc dd khac nhau: muc t& bao (diéu hoa chuyén hod) va toan cd thé
(kiém soat chuyén hoa nhd hormon, than kinh). Cd ché cta su diéu hoa bao gia
cling 1 c¢d ch& phan tii. Trong mét té€ bao, co ché diéu hoa chu yéu 1a anh huong

dén hoat tinh cua enzym hoac anh hudng dén sinh téng hgp enzvm.

2.1. Diéu hoa nhd co ché& 1am thay déi hoat tinh ciia enzym

(Xem phan 4 chuong 6: Enzvm va xuc tac sinh hoc. boa sinh hoc tap 1. BYT,
NXB Y hoc 2007).

2.2. Piéu hoa nhé co ché anh hudng dén su sinh téng hop enzym: quan

niém vé operon

Nguoi ta da biét cac vi khuan téng hop nhing enzym thich hgp cho minh tuy
thudc vao mdi truong dinh dudng.

C6 hai loal enzym:

— Enzvm ciu tao: la nhing thanh phan c¢d ban cua hoat déng t& bao, vi du
enzym cua su duong phan,

Nhing enzvin nay dude san xudt vdi mot lugng khéng thay dé mac da cac
diéu kién chuyén hoa thay déi.

— Enzym cam {ing: cac enzym nay trai lai chi dude téng hdp véi mot lugng can
thiét khi t& bao can dén.

Jacob va Monod (1961) dua ra mé hinh operon dé giai thich co ché& diéu hoa
téng hop cua enzvm nhu sau: moét operon la mot tap hop cia cac gen tao thanh
mdt don vi chic nang. Mét operon géom (hinh 6.5):

+ Cac gen cdu tric (cistron): chita ma tong hop protein dac trung.

+ M6t gen khdi déng P (promotor): 1a ndi gain ARN polymerase. Gen khdéi dong
¢6 ha1 trung tAm: mét trung tam gan ARN polyvmerase va mét trung tam gin phuc
hop CRP ~ AMP vong (CRP = C — reactive protein: 1a protein thu nhan AMP vong).

+ Gen diéu khién O (operator): gen nay sat véi gen P ¢6 chie nang chi huy su
hoat déng cua cac gen ciu truc hodc lam ngltng hoat ddng cua cic gen nav.
Operator khi duge két hgp véi chat kim ham R (represseur) san xudt ra bdi gen
diéu hoa sé ngan chin qua trinh phidn ma: Trong truong hgp nay operon sé khéng
hoat dong: operon déng (hinh 6.5).
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Gen digu hoa Gen P Gen O Gen ciu trac

R . A B8 C
- y == - 7= T T T d
l CRP ARN po!ymerasefm\f?./)é
ARNm ___ ¥ AMP vong r
bi kim ham

% CRP: C - reactive protein
Ribosom

\

R: protein kim ham
OPERON DONG
Hinh 6.5. Su diéu khién tdng hap protein — hé théng operon déng
+ Gen diéu hoa R (regulator): gen nay téng hgp ra chat kim ham R (ban chat

12 mot protein). Chat kim ham cé hai ai lyge: hoidic két hgp véi gen O, hoac két hgp
véi chit cam Ung. Al lue cua chat kim ham déi véi gen O duge thay déi bdi tac
dung cua chat cam ting hoac chit déng kim ham (corepressor), Khi chit kim ham
két hgp vdi chd't cam tng thi gen O dude giai kim ham va qua trinh phién ma cac
gen cAu truc dude tién hanh. Trong truong hdp nay goi la operon md (hinh 6.6).

Gen diéu hoa Gen P Gen O Gen ciu trac
A B C
I—~J—| _____ — T T T T 1
ARNm ————— I

\ Ribosam Giai kim ham

T ﬁiﬁw

Chat ¢am ung Protein kim ham R

—— ARNm

C
‘ Protem cau tric
OPERON MO
Hinh 6.6. Sy diéu khién téng hop protein: hé théng operon mé

— Operon lactose

Ly thuvét vé operon cua Jacob va Monod da duge chiing minh bing thuc
nghiém khi nuéi cay . coli. Trong moi trudng khong ¢é lactose hoac khong ¢6 mbt
chat cam dng khac thi khéng thav co-su'tong hdp cac enzvm chuvén hoa lactose.
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Khi ¢6 mat lactose hay mdt chat cam ung khac (nhu isopropvlthiogalactosid), chat
kim ham k&t hgp véi lactose (hoac chat cam Ung khac) tao phiic hgp “cam ung —
kim ham” khéng gian dude vao gen O. Lic nay cé su phién ma cac gen ciu tric tao
ra cic ARNm dé cé su téng hgp ba enzym chuyén hoa lactose la: 3 — galactosidase,

permease va acetvlase (hinh 6.7).

Gen diéu hoa Gen P Gen O Gen cau tric

ARNm ———

\ Ribosom Giai kim ham

]

Lactose hodc cha Protein kim ham R

. ’ ) A
cam ¢ng khac [- G Alactisidase
permease

acelylase

OPERON LACTOSE

Hinh 6.7. Operon lactose & trang thai cam img

— Operon tryptophan
Operon tryptophan gém 5 gen cdu tric tudng \ing véi 5 enzym can thiét cho su

téng hop acid amin nay 8 vi khuan.

e operon trvptophan, hién tudng xay ra nguge lai véi operon lactose. Khi nong
36 trvptophan trong t& bao vi khudn thap (nhu cau vé trvptophan tang cao),
operon 4 trang thai hoat déng (operon md) dé acid amin duge téong hop. Khi ndng
d6 trvptophan trong té bao vi khuan cao, operon bi kim ham.

Mé hinh cua Jacob va Monod ciing duge ap dung dé giai thich trong truong
hgp nav (hinh 6.8). Chat kim ham R’ trong truong hop nayv khéng hoat dong
(khéng kim him gen O) khi néng dé tryptophan trong té& bao thap (operon ¢ trang
thai hoat déng). Khi ndng d6 tryptophan cao thi trvptophan sé gan vdi protein kim
ham R’ tao nén phic hgp hoat dong bam vao O ngan khong cho ARN polvmerase
bam vio P va khong ¢6 sy phién ma cac gen tuong ung véi cac enzym can thiét cho
su tong hop acid aminmay. Su tong hdp cac enzvm téng hgp tryptophan da bi kim

ham. Tryptophan trong trudng hop nay dude goi 1a chit dong kim ham.
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Gen diéu hoa GenP Gen O Gen cAu truc
R

A }I3 C
ARNm l
Ny

\ bi kim ham
Ribosom & 1
2 l
. — — o~
/' - Vi khuén khang tong hap dwge cac |

- in Kim h3 " enzym dé sinh tdng hap tryptophan !
TrypmphanLg R: protein kim ham " '3 hop 1y

J

OPERON TRYPTOPHAN (trang théi bi kim ham)

Hinh 6.8. Operon tryptophan d trang thai kim ham

D61 v8i dong vat bac cao, sut diéu hoa theo cd ché than kinh qua cac chét trung
gian hoa hoc va hormon (vi du insulin diéu hoa chuyén hoa glucid, lipid, protein;
adrenalin gay ting dudng huvét nhd mat loat phan uing néi bao dua dén su hoat
hoa phosphorylase b thanh phosphorylase a hoat déng phan giai glycogen thanh
glucose va e ché glveogen synthase).

Nhin chung su diéu hoa chuyén hoa & muc co thé, mic t&€ bao (nhu su van
chuyén tich cuce cac chat qua mang) va muc phan tit (qua trinh phién ma, phién
dich...) déu rat phuc tap.

Tém lai, su diéu hoa chuvén hoa la két qua cua su van déng cua cac mat déi
lap nhu hé than kinh giao cam va phé giao cam; cac chat Ge ché& va hoat hoa; cac

hormon lam tang, giam dudng huyét...).
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TU LUQNG GIA

Phan biét dung, sai trong cac ciu sau bang cach tich ( V) vao cé6t D

cho cau dang, vao ¢ot S cho cau sai

STT! Nbi dung D|S.
o1 Cac chat glucid, lipid. protein khéng thé thay thé nhau hoan toan dude.
| 2 | Acetat la tién chAt chung cho ca glucid, lipid, va protein.
: . A . s |
3 1 Co co6 thé gial phéng glucose tu do vao mau dudr tac dung cua .
i | glucose — 6 — phosphatase. i '
4 Pyruvat la san pham thoai hoa riéng cua acid amin.
5 Chu trinh acid citric lién quan dén chu trinh uré qua arginin.
6 ; Nguéon ning lugng chii véu ctia nio la do glucose mau cung cap. |
7 ; Lactat va va mét lugng 16n alanin dude tao thanh & co va chuyén
! t61 gan; d dé chiing dude chuyén thanh glucose qua qua trinh tan
tao glucose. .
| 8  Operon trvptophan cé 3 gen ciu truc tudng iing véi 3 enzym cAn !
i thiét cho su téng hop acia amin nay & vi khuan.
9 Protein kim ham gn véi cac gen cdu tric va do d6 anh hudng dén
su sinh téng hgp ARNm cua cac gen cau tric.
10 | Operon gom gen khdi dong, gen diéu hoa va mdt s6 cic gen cdu truc.

Dién vao cho tréng

11.

12.

. Qua trinh B — oxy ho4 acid béo bao hda xay ra chu yéu 8

Chu trinh acid citric 14 giai doan thoai hoa cudicingecua ....................

Pvruvat c6 thé dude téng hop thanh glucid qua qua trinh .................... ; dong
thai pyruvat cé thé chuyén hoa thanh acety] CoA tham gia vao qua trinh téng
hop ...

. Chu trinh acid citric cung cap succinyl — CoA cho qua trinh tao ....................

5 Khadér oo thay thé glucose cung cap nang ludng cho nao.

. Operon lactose ¢6 chiia ba gen cau tric ma hoa cho ba enzym chuvén hoa

lactose la: ............... ...
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17.

18.

19.
20.

Trong trudng hgp operon tryptophan thi tryptophan dudc goi la chat

Gen diéu hoa R (regulator) téng hdp ra .................. c6 ban chit la
Gen khéi dong P (promotor) la nei gan ....................

Céac enzym cua su duong phan duge san xuit véi mét lugng mac

du cac diéu kién chuyén hoa thay déi.

CAU HOI NGHIEN CUU BAI HOC

1.

2.
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Giai thich tinh thong nhat cua cac chuyén hoa glucid, protid, lipid va su khéng
thé thav th& nhau hoan toan dude cia cac chuvén hoa nay.

Giai thich hai truong hdp operon lactose va operon trvptophan.



Chuong 7
SU TRAO POI NUSC VA CAC CHAT DIEN GIAI

MUC TIEU

1. Néu duge cde dang nude, vai tro, sy hap thu va bai xudt nude trong co thé,

2. Trinh bay va gidi thich duoe sw vdn chuyén nude trong co thé va cdc yéu
t6’anh huong.

3. Néu duoc cdc chdt vé co cé trong co thé: vai tro, sw hdp thu va bai xudt
cua cdc mudt vé co nay.

4. Trinh bay va giai thich duoe su trao doi cia nude va cde chdt vé co gitta
cac khu vuc.

5. Trinh bay va gidi thich dude co ché diéu hoa su trao d6i nude va cdc chét
vé co.

6. Néu va gidai thich dude nguyén nhén géy réi loan trao déi nudc va cde
chét v cd, hdu qua va bién phdp khdc phuc.

Nudc va cac chat dién giai déong vai tro quan trong trong viéc tham gia ciu tao
va duy tri hoat déng cua t& bao. Thiéu nudc va chat dién giai sy séng sé nglng
s6m hon khi thiéu cac chat hitu co.

Trong c¢d thé séng, su trao déi nudc va cac mudi vé cd ¢6 lién quan mat thiét véi
nhau va lién quan chit ché véi su chuyén hoa cac chit hiu co.

C6 nhiéu yéu té anh hudng dén qua trinh trao déi nuée va cac chat vé co. Khi
qua trinh nay bi ro1 loan sé dan dén nhiing bénh ly rat da dang thuong gip trén
lam sang, doi hoi phai duge danh gia ding miic va xu tri kip thai.

1. NUGC TRONG CO THE

Nudc l1a thanh phan chti yéu cua dich cd thé, chiém khoang 55 — 75% téng
trong lugng co thé. 2/3 téng lugng nude trong co thé dude phan bé ¢ dich trong t&
bao (dich ndi bao), 1/3 trong dich ngoai t& bao (dich ngoai bao). Dich néi bao va

ngoai bao duge ngan cjch : 1? 1 .3\1} ﬁ-’ mn. l!i_ch ngoail bao con phéan chia
thanh dich trong long g ) 0N gy, va t!.hc gian bao (dich ké).
UBT
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1.1. Cac dang nudc trong co thé
1.1.1. Nudc tu do

L4 nude luu théng. dude phan bd ¢ khu vuc ngoai té bao, chiém 45% higng
nudc toan phan cua td chiic, bao gédm nudc trong mau, bach huvét, dich nio tuy,
dich tiéu hoa, dich gian bao, mé lign két, nude tiéu, mb hai.

Nuée tu do hoa tan cac chit vé ¢d va hitu cd, ¢6 vai trd van chuyén cac chat
dinh dudng dén t& bao va dio thai cic cic chat can ba ra khoi cd thé

Nudc tu do thav déi tuy theo ché d6 an uéng.

1.1.2. Nudc két hop

La nudc khong Iuu théng, dude phan bd ¢ khu vue trong t& bao (nude ndi bao),

tham gia ciu tao té bao, chiém 55% lugng nude toan phan cia té chirc, gdm hai dang:

— Nude hydrat hod: hvdrat hoa cac tiéu phan protein tao nén cic mixen va
hydrat hoa cac ion Na'. Cl” tao thanh cae dang Na(H,O)x'. C(H,O)v .

Cé khoang 10% nudc tham gia lién két véi protein tao nén cic mixen. Khi mat
nudc hydrat hoa, cac tiéu phan keo sé bi déng vén.

— Nude tham gia vao mang ludi cua gel: nAm xen ké trong nguyén sinh chat
cua t& bao, tao nén trang thai nia rin cta gel. Dang nay chiém phan 16n nudc cua
khu vue trong té bao.

1.2. Vai tro ctia nuée trong co thé
1.2.1. Nudc tham gia cdu tao ciia co thé

Trong cd thé sinh vat. nude chiém ty 16 nhiéu nhat. Nudc tham gia tao hinh,
giip cho sinh vat cé cau triuc nhat dinh.

Ham lugng nude trong cd thé thay déi tuy theo:

Tudi:

— Thai nhi: 80 - 97%

— Tré so sinh: 66 — 75%

— Ngudi trucng thanh: 55 — 65%

Gidi tinh: co thé nam chita nhiéu nude hon ni (trung binh nam chia 63%, ni
chita 52%).

Thé trang: co thé ngudi béo chua it nudc hon ngudi giy.

Co quan va t6 chiie: duge trinh bayitrong (bavg 7.1) sau:
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Badng 7.1. Ham lugng nuéc trong cac té chirc khic nhau cla cd thé

Co quan . Ham luong nudéc (%)
Mo ma i 25 -30 ,
Xuang ! 16 — 46 .
Gan 70 |
Da 72
Nao 77
Co 75
Cotim 80 = 90
M6 lién ket 60 — 90
Phdi 80 - 90
Thén 82
Mau - 80 - 83
Té bao hdng cau | 65
. Sw | 89
| Nudc tiéu a5
! Nudc bot 99 .4
| Mghe 99,5

1.2.2. Nudc la méi trudng cho cdac phan ung hoa hoc

Trong t& bio sdéng. hau hét cac phan ing hoa hoc xay ra trong méi truong
nude. boi vi gan 75% khéi lugng cua mot té bao séng la nudc.
1.2.3. Nude tham gia cac phan ung

Nhd ¢6 hang s6 dién mdi 16n, nude ¢é tac dung phan ly manh chit dién giai

l2un chung tén tai trong cac dich ¢ trang thai ion (Na‘, K', CI-, HCO,"...), tao nén
Ap suat tham thau.

Nudc tham gia cdc phan ting thuy phan, hgp nuéc, hyvdrat hoa... 1a nhiing
phan iing quan trong cua qua trinh séng va phat trién cta té bao.

1.2.4. Nuéc van chuyén cdc chét dinh duéng va déao thadi chét cdn ba

Nudce la dung mdi hoa tan cac chat v co va hitu ¢6. Nho do. cac chat dinh dudng
dude van chuvén dén cac t6 chic; con cde chat can ba (san pham chuyén hoa cua té
bho) dude chuvén ti cac 16 chiic dén cac cd quan bai tiét dé dao thai ra ngoai.

1.2.5. Nudce diéu hoa than nhiét

Thong qua su bdc hoi nude & da (md héi), phdi (hoi thd). Khi nhiét dé méi
trudng cao, co thé tang thoat hoi nude dé giai nhiét.
1.2.6. Nuéc tham gia bdo vé c¢o thé

Nudc ¢6 trong dich ctia cac héce, khoang tu nhién cua ¢ thé nhu dich nao tiy,
dich mang phéi. mang tim, dich khdp, dich cac hac tai. mét, mii... ¢6 tic dung nhu
mét 16p dém dé bao vé cad eo quan khong bi ton thiong.
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1.3. Sy hap thu va bai xuit nudc
1.3.1. Nhu cdu vé nuéde

Thay d6i tuy theo lda tuai

— Nguai 16n: 35ml/kg/24gi0.

— Tré con: gap 3 — 4 1an so véi ngudi 1én.

Nhu cau vé nude con phu thudc vao diéu kién song (nhiét d6 khéng khi, d6
am...) va diéu kién lao dong.
1.3.2. Nhap nudc

Nhu ciu vé nudc ciia c¢o thé la 2 — 2,5L/ngay 6 ngusi trudng thanh. Nhu cau
nav duge dap Ung tu:

— Nudc ngoai sinh: nguén thuc an (khoang 30%). nude udng (khoang 60%).

— Nude ndi sinh: tao ra do qua trinh chuyén hoa cac chat dinh dudng (khoang 10%).

Nuéde nhap vio tir bén ngoai dude diéu hoa thong qua cam giac khat. Cam giac
khat duge diéu hoa bdi trung tam khat ¢ viing dudi ddi va ap suat tham thau cua
dich ngoai bao. khi ¢ thé thiéu nudc, ap suat tham thau dich ngoal bao tang, thu
thé osmo & viing dudi ddi sé gay cam giac khat nuéce. Co ché gay khat xay ra khi
tong luong nudc trong c¢d thé bi giam 1-2%.
1.3.3. Bai xudt nuéc

Nuéce dude dao thai chu ydu qua than (60% trong nudc tiéu), qua rudt (6%
trong phan), qua da (6% trong mé hai).

Ngoai ra. nudc cén dude bai xuat qua su bée hoi tir té& bao da va qua hai the
dudgc gol 1a su mAt nude “khéng cam nhan duge” (28%).

Binh thuong, cé su can bing gifta su nhap va bai xuat nudc.

Su bai xuit nudce sé gia tang khi bi tiéu chay, nén miia kéo dai, chay mau, lao
déng nang & nhiét d6 cao...

Su nhap va bai xuit nudc duge didu hoa bang hormon ADH (antidiuretic
hormon) va aldosteron diéu hoa su bai tiét natri 6 than.

Khi co thé thiéu nudc sé tang tiét cic hormon nay 1am tang tai hap thu nude §
éng than va giam su bai xuit nude tiéu va ngude lai khi thita nudc, sé dc ché su
phéng thich ADH nhd hoat déng cta thu thé osmo § viing duéi dai.

1.3.4. Cin bdng xudt nhdp nude (bilan nudc)

Cén bang xuat nhap nuse hay bilan nude 13ty 18 gida nude nhap vio va xuit
ra. C6 ba trusng hap:
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- Bilan = 0: can bang nudc duge duy tri do lugng nude nhap bang nude xuat.
— Bilan > 0: lugng nuéc nhap nhiéu hon nuée xuat (truong hop bi pha, déi kéo dai...).

- Bilan < 0: lugng nudéc nhap it hon nude xudt (truong hgp nén miia, tidu chay...).

1.4. Su phan bé nude va cac chat dién giai trong cd thé

Nudc 14 thanh phan chi véu ctia dich co the, chiém khoang 45 - 75% téng trong
luong cd thé. Nude va cac chat dién giai dude phan phéi ¢ hai khu vue chu véu:

Khu viee noi bao (trong té bao): chia khoang 2/3 tong lugng nudc trong co thé
(63%) va nhiéu ion K*, Mg*', HPO *, protein ...

Khu vie ngoai bao (ngoai té bao): chita khodng 1/3 téng lugng nudc trog cd thé
(37%). gdbm coé:

~ Dich gian bdo hay dich ké (gitia cac t& bao).

— Huyét tuong ( trong mach mau).

— Bach huvét (trong mach bach huvét).

Khu vuc ngoai bao con ¢é dich truyén té bao (transcellular) nhu dich nao tuy,
dich thuy va dich thiy tinh thé ciia mat, hoat dich ctia khép xuong...

Dich gian bao va huyét tuong chiém ty 1& 16n cta dich ngoai bao.

Dich ngoai bao chita nhiéu ion Na™. Cl, HCO, .

1.5. Sw van chuyén nudc trong co thé

Sau khi dude hap thu tir 6ng tiéu hoa, nudc duge van chuyvén dén cac to chiic
cua cd thé, mang céc chat dinh dudng dén dé té bao su dung. Tu huvét tuong. nude
qua thanh mach dé vao dich gian bao, tir dich gian bao nudc lai tham qua mang t&
bao vio khu vue bén trong té bao.

Déng théi cing ¢6 qua trinh van chuyén nudc ngude trd lai: ti t& bao vao dich
gian bao rol vao huvét tugng. Tir huvét tuong nude dude dua dén cac ¢d quan bai
tiét cting véi cac chit can ba cua té bao dé duge dao thai ra ngoai.

Nhd sy van chuyén nav. nuée trong ¢d thé luén ludn dude ddi méi (6% tong
luong nuée trong co thé duge doi méi trong 24 gid).

1.5.1. Cac yéu t6 anh huong

Nude van chuvén dudge trong cd thé 1a nho mot s6 véu t6 quvét dinh dua vao su
chénh léch ap suat gida cae 16 chue.

1.5.1.1. Ap sudt thém thdu

La lue ¢6 tae dung gia nude va kéo nude vao phan dich ma né chiém giit, dav la
VU td ed ban nhat quvét dinh su van chuyénva phan bé dich trong cac khu vue.
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Ap sudt thim thau ¢ khu vue nao cang cao thi nude sé duge van chuyvén vao dé
ciang nhiéu va nguge lai.

Ap suat tham thau do cic véu td hoa tan trong nude & cac dich tao nén. géom co:

— Cac chdt dién gidi: 1a véu t6 quan trong tao nén ap lye tham thiu cua cac
dich. do d6 déng vai tro quyét dinh su phéin bs va van chuvén nude trong co thé, Vi
du: dich ngoai bao ¢6 nhiéu Na’, Cl: dich néi bao cé nhiéu K'. HPO, .

— Cac hop chat hizu co co phéan iz luong nho (glucose, uré, acid amin. ...

Cé thé duge van chuvén dé dang qua mang té bao va thanh mach nén néng dé
trong hau hét cac dich ctua cd thé va ap luc tham thau do ching tao ra gan giong
nhau. Do d6, cic chit nay chi tham gia diéu chinh ludng nuée toan phan cua co the
chii khéng gay nén su van chuvén nude gida cie khu vie véi nhaw,

— Cac hop chét hitu co c6 phan tu luong lon (chu yéu la protein)

Vi ham lugng protein trong cac dich c¢d thé rat khac nhau nén phan ap luc
tham thiu do né tao nén (ap sudt keo) 8 cac khu viie nude khac nhau cda co thé
cang khac nhau.

Vi1 du:

— Protein trong huyét tucng tao ap lue tham thau la 25mmHg.

— Protein cua dich ngoai t&€ bao tao ap luc tham thau la 10mmHag.

— Protein ctia dich trong té& bao tao ap luc tham thau rat 1dn vi ¢é nong do cao

gap 3 — 5 lan protein trong huyét tuong.

Sy chénh léch ap suit tham thau do protein tao nén (ap suit keo) gitia cac khu
vic khac nhau trong cd thé 14 mét véu t& quan trong quvét dinh su van chuvén
nuge giva cae khu vue nay.

Protein trong huyét tuong tao ap suit keo, anh hudng dén su van chuyén cua
nude va chat dién giai giita khu vue nédi bao va khu vuc ngoai bao.

Ap sudt thAm thau dude xac dinh béi tdng s6 phan nt dude hoa tan trong dich thé.

Don vi do ca ap suit tham thau la miliosmole (mOsm)/kg nudc cia huvét tucng.
1.5.1.2. Ap sudt thuy tinh

Ap sudt thiy tinh 1A ap luc chia dong mau ép vao thanh mach (huvét ap) hay
ap lue cua nude ép vao mang té bao. Néu xét vé phuong dién van chuyén nudc gida
cac khu vuc, ap suit thiiy tinh ¢6 xu hudng dav nudc ra khoi viiug ma né tac dung,
¢6 hudng tac dung ngude lai véi 4p suAt tham thau. Ap suit thuy tinh trong cic té
bao day nude qua mang t& bao ra ngosi.
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2. CAC CHAT VO CO TRONG CO THE

Chat vo e khi hoa tan trong dich ¢d thé ¢6 thé phan Iy thanh cac ion nén dude
gol 1 chat dien gidi. Nong do chat tan wrong co thé thay doi tuy theo khu wvac:
natrl 12 cation chu véu cua dich ngoai bao: kali 1a cation chu véu cua dich ndi bao.
Tong sd cation trong cd thé phai bang tdng sé anion (can bang dién tich).

[.uc k&t hgp cia cae chat dién gial dude tinh bang don vi mEq.
2.1. Mot s6 chit vé co quan trong ¢6 trong cd thé

Trong ¢d thé sinh vat . cac chdt vé co quan trong nhat la Na'. K. Ca*. Cl-,

Me ' 802, PO, va HCO, .
2.1.1. Natri (Na*)

~ Natri 1a cation cha véu cua dich ngoqi bao (90%), néng do trong huvét thanh
binh thudng la 135-146 mmol/l.

Natri déng vai tré quan trong trong viée diéu hoa ap suat tham thau, thang
bang acid— base. Natri con hoat hoda enzvm amylase va dc ché hoat déng cua
phosphorvlase. Trong cac mo. Na' lién két véi nuée, Cl-, HCO, . PO,". Natri anh
huong dén su din truvén xung dong than kinh va sgi co.

Su hap thu va bai tiét natrd ¢6 lién quan dén su hap thu va bai tiét cua nude.
K" va €l Hormon aldosteron gdv tang su tal hap thu natri.

— Nhu ¢au duge dam bao chd véu nha NaCl. Ngudi trudng thanh can mbi ngayv
1 -~ Bg naty., tie 1a 10 — 12g NaCl, bang 10% higng natri toan phan chua trong
dich gian bao cua ¢d thé nguo.

— Khoang 95% Na’' duge bai xudt qua nuée tiéu, mdt phan nho duge dao thai
qua mo hoéi va phan. ‘

— Tinh trang giam natri huyét 6 thé gav déng kinh. nhte dau, ting nhip tim,
ha huyét ap, chudt rat. kich thich va c6 thé hén mé.

— Tinh trang tang natri huvét duge biéu thi bing st mat nude & dich ngoai bao
¢o triéu ching 1a khat nude. kho miéng, ting nhip tim, ting huyét ap, mat phuong

hudng. ao giac, co giat, kich ddng, ¢é thé tién dén hén meé.
2.1.2. Kali (K*)

— La cation chu véu cua dich néi bao. néng dé binh thuong trong huvét thanh
I 3.5-5.5 mEqg/L. Nang dé-kali trong té bao.li khoang 140 mmol/1. Nhu cau binh
thuong khoang 4g/ngay.
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— Kali duy tri 4p suit thim thiu va cin biang dién gidi trong té€ bao. diéu hoa
thang bang acid base. N6 ¢6 anh hudng dén su dan truyén xung déng than kinh cd
VA sI co ¢o tim.

— Kali duce bai xuit khodng 80% qua than (20 — 40 mmol/l nude tidu). Ludng
con lai duge bai ti€t qua phan.

— Co ché feedback diéu hoa su bai tiét natri ngude vdi kall. Aldosteron tang su
tal hap thu natri va tang su bai xuat kali.

— Kali huvét tang do than gidm bai xuat kali (trong tén thuong than .thiéu
ning vé thugng than ). hay nhap vao nhiéu kali; ¢6 thé gay 14 1dn, giam nhip tim.
véu cd, chubt nit, tiéu chay, loan nhip tim...

— Kali huvét thudng giam do su bai xudt qua nhiéu hay nhap vao khong du kali
(sau khi mo. tiéu chav, thung da day. ruét, cudng vo thugng than, dung thuée loi
tiéu...). ¢6 thé gay loan nhip tim. chéng mat, chudt mit, liét, budn nén, nén mua...

2.1.3. Calci (Ca?*)

- Calci 12 mudi v6 c6 c6 nhidu nhat trong co thé, tham gia c&u tric va chic
nang cia xuong va rang. phan 16n dudi dang cic mud vd co khdéng tan (calei
phosphat , calci carbonat). Calei la cation chu yéu cua dich ngoai bao.

— Khoang 50% calci trong huvét thanh 8 dang ion hoa va cé hoat tinh hoa hoc,
phin con lai két hgp véi protein (dac biét 1a albumin), néng dd calei binh thudng
trong huvét thanh la 2.4 - 2.5 mmol/l.

— Calci cung véi phospho lam tang stic manh va d6 bén cua xuong, calci giup
duyv tri cau tric mang té€ bao, chic nang va dé tham thau cia mang. Calei anh
huong dén sy kich thich va su co cia ¢d tim va co xuong, tham gia din truyén
xung déng than kinh.

— Calcl con tham gia qua trinh déng méau, hoat hoa cholinesterase va nhiéu
qua trinh quan trong khac.

— Phan 18n calci (70 — 90%) duge dao thai qua phan, mét luong nhé duge dao
thai qua than.

— Thiéu calei giy co1 xuong, loAng xuong. Ha calei huyét gay tinh trang co giat,
161 loan co ché déng mau, chuét rat, 1d 14n.

2.1.4. Clo (CT)

— C6 chu yv&u & dich ngoai bao. Nong d6 binh thudng trong huvét thanh la 97—
106 mmol/l.

— Cung vé1 Na', Cl déng vai tro tao 4Ap suat tham thau giG nude cho cd thé va
diéu hoa thang bang acid - base- Ngoai ra, Cl' con tham gia tao HCI dich vi, hoat
hoa enzvm amylase.
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— Sy phén bé, hap thu va bai xuat Cl™ 1a cac qua trinh thu ddng c¢é lién quan
dén sy van chuyén chu dong clia ion Na”.

- R6i loan chuyén hoa clo kém theo réi loan chuyén hoa natri.
2.1.5. Phospho (P)

— (6 6 moi td chitc t& bdo, 80% d xudng va rang dudi dang két hgp véi calci,
10% trong mau vi ¢6 , 10% 3 cac t6 chuc khac. Phospho ¢6 trong co thé ¢ dang
phosphat vé ¢6 hay hgp chat hau co.

— Phosphat c6 thé két hgp véi lipid, protid, glucid, acid nucleic va ATP.

— Phosphat tén tai duéi 3 dang ion khac nhau, dang phé bién nhit 14 HPO 2 .

— Tham gia hau hét cac qua trinh chuyén hoa va c¢6 mat trong hé théng dém
phosphat giip duy tri thang bang acid-base.

2.1.6. Magne (Mg**)
— Tham gia cAu tao xuong, co cd va hoat hoa enzvm. Mg*" tang giy ha Ca™
trong mau. Mg** gidm trong bénh c¢d1 xuong, x6p xuong, co giat.
2.2. Cac dang mudi vé co trong co thé
2.2.1. Muéi héa tan trong cac dich

Khi hoa tan, mudi vé co phin ly thanh cac ion va ¢é tac dung tao ra ap suat

tham thau rat 1én.
2.2.2. Muéi khong tan
D6 1a cac mudt tham gia ciu tao xuong. Vi du: calciphosphat.
2.2.3 Muéi phitc hop véi protein
Vi du:
— Feritin 12 mét protein chia sat.
- '. Ca” phue hgp vdi albumin.
2.3. Vai tré ciia mudi vé co trong co thé

Maic du hién dién trong cac té chite cd thé véi mét lugng nhé nhung cac musi
v6 co dong nhiéu vai trd quan trong.

2.3.1. Tham gia cdu tao té bao

Mubi trong toan cd thé chiém khodng 4 — 5% thé trong. Mudi vé co ¢6 trong
thanh phan cua tit cd cic t& bio va to chiic, nhung phan phéi khéng déu. nhidu
nhdlt 1a d cic té chite xiohg va rang dudt dang-muéi khéng tan.
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2.3.2. Tao dp sudt tham thdu

Ap suat tham thau cda cac dich trong co thé dude tao boi cac ion nhu Na', XK',
Ca**, Cl.Mg*, S0, H, PO, va HCO, ... Ap suit nay c6 anh hudng rat 1én dén su
phan bg va van chuyén cac dich trong cd thé.

2.3.3. Duy tri thang bang acid—base

Mudi vd ¢o tao hai hé thong dém quan trong trong cd thé Ja hé dém bicarbonat
(H,CO/NaHCO ) va hé dém phosphat (NaH,PO/ Na,HPO, KH,PO /K,HPO )
giup co thé duv tri duge thiang bang acid-base.

2.3.4. Binh 6n protein d trang thai keo trong té’ bao va mo

Mudl vé cd ¢6 tac dung dac biét déi vél trang thai ly hod cua cic protein trong
t& bao va mo. Muc d6 hoa tan, khuéch tan, hydrat hoa va hoa tan cua nhiéu loal
protein phu thude vio ndng d6 cua mét s6 ion, do d6 chite phan sinh ly cua t& bao
cting phu thuéce rat 16n vao néng dé va ty 1é cia cac ion nhit 1a mudi 6 dang phac

hgp véi protein.
2.3.5. Cdc vai tro khac

— Hoat hoa hay ttc ché hoat déng enzym
Vidu: — CI", Na”, K' kich thich hoat déng cua enzym
— Cu*', Pb*, Hg'... kim ham hoat déng ctta enzym

— Tham gia cAu tao cac coenzym (cobalt, kém, luu huynh), hemoglobin va

cvtocrom chia sit. hormon (iod tao T3, T4, kém tao insulin..) .

— Tham gia quA trinh déng mau va dan truvén than kinh (Ca®' . K, Na"...).

2.4. Sy hap thu va bai xuit mudi vé co
2.4.1. Su hdp thu

— Cac mudi vb co duge dua vao ¢o thé chu véu qua dudng tiéu hoa, hap thu qua
rudt vao mau va phan phoi dén cac co quan theo nhu ciu sinh ly.

— Muéi vé co dé tan trong nude duge hap thu dé dang va hoan toan qua rudt.
(NaCl, KCl). Muéi vé co kho tan trong nude duge hap thu it.

— Sau kbi duge hap thu cung véi nude, mot phan muét duge git lai trong ¢ quan
va m6, mdt phan g lai trong mau. Su gid lai mubi trong cac cd quan ¢6 chon loc.

Vi du: Ca**, Mg™, PO* duge gittdiinhidutrong xuong.
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2.4.2. Su bai xuat

Muéi vé ea duge bai xuitt cha véu qua nude tiéu. mo hoi.

Cac mudi khong duge hap thu dude dao thai qua phan nhu Ca (PO)).. MgsO,.
kim loan nane...
2.5. Can bang dién giai

Cung gidhg nhu nude. trong ¢d thé, luong chat dién giai nhap vao phai bing
fuong chat dién gial bai xudt (can bang dién giai).

(an bang dién gial. diac biet d6i véi Na'. K'.Ca”" cé anh hudng lén dén su dan
eruvén xung déng than kinh. sy co ¢g va tinh tham thau cia mang té bio.

Nong do chat dicn giai trong cd thé dude diéu hoa chi véu qua sy b tiét cua
than mude ricn). da (md hoi) va rudt (phan). phai hop véi tae dong cva hormon.

- Na'7 K duge diéu hoa do hormon aldesteron. Aldosteron tang sy tai hap thu
Na™ vatang su bai xuat K'.

~ Ca’": dude didu hoa boi hormon parathvroid (PTH). Khi néng d6 Ca?” trong
mau qua thap, PTH sé tang qua trinh hay xuong dé gidi phong Ca®’. tang hap thu
Ca” ti rudt va gram bat xuat Ca”™' tu than.

- (1 sy van chuvén chu dong cua Na™ gayv ra sy van chuvén tho dong eua CL .
2.6. R6i loan can bang dién giai
2.6.1. Natri huyét thdap: néng d6 natri trong mau thap ¢é thé do néon mua, tiéu
chayv. ro1 loan chie nang than, giam tidt aldosteron. bai tiét mé hoi gua mite, nhap
qua nhiéu nude dan dén sy G nude trong o thé.
2.6.2. Naitri huyét cao: néong dé natyi trong mau cao do mat nude nhiéu, s6t. tiéu
duong (giam tiét ADH) dan dén su 161 loan hé than kinh trung uong.
2.6.3. Kali huyét thap: néng ¢6 kali trong mau thap do tang tict aldosteron, lgi
tiéu. ¥éi loan chue nang than. nén mua. tiéu chav. Hau qua la bi véu co. liét, ho
hiap khé. loan nhip tum,
2.6.4. Kali huvét cao: nong dé kali trong mau cao (trén 12 mmol/l) ¢6 thé do 161

loan chite nang than, giam tét aldosteron. Hau qua ¢o thé bi liét co xuong. chét do
thm ngung dap.

3. SU TRAO DOI NUGC VA CAC CHAT PIEN GIAI

Trong ¢g thé, nude va cae chat vo ¢d ludn déi méi nhs qua trinh trao dai.

Su van chuvén nude va cac chat dién giai ¢6 lién quan mat thiét véi nhau va
chiu sy chi phéi béd nhién véu o nhu.thanh mach, huvét ap. can bang Donnan va
ap suat do keo,tinh trang thang bang acid = base. hoat ¢éng caa cac t8 chic...
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3.1. Su trao d6i nudc va cac chat dién giai gitta cac khu vuc
3.1.1. Can bang Donnan va dp sudt do keo — Pinh ludt Donnan

P61 véi cac chAt phan lv ¢é phan tu lugng nho, qua trinh khuéch tan sé theo
quv luat vat Iy nghia la tf noi ¢6 néng &6 cao sang noi c6 néng dé thap hon.

Dé1 véi cac chat keo ¢ phan td lugng 16n (nhu hén hop protein va dang mudi
cua naé) thichieé Na' hay Cl di qua dude mang ban thim.

Thi nghiém: mot binh dude ngan § gita bAng mét mang ban tham. Khi cho
dung dich muéi NaCl vao mét bén, mudl s& phan ly va cac ion Na' va Cl° sé
khuéch tan qua mang dé dat dén trang thai can bang déng. Sau dé. néu thay thé
dung dich ¢ mét bén cua mang bang dung dich keo proteinat natri thi ion Na“, Cl
sé qua mang dé dang con ion keo R khéng qua dugc.

i .
Na~ {b) Na* (a) Na™ (a+x)
Lol | N Ol g | MO R@ a0
‘ Cl (b} C (b) Clx) |Gl (b-x)
(1) (2) €]

Hinh 7.1. So d3 thi nghiém dé rat ra dinh luat Donnan va ap suat do keo
Dinh lugt Donnan 1: su can bang sé dat duge khi tich sé cia cac ion khuéch
tan c6 cing mot tri s6 8 mél phia cia mang ban tham.
(ol ndng dé ban dau cua cicion 1a a, b con x 1a néng d6 ctia 1on khuéch tan, ta co:
(a+x)(x)=(b-x)(b-x)
b2
X =
a+2b

Pinh lugt Donnan 2: khi ¢é su can bang, téng dién tich ctia cac ion dudng bang

tong dién tich cua cac ion 4m & moi phia cha mang.

Nhu viv ¢ trang thai can bang Donnan. ap suit tham thau cua ndi c¢6 chida
chat keo protein bao gid cing lén hon ap sudt tham thau é noi khéng c¢é protein.
Su chénh léch nav khéng chi do protein tao ap suit keo ma con do nong do cac ion
khuéch tan ¢ khu vue chia protein cao hon bén kia. Téng ap suét keo va su chénh
léch ap sudt tham thau cua ion khuéch tan duge goi la ap suat do keo.

3.1.2. Su trao déi nudc va cdc chat dién giai gitza huyét tuong va dich gian bao

Thanh mach la mdot mang ban thim ngan cach huyé&t tuong va dich gian bao.

Do dé. nong dé cia cac chilt dién gidf va jead)ehit hitu co ¢6 phan td lugng nhd
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trong huvét tuong va dich gian bao khong khac nhau. con nong do protein & dich
gian bao thap hon trong huvér tuong nén ap suat tham thau cang thap hon. Su
chénh léch vé ap suat tham thau nay tao Ap sudt hir nude to khu vue gian bao vao
long mach.

Nguge lai véi ap suat tham thau, ap suat thuy tinh c6 xu hudng day nude tu
long mach vao dich gian bao vi huyét ap 6 cac phan cua mach mau ludn cao hon ap
sudt thuyv tinh cua té chue. Do dé. tuy theo timg phan khac nhau cua hé mach cé
ap sudt thayv tinh cao hay thap haon 4p suit tham thdu ma nude sé dude van
chuvén theo cac huéng khac nhau.

3.1.3. Su trao déi nudc va chét dién gidi gitta khu vue ngodi va trong té bao

Mang té& bao ngin cach hai khu vie cho nude qua lai tu do va chi cho qua chon
loc chat dién giai va cac chat hoa tan khac. Thanh phan chat dién giai ¢ hai phia
cta mang khac nhau, néng d6 protein g dich trong té bao cao hon ngoai té bao.

('ac chat duge van chuyén qua mang theo nhiéu cd ché khac nhau, trong dé cé
¢d ché& van chuyén cht dong nham duy tri tinh trang chénh léch vé néng d6 cuia cac
chit. dam bao cho t& bao hoat déng binh thusng.

Su trao do6i nude gitia hai khu vue nav ¢6 lién guan chat ché dén su trao doi cac
chat dién giai qua mang té bao, nhat 1a su trao déi cua cacion Na', K7, Ca*', CI".

o7 .

3.2. Diéu hoa sy trao ddi nude va cac chat dién giai

Cd thé 3 trang thai sinh ly binh thuéng ¢6 bilan nuéc bang 0.

Khi nude duge nhap vao. cd thé dap img di nhu cau cac ¢d quan, lugng nude
thira sé dude dao thai ra ngoai theo ca quan bai tiét.

Co ché diéu hoa su trao déi nude va cac chat vé ¢o gbm cac véu 16 than kinh,
nd1 11dt, théng qua mét s6 cd quan, dac biét 1a than,

3.2.1. Co ché'than kinh

)

O vung ha nio ¢6 trung tdm than kinh diéu khién su can bang nudc va cac
chat dién gidi théng qua cam giac khat, su kho niém mac, su tiang ap suat tham
thau cua dich ngoai bao.
3.2.2. Co ché ndi tiét
(6 nhiéu hormon tham gia diéu hoa qua wrinh trao ddi nude va cac chat vo co.
Vi du:

— Hormon chong bai niduvasopressined tac-ddng tang su tai hap thu nude ¢
éng than.
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— Aldosteron (hormon vo thuong than) ¢é tic dong dén «u tai hdp thu va bai
xuat Na' va K’ ¢ ong than.

— Coruson va aldosteron ¢6 tac dung ¢giu nude.

— Hornton tuvén giap giv tang b tiet nude tién va mo hor
3.3. R&i loan trao déi nude va cac chat dién giai

Trong ¢o thé khi ¢é su rél loan qua trinh trao dé1 nude va cac chat dién g, ¢6
thé dan dén tinh trang U nude. ¥ mudi havy mat nude. mat mudi.

Ngoal ra, cac ré1 loan nayv con duge phan biét theo khu vue ngoai té bao, trong
ré bao: 1a 161 loan don thuan hay phéi hgp.

3.3.1. Réi loan don thuan
3311 Tinh trang v nwie va muoi

U nude trong té bao:

Nguvén nhan: khi uéng qua nhiéu nude hav tiém truyén nhiéu dich, sé gay
tang san xuit hayv @ dong nude ndi sinh do co thé khong dao thai duge nude ra
ngodi; khi dé khu vue ngoai té& bio tré nén nhuge trucng. nude sé chuvén vio khu
vue trong 1@ bio gay U nuée kéo theo U mudl. Cac té& bao chia nhiéu nude sé cang
phong 1én cang nhu thé tich mau giam ¢é thé gav séc.

U nutoe ngoai t6 hao:

Nguvén nhan: do tang ap ldc mau tinh mach. giam protein m:au. tang tinh
tham thanh mach, suv giam chie nang dao thai cua than, nhap qua nhiéu NaCl
theo ducng an uéng hav tiém truvén, bénh ly thugng than. ting san xuat
aldosteron lam giim bai xuat Na' qua than va @ dong trong cd thé.

— Hau qua: gav tinh trang bi phu do lugng nutée toan phan va nude d cac khu
vue tang.

— Xét nghiém: chat dién giai va cac thanh phan trong mau giam do mau bi pha loing.
3.3.1.2. Tinh trang mat nude vie muéi

Mt nuoe toan phan va mat mudi

- Nguvén nhan: xay ra khi nude va muéi c¢é trong cic dich thoat khéi co thé
qud nhiéu do ndn dii doi hay kéo dat. tiéu chay lién tue. mat dich do dan luu....

— Hau qua: bilan nude < 0 (Am tinh). mAt nude ¢ toan bd cac khu vue. khat
miGe. daa kha, nhan, sut can. sét. réi loan tam than, 14 1an. hoang tudng. hén me.

— Xét nghiém: chat dién giai v cac thanh phan trong mau tang do mau bi ¢6 dac.

Mat nude va mat mudr khi viee ngoai 16 bao
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— Nguvén nhan: do mat mau. mat dich nhiéu (phong). ticu chav giai doan da.
non nang.
— Hau qua: khéi lugng huvét tudng giam. mau b o dac: nude 6 khu s ue ngoiu

16 bao griam ¢om nude ¢ khu vue trong t& bio chua bi anh huong.

— Xui tr1: dung huvét thanh dang truong.
3.3.2. Cac réi loan phéi hop

U nuie ngodai t6 bao + mat nitde trong té bao: bieu hién bén ngoin la phi nhung
lai 6 cac triéu chung mat nude trong té& bao.

— Nguvén nhan: thuong do suv than. khu vue ngoal té bao bi i mudi gayv tinh
franne uu traong. tang ap sudt tham thau ngodd té bio va nude trong té& bao sé bj
chuvén ra ngoar

Xu wi: Igi tiéu thar muol ket hap b nude,

Mt niroe ngoai té bao + & nude trong o bao:

— Neuvén nhan: khu vue ngoal té bao bi mAt nude va muoi do non, tiéu chayv
¢dp... nhung duge bu bang nude nhuge trudgng khéng 6 mudi gayv tinh trang nhuge
truong ngodi té bao nén nude sé tran vio khu vue trong té bao.

~ Hau qua: mit nude nhung lai kém theo cac triéu ching 4 nude trong té bao
nhu phu nao.

~ X1 tri: bd sung mudi cho khu vue ngodi t& bao bang cach tiém truvén cac
dung dich vu wruong.
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TU LUONG GIA

Chon mét cau tra 18i dang cho cac ciu sau
1. Trong can bing xuat nhap nude, khi chic nang than bi ré1 loan, ta co:
a. Bilan=0
b. Bilan<0
¢. Bilan>0
d. Bilan>0

Cac chat dién gial déng vai tro quvét dinh su phan bé va van chuvén nude
trong co thé do tao nén:

e

a. Ap suat tham thau
b. Ap sudt thuy tinh
c.  Ap suit keo
d. Tat ca déu dung
3. Tinh trang @ nudc don thuan trong té bao xay ra do:
a. Ubdng qua nhiéu nuéc
b. Tiém truyén nhiéu dich
c. Tang san xudt hay @ dong nudc ndi sinh
d. T4t ca déu dung
1. Kha niing tai hap thu ion bicarbonat & éng than chiu anh huong cua:
a. pCO, cua cd thé
b. Su tar hap thu Na® ¢ ong than
¢. Noéng dé C1”va K' trong mau
d. Tat ca déu dung
3. Nude tu do:
a. Luu théng
b.  Puge phin bd ¢ khu vuc trong té bao
c.  Déng vai tro van chuvén chat dinh dudng va dao thai chat can ba
d. Tham gia cau tao té bio

6. Lgi t1éu thai mudi két hgp b nude 1a bién phap xi tri tinh trang:

a. U nudc don thuin trong hay ngoai té bao

b. MaAt nude toan phan va mAat mudi

c. U nuée ngoai t&.bao.+matnude trong.té-bio
d. MAit nude ngoan t& bao + 1 niide ltrowgltd bao
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Khi mAt nuéde toan phan va mat mudy:

~1

a. Bilan nudc < 0. cac chat dién gial va thanh phan trong mau tang
b. Bilan nudc < 0, cac chat dién giai va thanh phan trong mau giam
Bilan nudc > 0, cac chat dién giai va thanh phan trong mau tang
d. Bilan nudc > 0. cac chat dién giai va thanh phan trong mau giam
Chon tap hdp cau tra 16i dung
8. Kha nang tai hap thu HCO, cua té bao than chiu anh hudng cua cac yéu té:
d. Su tal hap thu Na* ¢ éng than.
d. pCoO,claco the
d. Néng d6 Cl” trong mau.
d. Néng d6 Na™ trong mau
9. Vail tré quan trong cla cac mudi vé cd trong cd thé la:
a.  Tao ap sut tham thau
b. Tham gia cau tao té bao
c¢. Tao cac hé théng dém
d. Binh én protein ¢ trang thai keo trong té& bao va mb
10. Nudce két hop:
a. Luu thing
b, Dudce phan bé g khu vuc ngoai té bao
¢. Tham gia cdu tao té& bao

d. Chiém 55% lugng nuéc toan phan & cac té chitc

CAU HOI NGHIEN cUU BAI HOC
1. Cac yéu 10 anh hudng dén kha nang tai hap thu ion bicarbonat 3 éng than.

2. Néu bién phap xu trif tinh trang G nudc ngoai té bao phol hdp vél mait nude
trong té€ bao. Giai thich.
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Chuo‘ng 8
THANG BANG ACID - BASE

MUC TIEU
1. Néu duoe dinh nghia, co sd hod ly ciia thing bang acid — base.
2. Trinh bay duoe co ché diéu hoa cia s thang bang acid — base trong co thé.

3. Néu nhitng nguyén nhén, anh hudng va bién phdp xi tri trong réi loan
thing bang acid — base.

Thing bang acid — base 1a su 6n dinh pH hay néng d6 ion H' trong co thé.

Céan bang nay luén ludn bi pha vé bdi nhiéu nguyén nhan khac nhau, nhung co
thé van gitt dude néng dé ion ' én dinh trong giéi han sinh ly nhd hoat déng cua
cac hé théng dém va cd quan bai tiét.

Su réi loan thiang bing acid — base ¢6 thé gdy anh hudng truc tiép va siu séc
dén cac qua trinh chuyén hoa va hoat déng chdc niang cia co thé:

- pH thay déi giay anh hudng dén sy phan bd dién tich va lam bién déi ciu
tric 3 chiéu va cac chifc nang quan trong cia protein trong té bao.

— H4u hét cac enzym la protein, nén pH thay déi sé gay réi loan cac qua trinh
chuvén hoa.

— Néng d6 H' ¢6 thé anh hudng dén néng dd ctia cac ion khac va tac dong

c¢ua hormon.

1. CO SO HOA LY CUA THANG BANG ACID - BASE

1.1. Khai niém vé pH

Trang thai acid, base cia mét dung dich duge quyét dinh bdi néng d6 ctta ion
H'va OH".
Nuée 1a thanh phan quan trong ctia cd thé séng cé kha nang phéan ly:
H.O0 2/="H + Ol (1)
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Theo dinh luit tac dung khéi lugng, ta cé:

|5 <[ow |

(0]

=Ky o =1.8x10"" (2)

Ky,o 1a hang s6 can bang cia nudéc.

Néng dé6 cua nudc tinh khiét 12 1000/18 = 55,5mol/lit
Tu phuong trinh (2). ta cé:

H+ bes I:OH_j = KHZO X [HQO]

-1,8x10"% 555

H' |x|O0H" |=107"
Trong nudc tinh khiét, néng d6 ion H* biang néng d6 ion OH , do dé:
[H'] =(OH ] = 10~ mol/lit
Cac dung dich ¢6 néng d6 ion H" > 107" mol/lit dude goi 1a dung dich acid.
Cac dung dich ¢6 néng dé 1on H* < 1077 mol/lit dude goi la dung dich base.

Pé don gian hoa, néng d6 ion H* dude xac dinh bing gia tri logarit Am cua né
va goi la pH:

pH = - log [H']
1.2, Phuong trinh Henderson — Hasselbalch
Cac acid manh c6 thé phan ly hoan toan trong nuéc:
HNO; — H*+ NOy
Cac acid yéu chi phan ly mot phan:
H.CO, =—= H*+ HCO;"

Phudng trinh phan ly cia mét acid yéu ¢6 dang téng quéat:
HA H+ A-

Ta cé:

B xat] L 1] A

[HA] A7

log[Hﬂ =log K + log [HA]

A
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Nhan 2 vé véi —1, ta cé:

_ log[HJ' } =-logK - log Ejfi
[HA]

A7)

Phuong trinh Henderson — Hasselbalch:

A

[HA]

pH =pK -log

pH =pK +log

Phuong trinh nay thé hién su phu thudc giita pH dung dich véi néng dd acid
véu va mudl cua né.

Céac acid yéu ¢6 hang s6 phan ly rat nho, nghia 13 khi hoa tan trong nuéc, néng
d4 anion [A7] nho hon rit nhiéu so véi néng d6 acid [HA].

Ngudi ta c6 thé lam tang néng dé anion cua acid yéu trong dung dich bing
cach cho thém vao muét cua chinh acid véu dé (mudi nay phai c6 kha niang phan ly
hoan toan tao thanh anion).

Vi du: NaA 5> Na* + A~

1.3. Dung dich dém va hé théng dém
1.3.1. Dinh nghia

Cac dung dich ¢6 chita acid y&€u va muéi cua né ¢é kha niang chéng lai sy thay
déi ctita pH khi thém vao dung dich d6 mét acid manh hay mét base manh, vi thé
né duge goi la dung dich dém.

Acid y&u va base ¢6 ngudn goc tir acid y&u hay anion ciia acid yéu dé (base lién
hop) sé tao thanh mét cap dém hay mot hé théng dém.

Vi du: acid acetic va acetat natri
1.3.2. Co ché'tdc dong cua hé théng dém

Khi thém vao dung dich dém moét acid manh, acid nay sé ké&t hop vé1 phan base
cita hé dém (anion cua acid yéu) dé tao thanh mét acid yéu it phan ly. Nhu vay acid
manh bi phan ly hoan toan sé chuyén thanh mdt acid yéu phan ly khong dang ké va
luong ion H' tao nén rat it khéng lam anh hudng dén pH cua dung dich.

Ngugc lai, khi thém vio dung dich dém mét base manh. base nay sé két hgp
v4i phan acid yé&u ciia hé dém, bi trung hoa tao nén mot anion cua acid yéu , vi thé
pH cua dung dich it bi bién déi.
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2. CAC HE PEM CUA CO THE

2.1. Hé dém cua huyét tuong va dich gian bao
2.1.1. Hé dém bicarbonat

La hé théng dém chu yéu cua huyét tuong va dich gian bao.

Thanh phan gom cé acid yéu la acid carbonic (H,CO,) va anion bicarbonat
(HCO, ) véi ty 1é 1:20.

Hé dém nay sé hoat dong trude tién khi c6 sy thay d8i cia pH. H,CO, dude tao
thanh ti lugng CO, sinh ra trong cac t6 chitc dude dua vao mau va cac dich. Trong
co thé, CO, vira 1a pha khi (CO, cua phé& nang) vita 14 pha nude (CO, hoa tan trong
mau va dich dudi dang H,CO,). Cac dang nay ¢6 quan hé mat thiét vé1 nhau va ¢
trang thai cin bang:

CO,+H,0 =—— H,CO =— H~+ HCO,~
— Khi ¢6 mét acid manh xdm nhdp vao co thé: ion H* ciia acid nay sé duge hé
dém bicarbonat trung hda tao thanh H,CO,, phan ly thanh CO, va nuéc , CO, dudc
d20 thai qua phéi. Két qua la acid manh bi méat di, trong khi cd thé chi mat mot
phan ion HCO,™, con pCO, khéng thay déi. vi du:

HCl + NaHCO,, == H,CO;+ NaC(l
Acid carbonic tao thanh phan ly khéng hoan toan va néng d6 H' tang 1én nho
hon nhiéu so véi trudng hop khong c¢6 dung dich dém.

— Khi ¢6 mét base manh xam nhap vao co thé: cac ion OH™ sé két hdp véi CO,
(dudi dang héa tan hay H,CO,) tao thanh HCO,” va nudc. Lugng CO, dao thai qua
phéi giam nhung pH van khéng tang mot cach dang ké, vi du:

NaOH + H.,CO,;, = NaHCO, + H.,O
Nudc phéan ly rat it va pH gitt gdn nhu khéng thay déi.
2.1.2. Hé dém phosphat

Hé dém phosphat 1a hé dém quan trong nhat cua té bio.
Hé dém gdém c6 cac mudi phosphat clia natri: NaH,PO, (acid yéu) va Na,HPO,
(base cua né). Vai trd cia hé dém nay la givip than dao thai H”.
Cd ché hoat déng cia hé dém nhu sau:
H + HPO,* == H,PO,

OH- + H,PO,~ =—= H,0 + HPO,*
2.1.3. Hé dém protein

Hé dém protein c¢6 nhidu nhittrong té bao va huyét tuong.

179



Protein la mét chat ludng tinh chita nhém carboxyl (-~ COOH) va amin (- NH,)
c6 thé tac déng nhu mot acid (phan ly thanh H*) hay nhu mét base (két hop véi HT
tao NH," ) nén tuy thudc vao méi trusng c6 pH ting hay giam.

Kha nang dém cila hé dém nay khéng 1én. nhat 1a 6 khu vuc gian bao vi ¢ dé
néng dé protein thap.

2.1.4. Hé dém hemoglobin
La hé dém quan trong nhit trong té bao héng cau gébm hemoglobin (Hb) va

oxyhemoglobin (HbQ,) tic dung nhu nhiing acid véu nén duge ky hiéu 1a HHb va
HHbO, va dang mudi cua chung la KHb va KHbO,,

Co ché tac dong cua hé dém hemoglobin ¢6 lién quan mat thiét dén qua trinh
trao d6i khi & phéi va cac to chuc.

O phéi, Hb két hop véi oxy sé& gidi phong ion H+:
HHb + O, ——>HbO, + H*
H* két hgp véi ion HCO3— tao thanh H2CO3:
H"+ HCO;” ——H,C0,
Phé nang phéi ¢6 ap lue riéng phan cua CO, thap nén H,CO, bi phan ly thanh
CO, va nudc:
H,CO, —=C0, + H,0
Khi CO, duge dao thai theo khi thd ra.
HbO, tao thanh & phéi theo mau déng mach dén cac té chiie, phan ly giai
phéng O, va Hb dang khu:
HbO, «<——=Hb + O,

CO, dugc tao thanh do qua trinh chuyén hoa cic chit & t& bao sé két hop véi
nudc tao H,CO,, phan ly thanh H" va HCO, nha sy xic tac cia enzym carbonic
anhvdrase:

carbonic anhydrase

C02 + HZO*:H2CO3 € >H™ + HCOB—

Hb nhan ion H” dé hinh thanh HHb, réi theo mau dén phdi dé gin oxy.
Mét phan CO, ctia mau (khoang 5%) dude gan véi nhém base ciia Hb:
R—'NH2 + Co«z _‘_)(__R—NH_COO_ + H+
3. SU PIEU HOA THANG BANG ACID - BASE CUA CO THE

Trong qua trinh chuydnhos s es s tas thitth mét s6 acid vé cd nhu
H,50,. H,PO, H,CO,.... nidt 86 acid hitu-coVnkirvacid lactic. acid pyruvic. acid
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acetoacetic... Téng luong ion H' duge tao thanh c6 thé lén dén 100mEq/24gis. Tuy
vay, pH cua mau va cac dich ¢g thé van rat én dinh chi dao déng trong mébt gidi
han hep (7,4 + 0,05). Co thé c¢6 kha nang duy tri thang bang acid base nhu vay
chinh 14 nho mét co ché diéu hoa cua cac hé dém két hgp véi hoat dong sinh ly cua
phdi va than.
3.1. Diéu hoa thang biang acid base do tic déng cita hé dém

Hé dém c6 tac dung diéu hoa nhanh chéng cac tac nhan gdy mat can bang ndi
mob vé acid base.

C6 thé chia hé dém ctia huyét tuong va dich gian bao thanh hai loai:

— Hé dém bicarbonat (H,CO,/ HCO,).

- Hé dém ngoai bicarbonat, gém c6 cac hé dém khac.

Khi ¢6 thé nhian mét lugng acid manh (AH), 53% lugng acid manh dé sé két
hap véi 1on bicarbonat (HCO, ), 47% ké&t hop véi cac anion ciia hé dém khac.

Khi cd thé nhan mot lugng base manh, 53% ludng base d6 sé két hop véi acid
carbonic, phan con lai két hop véi acid yéu cia cac hé dém khac.

Do d6. su tang acid hay base khéng lam anh hudng dén pH cia cd thé.

3.2. Piéu hoa thang bing acid — base do co ché sinh ly
3.2.1. Su hé hdp 6 phai

CO, dudc tao thanh lién tuc trong td chic véi téc dd6 khoang 200ml/phut
(10mmol/phit). Tu té chiie. CO, duge van chuyén bsi mau dén phéi, dao thai ra
ngodi théng qua qua trinh trao déi khi & phéi véi tdc d6 bang vdi tée dé tao thanh &
cac 16 chic. Co thé ngudi la mot hé théng md, trong d6 CO, vira duge tao thanh
lién tuc trong cac mo, vita duge dao thai lién tuc béi phéi. Do d6, pCO, ctia mau va
cac dich khong déi va pH ciing git dude gia tri 6n dinh. Vay phdi 1a co quan thai
trir acid carbonic htu hiéu bang sy thé ra khi CO,. Trung tam hd hap 4 hanh tuy
diéu hoa pCO, va pH cia mau theo c¢o ché:

— Khi pCO, / mau tang, pH mau giam, téc d6 hé hap tang.

- Khi pCO, / mau giam, pH mau tang, toc dd hé hap giam,

3.2.2. Su bai tiét & than

Than doéng vai tré quan trong trong su diéu hoa thiang bang acid base cia co
thé. Co ché cua sy diéu hoa la duy tri néng dé sinh 1y cua ion bicarbonat (HCO,)
trong huyét tuong va dich glan-bao bang 3 qua trinh nhu sau:

Tdi hap thu ion bicarbonat (HCO, ) d éng.thon
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Trong diéu kién sinh 1y binh thudng, nudc tiéu khong chiua HCO, vi toan bo
lugng HCO, loc qua cau than dugc tai hip thu ¢ dng than... Khi than bi ton
thuong vé chite nang tai hap thu HCO, . s& nhanh chéng dan dén tinh trang thiéu
hut HCO,” va nhiém base chuyén hoa.

Kha ning tai hdp thu HCO, cuia t& bao than chiu anh hudng cia nhiéu yéu té:

— pCO, cta co thé ting 1am tang hap thu HCO,” & éng than va ngudc lai.

— Su tai hap thu Na' 6 éng than.

—Néng d6 Cl va K' trong mau giam ciing gay ting tai hip thu HCO, ¢ éng than.

Truong hgp trong mau va dich ngoai t& bao thua HCO,  , than sé khéng tai
hap thu ma sé bal xuat ion nav.

Tan tao bicarbonat

Cac ion H* cua cac acid tao ra trong qua trinh chuyén hoa dugc trung hoa béi
HCO,” néi mé. Luong HCO,  mat di nay sé dude bu lai bang su tan tao HCO,"
trong té bao 6ng than.

Ion HCO.~ dugc tao bdi phan Ung gitta CO, sinh ra & t& bao va nude tao H,CO,,.
Chat nay duéi tac dung cua anhydrase carbonic phan ly thanh HCO,” va H*. Ion
HCO.” dude khuéch tan vao mau, con H* sé& két hap véi NH, (san pham chuyén
hoa & than) tao NH,* dao thai ra ngoai theo nude tiéu.

Dao thdi cdc acid khéng bay hoi ra nudc tiéu

O nuéc tiéu, ngoai NH,, con ¢6 muéi phosphat (HPO,)*", creatinin, urat... 1a
chat nhan H* @€ tao thanh cac dang acid. Ngoai ra, trong nudc tiéu con chia cac
acid hilu cd, san phdm trung gian cda qua trinh chuyén hoa. Tat ca cac dang acid
nav dude goi la acid khéng bay hdi cia nudc tiéu.

4. ROI LOAN THANG BANG ACID - BASE

Tuy thudc vao nguyén nhan, cac tinh trang réi loan thang bang acid—base
duge chia thanh hai nhém chinh:
4.1. Réi loan thiang bing acid-base do nguyén nhan hd hap

Gdm nhiém acid hé hAp va nhiém base hd hép, ¢6 lién quan truc tiép dén sy
thay d61 pCO, cua mau.
4.1.1. Nhiém acid hé hdp

Nhiém acid hd hap la trang thai hay qua trinh bénh ly giv gidm su théng khi
cua phé nang din dén tang pCO,.trong.mau.dong-mach.(> 45mmHg), vi du: viém

phoi, khi thung, phu phéi, ton thuong trnng Favs B hap, liet co ho hip, tic nghén
duong tha...
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Phin dng cta co thé: huy déng hé dém cuia mau va dich thé, tang tao HCO,"
cua than. Néu nhiém acid hé hap kéo dai, than tang dao thai ion H' dudi dang
NH," va cac acid khéng bay hoi.

4.1.2. Nhiém base hoé hidp

La trang thai hay qua trinh bénh ly gdy tang théng khi phé nang dan dén
giam pCO, trong mau déng mach (< 35mmHg), vi du: trung tAm hd hip bi kich
thich (viém nao) hay bénh vé phéi.

Phan tng cia cd thé: huy ddng hé thong dém cia mau va dich néi bao va cham
hon 13 hoat déng bu triy cia than (giam su tao thanh amontac va tan tao HCO,
tang dao thai HCO,).

4.2. R6i loan thiang bing acid — base do nguyén nhan chuyén hoa

Khi ndng dd bicarbonat thay déi do nhiing co ché lién quan dén chite nang cia
than. hé tiéu hoa va su chuyén hoa ¢ md sé din dén tinh trang nhiém acid chuyén
hoa va nhiém base chuyén hoa.

4.2.1. Nhiém acid chuyén hod

LA qua trinh bénh 1y din dén tang acid khéng bay hoi trong 6 thé hoac sy
thiéu hut HCO, trong mau va dich ngoai bao (ndng d6 HCO. < 22 mEq/L)

Nguyén nhan:

— Mat ion HCO,~ do tiéu chay kéo dai.

— Suy than, réi loan chiic nidng éng than (giam kha ning dao thai cac acid

chuyén hoa nhu acid lactic, ceton, giam kha nang tan tac HCO,, giam tai hap
thu HCO,).

— R&i loan chuyén hoa giy tang su tao thanh céc acid cetonic nhu bénh tiéu
duong. déi kéo dai .
4.2.2. Nhiém base chuyén hod

La tinh trang bénh ly dan dén thiéu acid hoac thita HCO, ¢ mau va dich
ngoai bao (néng do bicarbonat > 26mEq/L).

Nguyén nhan:

— Nén mua kéo dai gdy mat acid dich vi

— Tang tan tao HCO, 6 t€ bao éng than.

— Giam Cl™ trong mau.

— Cac bénh giy tang san xuat aldosteronde/hau qua ctia viée mat acid theo
nude tiéu.
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Chon mot cau tra 18i dung nhat cho cac ciu sau

1.
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Hé dém chi yé&u cua huyét tuong va dich gian bao la:
a. Hé dém bicarbonat
b. Hé dém phosphat
c. Hé dém protein
d. Hé dém hemoglobin
Phai ¢6 vai trd quan trong trong su diéu hoa thang bang acid — base cua cg thé
théng qua tac déng cua:
Hé dém hemoglobin va hé dém phosphat
Hé dém bicarbonat va hé dém protein
¢. Hé dém hemoglobin va hé dém bicarbonat
d. Hé dém protein va hé dém phosphat
Hé dém chu yéu cua dich trong té bao la:
a. Hé dém hemoglobin va hé dém phosphat
b. Hé dém bicarbonat va hé dém protein
c. Hé dém hemoglobinva-hé-dém bicarbonat

d. Hé dém protein va hé dém phosphat



Trang thai hay qua trinh bénh ly gy giam su théng khi ciia phé nang dan dén
tang pCO, trong mau ddng mach duge goi la:

a. Nhiém acid hé hap

b. Nhiém base ho hap

¢.  Nhiém acid chuyén hoa

d. Nhiém base chuvén ho4

Khi ¢6 su réi loan thang bang acid base trong cg thé, cd ch& diéu hoa nio sau
day duge ap dung trude tién:

a. Hoat déng ho hap cua phéi

b. Hoat ddng bu trir cua than

¢. Hoat déng cua hé dém

d. Hoat déng chuvén hoa cua gan

Chon tip hgp cau tra 18i dung

6. (0 ché diéu hoa thang bing acid base do than l1a duv tri ndng dé sinh ly caa

ion bicarbonat (HCO.” ) trong huyét tuong va dich gian bao bang cach:
a. Tai hap thu ion bicarbonat ¢ 6ng than
b. Tén tao ton bicarbonat

Tang dao thail ion bicarbonat

o

d. Dao thai cac acid khéng bay hoi ra nuée tiéu

CAU HOI NGHIEN cUU BAI HOC

1.

o

Néu hai hé théng dém déng vai trd quan trong trong viée duy tri thang bang
acid — base cta ¢d thé. Trinh bay cd ché hoat déng cua hai hé thong dém nay.
Giai thich cd ché ctia sy diéu hoa thang bang acid — base do hoat dong bai tiét
cua than.

Néu cac anh hudng clia su rél loan thing bing acid — base dén qua trinh
chuyén hoa va hoat dong chiic nang ciia ¢d thé.
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Chuong 9
HOA SINH THAN VA NUGSC TIEU

MUC TIEU

1. Trinh bay duge khdi qudt chite ndng cta than.

2. Giai thich duogc co ché hinh thanh nude tiéu.

3. Néu duge tinh chét ly hod cua nudc tiéuw.

4. Néu dugc y nghia lam sang cua cde chét bt thuong trong nude tiéu.

5. Trinh bay dude nguyén tdc va ¥ nghia cde nghiém phdp tham do chite
nang than.

1. THAN

Than giti vai trd quan trong nhat trong viée bai xuilt cac chit ¢6 hai hay khong
can thiét ra ngoai co thé dudi dang nude tiéu. Than tham gia diéu hoa thang bang
acid — base nho vao su tai tao ion bicarbonat va su bai tiét ion amoni va hydro. Cac
chitc nang khac cta than la tham gia vao mdt sd chuyén hoa cac chat (acid
hippuric, urocrom) va chic phan néi tiét.

Hai than cua ngudi 16n nang khoang 300g (khoang 0,5% khéi ludng co thé) va
moi than dai khoang 12 em. Hang ngay ludng mau di qua than 1a rat 16n (1.000 —
1.500 1it/24 giv), véi 90% lugng mau di qua dé loc va dao thai cac chit, con 10% dé
cung cip nang luong cho than.

Don vi chiic nang cta than 1a nephron. Méi than c6 khoang tir 1 dén 1,5 triéu
nephron. Méi nephron bao gém:

— CAu than: gobm mot b6 mao dong mach hinh cdu (quan cau than) dude boc

bang tai hai mang (boc Bowman).

— Ong than: gdm c6 O TUomgan not vo: Dt)( Towman, quai Henlé va 6ng lugn

. THU VIEN

1¢ urﬁzugﬁrthan

186 TAI LIEU PHUC VU THAM KHAO NO18O

xa. Ong lugn xa ndi véi or




Tiéu dang mach ) Ong than ‘
than di ra Ong Itron gén Glucose Ong Iwon xa
Cau than Acid amin

Cr

KBao Bowman | Add unic 1+

. HPOZ  Creatini
~. HCGO;
Tiéu dong mach  “CI-
than di vao Uré
H,0
Nhing chat dwac loc qua ciu than:
- Nwdc NH,*
- Chét dién giai Quai Henle H.PO,
— Acid amin
- Urg NaCl NaCl
- Aaid urnic
- Creatinin

Hinh 9.1. Cau tao cla nephron, don vi chife ning cua than

1.1. Chitc nang loc va bai tiét cua thian

Cac chic nang chinh ctia than bao gom sut loc, tai hap thu va bai tist. Than két
hop nhiing chitc nang nay dé duy tri va diéu hoa cin bang néi mét.

Su hinh thanh nude tiéu 1a téng hop cua cac qua trinh:

— Siéu loc xay ra S ciu than.

— Tai hap thu va bai tiét xay ra ¢ éng than.
1.1.1. Qua trinh siéu loc

Giai doan dAu cla su tao thanh nude tiéu 1a qua trinh sidu loc cia huyét tudng
6 ciu than. Mdi ngay cé khoang 180 lit nude tiéu ban dau dude hinh thanh. Nude

tiéu ban ddu ¢6 thanh phan nhu huyét tuong, nhung khéng ¢6 cac protein cé trong
lugng phan td 16n hon 70.000.

Qua trinh loc 6 cau than xay ra la nho vao ap Iue hiéu dung Pf:

Pf = Pg — (Po + Pc)

Pg: Ap sudt thiy tinh trong cAu than (ap suat mao déng mach day nude ra bao Bowman)

Po: &p suat keo cua huyét tuong (hit nudce tir bao Bowman vao mao mach)

Pe: Ap suit thuy tinh trong bao Bowman (hgude véi su hut nude tu bao
Bowman viao mao mach)

(3ia tri binh thuong cua Pg = 50mmHg, Pors 25mmHg, Pec = 5mmHg, Pf = 20mmHg.
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1.1.2. Quad trinh tdi hdp thu

Qua trinh tai hAp thu la qua trinh x4y ra lién tuc d 6ng than. C6 nhiéu muc dd
hap thu: haAp thu hoan toan, hap thu phan 18n, hAp thu mét phan va khéng duge
tai hap thu. Nhing chidt ma hau hét duge tai hap thu hoan toan khi nong d6 cua
ching trong huvét tuong la kha thap xuat hién trong nudc tiéu khi nong dé trong
huvét tuong 6 trén ngudng hap thu cua chung. Creatinin 1a chdt duge tai hap thu
vl mot lugng rat nho vi ¢6 ngudng hap thu thap.
1.1.2.1. Tai hap thu hoan toan

Nhing chat cé ngudng hap thu cao nhu glucose hau hét duge tai hap thu hoan
toan d éng than.

Ngudng tal hap thu cta glucose & than 1a 1,75g/1lit. Mét s6 ngudi c6 nguong
than giam sé giv ra tinh trang duong niéu (dai thiao dudng do than).
1.1.2.2. Tdi hdp thu hdu hét

99% nude dude tai hap thu. phan 16n 6 dng luon gan. Su tay hap thu nudc
thuaong di kém vl su tai hap thu natri va clo.

Cac chat duge tai hap thu hau hét con bao goém kali 98%, phosphat 95%,
bicarbonat trén 90% (cht véu & ng lugn gan). Cac acid amin cling duge tai hap
thu gan hét 3 ong than.
1.1.2.3. Tai hdp thu phan lon

Natri va clor 1a cac chat dude tai hAp thu phan 1én. chu véu 6 éng ludn gan. Su
ta) hap thu natin thusng kém theo su tai hap thu nude va nhiéu chit tan khac.
1.1.2.4. Tdi hap thu mot phan

Cac chat nhu uré, urat. vitamin C duge tai hap thu khoang 50% tai éng than.
1.1.2.5. Khong tdi hép thu

Cac chat dude loc qua cau than, nhung khéng dude tai hap thu ¢ 6ng than 1a
inulin. mannitol va natri hyposulfid. Vi vay, nguoi ta thuoeng do d6 thanh thai cua
cac chit nay dé khao sat chiic nang loc cua ciu than.

1.1.3. Qua trinh bai tiét

Chtde nang bai tiét cua than nham loai bd khéi ¢ thé cac san pham chuyén
hod cubl eting va bat ky nhing chat vo cd du thira trong ché dé an. Ba tiét 1a qua
trinh cac chat tu huvét tuong duge té bao ong than dao thai vao nude tiéu.
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Cac san pham du thira dugde bai tiét bao gom nhitng hgp chit uré ¢é nitd khong
phai 12 protein; mdt s6 acid hitu cd, bao gom ca acid amin. dudc bai tiét véi s6
lugng nho. Cac chat nhu kali. acid uric, creatinin. H*. NH,'... cing dudc bai tiét
viao Ong than khi néng d6 trong mau cao.

Ngoai ra, cac chit dua vao co thé dé diéu tri hay chan doan nhu P.S.P (phenvl
sulfo phtalein), acid para amino hippuric (P.A.H). penicillin... ciing dugc bai tiét ¢
dng than.

Qua cac chiic nidng néu trén clia than, cé thé thay rang nudce tiéu co dac dude
hinh thanh théng qua caic qua trinh siéu loc, tai hap thu va bau tiét. Day cing

chinh 14 co ch& dao thai 6 chon loc cua than.
1.2. Chite nang diéu hoa thing bang acid — base

Than déng vai tro chinh trong viéc duy tri thang bang acid — base, théng qua
sy tai tao bicarbonat va bai t16t NH,” va H™. Ba cd ché chinh nhu sau:

— Su ta1 hap thu bicarbonat (90% xay ra ¢ 8ng than) (hinh 9.2).

— Su tai tao lai bicarbonat bang cach dao thai ion H' duéi dang acid dinh huong
(acid dihvdrophosphat) (hinh 9.3).

— Su tai tao lai bicarbonat bing cach bai xuat NH,* (hinh 9.4).

Mau Ong lon gan Nwdc tidu
H2O —> HQO H2O « H20
AC
AC
H,CO;
— H* > H,COx
HCO; « HCOy HCO5-
Nat e Na' Na*

AC: Anhydrase carbonic

Hinb 9.2. Su' di chuyéan eua'ionH* & éng lugn gin
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Mau Ong Iwgn xa Nwoc tidu

CO; . CO;
HQO d HQO
AC
H,CO; 2Na* + HPO*
— K \
HCOy «— HCO5-
Nat «— Na®  «— Na- J

Na* + H* + HPO*
AC: Anhydrase carbonic

Hinh 9.3. Su bai tiét ion H* @ 6ng ludn xa
Mau Ong lvon xa Nuwdc tiéu

Khir amin c0a aa NH; —>

COZ > COz
H,O » H,0 T’ H,CO4
\ NH,
G R
HCO5 < HCOy~
Na* - Na* < Na’

AC: Anhydrase carbonic
Hinh 9.4. Sit tao thanh va bai ti€t NH4* 8 6ng lugn xa
1.3. Chirc nang ndi tiét cua than

Chuc nang néi tiét/ctia than ¢o thé duce xem nhu la chic ning nguyén phat. vi

than cing 12 mdt co quan néi tiéh san xuit hormon, hoac dude xem nhu la chuc
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nang tha phat vi than 1a dich tac ddng ctia hormon duge san xuat hay hoat hoa boi
ndi khac. Thém vao d6, than 13 not thoai bi€n cda cac hormon nhu insulin va
aldosteron. Hai chitc nang noé1 tiét cuia than la:

— DPiéu hoa su hang dinh néi méi, thang bang nude, dién gial va huvét ap qua
hé théng renin — angiotensin va aldosteron

— Téng hgp véu td tao héng cau cia than (REF = Renal erythropoietic factor)
gidp chuyén tién chit cua ervthropoietin trong huyét tuong thanh erythropoietin
dang hoat dong.

1.4. Chitc nang chuyén hoa cac chit cua than

Than tham gia vao cac qua trinh thoai hoa glueid, lipid dé cung cip nang
luong cho than.

Dac biét d than ¢6 nhiéu enzym khit amin nhu L — aa dehyrogenase cua glvcin.

L — glutamic va cAc transaminase. Vi vay, than tao ra nhiéu acid a — cetonic va
NH. (bai xuit trong nude tidu dudi dang mudi ammoni).

Than con tham gia qua trinh téng hop acid hippuric ti glvein va a benzoic
cling nhu qua trinh khtt nudc caa creatin dé tao thanh creatinin.

Ngoai ra than con tham gia qua trinh diéu hda chuyén hoa mudi nudc ctia co thé.

2. NUGC TIEU

Nuge tiéu la dich bai xuat bsi than. di qua niéu quan, chita ¢ bang quang va
dude thai ra ngoai qua niéu dao. Nude tiéu chia phan 1én nhitng chat can ba cua
¢o thé. Cac thay d81 vé cac chi s6 hoa ly va thanh phan hoa hoc cua nude tiéu la
nhiing biéu hién cho thay ¢é nhiing réi loan chuyén hoa trong co thé. Xét nghiém
phén tich nudc tiéu giup danh gia dude cac réi loan chuyén hoa c6 thé xay ra va dé
dam bao két qua xét nghiém duge chinh xac,cin phai 14y mau chinh xac va dung
quy cach.

2.1. Tinh chAt chung ctia nudc tiéu
2.1.1. Thé tich nudéc tiéu

Thé tich nudc tiéu trung binh § ngudi 16n trong 24 gis vao khoing 1.000 ml —
1.400 m] (khoang 18 — 20 ml/kg can nang).

Cac nguyén nhAn sinh 1y ¢6 thé 1am thay d6i thé tich nudc tiéu bao gom:

— Tudi: tré em tiéu nhidu hon ngudi 16n (tinh theo can nang).

~ Thite an: lugng nudc UGHE Vo cang nhitl, nude tiéu cang nhidu (trung binh
2.500 ml/ngay 6 ngudi 16n).
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~ Lugng nudc thoat ra (hoi thd, md hbéi) cang nhiéu. nudce tiéu cang it.

— Nhiét d6 va d6 4m cua khong khi ciing anh hudng dén thé tich nude tidu.

Cac truong hdp bénh ly:

— Lugng nudce tidu ¢6 thé 1én t8i trén 2.500 ml/24 gis trong truong hop dai thao
duong. dai thao nhat.

— Lugng nuée tiéu dusi 750 ml/24 gid gap trong cac trudng hgp thiéu niéu, vé
niéu do réi loan bai tiét (do bénh viém cau than. viém éng than. mat mau, bong

nang), hoac do su ngan chian ¢o hoc (do so1 duong niéu).
2.1.2. Mau cua nudc tiéu

Mau cta nudc tiéu binh thusng thay déi tir vang nhat dén mau hé phach, tuy
thude luong nudce tiéu bai xuit va dam d6 cia nude tiéu. Mau nude tiéu do cac sic
t6 trong nudc tiéu nhu urochrom. urobilin (san pham oxv hoa cia urobilinogen
khong mau). cac dan xuat cua indoxyl, porphyrin. Céc sic td trén co thé ting trong
moét s bénh vé gan. mat. Ngoai ra, mot s6 dude phdm dao thai qua nude tiéu

(rifampicin. vitamin B,...) ciing lam thay ddi mau cia nudc tidu.
2.1.3. D¢ trong sudt

Nudc tiéu binh thudng thi trong sudt. Sau khi dé vén mét thoi gian. trong nudc
tiéu sé ¢6 van duc lo Ning ¢ gida hay ling xuéng day éng dung nudc tiéu (tuy vao
ty trong ctia nude tiéu). Nhilng van duc nay la nhitng t& bao ndi mé cua cac dudng
t18t niéu va cac chat nhay uromucoid.

Nudc tiéu binh thudng sau khi dé yén trong lo vAn ¢é thé xuat hién tua ldng
xudng dav. D6 ¢é thé 1a can acid uric, mudi urat natri, hav mudi phosphat. Hai loaa
mubi urat va phosphat c6 thé phan biét bang cach dun néng nudc tiéu. mudi urat sé
tan khi dun néng. nudc tiéu trong trd lai; con can phosphat khéng tan trong méi

truong trung tinh va kiém. chi tan trong méi truong acid nhe (nhu acid acetic).
2.1.4. D6 sanh
Nuée tiéu binh thudng ¢6 dé sinh cao han nude mot it. Trong cac trudng hdp

bénh ly. su ¢6 mit cac chit nhu mu. mau, protein, mucoprotein. dudng chiap, ma...
lam tang d6 sanh, héi va cd bot.

2.1.5. Mui

Nudc tiéu binh thudng c6 mui dac biét. Cae trudng hop bénh 1y lam bién déi
mii cua nude tiéu nhu mui aceton (fiéu duong), hay mui théi (s6t cao, ung thu
than, bang quang).
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2.1.6. Sttc cang madt ngoai

Binh thudng nudc tiéu c¢é sic cing mat ngoai thap hon nudc (6469 dynes/cm”
s0 vé1 72 dvnes/em? cta nudce). Mot sd chi't khi dude dua vio cd thé cé thé lam giam
stic cang mat ngoai cua nude tidu nhu: alcol, ete, cloroform. Trudng hop bénh ly
vang da tic mat, muéi mat xuat hién trong nude tiéu ciing lam giam sic cing mat
neoal cua nude tidu.

2.1.7. Ty trong

Ty trong cla nudc tiéu binh thudng cua ngudi 1én trong 24 gig, do & didu kién
150°C, thav doi tir 1.005 —1,030. Trong trudng hdp bénh ly nhu dai thao dudng do
tuy. ty trong nudc tiéu cé thé tang lén 1,030 —1,040.

2.1.8. Pé pH ciia nudc tiéu

Nudc tiéu binh thudng ¢é6 phan tung hdi acid, ¢c6 pH khoang tit 5-6, thudng
khoang 5,8. Lugng acid trong nudc tiéu ngudi binh thudng trong 24 gid cé6 néng d6
tuong iing khoang 30-40 mEq H", tudng duong véi khoang 2g acid sulfuric.

D6 acid cia nudc tiéu 1a do su ¢6 mat cua chc acid tu do nhu acid acetyl acetic,
acid uric, phosphat acid ( PO,H* ) va sy bai xuat cac hgp chat acid dudi dang mudi
ammoni nhd vai trd diéu hoa thiang bang acid—base clia than.

Cac diéu kién sinh ly c6 thé lam thay d6i d6 pH ctia nudc tiéu. Khi khau phan
an ¢6 nhidu dam thi pH nudc tiéu cang acid, khi khau phin an c6 nhiéu rau thi
nude tiéu c6 it acid hon, pH c6 khi trung tinh hoac kiém. Khi van dong thé luc
nhiéu, lao déng nang ciing lam ting d6 acid cua nude tiéu.

Céc truong hop bénh 1y ¢6 thé lam thay déi pH nudc tiéu nhu sau:

— Trong trugng hdp viém bé than, viém bang quang thi pH nudc tiéu thuong
kiém vi ¢6 sy 1én men ammoniac.

— Déi v6i nhiing bénh nhan dai thao dudng thé ceton, pH nude tiéu thudng acid do
6 su bai xuat acetyl — acetic, B — hvdroxybutyric dang tu do va dang muéi ammoni.

2.2. Thanh phan cac chit etia nudc ti€u binh thuong

Nudc tiéu binh thuong trong 24 gis sau khi béc hai ¢ 100 — 110°C, thu dude cin
khé nudc tiéu (55 — 57g/Mmude tidu 24 gid) gdm nhitng chit v6 cd va hitu co. Can kho
sau d6 dem nung thu duge tro dé xac dinh thanh phan ctia nudc tiéu.

2.2.1. Cdc thanh phan vé co (khodng 15-25g/24gi0)

Thanh phin vé cg-etia-nude-tibu-binh-thugng-trong 24 gio dudc trinh bay nhu
sau (bang 9.1):
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Bang 9.1. Thanh phan cac chat vé cd trong nudc tiéu 24 gio

Thanh phan Néng do Thanh phan Nong dé
Na* 3-5¢ Zn*" 600mg
K* 2-4g I 50-2501g
Ca?" 0.1-0,2g cu 100 pg
Mg?" 0.05-0,2g As 50 ug
NH,” 0,3-1g Pb 50 ug
ol 5-9¢g ,
PO 2-2.5g
SeXa _ 0.7-3,59 a

Natri va Kaly

Binh thudng co thé diao thai khoang 3-5g natri va 2—4g kali trong nude tiéu
trong 24 gid. Su dao thai nay thay d6i theo ché dé in. tinh trang can bang acid-
base cha ¢ thé va dude diéu hoi bdi hormon vé thugng than.

Calci va Magne

Phan 16n lugng calei va magne duge dao thai ¢ rudt. Khoang 15-30% lugng
calei va 20—50% lugng magne dudc ddo thai ra ngoai qua nude tiéu. Trong mot so
bénh chuyén hoa xuong lugng nay c6 thé thay déi.

Clo

Su bai xuit clo phu thude ché d6 an. Lugng clo trong nudce tiéu giam trong mét
s8 trudng hdp bénh 1y nhu viém than, bénh nhiém tring.

Phosphat

Phosphat bai tiét qua phan va nudc tiéu chu yéu Ja & dang vé cd. Phosphat ¢6 hai
ngudn gbe ngoai sinh (dudc dua vao co thé tiy thite an) va ndi sinh (do thoai hoa
phospholipid va nucleoprotein). Hai thanh phan phosphat acid (H,PO,") va phosphat
base (HPO,* ) tao thanh hé théng dém chinh clia nude tidu (quyét dinh pH nude tiéu).
Cac mubi phosphat it tan (mudi calci va magne) xuat hién trong nuéc tiéu kiém
(thudng 1a thanh phan cua soi niéu). Su bai xuat phosphat tang 1én trong mot s6 bénh
vé xuong, cudng can giap va giam trong trudng hop thiéu nang can giap.

Sulfat

Sulfat cé6 ngudn géc chi yéu tit su thoai hoa hoan toan cac acid amin chia luu
huynh. Sy bai xuat sulfat qua nudc tiéu phu thuéc vao ludng protein trong thic
an. C6 hai dang sulfat chinh trong nuéc tiéu binh thusng:

— Sulfat vé cd: ty 1& véi lugng protein thue an, lugng sulfat vo co dude xem la
chi 56 thoai hoa protein.

— Sulfat hién hgp (10%): ¢6 trong cac chat hitu co nhu sulfon, cresol, indoxyl...
va mot lugng nho acid amin ¢6 chia luu huynh.

Amoniac

Amoniac ddo thal qua nude-tiéu chi yéu dudidang ion NH,” do sy khuéch tan
NH, tit t& bao éng than ra va két hop vai 1o H*.
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2.2.2. Cdac thanh phan hitu co (khoang 30—40g/24gid)

Thanh phan hitu c¢d cua nuée tiéu binh thudng trong 24 gisé dude trinh bay &
(bang 9.2) sau:

Bang 9.2. Thanh phan céac chat hitu cd trong nudc tiéu 24 gid

Thanh phan Néng do Thanh phan Néng do
Uré 25-30g Acid oxalic 0,015-0,02g
Creatinin 1-1,8g Acid citric 0.2-1,2¢
Creatin 0.06-0.15¢g Acid amin 0,15-0.2¢
Acid urc 0.5-0.8g Acid lactic 0,05-0.2¢g
Acid glucuronic 0.3-1.0g Acid béo ' 0.05g
Acid hippuric ; 0.1-1,0¢ ! !

Uré

Uré la thanh phan c¢6 nhiéu nhat trong nude tiéu. Ludng nitd cua uré trong
nude tiéu chiém 80 — 85% lugng nits toan phan cta nude tiéu. Su bai xuat uré do
than la véu t& quan trong nhat trong viéc duy tri can bing dam cho cd thé. Su bai
XUAt uré qua nude tidu phu thudc vio ché dé in. Viée dinh lugng nong d6 uré trong
mau va trong nude tiéu 1a xét nghiém co ban thim do chic nang than. Sy bai xuat
uré tang treng mdt sé trudng hdp bénh ly nhu sét cao, dai thao duong hay wu nang
tuvén thugng than va giam trong trudng hop tén thuong biéu mé éng than do viém
than cap, viém than do nhiém doc chi, thuy ngan.

Acid uric

Acid uric Ja san phAm cudi cang cia su thoai hoa cac base purin. Su bai xuit
acid uric thay déi theo ché do an.

Luong acid uric trong nude tiéu ting trong mét sd bénh nhiém khuan, bénh
chuvén hoa cia nucleoprotein nhu bénh bach cau.

Trong bénh gout lic bat dAu lugng acid uric nidu giam d6t ngdt, nhung téi
ngay thi ba thi tang dot bién. Néu bénh dién tién dén man tinh. nhing thay dé
trén trd nén khong ro rét.

Creatinin va Creatin

Creatinin la san pham cta su phin giai creatin phosphat ctia ¢6 va cac cd
quan khac. Lugng creatinin trong nudc tiéu rat hing dinh trong nhing diéu kién
sinh ly khac nhau. Su bai xuit creatinin trong nudc tiéu phu thuéde chi véu vio
khéi lugng co. trung binh ¢ nam khodng 20-26mg/kg/ngav va ¢ nit khoang 14~
22mg/kg/ngav. Lugng creatinin trong nudc tiéu giam nhiéu trong cac bénh than
(viém than) va tang trong cac trudng hgp teo c¢d kém theo thoai hoa cd, cudng
tuyén can giap hay dai thao dudng.

Creatin thuong khéng ¢ohoae.cé rat it trongnude tidu ngudi 16n (khoang 0.06—
0.15g/ngayv). Lugng creatin niéu sinh ly tang khi dang 16n, c¢é thai, ¢6 kinh. Tré em
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bai tiét nhiu creatin hdn creatinin. Ludng creatin niéu tang trong modt sé truong
hop bénh ly nhu viém da co, bai liét, cudng giadp va giam trong suy giap.

Acid hippuric

Acid hippuric hinh thanh do su két hop gita acid benzoic va glycin 6 gan, than.
Lugng acid hippuric dao thai trung binh trong nuéc tiéu khoang 0,1 — 1g/ ngay.

Acid oxalic

Binh thudng chi ¢6 mét lugng nho oxalat bai xuat trong nude tidu. Musi oxalat
calel thudng tuia trong nudc tiéu acid. Oxalat 1a thanh phan quan trong tao nén soi
duong niéu.

Acid lactic

Acid lactic 1a san phadm cudi cung cua qua trinh dudng phAn yvém khi. Binh
thudng ham lugng acid lactic trong nudc tiéu khoang 0.05 — 0.2g/ngay. Su bai xuit
acid lactic tang trong trudng hop co cd kéo dai, thidu oxy.

Amylase

Lugng enzym amylase binh thudng trong nudce tiéu khoang 16 — 32 don vi
Vongemuth/ml nuéc tiéu (< 1310 U/). Nong dd nay tang trong cac trucng hop
bénh quai bi. viém tuy cap.

Ngoai ra trong nudc tiéu con c6 mét lugng nhé cac acid amin, cac vitamin (B1,
PP, C...), cac hormon steroid va cac san pham chuyén hoa (danh gia chung dué
dang cac chat 17 — cetosteroid).

2.3. Nhitng chat bat thudng trong nudc tiéu

Nhiing chat bat thusng la nhiing chat chi xudt hién trong nudc tidu ngudi
bénh. Trong thuc t&, & nude tiéu ngudi binh thudng cing cé mot Jugng rat nho cac
chat nay nhung khong phat hién duge bang cac xét nghiém théng thudng.

2.3.1. Glucid

Tinh khii y8u ctia nude tiéu binh thusng 1a do su hién dién cua mét lugng nho
cac ose nhu glucose, fructose. galactose, arabinose, ribose.

Ose thudng xuat hién trong nudce tiéu la glucose (goi 1a glucose niéu). Glucose
niéu gip trong trudng hgp bénh dail thao duong tuy do thiéu insulin, khi do
glucose khong thoai hoa duge din dén néng dé glucose trong mau ting vugt qua
ngudng than (1,75g/1) nén bi dao thai ra ngoai va xuit hién trong nudc tiéu.

Bén canh d6, glucose niéu ciing c¢6 thé gap trong nhing trudng hdp glucose
huyeét khéng cao, do kha nang tai hap thu cua dng than giam. Ngoai ra, nhitng réi
loan enzym bam sinh cling lam cho xuit hién mat, s6 ose khac trong nudc tiéu nhu
fructose, galactose.
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2.3.2, Protein

Binh thudng trong nudc tidéu cing c6 mét it protein, khoang 50-150 mg/nudc
tiéu 24 gis. Tuy nhién, 6 ndng d6 nay, khéng phat hién duge protein bang cac xét
nghiém théng thuong. Khi phat hién cé protein trong nudc tiéu bing cac xét
nghiém thong thudng, thi d6 1a truong hgp protein niéu bénh ly. Protein niéu bénh
ly thuong gip trong cac truong hgp sét cao, bénh dai thao duong, bénh tim mach,
cac bénh vé than.

Phan tich protein niéu bang dién di, ngudi ta phan biét hai loai protein niéu
ngudn goc cau than va ngudn gdc dng than.
2.3.2.1. Protein niéu cdu thdan

Thudng do tang d6 loc qua cAu than hodc do tang dd khuéch tan khi néng dod
protein trong mau cao.

Protein niéu do dé loc tang la khi nudc tiu c6 albumin va cac protein c6 kich
thude nhé hon albumin huyét tuong (nhu hemoglobin, chudi nhe cia globulin
trong u tuy...). Trudng hop nay thudng do tén thucng ciu than lam tang db tham
thau ctia than, gap 8 cac bénh 1y nhu viém cau than, viém than nhiém md.

Protein niéu do d6 khuéch tan tang la khi nuée tiéu ¢6 albumin va cac protein
¢6 kich thudce 1én hon albumin. Thudng gap trong trudng hdp nong doé protein 4
mau cau than tang hodc khi ¢é su @ dong luu lugng cAu than tiép giap véi mang
loc. Vi du: protein niéu trong suy tim, tac tinh mach than, ¢6 thai...

2.3.2.2, Protein niéu do 6ng than

Trudng hop nay it gip hon, trong nudc tiéu xuit hién cac protein cé trong
lugng phan tu nho hon albumin (dic biét 1a a, va 8, microglobulin). Nguyén nhan
la do réi loan tai hap thu protein da duge loc binh thudng bai cau than, Thuong
gap trong cac trudng hop tén thuong bam sinh 6ng than & tré em, ngd doc béi kim
loai nang. Ngoai ra, ciing ¢6 thé gap protein niéu do viém hoac tén thuong doan
duéi cua duong tiét niéu, bang quang hay nidu quan, goi la protein niéu sau than.

Khi chan doan cdc bénh lién quan dén than, cidn phan biét rd vé mat triéu
chiing hoc. Néu tinh trang protein niéu xay ra lién tuc (hay thuong xuyén) thi ¢
thé 12 do cic bénh ly vé than gay ra. Néu tinh trang protein niéu xay ra khéng lién
tue (gian doan), thi cé thé la do réi loan chitc nihg, trudng hop nay thuong do ging
sic, lao dong ning, do ding lau hay do van mach, rét, cam dong.

Khi dién di protein niéu. ngudi ta phan biét duge bon loai protein niéu bénh ly:

— Protein niéu toan.phan:.cé.mat.tit.ca-thanh-phan protein huyét thanh, gip
trong viém cAu than nang.
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— Protein niéu chon loc: chu yéu c6 albumin huvét thanh va 3 — globulin, gap
trong hdi ching than ¢é tén thuong nho & ciu than.

— Globulin niéu chon loc: chu yéu ¢é «, va B — globulin, ty 1& albumin huyét
thanh thap, do ngudn gdc dng than, gap trong viém 6ng than ké cip, viém dng
than bam sinh. bénh Wilson. galactose niéu,

— Protein niéu Bence — Jones: ¢6 3. ¥ — globulin véi sy hién dién cua albumin
huvét thanh hoac khéng, con goi 1a protein nhiét tan (chi tna ¢ 60 — 70°C). gap
trong da u tuy xuong.

2.3.3. Cdc chat cetonic

Nudc tiéu binh thuong chita khoang vai mg acid acetyl acetic/lit va vai tram
mg acid B — hydroxybutyric. Cac chat cetonic tang trong réi loan chuvén hoa glucid
(d4i thao dusng), d6i va trong tang chuyén hoa lipid.
2.3.4. Sdc té6' mat - Mudéi mat

Trong nudc tiéu xuat hién bilirubin lién hop va mudi mat trong trudng hap
vang da do viém gan va vang da do tiac mat. Bilirubin lién hgp trong nudc tiéu

dude goi la sic td mat. Trong tén thudng gan, nude tiéu cing cé mot lugng
urobilinogen, 1a chat tao thanh tu rudt va gan khéng gid lai dudc.

2.3.5. Hong cau va Hemoglobin

Héng cdu xudt hién trong nude tiéu gap trong viém than cip, lao than, ung
thu than, soi than...

Nude tiéu c6 hemoglobin gap trong s6t rét ac tinh, vang da do tiéu huyét, bong nang...
2.3.6. Porphyrin

Binh thuong lugng porphyrin bai xuit ra nudc tiéu khoang 50-200mg
(copoporphyrin I va II). Hai loai porphyrin niéu bao gém porphyrin vé can do di

truvén, do thiéu enzym clia quéa trinh téng hgp hem va porphyrin niéu thi phat,
do nhiém déc dan dén e ché su tong hdp hem.

2.3.7. Duong chédp
Dudng chdp la cac thanh phan cua dich bach huvét tran vao nude tiéu khi

mach bach huyét ving than hay bang quang bi v8. Dudng chap lam cho nuée tiéu
trang duc nhu nudc vo gao, thudng ¢é trong nude tiéu bénh nhan bi giun chi.

2.3.8. Cdn va soi

Cac loai can lang trong nudc tiéu gdm c6 acid uric, mudi urat, carbonat, oxalat,
phosphat.... 461 khi la cystin,tyrosin, leucin, Cac.can nay lang két 1au ngay co6 thé
tao soi va tuy theo vi tri c6/thé tao soil than hav 61 bang quang.
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3. THU NGHIEM THAM DO CHUC NANG THAN

Pé danh gia tinh trang va chie nang loc cua than. ngudsi ta thudng khao sat
cac chi tiéu nhu protein niéu, cin niéu, néng dé uré trong mau, néng do creatinin
trong mau. Dac biét, viéc khdo sit uré va creatinin huyét con giip tién lugng sy
tién trién cua bénh. nhat 1a viém than man. Tuy nhién, viée danh gia chic nang
than bang cac chi tidu trén la khong dac hiéu, vi con phu thuéc vao nhiéu diéu
kién khac. Dé ¢6 thé danh gia chinh xac, thuong thuc hién thém cac nghiém phap
tham do chuc nang than.

3.1. Do thanh thai (Clearance)
Do thanh thai ctia mét chat 14 sé ml huyét tuong dude loc hét chat d6 qua nudc
tiéu trong thdi gian mét phiit.
Cbéng thic:
_uv
P
C: d6 thanh thai, tinh theo ml/phiit

C

U: ndng 46 chit dude thanh loc trong nude tiéu (mg/ml)

P: néng d6 chat dude thanh loc trong huyét tuong (mg/ml)

V: thé tich nuéc tiéu (ml/phit)

D&l véi ngudi binh thudéng moéi chit déu cé do thanh thai riéng.

Nhiing chat duge loc qua cau than, khéng bi tai hap thu va khéng duge bai tiét
thém d éng than, cé6 do thanh thai khoang 120ml/phut. D6 thuong 1a cac chat ngoat
lai dung dé diéu tri hay chan doan nhu inulin, mannitol. P4 thanh thai cta inulin
hav mannitol phan anh dé loc cua cau than.

Nhiing chat dugc loc qua cdu than, ¢6 bi tai hap thu va khéng dude bai tiét thém
8 6ng than, c6 d6 thanh thai duéi 120mVphut. Creatinin duge diing phd bién nhat, vi
it bi tai hap thu va bai tiét thém. Binh thudng dé thanh thai creatinin khoang 75—
120ml/phut tuy theo tudi va trong lugng cd thé. D6 thanh thai creatinin nho hon
75ml/phiit chitng to chiic niing loc cau than kém. D6 thanh thai creatinin ¢6 y nghia
va thuong dude su dung trong sinh duge hoc va dude 1am sang.

Ngoai ra, cé thé xac dinh dé thanh thai cia PAH (para amino hippuric), dé do
luu luong mau than vi PAH via dude loc 8 cau than, vita duge bai tiét thém d éng
than. B3 thanh thai cua PAH binh thuong 1a 600-700ml/phut. P thanh thai nay
dudi 500ml/phit thudng gip trong cae truong hop luu ludgng mau than kém, do tén
thuong ciau than, éng than, hay nghén dongamach than.
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3.2. Microalbumin niéu

Microalbumin niéu xay ra khi than dé thoat mét luong nhé albumin vao nudc
tiéu. Trude day lam xét nghiém dam d€ chin doan chitc nang than thudng chi la
khao sat milc dam niéu dai thé (macro albumin niéu). Tuy nhién, nhiing ton
thuong than néu cé khi xuit hién dam niéu dai thé thudng da & giai doan nang,
nén viée diéu tri gap nhiéu han ché. Hién nay nhiing tén thuong sdm & ciu than cé
thé duge chin doan sém nho vao xét nghiém phat hién microalbumin niéu bing
phuong phip mién dich phéng xa (radicimmunoassay — RIA).

Nhiing nghién ciiu gan day con cho thdy su lién quan gitia microalbumin niéu
véi cac bénh tim mach, bénh tiéu dusng, bénh chuyén hoa,... Vi thé xét nghiém
microalbumin niéu dang dugec xem la mét xét nghiém quan trong trong viéc phat
hién va tién lugng mot sé bénh 1y né1 khoa.
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TU LUONG GIA

Chon mot cau tra 16i dang nhat trong cAc cAu sau
1. Théan bai xuat cac chat c¢é hai hay khong can thiét ra ngoai co thé dudi dang
nudc tiéu théng qua cac qué trinh:
a. Siéu loc ¢ cau than
b. Tai hap thu va bai tiét d cau than
c.  Tai hap thu va bAT &L 6ng than

d. avacding
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D

~1

M&i ngay c6 khoang 180 lit nudc tidu ban dau duge hinh thanh. Nuéc tiéu ban
dau ¢6 thanh phan nhu huyét tucng nhung:

a. Khéng cb cic protein ¢6 trong lugng phéan tu 16n hon 7000

b. Khéng ¢6 cac protein c6 trong lugng phan tu 1dn han 70000

¢. Khoéng c6 cac protein ¢é trong lugng phédn tu 16n hon 700000

d. Khong cé cac protein ¢é trong lugng phan ti 16n hon 50000

Qua trinh loc 3 cau than 1a nho vao ap lyc hiéu dung Pf = Pg — (Po + Pc), trong
dé6 Pg la:

a. Ap suat keo cua huyét tudng

b. Ap suit thuy tinh trong bao Bowman

c. Ap sudt thuy tinh trong cAu than

d. Ap suat thuy tinh trong huyét tuong

Glucose 12 chit ¢6 ngudng than cao (1,756g/1). Vi vay glucose la chat:

a. Dugc tai hadp thu hau hét

b. Dudc tai hdp thu hoan toan

c. Dudc tai hap thu mét phan

d. Khdng duge tai hap thu

Su tai hap thu natri thuong kém theo su tai hAp thu nudc va nhiéu chit tan
khac. Natri 1a chat:

a. DPugc ta1 hadp thu hau hét

b. DPudc tal hap thu hoan toan

c. Pude tai hap thu mot phan

d. Pudgc tai hap thu phan l6n

Chie nang bai tiét cha than nhim loai bd khdi ¢o thé cac san phim chuyén
hoa cuéi cung va bat ky nhiing chat vé cd du thua trong ché d6 an. Cac chat
sau dudc bai tiét vao éng than khi néng @6 trong mau cao. ngoai trir:

a. Kali

b. Creatinin

c. NH,

d. Mannitol

Ds pH ctia nude tiéu thuong:

a. Kiém

. Hoi kiém
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c. Hol acid
d. Trung tinh
8. Cac chat cetonic trong nuée tiéu:
a. Tang trong réi loan chuvén hoa glucid (d4i thao duong)
b. Gidm khi tang chuvén hoa lipid
¢. Tang khi giam chuvén hoa lipid
d. avacding
9. Acid uric l1a san pham cuéi cung clia sy thoal hoa cac base purin. trong nuéc
tiéu acid uric:
Tang trong mdt s6 bénh nhiém khuéin
Giam trong bénh chuyén ho4 cia nucleoprotein (bénh bach ciu)
¢.  Thay déi theo ché€ @6 an
d. avacding
10. Chat dugce ta1 hap thu hoan toan g than:
a. Bicarbonat
b. Kali
¢. Glucose
d. avacding
11. Chat duge tai hap thu hau hét & than:
a. Inuhn
b. Mannitol
¢.  Natri hyposulfid
d. Bicarbonat
12. Cac chit bat thudng trong nuéc tiéu bao gbm:
a.  Glucose
b. Protein
c. Sac td mat—-mubdi mat
d. Ca 3 déu dung
13. Chtic ning loc cau than kém khi dé thanh thai creatinin:
a. <65 ml/phit
k. <75 ml/phut
¢. < 85 ml/phut
d. <95 ml/phut
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Chon tap hgp cau tra 16i dang cho cae cau sau

14,

13.

16.

17.

19.

Cac chic nang cua than bao gém:

a. Diéu hoa thang bang acid — base

b. Tham gia vao mét s6 chuyén hoa cac chat

c. Khu doc

d. Chuc phan néi tiét

Than déng vai tro chinh trong viéc duy tri thang bang acid — base théng qua
cac cd ché sau:

a. Su tai hdp thu bicarbonat

b. Su dao thai natri

¢. Su tai tao lai bicarbonat bang cach dao thai ion H* dudi dang acid dinh lugng
d. Su tai tao lai bicarbonat bang cach bai xuat NH,*

Cac nguyén nhan sinh ly va bénh ly 1am thay d6i thé tich nudc tiéu:
a. Tudi

b. bPai thao duong

¢. Viém cau than

d. Nhiét d6 va d6 Am cua khong khi

b6 thanh thai C = U.V/P, trong dé:

a. C la doé thanh thai, tinh theo ml/phut

b. U la néng d6 chat dude thanh loc trong nude tiéu, mg/ml

¢. P landng d6 chat duge thanh loc trong huyét tuong, mg/m}

d. Vl1athé tich nudc tiéu, ml/phat

Ngudh ta thudng danh gia chiie nang than bang cac xét nghiém:

a. Do néng dd creatinin trong mau

b. Microalbumin niéu

c. Do hoat dé enzym ASAT

d. Do hoat dd6 enzym ALAT

Protein niéu bénh ly thuong gap trong cac truang hop:

a. Sét cao

b. Bénh dai thiao duong

c¢. Bénh tim mach

d. Cac bénh veé than.
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20. Su bai xuat uré do than la yéu t6 quan trong nhat trong viéc duy tri can bang
dam cho cd thé. Su bai xuat uré ting trong mjt s6 trudng hop bénh ly nhu:
a. Sét cao
b. Dai thio dudng
c¢. Uu nang tuvén thugng than

d. Tén thuong biéu md éng than do viém than cap

CAU HOI NGHIEN cUU BAI HOC

1. Trinh bay chiic ning loc va bai tiét cia than.

2. Giai thich su diéu hoa thang bang acid base & than.
3. Liét ké cac thanh phan cta nudc tiéu binh thudng.
4. Trinh bay cac thanh phan b&t thudng cua nudc tiéu va mét sé phudng phap

tham do chic nang than.
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Chuong 10
HOA SINH GAN

MUC TIEU

1. Trinh bay dudc khdi qudt thanh phdan hod hoc cua gan.
2. Néu duge chize phdn tao mdt cua gan.

3. Néu duoe chite phdn chuyén hod cdc chét cia gan.

4. Néu duoc kha nang khu déc cua gan.

5. Trinh bay duge mét s6 xét nghiém chite ndng gan co ban.

Gan chi€m khoang 3% trong luong cd thé. Gan 1a mét cd quan giii vai trd quan
trong trong chuyén hoa cac chit cho co thé. Gan c¢6 nhiéu chiic niang va cac chiic
ning cua gan lién quan mat thiét véi nhau. Lugng mau luu théng qua gan la rat
16n, khoang 1/3 ludng mau luu théng toan cd thé, trung binh khoang 1-2 lit/phit.
Kha nang lam viéc ctia gan la rat 16n, khi ¢é6 bénh 1y ¢ hé théng gan mat sé giy ra
r6i loan nhiéu chiic nang khéc ctia cd thé va c6 thé phat hién dude qua cac xét
nghiém lam sang.

Ong dan mat

T Tinh mach cta gan

Vi

Ly

"{.‘ 3 .Z‘
)
Thay phé g
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1. THANH PHAN HOA HOC CUA GAN

Thanh phan hoa hoc cia gan thay déi tuy theo diéu kién sinh hoat. an udng.
théi ky hoat déng. trang thai bénh ly cua co thé:

Nudéc 70%
Chat kho 30%

Pro 12 - 15%
Glvcogen 2~ 10%
Glucose 0,1%

Lipid trung tinh 2%

Phospholipid 2.5%

Cholesterol 0.3%

Na™. K*, muéi khoang, vitamin va enzvm

— Protein cta gan bao gdm albumin, globulin, nucleoprotein. collagen, dac biét
¢6 ferritin (protein chia sit) déng vai trd quan trong trong chuvén hoa sat va la
dang du trii sit cua cd thé. Ngoai ra gan con chia cac acid amin tu do nhu cystein,
methionin, tyvrosin, tryptophan. arginin, glvein. histidin va dac biét 1a acid glutamic.

- Glucid cua gan chu véu 1a glveogen. thuong chiém khoang 2 — 10% trong
luong gan tiy theo tinh trang c¢d thé (khoang 150 — 200g & ngusi trudng thanh).

— Lipid cua gan chiém khoang 5% trong luong gan trong dé6 md trung tinh la
40%. phospholipid la 50% va cholesterol 1a 10%.

~ Enzym: gan 1a ndl chda nhiéu enzvin nhat. dac biét ¢6 nhiing enzym chi ¢6 8
ean nhu enzvm tong hdp glveogen tu cac dudsng khac glucose. enzym tan tgo

glucosc. hé enzym sinh téng hgp uré... lam cho hoat déng cua gan rat phong phu
va dac hiéu.

— Vitamin: trong gan cé nhiéu caroten, vitamin A, C. D . cac vitamin nhém B.
Gan con la noi du tra vitamin A, D, va B,, cho ca thé (vitamin A du tri c6 thé dap
ing nhu ciu ¢d thé tir 1 — 2 nam, By, tir 2 — 4 thang).

— Mét s6'ion kim loai quan trong c6 & gan nhu sat. natri, kali, magne. dong. kén...
2. CAC CHUC PHAN HOA SINH CUA GAN

Hoat déng hoa sinh cua gan rat manh, phong phi va dac hiéu. Gan c6 kha
nang téng hop va phan ly cic chit cung cip cho cic c6 quan khac. Ngoai ra gan
con ¢6 kha nang khu cac chit déc nél va ngoai sinh.

2.1. Chue phin tao mat

Mat dudce tiét ra tit nhiing té bao gan. qua éng.dan mat duge du trit ¢ tul mat.
Khi tiéu hod. mat dude bai tiét xuomgmrtrang sMat duge tiét ra hang ngay tav vao
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khéi lugng va tinh chat thitc an. Trung binh gan bai tiét 11it mat/ngay. Mat 6 tui
mat dugc ¢ diic hon so v4i mat trong té bao gan. Tuy nhién su c¢é dac nay khéng
phai 12 su mat nudc don thuan ma cac thanh phan trong mat dude c¢6 dac 6 nhiing
muc do khac nhau.

Thanh phan hoa hoc quan trong nhit cia mat la mudi mat. Ngoai ra. con c6
sac td mat. cholesterol va mot s6 chat khéc.

Bdng 10.1. Thanh phan mat trong gan va trong tui mat

Mat / gan (%) Mat / tai mat (%)

Nuéc 97,6 86

Chét kho 24 14

Acid mat 0.4 4.7
Mucin va sac té mat 0.5 4

Cholesterol 0,15 0.6

Acid béo, ion vo co

pH 7.5 68

2.1.1. Acid mdt va mudi mat

— Acid mat dude tao thanh tu cholesterol ¢ gan, vé ban chat la dan chat caa
acid cholanic

— Nguoi ta da phin lap duge cac acid mat sau tlif mat nguai:

+ Acid litocholic (3—hvdroxvl cholanic)

+ Acid chenodeoxycholic (3,7-dihvdroxyl cholanic)

+ Acid deoxvcholic (3,12— dihydroxyl cholanic)

+ Acid cholic (3,7,12— trihydroxyl cholanic)

HO

Cholesterol Acid cholanic
OH OH
HOOC HOOC
HO CH HO
Acid cholic Acid deoxycholic

Hinh10.2. Acid cholanit va cac dan chat

207



— Cac acid mat déu lién két véi glycin hay taurin dé tao thanh cac musi mat.
Nhém amin cua glycin va taurin két hdp véi nhém carboxyl cua acid mat gidng
nhu lién két peptid tao thanh cac acid mat lién hgp. cac acid mat lién hgp két hop
vé Na'. K* thanh cac mué mat (glycocholat natri hay taurocholat natri...)

CH. - COOH CH: = CH; - SO4H
[ |
NH, NH,
Glyemn Taurin
OH
Glycocholat natri
!
|
Ho = 7 OH CO - NH - CH, - COONa
OH
Taurocholat natri
HO OH CO -NH-CH, - CH,- SO3Na

Hinh 10.3. Céng thirc cia mudi mat

Mudi mat ¢6é tac dung nhi tuong hoa ma. gitip cho viée tidu hoa thdc an. Phan
ldn mudi mat (90%) dudgc tai hap thu cung véi lipid tro vé gan, khoang 10% dudc
dao thai qua ph&n ra ngoai. Binh thudng khéng ¢6 mudi mat trong nudc tiéu,
nhung trong tac mat, lugng muo6i mat trong huyét thanh va nudc tiéu sé tang cao.
Trong viém gan vang da, muéi mat tang it hon. Trong vang da tiéu huyét, khéng

thav su tang mudl mat.
2.1.2. Sdc t6' mat
M6t thanh phan quan trong khac cua méat la sic té mat. Day la san pham

thoal hoa clia hemoglobin. Sac t6 mat chi yéu la bilirubin va biliverdin. Qua trinh
tao sac t& mat chu yéu l1a & t& bao lién vong (lach) va t& bao kupffer & gan.
Hemoglobin —— Biliverdin —— Bilirubin tu do —— Bilirubin lién hdp
Sac t6 mat con dude tai tao tir urobilinogen va stercobilinogen. Nhiing san
pham nay duge tai hap thu qua mang rudt vao gan qua tinh mach cia. 0 gan mot

phan urobilinogen va stercobilinegen tai tag thanh bilirubin, phan con lai dao thai

qua mat va xuat hién ¢ phiAn, phan rat nho xuat hién trong nude tiéu.
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2.1.3. Cholesterol

Dich tdi mat cé nhiéu cholesterol, d6i khi téi 1%. Cholestero!, dudc ti€t cung
V61 mat, cling dude tai hap thu va ciing giup cho syg hap thu lipid.

2.2. Chic phan chuyén hoa glucid, lipid, protein

V4i kha nang tiép nhan, chon loc, bién doi, du trlt, phan phdi va thai tri, gan
c6 vai trd quan trong trong chuyén hoa cac chat.

2.2.1. Chizc phin chuyén hod glucid

Gan ¢6 kha nang chuyén hoa manh mé glucid hon céc cd quan khac. Gan téng
hop glycogen va phan ly glycogen thanh glucose cung cdp cho mau dua dén cac cg
quan khac su dung.

Ngoai kha nang tdng hop glycogen tit glucose, gan con téng hdp glycogen ti
cac ose khac nhu galactose, fructose, mannose hay nhiéu san pham chuyén hoa
trung gian khac nhu lactat, pyruvat, acetyl CoA...nhd vao hé enzym chi ¢6 & gan. 0
co thi chi téng hop glycogen tir glucose. Pay 1a diém khac biét giita gan va cd. San
pham chuyén hod trung gian & co sé dude van chuyén vé gan dé tan tao glucose va
téng hop glycogen.

St phan ly glycogen xay ra theo hai cach:

— Phan ly glycogen véi su tham gia cua hal enzym: maltase va amylase. Cach
niy gidng nhu su thiy phan tinh bét trong hé tiéu hoa dé cung cap glucose cho mau.

— Phan ly glycogen véi su tham gia clia enzym phosphorylase la en‘zym cat dt
lién két 1—4 glycosid 8 phan ti glucose nim dau chudi tao thanh glucose 1-P.

Glucose 1 - P == G6- P —Rhosphatase 1 ose —guamangté bao a0

Nhd su chuyén hoa glucid manh mé nén gan con tham gia chiic nang diéu hoa
dudng huyét cung véi cac co ch& didu hda khic nhu than kinh va hormon (insulin,
adrenalin). Khi néng d6 glucose ting cao hon mic binh thuong (16n hon 120mg/dl)
thi gan gia tang téng hop glycogen. Khi néng d6 glucose giam dudi mic binh
thuong ( nho hon 80mg/dl) thi gan tang cuong phan ly glycogen.\

Dé danh gia chie nang chuyén hoa glucid cua gan, ¢6 hai nghiém phap:

+ Nghiém phap giy tang dudng huyét: cho bénh nhan udng 1g glucose/lkg thé
trong lic d6i. LAY mau vio cac thdi diém nhu trude khi uéng, sau khi uéng 30 phut
1 lan trong 2-3 gid. o ngudi binh thuong 1/2 gig sau khi uéng thi néng d6 glucose
tang dén 150 mg/dl va trd vé-miie-binh-thudng-sau-2-gid-O ngudi suy gan, sau 1/2
gig néng dé glucose ting dén 200mgfd] va-tr8 vé mitic binh thudng sau 3 gid. Tuy
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nhién nghiém phap nay khéng dac hiéu cho gan vi cé thé bi anh hudng bdi tuyén
thugng than va tuyén tuy.

+ Nghiém phap galactose niéu: cho bénh nhan uéng 40g galactose pha trong
200m] nude. LAy nudce tiéu va xdc dinh thé tich nudc tiéu va néng dé galactose d
* thoi diém sau 2 gid (M1) va sau 4 gis (M2). Binh thudng M1 < 6g/l, M2 < 4g/l va
téng lugng dudng sau 4 gid < 4g. Nguyén tic 1a gan c6 thé chuyén hoa galactose
thanh glucose va glycogen dé du tria. Khi suy gan, chuyén hoa nay cham di lam
nong dé dudng trong mau tang va dusng sé duge dao thai ra ngoai nude tidu.

2.2.2. Chuyén hod lipid

Gan ¢6 vai tro quan trong trong chuvén ho lipid.

Gan 1a c6 quan duy nh&t tiét ra mat dé nha tuong hoa lipid. Sau khi hap thu,
lipid sé dude bién dd1 ¢ gan va phan phdi di cace co quan khac.

Su thoai hoa acid béo & gan tao ra san pham cudi ciing la acetyl coenzym A.
Mot phan san phim nay tham gia vao chu trinh Krebs dé tao nang lugng cung cap
cho gan. Phan 16n chuyén thanh cac dang cetonic réi dude dua téi cac mé st dung.
Va & moé thi cac chit cetonic lai duge bién d6i thanh acetyl CoA va dude d6t chay
hoan toan thanh CO, va H.O déng thdi sinh ra nang lugng.

Gan cing c6 kha nang tong hop acid béo nhing kha nang nay khéng manh
bang moé md. Gan téng hgp rit manh glycerid, phosphatid va lipoprotein, dac biét
phosphatid va lipoprotein dugc téng hop & gan la chu yéu. Lipoprotein dude téng
hop & gan ¢6 vai tro van chuyén lipid téi cac t6 chic. Khi gan bi tdn thuong hoic
thiéu cac chit hudng md nhut cholin, methionin, inositol thi su téng hgp phosphatid
khong du dé téng hop lipoprotein, khi d6 triglycerid s& khang dude van chuyvén tdi
cac t8 chite, gan sé bi & dong md lau ngay sé din téi xd gan.

Qua trinh tong hop cholesterol d gan manh hon nhiéu 1an so véi than, thuong
than. rudt non va phéi. Dac biét cholesterol ester chi duge téng hop d gan. Vi vay
xac dinh ty 1& cholesterol ester/cholesterol toan phan trong huyvét tudng cé thé
danh gia dude chic nang gan. Binh thuong ty 1&é nay > 65%, trudng hgp bat thuong
ty 1é nav < 50%.

Lipoprotein duge téng hgp chi y&u & gan. LDL va HDL ¢6 chitc nang van
chuvén cholesterol va triglycerid dén cac té chitc. Trong viém gan do virus nong do6
HDL trong huyét thanh rat nho.

2.2.3. Chuyén hod protein

Gan ¢6 kha ning téng-hop-peptid-va-protein-rat-1én cho gan vd cho huyét
tuong. Albumin huyét tudng ehii yéu diioe|t6ng/ hdy tr gan cb tac dung tao ap luc
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keo cho mau. van chuyvén acid béo, bilirubin va mét s6 kim loai. Gan ciing téng hdp
toan bd ferritin, mot protein cd vai trd du trit sit cho co thé ( sit chiém 20%
ferritin). Té chiic lién két ctia gan téng hop moét phan globulin va kha nang nas
taing lén khi bl viém nhiém hay kich (ng. Khi viém gan, xd gan. (yl¢é
albumin/globulin giam do gan giam téng hop albumin va tiang téng hop globulin:
¢6 thé danh gia ty 1é nay bang phudng phap dién di.

Gan con san xudt nhiéu yéu td déng mau nhu fibrinogen, prothrombin,
proaccelerin (v&u td V), proconvertin (yéu t& VII). Néu gan bi tén thudng. cac véu
t6 déng mau giam lam tang thoi gian déng mau.

Gan téng hgp dude nhiéu enzym tham gia trong qua trinh chuyén hoa cac
chdt. Trong trudng hop gan ton thusng. sy thay déi tinh tham mang t& bao sé lam
cac enzym d6 viio mau. Xac dinh hoat dé enzvm trong mau ¢6 thé chin doan mét
50 bénh:

— Transaminase: GPT (ALAT) tang 6 cac bénh gan cap tinh. Trong viém gan
do virus, GPT tang sdm va thudng ting rat cao (100 lan so véi binh thuong). GOT
(ASAT) ciing tang trong cac trusng hop trén nhung mic dé khéng bang GPT.

— Phosphatase kiém: ting trong tac duong dan mat.

— Lactat dehydrogenase: tang trong huay hoal nhu mé gan.

— Ornitin carbamyl transferase: tang trong nhiéu bénh lién quan dén gan.

Gan con tham gia téng hop va chuyén hoa cac acid amin, dac biét 1a cac qua

trinh khit va trao d6i nhém amin.
2.3. Chitc phan khw déc cua gan

Gan ¢é vai trd hét stic quan trong trong viéec khii cac chit ddc néi sinh vix ngoai
sinh cua cd thé. Qua trinh khu doc theo hal co ché& chinh: ¢d dinh, thai tru va bién
d6i hoa hoc.

2.3.1. C6'dinh va thdi tri;

Gan c6 kha nang gid lai cac kim loal nhu déng, chi hay céac chat mau (dan xuat
cua phtalein) rdi sau dé dao thai chiing qua mat. Ngudi ta c6 thé dua vao kha ning
niv dé tham do chitc phan gan bing nghiém phap BSP (bromo — sulfo — phtalein)
nhu sau: tiém tinh mach canh tay 5g BSP/kg thé trong, 14v mAu 3§ canh tav déi
dién dinh lugng BSP 3 cac thoi diém 15 phiit va 45 phut. Binh thudng luong BSP
sau 15 phut nho hon 50% va-sawr45phit-nhé-hon10%. Trong suv gan, tac mat chi

s0O nay cao hon.
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2.3.2. Co ché'bién déi hod hoc

Gan khi doc theo nguyén tic bién ddi chat d6c thanh cac chat it doc, dé tan
hon va dao thai chung ra ngoai. Cac phan ing bién déi quan trong cua gan dé loai
bd chat dée bao gdm:

Phan tng tao uré tit NH,: kha ning nay cua gan la rit ldn, chi khi loai bo 70%
t8 chiic gan méi anh hudng d&€n su téng hop uré.

Phan tng phan giai H,0, bing catalase tao thinh H,0 va oxy nguyén tu

H,0, (Catalase | H,0 + 1720,

Phan vng hydroxyl hoa: thudng xay ra véi cac chat ¢é cAu tric nhan thdm. San

phim tao thanh 14 dan chat phenol dé dao thai hon.

Phan dng oxy hoa:

Alcoldehydrogenase 1/20,

» CH,CHO ——— CH,COOH

CH,CH,0H
Mt s6 alcol khac ciing duge khit déc bing phan ing nay.

Phan ving khi oxy: xay ra véi cac chit c6 nhém aldehyd va ceton.

(I:l (|:I
Cl— (13 —CHO ——— Cl —-—(i)——CHon
Cl Ci
Clorali Tricloro etanol

Phan ting methyl hoa: 14 phan iing phé bién trong co thé

NH, NH
HN-CH — " HN=C
*NH - CH, - COOH riq — CH, ~ COOH
CH4
Acig guanidin acetic Creatinin

Phan ting 1ién hgp:
+ Vi glycin:

Nhém amin cua glycin két hgp véi nhém COOH cua chit déc:

COOH CONH ~ CH, - COCH
+ Hz(-|:— COOH —— ©/
NH,

Acid benzoic Glyein Acid hippuric
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D4y 1a phan tng thudng dung dé tham dé chdc nang gan, thudng goi la
nghiém phap Quick. Nghiém phap nay dudge thuc hién nhu sau: cho bénh nhan
uéng 6g natri benzoat pha trong 200 ml nudc, sau 4 gis 1dy nude tiéu dinh lugng
acid hippuric. Binh thudng lugng acid hippuric > 3g. Trong suy gan lugng acid
hippuric < 3g. Tuy nhién, do than ciing tao acid hippuric nén dé tham dé chic
nang gan ngudi ta thuong dung nghiém phap galactose niéu.

+ Véi1 sulfonic:

Mot 88 san pham théi rita cla dudng tiéu hoa nhu phenol, indol, scatol... dugc
hap thu mét phan vao mau, duge khit doc & gan va dao thai qua nude tiéu dudi

dang este sulfuric
H -580;-K
0 K’ X :
+H,86, —™™
S

Phenol Kali phenylsulfat

+ V61 glucuronic:

Qua trinh lién hgp xay ra giita nhém OH hay nhém COOH cuia chat doc véi
acid glucuronic tao hgp chat cé lién két ozid hay este.

COOH COOH COOH
Q  RoH Q RcooH 2
-— -
QO -R <:20H QO -0CR
Dang este Acid glucuronic Dang ozid

+ Vdi acid acetic:

COOH COOH
@ CHyCOOH
NH; ) ﬁ - COCH;,
Acid para-amino benzoic Acid acetyl para~aminc benzoic
+ Véi glutamin:
COOH Fo0n
- I ~CO-NH-
CH; - COCH HN = C CH;-CO-NH (IDH
. L SN (Ch
|
CONH, CONH;,
Pheny! acetat Glutamin

Phenyl acetat glutamin
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Qua cac ¢d ché trén ching ta thay rang nhd ¢6 hé théng enzvm dac hidu ma
gan ¢6 kha nang chuyén hoa phong phu. gitp co thé chéng lai cac chat déc ngoai
sinh cing nhu noi sinh rat hiéu qua.

3. NHUNG XET NGHIEM HOA SINH HE THONG GAN MAT

Ngusi ta thudng st dung cac xét nghiém hoa sinh dé chan doan cac bénh vé
gan. Cac xét nghiém vé hé thdng gan mat rat da dang va chung khac nhau vé do
nhav va tinh dac hiéu. Vi vay, dé xac dinh chinh xac cac bénh 1y eiia hé théng gan
mat can phdi hop cac xét nghiém véi nhau va két hgp véi cac dau hiéu 1am sang.
Cac xét nghiém thuong duge su dung:

Hoi chung suy giam chue nang gan:

Bang 10.2. Cac xét nghiém chan doan suy giam chdc nang gan

Cac xét nghiém | Kétqua
{ Albumin Gidm
i Trniglycend Tang |
Cholestero! toan phan Tang .
Bilirubin lién hop Giam
Esterase Giam 5
Fibrinogen huyét tuong Giam

Hoi chiing pha huy té bao:

Bang 10.3. Cac xét nghiém chan doan cé su pha hay té bao

f Cac xét nghiém " Két qua
o Transaminase Cao :
f OCT (ornitin carbamyl transferase) Cac I
Aldolase Cao
LDH (lactat dehydrogenase) Cao

Héi chimg tac mat:

Bang 10.4. Cac xét nghiém chan doan chung tac mat

———— e .

5 Cac xét nghiém " Két qua

e

| Bilirubin lién hap - Tang |
Cholesterol toan phan ! Tang |
Phosphatase . Tang !

_ Gamma GT | Tang

, Sac 16 mat va mudi mat (+)

Véi kha nang chuvén hoa manh mé glucid, hipid, protid cing nhu kha nang
khu déc. gan that su 1a mét ¢o quan quan trong cia c¢o thé. Su roi loan cie chice
nang gan hay cac bénh ly vé gan mat sé anh hudng dén nhiéu chuvén hoa khac
cua cd thé va cic bénh 1y nav co the duge tien luong. chan doan bang cac xét
nghiém hoa sinh rat da dang va phong phi.
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TU LUQGNG GIA

Chon mét ciu tra 10i dang nhat trong cac ciu sau

1.

Protein cuia gan cé vai trd du trit sat la:
a. Albumin

b. Ferritin

c. Collagen

d. Nucleoprotein

Hang ngay lugng mat tiét ra trung binh khoang:

a. 100 ml
b. 500 ml
¢c. 800 ml
d. 1000 ml

Gan ¢6 thé téng hop glycogen tu:
a. Mannose

b. Galactose

¢.  Glucose

d. Ca 3 déu dung

Chuic nang gan dude xem la binh thuong khi ty 1é cholesterol ester/cholesterol
toan phan:
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a. >45%

b. >55%
c. >65%
d. >75%

Acid mat dudc tao thanh tu cholesterol & gan, vé ban chat 12 dan chat:
a. Acid litocholic

b. Acid cholanic

¢. Acid cholic

d. bvacdang

Pé danh gia chitc nang gan, ngudi ta thudng diing nghiém phap:

a. Nghiém phap giy tang dudng huyét

b. Nghiém phap galactose niéu

¢. Nghiém phap Quick

d. Ca 3 déu sai

LDL va HDL c¢6 chite nang van chuyén cholesterol va triglycerid dén cac té
chie, trong @d6:

a. Su tang ndéng d6 LDL va HDL trong huyét thanh déu cé 1di cho co thé

b. Su tiang ndng 46 LDL trong huyét thanh c6 1gi cho co thé

¢. Sutang néng dd HDL trong huyét thanh ¢6 1di cho co thé

d. Su giam ndng dd HDL trong huyét thanh khéng ¢é 161 cho cd thé

Kha nang khit déc nay cua gan la rat 18n, chi khi loai bé 70% t5 chiic gan mdi
anh hudng dén kha nang nay:

a. Phan giai H,0,

b. Lién hgp véi glycin

¢. Tong hop uré ti NH,

d. Lién hop véi glucuronic

Trong nghiém phap Quick, ngudi ta dinh lugng chat nay trong nudc tiéu dé
danh gia chic nang gan:

Acid uric
Acid hippuric
c. Acid lactic

d. Acid benzoic



10. Cac san pham chuyén hoa trung gian tham gia vao su téng hop glycogen
cua gan:
a. Lactat,
b. Pyruvat
c. Acetyl CoA
d. Ca a, b,c déu ding
11. Phan ang khit d6c x4y ra phé bién trong ¢ thé 13 phan ving ¢6 sy tham gia cta
methionin. Pé la phan ung:
a. Khioxy
b. Hydroxyl hoa
c. Methyl hoa
d. Lién hgp véi acid acetic
12. Trong cd ché diéu hoa duong huyét, khi néng dé glucose tang 16n hon 120mg/dl
thi gan sé:
a. Tang téng hop cac ose khac tit glucose
b. Giam téng hop glycogen
c¢. Tang téng hop glycogen
d. avacdung
13. Khi gan bi tén thuong hoic thiéu cac chit huéng md nhu cholin, methionin,
inositol, thi su téng hop phosphatid khéng dii, khi dé chat nay s& khéng duge
van chuyén téi cac té chic, ¢ dong ma lau ngay sé din téi xo gan:
a. Cholesterol
b. Triglycerid
¢. Lipoprotein
d. Phospholipid
Chon tap hgp cau tra 10i ding trong cac ciu sau
14. Khi viém gan, xo gan, kha nang téng hop protein ctia gan ¢é su thay déi:
a. Tang tong hdp albumin
b. Tang té'ng hop globulin
c. Giam tong hop albumin

d. Giam tdng hop globulin
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15.

18.

19.
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Trong bénh viém gan do virus, néng dé transaminase trong mau tang cao
trong dé:

a. GPT tang cao

b. GOT tang cao

c. GOT tang cao hon GPT

d. GPT tang cao hon GOT

Céc acid mat thudng lién két véi cac acid amin nay dé tao thanh muéi mat:
a. Glvecin

b. lLeucin

¢. Cyvstein

d. Taurin

7. Cac chiic phan hoa sinh cua gan:

a.  Téng hop va phan ly cac chat cung cap cho cac e quan khac
b. Chuc nang ndi tiét

¢. Diéu hoa thang bang acid — base

d. Khit cac chat doc ndi va ngoal sinh

Mudi mat ¢6 tac dung nha tuong hoa ma, giip cho viéc tiéu hoa thie an. Trong
tac mat:

a. Lugng mudl mart trong huvét thanh giam

L. Luong mudi mat trong nudc tidu tang

c.  Khéng c6 mudi mat trong nudc tiéu

d. Lugng mudi mat trong huvét thanh tang

('ac xét nghiém chan doan c6 su pha huy té bao gan:

a. Albumin

b, Transaminase

c. OCT

d. LDH

. Cac xét nghiém chan doan suy giam chic nang gan:

a. Albumin
b. Transaminase
¢. Gamma GT

d. Fibrinogen huvét tudng



CAU HOI NGHIEN CUU BAI HOC

1. Néu mét s6 thanh phan hoa hoc chinh cua gan.

N

Trinh bay cac chic nang hoa sinh cua gan.

3. Trinh bay mét s6 xét nghiém chic nang gan cd ban,

219



Chuong 11
HOA SINH MAU

MUC TIEU

1. Néu duoc vai tro va tinh chdt Iy hod cila mau.

2. Trinh bay duge y nghia tiing thanh phén cia mdu d trang thdi sinh ly va
bénh ly.

1. DAI CUONG

Mau ctia ngudi chiém khoang 1/13 trong lugng cd thé (45 lit d6i v6i mot ngudi
nang 50 — 60 kg). Mau gém c6 huyét tuong (55-60% thé tich mau) va huyét cau
(40 — 45% thé tich mau) gdm héng cau, bach cdu va tiéu cdu. La mot thanh phan
t6 chiic cta co thé, mau luu théng trong hé tuin hoan, thuc hién nhiéu chitc ning
sinh ly quan trong.

Mau dam nhiém céc chic nang sau:

— Dinh dudng: chuyén cac chit dinh dudng (ose, acid amin, acid béo, vitamin,
mudi khoang...) ti hé tiéu hoa téi cac ma.

— Bai tiét: chuyén cac chit cin ba (san pham thoai hoa cac chéit) tit cac md dén
cac c¢d quan bai tiét (than, da, phrj'i, rudt) dé thai ra ngoai.

— H6 hdp: van chuyén oxy tit phdi dén cac té chic va van chuyén CO, tir to
chitc dén phéi dé thai ra ngoai

— Diéu hoa:

— Cac hé dém trong mau gitup diéu hoa pH va thang bang acid — base.

— Mau van chuyén céc chit chuyén hoa trung gian tif cic mé va cac cd quan
khac nhau d6 vao mau (diéu hoa cac chit chuyén hoa).

— Mau van chuyén cac hormon ti cac tuyén néi tiét dén cac t6 chic (diéu hoa
cac chiic phan cd thé).

— Diéu hoa thang bang nudc nhd tac dung cua mau trén su trao déi nudc gitia

dich Iuu théng va dich §10,_——.
Edngma 1 THy v EN |
— Diéu hoa than nh nan ’1 Iuu théng mau thich hgp.
‘-
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— Bao vé:
— Bach cau lam nhiém vu thuc bao.
— Cac khang thé, khang doc t6 chong cac chat ngoai lai.

— Hé théng d6ng mau va chéng déng mau dam bao su luu théng cling nhu han
ché su mat mau khi ¢6 ton thuong cac mach mau.

Nghién ciu vé mau c6 y nghia vé mat sinh ly cing nhu bénh ly. Cac thay déi
vé chi s6 hoa ly, thanh phan hoa hoc ctia mau thé hién nhiing rdi loan chic nang
cua cac cé quan.

2. TINH CHAT LY HOA CUA MAU

2.1. Ty trong
— Binh thuong tir 1,05 — 1,06 ( trung binh 1,056).
— Huy&t cau ¢6 ty trong 1,093.
— Huyét tuong cé ty trong 1,024.

2.2. D6 nhét

— Db nhét mau > 4 — 6 lan cta nude (6 38°C).

— Phu thuéce cht y&u vao sé ludng hong cau (lam ting ma sat).

— Thiéu mau: dd nhét giam con 1,7 1an so véi nuéc.

— P61 vl mot s6 bénh lam tang hong cau, bach cau: dé nhét tang dén 24 lan.
— Do nhét huyét tuong: 1,6 ~ 2,1 (c6 ndng d6 cao ciia protein).

— D6 nhét cia mau toan phan: phu thuéc vio huyét cau (chu yéu) va protein
huyét tuong.

2. 3. Ap suat tham thau (Po)

— Phu thudc vao néng dé tat ca cac phan td hitu c¢d va cac ion trong mau nhung
chii y&u HCO,", Cl- va Na* (chu yéu la NaCl).

— Uré, glucose it anh huong (do khdng phan ly).

D& do ap sust thaAm thau ngudi ta ¢6 thé dung phudng phap true tiép hay gian tiép.

+ Do truc tiép:

— Ap suit thim thau thay déi tit 7,2 — 8,1 atmosphe (37°C). Tuy nhién phuong
phap do truc tiép it st dung do khé khan.

+ Do gian tiép qua d6 ha bang diémicua huyés tuong hay huyét thanh:
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- Ap suit tham thdu va d6 ha bang diém (cia huyét tuong hay huvét thanh)
ty 1é thuan véi nong d6 cac chat phan ly trong dung dich.

— D6 ha biang diém cia huvét tudng so vdi nude binh thusng la —0.56 + 0.02°C
(biing véi d6 ha bang diém cua dung dich NaCl 0.9% = dung dich dang trudng)

+ Do bang Osmolmetre:

Trong phucng phap nav. ngudi ta do gian tiép qua d6 dan dién cha huyvét
tiong. Binh thuong: Po huvét tuong = 292 — 308 mosm/lit.

Y nghia lam sang:

Khi tiém mot Jugng 16n dung dich thude vao o thé, thi dung dich nay pha
dang truong véi mau. Cac dung dich glucose 5%, NaCl 0,9% la cac dung dich dang
truong. Khi mau bi lodng co thé truyén cac dung dich uu trudng hoiac ngude lai ¢6
thé su dung cac dung dich nhude truong trong trudng hgp mau bi ¢é dac.

Khi dua muéi vao co thé hoac cac phan tii 16n phan lv thanh cAc phan ti nho
thi ap suat tham thau tang lén. Cd thé tu diéu chinh bing cach dao thai qua than
(cAc mubi thua), da va phéi (dao thai nudc). Dong thdi cac mé cling c6 thé giit lai it
hoac nhiéu mide vA mubi.

2.4. Chi s6 khiic xa

Chi 56 khuc xa thay déi tir 1,3478 — dén 1,3517. Chi s6 nay phu thude vao ndng
d6 mudi vé co va néong do protein (chu véu).

Ung dung trong xét nghiém: ngusi ta dung khic xa k& dé& xac dinh ndng dé

protein trong huyvet thanh.
2.5. pH va hé théng dém cua mau

pH méau nguoi thay déi trong khoang 7.3 — 7.42 (trung binh la 7,36). O didu
kién than nhiét. pH mau 6 ngudi thudng hang dinh cing nhu pH cta cac dich
trong té& bao.

C6 sau hé théng dém dam bao su hing dinh etia pH maw:
+ Acid carbonice/ bicarbonat (hé bicarbonat).

+ Mononatriphosphat/ dinatriphosphat (hé phosphat).

+ Protein/ proteinat Na (hé protein).

+ Hemoglobin/ hemoglobinat (hé hemoglobin).

+ Oxyhcmoglobin/ oxyhemoglobinat-(héoxyhemoglobin).

+ Cac acid hiu co (lactat, pvruvar.. )/ mudi'ena cac acid hiiu co.
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Su phan bd cua cac hé dém: cac hé dém duge phan bé nhu sau (bang 11.1).

Bang 11.1. Sy phan bd cua cac hé dém trong mau

& huyét tuong ! 3 huyét cau (hdng ciu)
H,CO,/NaHCO, H,CO,/KHCO,
Protein/proteinat Na HHb/KHb
NaH,PO/Na,RPO, HHbO,/KHbO, .
Acid hitu co/mudi clia acid hitu co | KH,PO/K,HPO, 5-
Acid hitu co/mudi K clia acid hiru cd

Néu coi toan bo kha nang dém ctia mau 1a 100 thi cac hé dém chiém ty lé nhu sau:

+ Hé bicarbonat 7%
+ Hé phosphat 1%
+ Hé protein 10%
+ Hé hemoglobin 82%

Trong huvét tuong: hé dém bicarbonat gid vai tro quan trong nhat.
Trong hong cau: hé hemoglobin gilt val tré quan trong nhat.
2.6. Hematocrit (thé tich héng cau) (Het)
Hematocrit la ty 1é phin tram vé thé tich ctia huyét cau so véi méau toan phan
Hct binh thuong:
+ Nam: 40-50%
+ Nu: 38-42%
Giam: thidu mau
Tang: mat nudce do tiéu chay. non mua. sot kéo dai

Hematocrit do trén cac éng lv tam cé chia vach tit 0 — 100 (dng hematocrit).
2.7. Van tdc lang mau

MAau chéng dong khi dé yén cac hong cau sé lang theo thdi gian. Ngudi ta
thudng dung cac dng Westergreen dé do chiéu cao ctia ¢ot huyét tuong biéu thi tée
{6 lang cia hong cau. Binh thudng sau 1 gid 1a 4mm. sau 2 gid 1a12mm va sau 24
216 1a 45mm. Cac trang thai bénh 1y lam ngung két héng cau, néng dé cao cua cac
protein nhu fibrinogen va y—globulin lam tiang van téc ling mau. Do d6 trong cac
bénh viém nhiém (lao, thap-khdp-loai-viém)-van-tée lang mau tang c¢é khi lén téi
100mm (24 g10).
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3. THANH PHAN HOA HOC CUA MAU

MaAu c6 thanh phan hoa hoc tuong d6i 6n dinh. Nhitng thay d6i vé& thanh phan
cua mau nhanh chéng dude khac phuc 8 ngudi khoe manh. Khi ¢é réi loan chiic
nang (than, gan. tim. tuyén tuy...) sé lam thay d6i thanh phan hoa hoc ctia mau.

Cac xét nghiém hoa sinh vé mau ¢é vai tro quan trong trong chan doan va diéu tri.

M4u toan phan, huyét tuong, huyét cau ¢é thanh phan hoa hoc rat khac nhau,

vi du:

— Nuéc, natri trong huyét tuong nhiéu hon trong héng cau.

— Kali trong héng cau nhiéu hon trong huyét tuong.

— Protein trong héng cau nhiéu hon trong huyét tudng.

— Lipid trong huyét tuong nhiéu hon trong hong cau.

— Calci chi ¢6 6 huyét tuong.

— Mot s6 chat ¢ néng dd tuong dudng trong ca hai: uré, glucose.

Ty 1& nuéc va chit kho trong mau (bang 11.2)):

Bang 11.2. Ty 1& nudc va chat khé trong mau

Nuéc % Chat khé %
Mau toan phan 76 — 85 15-24
Huyét tuong 90 ~ 91 9-10
Héng cau 57 - 68 32-43

3.1. Thanh phan ctia huyét cau
3.1.1. Thanh phén cua hong cdu

S6 Iudng héng cau & ngudi:

+ Nam: 4,5 x 10'%/1 (Viét Nam: 4,2 x 10'%/1).

+ Nu: 4 — 4,5 x 10'%/1 (Viét Nam: 3,8 x 10'%/1).

— Nguéi ¢ viing nui cao s6 lugng hong cau tang (7—-8 x 10'#/1).

— Hoéng ciu trudng thanh khong ¢6 nhan, ddi séhg ngan (120-130 ngay).

— Bi pha huy chu yéu 6 lach va hé ndi mac véng md.

Thanh phan ctia hong cAu gdm:

— Nuébe 57 — 68%.

— Chat khé (hGu co va vd cd) 32 — 43%: protein, glucid, lipid, cac chat dién giai.

— Proten:

+ Chu yéu 1a hemoglobin (Hb) (chiem 95% cac chat hitu co).
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+ Hb chi€ém khoang 34—40% khé1 lugng cia héng cau (15g/dl mau).
+ Lugng Hb thay d8i theo lita tudi va tinh trang bénh ly.
Tang: cac ching ting héng cau.
Giam: thi€u mau nhude sic (Hb trong héng ciu giam).

— Cé nhiéu loat hemoglobin (khac nhau & phan globin) (xem chuong 4, Hoa hoc
Hemoglobin, Hoa sinh hoc Tap 1, Bo Y t& NXB Y hoc, 2007).

Hb binh thudng

+ HbA (HbA1l va HBA2) ¢ nguai 16n.

+ HbF c6 nhiéu 3 tré méi sinh.

Hb bit thuong

+ HbS, HbC, HbD, HbE, HbG, HbH,... trén ciac chung téc khac nhau. HbS
(héng cAu hinh liém) giy thiéu mau tan huyét, gip 6 nhitng ngudi da den chau
Phi, chdu My, Hy Lap, Thé Nhi Ky, HbC (héng ciu hinh bia) giy bénh thidu mau
tan huyét nhe (ngudi da den chiu Phi, chau My). HbF (hong cau hinh bia, hinh
nhin) = Thalassémie (thiéu mau ving bién) gy thiéu mau tan huyét, c6 nhidu
héng cdu non ¢ mau ngoai vi, réi loan vé xudng. Bénh nay c6 tinh di truyén hay
gap quanh viung Pia Trung Hai déng thai con gap ¢ Mién Dién, Thai Lan, An g,
Viét Nam (mdt s8 trusng hop).

— Enzym: mét phan nhd protein ciia héng ciu 1a cic enzym. Gém:

+ Phosphatase

+ Catalase

+ Cac enzym ctia thoai hoa glucid y&ém khi

Trong héng cau khéng c6é enzym cta chu trinh acid citric (do khéng cé ty thé).
Dac biét c6 nhiéu glucose — 6 — phosphat dehydrogenase (G6PD).

— Gluaid:

+ Thudng & dang glucoprotein cé trén bé mat hong cau.

+ Quyét dinh nhém mau, tinh khang nguyén cia héng cau

— Lipid: gébm chti yé&u la lecithin (3,3 — 3,7g/1), cholesterol (3,4 — 4,2 mmol/l) va
cac phospholipid khéc

— Céac chat dién giai:

+ 80% phospho mau d trong hong cu.

+ Kali 16n gap 20 — 30 14n so véi huyét tuong (450 — 480mg%).
+ Na (50 - 110mg%), Mg (bmg%);Fe (105mg%), Cu (1,5mg%).
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3.1.2. Thanh phdn cia bach cau

S6 lugng bach ciu d nguoi:

Nam: khoang 7 x 10%1 mau

Ni: khoang 6,8 x 10°/1 mau

Bach ciu cé nhan, ty thé, néng d6 acid nucleic cao va ¢6 qua trinh phosphoryl
oxy hoa (khac véi héng cAu). Chita nhiéu glycogen, protein, cac enzym phan huy
dudng, catalase, vit B1 va kém.

Chitc ning: bio vé co thé bing co ché mién dich t& bao va dich thé.

Acid folic cAn thift cho quéa trinh trudng thanh cua bach cau, do dé cac thuéc
khang acid folic dudc sit dung tri bénh da bach cau.

C6 ba loai bach cau:
— Bach cau lympho (26%).
— Bach cau mono (7%).
— Bach cau da nhén (67%) ( gdm eosino, baso va neutro).
3.1.3. Thanh phén ctia tiéu cdu
— La té& bao dac biét khéng nhan, khéng acid nucleic.
— Gom: protein 57%, lipid 19%, rat it glucid.
— Chitc nang cd ban cla tiéu cau la tham gia vao qua trinh déng mau biang

cach thu hit cac yéu té déng mau ciia huyét tuong (fibrinogen, prothrombin,
globulin chéng chdy mau A va B, fibrin, serotonin).

3.2. Thanh phan ctia huyét tuong
Gom 91% nude va 9% chat khé.
3.2.1. Thanh phén khi
100 ml mau ddéng mach chia:
— 18-20 ml oxy (0,3ml dang hoa tan, phan con lai k&t hap véi Hb ctia hong cau).
—45-50 ml CO, (75% 6 huyét tuong, 25% 6 héong cau).
3.2.2. Cdc chéat vé co
O dang ion hoa hoac k&t hgp vdi protein
Gom:
— Céc cation: Na*, Kt Ca* Mg™
— Cac anion: Cl", HCO;, SO,* , phosphat...
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— Cac yéu té vi lugng: I, Cu, Fe, Zn...

Dac diém: néng ¢ ducng luong cla céc cation va anion cin bang nhau trong
huyét tudng.

Bang 11.3. Nong dd duong lugng cua céac cation va anion trong huyét tuong

Cation Anion
Na* 142 mmol/l CI 103 mmol/l
K 5 mmol/I HCO4~ 27 mmol/l
Ca” 5 mmoV/l HPO> 2 mmol/l
+ Mg?” 3 mmol/l Slo X 1 mmol/l
Anion hiu cd 22 mmot/l
o Cong 155 mmol/| Cong 155 mmol/l

Mt s6 chat dién giai chinh trong huyét thanh:

— Néng d6 tuong déi it thay dai

— Thay d6i trong cac trudng hdp bénh ly

Natri:

— Néng do binh thudng: 142 £ 5 mmol/l

— Chu yéu két hgp véi Cl- dudi dang NaCl

Tang: mat nude, viém than, an nhiéu NaCl.

Giam: thiéu nang v thugng than (Addison)

Clo:

— Néng d6 binh thudéng: 103 + 5 mmol/l

— Tang: choang phan vé, viém than man kém uré huyét cao, than nhiém maé.
— Giam: tac mén vi, nén nhiéuy, tiéu chay, Addison

Kali:

— Néng d6 binh thudng: 5 + 0,1 mmol/l

— Tang: tiéu huyét, Addison, tic rudt cap, suy tim

— Giam: cudng vo thugng than, nhiém doc thude ngl, mat kali do thude 1gi niéu.
Calcei:

— Néng d6 binh thuong: 2,5 + 0,1 mmol/] |

— 50% khong tham tich duge (két hgp véi protein).

— 50% tham tich duge ( 5% khong ion hoa + 45% ion hoa).
— Tang: cuong phé giap trang.

— Giam: thiéu nang phé giap trang, coi xudng, mém xuong.

— Diéu hda néng d4 caléi trong mau nhd vitamin D, hormon phé giap trang.
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Phospho:

— Néng d6 binh thusng phospho vé cd trong huyét thanh: 1,12 + 0,16 mmol/l
(tré em cao hon mét it).

— Cén ¢6 d dang hitu co (két hgp véi glucid va lipid).
— Tang: thiéu nang phé giap trang, viém than,...
— Giam: cudng phé giap trang, coi xuong,...
Magne:
— Néng dd binh thuong trong huyét thanh: 0,84 £ 0,01 mmol/l.
— M6t phan nho két hop véi protein.
— Tang: hén mé do dai thao dudng, vang da tic mat, suy than, uré huyét cao...
— Giam: tiéu chay ning, col xuong tré em,...
3.2.8. Cdc chét hitu co

3.2.3.1. Protein

— La thanh phan hiiu ¢o quan trong nhit.

— O duéi dang tu do hodc két haop (protein tap).

— Cé nhiéu loai: albumin, globulin, fibrinogen, nucleoprotein, glucoprotein, lipoprotein. . ..

— Puge tdng hop chi yéu 8 gan va té chiic lién vong.

— Tri s6 binh thuang: 60-80g/1.

— Dién di trén gidy protein trong huyét thanh: thu dude 5 thanh phan la
albumin, a,, a,, B va y—globulin (di chuyén cham nhat).

— Dién di trén gel polyacrylamid c6 thé tach duge 18-21 thanh phan protein
trong huyét thanh.

+ Albumin (M = 79. 000):

Chiém 56,6% tong ludng protein cua huyét thanh. Albumin giil vai trd quan
trong trong viéc duy tri ap sudt thdm thiu cia mau. Tham gia van chuyén mét sé
chit khéng tan trong nudc nhu bilirubin tu do, acid béo, mot s§ hormon, vitamin
tan trong dau, cac duge pham. T1/2 ngin (7 ngay).

* Y nghia ciia su thay d6i nong dé albumin trong huyét thanh.:

Tang: it ¢6 ¥ nghia lam sang ( mau bi cé dic, mat nudc).

Giam: thuong dugc chia lam 3 nhém

+ Nhém 1: giam do thiéu nguyén liéu téng hdp (suy dinh dudng, thiéu protein).

+ Nhém 2: giam albumin huyét dosuy chiie ning gan.
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+ Nhém 3: gidm albumin huyét do tang dio thai albumin qua than (viém cau
than, viém éng théan, nhiém déc...).

+ Globulin (M = 160.000 — 180.000):

— Gom nhiéu loai

— Chia lam bén nhém 16n: a,, o, B va y — globulin.

— o, o, — globulin chiém khoang 13% .

— o, tham gia cau tao glucoprotein, lipoprotein.

- o, tham gia van chuyén déng (ceruloplasmin).

— B — globulin chi€ém khoang 11,7% trong d6 c6 Siderophilin (protein chia Fe).

—y - globulin chiém khoang 18,6% cdu tao nén cac khang thé.

Tang: cac trudng hop nhiém khuan, viém cap va man.

Dién di protein trong huyét thanh trén gidy thu duge 5 thanh phan nhu sau
(bang11.4):

Bang 11.4. Ty lé 5 thanh phén protein trong huyét thanh (thu duge b3ng dién di trén gidy)

Albumin® 56,6 £7,1
Globulin%
o, 53+17
ay 78130
g 11,7+23
Y 18,6 + 4,7

Ty s6 A/G (Albumin/Globulin): 1,5 — 2.

A/G giam khi albumin huyét giam va globulin tang.

M6t s6 protein dic biét ctia huyét tuong

Glucoprotein

— Phén glucid ¢6 thé 13 monosaccarid hay dan xuit amin cia ching.
— Xu4t hién ¢ vang o, va a,~globulin (dién di trén gidy).

— T4t ca déu c6 hoat tinh sinh hoc.

Tang: lao, viém phdi, thap khdp cip, viém ciu than cap, nhdi mau cd tim, bénh
bach cau, tiéu ducng, u tuy,..

Haptoglobin M = 85.000)

—~ G6m hai chudi polypeptid (o va B ).

— La thanh phan cia o, — globulin.

— Géan vdi Hb dé Hb khénglot-qua-cdu-than.
— Lién quan dén khang thé Rhesus.
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Giam: tan mau, viém gan cip, thifu mau ac tinh, & ngudi ¢6 dai séng hdng ciu ngén.

Transferin (Siderophilin) M = 90.000

— Thuéc phan B — globulin , ¢é kha nang két hgp véi sat (phiic mau da cam).

— Néng do transferin khoang 2,9g/1 (chida khoang 1% lugng sat clia co thé).

— Hién nay biét duge khodng 19 dang transferin khac nhau trong huyét tuong.

Transferin ciing véi ferritin (gan) va haptoglobin diéu hoa can bing sat cho co
thé. Mot s trudng hop khong ¢é transferin trong huyét tuong do di truyén hay
mic phai (bénh vé gan).

Ceruloplasmin (Plastocyanin) M = 160.000

— La mdt protein van chuyén ddng (8 nguyén tit Cu/mol), c6 mau xanh.

— Méi phan tt dude ciu tao bdi 4 ban don vi va do gan téng hop.

— Trong mét s6 bénh vé gan sé& 1am giam luong ceruloplasmin giy & dong déng
trong nao va cac td chitc gay rdi loan than kinh va chitc nang gan.

Cac globulin mién dich (Ig)

Pugc cau tao tir 4 chudi polypeptid (2 chudi niang giéng nhau M = 50.000 —
75.000 va 2 chudi nhe M = 23.000). Chudi nhe chi ¢6 2 loai: kappa (K) va lambda())
trong khi chudi nang cé nhiéu kiéu. Tén cac Ig duge goi theo chudi nang.

Vi du: 2 chudi nang cta IgG 1 gama, cua IgA 13 alpha, 1gM la muy, IgD 1a
delta, IgE la epsilon.

Cac chudi néi véi nhau bang lién két disulfur.

Ig duge tong hop khi c6 khang nguyén la xam nhap co thé.

Interferon

Duge tim thdy dau tién 1957 (do Isaacs va Lindemann). Li protein ¢6 M=
20.000 — 160.000. Interferon dudc tiét ra khi co thé nhiém virus, c6 tac dung de

ché su nhén 1én cia virus. Céc virus séng hodc chét, ADN, polysaccarid téng hop,
liposaccarid ciia vi khuén ciing kich thich téng hdp interferon.

Interferon dudc sit dung dé du phong va diéu tri bénh virus.
Fibrinogen M= 330.000 — 340.000

La mot glucoprotein gom 3 chudi polypeptid khac nhau lién ké&t bdi ciu
disulfur. Phan glucid duge lién két qua asparagin va N — acetyl glucosamin.
Fibrinogen di chuyén dién di trong vung gifia B va y — globulin.

Fibrinogen dugc téng hop & gan, ndng d6é trung binh trong mau twx 5,3 — 10,6
mmol/l (4 — 5% trong luong proteimhuyét tuong):

— Tang: ¢6 thai, viém nhiém, phé h\y céc t3 chite, lao 4c tinh.

230



— Giam: cac bénh vé gan, nhiém déc phospho.

— Khéng ¢6 hoac giam fibrinogen mau bam sinh lam tré bi chay mau va chét sém.
3.2.3.2. Lipid

Lipid dugc van chuyén trong huyét tuong duéi dang cac hat lipoprotein. Nong
dd binh thuong trong huyét tudng tut 4 — 7g/l, gém triglycerid, phospholipid,
cholesterol, steroid.

bién di cho hai viing bang nhau:

+ o — lipoprotein, M = 200.000 (chia 60% protein).

+ B — lipoprotein, M = 1.300.000 (chtta 60% lipid va 1 — 2 % glucid).

Duya theo ty trong, ngudi ta phéan loai nhu sau:

— o — lipoprotein ho#c lipoprotein c¢6 ty trong cao (HDL): di chuyén dién di
cung a—globulin, giau phospholipid va protein.

— B - lipoprotein hoac lipoprotein ¢6 ty trong thap (LDL): di chuyén dién di
cung B — globulin, giau cholesterol.

— Pre — 8 — lipoprotein hoac lipoprotein cé ty trong rat thap (VLDL): dién di ndm
gida o va 3 — lipoprotein. P4y 1a dang van chuyén chu yéu cia triglycerid néi sinh.

— Chylomicron: khong di chuyén dién di, dudc tao thanh & ruét khi hdp thu
triglycerid va cholesterol ngoai sinh sau d6 theo bach mach vao éng nguc rdi do
vao mau. Day la dang van chuyén ctia triglycerid.

—~ Pre — 3 — lipoprotein va o — lipoprotein dudc tao ra 6 gan. B — lipoprotein tao
thanh tit pre — B — lipoprotein huyét tudng duéi tac dung cua lipoprotein lipase.

Ty trong cua cac lipoprotein phu thudc vao phan protein (apoprotein). Cé nhiéu
loai apoprotein (A,B,C...); c6 vai trd trong cac réi loan chuyén ho4 va bénh ly lipid.

Cé nam kiéu tang lipid mau:

Kiéu [: tang chylomicron.

Kiéu II: tang lipoprotein mau.

Kiéu IIT: tang lipoprotein — R&i loan lipoprotein mau.

Kiéu IV: tang pre — B — lipoprotein mau.

Kiéu V: tang pre — B — lipoprotein mau — chylomicron mau.

Ngoai ra con gap cac truong hop:

Giam hoac khéng c6 f — lipoprotein hoic khéng ¢ o — lipoprotein mau do di truyén.

Vé mat 1dm sang: lipid mau tiang trong than nhiém md, phu niém, cudng vo
thugng than.
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" Cholesterol
— Tén tai ¢ hai dang: tu do va ester hoa.
— Péu dudc tb hgp trong cac hat lipoprotein.

Néng d6 cholesterol toan phan trong huyét thanh: 4 — 6,5 mmol/]l trong d6
dang tu do: 3 — 4,1 mmol/l; dang ester hoa: 0,9 — 2,4 mmol/l.

Cholesterol ester hoa

—=0,6-0,75
Cholesterol toan phan

'. Ty s6 =

Ty s6 nay dude ding dé danh gia chiic ning gan (giam trong suy chic ning gan).

— Cholesterol trong LDL — Cholesterol 1a cholesterol "x&u” dé ldng dong thanh
mach, gdy mang x0 viia.

— Cholesterol trong HDL — Cholesterol 1a cholesterol "t6t" khéng gy xo viia
d6ng mach, binh thudong 1,96 mmol/l, néu < 0,8 mmol/l dé bi xd vita.
3.2.3.3. Glucid

Chu yé&u la glucose, néng dd binh thudng trong mau: 4,5 — 6,6 mmol/1 (trung binh
5,55 mmol/l). Néng d6 glucose huyét duge diéu hoa bdi hé théng hormon va gan.

Tang:
+ Sinh ly: ting nhe sau bia an, xic dong, lanh.

+ Bénh ly: tdng trong dai duong tuy, tuyén yén (Cushing), tuyén giap
(Basedow), u vo thuong than.

Giam: thiéu 4n, dai thao than, thiéu ning tuyén yén, thiéu nang thugng than...
3.2.3.4. Cdc hop chdt nito phi protein

La cac san pham thoai hoa cla protein va acid amin.

Uré

Uré la san pham thoai hoa quan trong nhat ciia protein., ndéng dé trong huyé't

tuong 3,6 — 3,7 mmol/l (chiém 50% cac hgp chit nitg phi protein). Nong d6 nay
thay d6i theo ché dé an.

Tang:
— Do tang phén huy protid: sé6t cao, nhiém trung , nhiém déc, bong.

— Do giam dao thai: bénh than, bi tiéu do sbi, ung thu tuyén tién liét, tidu
chay, nén...

Acid uric

Acid uric la sdn ph&dm cuéi cung cta su thoai hoa cac base purin. Néng db tit
190 — 420 pmol/l mau.

Tang trong bénh gout, viém niit quanh/déng/maéh, nhiém trung, viém than, bong.
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Bilirubin

La san pham thoai hoa cla hemoglobin. Cht yéu & dang tu do trong mau (3,4
-13,7 umol/l), mét phan nhoé d dang lién hgp véi acid glycuronic (bilirubin lién
hgp). Nong @9 bilirubin toan phan: <17 pmol/l). Tang trong cac hdi chitng vang da.

Creatinin va Creatin

Chu yéu la creatinin cé gia tri tuong tu uré. Nong d6 creatinin trong mau: 53 —
106 pmol/l , creatin: 8,8 — 13,3 umol/l.

Creatinin ting trong cic bénh vé than va co.

Ammoniac

C6 rat it trong mau (< 30 umol/l mau toan phan). Tang trong bénh gan giai
doan cuéi, tién hon mé va hén mé gan.

Cdc enzym huyét thanh

Gém 2 nhém

— Cac enzym huyét thanh 6 chiic niang (dugc bai tiét vao mau va thuc hién cac
chiic nang trong mau). Gém: cac enzym giy déng mau, pseudo-cholinesterase,
lipase...Néng dé trong huyét thanh cia cac enzym nay tuong ddi cao so véi céc té chiic.

— Cac enzym huyét thanh khéng ¢6 chitec ning (dudc bai t1€t vao mau nhung
khong hoat déng trong mau). Nong d6 cac enzym nay trong huyét thanh thap hon
nhiéu (hang triéu lan) so véi cac té chic.

Chia lam hai loai:

Cdc enzym ngoai tiét:

— Puge cac té chie tiét ra va bai tiét vao mau

— Gém leucin aminopeptidase, phosphatase kiém ctia gan, amylase va lipase
cua tuy, phosphatase acid ciia tuyén tién liét

Cac enzym té bao hodc enzym chi thi:

— Thudng cé rat it hoac khéng cé trong huyét thanh

— Hoat d4 cua ching tang trong huyét thanh biéu thi su tén thuong cac té bao
hoac bao quan cua cac mb.

— Gém lactat dehydrogenase(LDH), aldolase, glutamic oxaloacetic transaminase
(GOT), glutamic pyruvic transaminase (GPT) (ngudén géc bao tuong), glutamat
dehydrogenase, ornitin carbamy! transferase (OCT) (ngudn géc ty thé), phosphatase
acid, B—glucuronidase,... (ngudn géc lysosom).

Vi du:

Nhéi mau co tim: LDH; OK GOT il Hdyedthanh tang.

233



Viém gan virus: GOT, GPT, LDH, histidinase, urokinase tang.
Ngoai ra ¢én xac dinh cac isozym cha LDH va CK.

LDH c¢6 5 isoenzym (LDH, va LDH, tang cao/ nhdi mau co tim; LDH, va LDH,

tang cao trong viém gan nhu md).

Creatinkinase (CK) c6 3 isoenzym:BB (nao), BM (¢ tim) va MM (cd xuong).
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TU LUGNG GIA

Chon mét ciu tra 16i dang nhit trong cac ciu sau

1.
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Mau co cac chdc nang sau;

a. Dinh dudng va bai tiét

b. Dinh dudng, bai tiét, hé hap, diéu hoa va bao vé

c. Dinh dudng, bai tiét va hé hap

d. Ca 3 cau trén déu sai

D6 nhdt cua mau:

a. Cao gap 4-6 lan so vdi nuée (3 38°C)

b.  Phu thudc chu yéu vao s6 lugng hong ciu

c. Giam con 1,7 l1an so véi nuée trong trudng hop thi€u mau.

d. Ca 3 cau trén déu ding.



3. Hoéng cau:

a. Hbng cau trudng thanh khéng c6 nhan, ddi séng ngin (120-130 ngay).
b. Bi pha huy chil y&u 3 lach va hé néi mac véng mo.

¢. a, bdéu dung.

d. a, b déu sai

4. Chic nang cd ban cua tiéu ciu la;

a. Tham gia vao qua trinh déng mau
b. Bao vé o thé

¢. a, b déu ding.

d. a,bdéusai

5. Albumin trong huyét tuong git vai tro:

a. Duy tri 4p suit tham thau ciia mau

b. Van chuyén mét sb chit khéng tan trong nudec.
a, b déu dung.

d. a, b déu sai

Phan biét dang, sai trong cac ciu sau bang cach tich ( v) vao e¢ot D
cho cau dang, vao ¢ot S cho cau sai

STT | Néi dung D |S

6 | Nong db calei trong mau dude diéu héa nhg vitamin D,
hormon phé giap trang.

7 Acid folic can thiét cho qua trinh trudng thanh ciia bach cau,
do d6 cac thudc khang acid folic dude sit dung tri bénh da
bach cau.
8 Bach cau la t& bao dac biét khéng nhan, khéng acid nucleic.
l
9 Ceruloplasmin 12 mét protein van chuyén sit. '*
10 Cholesterol/ LDL Cholesterol 14 cholesterol "xau" dé lang

dong thanh mach, gy mang xd vita.

11 Hoat tinh clia cac enzym té& bao tang trong huyét thanh biéu
thi su tén thuong cac té bao hoic bao quan ctiia cac mé.

12 Interferon duse-sit-dung-dé-du-phong-va-diéu tri bénh do
nhiém vi khuan:
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13 Pre — B — lipoprotein hoac lipoprotein ¢é ty trong rit thap
(VLDL) la dang van chuyén chu yé&u cia triglycerid néi sinh.

14 Fibrinogen 13 moét glucoprotein géom 3 chudi polypeptid khac
nhau lién két bdi cau disulfur.

15 Cac chudi polypeptid trong phin tii globulin mién dich dugc

né1 véi nhau bang lién két céng ho tri.

Dién vao cho trong

16.

17.

18.
19.
20.

Dién di protein trong huyét thanh trén gidy thu duge 5 thanh phin nhu
sall............ eeeeens T s VA

Néng db6 duong ludng cua cac cation va anion trong huyét tudng

LDHGO. ..o 1soenzym

Ty trong cla céc lipoprotein phu thudc vao phan ............coooooi,

CAU HO! NGHIEN CUU BAI HOC

1.

2.
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Trinh bay cac thanh phan chinh cia huyét cau.

Y nghia clia su cAn bang cic néng d6 duong lugng cia cac cation va anion
trong huyét tuong.

Vai trd cua albumin huyét thanh va ¥ nghia cta su thay déi néng dé albumin
trong huyét thanh.

Trinh bay cac dang lipid treng huyét tuang. Vai tro cua cholesterol trong xo

via déng mach.
Y nghia ctia su thay déi néng dé cac hgp chat nita phi protid trong huyét tudng.

¥ nghia cta su thay d8i hoat db cta cic enzym t& bao trong huyét thanh.



PAP AN TU LUQONG GIA

Chuong 1. Chuyén hoi GLUCID

\

la 3.b 5.a,d 7.a,c 9.b 11.a,c
2c¢ 4.a,d 6.a,b 8.a,b,d 10.a,b,c,d 12.c
Chuong 2. Chuyén hoa LIPID
1.b 3.b 5.d 7.a,cd 9.a,bc
2.a 4.c 6.a,b,c,d 8.a,b,c,d 10.a,c
Chuong 3. Chuyén hea PROTEIN va ACID AMIN
I 1d 6.b 11.D 165 21.D 26.5
2b 7.a 125 17.D 22D 27.5
3¢ 8.a 12.5 185 23.b 28.D
4.a 9.a 14.D 19.5 24.D 29.b
5b 10.b 15.D 205 25.5 30.5
Chuong 4. Chuyén hoa HEMOGLOBIN
l.ab,ed 4.
2.b,c,d 1)ad
3.a,c,d 2) a,b,ce
] 3 bt
Chuong 5. Chuyén hoa ACID NUCLEIC
!7 l.a,b,c,d 3.bcd 5bd 7.¢ 9.a
| 2.a,bd 4.a,b,c,d 6.b 8.d 10.d
Chuong 6. Lién quan va diéu hoa chuyén hoa
| 1p 35 55 7D 98
2D 4.5 6P 8.5 105

237



Chuong 7. Su trao d6i nuéc va cac chit dién gidi

{ 1.b 3.d ’ 5.¢ 7.a,C 9.a,b,cd 1
| : !
2.d 4. ' b.a- 8.a,b,c,d 10.c,d
- A | a 4[ a,b,c,d C,L J
Chuong 8. Thing bing ACID -~ BASE
‘ 1.a 3.d 5.¢
L 2.b 4.a 6.a,b,c,d
Chuong 9. Hoa sinh thin va nudc tiéu
J 1.d 5.d 9.4 13.b 17.a,b,c,d
2b 6.4 10.c 14.a,b,d | 18.a,b
‘ 3.c 7.c 11.d 15.a,c,d 19.a,b,c,d
L Ab 8.a 12.d 16.a,b,c,d 20.a,b,c
Chuong 10. Hoa sinh gan
[ 7
1b 5.b L 9k 13.b 17.ad
2.d 6.b 10.d 14.b,c 18.b,d
| 3.d 7. 11.c 15.abd | 19.b,c.d
( 4. 8.¢ 12.¢ 16.a,d 1 20.a,d |
Chuong 11. Hoa sinh mau
1b 6.D 11.D
2.d 7D 12.8
3.c 85 13.D
4.4 95 14.D
5.¢ 10.D 155
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Tai D2 N3ng : S6 15 Nguyén Chi Thanh ; S6 62 Nguyén Chi Thanh ;
Tai Thanh ph8 H8 CH{ Minh : Cira hang 451B — 453, Hai Ba Trung, Quan 3 ;
240 Tran Binh Trong — Quan 5.
Tai Thainh ph8 C8n Tho : S6 5/5, dudng 30/4 ;

|

Website : www.nxbg2 EomTon

HUBT

ﬁ@ THU VIEN
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TAI LIEU PHUC VU THAM KHAO NOI1 8O

Gia: 59.000 d






