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LGI GIGI THIEU

Thyec hién mgt s6 diéu cua Luat Gido duc, Bé Gido duc & Do tao va Bd Y t&
dd ban hanh chudng trinh khung dao tao Duge si dai hoc. Bd Y t& t8 chitc bién
soan tai ligu day — hoc cac mén cd 56 va chuyén mén theo chuong trinh trén nhim
tiung bude xay dung bd sach dat chuéin chuyén mén trong cdng tac dao tao nhéan
lyc v té,

Sach HOA SINH HOC duge bién soan dia vao chuong trinh gido duc cha
Truong Dai hoc Y — Duge Tp H6 Chi Minh trén cd sd chuong trinh khung da duge
phé duygt. Sach duge cac giang vién ¢6 kinh nghiém tam huyét ctia b mén Hoa
Sinh, khoa Dugc bién soan theo phudng chim: kién thitc ¢6 ban, hé théng; ndi
dung chinh xac, khoa hoc, c¢&p nhat cac tién bé khoa hoc, k§ thuét hién dai va thyec
tién Viét Nam.

Sach HOA SINH HOC da duge Hoi dong chuyén mén tham dinh sach va tai
liéu day - hoc chuyén nganh Dugc cia B Y t& tham dinh nam 2007. Bo Y t& quyét
dinh ban hanh la tai liéu day — hoc dat chudn chuyén mén ciia nganh trong giai
doan hién nay. Trong thdi gian ti 3 dén 5 nam, sach phai duge chinh 1y, b8 sung
va cap nhat. '

B4 Y t€ xin chin thanh cam on cic tac gia va Hoi déng chuyén mon 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 thdi phuc vu cho
cbng tac dao tao nhén luc y t€,

Lan diu xufit ban, ching t6i mong nhan duge y kiéh déng goép cta dong
nghiép, cac ban sinh vién va cac ddc gia dé 14n xuat ban sau sach dude hoan
thién hon.

VU KHOA HOC VA PAOTAO - BO Y TE



LOI NOI DAU

Dé cung cip tai liéu cho sinh vién dai hoec Duge hoc tap thuan lgi; B mén Hoa
Sinh khoa Dudc, Pai hoe Y — Duge TP. H8 Chi Minh da xuét ban phan 1 (Hoa Sinh
cdu triic) tiép theo phan 2 (chuyén hoa cac cht va hoa sinh mét 88 cd quan) nham
cung cap ddy du tai lidu hoc tip mdn hoa sinh cho sinh vién Duge ndm thi ba,
sinh vién hé tap trung bdh nim va ciing ¢6 thé dung lam tai Héu tham khao cho
can bd Y — Dugc.

Trong phin 2 ndy, sich dude cac nha gido ¢6 nhidu kinh nghiém va tam huyét
tham gia bién soan, sach dugc chia lam 11 chuong gi6i thidu vé chuyén hoa cua
glucid, lipid, protein va acid amin, hemoglobin, acid nucleic ciing nhu sy lién quan
va didu hoa chuyén hoa cla cac chit. Phin 2 nay ciing dé cap dén chuyén hoa
mudi nude, thang bing acid-base va hod sinh mét s& ¢d quan: hoa sinh than va
nudc tiéu; hoa sinh gan va hoa sinh mau.

Trong qua trinh bién soan, cac tac gia cd ging cung cAp nhing théng tin cép
nhat trong linh vige hoa sinh ciing nhu mét s8 cdu hdi tu lugng gia @€ sinh vién ¢6
thé tu danh gia kha nang ctia minh.

Mic dau da hét sic cd gang, nhung chic chén séch con nhiing khiém khuyét
trong qua trinh bién soan. Do vay, ching téi chan thanh mong muén nhan dugc
nhiing ¥ ki€n déng gép quy bau cua quy thay ¢, sinh vién, cic ban dong nghiép va
déc gia dé 1an tai ban sau sach sé duge hoan thién hon.

CAC TAC GIA



DANH MUC TU VIET TAT

AC Anhydrase carbonic

ADN Acid desoxyribonucleic

ALAT Alanin amano transferase = Alanin transaminase
AMP Adenosin monophosphat

Apo Apolipoprotein

ARN Acid ribonucleic

ARNm ARN messenger: ARN théng tin

ARNr ARN ribosom

ARNt ARN transfer: ARN van chuyén

ASAT Aspartat .amino transferase = Aspartat transaminase
ATP Adenosin triphosphat

BSP Bromo—sulifo-phtalein

CRP C-reactive protein

DHAP Dihydroxyaceton phosphat

DPG Diphosphoglycerat

1,3-DPG 1,3 Diphosphoglycerat

2,3-DPG 2,3 Diphosphoglycerat

EF Elongation factor

FAD Flavin adenin dinucleotid dang oxy hoa

FADH Flavin adenin dinucleotid dang khi

f-Met Formyl-methionin

Gamma GT Gamma glutamyl transferase

GOT Glutamic oxaloacetic transaminase

G3P Glyceraldehyd—-3—phosphat

Het Hematocrit

HDL High density lipoprotein

HGPRT Hypoxanthin—guanin phosphoribosyl transferase

IF Initiation factor



LDH
LDL
NAD
NADH
NADP
NADPH
OCT
PAH
3-PG
PRPP
PSP
REF
RF
RIA
VLDL

Lactate dehydrogenase

Low density lipoprotein

Nicotinamid adenin dinucleotid dang oxy hoa
Nicotinamid adenin dinucleotid dang kh
Nicotinamid adenin dinucleotid phosphat dang oxy hoa
Nicotinamid adenin dinucleotid phosphat dang khit
Ornitin carbamyl transferase

Para amino hippuric acid

3-Diphosphoglycerat
5—Phosphoribosyl-1-pyrophosphat

Pheny! sulfo phtalein

Renal erythropoietic factor

Release factor

Radiocimmunoassay

Very low density lipoprotein
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Chuong 1
CHUYEN HOA GLUCID

MUC TIEU

1. Viét duge so d6 va xde dinh vai tro ciia nhitng con duong chuyén hod
chinh cua glucid. : '

2. Néu duoe ¥y nghia va méi lién quan gita con dwfmg duong phéan va chu
trinh pentose. :

3. Néu duoe ddc diém chuyén hod glucid J cdc mé.

4. Trinh bay dudc cdc qud trinh tong hop glucid trong co thé.

5. Trinh bay dude chuyén hod clia frutose, galactose, mannose.

6. Trinh bay dudc chuyén hod cta glucid trong cdc truong hop sau khi dn,
khi dai.

7. Trinh bay duge su diéu hoa va nhitng réi loan cia chuyén hod glucid.

1. DAI CUONG

Chuyén hoa glucid 1a mdt trong nhiing qua trinh chuyén hoa quan trong trong
co thé séng, chu yéu nhdm cung cdp ning lugng cho té bao hoat dong. Ngoai ra su
chuyén hoa nay con cung cip nhiéu san pham chuyén hoa trung gian quan trong.
Qua trinh chuyén hoa glucid c6 lién quan chit ché véi su chuyén hoa cac chat khac
trong cod thé, nhat 1a déi véi chuyén hoa lipid, acid amin va acid nucleic.

Nhu cau glucid ciia ngudi trudng thanh 1la 300 — 500g trong 24h. Khi tang
lugng lipid va protid trong khau phan an thi nhu ciu glucid c6 thé giam thap.

Trong co thé ngudi va déng vat cao cap, glucid ton tai dudi ba dang:

— Dang dit trit 12 glycogen, tap trung chu yéu ¢ gan va co.

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

— Dang tham gia cu tao trong céc t6 chiic ctia cd thé.
1.1. Nguén glucose cua co thé

e Nguon glucose ngoai sinh 1a nguén glucid tit thiic 4n, bao gém:



— Tinh bét: 1a thic an glucid chil yéu clia ngudi, c6 trong cac hat ngi cdc, cu.
— Glycogen: ¢6 trong cac t& chiic va co dong vat.
— Cellulose: ¢d trong rau va mdt s6 qua.

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

Cac monosaccarid cé trong thiic in vé1 higng it, thuong gap la glucose (nho),
fructose (trai cdy), mannose, ribose...

S tiéu hod va hdp thu glucid

Qua trinh tidu hoa glucid ti thic an thuc chit 13 qua trinh thuy phdn cdc
polysaccarid va disaccarid dudi tac dung cua cic enzym 6 dudng tiéu hoa thanh
cac monosaccarid. Enzym thily phan tinh bdt va glycogen 14 amylase cua nudc bot
va dich tuy. C6 hai loai amylase 13 c—amylase va B-amylase. B—amylase cé trong
mdt 88 thuc vat, a—amylase ¢é trong nudc bot va dich tuy, ca hai déu thuy phén
lién két a—1—4. B—amylase tac dung & phan dau mach nén dudge goi la exoamylase.
a—amylase thi thiiy phdn cac lién két & giia nén c6 tén 14 endoamylase, ¢ hé théng
tiéu hoa o—amylase 12 enzym thuly phin amylose va amylopectin (thanh phin cua
tinh bat va glyvcogen) cho maltose. a~amylase 14 enzym can Ca*'. Vi a—amylase
khéng cidt duge lién k&t o—1—6 nén san phidm trong qua trinh thiy phéan
amylopectin 13 cac oligosaccarid (dextrin). Ruét chi c6 thé hap thu monosaccaraid
nén oligosaccarid tiép tuc duge thily phén ti€p boi cac oligosaccaridase cua rudt
non. Cac disaccarid trong thle 4n nhu lactose va saccarose cung véi cac san pham
thay phan cua tinh bdt va glycogen sé bi thuy phdn dudi tdc dung ciia maltase,
saccarase, lactase dé cho san phim cudi ciing 13 cac monosaccarid chu yéu la
glucose va mot s6 it-fructos'e va galactose. Su thidu hut lactase ¢ rudt dan dén tich
tu lactose gy tidu chay khi dung lactose vi lactose khong duge hip thu s€ 1én men
bdi vi khuén va ap luc thim thau tang gay hat nude vao long rudt,

T4t ca cac monosaccarid déu dude hap thu hoan toan ¢ rudt non, su hip thu
t6t nhat & phdn dau ctia rudt non. Téc dé hAp thu cia cic monosaccarid:
galactose{110) > glucose (100) > fructose (43) > mannose (19) > pentose (15-19).

Su hap thu cé hai co ch& gbém (1) su khuéch tin don gidn phu thude vao
gradient néng dé cia monosaccarid gitia t& bdo mang rudt va mau; (2) s¢ vdn
chuyén tich cuc khéng phu thudce vao gradient néng 44, ina phu thude vao nang
lugng cung cap, cd ché& nay xay ra déi véi glucose va galactose.

Su hdp thu monosacearid 6 rudt non ciing bi anh hudng bdi mét s6 tac nhan
nhu thyroxin lam ting qua trinh hap thu cac hexose hay su thay déi néng d6 cia
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cac cation dic biét 1a K* lam tang h&p thu glucose. Su hdp thu cac hexose t&i uu
khi ¢6 mét cac vitamin nhém B nhu thiamin, pyridoxin va pantothenic acid.

e Ngudn glucose ndi sinh

Ngudn carbohydrat néi sinh chinh la glycogen cua gan. Ngoai glycogen trong
¢o thé c¢on ngudn carbohydrat nho l1a galactose, mannose va pentose, nhiing chat
nay ¢6 kha nang chuyén thanh glucose.

Ngoai ra, trong cd thé con cé nhiing thanh phan khéng phai carbohydrat c6
kha ning tao glucose nhu (1) cdc acid amin, né dugc xem la mét trong nhiing
ngudn nguyén lidu dé téng hgp carbohydrat, (2) lipid, cac acid béo khéng ¢ kha
ning chuyén thanh glucose, nhung phan glycerol duge xem la ngudn tao glucose.

1.2. St dung glucose ctia co thé

Thoat hoa

Dé cung cAp ndng luong cho co thé, glucose bi thoai hoa hoan toan thanh CO,
va H,0 (dudng pyruvat), qua trinh nay xay ra ¢ tét ca cac mo.

Téng hop deng du triz

Khi khéng ¢6 nhu cAu nang luong khén cidp hay nhu cau téng hgp cac san
pham dic biét, thi lugng thita glucose s& duge du tri dudéi dang glycogen d gan va
mb. Ludng glycogen du tri trong cd thé cé gidi han, khi vudt gidi han nay lugng
ghicose thita sé dude chuyén thanh acid béo va du trit dudi dang triglycerid trong
mo md.

Stz dung téng hop cdc thanh phan khde

Mot phan glucose duce stt dung dé tong hgp:

— Ribose va deoxyribose cAn cho téng hop acid nucleic.

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

— Glucuronic acid (tham gia trong cac phan ting khu dc — detoxication).

— Galactose (trong thanh phéan cia glycolipid va lactose).

- St dung téng hop acid béo va acid amin. (1) C6 nhiéu acid amin khéng ¢é
trong khiu phin an, nhung van xuit hién trong thanh phin protein cua méb cd
thé, d6 14 nhiing acid amin do co thé tu téng hop. Cac acid amin ndy duge tdng hop
ti khung carbon 14 glucose hay chit chuyén hoa cila glucose. (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 cia cac td chiic, glucose tii do dugde tao ra méot phan do thoai hoa
glycogen (it) hoac do t& bao 14y tit mau ngoai bién vao. Glucose chi ¢é thé di vao con
dudng thoai hoa khi né 6 dang glucose—6—phosphat. Tit glucose—6-phosphat c6 thé theo
nhiéu con dudng thoai hoa nhu (1) Con dudng dudng phén (glycolysis), (2) Con dudng
Hexose monophosphat hay chu trinh pentose phosphat, (3) Con ducng Uronic acid.

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

2.1.1. Puong phan-Glycolysis

Qua trinh oxi hod glucose
dén pyruvat goi la qua trinh
Phan
ing dau tién cia con dudng
duong
phosphory! hoa glucose 6 C—6 bai

dudng phan (glycolysis).

phdn 14 phan dng
hexokinase. Tiép theo glucose—6—
phosphat dudc 1some hoa thanh
fructose—6—phosphat va fructose—
6—phosphat duge phosphory! hoa
ti€p tuc dudi tic dung enzym
phosphofructokinase cho fructose
1,6—diphosphat. Qua
phosphoryl hoa véi su tham gia
cua 2 phan tit ATP va sy hién
dién cua Mg*

trinh

. Dudi tae dung cua
aldolase, fructose 1,6—diphosphat
bi phan d6i thanh hai manh 3C
la glyceraldehyd—3—phasphat
(G3P) va dihydroxyaceton
phosphat (DHAP). Chi c6 G3P
tiép tuc thoai hoa. Su can bang
thanh phan hai triose—
phosphat nay dude diéu khién béi
triose—phosphat isomerase do dé

loai

ca hai triose tif hexose déu c6 thé
duge st dung hoan toan. Mat
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CHzOH

G i
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0 - Glucose

Phospheryl hoa
Hexokinase

CH;O

ADP

r O
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@

(2) Isomer hoa
Phosphoglucoisomerase

J @ OCH, 0 CH,0H

F&pP
(3) Phosphoryl hoa
6 — phosphat
Phosphofructokinase @ F'UCtose phospha
OCH;
FDP } Q |
Phan doi
®A|dao|ase Fructose—16 diphosphat
DHAP »  23p
@ Isomer hda
CH0 @ Triose phiosphat isomerase lTI
| o
e CHOH
CH.CH i
CH0 <

Dihydroxyaceton phosphat Glyceraldehyd — 3 — phosphat

Hinh 1.1. Budng phan - Glycolysis



khac dihydroxyaceton phosphat c¢6 thé chuyén hoa theo dudng khac, dé la

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

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

G3P tiép tuc bi oxi hoa
va phosphory! hoa dudi tac
dung glyceraldehyd — 3 —
phosphat dehydrogenase cho
13 - 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 c¢6 xu
huéng chuyén nhém acyl —

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

phosphoglyceratkinase. Pén
thdi diém nay téng s& ATP
. bai duong
glvcolysis 1a 0. Con duong

tao ra con
glycolysis thit su cho nang
lugng & cAc phan fing con lai.
3—phosphoglycerat qua giai
doan 1somer hoa cho 2-
phosphoglycerat va tiép tuc
bi khu nudc bdi enolase cho

phosphoenolpyruvat (PEP).
Cudl cung vé xuc tac

pyruvat kinase tiép tuc qua
trinh phosphoryl hoi ¢ mitic
cd chat, PEP chuyén
phosphat cho ADP va cho
pyruvat (hinh 1.2).

G3P

Oxihoa va
phosphoryl hoa

Glyceraldehyd — 3 - Phosphal
dehydrogenase

2

0 Phosphoryl hoa &
mifc cd chat

Phosphoglycerat kinase

tsome hoa

Phosphoglyceral mulase

2PG

(®) Dehydrat hoa
Enolase

Phosphoryl hoa
@ & e cg chat

Pyruvat kinase

C

X

Pyruvat

NAD  Glyceraldenyd - 3 ~ phosphat

NADH;

ADP

ATP

ADP

ATP

A

§=0
CHOM
CHOD

3
c~ol®

CHOH

éH?O@

1, 3 — diphosphogiycerat

Ccoo-

b
CHO

3 - phosphoglycerat

COO-
e
CHO

2 - phosphoglycerat

ClIOOr

(‘} -0

CH;,
Phosphoenolpyruvat

Co0-

S 0

CH;
Pyruvat

Hinh 1.2. Budng phan - glycolysis

2.1.2. Chuyén hod tiép tuc ciia acid pyruvic

Trong diéu kién hiéu khi
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Trong diéu kién t& bao clia té chiie dude cung cdp di oxy, acid pyruvic sé dude
chuyén vio trong ty thé, ¢ dé 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 khi
carboxyl oxy hoa cua acid pyruvic thuc ra 1a mot chudi phan (ing duge xic tac badi
mot phiic hop da enzym, phiic hop ndy ¢é su tham gia cua cdc coenzym: thiamin
pvrophosphat, NAD, FAD...

S M2 CH.CO-~§
CH,COCQO0H + | ™ Lipoic —— | Slipoc + co,
acid pyruvic HS
CH:COwar § HS\
| >lpoic + CoA-SH ~ ——— | >Lipoic  + CHCO -S-CoA
HS HS
FAD NADH,
FADH, NAD
3
~
Lipoic
S/

Trong diéu kién yém khi

Trong trudng hgp co ¢o yém khi khi ¢d van d6ng cudng d6 cao hay ¢ nhing vi
khudn lactic séng trong diéu kién khéng cé oxy, acid pyruvic bi khit thanh acid lactic.

?OOH Lactic dehydrogenase GOOH

C=0 /,_\ » CH-OQOH

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

Trong qua trinh 18n men rudu, acid pyruvic bi khu thanh etanol.

COOH H

| Pyruvat decarhoxylase | Alcol dehydrogenase

C=0 » C=0 » CH,0OH

| N TN

CH; COz  CHs NADH H* napt OB
Acid pyruvic Acetaldehyd Etanol

2.1.3. Néang luong tao ra qua qud trinh thodi hoa glucose theo con duong
duong phéan

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

Nang lugng tao ra duge tip trung vao cac lién két phosphat gidu nang lugng
trong phin ti1t ATP.
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Giycogen Glucose
e Pi

lg_ADP

Glucase — 1 -+ Glucose -6 B

- ATP

Fructose - 6 -

- ATP
| o

Fructose - 1,6 - di®

v
Dihydroxyaceton - P Glyceraldehyd - 3 ()
Glycerol - P 13-di (B glyceric acid
g ADP
lecﬁro! NADH  H2 b + + ATP (x2)

3 (B glyceric acid

|

2B glyceric acid

}

2B enolglyceric

ADP
beT > +ATP(x2)
Pyruwc acid
Acetaldehyd
2 Etanoi 2 actd lactic Acetyl CoA
CT Krebs
NADH H*tx + 12 ATP (x2)

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

Trong diéu kién hiéu khi ¢é dti oxy, mét phin tu glucose thoal hoa hoan toan sé cho
26 ATP va 4 NADH2 (= 12 ATP) = 38 ATP. Néu tix glucose cua glycogen 1a 39 ATP.

Qua tinh toan trén ta thédy thoai hoa glucose mét cach hoan toan dén CO, va
H,0 (nghia 1a ¢6 sut két hgp véi chu trinh citric va chubi oxy hoa khit t&€ bao) sé
cung cAp mét luong 16n nang luong dudi dang ATP cho t& bao.

Tuy nhién su thoai hoa glucose bang con dudng dudng phan trong diéu kién
vém khi (san ph&am tao thanh la acid lactic) ciing ¢6 ¥ nghia vé phuong dién nang
luong, bdi vi tuy né tao it ATP, song san pham thu dude 1a acid lactic sé duge cd
thé s dung lai dé tai tao glucose cho qua trinh thoai hoa tiép theo. Vi vay con
dudng nay van déng vai trd quan trong vé phuong dién cung ¢ip nang lugng (dic
biét 1a t& chiic cd khi c6 hoat déng).
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2.1.4. Puiong phan (glycolysis) 0 co — Chu trinh Cori

Co xuong l&y nang lugng chud véu ti qua trinh thoai hoa glucose bang con
dudng dudng phan (glycolysis). Khi co hoat déng géng stic hay véi cudng d6 nhanh
glycogen cua cd dudge huy déng phén giai cho glucose—6—phosphat dé thoai hoa tao
nang lugng. Nhung hé hd hap va tudn hoan khéng cung cip dua oxy cho cd, dé oxi
hoa hoan toan lugng glucose nay. Do d6, mét phin pyruvat sé khéng bi oxy hoa
ti€p tuc ma bi khu boi lactat dehydrogenase cua cd cho lactat. Sau dé lactat duge
phéng thich vao mau va duge gan st dung @€ tan tao glucose.

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

Gan Mau Co
Glycogen
Glucose » (lucose - 6 - phosphat
Lactat « Lactat
{(Tim)
CO, + HO COy + H0
Hinh 1.4a. Chu trinh Cori
Gan Mau Co
Glucose » Glucose
NAD" NAD*
NADH \GATP NADH ZATP
2Pyruvat 2Pyruvat
NADH NADH
NAD" NAD"
2Lactat + 2 actat

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

Trong héng ciu, giat doan xuc tac bdi phosphoglycerat kinase dudc thay thé
bing mét qua trinh gidi phéng ning lugng dudi dang nhiét lién quan téi lién két
gidu nang lugng cua 1,3-DPG. Enzym diphosphoglycerat mutase xtc tac su bién
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d61 1.3-DPG thanh 2.3 DPG, chdt nay dudc chuyén thanh 3-PG nho 2.3
diphosphoglveerat phosphatase. Trong nhiing phan {ing nay, néu mit moét
phosphat giau nang lugng thi ¢é nghia la khéng ¢6 su téng hop ATP trong qua
trinh dudng phan. Dav 1a vu thé tiét kiém nang lugng cia hong cau vi noé cho phép
qua trinh dudng phan van xav ra khi nhu cau ATP 1a t81 thiéu.
2.3-DPG luén ludén két hop vé Hb lam giam ai luc ciaa Hb véi O, va gay
chuyén dich dudng cong phan Iy HbO, sang phai. Do d6. su c6 mat cua hop chat
nay trong hong ciu 6 tac dung kich thich HbQ, giai phéng O,. Nhu vayv. su tao
thanh 2.3-DPG ¢é ¥ nghia quan trong trong qua trinh diéu héa van chuvén O, clia
Hb. Sy tang ndéng do 2,3-DPG lam giam ai lue gitta O, va Hb, do d6 tang kha nang
cung cap O, cho té bao (vi
du: khi thiéu mau hay ¢ dé
ca0) va ngudge lai. NAD"
Hién tugng thiéu enzvm

bam sinh cha héng ciu c6 NAD" H-
Diphosphoglyceratmutase
13-0PG ——+ 23-PDG

trinh téng hop 2.3-DPG nhu: AP
. R . 2.3 Diphosphoglycerat
Thiéu hexokinase sé lam Phosphoglycerat kinase phosphatase
giam néng dé 2,3-DPG, gay ATP
tang a1 lye cua O, véi Hb, do 3- PG

dé 1am giam lugng O, téi cac

anh hudng truc tiép dén qua

e O Pyruvat
té bao. » Fyrve

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

lam tang néng d6 2,3-DPG va ting cung cap O, cho t& béo.
O héng cdu ngay ci trong didu kién hisu s
khi, qua trinh dudng phan ciing van tao ra l
lactat vi ¢ héng cAu khéng c6 ty thé, NADH G6P
duge tae ra boi glvceraldehvd phosphat l
dehvdrogenase khéng thé bi oxy hoa trong i
chudi hdé hap va do d6 tiép tuc phan tng vdi l
pyruvat tao lactat va NAD'. NAD" tiép tuc dude
su dung trong con dudng dudng phan. Day la NAD"
mét trudng hgp dic biét vi khoang 90% nhu cau <,. _>I
nang lugng ¢ héng ciu duge cung cip béi con 4,4

J3-DPG—————— — Pyruvat
duong dudng phan nay (hinh 1.6). Minh 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
duong dudng phin, song chiém ty 1& thAp hon nhiéu (7-10%). Tuy nhién 0 mdt s6
t& bao va to chic nhu héng cau, gan, tuyén sita trong thoi ky hoat dong, t6 chirc
md... sy thoai hoa glucose theo con dudng nay lai chiém uu thé.

Chu trinh pentose phosphat ciing 14 mét con dudng thoai hoi glucose nhung
khong tao ATP, ma c¢é hai chitc nang 1a (1) tao NADPH cung cdp cho qua trinh
tong hdp acid béo va steroid va (2) téng hop ribose cung cip cho qua trinh téng hop
nucleotid va acid nucleic.

Chu trinh pentose phosphat xay ra 6 té bao chat va chi yéu & gan, mé md, vo
thugng than, tuyén giap, hong cAu, tinh hoan va tuyén siia trong thai ky hoat
dong. Chu trinh nay chiém ty l& thap & co xuong va tuyén sita trong thoi gian
khéng hoat déng. 0 nhiing mé ma chu trinh pentose phosphat hoat ddng cao sé su
dung NADPH do chu trinh nay tao ra dé tham gia khit trong qua trinh téng hop
acid béo, steroid, acid amin va gluthathion.

Dac biét ¢ héng cau chu trinh pentose cung cdp NADPH dé khit glutathion &
dang oxy hoa tao glutathion dang khu. Phan ting nay ridt quan trong vi
glutathion dang khu ¢6 vai trdé phdn huy H,0,, vi H,0, lam giam thdi gian séng
va gdy ton hai mang t& bao hong cdu din dén tiéu huyét. Mot bénh c6 tinh chat
di truyén do thiu mét enzym trong con dudng pentos phosphat 1a glucose—6—
phosphat dehydrogenase (G—6-PD), dan dén thidu NADPH va dac biét § t& bao
héng cau va gay ra tiéu huyét (hemolytic anemia) khi bénh nhan st dung cac
thude tao ra cac gdc c¢é tinh oxy hoa nhu thuéc s6t rét primaquin, aspirin,
sulfonamid hay khi bénh nhén in cac loai dau.

Con duong nay 1a mét chu trinh trong dé ¢ 3 phén ti glucose—6—phosphat di
vao sé tao 3 phan tu CO, va 3 phan td pentose phosphat, tiép theo la mét chudi
phan iing bién d6i dé 3 phan tii pentose phosphat trén tao thanh 2 phan tu
glucose—6-phosphat va mét phan tu phosphoglyceraldehyd. Triose nay hoac sé
thodi hoa tiép tuc theo con duong dudng phan tao acid pyruvic hodc sau khi déng
phan hoa thanh PDA thi ti€p tuc két hgp véi mét phan tid PGA dé tao fructose 1-6
diphosphat, sau dé thanh fructose—6-phosphat. Phan tii nay dude déng phan hoa
thanh glucose~6-phosphat va tiép tue di vao chu trinh pentose. Miat khéc tir san
pham fructose—1,6-diphosphat cling ¢6 thé di vao qua trinh thoai hoa theo con
duong dudng phan (hinh 1.7).
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NADP" NADPHH" C':OOH
HCQ_W 05_1 HCOH
HOCH HOCH ~mony  HOCH
H??#J H??_J HCOH
HC HC H(|30H
CH0 —(@) CHO —@) CH0 —(®
Glucese - 6 - phosphat 6 - phosphoglucono - lacton 3 - Ceto - 6 - phosphogluconic
NADP"
NADPH K
COOH
HOOH Cr,0H H(:_‘,OH
Hi%: e HE&LO —_— HES;O
P
HCOH HCOH - HCOH
CHO —B CH:0 —B CO: CHO (P
Endio! Ribulose - 5 - phosphat 3-Keto-B-phosphogluconic acid
Epimerase
H“(E’C)‘H] CIZH;,_-OH
HCOH C=0
H(EOH 0 H_OCI-!_
Hé"_J HCOH
CH0 —(@) oHO ~®)

Ribose - 5 - phosphat

!
{HCOH}; HC=0

Xylulose — § - phosphat

LE:; Transketofase
CH,0H Transketolase
|
_£=0 .y
HOCH CH,OH '

Cc=0
H(:)OH
CH,0 —(P)
Glyceraldehyd — 3 - phosphat
(I‘,HgC)H
HOC

|
CHO —(B) 3
Sedoheptulose-7 "Gac glycoaldehyd

A
¢=0

. H(IBHOH

Transaldofase HCOH
1
CH.0 —(P)
Erythrose — 4 — phosphat

HCOH
|

L

0

HCCH

o
CHzo _®

Fructose -6 — phosphat

e

Hinh 1.7. Con dudng hexose monophosphat
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Moi lién quan gitta con duong duong phan voi chu trinh pentose

Gitia hai con dudng nay ¢6 mdt s& san pham chung ma tir d6 sy thoai hoa tiép
nhiing san phdm nav khéng phin biét chung ¢é nguédn gée ti con duong thoai hoa
nao. dé la cac triose phosphat. fructose—6-phosphat. fructose—1.6—diphosphat

(hinh 1.8).

Glucase Glycogen
\/ NAOHH *

!
6-6-® “/ » Ribulose 5P acio nucleic

r"L |

Giyeo fysns] i Pentose phosphal . / \ /

ylulose 5P Ribose 5P
e -® \ /

¢-16-®

Dihydrexyaceton (F) «—» Glyceraidehyd )

l

Pyruvic

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

2.3. Thoai hoa glucose theo con dudng uronic acid

CH,0 (P CH;0H UDP - gits - pyrophosphoryfase CH,0H
H Oy ® Glucosernutase H Oy H 0y
—_——————ie OH H OH H
HO H  OH H
H ©OH uTP ®-® OH
Glucose - § - phosphat Glucose - 1 — phosphat NADU*'DP - glucose
)[ UDP - glucose
NAH, dehydrogenase
H COOH H H » / H On
§ OH 1/ e OH B Ay OH HA_
H HO HO
H OH NAD + H CH H OH
a. gluconic k‘ a. glucuronic a. UDP glucuronic
NADH;
0
C CH.0OH
HOIEII:_é _t=o0
HOC ] HOCH
H(i: H(l.‘.OH
HOGH CH0 @
CH,OH Xylulose
a. Ascorbic

Hinh 1.9. Con duéng uronic
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O gan glucose thodu hoa theo con dudsng nay cho acid ghucuronie. acid ascorbic
va pentose. Con ducong thoai hoa nay khéng cho ATP. UDP-Glucuronat 1a dang
hoat déng caa glucuronat sé ti€ép tuc tham gia tong hop proteoglvean, caec hormon

steroid. bilirubin hay lién hop véi mét s6 thude dé dao thai qua nude tiéu hav mat,

Clucuronat tiép tue bi khu thanh L-gulonat véi sy hién dién cua NAPH H+. O
déng vat co kha nang téng hgp vitamin., L-gulonat tiép tuc chuvén hoa cho
ascorbat, riéng 6 nguci va linh trudng vi thifu L-gulonolacton oxidase nén khéng
thé t16ng hop ascorbic.

Sau cung L-gulonat c6 thé chuvén hod cho D-xylulose 5—phosphat. D-

xvlulose 5—phosphat ¢6 thé thoai 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 o—1-6 déu duge
thuy giai. Co 4 phan ung véi sy tham gia cua enzym: (1) phosphorvlase thuy
phan lién két a-1.4 (2) cac phan Gng 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 c¢ vi thiéu enzyvm glucose 6—phosphatase nén glvcogen cua cd khéong la
ngudn cung cap glucose truc tiép cho ngudn glucose mau, tuy nhién né lai la ngudn
cung cip nang lugng cho su co c¢d do glucose 6-phosphat di vao thoai hoa theo con
duong dudng phan.

o
o O
O

%b:) Glucano
Phophorylase fransferase 1.6 - glucosidase o

Hinh 1.10. C4t nhanh trong thiy phan glycogen

Glycogen

_\ Phosphorylase

Phosphoglucomutase Glucose 6 - phasphatase

Glucose 1 - phosphat » Glucose 6 — phosphat Glucose

Hinh 1.11. Thuy phan glycogen (glycogenlysis)
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3. TONG HOP

3.1. Tan tao glucose (gluconeogenesis)

Dé tao nang luong, phan 16n cac t8 chitc ¢6 thé chuyén hoa cac ngudn carbon tit
nhiéu dudng khiac nhau nhu glucose, triacylglycerol, acid amin, pyruvat... Tuy nhién
ngudn carbon cin ban va duy nhat ma nao va hé théng thin kinh trung ucng su
dung la glucose. M6t s6 md khac ciing st dung glucose 1a ngudn can ban nhu cg,
phén tity than, tinh hoan va héng cAu. Vi vay cac t& bao phai c6 kha ning fi téng
hop glucose tiz nhitng nguyén lidu khdc dé duy tri néng do glucose mau nam trong
gidi han va gidi han nay ¢ ngudsi tudng d61 hep, lugng glucose mau nay nhim duy
tri hoat déng co thé dac biét 1a néo va hé than kinh trung uong va cung cip cho
qua trinh téng hop glycogen du trit. Nhu ciu glucose ciia nio ngudi tusng 461 16n
khoang 120g/mgay so v6i tong lugng glucose sii dung cla toan bd cd thé la
160g/ngay. Tong lﬁQng glucose c6 trong glycogen du trit clia todn b cd thé ¢ bat ky
thdi diém nao 1a 190g va lugng glucose trong toan bd dich cd thé la 20g. Do do,
lugng glucose dy trit cia co thé chi di cung cdp cho nhu ciu glucose trong mot
ngay. Vi vay khi thai gian nhin d6i kéo dai trén mét ngay hay khi ¢g thé phai hoat
dbéng ¢ cuﬁiﬁg dd cao (vi du nhu mét cude chay marathon) lugng glucose du trii gin
nhu can kiét va glucose phai dude téng hgp mdi (tir cac nguyén liéu khac), qua
trinh téng hop méi glucose duge goi 1a tdn tao glucose (gluconeogenesis).

Tén tao glucose (gluconeogenesis) duge dinh nghia nhu 1a qua trinh sinh téng
hop glucose ti nguén nguyén liéu cé cdu tao 3 va 4 carbon. Cac thanh phéan chinh
tham gia tan tao glucose 1a lactat, san pham tit qua trinh dudng phan Xay ra d cd
xuong va hong clu; acid amin, tit nguén thic 4n hay ti qua trinh phan giai
protein cua cd trong thoi gian d6i va xa bita 4n, trong 20 acid amin ¢ protein tri
lysin, leusin va cac acid amin con lai déu sén sang tham gia qua trinh tong hop
cho glucose; alanin, tr chu trinh gluose—alanin & cg; propionat, sin pham tu qua
trinh thoai hoa acid béo hay acid amin; glycerol, san pham trong qua trinh thoai
hoa lipid. Va qu4 trinh nay xay ra trong phén t& bao chat ciia t& bao (hinh 1.12).

Qua trinh tan tao glucose (gluconeogenesis) xay ra chinh & gan, ngoai ra con
¢6 mot con dudng phu xdy ra 6 phan vé than.

Glucose duge tao mdi chi yéu cung ¢dp cho ndo, mé than kinh va cg xuong.
Ngoal ra. mét phan s& cung cdp cho qua trinh téng hop cac hexoamin, cac
polysaccarid phic tap va cac glycoprotein hay glycolipid.
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Glucose

!

Glucose — 6 — phosphat

Fructose — 6 — phosphat

!

Fructose - 1, 6 - diphosphat

- N\

Uihydroxyaceton phosphat Glyceraldehyd — 3 — phosphat

F i

1]

—— — > —

Phosphoenolpyruvat

I

Glyceral — 3 - phosphat Oxaloacetat +— «— 4— «— Succinyl CoA «—— Methylmalonyl CoA
4

| S |

1—4—] Céac acid amin l \ Propionyl COAJ

1 Ghycerol

Pyruvat

‘ Lactate 1

Hinh 1.12. Qua trinh tan tao glucose (gluconeogenesis)
3.2. Téng hop glycogen

Hai to chic téng hgp glycogen manh nhét trong co thé 1a gan va co. Trong co
thé glycogen du trii chii véu 8 gan va cd, ty 1é cao nhat & gan 2%—8%. Co chlia
1%—3% glycogen nhung vi khéi lugng ¢g Ién nén tong lugng glycogen cua cd la
nhiéu nhat. Glvcogen cua gan la dang dy trd chung cho toan co thé, nguge lai
glvcogen trong cd chi du trit riéng cho co ma thdi.

O co xuong glycogen la nguén nang lugng chinh cung ciip cho qua trinh co ¢d.
Gan 14y nguén nang lugng chinh ti qua trinh thoai hoa acid béo, riéng nguodn
glvcogen cua gan chu véu cung cdp cho glucose mau va van chuvén dén cac md
khac dé thoai hoa tao nang luong. Do d6, gan dude xem la t6 chic diéu hoa glucose
cua ¢o thé vai vai tro difu hoa lugng glucose méau théng gua diéu hod qué trinh

téng hgp va phan giai glycogen bang enzym glycogen synthase va phosphoryvlase.
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hé thich hop véi vai trd nav. trén gan chia lugng Ién glvcogen. tu 2% dén 8% trong
lugng cua gan. O gan muc té1 da cta qua trinh tong hop glveogen va ¢ua qua trinh
phan giai glveogen tuong duong nhau. nhung ¢ ¢d thi gua trinh phan giai glveogen
¢6 thé gap 300 lan qua trinh téng hop glveogen. Cac enzym cua qua trinh tong hap
va phin giai glycogen 6 gan va cd nhu nhau nhung néi tiét t6 diéu khién lai khac
nhau. Nguvén liéu dé tong hop glveogen cta té bao la glucose. Cac t6 chic lav
glucose tf mau tuan hoan, con t6 chie gan ngoal huong glucose do mau dun dén
{sau khi an). con mot lugng l1én glucose do té biao gan ty tong hop I cac
monosacearid ngodi glucose, cac acid amin. glveerol, acid lactic... (khi an thue an
chiin nhiéu cac monosacearid khac. khi déi, khi van déng c¢g nhiéu ...}, Glucose tu
do ¢ mau tuan hoan. sau khi qua mang t&€ bao bi phosphorvl hoa thanh glucose—G—
phosphat, sau d6 duge dong phan hoa thanh glucose—1-phosphat dé tham gia tong
haop glveogen.,

Tong hop mach thang

La qua trinh ta0 cac lién két 1.4 glucosid gita cac phan ti glucose dé kéo dii

mach thang caa phan ti glveogen (hinh 1.13).

Glucose N >

J ATP

Hexokinase
ADP

¥\

Glucose - 6 — prosphat

Phosphoglucomutase

¢

uTp
UDP - Gic pyrophosphorylase
PP,

Glucose - 1 - phasphat

(O

7Y

ULP - Glc

0

Boan glycogen Gl
(nycogensynmase
UbP

Glycogen Gle,. < >|_0_|/ij .......

Hinh 1.13. Tang hgp mach thing cha glycogen
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Tong hop mach nhanh

La qua trinh tao cace lién két u—1--6 glucosid trong phin ta glveogen. Trong
qua trinh chudi thang, khi chudi thang da kha diu enzym amviose (11, 1586)
tramsglucosidase s cat mét doan dau cua mach thang (it nhat A 6 phan
glucose) sau dé chuvén dén gan vae OH cua (6 cua phin 14 glucose cua cang

chudl hoae chudi khae. Sau dé mach nhanh méi tao thanh lai duge kéo di.
3.3. Tong hgp lactose

Disaccarid duy nhat duge tong hop ¢ co thé nguoi va doéng vt cao cap 1a Inctose.
Lactose duge tong hop d tuyén stia cta phu ni trong thoi ky ¢6 thai va cho con bul.

Nguvén lidu dé téng hop lactose la glucose 11 méu hodc do phin huy glveogen

(hinh 1.11).

Hexokinase
Glucose /\( » G-6-F
ATP ADP { Phosphoglucomuiase
EFnosphorylase

Glycogen ADP

e
UDP giucose Uridyt
pyrophosphorylase {ransferase

UopP -G uce ATP

epimerase
Lactose synihelase
UDP - gal » Lactose
Glucose

Hinh 1.14. Té'ng hop tactose
3.4. Téong hop glycoprotein
Cian doan dau tién trong qua trinh téng hop glveoprotein la tong hop chudi

oligosaccarid gan vé1 lipid. Phan lipid tham gia la dolichol phosphat, tiép theo 1a
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qué trinh tong hgp chudi oligosaccarid. Qud trinh trén xay ra ¢ ludi noi chit, bude
ké tiép chudi oligosaccarid cua oligosaccarid—DPP s& dugc chuyén sang lién két véi

mét polypeptid (hinh 1.15).

Dolichol
CUDP—O GlcNAC
UMP

O—<F><F>—‘ Dolichal
l UDe —<:> GlcNAc

- Dolifhol uDP
l 5GP \

5GDP

% C SSZ@ i G
3D°' ' : : 3 UDP

dj @_ DOChOC: 3 Dol —<1:>
Asn —X - Ser/Thr - polypeptid )
==

d&:}-(: Asn - X - SerfThy - polypeptid)

Hinh 1.15. Téng hop glycoprotein

4. CHUYEN HOA CUA CAC MONOSACCARID KHAC

Trong thiic an c6 ba hexose chinh khac ngoai glucose dudc cd thé hap thu vi

s dung la galactose, fructose va mannose (hinh 1.16).
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Carbohydrat tir thifc an Carbohydrattrongté bao  Chuyén héa lipid

Lactose — —— Galactose Glycogen
UDP - Gal|— UDP - Gl —— G1P Glyceral
——* Glucvse | = = GEP
Maltose
—— Mannose +—=Mannose - 6 - phosphat Giycergi - 3 - phosphat
1 *k
Sucrose — —— Fructose FIP
Fructose - 1 - phosphat I + DHAP
Glyceraldehyd
G3iP

Hinh 1.16. S{r dung galactose, fructose, mannose

4.1. Sy s dung galactose

Ngudén D—galactose chu yéu tir su thuy phan lactose ¢6 nhiéu trong siia. Con
duong chinh dé st dung galactose 14 qua trinh chuyén thanh glucose—6—phosphat
dé tiép tuc thoai hod bing con dudng dudng phan. Qua trinh chuyén galacrose
thanh glucose—6—phosphat gém 4 phan tng theo sg ¢6 (hinh 1.17).

Phosphoryl hoa

Chuveén gdc UPD- sang galactose va gbe P— sang glucose

Epimer hoa

Isomer hoa

UDP - Giu - Gaf phosphat

Galactokinase uridyliransferase .
Galactose ———=_— Galaclose 1 - phosphat ————— Glucose 1 - phosphat ——— Glucase 6 - phosphat
DP UDP - Glu UDP - Gal Phosphc glucomutase

.

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

O tuvén vi trong thoi ky hoat déng cic enzyvm tham gia trong qua trinh trén
ciing ¢6 mat trong qua trinh téng hdp lactose. Lactose duge tao tit su két hop
UDP—galactose va glucose duéi tac dung cua lactose svnthase.
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Trong cd thé galactose khong chi cin cho qua trinh tdng hdp lactose, ma con

tham gia vao qua trinh téong hap glveolipid. glvcoprotein va proteoglycan.

O ngudi bénh co tinh di truvén la galactose huvét bam sinh (galactosemia) do
thiéu enzvm UDDP—glucose—galactose—uridvltransferase. bénh gav su tich tu
galactose va galactose-T-phosphat trong mau va mé voi triéu ching lam sang nhu
cham phat trién trf ndo. due thuy tinh thé, gan to... Bénh gap ¢ tré sd sinh khi bat

dau ding sGa o6 lactose, khi d6 phai cho tré ngung sua.
4.2. Su s dung fructose

FFructose cé nhiéu trong trai cay va 1a san pham thuy phin cua sucrose {ducng
mia). Qua trinh phosphorvl hod fructose xayv ra 6 hau hét cac mé va cho fiructose—6—
phosphat. san pham trung gian clia con dudng dudng phan. Bén canh qua trinh wén
con ¢6 mot con ducng phu chuvén fructose thanh fructose—1-phosphat bsi enzvm
(ructokinase ¢6 nhiéu ¢ gan, than va rudt, fructose—1-phosphat tiép tuc bi phan d6i
cho dihvdroxyvaceton phosphat (tham gia téng hop glveeroly va D—glveeraldehvd
dudi tae dung cta aldolase B ¢hinh 1.16). Qua con dudng phu nay cho thay trong ché
d6 an cho nhiéu fructose (nhu trai cav. duong mia, bia...) thi tang tong hgp cho acid
béo. VLDL. do d6 ¢6 thé gay tang triacvlglycerol va LDL cholesterol mau.

4.3. Su st dung mannose

Mannose ¢6 nhiéu trong san pham tiéu hoa ciia cac loai thic an ¢é chita nhiéu
polvsacearid hay glveoprotein. Sau khi duge hdp thu mannose phosphoryl hoa cho
mannose—G-phosphat va sau 46 tiép tuce duge 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 tir hé théng tiéu hoa
(Fed state)

Carbohvdrat sau khi qua qua trinh phan giai ¢ hé théng tiéu hoa cho
monosacearid ¢o thanh phan chu véu 1a glucose. Monosaccarid sau khi hap thu
qua rudt sé dén gan va co. O gan glucsose bi oxy hoa dén CO, va H.O mdt phan
khic tham gia téng hop glycogen va triacylglycerol dua dén mé md dé duy tri. O ¢o
gluose b1 oxy hoa dén CO, va H,0O dé cung cip ATP va tham gia téng hop glycogen
cua cog. Mét phan glucose dén mé mé dé téng hop triacylglycerol. Khi dén nao thi
chu véu glucose bi oxy hoa dén CO, va H,O dé cung cap ATP (hinh 1.18).

28



O trang tha nay
mswlin 14 tac nhan
chinh diéu khién qua
trinh chuvén hoa cua
Hoat

chinh cua insulin 1a gia

glucose. dong
tang qua trinh téng hdp
glveogen  (glveogenesis)
g gan vA cd tU nguén
glucose va  dong  thoi
cung gia tang qua trinh
tong hop triacylglveerol
¢ gan va md md (dac
bict 1 khy mdt lugng lén
glucose duge hap thu).

5.2. O trang thai déi (Fasting state)

Sau bifa dn

Gan

Rudt
Cacbohydrat chat béo
1
|
r
Lipid
:Glucose
i Nao
________ ~
: L
; co.
i
. Ca
| pe===s -
|
Glycogen du trr
|I co, " g :
v y

JO8 Ty

Mg mg

acylglycerol

Hinh 1.18. Trang thai sau hap thu glucose tir hé tiéu hoa

Khi co thé déng vat thiéu thie an, cd thé ¢6 nhu ciu cdp thiét vé su duy tri nong

d6 glucose trong mau, vi néng dé glucose dang giam dudi giéi han (khoang 2.5 mM &

ngudh) va gay réi loan hé thin kinh trung vong. O ngudi la biéu 16 cua triéu ching ha
dudng huyét trong mau nhu hoat déng co véu va khéng phéi hop. réi loan nhan thic

vit d6 mé hoi. Néu ndng db glucose tiép tuc giam sé dan dén tinh trang hén mé.

Ngudén cung cip
glucose mau cdp thiét
1A ngudn glveogen du
trid trong gan. Trong
gldy lugng

glycogen ctia gan c6 thé

vong val
phin giai, cung cAp
glucose dua vao mau,
qua trinh nay la qua
trinh phén giai glucose
(glvcogenolyvsis).

cua c¢d
lugng 16n

Glvcogen

chita mbt

Glycoge

Trang thai doi

Gan

---------- Acid béo
4

Glucose
Acid amin

Thé ceton

t
[ I

CO,

Co
—————————————— - - 00,

Triacylglycerol

Mo mé

="Bgfo

Hinh 1.19. 3 trang thai doi

glucose du trit, nhung né khdng truc tiép cung cip glucose cho mau. Mic da
glveogen cua gan la nguén cung cdp glucose cap thiét nhung gan 6 thé lap tic san
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xuét glucose bing qua trinh téng hgp méi glucose tit acid amin cua co (acid amin
dudge phong thich tir ¢ va chuyén téi gan dé téng hgp glucose)— qua trinh
gluconeogenesis. Cung lic nay qua trinh ketogenesis bat dau, qua trinh nav xay
ra § gan va chuyén acid béo duge phéng thich tit mé md thanh thé ceton dé cung
cAp cho cidc mé nham tranh qua trinh sit dyng qua miic glucose. Qua trinh phéng
thich acid béo tit dang dy trit 1a triacylglycerol trong mé mé goi la qua trinh
lipolysis. Qua trinh nay xay ra véi sy difu khién cta cac hormon. Adrenalin va
glucagon kich hoat enzym phéng thich glucose tit glycogen cua gan. Glucagon ciing
hoat hod qua trinh téng hgp méi glucose (gluconeogenesis). Cac glucocorticoid hoat
hoda qua trinh giai phéng acid amin ti ed. Adrenalin va adrenocorticotropin
(ACTH) va hormon tiang trugng sé hoat hoa qua trinh lipolysis (hinh 1.19).

6. LIEN QUAN CHUYEN HOA CUA GLUCOSE

gk

G6P Pentose  _____ , Nucieotid
phosphat
¥ ]
Dan chat amin - -
FoP . — Giycolipid, ghycoprotein
cua dwdng yeolpic, giyeop

G3P DHAP |

1,30PG 2, 3DBPG

+ (lycerol - 3 - phosphat ———— Lipid

gkt

Serin

i

2PG

Acid amin nhan thom

Aspartat —  Pyrimidin

Asparginin
Alanin

Acetyl CoA Acid béo va triacylglycerol

CO; + H,O

Hinh 1.20. Lién quan chuyén hoa cla glucose
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7. VAN CHUYEN GLUCOSE QUA MANG TE BAO

Mét trong nhiing giai doan quan trong nhat cia chuyén hoa glucose 1a van
chuyén glucose qua mang t& bao. Glucose dude van chuvén vao t& bao béi cac téc
nhan van chuyén. Cé nam tac nhan van chuyén glucose duge tim thay 1a GLUTL,
GLUT2, GLUT3. GLUT4 va GLUT5 va sau day l1a sy phan bd cua cac tac nhan
van chuyén nay (Bang 1.1).

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

Tac nhan van chuyén Phan bé
GLUT1 Héng cau, cac mao mach cla nio
GLUT2 Gan, mang rudt, t€ bao cla tuy
GLUT3 Hau nhu duy nhat ¢ §t8 bao than kinh (ndo), cd clia bao thai
GLUT4 M6 nhay cam vdi insulin (nhu co xudng, cd tim, mo md)
GLUTS Mang rudt, tinh dich, cd xuong, mé md. La tac nhan van chuyén cho .
fructose va ca glucose. ) i
Glucose
GLUT 2
Glucose Glucose ~ 6 - phosphat
]
Ghicokinase

¥
Glycogen

Hinh 1.21. Van chuyén glucose clia GLUT2

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

Binh thuong glucose mau 0.7 - 1.2 g/ hay 70 — 120 mg% hay 4.22 — 6.67mmol/L.
Dudng huyét ludn tuén 6n dinh nhd sy can bang gifia ngudn cung cap va ludng st dung.

Ngubdn cung cdp glucose vio mau nhu ngudn glucid ngoai sinh tu thic an,
nguon nd1 sinh do phan giai glycogen va tin tao glucose & khoang giiia cac bita an.

Su dung glucose & cac td chiic nhit 1A md cd, mé than kinh, mé md. St dung
glucose dé tong hop dang dut trit 6 tat ca cac t6 chiic va nhiéu nhat & gan va cd.

Diéu khién chinh cac qué trinh chuyén hoa cia carbohyrdrat la cac hormon.
Khi cd thé ¢ trang thai sau bita an, lugng 16n carbohvdrat chu véu 1a glucose
duge hap thu tu rudt. O trang thai nay, insulin 1a tac nhan chinh diéu khién qua
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trinh chuvén hoa cia glucose. Hoat doéng chinh cua insulin la gia tang qua trinh
16ng hop glveogen (glveogenesis) ¢ gan va cd ti ngudn glucose va déng thoi cang
gla tAng qua trinh téng hop triacviglveerol ¢ gan va mdé md (dac biée 1a khi mét
lidng lan glucose dude hap thu).

Ngude lai 6 trang thal dél hayv xa bda an hoat déng clua insulin giam di. tac
nhan chinh diéu khién cic qua trinh chuyén hod glucose hic nay 1a cac hormon
nhu glucagon. glucocorticoid, adrenalin, ACTH (adrenocorticotropim). hormon tang
trudng. Vi luong glveogen cua gan ¢6 gidl han, nén dé dap tng nhu cau glucose cua
¢¢ thé trong hic nav co thé phai s dung ngudn acid amin tir qua trinh thuy phéan
protein cua cd dé tan tao glucose. Khi dé co st dung nguén nguvén liéu dé thoai
hod cho nang lugng 1a cae thé ceton tir su thuy phén acid béo cia mé md thav thé
cho glucose. Do d6. khi ¢ thé trong tinh trang déi kéo dai, ¢o rvat can thiét cho su
~0ng (mgudn cung cap glucose ).

Insulin

Do t& bao B ¢ dae Langerhans cua tuyén tuy. Insulin laum giam glucose mau
dot (1) Lam tang su s dung glucose 6 tit ca cac mo nhat Ja té bao co, xuong, tim
va mé mé bang cach tang hoat dong GLUT4 van chuvén glucose qua mang té bao
va bang cach kich thich sinh tong hgp cdc enzym chinh cta con duong dudng phin
(ghveolvsis) (2) Tang tong hop glveogen bang cach ting hoat glveogen svnthase (3)
(fiam su phan lv glvcogen ¢ gan. co.

Ngoai ra,insulin con lam ting qua trinh su dung glucose dé téng hop acid béo
va lipid du trd 6 md md va tte ché cic hormon gay ting glucose mau.

’%\' Protein
Ngoat té hao Trong té bao phosphatase TG
/—K Glycegen

Glycogen Giycogen

synmase b synthasea
Phosphorylase

DP glucose

Iucose — 1 - phosphat

||
Glucose —GLUT, GI cose
_<:_ u Hexokmase:' —— . {lucose - 6 phosphat
@/’ &
GLUT4
Tac dong N
\_9/ coa Insulin
Y

Hinh 1.22. Tac déng cla insulin
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Glucagon
Do t& bao cua tuy tiét ra tac dong lén gan kich thich gan phan giai glycogen
thanh glucose vao mau.

Adrenalin

Su co ¢o hay kich thich than kinh khién tay thugng than gidi phéng adrenalin,
adrenalin kich thich gan phan giai glycogen vao méu va kich thich co phan giai
glycogen cung cip nang lugng cho co hoat déng.

Thyroxin

Hormon tuyén giap, lam tang glucose mau do (1) tang hap thu glucose 6 rudt
{2) tang phan ly glycogen ¢ gan.

Glucocorticoid

Hormon vé thugng than, lam tang dudng huyét bang cach (1) tang hap thu
glucose 6 rudt (2) tang tan tao glucose (gluconeogenesis), (3) tang phan lv glycogen
(4) Uc ché tiéu dung glucose & cadc md ngoai gan.

Hormon tdng truong

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

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 dudng tuy

Cé hai dang dai duong tuy: (1) Dang 1 (type 1), con duge goi 1a typ tre vi xay ra
g tre em va ngudi nho tudi (2) Dang 2 (type 2) xay ra & ngudi 16n tudi va dic biét cé
thé trang map.

D61 véi typ 1 té€ bao P cua dao Langerhans tuy khong ¢é kha ning tiét insulin,
do d6 phuong phap diéu tri 1a bd sung insulin. Nguyén nhéan gay dai dudng typ 1
do hé théng mién dich cta co thé tu tao khang thé tdn cong t& bao .

D61 vél typ 2, dit mét lugng dang ké insulin duge tiét ra nhung khéng duy tri
dude néng do glucose ¢ mic binh thudng. Nguyén nhan chua duge bidt ré nhung
trong mét s& trucng hgp 1a do t&€ bao dich khéng dap tng véi insulin. Do do,
phuong phap diéu tri trong dai dudng typ 2 la diéu chinh ché& d6 an thich hgp va
dung duge pham kich thich ting tiét isulin cta t& bao tuy.
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Ddc diém & nguwoi ddi duong tuy:

— Néng d6 glucose trong mau tang.

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

— MAt mudi.

— Tang ludng nuéc tiéu, tang uré.

— Mé va té bao déi nang lugng.

Nguyén nhan (hinh 1.23).

Do thi€u insulin, kha nang van chuyén glucose qua mang té bao bi giam va
qua trinh phosphoryl hoa glucose bi giam. Néng dé glucose ting cao 6 khu vuc
ngoai t&€ bao nhu mau va dich gian bao, trong khi t€ bao khéng cé glucose dé
chuvén hoa, nén lam vao tinh trang d61 niang lugng té bao. Té bao phai tang cudng
thoai hod céc co chat khac, nhat la lipid. Acid béo duge giai phéng tir mé md.

Than

Nio )

‘Tr T I’[ + Glucose + nwac

Glucose
Co
Acid amin
Gan Thé ceton
> » Thé geton (RCOO-) + Na* K!
Acid bag
]
@B Mé md
o880

Hinh 1.23. R&i 1oan do thiéu insulin

Qua trinh thoai hoa lipid cu thé 1a cac acid béo, sé tao nhidu acetyl CoA.
Nhung acetyl CoA trén lai khong dude oxy hod hét trong chu trinh acid citric vi
thidu oxaloacetic (san pham dudge tao ra chil yéu bdi acid pyruvic ciia hoa trinh
thoai hoa glucose). Acetyl CoA sé bi ¢ dong lai, chuyén hoa theo huéng tao thé
cetonic. chat nay dude dao thii qua dudng tiéu va hoi thd. Vi tang daoe thai thé
ceton trong nude tidu sé két hop véi tang thai mudi.

Glucose duge dao thai trong nuée tiéu lam tang ap luc tham th&u nén kéo theo
tang dao thal nudc qua than. Do d6 bénh dat thao duong thudng kém theo rd1 loan
chuyén hea lipid va cac chuyén hoa khac etia cd thé nhu trao déi mudi nude, can
bang acid base.
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Tinh trang déi nang lugng trong té€ bao ctia cic cd quan sé& dan dén réi loan
chitc nang va thoai hoa cac cd quan d6 nhu duc thiy tinh thé, tén thuong hé théng
mach mau. suy giam mién dich, nhiém khuén. ..

9.2. Bénh ha dwong huyét tw phat

Do khéi u t& bao ctia ddo Langerhans gy tang tiét insulin. Biéu hién 1a dudng
huyét luén bi ha & théi diém xa bda an hayv ¢é nhiing con hén mé ha dudng huyét
(hinh 1.24).

Rudt
g g e T e T Ty
A A X 4 _
Nac¢
Khéng cé glucose it hé tigu hoa
\ insulin Uc ché harmon clia cac gqua trinh
Glucose 1t -7 ) |
- - f 1
- ! |
/ v
o , Cd
Lwang it acid amin + l ———n

I
L he[e(!” !
' l ! \ >

Gan

Liegng it acid beo

Hinh 1.24. K&t qua cla 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 dude chuyén thanh glucose, @ trong gan giy suy gan c6 thé giy ti vong.
Phai cho tré ngling siia me thay thé bing sita khéng ¢é lactose.
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TU LUCNG GIA

Chon mdt hay nhiéu cAdu dung trong cic ciu sau:

1. Vitamin nao c¢é anh hudng nhiéu trong qué trinh hap thu va chuyén hoa glucid.

a.
b.
c.

d.

2. Tap hgp cac phan {ing nao sau day sinh ATP truc tiép

1 y 5
PGA — 1,3 diP Glycerat i—* 3P Glycerati* 2 P Glycerat —4* PEP = Pyruvat

a.
b.
c.

d.

2,3
1,2
2,5

2.4

3. Mot phéan ti glucose tit glycogen thoai hoa dén pyruvat cho tong s6 ATP la

a.
b.
c.

d.

5 ATP
9 ATP
8 ATP
16 ATP

4. San pham thoai hoi cudi cling cta glucose theo con dudng dudng phan

a.
b.
C.

d.

[uby}

36

Xay ra ¢ hong cau 1a lactat
Xay ra ¢ hong cau la pyruvat
Xay ra 0 t€ bao co trong diéu kién y&m khi la pyruvat

Xdy ra 6 té€ bao cd trong diéu kién yém khi 1a lactat

O bénh nhan dai dudng tuy, do thiéu insulin nén;



10.

a. Giam hoat déng glycogen synthase

b. Tang hoat dong GLUT4

¢. Tang hoat hexokinase

d. Giam téng hop cac enzym chinh ciia con dudng glycolysts

Céac hormon nao sau day lam tang qua trinh phan giai glycogen 6 gan
Adrenalin

b. Glucagon

c. Glucocorticoid

d. ACTH

Ché dé an nhiéu dudng nao sau day cé thé gay tang triacylglycerol va LDL

cholesterol mau

a. Saccarose

b. Lactose

¢.  Fructose

d. Manose

Tré thiéu G—6-PD khéng dugc st dung cac thudc tao ra cac goc cb tinh oxy hoa

va an cac loai dau do:

Héng cau thiéu NADPH

Héng cau thiéu glutathion dang khit

»

&

Héng cau thiéu glutathion dang oxy hoa

]

d. Héng cau khéng phan hily dude cic goc oxy hoa
San phiam nao sau day ciia con dudng dudng phan cé thé téng hop cho lipid
a. G3P

b. DHAP
c. DPG
d. 13DPG

Tac dbng dé lam giam glucose mau ciia insulin
a. Tang hoat glycogen synthase
b. Tang hoat déng GLUT4

Tang hoat hexokinase

)

A

Tang téng hop cac enzym chinh cta con dudng glycolysis
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11. Khi ¢d thé déng vat & trang thai déi, dé cung cidp nham duy tri néng dd glucose

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

a
b.
C.

d.

Tang phan giai glycogen cua gan
Tang phan gial triacylglycerol
Tang quéa trinh tin tao glucose tu acid amin

Tang phan giai glycogen cua co

12. Glycogen clia cd khéong 1a ngudn du tri cho toan cd thé vi cd thiéu enzym

C.

d.

Phosphorylase
Phosphoglucomutase
Glucose 6 phosphatase

Glucano transferase

CAU HOI NGHIEN cUU BAI HOC

1. Vi sao glycogen cla cd khéng 12 nguédn du trit glucose dé cung ¢ap cho toan cd thé?

2. Visao 6 mé m8, tuyén thugng than, chu trinh pentose chiém ty 1& cao hon?

3. Vi sao ch& db 4n nhifu dudng mia, bia c6 thé gay tang triacylglycerol va LDL
cholesterol mau?

4. Vi sao tré thidu G—6-DP khéng duge sit dung cac thudc tao ra cac goc cd tinh
oxy hoa?

38



Chuong 2
CHUYEN HOA LIPID

MUC TIEU
1. Néu duoe tién trinh, co ché ctia phdn éng thiy phén va su hép thu cua
cdc hop chét lipid. _
2. Trinh bay va gidi thich dude tiéh trink, co ché cia sy thodi hod lipid.
3. Néu va gidi thich duge tién trinh, co ché ciia su sinh téng hop lipid.
4. Trinh bay va gidi thich dugc tién trinh, co ché cla sy sinh téng hop va
thodi hod cholesterol.

Ciing nhu glucid va protid, lipid 1a thanh phéan cd ban cua sinh vat.

O cac nuéc cong nghiép phat trién, > 40% nhu cdu vé nang lugng duge cung
c&p bdi triglycerid ti thic an. Triglycerid cung c&p hon 1/2 nhu cau vé nang lugng
cua mdt s cd quan, dic biét 1a gan, tim, va md xuong.

V& mat sinh 1y lipid c6 thé chia thanh hai loai:

Lipid du triz: chu yéu la triglycerid, tén tai trong cd thé véi lugng thay doi.
Lipid du trit dude tao thanh mot phan do thitc &n, mdt phén c6 ngudn gdc ndi sinh
do qua trinh téng hop tu glucid hay protid. Khi déi, co thé nguoi va dong vat su
dung md du tril t cac t€ bao md.

Lipid cdu tao (lipid mang): cht yéu la phospholipid va cholesterol; 1a thanh
phan khong thay ddi, chiém khoang 10% trong ludng khé cta cac t6 chic.

Nhiing nghién ctu vé chuyén hoa lipid da xac dinh lipid c6 hai chiic néng
chinh 14 sin sinh ning luong va xay dung céu tric t& bao va md. Ngoai ra, mét sd
lipid phic tap con gid cac vai tré quan trong nhu c6 lién quan dén dic tinh cua
mang t& bao, kha nang hoa tan cua nhiing chat khong phén cuc trong cac dich cua
¢d thé: cac hormon steroid va prostaglandin gid vai tro sinh ly dac biét trong viéc

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

1.1. Sy tiéu hoa lipid
1.1.1. Sy thuy phéin triglycerid (triacylglycerol)

Triglycerid la chat tiéu biéu cua lipid don gian c6 trong thic an goi 1a chit béo.

Sy tiéu hoa lipid thyc ch&t la sy thiy phan triglycerid x4y ra theo tirng giai
doan ¢ hanh t4 trang nho tac dung cia enzym lipase ciing véi sy tham gia cia céc
tac nhan nha tuong hoa 14 mat va mudi mat.

Trude khi thuy phén, lipid duge nhii tuong hoa bdi mudi mat ¢6 trong dich
mit, vl ¢ trang thai nha tuong lipid ¢6 dién tich tiép xue 1én, lam tang tac dong
cua lipase va dugc phan tan dudi nhiing hat nhd dé cé thé khuéch tan dé dang qua
mang rudt.

Muéi mat la hgp chat ludng cye, tic déng nhu mét chit dién hoat sinh hoc
chuyén chat béo trong thite an thanh nhiing mixen hén hdp cua mudl mat va
triglycerid.

Lipase 1a nhling enzym cua hanh ta tring dugc tiét ra tit tuyén tuy, c¢d tac
dung thuy phén lién k&t ester clia acid béo va glycerol.

Lipase tach cac acid béo tir phan tu glycerid véi téc ddé khac nhau tuy thudc
vao vi tri cua acid béo trong phan ti triglyeerid. Enzym nay cat mot cach dac hidu
lién két ester 1.3 (¢, cla triglycerid nén su thiy phan lién két ester & vi tri 2 ()
can phai ¢6 su dong phan hoa dé chuyén lién két ester ti vi tri 2 1én vi tef 1,

AB AB CH AB CH
AR isomerase OH OH
AB AB s — —
/\AB 0 CH
AB A8 [_oH H OH AB
Triglycerid 1,2 diglycerid 2 - monogiycerid 1- moncglycerid  glycerol

Hinh 2.1. S d& cua su thiy phan triglycerid
Su thiy phan triglycerid khéng hoan toan nén tao thanh mét hén hop cac san
pham trung gian gém c6 triglycerid, diglycerid, monoglycerid, glycerol va acid béo.
1.1.2, Thuy phdn phospholipid
Phospholipid bi thuy phan béi enzym phospholipase cia dich tuy. Cé nhiéu

loal phospholipase, méi loai thuy phén mét trong cac lién két ester clia phin tu
phospholipid:

— Phospholipase Al cat lién két ester ctia chie aleol § C1. Enzym nay ¢é nhiéu
trong mang cua lach, nao, gan va nhiéu trong dich tuy.
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— Phospholipase A2 cat lién két ester ctia chiic alcol ¢ C2: enzym nay ¢6 trong
noc ran dée, dich tuy.

— Phosphodiesterase c6 trong té bao rudt, c6 thé cat lién két ester gifia acid
phosphoric va cholin, gial phéng cholin va acid glycerophosphatidic hay lién két
ester gitia acid phosphoric va glycerol, giai phong diglyeerid va phosphocholin.

— Phosphomonoesterase {phosphatase) ti€p tuc thuy phén san pham thuy
phan cua phosphodiesterase, nhu thuy phan phosphocholin giai phéng acid
phosphoric va cholin.

1.1.3. Thuy phan sterid

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

1.2. Sy hap thu lipid

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

— Glycerol va acid béo mach ngan (< 10C) theo mau dén gan, chu véu qua tinh
mach cua. Cac acid béo di chuyén trong mau duéi dang két hop vél albumin.

— Cac acid béo mach dai, mono, diglycerid dudc st dung dé tong hop lai
triglvcerid ¢ mang rudt. Cac triglycerid méi duge téng hgp nay khuéch tan qua
mach bach huyét réi vao mau dé van chuyén dén gan, cic t§ chiic, cd, md md dudi
dang nhing hat lipoprotein goi la chylomicron. Tai céc té chiic, phan lén triglycerid
cua chylomicron dudge thuy phan bdi lipoproteinlipase thanh glvecerol va acid béo.
Nhiing san phdm nay sé duge chuyén hod tiép tuc § té& bao. O co, cac acid béo bi
oxy hoa dé giai phéng nang lugng; con § md md, cac acid béo duge ester hoa tré lai
thanh triglycerid du trii. Khi khau phén an chita nhiéu acid béo hdn nhu ciu can
cho co thé, triglveerid téng hop & gan duge van chuyén vao mau dudi dang
lipeprotein téi cic td chic, dac biét 12 mé ma dé du tri, va dén co dé cung cdp ning
lugng. Khi hormon bao hiéu co thé can nang ludng, triglycerid trong mé ma dudge
huv déng. thuy phan thanh glycerol va acid béo dudi tac dong cia enzym lipase
nhay cam véi hormon.

2. SU THOAI HOA LIPID
2.1. Thoai hoa glycerol

O gan va mot s6 t6 chite khac. glycerol dude phosphoryl hoa thanh glycerol 3 —

phosphat dudi tac dung cua enzym glycerolkinase. Chét nay sau dé duge oxy hoa
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thanh dihydroxyacetonphosphat Dihydroxyacetonphosphat duge chuyén thanh
glyceraldehyd 3—phosphat dudi tac dung cua enzym triose phosphat 1somerase.
Chit nay tiép tuc tham gia con dudng Embden Meyerhof hay tong hdp glycogen.
M6 md khéng c6 enzym glycerolkinase.
CHLCH
|
HO-C-H Glycerot

{
CH,;OH

ATP
Glycerolkinase

! Glycerol 3 - phosphat

Giycerol 3~ phosphaidehydrogenase

NADH + H

‘ I Dihydroxyacetonphosphat

H_C-0OH ©O Glyceraldehyd 3 - phoesphat

Qua trinh thoai hoa

Hinh 2.2. So d& qua trinh thoai hoa glycerol
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2.2, Thoai hoa acid béo
2.2.1. Su oxy hod acid béo bdo hoa ¢6 s6 C chdn

2.2.1.1. Hoat hod acid béo va vin chuyén vao ty thé

Trude khi tham gia viie qua trinh P oxy hoa, acid béo duge hoat hoa thanh acyl
CoA: nhém carboxyl cita acid béo tac dung v8i nhém thiol cua CoA dé tao thanh
mot thioester.

Phan ving hoat hoa xdy ra ¢ bén ngoai ty thé, véi su hién dién caa ATP, Mg*'
va duge xtc tic boi enzvm acyl CoA synthase (thiokinase).

Hhiokinase

R - CH, ~ CH, - COOH + CoASH + ATPT R-CH. - CH, - CO ~ 8COA + AMP + PP,
M=

Pyrophosphat dudc hinh thanh trong qua trinh phan tng sé lap tic bi thuy
phéan dudi tac dung ctia enzym pyrephosphatase tao thanh orthophosphat:

PP; + H.O

2P
AMP duge giai phéng trong phén ting trén s& dugce phosphoryl hoa trg lat:
AMP + ATP — 2ADP

Vay thuc chit qua trinh hoat hod mét phén tu acid béo da s dung 2ATP.

(6 nhiéu loai thiokinase khac nhau tudng ing véi titng loai acid béo ngan hoac dai.

Qua trinh B oxy hoa xay ra § trong ty thé (1A ndi c6 nhiéu enzym can thiét cho
su [3 oxy hoa) ma cic acyl CoA khéng vudt qua dude mang ty thé nén phai duge van
chuyén vao trong ty thé nhd hé théng carnitin ¢6 nhiéu trong ¢d va méd dong vat.

Carnitin 12 mdt amin bac 4, mang mét chice aleol bac 2, ¢ thé ester hoa véi
acid béo duéi tac déng cua acylearnitin transferase I theo phan ung:

Ll.H;g CH{

CH.-N'"-CH. - %‘H — CH., - COOH + ll'{(_". - 5C0A =T (CH, - ll\n" —(CH, - CH-{CH, - COOH + CoASH
| ! i |
CH, OH 0 CH, 0

Carnitin Acyl CoA r = ()
|
R

Acyl ecarnitin

acvl carnttin transferase

Géc acyl duge chuvén tir lién két thioester véi CoA sang lién két oxy — ester véi
nhém hvdroxy! clia carnitin.

Acvlearnitin ¢6 thé vudt qua mang ty thé dé dang: sau khi vao ty thé, né giai
phéng trd lai cartinin va acyl CoA (géc acvl duge chuvén tit cartinin dén CoA cé
san trong tv thé, dudl tic déng cua enzym carnitin acyltransferase II). Acvl CoA
lde nay méi bat dau qua trinh } oxy hoa.

Nhiing acid béo mach ngdn (< 12C) ¢6 thé di chuyén qua ty thé ma khéng can
chdt van chuyén.
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2.2. 1.2, Qua trinh Poxy hod

Qua trinh B oxv hod xAy ra trong ty thé, gom bén phan ing:

Phan ing oxy hod ldn 1:

Pudge xuic tac boi enzyvm acyl CoA dehyvdrogenase, cé coenzym la FAD, hinh
thainh mdt lién két doi giiia Co. va CP, san pham tac thanh la trans — A2 enoyl CoA:

acvlCoAdehydrogenase

R-CH.,-CH, - CO~SCoA + R-CH=CH-CO~5CoA
Acyl CoA FAD FADH: Tran-aA? enoyl CoA

Acid béo chua bdo hoa tao thanh trong giai doan nay cé ciu truc dang trans,
trong khi phan 1én acid béo thién nhién thudc loat cis.

FAD két hop vdi 1 cap H tach ra tit Ca va CB cua cd Chéﬁ.:- tao FADH2.

FADHZ2 tao thanh dude oxy hoa trd lai bdi enzym trong chudi hé hip té bao.

Phan tng két hdp nudc

Su két hgp nudc vao ndi déi clia trans —A2— enoyl CoA duge xuc tac bdi enzym
enovl CoA hydratase (g6c OH duge gin vao CB) tac thanh B —hydroxyacyl CoA:

Enoyl CoAhydratase

R-CH=CH-CO~SCoA————= » R-CH-CH,-CO~85CoA
H.0 OH
A? — Enoyl CoA B - hydroxyacylCoA

Phan ung oxy hoa lan 2

Dudi sy xuc tac cua enzym B-hydroxyacyl CoA dehydrogenase, cé coenzyvm la
NAD, chiic alcol bac 2 duge oxy hoa thanh chice ceton:

— hydroxyacyl CoA dehy(fr(;rgenasgh
: : R -C-CH., -

R—-CH- CH, - CO~SCoA CO ~ SCoA
i [l
OH NAD' NADH + H* O
B - hydroxyacylCoA B - cetoacylCoA

Phan ting phan cat din xuit f—cetonic (su thio giai)

Nhém thiol cia CoA tac déng tai Cp cia B-ceto acylCoA, phén cit lién két
gitia Cu va Cf3, tach mot phan tu acetyl CoA ra khoi B ~ cetoacyl CoA. Phan {ng
nay duge xuc tac boi enzym P-cetothiolase (acyl CoA acetyl transferase) va cé su
tham gia cua mét phan ti coenzym A tuy do:

R C I CHy — CO ~ SCoA Acvl — CoA acetyl tmn.sﬁn:nse R— CO~8CoA + CH,— ('O ~ SCoA

|+
() ("Z !j\HH

CoAsH
B — cetoacyl CoA Acyl CoA Acetyl CoA
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Nhu vay. két qua cia mét chu trinh B oxy hoa 1a tich ra dudc mét phan tu
acetyl CoA va mét phan tii acyl CoA ngan di 2 C so véi acid béo ban dau.
Acvl CoA ngan di 2 C lai tiép tuc bi oxy hod qua cac giai doan nhu trén cho
dén khi toan b6 phan i acid béo bién thanh acetvl CoA.
Phuong trinh téng quat cua su {3 oxy hoa acid béo cé dang:
CuwH4,0, + (n = 1YCoASH + (n - DFAD +(n— 1)NAD + (n - 1)H.O
nAcetylCoA + (n— 1'FADH + (n — UNADH + (n — DHH"

{n = m/2)

Vi du: néu acid béo 1a acid palmitic ¢é 16C, duge hoat hoa thanh palmityl CoA. sau
7 vong oxy hoa sé tao thanh 8 phan tit acetyl CoA theo phugng trinh phan iing sau:

CisH. 0, + TCoASH + 7FAD + TNAD + TH,O
S8AcetvlCoA + TFADH + FNADH + 7TH-

Acid palmitic (16C)
ATP

CoASH
.
AMP + PP

Palmityl CoA {16C)
v HC o wFaD

Acetyl CoA 2H-—=NAD
CoASH H.0
4H
Acetyl CoA
CoASH H;O
Acetyl CoA 4
CoaSH H,0
Acetyl CoA 4H
CoASH 20
4H
Acetyl CoA
CoASH H:0
4H
Acetyi CoA
CoASH
H,0
4H

Acetyl CoA
CoASH

Hinh 2.3. So dd cua qua trinh p — oxy hoa acid palmitic
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2.2.1.3. Su téng két ning luong cua qud trinh thodi hod acid béo

* Hai phén ttng § — oxy hoa phéng thich 4H, trong d6 2H dudc chuyén ché boi
FAD (FADH.,) va 2H dudc chuyén chd bdi NAD (NADH + H').

Trong chudi hd hap t& bao. su oxy hoa tiép mot phan tit NADH + H' giai phéng
3 ATP, 1 phan ti FADH, giai phong 2ATP. Nhu vay moi vong B oxy hod cung cap
5 ATP va tach ra mdt phan ti acetyl CoA.

* M&i phan ti acety! CoA ti€p tuc bi oxy hoa trong chu trinh Krebs va giai
phong 12ATP.

Nhu vay, mét phan ti acid béo ¢6 s6 C chin (2n), sau khj bi oxy hoa dén cung
s€ cho:

n phan ti acetyl CoA hay 12n phan tu ATP

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

Nhu vay. nang lugng tong cdng thu duge la [5(n -1) + 12 n] ATP. Néu trir 2
ATP da dung trong qua trinh hoat hoa acid béo, thi lugng ATP thu dude sé la (17n
~7) ATP.

Vi du: Su oxy hod mét phan tu acid stearic c6 18 C(n=9)

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

Sau qua trinh P oxy hoa, acid béo bién thanh cac phén tu acetyl CoA. Acetyl
CoA s8 vao chu trinh Krebs, tiép tuc bi oxy hoa hoan toan thanh CO, va H,0.

Su tao thanh cac thé ceton

Acetyl CoA dugc tao thanh ti phan ting B oxy hoa cua CH (II CH
acid béo cting c6 thé bién ddi thanh cac thé ceton. Cac thé ‘
ceton gbm ¢ acetoacetat, 3 — hydroxybutyrat va aceton. Aceton

Qua trinh tao thanh thé ceton qua cac giai doan sau: //(')

— Hail phan tu acetyl CoA ngung tu véi nhau tao CH, - |(i - CH. - C\O—
thanh aceto acetyl CoA, dudi tic déng cua enzvm [— O
cetothiolase. Acetoacetat

— Aceto acetyl CoA ngung tu v6i 1 phédn ti acetyl CoA
nia tao thanh B-hydroxy—p—metylglutaryl CoA (HMG (,)H 0
CoA) dudi tac déng cua enzym HMG CoA synthetase. Sau CH, — E —CH, - Cé’
dé, chit nay phan tich dé cho trd lai acetyl CoA va P]I o
acetoacetat dudi tac déng cua enzym HMG CoA lyase. B - Hydroxybutyrat
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— Acetoacetat bi khii thuan nghich dé tao thanh p—hvdroxybutyrat dudi tac dong
cua enzym [~hydroxybutyvrat dehydrogenase. Acetoacetat bj khi nhém carboxyl dudi

tac déng clia enzym acetoacetat decarboxylase dé tao thanh aceton.

O 9
4 #
CH:-C + CHz - C\
S - CoA S -CoA
Acetyl CoA Acetyl CoA
tholase CoA — SH
0
7
CH?,—C—CHQ—C\
i S - Coh
O 0.

Acetoacetyl - CoA
Acetyl - CoA + H,0

HMG - CoA
synthase
CoA - SH
0 OH 0
AY J 7
/C—CH:—C—CH;—C\
-0 | -
CHs 5-CoA
B Hydroexy - B methylglutaryl - CoA
(HMG - CoA)
HMG - CoA lyase Acetyl - CoA
O
O\ [
/C~CH2—C~CH3
-0
Acetoacetat
Ageloacelat . [Fhydroxybutyrat dehydrogenase
decarboxylase NADH + H ' yored
0,
NAD*
0
| o OR
CHy—C - CHy C - CH, - CH - CHy
s
-0
Aceton [~Hydroxybutyrat

Hinh 2.4. S¢ dd sy tao thanh thé ceton tir acetyl CoA

47



Acetoacetat, 3 —hvdroxybutyrat duge tao thanh ¢ gan, vao mau rdl chuyén dén
cac td chue. Tal day. chung dude bién doi thanh acetyl CoA va bi oxy hod trong chu
trinh acid citric dé cung cdp nang lugng cho mé, dac biét 1a cg xudng, cd tim va vo
thuong than. Nao thudng su dung nang ludng tu glucose, ¢ thé thay bang nang
lugng tir cac chat trén khi b1 doéi kéo dz‘ﬁ, hay co thé thiéu glucose.

Binh thudng, néng d6 aceton duge tao thanh ti acetoacetat rat thiap. Khi déi
olucid hay khi bi bénh dai thao dudng khéng diéu tri, néng dé chat nay trong mau
tang, do su gia ting nhip d6 oxy hoa cac acid béo du tru tac ra nhiéu acetoacetat.
Aceton duge bal xuat qua khi thd ra va nude tiéu. Trudng hop nang cé thé dan dén
nhidm acid huyét va hén mé. Do dé, su tao thanh cac thé ceton bénh 1y 1a hau qua
cua su mat can dé1 gita hai qua trinh chuvén hoa glucid va lipid; hay néi cach
khae, do toc dd tao thanh cac chdl nay trong gan vugt qua kha nang su dung
ching trong cac md ngoal vi.

Cac con dudng chuyén hoa khac

Acetyl CoA cang cé thé dude cd thé sii dung lam nguyén liéu dé téng hop
cholesterol hoac tal tao acid béo.

2.3, Su oxy hoa acid béo bao hoa c6 56 C le

Qua trinh oxy hoa ctng thyc hién gidng nhu trén, nhung san pham cudi cliing
ctia si B — oxy hoa 1a propionyl CoA (thay vi acetyl CoA).

Propionyl CoA dudc tiép tuc thoai hoa biang phan tUng carboxyl hod chuyén
thanh methyl malonyl CoA, véi su xue tac cua enzym propionyl-CoA carboxylase,
coenzvm la biotin va ATP (ch&t cung cip ndng lugng); sau do chuvén thanh
succinyl CoA nhd su xiic tac cua methyl malonyl CoA mutase c¢é coenzym la
vitamin B12:

Propionyl CoA carboxylase

/, Bigtin, ATP
(o

CH+ -~ CH, - CO ~ SCoA

L

HOOC ~ CH - CO ~ SCoA
|
Propicnyl CoA CH.,

Methyl malonyl CoA

Mety! matanyt CoA

Coenzym B.»
mutase

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

|
]

\\J Krebs

Hinh 2.5. Su thoai hoa tiép tuc cua propionyl CoA
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2.4. Su oxy hoa acid béo chua bao hoa

Cac acid béo chua bao hoa dude oxy hoa gan giéng nhu acid béo bao héa nhung
can bo sung mét &8 enzym.

- Trong qua trinh oxy hoa, sau khi phan cit dan nhiing mau 2C ké tir ddu cé
nhom carboxyl, acid béo chua bdo hoa ¢6 lién két doi dang cis sé tao ra cac acyl
CoA chua bio hoa (enoyl CoA) c6 1ién két déi gitia C3 va C4 (A", chi khéng phai 1a
lién két doi gitia C2 va C3 (A% gidhg nhu trong phan ti cac chit chuyén hoa trung
gian cua acid béo bao hoa. Do d6, trong qua trinh oxy ho4, cin cé thém hai enzym
phu 13 enoyl — CoA isomerase va 2.4 — dienoyl — CoA reductase.

— Vi enzym enoyl — CoA hydratase chi tac déng trén hop ché't dang trans, nén
can c6 thém enzym enoyvl — CoA isomerase. dé bién déi lidn két déi tit dang cis
sang dang trans va chuyén tr vi tri A sang A%

Vi du: trong su thoal hoa cta acid oleic. oleoyl CoA trai qua ba vong oxy hoa
tach ra dude 3 phan tu acetyl CoA vA mot phan tit cis ~ A" — dodecenoyl ~ CoA
khong theé chuyén hoa tiép dudi tac dong cua enzym enoyl CoA hydratase.

Duéi tac dong cua enzym A”, A* - enoyl — CoA isomerase, cis — A~ enoyl CoA
duge dong phan hoa thanh trans — A? — enoyl CoA; chat nay chiu tac dung cua
enzyvm enoyl — CoA hydratase tao thanh B — hvdroxy dodecenoyl — CoA (trans — A*
dodecenov! — CoA).

Sau dé, qua trinh oxy hoa ti€p tuc gidng nhu cic giai doan cla su oxy hod acid
béo bio hoa.

— D&i véi cac acid béo chua bio hoa ¢é nhidu lién két déi, nhu acid linoleic 18:2
(A”¥). ciin c6 thém mét enzym thi hai dé hoan thanh su oxy hoa, d6 1a 2,4 —
dienoyl CoA reductase.

Vi du: Linoleoyl-CoA qua 3 vong B oxy hod tach ra duge 3 phan tit acetyl CoA,
phan acvlCoA con lai €6 12C vdi hai lién két dbi dang cis 12 cis — A va cis — A"

Dusdi tac dung cua enoyvl — CoA isomerase, hdp chit nav dude bién déi thanh
dong phan trans — A% cis — A",

— Qua trinh oxy hoa tiép tuc dé tao thanh trans A%, cis A4 — dienoyl CoA va
enzym 2.4 dienoyl CoA reductase sé xic tac phan tng chuyén hop chdt nay thanh
cis — A’ — enoyl CoA.

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

— 56 lugng ATP duge tao thanh trong qua trinh oxy hod acid béo chua bao hoa
it hon so v6i qué trinh oxy hoa acid béo bio hoa ¢é eting 6 C.
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Linoteyl CoA

3vong foxy hod l

O
L5 ¢ 31
/\/\/:\/:‘\/C ~ SCoA
12
Enoyl - CoA
isomerase
7 8 y 2
12/\/\/—\/\/\ C ~ SCoA
3|l
1 vong foxy hod 1 0
5 4
YAVAV VA RS
10 fi
FAD 0
Acyl- CoA
dehydrogenase
FADH,
2|l
5 4
/\WC - SCoA
1 3
NADH+H"
2.4 - dienoyl - CoA
reductase
NADP*
5 2 §
= C ~ 5CoA
10 4 3
Enoyl - CoA
isomerase
0
3 (IZI SCoA
~ 5Co,
10/\/\/\/\/
4 2
4 vong fioxy hod
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3. SU SINH TONG HOP LIPID

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

Qua trinh téng hdp acid béo bao hoa xay ra & nhiéu té chiic nhung manh nhat
trong gan, md md, rudt va tuyén vii. Su tong hop va oxy hoa acid béo xay ra theo
nhiing con dudng khaec nhau, duge xic tac boi hé théng enzym va ¢ cac vi tri khac

nhau trong té bao.

Nhiing c6ng trinh nghién citu cua Lynen, Wakil, Popjack, Vagelos... cho thdy
¢6 ba qué trinh sinh tong hop acid béo:

— Qua trinh sinh téng hop acid béo & bio tuong.
— Qua trinh sinh tdng hgp acid béo & tv thé.
— Qua trinh sinh téng hop acid béo 6 microsom.
3.1.1.1 Sinh téng hop acid béo béo hoa & béo tiong
Day la qua trinh chu véu dé téng hop céc acid béo c6 mach carbon tix 16 C —18 C.
Cac yéu t8 tham gia qua trinh sinh téng hop gdm ¢é:
* Acetyl CoA
Acetyl CoA la nguyén liéu ban dau dé tong hop 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 cd ché:

— Sy tao thanh citrat trong ty thé tir acetyl CoA va oxaloacetat: cic phan tu
citrat qua duge mang ty thé nhd hé théng van chuyén tricarboxvlat. O bao tuong,

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

Acetyl CoA + Oxaloacetat cltrat synthelase  cityat + CoASH

Citrat + ATP + CoASH citrat byase Oxaloacetat + Acetyl CoA + ADP + P
— Nhé hé thdéng carnitin ¢ mang ty thé: acy! carnitin dudc hinh thanh va sé
qua mang ty thé ra bao tusng. O bao tuong, nhém acetyl sé& duge chuyén tir acetyl

carnitin dén CoA ¢6 sdn trong bao tuong dé tai tao acetyl CoA:

.. carnifin acetvl transferase
Acetvl CoA + Carnitin . f » Acetyvlearnitin + CoASH
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* Malonyl CoA

Malonyl CeA dude téng hop trong bao tudng tir acetyl CoA dudi tac dung cua
acetvl CoA carboxylase. Phan \tng can sy tham gia cua ATP nhu chat cho nang
lugng, biotin 14 coenzym cua carboxylase, dong vai trd chuyén chg CO,.

) :tvl CoA carboxylase
CH, - CO ~8CoA + ATP + COL 2 —=—203"H00C - CH, - €O ~ SCoA + ADP + P
100111

Acetyl CoA Malonyl CoA

* Hé thong phiic hop enzym téng hgp acid béo

Hé théng nay gdm co 6 enzym gin véi nhau quanh mot protein van chuyén géc
acyl (ACP: Acyl Carier Protein). Trong qua trinh B — oxy hoa acid béo. cac chat
chuyén hoa trung gian dude hoat hoa dudi dang két hgp vdi moét phan tu van
chuvén gée acyl 1a CoA, con trong su sinh téng hop acid béo, tac nhéin van chuyén
goc acyl 1a ACP. '

ACP la mdt protein tap cé phan apoprotein 1a mét chudi polypeptid gom 77
acid amin va nhém ngoai 14 4—-phosphopantethein, din xuat cua acid pantothenic.
Nhém ngoai gdn véi apoprotein qua lién két ester véi serin (acid amin thit 36 cua
apoprotein). Goc acyl caAn dude kéo dai gin vao ACP qua lién két thicester véi
nhém —SH cua 4— phosphopantethein.

aal
| s
{a.a 38) Serin—O—P—O—CHQ—(I}—|CH—%:wNH—CHg—CHg-?«NH—CHg—CHg—SH
‘ T O CH;OH © o} I
aaf?
Agpoprotein 4 - phosphaopantethein

Hinh 2.7. Cau tao cua ACP

Gdc 4-phosphopantethein hoat déng nhu mét “canh tay di ddng” van chuyén
mach acyl, can kéo dai lan lugt dén 6 enzym bao quanh phan tu 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: Enoyl- ACP reductase (coenzym NADPHH™)

]

Sau enzym nay lan lugt xiic tac 6 phan (ng 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 Ung v6i nhém — SH ctia ACP, duéi tac dung
cua enzym ACP- acetyl transferase va ACP- malony! transferase tao thanh acetyl
ACP va malonyvl ACP:

ACP — Acetyl transferase
CH; - CO ~SCoA + H3 - 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
Acetyl ACP va malonyl ACP ngung tu véi nhau dé tao thanh acetoacetyl ACP.

Phan iing ngung tu duge xtc tac bdi enzym B —cetoacyl ACP synthetase, gii
phong CO.,.

B - cetoacyl ACP synthetase
CH, -~ CO ~ SACP + HOOC - CH, - €O ~ SACP ~— CH, - €~ CH, €0 ~ SACP
HSACP + 00, 0
Acetyl ACP Malonyl ACP Acetoacetyl ACP

* Phan wng khi thi nhdt

Acetoacetyl ACP dudi tac dung cua enzym B—ceto acyl ACP reductase {(c6
coenzym la NADPH + H+), bi khit thanh B - hydroxybutyryl ACP.

Heetoaeyl ACF reductase

CH, - ” - CH., - CO ~ 8ACP > CH; - CH -~ CH, - CO ~ SACP
|

0 NADPH + H- NADP* OH
Acetoacetyl ACP

B - hydroxybutyryl ACP
* Phan ung khw nicde

B — hydroxybutyryl ACP tach ra mdt phén td nude dudi tac dung cia enzym {3
— hydroxy acyl ACP dehydratase (crotonase) tao thanh trans — A% butenoyl- ACP
{crotonvl ACP)

= hydroxy aeyl ACP dehydratase

CH. - (}TH - CH,-CO ~SACP — * CH; - CH=CH- C0O ~ 8ACP
OH H.0
B - hydroxybutyryl ACP trans — A2- butenov] ACP
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* Phan itng khu thi hai

La phan tng hydrogen hoa lién két dbi clia trans — A” - butenoyl — ACP tao
thanh butyryl ACP, véi enzym xuc tac la hydroxy acyl ACP reductase (enoyl ACP
reductase), coenzym la NADPH, H".

Hydruxy acyl ACP reductase

C-H;_J, — CH=CH - CO ~ BACP —— - (:Hi — CH;}, - CHg - CO ~8ACP
NADPH + HY NADP*
trans — A’— bhutenoyl ACP Butyryl ACP

Nhu vay, sau mét chu trinh téng hgp gém 6 phan ng nhu trén, da tao thanh
butyryl ACP ¢6 mach carbon kéo dai thém 2C. Butyryl ACP tao thanh lai tiép tuc
phan ng véi mot phan td malonyl ACP mdéi va sau mét chu trinh téng hgp gidng
nhu trén, sé tao thanh mét acid béo dai hon 2C (6C). Qua trinh ci ti&p tuc cho dén
khi tac thanh palmitoyl — ACP ¢6 16C.

Giai doan cubi cua su tong hop 1a sy gidi phéng ACP ra khéi Acyl ACP song
song v3l s tao thanh acyl CoA:

Palmitoyl ACP + CoASH HS — ACP + Palmitoy] CoA

Cac acid béo bio hoa ¢é 6 carbon 1é ciing duge tong hop dudi tac dung cua
phiic hop enzym téng hop acid béo. Qua trinh tdng hop duge khdi dau bing mot
phan tlt propionyl — ACP (thay vi acetyl — ACP) ngung tu véi malonyl ACP.
3.1.1.2. Sy sinh téng hop acid béo bio hoa & hé théng trong ty thé

Hé théng nay it quan trong hon chu véu chi dé kéo dai mach C tit nhiing acid
¢6 mach C ngén. Ta cé su thanh lap cac acid béo ¢6 tix 18C trd 1én tu nhiing acid
béo ¢6 12C, 14C, 16C da duge tdng hop 6 hé thong ngoai ty theé.

Cd ché& kéo dai mach carbon dudc thyc hién tusng ty nhung ngudge lai véi
qué trinh P — oxy hoa, chdt van chuyén nhém acyl 1a CoA ch@ khéng phai 1a
ACP, cac enzym xuc tac gidng nhu trong qua trinh B oxy hoa tru phan @ng khu
thit hai, enzym xiic tac la enoyl reductase ¢6 coenzym la NADPH (chi khéng
phaila NADH).

3.1.1.3. Su sinh tong hop acid béo béo hoa & microsom (vi thé)

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

Nguyén lidu dé téng hgp 1a malonyl CoA, NADPH + H* Chit van chuyén

nhém acyl 1a CoA thay vi ACP. Qua trinh nay chl y&u ding dé téng hop cac acid
béo cb 22C va 24C cua sphingolipid.
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R~ C-5CoA Acyl CoA conC

Ngung ty HOOC - CH; - C - SCoA
0
/3~ cetoacy! CoA synthetase CoA - SH + CO,
R- ﬁ -CH; - (|3l ~ S5CoA [~ Cetoacyl CoA
Khit (3 1 <NADPH HH
NADP-
- cetoacy! CoA reductase R- (|3H -CH, - (]:l‘ ~ SCoA
OH
Khif nwdc ( [3 — Hydraxyacyl CoA
H0
Y
R—CH=CH—(r2|-SCoA
{ CoA deh 0
- i
fi- Hydroxyacyl CoA dehydratase NADPH + H*
Enoy! CoA reductase < Enoyi CoA
NADP*
Knif 14n 2 J

R-CH;-CH; - 'ﬁ ~ 8CoA Acyl CoA co (n+2) C

Hinh 2.8. Su sinh t8ng hop acid béo bio hoa & hé théng trong ty thé
3.1.2. Sinh téng hop acid béo chua bdo héa

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

C6 thé dudc tao thanh tir su khit hydrogen cia cac acid béo bao hoa tudng ting.
Trong mé ddng vat, acid palmitic va acid stearic thudng la tién chat cia hai acid
béo khéng bio hoa c6 mét lién két d6i phd bién la acid palmitoleic, 16:1c (A”) va
acid oleic, 18:1c (A"). Lién két ddi AY clia cac acid béo khéng bio hoa duge tao thanh
do mét hé monooxygenase dac hidu xuac tac.
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Vi du: phan (ng cua qua trinh hinh thanh palmitoleoyl CoA nhu sau:

Palmioleoyl

PalmitoylCoA + NADH + H* + O, CoA + NAD* + 2H.,0

3.1.2.2. Acid béo chuta bao hoa c6 nhiéu nét déi (polyethylenic).
Su tong hop nay phie tap hon, phai tudn theo mét s§ quy luat:
— Lién két déi1 dau tién ludn ludn dude tao d vi tri A? (gita C9 va C10)
— Lién két dai ké tiép dude tao thanh trong khoang gitia nhém — COOH va néi déi
thii nhat, khéng bao gig xay ra trong khoang giita nhom — CH,, tin cung va néi ddi.
— Cac lién két déi duge tao thanh cach nhau 3 C.
15 3 1 3 6 4 2
16 14 12 10 9 7 D 3 1
5 13 1 8 ) 2
16 14 12 10 9 7 6 4 3 1

Vi vay, dong vat ¢6 vi khéng thé thuc hién phan ting tdng hop cac acid béo cb
hai hay nhiéu lién két déi trong khoang tit C9 dén Cm nhu acid linoleic (18:2¢A™ )

119 - Cac acid nay duge goi 14 acid béo thidt yéu (hay

va acid hinolenic (18:3cA
vitamin F) phai duge cung c&p tit thic dn. Sau khi duge tiéu hoa va hiap thu, cac
acid nay sé dugc khit hydro tiép tuc dé tao thém lién két dbi hay kéo dai mach C.

Vi du: acid arachidonic (20:4cA™™'"'%) duge tong hgp tit acid linoleic, 1a tién
chét cua cac hgp chit thude nhém eicosanoid, déng nhiéu vai tro quan trong trong
su diéu hoa chuyén hoa.

3.2. Sinh téng hagp triglycerid (triacyl glycerol)

Triglycerid duge tong hgp 6 nhiéu t& chite hodc té bao cua gan, than. mé md, ruét...

* Nguyén liéu ban dAu la glycerol va acid béo dudi dang hoat hoa 1a glycerol —
3 — phosphat va acyl CoA.

Glycerol 3 — phosphat duge hinh thanh tit hai con dudng:

-0 gan, than, niém mac rudt, glycerol duge hoat hoa thanh glycerol — 3 —
phosphat bang sy phosphorvl hoa véi chat xuce tac la enzym glycerolkinase:

(|7H2 -~ OH ‘ CH, - OH

(EH _OH + ATP giveerolkinase (EH _OH + ADP
CH, - OH CH; - OPO;H.
Glycerol Glycerol — 3 - phosphat
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— Té& bao md khdng c6 enzym ndi trén. do d6 glycerol — 3 — phosphat dudgc tao
thanh tit su khi dihydroxyvaceton phosphat, san pham trung gian cua su thoai hoa

glucid,

NADH + H".
i~ OH NADH + H! NAD*
C=0
| giveerol-3-phosphat deaydrogenase
CH, - 0O PO H.

Dihydroxyacetonphosphat

vGl sy xtc tac cua enzvm glycerophosphatdehydrogenase, coenzym la

CH., - OH

{

CH-0OH

|

(3[1_) - () - PO;;Hg

Glyvceerol - 3 — phosphat

Acid béo duge hoat hoa bdi enzym thiokinase, véi su ¢6 mat cua ATP va CoA tao
thanh acy] CoA (gidng giai doan hoat hoa acid béo ctia qua trinh oxv hoa acid béo).

 Qua trinh sinh tong hop triglycerid xav ra qua cac giai doan saw:
— Hai phan 1d acyl CoA két hop vdi glycerol — 3 — phosphat tao thanh acid
phosphatidic {1.2 diglycerid phosphat) vdi su xdce tac cua enzym acyl transferase:

(l"Hg—OH
CH-0OH

| - hY
CH,- 0 - POH RO
Glycerol - 3 - phosphat

acyl transferase

~8CoA 2C0ASH

?
(‘H;—()—(’
(H 0O - C

(HJ—O—I‘() H.,
Acid phosphatidic

— Acid phosphatidic chuyén thanh 1,2 diglycerid nhd sy xtc tic cua enzvm

phosphatase:
i
CH,-0-C-R
(l‘H 0-C s phasphaltase .
} N TN
('"H, - O - PO,H. H.0 H. PO

Acid phosphatidic

0
CH,—O C R

/0
(H 0- (‘

( H, - OH
1,2 diglveerid

— Diglvcerid tiép tuc phan 1ing vdi mot acyl CoA thi ba, dudi téc dung cua

enzyvm diglveerid —
7
CH,-0-C-R

o) Acvliransferase

!
CH-0O-C
| \R /‘\

CH. - Oli R - C0O~5CoA

1,2 diglyeerid

{CoASH

acyl transferase dé tao thanh triglveerid:

7
CH,-0O-C-R
| 40
(‘H -0- (“

R

(H,—(J—-(‘ R

Triglycerid (J
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Trong niém mac rudt cua cac déng vat bac cao, monoglyvcerid duge tao thanh
do su tiéu hoi & rudt ¢6 thé duge acyl hoa truc tiép dudi tac dung ctia enzym
monoglycerid palmitoyltransferase va quéa trinh nay khéng cAn vai trd trung gian
cua acid phosphatidic dé tao nén diglycerid.

3.3. Sinh tong hop glycerophospholipid (phosphatid)

Mang sinh vat cdu tao bdi 2 thanh phin chu yéu la protein va lipid. Trong s8
cac lipid mang, glycerophospholipid va cholesterol chiém ty 1& cao nhat.

C6 nhidu con dudng téng hop glycerophospholipid, phd bién nhat 1A tu acid
phosphatidic,
3.3.1. Phosphatidyl ethanolamin (cephalin)

— Phosphoryl hoa gdc ethanolamin nho ATP va enzym ethanolaminkinase:

ethanolaminkincase

Hz.\] - CHZ — CHg — OH //-—-\\ bl HzN - CH'_J_ - CH_J, - OPO.‘SHg
Ethanolamin ATP ADP Phosphoethanolamin

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

NH,
N
0 NOCH;-O-P-0-P-0-P-0OH + H,N-CH., - CH.-0OPO;H,
I [ I
0 O O
OH OH
Cytidin triphosphat (CTP) Phosphoethanolamin
NH.
N -
Phosphoethanclamin N (I)H ?H
cytidin transferase NOCH,~-0O-P-0-P-0-CH,-CH,- NH, + PP
I [
O 0O
OH OH
Cytidin diphosphat ethanolamin {(CDP - ethanolamin)

— CDP - ethanolamin két hgp véi diglycerid (diacylglycerol) dé tao thanh
phogphatidylethanolamin dud s xic tac cua enzym phosphoethanolamin transferase
(phan cytidin monophosphat cia cytidin diphosphat ethanolamin duge tach ra va phan
phosphoethanolamin sé duge chuyén dén diglycerid):
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N 0
5 1 OH _OH CHZ—()—C(;R
N()(?HQ—O——PW-O{P O - CHy - CH, - NH, + CH O (
o Yo EHa— OH
OH OH

Cytidin diphosphat ethanolamin  (CDP - ethanolamin) 1,2 diglycerid

NH,

0
N I
@ OH CH :—0-C=-R
Phosphoethanolamin = /0
N

transferase N OCH,-0- P OH + CH 0O-C R

|
0 CH,-0O - P O - CH, - CH, - NH,,

H
OH OH 0" 0
Cytidin monophosphat (CMP) Phosphatidyl ethanolamin (cephalin)

3.3.2. Phosphatidyl cholin (lecithin)

O mbd dong vat, phosphatidyl cholin (lecithin) c6 thé dude téng hgp theo hai

hudng khac nhau:
3.3.2.1. Tw Phosphatidyl ethanolamin

Metyl hoa truc ti€p nhém amin cua phosphatldyl ethanolamin bing nhém

metvl cua S — adenosylmethionin.

7 i
(ﬂHJ -0 - C R CH,-O-C-R
3 S-adenosyimethionin | O
CH Q- (‘ CH-0O- C
| R Noaonw, | “R
CH;—()—/P O -CH,-CH,- NH, CH, -0 - Pl O - CH, - CH, — N+ (CH.),
0”7 OH ) OH

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

Cholin dudc cung cAp tir thuc an hay giai phéng tit qua trinh thuy phén

phosphatidyl cholin.

Qua trinh nay dude thuc hién bing mét loat nhling phan tng tudng ty nhu

qua trinh tao thanh phosphatidyl ethanolamin.
3.3.3. Phosphatidyl serin

Trong mé dong vat, phosphatidyl serin duge téng hgp tit phosphatidyl

ethanolamin bang cach trao déi gitia gbc ethanolamin véi gée L — serin.

59



3.4. Sinh tong hgp sphingolipid

Sphingolipid ¢6 thanh phan alcol ia sphingosin. Sphingosin duge téng hgp tir
palmitoy]l CoA va serin. Sau khi dude tao thanh, nhém amin cua sphingosin duge
acyl hoa bang mot acyl CoA mach dai dudi tac déng ciia enzym sphingosin acyl
transferase dé tao thanh N — acetyl sphingosin hay ceramid Ja tién chit cia cac
sphingolipid.

— Sphingomvelin: duge tac thanh do phan {ing gitia ceramid véi phosphatidyl
cholin (hay CDP — cholin).

— Cerebrosid: dudc tao thanh do su két hgp truc tiép cia ceramid véi glucose
hay galactose. '

~ Gangliosid: dugc téng hgp tit cerebrosid qua nhiing phan ing gan thém mét

56 gbc galactose, galactosamin., va acid N — acetyl neuraminic dudi dang hoat hoa.

4. SU CHUYEN HOA CHOLESTEROL

Trong co thé, cholesterol tham gia vae thanh phan cau tac cua mang té bao va
qua trinh téng hgp nhiéu hormon steroid va acid mat. Cholesterol do hai nguén
gde: dua vao ti thiic an {(ngoai sinh) hoac téng hgp bdi cac té bao, chi yéu ia té bao
gan (nd1 sinh).

4.1. Sy tiéu hoa va hap thu cholesterol

Lucgng cholesterol dua vao co thé tir thic in 13 khodng 300-500mg/mgay. Thite
an giau cholesterol 1a thit. gan, néo, long do tring. Cholesterol ¢6 ngubn géc ndi
sinh 1a khoang lg/ngay.

Cholesterol duge hdp thu & rudt cing véi cac lipid khae ¢ dang nhitng phan tG
chylomicron. Cholesterol dugc hap thu van chuyén trong hé théng mach bach
huyét va dude ester hod véi cac acid béo chubi dai. Cholesterol van chuyén trong
mau dén cac t8 chitc duéi dang phic hop lpoprotein. O nguoi, cholesterol toan
phan (cholesterol tu do va cholesterol ester) trong mau vio khoang 200mg/100ml,
trong dé chu yéu la cholesterol ester.

4.2. Su sinh téng hop cholesterol

Cholesterol duge tdng hop chi yéu 6 gan va rudt. Ngoad ra, cholesterol ciing
dudgc téng hgp ¢ vo thugng théan, da, hé than kinh. tinh hoan, budng tring.....

Cung giéng nhu acid béo, cholesterol duge téng hgp tir cac don vi acetyl CoA
gqua mot loat cac phan Gng két hgp va hoa vong.

Qua trinh sinh téng hgp cholesterol gdm ba giai doan:
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4.2.1. Téng hop acid mevalonic tiz acetyl CoA

- Hai phan tu acetyl CoA ngung tu vé1 nhau tao thanh aceto acety] CoA.

— Acetoacetyl CoA ngung tu véi moét phan tit acetyl CoA nita dé tac thanh
f — hvdroxy — B — methylglutaryl CoA (HMG CoA) véi su xuc tic cua enzym HMG
CoA synthetase.

— HMG CoA bi khii oxy va loai CoA dé tao thanh acid mevalonic véi sy xtc tac
cua enzvm HMG — CoA reductase, ¢6 coenzym ia NADPH H+.

CHy = CO ~ SCoA + CHs - CO ~ SCoA
Acetyl CoA Acetyl CoA
thiolase

CoASH

CHs —”C - CH; ~-CO~5CoA
0]

Aceto acetyl CoA
CH; - CO ~ SCoA
HMG CoA synthetase
\‘CoASH

CH
i

CHs - fiJ - CH, - CO ~ SCoA
CH, - COOH
[ - hydroxy [} Metylgiutary: CoA

HMG CoA reductase 2NADPH + H-

(l)H

CH3—(|J—CH2—CH2—OH
CH,; - COOH
Acid Mevalonic
Hinh 2.9. So d6 su tao thanh acid mevalonic tir acetyl CoA

4.2.2. Tao squalen

Acid mevalonic duge hoat hoa bdi hai phan ti ATP, dé tao thanh mevalonat
pyrophosphat. Chat nay bi khu nuée va khu carboxyl thanh isopentenyl pyrophosphat
hay chit déng phén 1a 3,3-dimetyl allyl pyrophosphat (¢6 5C). Hai chit déng phan
nay két hgp véi nhau cho ra geranylpyrophosphat (c6 10C).
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Sau d6, mét phan tit isopentenyl pyrophosphat niia sé tham gia phan ung véi
geranyl pyrophosphat, loai mét phan tit pyrophosphat, dé tao thanh farnesyl
pyvrophosphat (¢6 15C).

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

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

pyrophosphat.
OH
|
Ch; - (‘: —CH, - CH, - OH Gerany! pyrophesphat {10C)

CH; - COOH

Acid Mevalonic Isopentenyt pyrophosphat{5C)

KZATP Pyrophosphat
2ADP CH;. CHy

I
CH CH, CHs
s | C- CHy - CH; -0 -P-0-P vl N
i

Mevatonat pyrophosphat \CHz/ \C/
]
Nh0 CHH/O-P—O—P
I\COE Farnesyl pyrophosphat (15C) ’

CH, = ? -CH;-CH;-0-P-0O-F rFarnesyl pyrophosphat (15,
CH;

Isopentenyl pyrophosphat

o
fsomerase \ x(;H2 . C
CHy~C=CH-CH—O-P-0-P ' e !
3 ) 2 . XCH2 /C ™ CHJC\CHX Cl‘b /CHz
CH4 Cin ” (il (|3|H
Dimetyl altyl pyrophosphat (5C) CH  CH CH;, PN
\\C ™~ CH2 CH3 CHJ
]‘/ Isopenteny| pyrophosphat (5C) CQB \CH3
Squalen {30C)
CHs. CH;
c
CH ch Chs Hinh 2.10. So d8 s tao thanh
Hy Squalen tir acid mevalonic

Geranyl pyrophosphat {10C)
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4.2.3. Bién déi squalen thanh cholesterol
— Squalen két hop véi oxy phin tu dudi tac dung cua squalen monooxygenase
tao thanh Squalen 2,3 epoxid, sau d6 dong vong tao thanh lanosterol.

— Lanosterol sau mét loat cac phan tng khit metyl, oxy hod, khit hydrogen sé
tao thanh cholesterol.

Squalen
45 NADH + H”

H,0 NADP-

Lanosterol

khu metyl
[0}
khu hydrogen

Ov
DO

OH
Choiesterol

Hinh 2.11. Su tao thanh cholesterol tir Squalen

4.3. Tong hdp cholesterol ester

Cholesterol ester c6 thé duge tong hgp bdi hai con dudng khac nhau:

4.3.1. Acid béo dugec hoat hod boi CoA thanh acyl CoA véi sy tham gia caa
ATP. Acyl CoA tac dung véi cholesterol vdl sy xuc tac cua enzym acyl CoA
cholesterol acyl transferase tao thanh cholesterol ester. Con dudng nay xay ra o
cac 1o chic gan, rudt, thuong than..

Acyl Cod - cholesterol
acyl transferase

Acyl CoA + Cholesterol < » (Cholesterol ester
CoASH

4.3.2. Dudgi su xtic tdac cua enzym lecithin cholesterol acyl transferase, goc
acyl ctia acid béo gin & vi tri C2 trong phan tit lecithin dude chuyén truc tiép dén
cholesterol dé tao thanh cholesterol ester. Con dudng nay xay ra d huyét tuong.
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lecithin chedesterol

L vl tranferase o
Lecithin + Cholesterol —— ranfrese Cholesterol ester + Lysolecithin

Phan ting ester hoa cholesterol nham muec dich dua cholesterol ra khéi lipoprotein,
dé ngan ngua cholesterol khuéch tan téi cac té chie, vi cholesterol giai phéng ra
khoi gan chi yéu la cholesterol tu do két hgp véi lipoprotein huyét thanh.

4.4. Diéu hoa sinh tong hop cholesterol
Sy téng hop cholesterol dude diéu hoa bdi cholesterol, duge dua vao cd thé tu
thiic &4n. mdt s6 hormon va acid mat.

— Cholesterol tit thitc an: khong e ché su téng hgp cholesterol 6 rudt, nhung
e ché sy tdng hop cholesterol § gan, do giam tong hdp HMG — CoA reductase,
enzym dau tién cua qua trinh téng hgp cholesterol.

~ Nhin déi: lam giam téng hop cholesterol ¢ gan do giam lugng acetyl CoA,
ATP va NADPH, con khi an mot ch€ d6 an ¢6 nhiéu md thi qua trinh téng hop
cholesterol sé tang.

— Acid mat: c6 tac dung Uc ché truc tiép su téng hop cholesterol & niém mac rudt.

— Estrogen va cic hormon sinh duc nii: ¢ ché qua trinh téng hop cholesterol do
tc ch€ HMG CoA synthetase, 1am giam ham lugng cia HMG — CoA trong té bao.

— Ngoai ra, néng dé cao cua cholesterol trong té bao cling hoat hoa enzym acyl
(oA — cholesterol acyl transferase ting cudng qua trinh tao cholesterol ester la

ngudn dy trit cholesterol clia ¢ thé.

4.5. Sy thoai hoa cholesterol
Su thoai hoda cholestero! dan dén su tao thanh acid mat. Qua trinh nay xav ra
¢ gan va rudt.

Cac acid mat duge tao thanh do sy cdt ngan day nhanh va cac phan tng
hydroxyvl hoa 6 nhan. Khéac véi nhiing san pham khac, cholesterol khéng duge oxy
hoa thanh CO, va H,Q, nén qua trinh nay gitip cho cg thé khéng bi i dong
cholesterol § cac té chite, gy nhidu bénh nguy hiém nhu xd vita déng mach.

Cac acid mat [a dan xuét cua acid cholanie, cAu tao khae véi cholesterol & cac
diém sau:

— C6 24C (do mach nhanh bi cat di 3C), goe — COOH gin ¢ C24.
- Khéng con lién két dd1 & vong B,

— Co6 thém mét s gde hvdroxyl.
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Mat nguoi 6 chiia 4 acid mat la acid cholic, acid chenodeoxycholic (duge tao
thanh 6 gan, gol 1 acid nguyén phat) acid deoxycholic va lithocholic (dudc tao
thanh ¢ rudt. goi la acid tha phat). Cac acid nay chi khac nhau 6 s6 lugng nhém
OH gin vao nhan sterol,

Cac acid mat lién hgp v6i glyein hay taurin bang lién két amid véi goc —
COOH ¢ C24. tao thanh acid glycocholic, glycochenodeoxycholic, taurocholic,

taurochenodeoxvcholic.

Do tinh chat kiém chia mat, cac acid mat lién hgp nay dude trung héa thanh
/
mudi mat ¢é tinh chat nhii hoa manh. nén rit can thiét cho sy tiéu hoa maé.

Hau hét acid mat duge giai phéng tir gan dudi dang lién hgp, 30 truc t1€p vao

hanh ta trang, qua dng dan mat hay du trit & tdi mat khi chua can dén.

O rudt, dudi tac @éng cua vi khuan rudt, cac acid mat lién hop bi thity phan
aial phéng glyein hoac taurin. Sau dé, géc — OH 6 C7 duge tach ra, acid cholic dude
chuvén thanh acid deoxycholic, acid chenodeoxycholic chuyén thanh acid

lithocholic (acid mat thit phat).
Phan 18n acid mat ¢ rudt duge tai hap thu qua tinh mach cla, 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.

Acid chenodeoxycholic

COOH oe COCH
HO

Acid deoxycholic Acid Lithocholic

Hinh 2.12. Cau tao hoa hoc cua cac acid mat

S-HOA SINK HOG-PHAN |1 65



COOH + HN - CH; ~ COOH — COOH - HN - CH; - COCH

Acid chollg Glycin Acid glycocholic
COOH + HN-CH,-CH, - SOH  —s COOH + HN - CH, - CH, - COOH
Acid cholic Taurin Acid taurocholic

Hinh 2.13. Sy lién hop clia acid mét
5.SU CHUYEN HOA LIPOPROTEIN

Qua qua trinh chuyén hoa lipoprotein, céac lipid s& duge van chuyén bang
nhiing loai lipoprotein khac nhau va theo nhiing huéng khac nhau.

5.1. Chylomicron

T& bao ruét tdng hop triglycerid tir acid béo dudc hap thu qua rudt sau bia
an. Triglycerid k&t hgp vé1 ludgng nho cholesterol va phospholipid, nhan apo C
va apo E tit HDL tao thanh chyvlomicron. Chylomicron van chuyén triglycerid.
cholesterol cua thiic dn qua hé théng bach huyét vao mau. Trong mau, dudi tac
d6ng cuia enzym lipoproteinlipase trong mao mach ndi mé, phan 16n triglycerid
clia chylomicron bi thity phan cung cdp acid béo tu do cho mé co (oxy hoa dé
cung cip nang lugng) va mé md (t6ng hop triglycerid). Phan chylomicron con lai
(chylomycron remnant) tiép tuc di chuyén trong méau, bi thau tém bdi gan va

thoal hoa trong lysosom.
5.2. Lipoprotein ty trong rat thAp (VLDL)

Tai gan va rudt, triglycerid két hgp véi apo — B100, phospholipid va cholesterol
tao thanh lipoprotein ty trong rat thap (VLDL). VLDL van chuyvén chi yéu
triglycerid ndi sinh vA mét phan cholesterol tit gan dén cidc md ngoai vi. Trong
mau, VLDL nhan apo — CII cia HDL dé kich hoat enzym lipoprotein lipase thuy
phén triglvcerid cung cép acid béo cho cac t€ bao ngoai vi, 1am giam ty 1é cua
triglyvcerid va ting ty 1é cua cholesterol. VLDL sé& bién déi thanh lipoprotein ty
trong trung gian (IDL). Mét phan IDL duge tho4l hoa nhanh ¢ gan, phan con lai
chuyén thanh lipoprotein ty trong thap (LDL) nhd thay phéan bét triglycerid dudi
tac dong cua enzym HTGL (hepatic triglycerid lipase).
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5.3. Lipoprotein ty trong thip (LDL)

LDL van chuyén cholesterol tir gan theo mau dén céc t&€ bao mo ngoai vi, tudng
tic v6i receptor— LDL trén méang t€ bao va dude t& bao thau tém. LDL thoai hoa
cung cap cholesterol cho cac t€ bao (la nguyén liéu dé téng hop steroid, thanh phin
cau tao cua t€ bac. Khi LDL hién dién nhiéu trong mau sé& khién néng d6
cholesterol trong mau tang cao vi ¢6 thé g dong ¢ thanh mach mau gay bénh xo
via dong mach.

5.4. Lipoprotein ty trong cao (HDL)

HDL duge téng hop & gan va rudt theo mau dén cac méd ngoal vi. Tai day, HDL
thau nhan cholesterol thira tit t& bao, van chuvén vé gan dé thoii hoa va dao thai
theo dudng mat. Do do. HDL duge xem 1a chit chéng & dong cholesterol ¢ thanh
mach va han ché nguy ¢d gav xd vita déng mach.

TAI LIEU BOC THEM

1. Bé mén Hoa sinh — Pai hoc Y-Duge TPHCM. Hod sinh y hoc. NXB Y hoc TP
HCM 2003.

Bo Y t&, Vu Khoa hoc va Dao tao. Hod sinh hoc. NXB'Y hoc Ha Néi. 2005.
Christopher K. Mathews, K.E. Van Holde. Biochemistry, 1996.

1.2

Ll

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.

G. Robert K. Murray, Daryl K. Granner, Victor W. Rodwell. Hurper's Hllustrated
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 mégt cau tra 16i dang nhét trong cac cau tir 1 dén 5
1. Qua trinh sinh téng hgp acid béo quan trong nhat xay ra tai:
a. Tvthé
b. Bao tuong

c.  Microsom

d. Mo mo
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2. Cac triglycerid (triacylglycerol) theo mau van chuyén dén gan, cac td chic, mé
md dudi dang:

a. Chylomicron

b. LDL
c. HDL
d. VLDL

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

isomerase nham muc dich:

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

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

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

d. Bién d6i lién két d6i tir dang trans sang dang cis va chuvén tit vi tri A, sang A,.
4. Trong sy sinh téng hgp acid béo, tic nhan van chuyén gée acyl la:

a. Coenzym A

L. ACP
¢. Carnitin
d. CTP

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

d. 4-phosphopantethein

Chon tip hop céu tra 1di dung trong cac cau tir 6 dén 10
6. Vai tré chi yéu clla cac hop chét lipid trong co thé la:
a. Diéu hoa cac qua trinh chuyén hoa
Cung c4p va du tri nang lugng
c. Bao vé cdthé

d. Tham gia cdu tao té& bao

_-=~]

Trude khi thuy phan, lipid phai duge nhii tudng hoa bdi mudi mat co trong
dich mat, nham muc dich:

a. Tang dién tich tiép xuc

b. Giam dé hoa tan trong nude
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10.

¢. Tang tac déng cua enzym lipase

d. Phén tan nhé dé dé khuéch tan qua mang rudt

Céc con dudng thoai hoa tiép tuc cua acetyl CoA:

a. Oxy hoa ¢ chu trinh Krebs.

b. Tao thanh cac hgp chat cetonic

¢. Téng hop cholesterol

d. Tai téng hop acid béo

Glycerol duge hoat hoa thanh glycerol — 3 — phosphat vé1 chit xuic tac la
enzym glvcerolkinase tat:

a. Gan

b. Than

¢. Niém mac rudt

d. Mémd

Su sinh téng hop cac acid béo chua bao héa cé nhiéu néi déi (polyethylenic):

a. Lién ké&t d61 dau tién ludn ludn dudce tao  vi tri A9

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

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

d.  C6 thé duge thuc hién ti sy khit hydrogen cia cac acid béo bao hoa tuong ting.

CAU HOI NGHIEN CUU BAI HOC

—

)

W

_U'l

Trinh bay bon giai doan ctia qua trinh 3 oxy hod acid béo bao hoa ¢6 50 C chan.
Hay trinh bay va giai thich cd ché cuia sy didu hoa sinh téng hdp cholesterol.
Viét phuong trinh téng quat cuia su B oxy hoa acid béo.

Tinh ning lugng thu duge tit phan ling 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 dugc cde enzym thity phdn protein va cd ché tic déng cua
chung. :

2. Viét duoc cde phdn ing khiz amin, khi carboxyl, trao doi amin cta cdc :
acid amin cung cdc co ché cua ching.

3. M6 ta duoe cde giai doan cua chu trinh uré.

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

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

6. Trinh bay dugc nguyéln tde chung dé tong hap acid amin.

7. Trinh bay duoge cdc yéu t6 va thanh phdn tham gia vao qud trinh sinh
tong hop protein.

8. M6 ta duge ba giai doan ctia su sinh téng hgp protein d ribosom.

Protein cua thic dn dudge tiéu hoa ¢ dudng rudt thanh acid amin. Acid amin
dude hdp thu qua tinh mach ctia téi gan, vao hé théng tuan hoan. Mit khac cac
protein cua cac to chiic khéng ngiing thoai hoa, dua acid amin vao mau. Tat ca cac
acid amin do tiéu hoa thuc an (tic ngudn géc ngoai sinh) ho#c do thoai hoa cac )
chtc (néi sinh) hop lai thanh mét ngudn acid amin dé st dung chung cho moi nhu
cau cua co thé.

Moi t6 chiic ctia co thé ldy cac acid amin thich hgp tit nguon trén dé tong hop
thanh nhiing protein riéng cia minh. Mdt phan cac acid amin bi thoai hoa hoac
chuyén thanh glucid. Pac biét khi an qua thira so véi nhu cau thay thé protein cua
cd thé thi acid amin con 1a ngudn cung cap nang luong quan trong.

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

O déng vat cao cip, ngudn cung cdp déc nhét vé protein 1a thic an. Su hip thu
chi dudc thuc hién sau quéa trinh thuy phan protein thdc #n téi giai doan acid
amin hoac d6i khi t6i nhiing mAu peptid rit ngin. Qua trinh thuy phan protein ¢
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duong tiéu hoa dude xic tac boi nhiéu enzym proteinase, bai tiét ¢ cac bd phan
khac nhau nhu da day, rudt, tuy tang. T4t ca déu la peptidase thiy phan lién két
peptid cua protein, mbi mdt enzym ¢é tac dong dac trung d6i véi lidn két nam 6 vi
tri xac dinh trong chudi polypeptid.

Nguoi ta phin biét hai loal: endopeptidase va exopeptidase.
1.1.1. Endo peptidase

La cdc enzym xtc tac su thiy phén céac lién két peptid &6 trong chudi
polypeptid. Cac endopeptidase & &ng tidu hoa gém co:
1.1.1.1. Pepsin

Dudc t16t ra tif cac t€ bao chinh cila niém mac da day duéi dang pepsinogen
khéng hoat dong. O méi trudng acid, pepsinogen ti xidc tac bién thanh pepsin.

Pepsin hoat déng manh ¢ pH = 1.7 — 2. Pepsin dac hiéu véi nhiing 1ién két
peplid trong dé co goc NH, cua acid amin thom (tyrosin, phenylalanin). Pepsin ciing
c6 thé thuy phan duge nhing lién két peptid khac nhu: lLeu — Val, Leu — Glu...
nhung véi miic dé thiap hon.

~HN-R-CO% NH - Tyr
Pepsin

Pepsin cat phén td protein thanh cAc proteose va pepton, d6 la nhitng manh
protein ¢6 trong lugng phan tit con kha 16n.
1.1.1.2. Trypsin

Li enzym peptidase quan trong nhat clia tuy tang déng vat cao cdp. Dang tién
enzym la trypsinogen dudce tiét ra & tuy réi d6 vao rudt.

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

Trypsin hoat déng tdt nhat ¢ pH = 8 va thiy phan cic lién két peptid trong d6
c6 nhom carboxyl ciia cac acid amin kiém nhu arginin, lysin.

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

Trypsin Trypsin

1L1.1.3, Chymotrypsin

Cung la mot peptidase cua tuy tang dude tiét ra ¢ dang tién enzym la
chymotrypsinogen. Chymotrypsinogen chuvén thanh chymotrypsin hoat dong dudi
tac dung xuc tac cua trypsin. Chymotrypsinogen hoat déng manh nhat ¢ pH = 8,
thiiy phan cice lién két peptid cé dang:

Tyrosin — CO $ NH -
, Chymotrypsin

Tyvrosin ¢6 thé duge thay thé bsi phenylalanin, tryptophan, methionin, leucin.

Nhu vy tinh dac hiéu cia chymotrypsinogen réng rai hon so véi trypsin.
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1.1.2, Exopeptidase
LA céc enzym xiic tdc sy thay phén cac lién két peptid ¢ hai dau cua chudi
polypeptid. Cac polypeptid san pham ciia sy tiéu hoa protein dudi tadc dung clia cac
endopeptidase ké trén lai tiép tuc chiu tac dung cla cac exopeptidase sau:
1.1.2.1. Carboxypeptidase
L4 mdt peptidase cua dich tuy, hoat déng ¢ méi trudsng kiém, thiiy phan céac
lién két peptid gdm cé g8c carboxyl ti do & tan cling.
—COJ‘rNH—(IJH—COOH
carboxypeptidase R
Carboxypeptidase hoat ddng manh néu acid amin tan cling 14 phenylalanin va
khéng hoat déng néu acid amin 12 prolin hay hydroxyprolin.
1.1.2.2. Aminopeptidase
Cua dich rudt hoat dong trong méi truéng kiém thity phan cac lién két peptid
c6 gboc NH, tu do tan cung:
H,N-CH-CO%NH...
R Aminopeptidase

1.1.2.3. Dipeptidase

Cua dich rudt thuy phan cac dipeptid giai phéng céc acid amin ty do.

Tém lai, dudi tae dung lén tiép cua nhi€u enzym tidu hoa khéc nhau, protein
thuc an b phan huy thanh nhiing acid amin va mét s8 peptid ngin. Mt s8 protein
nhtt keratin khéng bi tAc dung boi nhiing enzym trén do ciu tao dic biét cua keratin
¢6 chita nhiéu lién két disulfur,

Cuéi cung, hau hét cac acid amin va ¢6 thé mét vai peptid ngdn duge hip thu
qua mang rudt vao tinh mach clia t6i gan va cic t8 chitc.

Qua trinh hap thu khéng phdi 14 mét hién tugng khuéch tan don thuin. Cac
dong phan ty nhién dang L ctia acid amin dudc van chuyén tich cuc qua thanh
rudt vao mau. Qua trinh nay cin ATP cung cidp nang lugng va su tham gia cua
pyridoxal phosphat, con cac dong phan dang D dude khuéch tan tu do qua thanh
ruét. C6 hién tugng canh tranh trong su hap thu cac acid amin. Mét acid amin an

va0 qua thita c¢6 thé 1aAm cham sy hap thu clla mét acid amin khac.
1.1.3. Enzym thiy phan protein ciia cdc té chize
Nhiing té chiic c¢6 cac enzym thity phan protein ma co ché tac dung va tinh

chat dac hidu tuong ty nhu véi cac enzym tiéu hoa. Nhiing enzym thuy phén
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protein cua cac té chiic duge goi la catepsin, Ngudi ta da xac dinh duge 3 loar A, B.
(. Co ché tac dung tuong dudng v8i pepsin, trypsin va chymotrypsin.

Nhiing té bao cling chia cac carboxypeptidase va aminopeptidase.

Chc enzym tiéu hoa ciia t& bao dude chiia trong cac lysosome. Khi mang hpoprotein
cta lysosome con nguyén ven, ciac enzym nay 6 trong dé. Khi mang nay bi vé, cac
enzym cila lvsosome duge giai phong vao baoc tuong va thuy phin protein cua té
bao va pha hiy t& bao. Hién tuong tu tiéu cha té& bao khi t& bao chét dude giai
thich l& do su ¢6 mat cua cac enzym nay.

Cé6 thé han ché qua trinh ty phan hily t& bao bang cich ngam cac to chic chét
vio cic thude thi nhu formol, ¢én dé lam bién tinh va mat kha nang hoat dong cua

tat ca protein ké cd cac enzym. Vi du: trudng hdp uép xac.

1.2. Can bang déng cla protein

Protein sau khi an vA tiéu hod gidp giit ving néng d6 acid amin trong co thé
khéng thay déi. Phan 16n cac acid amin nay dude sit dung dé téng hgp cac protein
va cdc polvpeptid ctia co thé. Déng thoi cac protein & cic td chite cua cd thé khong
ngling thoal hoa. Do d6, ¢6 su chuyén hoa lién tuc ciia nito .

Cén biang dam: 1a su so sanh giia lugng nitd nhap va dao thai ra ngoai (chui
véu 13 qua nude tiéu)

Ngudt ta nhan thay ¢ ¢o thé ctia ngudi 1én di trudng thanh ludng nito dua véao
qua thite an {nito nhap) bing nito daoc thai ra (chit véu la qua nude tiéu) tite la nito
xudt. Hién tugng nay goi 1a su can bang dam.

Can bing la duong hay am tay thude lugng nitg xuft it hay nhiéu hon nito
nhap. Can bang dudng ciin trong nhiing trudng hop co thé dang 16n, co6 thai, thoi
ky lai stic sau khi 8m. Can bang 4m gdp trong nhiing truong hgp déi &n, dang sot,

sau khi mo.
1.3. Du tr@ protein

Trong cd thé protein du trit long 1éo, cd thé van chuyén duge. Vi du: khi co the
thidu an, ngudi ta thiy protein cua gan, huyvét tuong giam xuéng. Néu cd thé duge
cung cip protein day du. protein cua gan, huyét tuong trd lai binh thuong.

Trai lai nhitng cd quan nhu tim, nfo ¢6 lugng protein ¢6 dinh hon. Khi thiéu
protein, cdc ¢d quan nay sit dung protein cua cd. Co 1a ngudn cung cdp protein cho

ndo va tim. Vi viy, protein cua mau, gan, ¢¢ dugc coi nhu la protein du tri.
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2. THOAI HOA ACID AMIN

2.1. Nhiéing qua trinh chung cua su thoai hoa acid amin

2.1.1. Khu amin
Su kha amin la mdt qua trinh rdt quan trong, trong dé nitag tach khéi phan tu
acld amin duéi dang NH,,.
Cé bén con dugng khit amin:
2.1.1.1. Khit amin — khi oxy
Taoc NH, va acid tuong Ging.
R— CH - COOH —2% R - CH, — COOH + NH,

|
NH, Acid tudng ving
2.1.1.2. Khw amin ndi phan tw
Tao thanh acid khéng no va NH,,

R-CH,- CH - COOH —*2, R_CH = CH - COOH + NH,
|

NH, Acid khong no
2.1.1.3. Khe amin thuy phdan
Tao oxy acid va NH.,.

+2F

R-CH-COOH+H,0 — R—(FH—COOH+NH;;
|
NH, OH
Oxy acid
2.1.1.4. Khuw amin oxy hod

Tao acid a—cetonic va NH3.

R - CH- COOH + 1/2 0,— R - ¢ - COOH + NH,
! I
NH, 0

Thuc t&€ & co thé dong vat, qua trinh khi amin eua acid amin « bao g1 cung la
qué trinh kha amin oxy hoa, tao thanh acid « cetonic va NH,. Phan tng gdm hai
vtal doan.

Giai doan 1:
— Khu hydro, xtic tac bdi dehvdrogenase tao thanh acid imin.

2H
R -CH - COOH 7T> R-CH-COOH
l\lng FAD FAIIH, gIH S
Acid imin
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Giad doan 2:

— La sy thuy phan tu phat

R - %l - COOH + H.,O R - I(I‘ — COOH + NH;;
NH O
* Riéng déi vdi acid glutamic duge khu amin — oxy hoa bd1 mét enzym didc biét
1a L — glutamat dehydrogenase ¢6 coenzym 1a NAD hay NADP tity theo loat té bao.
?OOH COOH COOH

I I
(?Hz)z (CH))) {CHz)z

L — glutamat dehvdrogenase

—CH . > HN**‘CH 0= CH
e VY
COOH v (“()OH COOH

NAD- NADH + H*
hay
NADE NADPH + 1Y
Acid L — glutamic Actid — cetoglutanic

So véi cac phan tng khii amin oxy hoa khac. thi phan dng nay la phan Gng
thuin nghich {cac phan ving khac khéng thuan nghich). Chiéu nguge lai (cé thé goi
la amin hoa — khi oxy = hydro hod) thi dic biét quan trong.

That vay dé 1a mot trong nhing con ducng chinh dé ¢& dinh NH, vao mdt hop
chAt hiiu cg (& day la acid « — cetoglutaric) va nhdém amin nay cd thé dé dang
chuvén tir acid glutamic sang mét acid o — cetonic khac béi sy chuyén amin.

Mat khae, sy chuyén tit acid glutamic sang acid « - cetoglutaric (mét san
pham trong chu trinh acid citrie) cho ta thav sy lién gquan gifia qua trinh chuyvén
hoa glucid va protid.

* O dong vat cao cap, cnzvm glutamat dehyvdrogenase giti vai tro thoal hod la
chu véu (¢6 nghia 1A xic tie phan tmg theo hudng khu amin oxy hod) vél coenzym
la NAD va no két hop véi cac transaminase dé lam thoai hoa cac acid amin khac.

Trong ty thé t¢ bac gan. NH, tao ra do xac tac cia enzym nay sé duge dung
fum nguvén liéu dé tong hop ure.

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

kha ning téng hop acid amin la cao han so vér su thoal hoa).
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2.1.2. Phan itng trao déi amin

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

COOH COOH
(leHz)z CH; CH; (é‘.-H;,l)2
ILL—éH + éO - _ (liH—NH2 + EZO
(lf-OOH CI‘.OOH (|]OOH (EOOH
Acid glutamic  Acid pyruvic Alanin Acd — cetoglutaric

O phan tng trén khéng c6 su giai phéng NH,, ma chi ¢6 su di chuyén g amin tit
mot acid amin sang mét acid o — cetonic nén phan iing nay dude goi 1a su trao d6i amin.

Cac phan ting trao d6i amin chiu tac dung xic tac cia céac enzvm goi chung la
transaminase (coenzym la pyridoxal phosphat).
2.1.2.1. Co ché cua su trao d6i amin

Gom hai giai doan:

Giai doan I:

(|JOOH CHO (i?OOH CH, — NH,
(:K)H'JC H (:JOHgC OH
(CH.). e 0 (CHy), “
+ [ ]
H,N— (le \‘N CH, F =0 N CH,
COOQH COOH
Acad glutamic Pyridoxal@ Acid ~cetoglutaric Pyridoxamin@
Giai doan 2:
CH, - NH, CHO
(PYOH,C on G (POH,C OH GHs
SN & '
| + $:0 | +(|_‘H—NH2
X . X2 g .
N“ T CH:  coon N CH coon
Pyridoxamin@ Acid pyruvie P}-’x'idoxa]® Alanin

2.1.2.2. Sy lién quan giita phdn iing trao doi amin va sy khiz amin oxy hod

-~ Cac transaminase ngoai ¢d ra con thay nhidu ¢ than, tim, gan, rust.
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~ O cac t8 chic déng vat ¢é hai loai transaminase phé bién va hoat déng manh
nhat la:

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

GOT

Acid glutamic + Acidoxaloacetic Acid - ceto glutaric + Acid aspartic

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

. . . . GPT
Acaid glutamic + Aaid pyruvic

Acid - ceto glutaric + Alanin

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

Trong bénh viém gan cdp tinh do nhiém virus, nhiém déc, GPT tang rat nhiéu,
c6 khi gap 100 lan, GOT cilng tang nhung it hon, thuong thi transaminase tang
vt 16n. tit thoi ky G bénh trude khi xudt hién vang da nén ngoai gia tri chan doan
lam saug con cé gia tri dich té rat 16n trong bénh viém gan do virus.

Transaminase tang it trong cac bénh xd gan, ung thu gan, viém tul mat.
Transaminase con tang trong cac bénh khac dang chi y 1a bénh nhéi mau cd tim.
GOT
m =1

* Phin 1dn cac acid amin thién nhién déu ¢6 thé trao déi amin duge, tuy nhién

Trong bénh nay GOT tang rat cao, GPT tang it hon, ty s6

v6i mitc d6 khac nhau, manh nhat 1a acid glutamic, acid aspartic, alanin ré1 dén
nhing acid 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 oxyv hoa cta nhidu acid amin thi hoat déng yéu
trit enzym khi amin oxy hoa cua acid glutamic (glutamat dehydrogenase). Nhung
trai lai, nhiing enzym trao d61 amin thi hoat déng tuong déi manh va phé bién.

Vi vay phan lén cac acid amin déu khi amin oxy hoa gian tiép qua hé thénhg
enzym transaminase nho acid a — cetoglutaric va enzym L — glutamat dehydrogenase

(khit amin oxy hoa ctia acid glutamic) theo trinh tu sau:
- (G6c NH, dau tién duge chuyén ti acid amin sang acid « cetoglutarie (1).

— Sau dé A. glutamic vua dude tao thanh bi khd amin oxy hoa va tai tao la1
A. o cetoglutaric (2).
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(1) R—CH - COOH + A. ¢ — ceto glutaric =———= R -~ C - COOH + Glu
I Transaminase !

NH, O

. L - glutamat dehydrogenase
(2) NH; + A« ~ ceto glutaric  « Gl v+ (Glu

R - CI'H — COOH A. o — ceto glutaric NH,,
NH, \A)
Transaminase
/\ Hutamat dehydrogenase
_ - _ - (2)
AL« — cetonic A, glutamie

Hinh 3.1. Su khir 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, ch( yéu 1& qua trinh sau
déu din dén su khi amin cta tit ca cic acid amin. Mat khac su trao di amin
ciing dan dén qua trinh téng hop mot s6 acid amin (nhu Glu, Asp, Ala) tif cac acid
o — cetonic tuong ‘g la nhitng san phiam thoai hoa cita glucid trong chu trinh acid
citric. Diéu nay cho thdy c¢6 sy lién quan gitia chuyén hoa glucid va protid.

2.1.3. Khu carboxyl

La mdt quéa trinh kha phé bign ¢ déng vat dac biét 1 rit phd bién d cac vi sinh
vat tao thanh cdc amin tucng ung.

R - CI‘:{:l -COOH —— R - CHZ - NHZ + CO‘)
i
NH.

Enzvm xdGc tac qua trinh khu carboxyl la decarboxylase c¢6 coenzym la
pyvridoxal phosphat.

Vi khuan 6 ruét ¢6 nhiéu loai enzym decarboxylase cua acid amin, do dé ¢ rudt
¢6 nhiing san pham khi carboxyl. Mét phan ctia cac san phAm nay duge hidp thu
gua mang rudt.

Mot s6 amin, san pham clia qua trinh khu carboxyl ctia acid amin ¢é vai trd
sinh hoc dac hét.

Vi du: dudi tac dung cua histidin decarboxyvlase, enzym cé ¢ hau hét moi té
bao, histidin bi kht carboxy] tao histamin. Chit nay cé tac dung giin mach, co ¢o
tron va tang tinh thdm cua thanh mach. 0 nao co mot decarboxylase hoat doéng
manh khu carboxyl cua acid glutamic tao thanh y — amino butyrat 12 chat ¢d tac
dung diéu hoa hoat d6éng than kinh, tic ché phan xa than kinh.
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HC:F CH;,;—?HvCOOH ’—FCHZ—CH?_—NHz

Histidin decarboxyluse

N\/N NH, \ ” Y\/N
Histidin CO, Histamin
CO. « [3 ¥

HOOC - CH, - CH, - CH - COOH HOOC - CH., - CH, - (H, - NH,

|
NH.,

Glutameat
decarboxylose

v — aminobutyrat

Céc amin tao thanh do qua trinh khu carboxy! lai bi khi amin oxy hoa nhg
enzym mono amino oxvdase hoiac diamino oxydase dé tao thanh NH, va aldehyd.
+1/40}

R-CH,-NH, —— R-CHO + NH;

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

NH, la san pham thoéai hod cta acid amin va mét phan cac base purin; base
pyrimidin. Day 1a mot chat doc d81 vdi co thé. Co thé khii ddc bang cach bién NH,
thanh glutamin (la dang van chuvén khéng doc trong mau cua NH.), uré (san
pham dao thai chu yéu ciia NH,, 6 ngudsi = 80%).

Ngoai ra NH, con 6 thé tham gia phan (ing amin hoa.

Ham lugng NH, trong mau rat thap: 5.88 — 11,75 umol/l do ¢6 sy tao thanh glutamin,
2.2.1.1. Su tao thanh glutamin

Glutamin duge tdong hgp theo phan ng sau

COOH CH.,
(‘sz AT ADP 41 (LH;;

1 N H.N— CH + H.0

NH; + H.N— (I‘H Ghictarnn synthotase l
COOH COOH
Acid glutamic Glutamin
Chiéu ngude lai cia phan dng téng hdp glutamin chiu xiic tac cta glutaminase.
Glutamin khéng doc, c6 trong mau tir 60 — 100mg/ L va la dang van chuyén quan
trong cua NH trong mau. Glutamin duge tao thanh ¢ hau hét cAc t6 chiic (co, ndo, cac
tuvén) tit actd glutamic va NH, duge giai phéng do qua trinh khit amin. Su téng hop

glutamin can glutamin synthetase xtc tac va ATP dé cung ¢ip nang luong.
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Glutamin dudc van chuyén bdi mau dén gan va than. O d6 glutamin duge thiy
phan thanh acid glutamic va NH, nho enzym glutaminase ¢é 3 nhiéu t6 chrie.

O gan ngudi va nhiéu loai dong vat ¢ xudng song, séng trén can, NH; duge
dung dé téng hop uré rdi dio thai.

O chim va loai bo sat, NH, duge téng hop thanh acid uric va dao thai.

O nhiéu loai dong vat song dudi nude nhu ca, NH, dugde dao thai truce tiép vao
mdi trucng.

O t& bao éng than, NH, két hop véi ion H* tao thanh NH' r6i dao thai ra nude
tiéu gidp didu hda thang bang acid-base cua cd thé.

Trong trudng hop toan huyét, su san xudt NH, & than ting cao va giam trong
trudng hop ki€m huyét (toan huyét thi ion H” d than tang cao lam xtc tac viée san
xuat NH., dé tao thanh NH! réi dao thai ra nudc tién).

. NH _
Md ATP ’ A. Glutamic
Glutamat synthetase
Pi + ADP
Glutamin
E
Mau . l
Glutamin
|
Thén ) Gan
Glutamin Glutamin
Hgo HEO

\ it (Glutamings e——» '/_
k. Glutamat ._/
] Y

1 F

NH3 NH;
NH, Uré

| |

Nwde tidu l . *
NH, Ura

Hinh 3.2. Qua trinh van chuyén NH, trong co thé
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O néo sy tao glutamin 12 con dudng chi y8u dé loai NH,. tranh nhiém déc cho
nao. Nio ciing ¢6 thé téng hgp uré nhung s8 lugng khéng dang ké do d6 khéng co
val tro quan trong trong viéc loal NH,,.

Ham lugng NH, trong mau 6 ndo cac nhung lugng acid glutamic ma mau cung
¢ap cho néo khéng du dé tao glutamin. Do d6 naoc phai téng hdp acid glutamic dé
dap ting nhu cAu cao ciia ndo d6i véi loal acid amin nay. Nguyén Liéu tryce tiép dé
tao acid glutamic 1a acid a — cetoglutaric (san pham trung gian cua chu trinh acid
citric) (phan Ung ngudce lai v6i phan {ing khit amin oxyv hoa).

— Ngoai nio. NH, ciing duge nhiéu mé khac clia ¢o thé st dung dé tao acid
glutamic. tit d6 tao ra nhiéu acid amin khac.

- NH, cing dude co thé si dung dé tong hop carbamvl phosphat trong chu
trinh uwré. Ngoai ra. NH,, ciing con la tién chat cua cac nucleotid cé base pyrimidin.
2.2.1.2. Su tao thanh uré (chu frinh ornitin cua Krebs va Henselelt)

Uré duge tao thanh 6 gan cua nhing loai tiét uré tit nhiing goec NH.,.

Nguoi ta nhan thay:

— Mau tinh mach ciia dén gan chita nhiéu NH, hon mau & gan ra,

— Néng dé uré clia mau & gan ra cao hon mau téi gan.

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

— Trong mét s6 trudng hgp bénh vé gan nhu xo gan, nong dé NH,, trong mau cao.

Krebs va Henseleit da chiing minh bang thuc nghiém su tao thanh uré bang
cich cho tac dung té chiic gan véi dung dich mudi NH,’ lodng trong mét luéng khi
oxy. Trong diéu kién nay, thiy xuit hién mét lugng nhé uré. Khi thém dan dan
mdt loat cac acid amin, Krebs va Henseleit nhan thiy chi ¢6 ornitin, citrulin va
argimn ¢6 tac dung tang hidu suit uré.

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

Qua trinh nay gém ba giai doan:

Giai doan 1: Chuyén ornitin thanh citrulin

Go6m hai bude:

Bitge 1: tao thanh carbamyl phosphat khang bén.

NH;
N - acetyl Glutamat l
COz +NH; + 2ATP + H,0 3 > CO + 2ADP + P,
|
0~ P03H2

Carbamyl phosphat
Hinh 3.3. Su tac thanh carbamyl phosphat khdng bén & ty thé

Can xuc tac cua carbamyl phosphat synthetase ¢6 trong khoang cua ty thé. Su
tao thanh carbamyl phosphat xay ra & ty thé.
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Buoe 2: chuyén nhém carbamyl phosphat téi ornitin dé tao thanh citrulin,
ddng thoi giai phéng mdt phin tu acid phosphoric.
Phan ting nay xay ra chi yéu & ty thé t& bao gan va duge xic tac bdi enzym

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

"
co
I
CH; - NH; NH
| NH, i
(CH2). | QcT {CHa)s
+ c=0 > | +  HsPOs
CH - NH: | CH — NH;
I 0 ~ PO3H; i
COOH COOH
Ornitin Carbamyl phosphat Citrulin

Hinh 3.4. Su tao thanh citrulin
Citrulin duge tao thanh roi ty thé ra ngoai t& bao chit tham gia giai doan 2.
Giai doan 2: Chuyén citrulin thanh arginin
Go&e NH, thit hai tham gia & giai doan nay khong phai truc tiép ma la dudl
dang két hgp trong acid aspartic.
Giai doan nay gém hai bude:

Bude 1: k&t hop citrulin véi acid aspartic véi sy ¢6 mat caa ATP, Mg*, tao

thanh arginosuccinic. Xdc tac phan tng la enzym arginosuccinat synthetase.

NH, NH  COOH
(130 (H) -NH - C‘EH
l*llH COOH ATP AMP + PP, blm (::Hz
(<|3Hz)3 + HN- (13H W . {(|;H2)3 COOH
(|)H - NH, (I:H2 H0 (|:H - NH,
l’!‘,OOH (|:00H (iZOOH

Citrulin Acid aspartic Arginasuccinic

Hinh 3.5. Sy tao thanh arginosuccinic
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PPi bi pyrophosphatase thuy phén tao thanh hai phén tu phosphat vd cg va
phan ung trén do d6 chuyén dich vé phia phai.

Buige 2: tach arginosuccinic thanh arvginin va acid fumaric nhg arginosuccinat lyase.

NH COOH l|\I|H
I I
C-NH-CH C—NH;
| ! |
NH CH2 NH COOH
| | Arginosuccinat lyase | |
{CHp;  COOH g (tl:Hz)s + (|3H
I
(13H—NH2 C1)H—NH2 (fH
COOH COOH COOH
Arginosucginic Arginin Acid fumaric

Hinh 3.6. Sy 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 nho 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 8: Thuy phén arginin

Nhg arginase thuy phan arginin thanh ornitin va uré.

NH ] /NHz
I 0= C,\
C—NH;, NH;
I
NH CHy = NH;
| Arginase i
—_—
(CHa)s 0 {(I;HzIz
(liH - NH; t’IJH - NH;
COCH COOCH
Arginin Ornitin

Hinh 3.7. Su thay phan arginin

Ornitin lai tiép tuc tham gia vao giai doan 1 dua mét phan tii carbamyl

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

2NH; + CO, + 3ATP + 2H,0 Uré + 2ADP + AMP + 4Pi.
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Uré duge tao thanh d gan qua mau (3.3 — 6,7 mmol/l) van chuvén téi than dé

dfo thai ra ngoai.

Hang ngay mol ngudi bai xudt chung 7 — 10g uré ¢ 117 — 167 mmol) hay hon

nua tuy theo ché dé an.

Noéng dé uré trong mau thay déi tiy theo khau phan an. Chang han sau mot
bia an gidu protid, uré trong mau ¢é thé 1én téi 8.3 mmol/l. Nhung dé la su tang

nhat thoi. sau mét thoi gian lai mat di.

Nhung néu néng dd uré tang kéo dai. thi dé 1a méot dau hiéu bénh ly. Mace du
ban than uré !a mdt chat khéng dée, nhung su G dong cua né trong cd thé thudng
kém theo sy v dong nhing san pham chuyvén hoa ddc (nhu NH.). vi vay néng da

uré trong mau tang cao, kéo dai, duge xem nhu 1a mét didu hiéu nghiém trong.

a cetoglutaric

Tran 481 amin

Glu

A. aspartic A.oxaloacetic
- _ —_— ATP ADP + PPi
Pi Citrulin Citrutin
A. malic
Ornitin A, argingsuccinic
Carbamyl Phosphat A. fumaric

b Heé théng van chuyén

2RDP + Pi Ornitin déc hiéu & mang Arginin

/Er;ym R0

NH3 + CO; + H0O + 2ATP

Omitin

Hinh 3.8. So dé tom tét chu trinh tao uré

Uré huyét ting trong cac bénh viém than man (tang viia nhung ngav cang
ting dan theo ty 1é mic d6 bénh nang dan cé khi téi 50 mmol/ | méau), viém than
cdp (ndng d6 uréd cé thé tang rat cao cé khi téi 83 mmol/ 1). Ngoai ra uré huyét con
ting trong cdc bénh gdy ra sy mat nudc trong cc thé nhu tiéu chay, dich ta.

choang, hoae chiing tiéu it.
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* Dol val su bal tiét uré trong nude tidu.

— Tuay thude viao trang thai sinh ly: nguoi ¢é thai lugng uré dao thai nuée tiéu
glam (do biw thal gid nitg)

-~ Tay theo tudi: tré em bai tiét nhiéu hon ngudi lén (néu tinh theo mmol uré /
21 ¢10 / kg cAn nang).

~ Trong mot 36 truong hgp bénh ly, thi sy bai ti€t uré tang trong cac bénh nhu
dai thao duong, s6t (do tang thoai hoa protid). Gidm bai tiét uré gap trong cac
bénh vé gan nhu gan thodi hoa md. xd gan, ung thu gan giai doan cudl (do giam
tong hap uré) hoac do tén thuong biéu mé 6hg than. giy rdi loan bai xudt. vi du

nhu viém than cap, viém than do nhiém déc chi. thiy ngan.
2.2.2, Bién hod cua acid a cetonic

Acid ¢ — cetonic 1 san pham khii amin — oxy hoa cla acid amin, tiép tuc chuyén
hod nhu saw

— Hode thoai hod thinh cac chit trung gian trong chu trinh A, citric réi thoai
hoa hoan toan dé thanh CO, va H,0.

— Hoac chuvén hoa trd lai thanh acid amin nho sy trao déi amin hoac amin hoa.

- Hoac tao thanh glucid: cac acid « — cetonic ¢é thé chuvén hoa tiép tuc thanh
actd pyviruvie, acid « — cetoglutaric. suceinyvl CoA, acid oxaloacetic (tiat ca déu co thé
tong hop glucose hay glvcogen 6 gan). Acid pvruvie, acid o — cetoglutaric, succinyl
CoA déu c6 thé chuvén thanh acid oxaloacetic. Chit nay dude dung dé tao glucid
qua chit trung gian phosphoenol pyruvat (PEP) theo con dutng téng hdp glucid.
('ac acid amin nav dude goi la cac acid amin tao duong.

~ Mot s6 acid « — cetonic bién hoa theo con dudng cua cac acid béo sau khi khix

carboxyvi.
R-CH,-CO-COOH —~ R - CH, ~ COOH—— Acetyl CoA
Acetyl CoA duge diing dé téng hop cac acid béo hodc tao thanh cac chat
cetonic, do vay cdc acid amin tuong Gng dude goi 1a cic acid amin tao ceton,
Ngoai ra ¢6 5 acid amin via tae dudng va ceton nghia la viua tao duge

oxaloacetat va acetyl CoA. Dé 1a phenylalanin, tyrosin, tryptophan, isoleucin

va lvein.

Su d6 sau day (hinh 3.9) Lidu thi su thoidl hod cta sudn carbon ctia cac
acid amin.
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Ala Arg

Cys His
Gly Glutamat = -— Gin
Hyp ,/ Pro
lle Ser =" cetoglutarat
Trp . p
Citrat X lle
Pyruvat /, Suc_::myi CoA Met
/ \ val
Acetyr' CoA i Chu tl'Inh ]III
f acid citric |
T \
Acetoacetyl - CoA \ /
Oxaloacetat / Tyr
Leu, Lys,Phe, “\\ Fumarat --— Ph
Trg, Tyr e _,__,,./“/ e

Aspartat --—— Asn
Hinh 3.9. Sur thoai hoa cla sudn carbon cla cac acid amin
2.3. Thoai hoa riéng biét cia mét s6 acid amin

(Chi gidi thiéu su thoai hoa cac acid amin dén cdc chdt trung gian cua chu
trinh acid citric. Sy chuyén hoa tiép tuc ctia ching d& néi d phan chuyén hoa cia
acid o — cetonic).

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

Acid oxaloacetic

Chu trinh acid citric hoéc tao thanh glucid
2.3.2. Cdc acid amin tao pyruvat
Gom threonin, alanin va eystein

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 rdl pyruvat, con acetaldehyl tao acetyl CoA.

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

Chuyén thanh pyruvat nhd phan dng tao d6i amin véi acid a—cetoglutaric.
2.3.2.3. Cystein

C6 hai con dudng chuyén hoa

— Tao Taurin

SH SOH

(lin (|:H2 SOH SOH
E|:H~NH2 L (|3H—NH3 % (‘:H2 0 (i:H2
(1DOOH CiOOH (IJHg - NH; (|;H2 — NH,
Cystein Acid cystein sulfinic Hypotaurin Taurin

Hinh 3.10. Su tao thanh taurin
Taurin sé két hop vdi cac acid mat ¢ gan tao nén cac mudi mat vi du nhu
taurocholat

— Tao Pyruvat va S0,
A% N
S0, S0,

Cac goc SO, nay tham gia ciu tao cac lién két ester sulfat cua nhiéu hgp chit
quan trong ctia ¢d thé nhu cic mucopolysaccarid sulfat, cac lipid phtc tap. Cac goc
SO ,* con tao ra cac lién hgp SO, ¢ gan véi cac hormon steroid hodc cac chat doc
nhu phenol, cresol, indol... dé dao thai ra nudc tiéu.

Cac sulfat nude tiéu ¢6 ngudn goe cha yéu tif cac acid amin chita luu huynh nhu
methionin va cystein. Hai acid amin nay c¢6 trong thanh phan ciu tao cua protein; vi

vay lugng SO,* dao thai trong nudc tiéu phu thude lugng protein &n vao.
2.3.3. Cdc acid amin tao succinyl CoA (cting cé thé tgo glucid)

Gom methionin, valin, isoleucin va leucin.

2.3.3.1. Methionin

Trude hét methionin phai dude hoat hoa thanh S — adenosyl methionin. Chéat
nay sau khi chuyén nhém mety! cho chit nhan trd thanh adenosyl homocystein réi
bi thity phan thanh adenosin va homocystein. Homocystein ngung tu v6i serin tao
thanh eystathionin, rdi chit nay tiép tuc thoai hoa dé gidi phéng cystein, phan con
lai dan dén succinyl CoA.
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NH;

CH; - CHp - CH - COOH N N
| | + Adenosin i \> ®
e e el
8 NH; ATP XN N 0 CHz -8~ CHa
| i
CHa (13H2
e
Methionin 3. Adenosylmethionin HN - CH - COO0
—CH; H:0 Adenosin
L— S - adenosyl homocystein \J‘ - Homocystein
Cystathionin Cystein
synthetase
y Cysta[hionin T e Succ'my' Coh.
; ; Qua mot sé gial doan

Serin H:0
Hinh 3.11. Chuyén hoa clia methionin

(}ud trinh thoai hoa methionin cting la quéa trinh tao cystein trong co thé (thuc
nghiém da chiing 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
ning lugng, nhd d6 né dé dang cung cdp nhém CH, dé metyl hoa nhiéu hop chat
khéc nhu chuyén ethanolamin thanh cholin, noradrenalin thanh adrenalin. ..

* Vai tro cia Met trong viée chuyén nhém metyl 12 chitc nang quan trong, vi
Met la chat cung cAp nhém metyl chi yéu cua co thé.

. . . . o +vitB, .
Homocystein ¢6 thé nhan — CH., tit 5 — mety] tetrahydrofolat——=» methionin.
Tuy nhién cd thé khong téng hgp duge homocystein nén can b sung Met tit thac an.

* Trong bénh homocystein niéu, mdt bénh di truvén do thiéu enzym
cvstathionin synthetase, homocystein khéng chuyén thanh cystathionin duge va
ngan can sy tao cystein. Lic nay, homocystein xudt hién trong nudc tidu. Tré méc
bénh nay bi din dén. Cé thé diéu tri sdm bing vitamin B6 liéu cao, mét ché do an
tang Cyvs va giam Met.

CHs
Mety! hod -
HO-CH; -CH; -NH, ——————=» HO - CH, - CH; ~ N* — CH;
~
CH:
Etanolamin Cholin

Hinh 3.12. Metyl hoa ethanolamin thanh cholin
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| | “X=—CHOH - CH, -~ NH - CH,
| e | |

HO ﬁA\;—CHOH ~ CH; - NH
‘ TR Metythoa  HO
Nor adrenaln Adrenaiin
Hinh 3.13. Metyl hoa noradrenalin thanh adrenalin
2.3.3.2. Vidin, isoleucin vé leucin

Do ¢6 ciu trdc tuong ty nén trong qua trinh thoai hoda ¢ giai doan dau cua 3
acid amin nay ¢6 nhitng phan ting giéng nhau. dé 1a phan ang trao déi amin va
khi amin oxv hoa tao ra cac acid « — cetonic tudng tng. Sau do 1a khu carboxyl
oxyv hod cho ¢a 3 acld amin trén.

Sau gial doan niv mdi acid amin thoal hod theo con dudng riéng. Valin va
isocleucin tao suceinvl CoA con leucin tao acetvl CoA va acetoacetvl CoA.

* Mot 58 tre em do di truvén thiéu enzym khia earboxyvl oxy hoa 3 aad
( — cetonic tuong ang val valin, soleucin, leuein nén cac acid « — cetonie nay
khéng chuvén hoa ditge viu bi it dong. tang cao trong mau va dao thai nhiéu trong
nuée tiéu. Nude tiéu cda cac bénh nhan nay do d6é c6 mui dac biét.

2.3.4. Cdac acid amin tgo a - cetoglutarat

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

Glutamin thuy phéan tao thanh glutamat. Glutamat chuvén thanh
« — cetoglutarat theo 2 cach: trao dé1 amin hoac khii amin oxy hod.
2.3.4.2. Histidin, prolin va arginin

Su thoal hoa 2 acid amin nav theo cac con dudng khac nhau nhung déu dan
don w-cetoghutarat.

2.3.5. Cdc acid amin tao acety CoA

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

Ngoai # acid amin tao pyvruvat ké trén (Thr, Glv. Ser. Ala. Cys) tao dude
acetyl CoA. ¢on ¢6 5 acid amin truc tiép tao acetyl CoA khong qua pvruvat. D6 la
Phe, Tyr. Trp. Lys. Leu (Leu di trinh bay ¢ phan acid amin tao succinyl CoA).
2.3.5. 1. Phenylalanin va tvrosin

Phenvlalanin chuvén thanh tyrosin nhd enzyvm phenyvlalanin hydroxvlase ¢6 6
gan dong vat ¢é vii. khong ¢4 ¢ cac md khac.

Tyvrosin qua mét loat phan tng chuvén thanh fumarat va acetoacetat. Vi
f} — cetothiolase xdc tac, acetoacetat chuyén thanh acetvl CoA va acetat.
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* R&1 loan chuyén hoa clia phenylalanin va tyrosin

_ Thifu phenylalanin hvdroxylase giy ra bénh phenyl ceton niéu. Do thiéu
enzyvm nay nén phenylalanin khéng chuyén thanh tyrosin duge ma phai di theo
con duong tao phenyl pyruvat.

(i:OOH
COOH ?H - OH
%H ~NH; Tyrosin Ch;
CH; COOH
c=0

a. phenyl lactic

COCH co ' NH CH - COOH
| |
glutamm CH;; CHz

@ @ o
CO NH;

a. phenyl acetic

NH;

a. phenylpyruvic

Phenyl acetyl giutamin
Hinh 3.15. Con dudng tao thanh cac hgp chat phenylceton

Két qua 1a phenylalanin va cac chat thoai hod ctia né nhu acid phenyl pyruvic,
acid phenyl lactic, acid phenyl acetic, phenyl acetyl glutamin tang trong mau va
trong nudc tiéu.

Tré méc bénh nay tinh tinh din dén. Phat hién cang sém cang tot va diéu tri
bang mét ché d6 an giam phenylalanin ¢é thé ngan ngia tién trién x&u cua bénh.

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

— Thifu enzym oxydase dé chuyén acid para hydroxy phenyl pyruvic thanh
acid homogentisic {con got 1a p. hydroxy phenyl pyruvat hydroxylase = oxydase):
bénh tyrosin niéu.

O bénh nay, p — hvdroxy phenyl pyruvat va tyrosin khéng chuyén hoa duge, bi
{1 dong trong mau va bai xuit nhiéu trong nude tiéu.

Trong trudng hgp nay, ngudi ta nhan thay sit dung vitamin C cé thé dua su
chuvén hoa trd lai binh thudng.

(Ngui ta cho rang su réi loan nay khéng phai do gen ma la do sy bét hoat cua
enzym oxydase. Vitamin C nhd tac dung khit cia né ¢6 thé thay thé dugc).
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— Thiéu acid homogentisic oxvdase = bénh Alcapton niéu.

LA mot bénh bim sinh do thicu enzym oxy hod. acid homogentisic lam acid
nav khong theal hoa duge, U dong lai va dao thai ra nude tiéu. Acid homogentisic
khi tiép xae vaér khang khi sé bi oxy hoa cho mot sae té6 mau nau dé nhan biét, O
ngudi binh thudng. acid homogentisic bi oxy hod ngay khi tao thanh cho acid
acetv] acetic va khong xudt hién trong nude tiéu.

* Su tao thanh melanin.

Melanin ld mét sic 8 den ¢6 & cde vi sinh vat, thuc vat, déng vat va nguoi. O
nguoi. melanin ¢d ¢ da. téc. long véi luong thay dé1. Né ka nhung dan xuat cua Phe
vio Tvr c6 nhian indol.

HO
'/¥ CH; - CH - COOH CH; -~ CH-COOH CH; - CH -~ COCH
L ‘ — ‘ — |
# NH, NH; NH;
OM HO
Phernyialanin Tyrosin 3, 4 - Dihydroxy phenytatanin
(DOPA)
G o 5 4 3
CH; _CH,
CH - COOH g~—CH - COOH
0 I 0 1 N 2z
NH,
Phenylalanin 3.4 quinon = Dopaguinon 2 - carboxyl - 2,3 - dihydro indoi - 5, 6 — quinon

N
Polymer hoa
- ) _rolymer fioa |
N ¢
> |
H .
Indol - 5, € - quinon Q Melanin

Hink 3.16. Sy tao thanh melanin

Nhiing ngudi khéng ¢6 melanin sé mac bénh bach tang. Day 14 mét bénh bam
=tnh do thidu mét phan hoac hoan toan melanin & da, léng, tée, con ngusi. Nguvén
nhin ctia bénh la do thi€u enzym tyrosinase (xuc tac viéc hvdroxy hoa tyrosin
thanh DOPA). hoac thi€u enzym dé oxy hoa DOPA.

* Su tao thanh cAc hormon giap trang.

Cac nét tidt t8 giap trang duge tong hop & tuvén giap véi tvrosin va gde iod . Sy
thiéu noi tiét t6 giap trang T3 (3, 5. 3" trilodo thyroniny va T4 (3, 5, 3, 5’ tetra iodo
thyvronin = thyroxin) ¢ thai ky bao thai va sau khi sinh din dén mét trang thai
cham phat trién vdi thé lue va than kinh. Bénh nay phé bién ¢ nhiing vang <o
nhiéu bénh budu cd do thiéu iod.
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* Su tao thanh cac catecholamin = noradrenalin va adrenalin
Phe va Tvr la tién chat dé tong hop nén cic catecholamin A noradrenalin va
adrenalin.
CO.
Hydroxyl hoa Hydroxyl hoa Hydroxyf hoa
Phe — 2 8, o DO boea L Dopamin  ——————w

HOC

HO :
Metyl hoa
" “Sy— CHOH - CH, - NH; = | \1 CHOH - CH, - NH - CH:
P P

HO HO
Nor adrenalin Adrenalin

Hinh 3.17. Sy tao thanh cac catecholamin

+ Advenalin: gian mach co xuong. tay. co mach ¢ da, ndi tang. o bung.
Adrenalin cang lam gian co trdn cia da dav, rudt, bang quang. vi phé quan, kich
thich chuvén hod glveogen, hpid.

+ Noradrenalin: lam co mach toan than gayv tang huvét ap.
2.3.5.2. Tryptophan

~ Tryptophan duge thoal hoa thanh alanin va tao thanh acety] CoA.

— Mot trong nhing san pham theai hoa quan trong ctua Tryp la su chuyén
Trvp thanh 5 — hydroxy tryptamin (serotonin) ¢o tac dung co mach, tang huvét ap,
e6 nhiéu 6 cae td chiie dudng rudt, dudng mat, ¢6 rdt it ¢ mau va tang cao trong cic
hét chimg u ¢ rudt,

O duong rudt dudi tac dung cua vi khuan. Trvp chuvén thanh mot loat san
pham duge bai xuit theo phan va nudc tidu nhu indol, acid indol acetic, scatol {gav
mu dac nét cho phin).
2.3.5.3. Lysin

Chuyén thanh acetyl CoA.

2.3.6. Su tao thanh creatin
Puge thuc hién qua hai giai doan:

Glycin  + Arginin ~———————— QOrnitin + Acid guanido acetic

C = NH
) _ _ Gan |
Acid guanido acetic -7—. Homocystein + N - CH,
!
Met ?Hz
COOH
Creatin

Hinh 3.18. Su 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. Day 13 mét dang du trd nang lugng cua cd thé.
Khi cin. co thé s& ldv nang lugng nay bang cach chuyén nhém phosphat cua
creatin phosphat sang ADP dé tao thanh ATP.

San phdm khit nude clia creatin 1a creatinin ¢é d trong co va duge dao thai qua
nude tidu.

2.3.7. Su tgo thanh glutathion

Day 1a mét tripeptid duge téng hdp chu véu ¢ gan. Qua trinh tong hop gom 2
g doan

Gan .
Glutamat + Cystein ¥ - Glutamyl cystein

ATP ADP +P,

G
v — Glutamy! cystein + Glycin *7% Glutathion

ATP ADP + P,
Hinh 3.19. Su tac thanh glutathion

Glutathion déng vai tro ciia mét hé thong oxy hoa khtt (van chuvén hydro).

3. TONG HGP ACID AMIN

Cac aicid amin 1a thanh phan c&u tao ciia moi protein trong cd thé. Cac sinh
vat cé6 kha nang khac nhau trong viéc téng hop 20 loal acid amin c6 trong thanh
phén clia protein.

— Thuc vat bac cao tdng hop dude tat ca cac acid amin tit NH., nitrit hodc nitrat.
Cac cdy ho dau cd thé sti dung nitd cua khi quyén dé tong hop cac acid amin.

— Cdc vi sinh vat tuy theo loai ¢6 thé diing NH,, hosc nitrit hay nitrat dé téng
hgp tit c& cac acid amin. Tuy nhién ciing ¢6 loai vi sinh vat khéng téng hap duge
cac acid amin ma phai cung ¢iip cho ching.

— Péng vat cao cdp khéng c6 kha nang téng hop tit ca acid amin théng thudng.
M6t s& phai duge dua vao ti thiic an. Do dé nguoi ta phin bidt d6i véi déng vat cao
¢ap hai loai acid amin:

* Acid amin can thiét: 12 nhiing acid amin phai cung edp tit bén ngeal vao néu
khéng thi co thé déng vat khong phat trién binh thuong duce. D61 véi ngusi da
truong thanh. theo Rose va cong su thi d6 1a 8 acid amin: Lys, Thr, Met, Val, Leu,
Ile, Phe va Trp. Hai acid amin arginin va histidin ciing 14 acid amin can thiét déi
vél tre em va cac suc vat non vi cd thé ching co thé téng hop duge hat acid amin
nay nhung khéng dap ting dii nhu cAu trong qua trinh ting trudng. Do d6 né dudge
got 12 hai acid amin ban can thiét.
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Badng 3.1. Acid amin cén thiét va acid amin khéng can thiét

* Cac acid amin con lai 14 nhiing acid amin khéng can thiét. D6 la nhiing acid
amin ma cd thé ngudi va déng vat cé thé téng hop dude.

Acid amin can thiét Acid amin khéng can thiét
Lysin Glycin
Threonin Alanin ;
Methionin Cystein ;
Valin Acid glutamic
Leucin Glutamin
Iscleucin Acid aspartic
Phenylalanin Asparagin
Tryptophan Tyrosin
Arginin (ban can thiét) Prolin
Histidin (ban can thiét) Serin :

Mdi mdt acid amin cé mét con dudng téng hop riéng, nhung cb i)hfrng diém
chung la néu trong co thé c¢6 acid o — cetonic tuong ung cia acid amin nao thi
acid o — cetonic d6 c6 thé thanh acid amin tuong tng bang cach.

— Amin hod (ngugc véi phan Uung khif amin oxy hoa):

D6 la su gén NH, vao acid amin.

Vi du: sy tao acid glutamic ¢ da s6 sinh vat la do sy amin hoa
acid u —cetoglutaric nhdg xic tac cua enzym L — glutamat dehyvdrogenase,

NH; + o — cetoglutamat + NADPH,

L — Glutamat + NADP + H,O

Pay 12 phan ng rit quan trong déi véi sinh téng hgp cac acid amin & nhiéu
loal sinh vat vi d6 14 con dudng chit yéu tao nhém acid amin o true tiép tir NH.,.

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

— Chuvén amin:

Cac acid o — cetonic thudng nhan nhém amin cua acid glutamic, dé tao nén
actd amin tuong tng v4i suc xic tac cua transaminase.

GET

Pyruwvic + Acid glutamic Alanin + Acid o — ceto glutaric

Cac acid o — cetonic, ké ca cac acid a - cetonic tudng Ung véi cac acid amin cin
thiét déu c6 thé bién thanh acid amin tuong ung. Vi vay c6 thé dinh nghia cac acid
amin can thiét nhu sau: acid amin cin thiét 13 cac acid amin ma co thé khéng tong
hgp dugce cac acid o — cetonic cia ching.
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Cd thé ngudi c6 thé téng hop dude 10 acid amin khéng can thiét tix cac acid

amin khéc hoae ti san pham thoai hoa acid amin glucid va lipid.
Clvein: duge téng hop tia CO. va NH..
Alanin: dude tong hogp tit pyvruvat nhd phan ting chuyén amin tu glutamat
Cvstein: dude téng hop tit Met qua nhiéu giai doan
Acid glutamic: duge tong hop nhd phan (ing amin hod u—cetoglutarat.
Glutamin: duge téng hop tit glutamat va NH,, xic tac boi glutamat synthetase.
Acid aspartic: duge tong hop tit oxaloacetat nhd phan ung chuyén amin tii glutamat.
Asparagin: duge téng hop tir aspartat va NH,, xuic tac boi asparagin synthetase.
Tyrosin: duge tong hgp tif phan ing hydroxyl hod phenylalanin.
Prolin: dige téng hop tu glutamat,

Serin: dude tong hgp tu glvein hoac tir 3 — phosphoglycerat.

4. SINH TONG HOP PROTEIN

4.1. Dai cuong

M6t trong nhitng van dé cd ban trong sinh hoe phén tit 1a van dé sinh tdng hop
protein. Protein ¢é tinh dac hiéu rat cao va ching quyét dinh cho tinh dac hiéu cho
médi loai t& bao. Tinh dac hiéu nay duge truyén lai cho thé hé sau. Diéu dé ¢ nghia

la t& bao con ¢é nhiing protein dac hidu cua té bao me.
4.2. Luin thuyét trung tim

Nam 1958. luan thuvét trung tiAm dude Crick dua ra véi ndi dung la théng tin
di truvén dude luu gid trong ADN (hoac ARN 6 mét s6 virus) duge truyén theo
hudng ADN qua ARN réi téi protein va khéng thé truvén theo huéng ngugc lai.

Phién ma Phién dich
Nhan dbi ADN ¢——— ARN «———— Protein

Hinh 3.20a. Luan thuyét trung tam

0 mét s virus gdy ung thu, nguoi ta phat hién transcriptase nguge xue tac sy
tang hup ADN dua trén khuén 1a ARN virus, theo nguyén téc bd sung déi base, tao
thanh cac ADN bé sung. Cac ADN nay ¢é thé nhan d6i va xen vao bd gen cia té
bao chu gy ung thu. |
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Trong E. coli cting phat hién dugc ARN polymerase, né phu thude vao ARN
(hay ARN replicase), lifu xtic tac sy tao thanh mét ARN b sung véi ARN virus
ma né bi nhiém duge diing 1am khuén.

Do céc phat hién trén, Crick (1970) da b8 sung luan thuyét trung tim duge
trinh bay trong sd dé (hinh 3.21) sau:

Phignma Phién dich
Nhan déi ADN > ARN — Protein

Phién ma nguwoc

F

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

M3 di truyén cé bén dac diém sau:

Mot ma géom 3 nucleotid va dude goi 1a ma ba (triplet). AUG 14 ma mé dau, 3
ma két thic 1a UAA, UAG, UGA.

Céac ma dugc x€p lién nhau, vi du UUUUCC tuong tGng Phe—Ser.

C4c ma 14 pho bién, gidng nhau § tat ca co thé song.

Ma thodi hoa: ¢6 trén mot méa ung véi mot acid amin nhit dinh.

Cac codon 6 ARNm ctia 20 acid amin thudng gip trong phan ti protein duge
trinh bay trong bang 3.2 sau:

Badng 3.2. Bang tir dién vé céc bd ba mat mi (codon)

Nucleotid Nucleotid th( hai Nucleotid
th(t nhét U | C A G th(r ba
Phe i Ser Tyr Cys U
U FPhe 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
le* 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 Giu 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 ditt sy sinh téng hap.

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

“ 0 ty thé loai ¢é vi , AUA ma hoa cho Met, UGA ma hoda cho Trp. con AGA va
AGG st dung nhu codon stop.

4.4, Cac yéu td tham gia qua trinh sinh téng hgp protein
4.4.1. Vai tro cua ADN

ADN 124 chat lidu luu git théng tin di truyén. Phan ti ADN chua dung toan bd
cac “tin higu” vé cau tric cila cac protein dac hiéu ciia té bao va cac “tin hiéu” dé
dude truyén lai thé hé sau.

M&i protein ting véi mét doan ciia phan tit ADN, trong d6é moéi mét acid amin
duge ma hoa bang mét bd ba mononucleotid goi 1a bd ba mat ma (codon). Thi tu
cla cac acid amin trong chudi polypeptid, ting véi thii tu cac bd ba mononucleotid
trong chudi ADN.

ADN ¢6 hal huéng hoat d6ng:

Huong thi 1:1a st nhan d6i hay tai ban ADN xay ra 6 nhan té bao khi phéan chia.

Huong thi 2: 1a diéu khién qua trinh sinh téng hgp protein théng qua sy sinh
téng hdp.

ARNm (ARN théng tin): mdi ddu ARNm dude sinh téng hgp trén khudén mau
14 mét soi ADN. Cac théng tin ti ADN duge chuyén sang ARNm va qua trinh nay
goi 1a sy phién méa hay su sao chép. Sau d6 ARNmn duge dung lam khuén méu cho
su sinh tong hdp protein. D6 1a qua trinh phién dich.

Phid ana PPhién dieh

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

Protein

ARNm chinh 1a chit trung gian chuyén théng tin td ADN dén chudi
polypeptid. V81 nguyén liéu la cdc mononucleotid tuong Ung, enzym xic tac ARN
polvmerase phu thuéc ADN, ARNm dudc sinh téng hop dua trén khuén maiu la

mot soi ADN. Su sinh téng hdp nay tuan theo quy luat déi base dé tao nén phan ti
" lai ARNm — ADN. Dé 1a qua trinh phién ma.

Nhu vay cac théng tin ¢ ADN vé ciu tric cua protein nhat dinh nao d6 da
duge chuyén sang ARNm va ARNm, dude col nhu “ban sao” cia mét khie ADN
tudng Ung. Sau khi duge sinh téng hgp xong, ARNm duge tach khoi phan tu lai va
ra t& bao chit dé di dén ribosom la noi xay ra qua trinh sinh téng hop protein.
ARNm chita khoang 5% téng s6 ARN cua té bao.
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4.4.3. Vai tro ciia ARN vén chuyén (ARNt)

Chiic nang cia ARNt ]a van chuyén cac acid amin mét cach dic hidu dén ndi
sinh tong hgp protein. Vi vay co it nhat 20 loai ARNt. Ngay nay, ngusi ta biét
khoang 60 loai ARNt va da xac dinh duge cau tric bac 1, 2, 3 cua nhiéu loai ARNt.
Phén tu ARNt ¢6 khoang 75 — 85 mononucleotid va M = 25.000 - 30.000.

A-0OH3 +——— Acid amin

C
|
S C
Tay TWC (Thymin, Pseudo uridin, Cytosin)
Tay DHU
Cubn TWC
Cudn DHU
P - - - \_)
T = — - Taythém

Tay d6i ma

Bo ba d&i ma (anticodon)
Hinh 3.21. Cau tric téng quat cla ARNt

Cau trice tong quat gdm:

a) Pau 5 thudng 1a gée acid guanylic (GMP) d4u kia bao gid cling 1a bé ba C—
C-A. trong d6 A (AMP) 6 tan cing va 1a ndi truc tiép gan acid amin (3OH cua
adenin sé ester hod vdi acid amin o dac hidu).

b) Anticodon (d61 ma): 1a mét cudn gém 7 mononucleotid. trong dé ¢é bd ba

mononucleotid tuong tng véi acid amin ma ARNt ¢6 nhiém vu van chuyén mét

cach déc hiéu.
ARNt duge sinh tong hgp nhu ARNm nghia la dya trén khuén mau 1a mot sdi
ADN. Ching chi€m khoang 15% tong s6 ARN cua t& bao.

4.44. Vai tré cua ARNribosom (ARNv) va ribosom

ARNr chiém khoang 80% téng s6 ARN cua t€ bao. Ching duge sinh téng hap &
hach nhan theo kiéu ARNm va di dén luéi ndi sinh chit dé tham gia ciu tao

ribosom la ndi xay ra qua trinh sinh téng hgp protein.
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Ribosom 12 nhiing tiéu thé ribonucleoprotein ¢é thé & trang thai tu do trong té
bao chat hay dinh vao mang cta luéi ndi sinh chat. Ribosom cua té bao khéng
nhin nho hon té bao ¢6 nhan.

Ribosom gdm 2 ban don vi ¢ héng sb ldng khac nhau.

O t&€ bao khéng nhén (vi khun):

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

50s . Ribosom 50s c6 hai vi tei:
Ranh gan ARNm + A 12 noi tiép nhan aminocacyl-ARNL.
30s + P 1a noi tiép nhan peptidyl-ARNL.

Ribosom 30s ¢6 kha ning gidn ARNm.
Vitri P Vitri A
Ribosom 70s

O t& bao c6 nhan:

Ribosom la ti€u thé ¢6 hing s8 ldng 80s gém hai ban don vi 60s va 40s, ¢ thé
phan ly hodc két hdp lai véi nhau.

Polysom:

Trong qua trinh tong hdp protein, nhiéu ribosom gén trén cung mét phan ti
ARNm tao nén polyribosom hay con goi 1a polysom.

—— Polypeptid
ARNm

5 ¥
Hinh 3.22. Sy tac thanh déng thai cac chudi polypeptid gidng nhau cda polysom

Nhiéu chudi polypeptid giéng nhau c¢é thé dude tao thanh lién tiép tit mét
ARNm bdi cac ribosom ctia polysom.

4.4.5. Vai tro cuia enzym

Hai enzym quan trong la:

Aminoacyl — ARNt synthetase xac tac viée tao thanh phitc hgp aminocacyl -
ARNt (aa — ARNt). Enzym nay c6 tinh dic hiéu cao véi ca acid amin lan ARNt
tudng Ung. Tinh dic hiéu cua ARNt cao hon véi cac acid amin. Pa thu duge hau
hét cac aminoacyl — ARNt synthetase dudi dang tinh khiét.

Peptidyl transferase: ¢6 ¢ ban don vi 16n cua ribosom, xtc tac phan ting tao
thanh lién két peptid trong qua trinh téng hgp protein.
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4.4.6. Vai tro cua ndng lugng va cdc ion

GTP cung cap nang ludng cho su chuyén vi (peptid — ARNt 8 vi tri A sang vi
tri P ¢ ribosom): cAn cho viéc gdn formyl — methionin (f - Met) vaA aminoacyl —
ARNt vao ribosom.

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

Creatin phosphat can cho sy tai tao ATP nhd su xUc tac cua creatinkinase (CK).

CK

ADP + Creatin phosphat ATP + Creatin

Mg++: 5 — 10 mM cén cho su gin f — Met hay Met (3 t& bao ¢6 nhan); aa —
ARNt va ARNm vao ribosom, 1am én dinh ribosom.
4.4.7. Vai tro ctia cdc yéu t6 mo ddu, kéo dai va két thuc

Yéu t6 mé dau IF (Initiation factor): ciAn cho su gan f — Met — ARNt (hay Met
ARNY G t&€ bao ¢é nhan) vao ribosom.

Y&u t& kéo dai EF (Elongation factor): tao phic hgp vdi GTP va aa — ARNt;
can cho sit gidn aa — ARNt vao ribosom.
— Yé&u t& két thic RF (Release factor): chdm ddt sut sinh tdng hgp protein va

tach chudi polypeptid ra khoi ribosom.

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

4.5. Sinh t(”;ng hgp protein = Sy phién dich
4.5.1. Coché

Chinh ribosom 13 noi phién dich ARNm thanh chudi polypeptid, vi d noi day

cac acid amin dude rap lai véi nhau theo trinh ty cua codon cuia ARNm.

4.5.1.1. Kich hoat acid amin

Trude khi sinh téng hgp, acid amin dude phién ma trong nhan va & t&€ bio chat
thi acid amin duge kich hoat. Su kich hoat gdm hai glai doan:

— Acid amin phéil hgp véi adenin tao thanh adenylat — acid amin — enzyme va
pyrophosphat (PP).

Enzym + R - CH - COOH + ATP === [R-CH - COO ~ ATP!Enzym + PP
! |
NH, NH,

(Aminoacyl synthetase) Adenylat acid amin enzym
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— Sau d6. acid amin dugce chuvén sang ARNt ¢ 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 gdn acid amin vao ARNt rat chuyén
biét. ARNt chita & dau kia mot codon bd sung v6i mét codon cia ARNm. Nhu thé
acid amin s& dudc dat theo mét thi ty dude &n dinh béi ARNm giit nhiém vu nhu
mot cai khudn.

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

4.5.2. Su sinh téng hop protein & té bao khéng nhédn (prokaryot)

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

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

Hai ban don vi 30s va 50s ¢ dang riéng 1é trong té bao chat. Khi bit dau su
sinh téng hop ARNm gén vao 30s tit dau 5’ noi ¢6 codon AUG (ma khdi dau) vdi sy
hé tro cta véu t6 khdi dau IF3 dé c6 phite chat 30s — ARNm — IF3.

b) Gén acid amin ddu tién

Yé&u t8 IF2, GTP va mét aa —~ ARNt s& ndi véi phite chat trén. O t& bao khong
ithan, acid amin dau tién la formyl methionin (f — Met) (N — amin cita methionin
bi formyl hoa). Aminoacyl — ARNt1 ( nghia la formyl — methionin — ARNt) sé gin
vao vi tri P ciia 30s. anticodon nam ngay véi codon khdi dau AUG.

¢) Gédn ribosom 50s

Sau d6 IF, gdn vao phiic chat dé cho 50s phdi hop v 30s véi su phéng thich
IF,. Sau d6, GTP duge phin giﬁi thanh GDP + Pi ciing vé1 su phéng thich IF, va IF,.

Nhu thé ta c¢6 phiic chal khdi dau 70s gém: Ribosom 70s + ARNm + f-Met—
ARNzt trén vi tri P.
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4.5.2.2. Su keo dai

Sau khi thanh lap phuic chat khai dau, 70s sé bt dAu su kéo dai bang cach thém
vao timg mot cac acid amin, gn bing dau N — amin va di dén acid amin cudl ciing ¢
nhém —COOH tu do. Su thém vao mét acid amin gom ba pha lién tuc va sé iap lai bao
nhiéu lan néu cé bao nhiéu acid amin trong chudi polypeptid dudc téng hdp.

a) Su ¢o' dinh aa ~ ARNt,

Sy ¢6 dinh clia aa — ARNt, thuc hién trén vi tri A cua ribosom, anticodon cua
n6é nam ngay codon tht 2 ciia ARNm. Yéu t6 EF — Tu va EF - Ts va GTP can thiét
cho pha nay. Sau d6 GTP phan giai va ¢6 su phéng thich EF — Tu viv EF - Ts.

bh) Su thanh lap lién két peptid

Lién két peptid néi lién - COOH cia f— Met va N — amin cia aa — ARNt, duge
xtic tac bdi peptidyl transferase ciia 50s véi sy phong thich EF — Tu va EF - Ts.
Sau phan tng nay, vi tri A c6 ARNt, cia acid amin thi hai néi lién véi f — Met:
acid amin dau tién (f — Met) tach khéi ARNt,, ARNt, mang acid amin thi hai va f
_ Met (chudi peptid) duge goi 1a peptidyl — ARNt,. Vi tri P van con ARNt,.

¢} S hoan vi

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

ARNt, ctia f — Met roi khoi ribosom véi su phong thich GDP va EF - G.
Peptidyl — ARNt hoan vi tir A sang P mét 1an véi su xé dich mot codon cia ARNm
do su di chuyén ena ribosom.

Mbt chu ky phan fing méi bit diu: ¢d dinh aa — ARNt, trén A; thanh lap lién két
peptid thi 2. hoan vi va lap lai... Ribosom phién dich ARNm theo chiéu ti 5" — 3.
4.5.2.3. Su két thiuc

— Su sinh téng hop cham dit khi ribosom nhan biét codon stop. Codon nay tay

loai ARNm c6 thé la UAA, UAG hay UGA ¢ dau 3.

— Pé cho ribosom nhan dién codon stop, can cé yéu té R (Releasing factor); R,

nhan UAA va UAG, R, nhan UAA va UGA.
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~ — Sau khi hoan vi ldn cuéi cing qua P, peptidyl — ARNt bi thiy phéan béi
peptidyl transferase (tac ddng 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 thai ribosom rdi khdi ARNm va phén ly thanh 30s va 50s.

— Trong su phién dich, ribosom di chuyén theo chiéu dii cia ARNm. Ribosom
kéo theo vé1 né chudi polypeptid dang kéo dai va khi su sinh téng hdp chdm dut,
ribosom tach khoi ARNm cing mét lte véi chudi polypeptid duge phéng thich. o)
Colibacille, thai gian sinh téng hdp néi 15 — 30 gidy cho mot chudi polypeptid 150
acid amin.

~ Mot phan tit ARNm c6 thé duge phién dich cing mét lic bdi nhidu ribosom:
do 14 su phéi hgp theo chiéu dai cia ARNm ctia nhiéu ribosom goi la polysom. Kich
thude cia polysom tuy thudce vao chiéu dai eta ARNm. Trung binh ngudi ta tinh
clt mft ribosom cho 80 mononucleotid, vay tuong dng ¢6 tit 5-6 ribosom cho mot
ARNm ding lam khuén dé téng hgp mét chudi 150 acid amin.
4.5.2.4. Hgu phién dich

Chuédi polypeptid sau khi tach khéi ribosom ¢6 acid amin ¢ ddu amin tan la
formyl Met. Dudi tac dung cua deformylase, nhém formyl tach khéi chubi polypeptid
va chudi polypeptid ¢6 ddu amin tan 1a Met. Ho#ic ¢6 thé Met ti&p tuc b tach khoi
chudi polypeptid nhé methionyl — aminopeptidase.

Chudi polypeptid vita tdng hop la cau tric bac I cha protein. Tinh chét sinh 1y
cua prdtein (di 1a enzym hay protein cfu truc) thi tuy thudc vao cdu tric bac 11
(su gdp chudi polypeptid bdi cac lién két khong déng hoé tri — lién k&t hydro) va
nhat la cdu trde bac IIT (lién két déng hoa tri khac véi lién két peptid — lién két
disulfur hoac lién két khu nuée) va c6 thé 1a cau trie bac IV (su phéi hop clia cac
ban don vi).

Su gép chudi polypeptid dé thanh dang ¢6 tinh chét sinh 1y 1a mdt dién tién tu
nhién. C4u trac bac I nghia la thi tu cla cac acid amin ctia chudi polypeptid s& 4n
dinh kiéu gip ctia protein.

Khi da dugc sinh tong hgp xong thi protein khéng con chiu anh hudng cia gen
trong su gap.
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Giai doan mé& dau

@ - Ribosom 30s

AUG Y _ .
111 + 3
Ma khdi dau ARNm
Codon
5 L
| 'H\
: r ﬂ —_— C—
4
(e I ' e
h
[R— , < B — Met
: - Met - ARNE | [P — ARNt
fm Mot — ARN{ e—mp ' — Anticodon
5 __ |
[l . 3
Codon khéi dau "
| F— R 508
o
IF, « |
3 .
—— _
j tri Vitri A
5 Vitri P _ ’% , 5
tl T
IF, Phue hop mé dau
IF,
GDP + Pi

Hinh 3.23. Giai doan md ddu c(a qua trinh sinh téng hop protein
g té€ bao khong nhan (prokaryot)
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Giai doan kéo dai

GOP + Pi —

‘/ 1 Peptidyl transferase

GTP  —

EF-G ——— l

ARNt,

Ma khdi dau

Hinh 3.24. Giai doan kéo dai ctia qua trinh sinh tong hop protein
& té bao khéng nhan (prokaryot)

- Met — ARNt; j‘ 7 ARNM
[N Lil T
. STEE gy R )

5 Ly L

M& khai dau Magia aaz Aminaacyl - ARNt,
EF-Tu —— — -
EF-Ts ——
GTP ;

C8 dinh aminoacy! - ARNt;

Tao ndi peptid

Hoan vi



Giai doan két thuc
L]

™ ' ®
\. N : /
- ]
S
L 4
A
P - 1
- llll 1 L L] J
L L
Ma cia aa tan cing Ma két thuc UAA, UAG, UGA.
ﬂ\
- .
\
M
Polypeptid -\-\-
A J
(L 3.
ARNt,
. L 3
50s
® T
ﬂ D 30s
. ‘//———— 3
ARNm

Hinh 3.25. Giai doan két thuc cla qua trinh sinh téng hgp protein
d té& bao khéng nhan (prokaryot)
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4.5.3. Sinh téng hop protein & té bao c6 nhan (eukaryot)

4.5.3.1. So sanh vdi sinh téng hop ¢ té bao khong nhdn
So sanh giiia hai qua trinh sinh téng hop cho ta sy hiéu biét vé tac déng cua
céc chat khang vi sinh.

V& mat cd ban, dién tién giéng nhau nhung cé sy khac nhau vé cac yéu to
tham gia.

- Ribosom cua t€& bao ¢6 nhan 1a 80s gdm 40s va 60s.

Su khéi dau can AUG hay GUG va methionin chii khéng phai f — Met.

O t& bao ¢6 nhian 6 hai loai ARNt cho Met: mdt cho Met khéi dau va mét che
Met AUG. .

— Met — ARNt c6 thé formyl hoa dé thay thé f — Met — ARNt ¢ t& bao khéng nhén.
Formyl — Met — ARNt ¢6 thé khoi mao sinh tong hop protein & vai té€ bao c¢6 nhén.

Su thanh lap phic chat khai dau can 3 protein F,, F,, F, nhu IF,, IF,, IF,.

— Su kéo dai: tudng tu nhu 3 t& bao khdng nhan. Peptidyl transferase ¢ 60s va
véu t8 T, giéng nhu EF — T ¢ t& bao khéng nhén, nhung khéng phén chia thanh Tu va
Ts. Tu va Ts c6 thé th& T, § t& bao 6 nhan, nhung T, khéng thé thé duge Tu va Ts, T,
gidng nhu yéu t8' G d t€ bao khéng nhan. T, chi ¢6 chic nang ¢ 80s va G thi 6 70s.

— Su ch&m diGt: tuong tu nhu 8 té bao khéng nhan.

D6 la sinh téng hop trong té€ bao chit.

4.5.3.2. Sinh téng hop protein o ty thé (t8 bao co nhdn)

(Gi6ng nhu ¢ té bao khéng nhan vi ribosom ctia ty thé 1a 70s.
4.5.4. Mét s6 tdc nhdn dnh huéng dén sinh téng hgp protein

4.5.4.1. Cdc chét khdng sinh: ¢6 thé chia lam ba loai dua theo co ché tdc ding trén
su sinh tong hop protein.

a) Khdng sinh tdac déng trén su bién dudng cua acid nucleic

Rifampin ttc ché ARN polvmerase phu thudc ADN lam ngin chan sy khéi dau
sinh tong hgp ARNm (nhung khong ngan chan sy kéo dai). Rifampin khéng anh
hudng trén ARN polymerase cla t&€ bao thi. do dé khéng anh hudng trén sinh téng
hop ARNm ¢ dong vat. Nhung rifampin ¢6 thé ite ¢ché sinh tdng hgp ARNm & ty thé
loai ¢6 vt khi ndng dé thude cao hon so vél nong dé can thiét dé Gc ché enzym cia
vi khudn. Rifampin 1a mét chat diét khuan.

b1 Khdang sinh tde dong do sw két hop vdi ban don vt 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 polvpeptid béit binh thuong.
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Gém c¢6 nhém khang sinh aminoglyeosid. Pay 1a nhiing chit diét khudn gém:
gentamycin, tobramycin, amikacin, kanamycin, streptomycin, necmycin.

— Noi tac déng chi yéu cua nhém nay trong t€ bao 13 ban don vi 30s lam tich
tu phiic chat khai dau.

—~ Coén c¢6 kha nang tao ra su doc sal ma di truyén cua ARNm do dé cac acid
amin khéng dung sé gan vao chudi polypeptid dang sinh téng hop.

Thuong cac khang sinh lam anh hudng dén qua trinh sinh téng hgp protein la
cac chdt kim khuan. nhung nhém aminoglveosid lai la chat diét khuan. Piéu nay
c6 thé la do ai luc cao cua ching d6i véi ribosom hoic 6 thé 1a do tac déng thi cdp
cua ching trén vo té bao. '

¢} Khdang sinh tdc dong trén chic nang ciia ribosom vi khudn gdy we ché thudn
nghich qud trink sinh tong hop protein. Nhitng chdl kim khuén nay gom:
cloramphenicol; tetracyclin.

Khang sinh nhém macrolid: erythromycin, lincomycin, clindamycin.

~— Cloramphenicol: '

Tac ddng chli yéu bang cach két hop thuan nghich véi ban don vi 50s (nai tac
déng gan v6i noi tac dong ciita khang sinh loai macrolid va clindamycin). Diéu nay
ngan chan sy thanh 1ap lién két peptid ¢ ribosom.

Cloramphenicol cling cé thé tc ché sinh téng hgp protein § ty thé loat cé vu, cb
1é bai vi ribosom trong ty thé loai nay tudng tu ribosom vi khuén 1a 70s.

T& bao sinh héng cau 6 loai c6 vii dudng nhu dac biét nhay cam véi cloramphenicol.

— Tetracyclin:

Ngan chan sinh téng hgp protein do né gin chuyén biét vao 30s gidng nhu
aminoglycosid. N6 ngan chdn aa — ARNt téi ndi ti€p nhan trén phitc hop ARNm—
ribosom. Diéu nay lam ngin chan su kéo dai. Tetracyclin cfing lam anh hudng dén
sinh téng hgp protein & t& bao sinh vat ¢6 vi & ndng dé cao.

- Eryvthromyvein:

Ervthromyein va cac khang sinh loai macrolid khac ngén chan sinh téng hop
protein bang cach phéi hop véi ban don vi 50s ctia vi khuan nhay cam. Erythromycin
c6 thé ngan chin su ¢§ dinh ciia chloramphenicol (cling tac ddng trén 50s).

- Lincomyein va clindamyein:

C6 dinh & ban don vi 50s v (c ché sinh téng hop protein. Mac du clindamyein,
erythromyein, lincomyein, chloramphenicol khéng ¢6 cau tric tuong tuy (khéng ké
incomyein va clindamycin ¢é cdu truc tuong tu), chiing déu tac déng cing mot nai

va sy ¢6 dinh cua khang sinh nay trén ribosom sé ngan chan su ¢8 dinh ctia khang
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sinh khac. Ervthromyein ngan chan sy c¢6 dinh cua chloramphenicol va day
lincomvein (hay clindamycin) ra khéi phiic chat 50s ~ Lincomycin. Do d6 khéng
nén phéi hagp ervthromyein véi chloramphenicol. erythromyein véi lincomyein.
4.5.4.2. Mot s6 chdt khac

~ Emetin (alcaloid): Gc ché su gin acid amin — ARNt.

-~ Pée 18 cnia vi khuan bach hau khua hoat T, cua té€ bao ¢6 nhéan.

— Abrin vi Ricin {protein thue vat): (tc ché sinh tong hgp ¢ ribosom & té bao ¢6
nhan bang cach lam mit hoat tinh ban don vi 60s va ngan chan sy kéo dair. Tuy
nhién ¢6 mdt sé bing ching ching té protein thue vat nay doc déi véi té bao ung
thu hon té bae thuong.

— Puromycin: cau tao tucng tu nhu Tyvrosinyl — ARNt. tao thanh peptidyl —
puromycin theo ¢g ché canh tranh va tach rdi khoi ribosom, lam ngung su kéo dai
chudi polypeptid. Puromvein tac déng tc ché sinh tong hgp protein & ca t& bao ¢
nhan va khéng nhan.
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TU LUONG GIA

Chon mét cAu tra 1di diing nhit trong cac cau tir 1 dén 10
1. Carboxypeptidase khéng hoat déng néu acid amin tan cung la:
a. Phenvlalanin
b. Tyrosin
¢. Histidin

d. Ca 3cau trén déu sai
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-1

Qua trinh hip thu cua cac L — acid amin qua thanh rudt:
a. LA mét qua trinh khuéch tan don thuan.
b. La mét qua trinh van chuyé)n tich cuc can ATP cung cip nang lugng.

c. La hién tugng khuéch tan don thuin hoic van chuyén tich cyce phu thudc

vao néng dd ciia acid amin dé trong mau.

d. Ca ba ciu trén déu sal.

Qua trinh khi amin ctia acid amin = & ¢ thé déng vat bao gio cing la:
a. Qua trinh khu amin no1 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 xay ra é:
a. Tv thé té bao gan.

b. Ty thé t& bao gan va than.

c. Té bao chat,

d. Ca 3 déu sai.

Trong chu trinh uré, acid aspartic git 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 ciu trén déu sal.

Su téng hop glutamin trong ¢d thé can:

a. Glutamin svnthetase xic tac va GTP cung cap nang lugng.
b.  CGlutamin svnthetase xuic tac va ATP cung cip niang lugng.
c. Glutaminase xic tac va GTP cung cap néng ludng.

d. Glutaminase xuc tac va ATP cung cip ning luong.

U chim va loai bo sét;

a. NH, dugc téng hop thanh acid uric va dao thai.

b. NH, dugc dao thai truc tiép vao mdi truong.

c. NH, duge téng hop uré rdi dao thai.

d. NH, dugc dung dé téng hop cac mudi 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.
b.
a.

a.

Trong d6 ¢é goc NH, cua acid amin ¢ nhin thom.
Trong d6 c6 goc COOH cua acid amin ¢é nhan thom.
Trong d6 ¢6 géc NH, ciia acid amin c¢é 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 mét bénh di truyén do thifu enzym

a.
b.

d.

Phin biét dang, sai trong cac cdu sau bang cach tich ( v) vao ¢ot D

Cystathionin hydroxylase.-
Cystathionin synthetase.
Homocystein synthetase.

Ca 3 cau trén déu sali.

cho cau diang, vao ¢6t S cho ciu sai

TT Néi1 dung b
1 Amino peptidase hoat déng trong méi trudng ki€ém thuy phén cac
| lién két peptid c6 géc NH, tu do 6 tan ciing.

1 Trypsin ddc hiéu véi nhiing lién két peptid trong dé6 c6 gbc NH,
cua acid amin ¢6 nhin thom.

13 Cac amin tao thanh do qué trinh khd carboxyl lai bi khua amin
oxy ho#d nhd cac transaminase dé tao thanh NH, va aldehyd.

14 Bénh alcapton niéu ¢6 thé nhan biét dé dang do acid homogentisic
khi tiép xuc vdi khong khi s& cho mét sée td nau.
Céc acid o — cetonic, ké ca céc acid a — cetonic tuong ing véi céc

15 | acid amin cin thiét déu cé thé bién thanh cac acid amin tudng
ing nhd su trao d6i amin.

6 So vé1 cac phan tng khu amin oxy hoa khac thi phan dng khu
amin oxy hoa cua acid glutamic 14 phan (ing khong thuan nghich.
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17 Chymotrypsin hoat d6ng manh nhat ¢ pH = 8 thily phén céc lién
két peptid cé dang Tyrosin — CO -~ NH -
18 | Ure huyét gidm trong cic bénh viém than man tinh, viém théan cap.
| 19 O ndo ¢6 mot decarboxylase hoat d6ng manh khit carboxyl clia
acid glutamic tao thanh acid o cetoglutaric,
20 Qua trinh thoai hod methionin ciing la quéa trinh tao serin trong
cd thé,
21 | Glycin duge téng hop tir CO, va NH,,
oy Glutamin duge téng hop ti glutamat va NH, xvc tac bdi
glutamat synthetase.
23 Trong sinh téng hop protein & t& bao khéng nhan, ba codon stop 1a
UAA, UAG, UGA.
24 Peptidyl transferase ¢é ¢ ban don vi 16n cua ribosom, xtc tac phén
iing tao thanh lién két peptid trong qué trinh téng hop protein.
05 Khi d& duge sinh téng hgp xong thi protein vln con chju anh
' hudng cua gen trong sy g&p.
26 | Ribosom cua t€ bao ¢6 nhén la 80s gém 30s va 60s.
o7 Sinh téng hop protein 8 ty thé t& bao c6 nhan giéng nhu & t&€ bao
chit t& bao c6 nhén.
o8 Syt khdi ddu trong sinh t8ng hgp protein ¢ t€ bao ¢6 nhin cén
AUG hay GUG va methionin chit khéng phai f - Met.
| 9g O t€ bao ¢6 nhan c6 2 loai ARNt cho Met: m6t cho Met khdi ddu
L va mdt cho Met AUG.
30 | Puromycin chi tac d6ng (e ché sinh téng hgp protein ¢ khéng nhan.

Dién vao ché tréng clia cac cAu sau

31.
32
33.

34.

Cac transaminase €6 coenzym I ..o

Chu trinh uré cAn t8ng edng......cooeovvierecenrerererenns dé cung c&p nang ludng.

C6 thé diéu trj sém bénh Homocystein nidu bAng.......coocvvveriroverrennnn, liéu
cao, mit chd d0 an tANG..........coovvireinrierrirens vA giam

.....................................

Tryptophan 12 tién chat dé tong hgp nén cac catecholamin.
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35.

36.

37.

38.

39.

40.

(riai doan chuyén citrulin thanh arginin chi xay ra &

Glutamin 1a dang van chuvén khong doc clla.......cooovveiiciniinnnn, trong mau.

Trong chu trinh uré, arginosuccinic tach thanh arginin va acid fumaric dud
SU XTC LAC CUA.....ooiiiiircrre e

Trong sy sinh téng hop protein & t& bao khéng nhan, chudi polypeptid sau khi
tach khoi ribosom cé acid amin & ddu amin tin 1a

Sau khi sinh téng hgp xong, su gdp chud polypeptid dé thanh dang cé tinh
chit sinh 1y 1A mot dién ti€n....ooooveioeiiieci

Dée td cua vi khuan bach hau kht hoat........cooiorvcinine cua té bao ¢6 nhéin.

CAU HOI NGHIEN CUU BAI HOC

1.
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Trinh bay cac vi tri tic déng cia cic endopeptidase va exopeptidase.

Giad thich sy lién quan mat thiét giita phan dng trao d6i amin va sy khit amin
oxy hoa trong qua trinh khi amin cua céc acid amin.

Trinh bay bing so d6 cac giai doan cua chu trinh uré.

Trinh bay dude su lién quan gitia chu trinh acid citric va chu trinh uré

Trinh bay dude nguyén tdc chung dé téng hdp acid amin.

M6 td mdt cach téng quat ba giai doan ciia sy sinh téng hgp protein & ribosom

clia t& bao khéng nhan. So sanh hai qua trinh sinh téng hgp protein 6 t€ bao
khéng nhan va té bao ¢6 nhan



Chuong 4
CHUYEN HOA HEMOGLOBIN

MUC TIEU
1. Trinh bay va gidi thich duge tién trinh va co ché ciia qud trinh sinh tong
hgp hemoglobin.
2. Trinh bay va gidi thich duoc tién trinh va co ché cia qud trinh thodi hod
hemoglobin.
3. Néu va gidi thich duoc nhitng bénh ly gdy ra do réi loan chuyén hod
hemoglobin.

1. SINH TONG HGP HEMOGLOBIN

1.1. Sinh tong hop hem

Hem c6 cau tric gom nhan protoporphyrin III két hop véi Fe?'.

Su tong hop hem xay ra trong hau hét t& bao ngoai trit héng ciu trudng thanh
vi khéng c6 ty thé. Khoang 85% su téng hdp hem xay ra & t& bao tién hong ciu
trong tuy xuong.

1.1.1. Téng hop nhéan protoporphyrin II1

Hai nguyén liéu khdi dau cho qua trinh téng hop nhan porphyrin tit dé tao
hem 1a succinyl CoA va glycin. Succiny]l CoA 12 mét chit trung gian cua chu trinh
acid citric, con glycin 12 mét acid amin . Qua trinh téng 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 dudc tao thanh trong
cac phan Ung cua chu trinh acid citric. Glycin dudc hoat hoa bdi pyridoxal
phosphat (vitamin B6).

Succinyl CoA két hgp véi glycin, loai CoA tao thanh acid o - amino —  — ceto
adipic. Chat nay nhanh chéng bi khii carboxyl dé tao thanh acid § — amino levulinic
(ALA) véi su xtc tac cua enzym ALA synthetase v6i coenzym 12 pyridoxal phosphat:
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(|JOOH (FOOH (|JOOH

CH, CH, CH,
Succiny! CoA | | |
CO~SCoA  HSCoA (|30 pﬁ:y;nltllwtcznﬁ ; (l;o
* CH-NH, —™{" CH,-NH,
g — . CO,
Glyein (e~ N J
COOH
Acid - amino Acid - amino -
- cetoadipic levulinic (ALA)

1.1.1.2. Tao porphobilinogen

ALA dude tao thanh s& di chuyén dén bao tuong. Tai diy, hai phén tit ALA
ngung tu vdi nhau (loai 2 phén ti H,0) va déng vdng pyrol tao thanh
porphobilinegen v81 sy xudc tdc cta enzym ALA dehydratase (porphobilinogen
synthase), enzym nay bj dc ché€ béi chi kim loai (Pb).

(|300H ‘EOOH | (‘JOO-H
(|}OOH CH, ﬁJOOH CH, COOH CH,

CH,2 2H,0 \ /CH-z CH; CH,
'E C T I-7_ — I

C CH CH
/ 4 / \\“ _ ‘ N
NHZ - CHJ OHA N NHJ = CH,; N / H NH,; CHJ H

Porphobilinogen

1.1.1.3. Tao uroporphyrinogen

Bén phén tit porphobilinogen két hgp véi nhau, loai 3 NH, tao thanh mét
tetrapyrol mach théng va chét nay lai ti€p tuc loai NH, va déng vong, cac nhén
pyrol néi véi nhau bang cdu ndi — CH, c6 thé tao thanh uroporphyrinogen I (enzym
xuc tac 1a2 uroporphyrinogen synthetase) va uroporphyrinogen IIl (enzym xuc téc
14 uroporphyrinogen cosynthetase).

Hai chat nay chi khac nhau vé vi tri ctia hai nhém thé ¢ nhan pyrol IV.

Binh thudng, d6ng phéan duge tao thanh hdu nhu déu la uroporphyrinogen I11.
Khi ¢6 réi loan chuyén hod porphyrin méi tao thanh uroporphyrinogen I.
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2 U
H.N - CH -CHY CH;

H
| 1 i
P N A
uroporphyrinogenase _;;/ NH H HN —
- II
N — —
NH; A P
| 111 |
P A

Uroporphyrinogen |

1.1.1.4. Tao coproporphyrinogen 11

Uroporphyrinogen 11 chuyén thanh
coproporphyrinogen III nhé sy khu carboxyl cua
it ca cde gde acetat (A) 8 mach nhanh dé chuyén
thanh cac géc metyl (M) vél su xuc tac cua enzym
uroporphyrinogen decarboxylase.

1.1.1.5. Tao protoporphyrin 111
Coproporphyrinogen II1 roi bao tudng vao ty
thé. O day, né bj khit carboxyl va oxy hoa dé chuyén
hai nhom thé propionat (- CH, - CH, - COOH) ¢
hai nhan pvrol I va II thanh hai nhém vinyl (- CH
= CH.,) tao thanh protoporphyrinogen III véi sy xuic
tac cua enzym coproporphyrinogen oxydase (chi tac
ddng trén ca chat la coproporphyrinogen III).
Protoporphyrinogen 111 tiép tuc bj oxy hoa dé
chuyén cdu ndi — CH, - gita cdc nhén pyrol thanh
cdu ndi methenyl (- CH =), tao protoporphyrin I1L.
Enzym xuce tac la protoporphyrinogen oxydase.

1.1.1.6. Tao hem

O ty thé, protoporphyrin 111 két hop véi Fe*
tao hem, nhd sy xde tac cia enzym hem synthase

J\/U\,)

A

P

1

IV )N

Tz
I

H HN( II

Z.T
I
o

Rily

P

A

Uroporphyrinogen 111

M

P

| 1]

IV)NH HN{ II

H =

| 11 |

M

Coproporphyrinogen III

M v
J
M | M
N =
-]IVNH HN( 11
| {
p v
nu
P M

Protoporphyrin [ (IX)

117



(ferrochelatase). Transferin cita huyét tudng (3 globulin chta Fe*") lam nhiém vu

van chuyén sit dén cac cd quan tao mau.
1.2. Tong hop globin

Qua trinh téng hagp globin ciing theo o ché chung clia qua trinh sinh téng hop protein.
Nguyén liéu la cac acid amin cing su tham gia cha nhiéu yéu t6 khac nhu acid

nueleic (ADN va ARN), vitamin (acid folic, B,,). cac chat cung cdp nang ludng
(ATP. GTP).

1.3. Su két hgp giita hem va globin dé tao thanh hemoglobin

Sau khi dudge téng hop xong, hem rdi ty thé ra bao tudng dé két hop véi globin.
Su két hgp gitta hem va globin dude thue hién qua lién két phéi tri gitia Fe caa
hem vdi1 nito imidazol {histidin) cua globin.

Qua trinh téng hgp hemoglobin xay ra chi yéu & cd quan tao mau nhu tuy

xuong va cac héng cau non,

2. THOAI HOA HEMOGLOBIN

Héng cau ngudi c¢6 ddi séng trung binh khoang 120 ngav, trong thot gian nay
Hb khéng bi bién d6i. Khi hdng ciu chét, Hb sé dude gidl phéng va bi thoai hoa.
Trong diéu kién sinh ly. 6 ngudi trudng thanh binh thudng, ¢6 tir 1 —2 x 108 hong
cau bi thoai hoa trong 1 gig. Trit Fe va globin, nhiing san pham thoai hoa cua
porphyvrin khéng duge ¢d thé st dung trd lai.

Su thoai hoa Hb xay ra chit véu 6 nhiing té bao thudc hé théng lién véng ndi
md nhu gan, lach, tuy xudng....

Khi hemoglobin bi phan huy sé giai phéng globin va hem:

— Globin chuvén hoa theo con dudng thoai hoa cia 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 cita hem bi mod gitia
nhan pyrol I va II bang cach oxy hoa va loai C 6 cau nbdi methenvl o dudi dang
carbon monoxid (CO), gidi phéng st dudi dang Fe' tao thanh biliverdin (sic t&
mat mau xanh).

Fe tach ra két hop vl mét protid van chuvén 1a transferin. dude mau dua dén
tuyv xuong dé dung lai.
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Biliverdin
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Hinh 4.1. So dé phan (mg tao sic t& mét biliverdin

2.2. Tao bilirubin

Biliverdin nhanh chéng bi khit 6 cAu néi — CH = tai vi tri y (céng Ho Cy, N két

hop val H va eac nol dét sé di chuvén) tao thanh bilirubin (sdc t& mat ¢6 mau vang

xanh} vol sy xte tac cua enzym biliverdin reductase, ¢4 coenzym la NADPH cung

cap hydro. Bilirubin nay khé tan trong nude, cho phan tng mau diazo chim va

gian tiép, goi 1a bilirubin tu do hay gian tiép. Sau khi tao thanh ¢ mé ngoai v1, né

duge chuvén vao mau két hop véi albumin, globulin ctia huyét thanh va theo mau

dén gan. Vi no 1a chat tan trong lipid nén c6 thé thim qua mang té bao gan dé

dang va tach khdi albumin, globulin.

Bilirubin

Hinh 4.2. Cdu tric cla sic td mat bilirubin
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2.3. Sy lién hgp bilirubin ¢ gan

Tai gan, bilirubin ty do lién hgp véi mdt hay hai phén ti acid glucuronic tao
thanh dang lién hgp bilirubinmonoglucuronat (20%) va bilirubindiglucuronat (80%).
Phan iing xay ra gitta hai nhém earboxyl (-~ COOH) cua gbc propionat (P) d
mach nhénh cua bilirubin véi nhém OH ban acetal cta acid glucuronic. Acid
glucuronic ¢ dudi dang hoat hoa uridin diphosphat glucuronat va phan ting lién

hop dude xtc tac béi enzym glucuronyl transferase.

Bilirubin lién hgp tan duge trong nuée, cho phdn ling mau diazo nhanh va tryc
tiép, goi 1A bilirubin tryc ti€p. Bilirubin lién hgp duge bai tiét vao mat theo mét cd
ché van chuyén chii d6ng rdi theo ng dn mat d8 vao rubt.

Binh thudng, trong mat ngusi biliverdin ¢6 mét lugng rit nhé ¢on bilirubin
chiém khodng 15~20% trong lugng khé.

0CC “00C

Billrubin  diglucoronat

Hinh 4.3. C&u tric cua bilirubin lién hgp
2.4. Sy bi&n d46i bilirubin ¢ rut

O rudt, dusdi tac dfng cta enzym - glucuronidase, bilirubin lién hep b thuy
phéan gidi phdng bilirubin ty do. Dén dai trang, dudi tac dung cua cac enzym cua vi
khudn yém khi, bilirubin ty do bj khit oxy, bio hda c#e lién két doi dé tao thanh
urobilinogen va stercobilinogen, 1a nhiing hgp chat khéng mau.
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Trén 50% cdc 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
d8 vio rudt tao thanh mot chu trinh gan rudt, mét phan nho theo mau vé than va dao
thai ra ngodi theo nudc tidu. Phan edn lai cha urobilinogen va stercobilinogen ¢ rugt
khéng duge tai hap thu, 88 duge ddo thai ra ngoai theo phén.

Trong phéin v nude tiéu, urcbilinogen va stercobilinogen bj oxy hoa bdi oxy
cua khéng khi tao thanh urebilin va stercobilin ¢6 mau vang cam, tao mau cho
phéan va nudc tidu,

Binh thudng nudc tiéu chita rat it urobilinogen va urobilin (1-4mg/24gid), con
stercobilinogen trong phin c¢6 khoang 40-280mg/24gig.

Khi bj tdc mat, phan sé mat mau do bilirubin lién hgp khong xuéng rudt duge,
nén khong tao urobilinogen va stercobilinogen,

Trutng hgp thiu men vi khuan ruét (udng nhiéu khang sinh, tré sd sinh thiéu
enzym cua vi khudn ruét...) Bilirubin khéng bi khit ¢ rudt, duge dao thai nguyén
ven ra phin va bj oxy hod nhanh ngoai khéng khi{ tao thanh biliverdin, lam cho
phan cé mau xanh.

M v M\| | E M\| E
OH OH
Mol N/ o M= b - = b yu
N V4 | _l]:;>NHHHN _ D NH  HNC
p’ N P N E P N “E
| . |
P M P M P M
Blilrubin Urobilinogen Sterccbilinogen

2H F?H

M E M E
L Lo

CH M OH

M N N ’
| \ N :HN/:: ‘ \ N |:|HN
o | N \NE SO N — £
iy )
P M P M
Urobilln h Stercobllin

Hinh 4.4, Cac sén pham thoél ho4 cua bilirubin
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T& bao ndi mac vong mo

MAU

GAN

Bilirubin - Bilirubin +  Bilirubin tu do
NADPH ( Albumin UDP - grucuronaI Acid gIUCUFOHiC
Biliverdin Iransferase /
reductase
NADP” Bilirubi *I' h
Biliverdin Hirubin fien hap
NADPH MAT
Hem oxynase
NADP" CO, Fe™ RUOT acid glucuronic
| !
Hemoglobin Héng cau Bilirubin
8H
THAN W,
Urobilinogen « Urchilinogen
4H
2H Stercobilinogen Stercobilinogen
|
NUGC TIEU | 2H PHAN 2H 2H
Urobitin -~ Stercobilin Stercobilin Urobilin

3. ROI LOAN CHUYEN HOA HEMOGLOBIN

3.1. R&i loan sinh téng hop hemoglobin

Hinh 4.5. S d& cltia sy thodi hoa hemoglobin

3.1.1. R6i loan sinh téng hop hem

Su thiéu hut cac enzvm chinh trong qua trinh sinh téng hop porphyrin gay U
dong cac tién chit ciia porphyrin trong héng cdu, cac dich co thé va gan; d6 la
nhiing bénh thuéc nhém bénh porphyrin niéuw. Vi du:

— DBenh a dong uroporphyrin I Jam nude tiéu c6 mau do, thidu hut uroporphyrinogen
[1L. do dé khong téng hop duoe hem dé tao héng ciu lam cho bénh nhin bi thiéu

mau tram trong.

— Bénh 1 dong porphobilinogen trong gan gy vréi loan than kinh.
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3.1.2. Réi loan sinh téng hop globin

Trén thuc 1 c6 khoang 300 loai gen toéng hgp nén cac chudi globin cua hemoglobin.

Cie loal nay chi khac nhau ¢ mét vi tri trén chudi polvpeptid cua globin. Sy
thav d&i nhé nay khong lam thay d8i dang ké cau trice va chite nang cua phan tu
hemoglobin tri trusng hdp acid amin valin thay cho glutamat ¢ vi tri thi 6 cua
chudi § cua globin gayv bénh thidu mau héng cau hinh ludi liém hay lvsin thav
cho glutamat & vi tri thd 6 ctia chudi B cia globin gy bénh thicu mau héng ciu
hinh bha.
3.2. Roi loan thoai hoa hemoglobin

Binh thuong. néng do bilirubin toan phan trong méau vao khoang 0,2 - 0.8
me/dL (3.4-13.6 mmol/L). chu véu & dang tu do (85%) con dang lién hop chi co 5
dang vét (15%). Khi bilirubin trong mau vugt qua 1mg/dL (17mmoV/L) sé khuyéch
{An vao cac 16 chue, dac biét la da va mém mac.Vang da xudt hién khi nong do
bilirubin toan phan > 2 —2.5mg/dL (34 — 42,5 mmol/L) huvét thanh. Su tang nong
d6 bilirubin trong mau ¢6 thé do sy tao thanh bilirubin nhiéu hon sy dao thai ¢
gan binh thudng; hay trudng hop gan bi suy nén sy dao thai bilirubin giam. Sau
dav 1a mot s6 bénh 1y vang da do ré1 loan thoai hoda hemoglobin.

3.2.1. Vang da trudc gan

Xav ra do nhing nguvén nhan lam tan huyét hay tang su pha hay héng caw

— Bénh do Hb bat thuong (HbS. thalassemia. ).

~ RBénh di truyén do thidu enzym GEPD.

— Bénh mién dich (truyvén nham nhém mau, bit déng nhém mau — Rhesus...).

_ Bénh mac phai (s8t rét, s6t xuat huyét, nhiém trang. nhiém déc dung méi
hiu cd).

Nhiing truong hop nay sé tao ra mét lugng 16n bilirubin tu do, khéng duge qua
phan ung lién hop 6 gan hét nén nong do ting cao trong mau (khoang 6 — Tmg®).

O tré 50 sinh. do hé thong lién hap. cac thu thé ¢ mang té bao gan chua hoan chinh
nén eang lam tang bilirubin ty do trong mau gay ching ving da sinh 1y kha phd bién,
thudng xav ra vao ngay thi 2 hay thi 3 sau khi sinh, dac biét d tré sinh non.

Trong truong hop nay sé khong ¢é bilirubin ty do trong ntide tiéu, vi khéng tan
trong nude nén khéng qua dudge than.

Ngoai ra. do lugng bilirubin tang nén urobilinogen va stercobilinogen s¢é dugc

dio thai nhiéu ra phan va nude tiéu. Phan sé ¢6 mau vang sam.
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3.2.2. Vang da tai gan

Trong trucng hgp viém gan, t& bdo gan bj tén thuong 1am gidm kha nang lién
hgp bilirubin, bilirubin ty do trong mau téng va giam stercobilin trong phén.

Ngoai ra, khi viém gan cac nhu mé gan bj phu né chén ép cac vi quan mat gy
tAc mat lam cho bilirubin lién hgp khéng xudng rudt duge, tang cao trong mau va
xuit hidn trong nude tiéu (sdc t& mat).

Urobilinogen ciing c6 thé tang trong nude tiéu vi tén thudng gan lam gidm khd
nang tai tao bilirubin tit urobilinogen, chat nay bi & dong & gan, tran vao mau va
dao thai ra ngoai theo nudc tidu.

3.2.3. Vang da sau gan

Trong trudng hop dudng din mat bi tdc (do bj s6i mat, u dau tuy tang...), bilirubin
lién hgp khéng xudng rudt duge, bi  lai d gan, trdn vao mau va ting lén rat cao,
chiém ty 1é trén 80% bilirubin todn phén. Bilirubin lién hgp tan duge trong nude nén
qua duge edu than va thai nhidu ra nude tiéu (06 sée t6 mat trong nude tidu),

Urobilinogen ¢é thé tang do U trong gan, tran v4o mau va xudt hién nhidu
trong nudc tidu. Bilirubin lién hgp khéng xudng rudét duge nén sé& khéng cé
urebilinogen va stercobilinogen dao thai ra nude tiéu va phan. Trong trudng hep
nay, phan c6 mau trdng xam nhu dat sét.
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TY LUQNG GIA

Chon tép hgp clu tré 10i dung trong céce clu sau

1. Nhitng nguyén nhén lam tan huyét hay téng sy pha huy héng cAu giy vang da la:
a. Bénh do Hb bat thuong (HbS, Thalassemia...).
b, Bénh di truyén do thi€u enzym G6PD.
¢. Bénh mién dich.
d. Bénh mdc phai (s6t rét, s6t xudt huvét, nhiém trang...).
2. Phan tng lién hgp bilirubin d gan:
a. Tao thiinh dang lién hgp bilirubinmonoglucuronat (80%) va bilirubindiglucuronat
(20%).
b, Xay ra gitta 2 nhém carboxy! (- COOH) cia géc propionat (P) ¢ mach
nhanh ctia bilirubin v8i nhém OH ban acetal ca acid glucuronic.
c. Acid glucuronic ¢ dang hoat hoé uridin diphosphat glucuronat.
d. Duge xtie tac bdi enzym glucuronyl tranferase,
3. Bilirubin ty do (gian tiép)
a. Khé tan trong nudc,
b. Cho phan Ung diazo nhanh.
¢. Van chuyén trong méu d dang két hgp véi albumin, globulin.
d. Thaim qua mang t& bdo gan dé dang.

Chon clu tra 10i tuong ting

4. Hay chon céc y8u t8 c¢6 lién quan dén cac bénh ly sau day do vréi loan chuyén
hoa hemoglobin:

1. Vang da trude gan a. Bilirubin ty do trong mau tang
2, Vang da tai gan b. Bilirubin lién hgp trong mau ting
| 3. Vang da sau gan c. Cé sdc t8 mat trong nude tidu

d. C6 nhiéu urobilinogen va stercobilinogen dao thai
ra nude tiéu va phan

e. Cé it urobilinogen va stercobilinogen dao thai ra
nude tiéu va phéan

f. Khéng ¢6 urobilinogen va stercobilinogen dao thai
ra nude tiéu va phan
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CAU HOI NGHIEN CUU BAI HOC

1. Trinh bay va giai thich qua trinh thoai hoa bilirubin ¢ rudt.

2. Nguvén nhin va triéu ching cua bénh ly vang da trude gan do ro1 loan thodu
hoa hemoglobin.

3.

Néu cac hau qua do r8l loan thoal hoa hemoglobin trong truong hgp bi tac mat.

126



Chuong 5
CHUYEN HOA ACID NUCLEIC

MUC TIEU

1. Viét duoc so do su thodi hod base acid nucleic, base purin, base pyrimidin.
2. Trink bay duge so d6 téng hop nhdn purin vg pyrimidin.
3. M6 ta duve qud trink tong hop ADN, ARN.

4. Phain tich duge cde réi logn chuyén hod.

Tat cd cac t6 bao cla cd thé sdéng déu c6 kha ning téng hgp acid nucleic cin
thiél cho t& bao do dé khéng yéu cau phai c6é acid nucleic trong thic #n. Acid
nucleic trong thiic an khéng ¢6 ¥ nghia déc biét d6i véi co thé. Acid ribonucleic clia
16 bao luén déi mdi nhanh chéng, né tidng irong t& bao cing véi su téng hdp
protein. Su déi méi ADN trong cac mé thi cham hon nhiéu, su ddi méi xay ra trong
cac t& bao dang phat trién, té& bao tai sinh.

1. THOAI HOA

Aoid nucleic Nuclease .. Nucleotidase Nucleosid + Nueleosidase Base nitd +
——— Nucleotid "———— T
(ADN, ARN) phosphat Pentose

Nuclease 1a phosphodiesterase ¢6 trong dich tuy. Nucleotidase 12 mét phosphatase
va nucleosidase, 12 mdt phosphorylase, ca hai enzym c6 trong dich rudt.

Phosphat duge sit dung trd lai cho qua trinh phosphoryl hoa hay duge thai ra
trong nudc tiéu dudi dang phosphat vé co.

Pentose LU thie &n 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 16n duge thoai hoa va dae thai, mot phan duge sit dung lai dé tdng
hgp acid nucleic.

1.1, Thoai hoa cac base purin

Thoai hoa chinh clia base purin theo s¢ dé sau:
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O ngudi va dbng vat ¢ vi thoal hoa base véi hai loai phén Ung chi y&u la khit
amin thity phan va oxy hoé (hinh 5.1). O ngudi, linh trudng, chim va mdt s8 bd sét
san phdm thodi hod cudi chng clia base purin 14 acid uric va duge dao thai ra nude
tiéu. Néng 46 acid uric trong mau nguoi binh thudng vdi nam la 202 - 416 umol/L
véi nit 12 142 — 339 umol/L. Lugng acid uric trong nudc tiéu 2,97 - 4,8 mmol/24h.
Lugng acid uric trong nude tiéu thay d6i theo ché 6 an, dic bidt tang véi ché dd
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 (
Pi Pi
Adenosin Guanosin
H;0
Adenosin ( Hz0 Nucleosidase l( ‘
deaminase .
NHa Ribose
0
N
L\ H,NJ\N
Inosin 'k"m‘ Guanin
H,0 H0
Nucleosidase 2 Guanin deaminase (
. NHy
Ribose
HgO
:I > Xanrhm oxidase ):H/i Xanmm oxrdasﬁ /H,: >—0H
Hypoxanthln Xanthln Acld Urle
OH 0 1 NH;  COO™ NH;
N . NH; - Allantoi é é é
N N antoinase
Y o e, [ el L
0=Cay i iy
HO” N~ N N F N
Acid Urle Altantoln Allantoat
Ah‘anroicasel
Urease I
UNH; 4 24N —C — NHy
Urea

Hinh 5.1. Tho&l hod céc base nhan purin
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O mét 56 dong vat ¢o xuong song khac, acid uric bi thoai hoa ti€p tuc thanh
allantoin nhd urat oxydase. O cac loai ca cé xuong san phim cudi cung la
allantoat. O lodi ca c6 sun vi déng vat ludng cu san pham cudi ciing 14 uré. Nhiing
dong vat bién khéng c6 xuong s6ng san pham cuéi cung la NH, (hinh 5.1).

1.2, Thoai hoa cac base pyrimidin

Su thodal hea base pyrimidin xay ra chu véu & gan theo so dd sau:

NH,
NZ |
o)\NH
Cytosin
O 0
CHs;
T g
0" N O N
Uracyl Thymin
0 O
b N . ~ N . CH3
0" NH 0" NH
Dihydrouracit Dihydrothymin
J . 1 ?Ha
NH; - CO - NH - CH,CH.COO0H NHz - CO - NH ~ CH,CHCOOH
B = Ureidopropionic B - Ureidoisobutyric
| » NH3 o+ |
l l l CH
B — Alanin B - Aminoischutyric

Hinh 5.2. Thodi hoa base nhan pyrimidin

San phim thoai hod cudi ciing cta pyrimidin 1a uré va p — alanin (tu uracil) va
f} — aminoisobutyrat (tU thymin) (hinh 5.2).
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2. TONG HOP

2.1. Téong hop nucleotid

Trong co thé nucleotid duge tdng hgp theo nhu ciu phat trién cua té bao va
mé. dac bidt khi t& bao phan chia. C6 hai con dudng tong hop nucleotid 1a: (1) con
dudng tong hop mdi, (2) con dudng tdn dung lai bing qua trinh phosphoribosyl hoa
base hay nucleosid.

2.1.1. PRPP (5'-phosphoribosyl-1-pyrophosphat) la chdt trung gian cé vai
tro quan trong trong téng hdp nucleotid

PRPP dude tao thanh tu ribose — 5 — phosphat va adenosin triphosphat (ATP).
Ribose — 5 — phosphat + ATP — PRPP + AMP

Nguén ribose — 5 — phosphat dude cung cAp tif qua trinh chuyén hoa glucose
hayv t qua trinh thodi hod nucleosid.

PRPP dudgc sit dung cho ¢a qua trinh téng hdp mdi va qua trinh tan dung lai.
Nong d6 PRPP trong té bao luén dude diéu hda va thudng ¢ mic thap, qua trinh
tong hop PRPP dudc xte téc bdi PRPP synthetase va can Pi. Binh thudng nong
dé Pj trong té bao ¢ miic thip, nén hoat dong PRPP synthetase thdp, nhung khi
Pi tang, thi hoat déng enzym tang dang ké. Ngude lai ADP tc ché hoat dong
PRPP svnthetase.

2.1.2. Téng hop méi nucleotid nhén purin
Nguén carbon va nito dé tong hop nhan purin. Ngudn nay la glutamin, glycin,

aspartat, cacbon dioxid, va carbon ctia folat. Nhan purin dudc tong hdp trén mét
phan tit PRPP (hinh 5.3)

CO, {tit hé ho hap)
Aspartat l Glycin
C .
NZ BN
eC
Cik "l o /7 T NS N'C - Methenyl - tetranydrofolat

- NH
N1® -~ Formmyl / N
tetrahydrofolat \ /

Amin cla glutamin

Hinh 5.3. Nguén carbon va nitd dung té;ng hgp nhan purin

Téng hop inosin 5 — monophosphat (IMP). IMP duge téng hop qua 11 bude va
st dung 6 lién k&t phosphat gidu ning lugng (hinh 5.4). Day 1a qua trinh tén
nhiéu niang 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 tu IMP qua qua trinh oxy hoa va gan thém nhom
amin cua glutamin cho GMP. V& mat nang lugng thi GTP dude su dung cho gua
trinh IMP — AMP va ATP dude sd dung cho qua trinh IMP — GMP. Co ché nav

giip can bang lugng nucleotid adenin va guanin (hinh 5.5).

Aspartal

-00C - CH; - CH - CO0-
-00C - CH; - CH - COO- f

0 NH NH;
1 o ,~00C~ CH CH- coo_ L
HN- N : HN/
HCx N GTP Mg?* HC\ HCx. .
N | Adenylosuccinal synthase Adenylosuccinase
R-5P ;- s@ .- s@
Inosin monophosphat Adenylosuccinat Adenosin monophosphat
(IMP} (AMPS} {AMP)
NAD~
H0
IMP dehydrogenase
NADH H”
0
! !
e N Glutamin  Glutamat ~ N
HN HN
N N
| I CH
,;,C\ IN,*CH @5/ > '//C\ IN/
g N | ATP HN N
R-5 _® Transamidinase R-5 ®
Xanthosin monophasphat Guanosin monophosphat
(XMP} {GMP)

Hinh 5.5. Téng hgp AMP va GMP tir IMP
Diéu hoa qud trinh tong hop mdi nucleotid bang co ché 1te ché nguoce (feedback).

Hai enzym xuce tac cua hai phan ng dau tién trong qua trinh téng hop IMP la
PRPP synthetase va PRPP amidotransferase, bi tic ch& ngude boi IMP, GMP va
AMP ¢hinh 5.6).

Gial doan tong hgp adenylosuccinat tit IMP, bi tc ché bdi AMP va giai doan
tong hgp XMP, bi vtc ché bdi GMP (hinh 5.6).
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Ribase - 5 - phosphat

Ribose pnosphat | (ye==- AMP - o oo
Pyrophosphokinase| (T --- GMP--------———- - .
{PRPP synthase) @., e IMP o e oo

PRPP Glutamyf (=== OMP =~ - :Lw !
Amidotransferase Oye--n IMP - ! -

9 - Phosphoribosylamin

. P
Adenyfosuccinat IMFP dehydrogenase

synthase
------ AMP-----Q/ \@- GMP -~~~

Adenylosuccinat XMP

1

1

| Adenylosuccinase) {Transamr’dmase
|

I

|

F e — - - = a =

Hinh 5.6. Didu hoa téng hdp AMP va GMP

2.1.3. Con duong “tan dung lai” nguén nucleosid hay base nito dé téng hop
nucleotid nhéan purin

Tir nguion base purin cua qud trinh thodi hod nucleotid: ¢6 hai enzvm chuyén
biét xui¢ tac qua trinh van chuvén ribose phosphat tix PRPP sang base purin tu do.
Hypoxanthin — guanin phosphoribosyltransferase xic tac qua trinh tao nucleotid
tif base guanin hay hvpoxanthin, v& enzyvm bi ttc ch& bdi IMP hay GMP. Adenin
phosphoribosyl transferase xuc tac giai doan tao AMP tif adenin (hinh 5.7).

Tie nucleosid: Nucleosid dude phosphoryl hoa bol nucleosid kinase thanh
hucleosid 5--monophosphat. Tuv nhién con dudng ndy khéng quan trong ¢ déng
vat ¢ va. Nucleosid kinase ¢ dong vat ¢6 va chi cé adenosin kinase.

Gan la noi téng hgp va cung cdp chinh base nhan purin va nucleosid nhin
purin cho qua trinh phosphoribosyl hoa 6 cac t8 chite khéng ¢6 kha nang téng haop
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mét nucleotid. Vi du nhu nfo, héng cdu va bach cu da nhan sit dung ngudn base
purin dé tao nucleotid purin chit khéng toéng hop nhan purin.

NHz NHg
L PRPP  PPI
NZ N§> NS
k‘_ I Adenin
N NH Phosphoribosyi
Transferase ®— Q- H2C OJ
Adenin VN
OH OH
PRPP PPi L
Hypoxaniin — Guanin >
1\N NH phosphoribosyl ® O- H2 0
Hypoxanthin fransferase l/
OH CH
IMP

PRPP  PPj Ni“
YUY e
HN \\N NH Hypoxantin - Guanin ®—O HC

phosphoribasyd
transferase

Guanin

OH OH
GMP

Hinh 5.7. Con dudng tan dung lai base nito dé tdng hop nucleotid
2.1.4. Téng hop méi nhan pyrimidin

Nguon carbon va nito stz dung cho tong hop nhan pyrimidin. Nguén nay gém
ghutamin, aspartat va carbon dioxid. Khae véi purin, nhan pyvrimidin khéng duge

tong hgp tt PRPP ma sau khi téng hdp hoan chinh nhan pyrimindin méi két hgp
vl PRPP tao nucleotid (hinh 5.8}.

Carbamyl

phosphat ——" «—— Agpartat

Hinh 5.8. Ngudn cacbon va nitd sir dung téng hdp nhan pyrimidin
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Tong hop uridin 5 — monophosphat (UMP). Giai doan dAu tién la téng hop

carbamoyl phosphat. Carbamoyl phosphat duge téng hgp trong té bao chit tu

glutamin va carbon dioxid. ngoai ra carbamoyl phosphat con dugc tong hop ¢ tv

thé 16 bao gan (chit trung gian ena qua trinh téng hop uré) (hinh 5.9).

Co. + GIulamm + ATP

@ Carbamoylphosphat
synthase f
8] 0
T Aspartat (4? , I
. 0-C transcar 0-C Dihydro _C
H3N3 4 5(|: V: bamoyfase HzN CH2 protase H[l\l (l:Hz
T >
0=C; CH i C CH C CH
| ZB @ 7N SN @,EO TN
0P HiN| COO P, 0 N COO 0 N COO-
___________ 1 H H
Carnamoyl Aspartic Carbamoy| aspartic Dihydroorotic acid
phosphat {CAP) acid acid (CAA) A (DHOA)
@ Dihydroorotat
+ dehydrogenase
NADH H
9] 8]
€O, PP, _ PRPP
HNT 7 L ® HN HN |
243 Orotidylic acid )\ Orotat
o N decarboxylase O N phasphoribosyl O Coo-
| { transterase H
R-5-®) R-5-®)
UMP Orofic acid
ATP OoMP (OA)
@ NaDPHH  NapPt
ADP a0
uopP - - » dUDP
Ribonucleotid
ATP reductase - H:0
(@
ADP p
LJ !
uTp _ dUMP NS, N1
ATR / Glutamin - Methy! s ot
- Thymidyiat [ (2
synthase @ synthase | H, folat
NHz 0
CHs;
N | HN 1
R-5-B)-@)-F) R-5-0)
CTP TMP

Hink 5.9. Tong hop nhan pyrimidin
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Tt UMP tong hop CTP va dTMP

Tu UMP dén CTP qua hai giai doan: (1) chuyvén UMP thanh UTP nho
phosphat kinase, (2) nhém amino ctia glutamim két hgp UTP cho CTP ¢hinh 5.9).

Dé tong hop dTMP nhd enzym ribonucleotid reductase khii UDP thanh dUDP,
tiép theo enzym thimidvlat synthase xte tic chuvén nhém methvl cua N5 N1O
methyltetrahvdrofolat dé tao TMP (hinh 5.9).

Diéu hoa sinh téng hop nucleotid pyrintidin

Nucleotid pyrimidin ¢ c¢hé nguge enzym aspartat transcarbamoviase va

dihydro orotase,

2.1.5. Con duong “tan dung lgi” nguoén base nito dé téng hop nucleotid
nhan pyrimidin

Cac base nito nhan pyrimidin 1 qud trinh thoai hod nucleotid 1a uracil va thymin,

e Uracil c6 thé duge chuyén thanh UMP qua hai phan Gng:

Phan ung dau tién dudi tac dung ctia uridin phosphorylase.

Uracil + Ribose 1-phosphat — Uridin + Pi

Phan tmg thi hai dudge xdce tae bgi uridin kinase.

Unidin + ATP - UMP + ADP

s Cvtidin cang dude phosphoryl hoa boi uridin kinase.

» Thymin duge chuvén thanh dTMP qua hai gial doan:

Thymin phosphorvlase chuvén thvmin thanh thymidin.

Thymin + deoxyribose 1-phosphat — thvmidin + Pi

Thyvmidin kinase chuyén thvmidin thinh dTMP.

Thymidin + ATP - dTMP + ADP
2.1.6. Tong hop deoxyribonucleotid

Deoxyribonucleotid duge tao thanh bdi qua trinh khu ribonucleotid. (ac
deoxvribonucleotid duge tao thanh do qua trinh khi bdi ribonucicotid reductase 1A
dADP, dCDP. dGDP, dUDP. Riéng dTMP duge tao tix dUMP véi xic tac cua
thymidylat synthase.

2.2. Téng hop acid nucleic
2.2.1. Téng hop ADN
Tong hop ADN Ia mét qua trinh tai ban xdy ra 6 hiu hét t& bio va dac biét

phic tap ¢ té bao ¢6 nhan. Qua trinh nayv dude nghién ctu diu tién ¢ mie enzyvm
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boi Kornberg, Qua nghién ctu cua Kornberg viv nhiéu tac gia khae da gia thiét sy
tai ban ADN qua nhiéu giai doan theo trinh oy sau (hinh 5.10):

Giai doan md dau

Nhan dién diem khai dau (ori) caa qua trinh tai ban: rai diém kha dauw xay ra
<u k€1 hop eua protem nhan dién diém khdi dau var méot doan ADN (or1). Vidu 6
E.Coll diém md dau la doan ort € sé két hop val protein dnad tao phiic hgp khai
dau. Sy két hop gitta orl va protein giup xac dinh diém khdi dau cua qua trinh ta
ban ADN.

Dudi tac dung cta helicase sci déi ADN duge thao xoan. Trén cac doan ADN
don sau khi dudge thao xoan o nhiéu phan ti SSB protein gan vao nham gii cau
nae 501 dan khong bi xoan kép trd la.

ADN primase xue tae tong hgp nhiing soi ARN mér ngan khoang 10-200 nucleotid
tren chudi cham. Cae mau ARN moi nav ¢ian cho su téng hgp cae doan okazaki,

Giai doan kéo dar

Sot nhanh (leading strand) duge tong hop 1ién tue dudi tac dung cun ADN polvinerase.

Trén 501 cham (agging strand) ADN pelvmerase [II xue tac téong hap nhing
doan okazaki (1000-2000 nucleotid) néi tiép véi ARN moi. Sau dé6 ARN méi duge
tach ra vit cac doan okazaki nav ndl lai véi nhau nhé enzvm ADN ligase.

Giai dogn két thuc

Ngudi ta con bict rat it vé giai doan nay.

RS - Protein két nop digm knéi
dau (Ori_binding protein)

ss  5SB(DNA binding protein)

(Protein két hgp AND}
Polymerase

Helicase
Primase
, tigase \ .
375 5
Chudi nhanh Chudi cham
(Leading strand) {Lagging strand)

Hinh 5.10. Téng hop ADN
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Cde thuong ton co thé xay ra trén ADN

Su sai lam khi kep déi trong qua trinh tai ban <6 thé tich lay tao dét bién, d E.
Coli ty 1& sai lam 1a 10— 10™". Nhung may man 14 phan 16n cac sai lam xay ra trén
ADN khéng ma hoa protein va thém vao dé cac sal lam nay ¢ thé dugc stia chita.

Sai lAm tao ra do cic tac nhdn méi truong, do cac yéu t8 vat ly va hoa hoc. Cac
thudng 16n nay duge chia lam bén loal.

Bién d67 frén mot base

— Khu purin

— Khi amin cua evtosin v uracil

— Khi amin cua adenin va hypoxanthin

— AlkyT hod base

~ Thém vao hav mat di mdt nucleotid

_ St clung thanh phan ¢6 ciu tao tuong tu base nito dé tong hop nucleotid

Bién doi tron hai base

— Tia UV tao dimer gitta hal thymin

Mat doan

- Do bic xa 1on hoa g’ . g
— Do chat phéng xa
GATC endonuclease

- Do cac goe oxyv hoa tu do , \ ,
Xudt hién cdc lién két g % ;j
— Giftia cac base trong cung chudi gxonuclease

hay gitia hai chudi 3 ' 5
Cdc hé thong sia chita thuong ton ST 3
Pé stia chiia cac sai soét v thuong . ! polymerase .

ton xdav ra trén eic ADN, té& bao 6 g_ s 2

hane loat cac enzym, protein tham gia

trong qua trinh nay. Ngudi ta chia ! gase

thanh bon hé thong sua chia nhu saw g 5

3

Swa chita sw kep doi khing dung

trong qud trink tdi ban Hinh 5.11. Sura chia sy kep ddi khéng dung

C E. Coli ¢6 3 protein (Mut S. Mut C va Mut H) tha:n gia xac dinh sai lam
trén chudi ADN. Tiép theo cic enzym ligase, polymerase, SSB loal bo sai }JAm va

tao lai chudi.
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H¢ théng sia chita theo cdch cdt nucleotid

Hé thong nav sua
chiia cac thuong ton
cau true mot doan trén
ADN. C'ac enzym tham
gla nhu exonuclease,
ADN  polvmerase v
ADN ligase.

Swa chita  theo
cach cat base

Suda chiia cac
thuong ton nhu kha
purin, cac base khéng
binh thudng. cac base
b1 atkyl hoa, su tao
dime... cac cnzyvm
tham gia hé thong sua
chida nav 1la  ADN
glveosylase. nuclease,
ADN polvmerase va
ADN ligase.

H¢ thong sta chita
theo edch edt chudt doi.

Hai protein c¢an
cho hé thing sua chia
nav 1a Ku va ADN-PK
(ADN protem kinase),
chiing s& gan vao ha
dau cua doan ADN
giap tach roi hai dau.
tiép theo hai dau nav
duge thao xoan. (ac
nucleotid sail sé duge
cat bo bdi exonuclease,
sau do ADN lhgase sé

gan hai doan lai.

‘ 5,
5 YK 3
3 5
> —— K 3
Tang hop bo
sung va gan lai
3- 5
5 3

Hinh 5.12. Sira chira theo cach cat nucleotid

3
ATCGGCTCIATCCGAT

Lttt bt
;TAGCCGAGTAGGCTA .

l Nhiét do

3
ATCGGCTUATCCGAT

N IR R
,TAGCCGAGTAGGCTA

5 3
M Uracit DNA glycosylase

3
ATCGGCTJATCCGAT

R I A R R A
;TAGCCGAGTAGGCTA
o

l Nuclease

ATCGGC TCCGAT

I I N N R I A
TAGCCGAGTAGGCTA

5

l DNA potymerase + DNA figase
3 5
ATCGGCTATCCGAT

O O L Y T T
TAGCCGAGTAGGCTA_

5 3

Hinh 5.13. Stra chira theo cach cit base
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Warnnnn I/

‘ Két hap hai protein Ku va DNA PK

//M@ @mmm/

l Pua hai doan dan nhau

//Jm%_//

l Thao xoan

//mw@mmr//

l Tao lién ket

//_LLu.LLu.LQs’ 2, /
an lai

Yaummnumnunnyd

Hinh 5.14. Sira chira theo cach cit chudi doi

2.2.2. Tong hop ARN (transcription)

ARN polymerase phu thuéc ARN la enzym phu trach tong hgp ARN, khong
can moi dé bat dau tong hop, né gan vao mot vi tri khdi dau dac biét trén chudi
ADN khuén goi la promoter va su tong hdp duge khéi dau. Pon vi sao chép duge
dinh nghia 1a moét vung trén doan ADN khuén ¢6 chita cac vi tri dau hiéu cho su
khdi dau, kéo dai va dadu hiéu két thac. ARN dude tong hgp c6 chiéu tir 5-3".
2.2.2.1. Cdc giai doan cua mot qud trinh tong hop ARN

Giai doan khoi dau

ARN lién két véi promoter ADN tai vi tri =35 tao thanh phuc hgp déng. Sau dé6
ARN polymerase di chuyén dén vi tri =10 tao thanh phic hop md. Mot vung cua
chudi xoan kép dude thao xoan. ARN polymerase tién hanh tong hop ARN.

Giat doan keo dai

ARN di chuyén dan doc chiéu dai ciua doan ADN theo chiéu 3'-5", ARN dugc
tong hop c6 chiéu 5'-3". Giai doan kéo dai chudi dude tiép tuc dén khi polymerase

gap doan két thuc.
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Guai doan két thuc

DAau hiéu két thie la mot doan cac nucleotid A va doan ¢6 chiia cac nucleotid
c6 tinh chat bo sung tao thanh kep déi xoan kép trén ADN khuon. Sau khi ARN
tong hop moét loat cac U, doan ARN truée dé c6 thé tu bo sung thanh doan kep doi

gap khue. thi ARN dung tong hop va duge giai phong khoi ADN.

“ Mot don vi sao chép -

. < Doan dg’c_lc R
sao chep

«——— Promoter

PPP/—‘\_/H\\E}'
5 RNA

Hinh 5.15. Mot don vj sao chép

[~

o T

g TTTTTTTT . ADN
3 AAAAAAAA 5

, TTTTTTT1 .
5 3

. . ADN
3 AAAAAAAA 5

u UUUUUU-3'

=

Hinh 5.16. Sao chép - téng hop ARN

RNA

(‘)C')(“)(')OG)J}
oOooOmOcc

C:

2.2.2.2. Suw 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 théng tin (ARNm)

Qua trinh bién d6i ARNm gbém cac giai doan sau:
— Cat cac doan itron (doan khéng ma hoa).

— Tao ma 7-methylguanosin ¢ dau 5.

— Gan thém dubi poly A.
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Exon; Intron Exon;

5 Mi— G-G A-G — A, 3

Mi — G-G A-G

M —— G-0H G—G _An
5 - /\ G — Ay
M G- OH GAy

Hinh 5.17. Su hoan thién ARNm
Su hoan thién ARN vdn chuyén (ARNt)
Qua trinh hoan thién gém cac budc sau:
— Cat bo cac doan itron noi lién exon.
— Cat cac nucleotid ¢ dau 5'va 3.
— Gan thém CCA ¢ dau 3.
— Thay d6i mét s6 base.
Suw hoan thién ARN ribosom (ARNr)

18S 5.85 283 B
.

Tién RNA, 458

185 smas o
— 285

Hinh 5.18. Su hoan thién ARNr

3. BENH LIEN QUAN DEN ROI LOAN CHUYEN HOA NUCLEOTID

3.1. R6i1 loan thoai hoa nucleotid purin

3.1.1. Gout

Trong bénh gout, acid uric trong mau cé thé tang 7-8g/100ml dan dén su két
tinh va lang dong urat trong cac t6 chic sun, bao gan, tui nhay cua cac khép, than,
doi khi ca trong da va cd. Xung quanh chd @ dong urat két tinh 1a té chiic viém,
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hinh thanh t6 chite hat bao quanh cic mé chite. va bang cach nay tao céc hat gout
to nho khae nhau thuong gap ¢ cac khdp ngén chan ngén tay gay viém khép man
tinh va bién dang khép. Thudng ciac bénh nhian ¢é khuynh huéng xo ciing déng
mach va tang huvét ap. Néu urie két tinh nhiéu trong than ¢é thé gav suv chuc
nang than.

Nguyén nhan:

Acid urie tang do cac nguvén nhan sau:

e O vai bénh nhan, PRPP synthase khéng dap ting véi ¢o ché& dc ché nguge
(feedback) cua purin nucleosid diphosphat.

e Do thidu hut mot phan HGPRT (hvpexanthin — guanin phosphoribosyl
transferase) nén dan téi ting lugng PRPP trong té bio vi din theo su gia tang
téng hop méi nhan purin. Sy thiéu hut mét phan khéng gay triéu ching than kinh
nhu héi ching Lesch-Nvhan.

Didu tri:

Allopurinol 1a dudge pham quan trong diéu tri gout: né @c ¢hé qua trinh san
xuat acid uric.

Allopurinol bi oxy hoa bai xanthin oxidase cho oxy purinol.

Oxv purinel két hop chat véi xanthin oxidase nén tic ché kha ning oxv hod cua
PNZVIN Ny,

Allopurinol phan ung vé1 PRPP véi siie tac cua HGPRT giap lam giam PRPP
v do dé }am giam qua trinh téng hgp méi purin.

Colchicin Ia dudge pham ¢6 tinh khang viém ding cho gout. né gidp ngan su tip
trung bach cau g cac té chiic viém.

3.1.2. Héi chung Lesch - Nyhan

Hé1 chiing di truyén do gen trén nhiém séc thé X. Do suy giam hoan toan hoat
déng cua HGPRT nén giy ra tang qué 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 déng thai IMP va GMP giam.
Piéu nav dan dén ting tong hdp méi purin.

Triéu ching: ting uric mau, tao sol uric va dic biét 1a triéu chiing than kinh
nhu chiam phat trién tri ndo. Triéu chiing than kinh c¢6 thé vi nao la 18 chic su
dung con duong téng hop nucleotid chinh la con dugng “tan dung lai”.

Pidu tri: allopurinol lam gidm sy tao acid uric nhung khéng <6 tic dung giam
triéu chtng than kinh va khéng 6 hoat tinh caa HGPRT nén PRPP khéng thé
phan dng véi allopurinol do d6 khong lam giam qua trinh téng hdp méi purin.
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3.1.3. Bénh Von Gierke

Do thiéu nang hoat tinh cta glucose 6—phosphatase dan dén su tang ribose
phosphat. Tang ribose phosphat dan dén tang PRPP. PRPP gay tang qua trinh
16ng hdp mdi purin,

3.1.4. Bénh giam uric mdu

Giam wric mau dong thoi vdél tang dao thai hvpoxanthin va xanthin do suy
ginm xanthin oxidase nguvén nhan t ton thuong gan hay khiém khuvét trén gen.

-

Triéu ching 1a tang xanthin trong nude tiéu va soi xanthin.
3.1.5. Réi logn gay suy giam mién dich

e Lo suv giam adenaosin deaminase (ADA)

Khi suyv giam ADA luong deoxvadenosin va adenosin sé cao do khdng duge tiép
tue thoat hoa chuvén thanh deoxvinosin va inosin. Néng do cao dATP (do giam
thoai hoa) s& (e ché rihonucleotid reductase va do dé (ic ché téng hgp ADN. Cac té
bao bach cAu dac biét 1a t& bao B va té bao T sé giam do khong ting sinh binh
thuong giv suy giam mién dich.

Triéu chimg suy giam mién dich xuat hién khi bénh nhan duge 6 thang tudi la
nhiém khudn man tinh, cham phat trién va bénh nhin thuong chét sau 18 tudi.

Diéu tri: ghép tay xuong.

e Do suy giam purin nucleosid phosphorylase

Viée suv giam enzvm nay gy tich 1oy dGTP. Giéng nhu dATP, dGTP dc ché
ribonucleotid reductase nhung ¢ mitc d6 khac nhau.

Trong trudng hagp nay chi cé t& bao T bi giam, con t& bao B khéng bi anh huong
(chua rd nguyén nhan). Triéu ching la nhiém khuan man tinh.

(hua ¢6 phuong phap diéu tri. Bénh nhan dudge nuéi trong mdi trucng it
nhiém khuan.

3.2. Roi loan thoai hoa nucleotid pyrimidin

Khéng giéng nhu san phdm thoai hoa clia purin, san pham thoai hoa cua
pyrimidin dé tan trong nudc hon nén it gy cae triéu ching hon trong tricng hgp
rdi loan thoai hod. San pham thoai hod cia primidin tang trong nude tiéu trong
truong hop ung thu bach cau. khi chup tia X do ¢é sy pha huy ADN,

Bénh ting acid orotic trong nudc tiéu

Do khiém khuyét orotat phosphoribosyltransferase va orotidin 5 — phosphat
decarboxvlase nén orotidin 5 — phosphat khéng duge chuyén thanh UMP va vi thé
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tich liy. Khi UMP giam sé giam tong hdp ADN va ARN gay triéu chiing 14 thiéu
mau va cham phat trién.

TAI LIEU POC THEM

1.
2.

E:j-l

B¢ mdn Hoa sinh — Trudng Dai hoc Y Ha Noi. Hoa sinh. NXB Y hoc Ha Néi, 2001.
Bé mén Hoa sinh. Truéng Pai hoc Y — Duge TPHCM. Hod sinh Y hoc. NXBY
hoc. TP HCM, 2003.

Bd Y t&, Vu Khoa hoc va Dao tao. Hod sinh hoc. NXB Y hoc Ha Né1, 2005.
Victor L. Davison, Donald b. Sittman. Biochemistry, 3 th edition, Harwal
Publishing, 1994,

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

lobert K. Murrayv, Daryvl K. Granner. Victor W. Rodwell, Harper’s Illustrated
Biochemistry 27th edition — Lange Medical Books/Mcgraw — Hill, 2006.

TU LUCONG GIA

Chon moét hay nhiéu cau diing trong cac cau sau

1.

!\:l

Nguyén nhan ting acid uric trong bénh Gout la do

a. PRPP synthase khdng dap tng vdi tac dung tic ché ca purin nucleosid
diphosphat

b. Do thigu hut mét phan hypoxanthin — guanin phosphoribosyl transferase
c. Do ting lugng PRPP trong té& hao

d. Do tang téng hgp méi nhan purin

Cac roi loan chuyén hoa trong hoi chimg Lesch — Nyhan

a. Qua trinh phosphoribosyl hoa hypoxanthin va guanin khéng hoat déng
b. Giam IMP va GMP

¢. Giam PRPP

d. Tang PRPP

Nguyén liéu chinh tham gia vao qua trinh téng hop nucleotid nhan purin theo
con dudng “tin 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 nhén purin

a.
b.
c.

d.

Deaminase
Oxidase
Nucleotidase

Nucleosidase

Céc enzym trong qua trinh tdng hop nhan purin bi Gc ché bdi ca AMP, GMP,
IMP (cd ché feedback)

a.
b.
c.

d.

Adenylosuccinat synthase

Ribose phosphat pyrophosphokinase
PRPP glutamyl phosphokinase
PRPP glutamyl amidotransferase

Trong qua trinh tong hgp nhéin purin. phan Gng tiép theo cua 5 — phosphofl —

D — Ribosylamin la phan ting véi

a.
b.
C.

d.

Metyl H4 folat
Glycin
Formyl H4 folat

Glutamin

Trong qua trinh téng hgp nhin purin, phan tung tiép theo cua Formyl

glicinamid ribosyl — 5 — phosphat 14 phan Gng véi

a.
b.
C.

d.

Formyl H4 folat
Aspartat
Glutamin

Glyvein

Trong qua trinh téng hgp nhan pyrimidin, phan tng tiép theo cua UTP la
phan dng véi

a.
b.
c.
d.

Metyv] H4 folat
PRPP
ATP

Glutamin

Trong qua trinh tong hdp nhan pyrimidin, phan tng tiép theo cua dUMP la
phan tng véi

a.

b.

Metyl H4 folat
PRPP



c. ATP
d. Glutamin
10. Phan ung chinh trong qua trinh thoai hoa nucleotid nhan pyrimidin
a. Thuy phan phan duong
b. Khi amin
¢. Oxyhoa
d. Thuy phéan lién két amid

Dién vao cho trong cac cau sau

12. Cd ché tac dung cua Allopurinol trong diéu tri bénh Gout la

13. Nguén Ribose—5—phosphat st dung cho téng hop PRPP duge cung cip tix

14. PRPP dugc su dung cho qua trinh ........ (A).......... va qua trinh ...... B).........

15. Phan Gng chinh ctia qua trinh téng hgp nucleotid purin & ndo, héng cau va
bach cau da nhan la

CAU HOI NGHIEN c(fU BAI HOC

1. Chuyén hoa chinh ctia ngudn acid nucleic tif thitc &n ?

&

Nguyén liéu st dung cho qua trinh phosphoribosyl hoa trong qua trinh tong
hgp nucleotid nhan purin theo con dudng “tan dung lai" ?

3. Nhing phan Gng chinh ctia qua trinh tong hop nucleotid purin 6 nio, héng ciu
va bach cau da nhan 1a°

4. Co ché tac dung ctia allepurinol trong diéu tri bénh gout ?
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Chuong 6
LIEN QUAN VA DPIEU HOA CHUYEN HOA

MUC TIEU _
1. Trinh bay dude bang so dé su lién quan giita cdc chuyén hod glucid, lipid,
protein va acid nucleic.

2. Néu duge tinh thong nhdt cia cdc chuyén hod, su bién doi qua lai va s
khéng thé thay thé nhau hoan toan dude cia cdc chuyén hod nay.

3. Gidi thich dugc cdc co ché diéu hoa chuyén hod & mic té bao.

Mic du ¢6 nhitng con dudng chuyén hoa riéng biét nhung cac chuyén hoa cua
glucid, lipid, protein va acid nucleic déu c6 nhiing diém chung va c6 méi lién quan
mat thiét véi nhau hinh thanh nén qua trinh chuyén hoa chung cta co thé.

Su téng hop va thoai hoa cac chit trong co thé luén dudc kiém soat chit ché
bdi t& bao va dude diéu hda pha hop véi nhu cdu cia cd thé.

1. LIEN QUAN GIUA CAC QUA TRINH CHUYEN HOA

1.1. So d6 lién quan chuyén hoa cac chat
Su lién quan giita cac qua trinh chuyén hoa trong co thé dudc biéu thi qua so
d6 sau (hinh 6.1).

1.2. Su thong nhat chuyén hoa

Thé hién & cac mat sau:

+ Chu trinh acid citric

— La giai doan thoai hoa cudi cing cua glucid, lipid, protein.

— Céac con dudng chuyén hoa cua glucid, lipid, protein déu ddn dén mét 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 hé hap té& bao, glucid, lipid, protein déu bi oxy hoa theo nhiing
¢ ché& va hé théng enzym chung cua qua trinh nay, tao CO, (khu carboxyl bai
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decarboxylase), tach dan tir 2H va dua t6i O, thd vao qua chudi hé hap té& bao (oxy
ho# sinh hoe) tao thanh H,O.

+ Tich trii va su dung nang lugng

Nang lugng giai phéng tii su oxy hoa glucid, lipid. protein & cac muc dé khac
nhau, nhung déu dude st dung bang hai dang nhu nhau la phat nhiét va duy tri
dudi dang ATP. Chung ta khéng thé phan biét duge ngudn goc ATP tu chuyén hoa

nao cua cac chat.

Protein _ l Glucid © Lipid
Anucleic |
Acd amin «—— Nucleosid I
1 + Mucleotid
Glucose Glycerot Axit béo
G- 6P
/Ig/ NADPH,
Ribose — 5P
PGA
+
Leu lle o Pyrtlwat

| Acetyl CoA S
Ox.a/lgacetal q\‘ , oM _ 1120,
Citrat .| Ho

o Fumarat M hép ATP
.@ I CT acid citric g: | @
ban H,0

Hem «———— Succinat /<
cozl\ CO,

L Glu< » o - Ceto Glu

Hinh 6.1. Sc dé lién quan chuyén hoa cac chat
1.3, Sy bién d6i qua lai gitia glucid, lipid va protein

Su bién d61 qua lai gitta glucid, lipid va protein thong qua nhiing chit "nga ba
dusng”. Nhiing chét nay vita 1a san phidm thoai hoa chung, viia 1a tién chat cho sy
téng hdp cac chét. Vi du: pyruvat, oxaloacetat, acetyl CoA.

Mot vi du ching minh 1a khi stt dung acetat '"'C dua vao co thé sinh vat thi
thay xuit hién "C trong cic phan t glucid, lipid, protein. Di€u nay chiing to ring
acetat 1a t18n chat chung cua glucid, lipid, protein.
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Pyruvat 1a sdn phim khi( amin ctia acid amin alanin. Pyruvat ¢6 thé duge
tong hop thanh glucid qua quéa trinh tan tao glucose; déng thdi pyruvat cé thé
chuyén hoa thanh acetyl CoA tham gia vao qua trinh téng hap acid béo.

Phosphoglyceraldehyd (PGA) 14 san pham ti¥ su khi hydro ctua glycerol ¢6
nguon géc lipid (thanh PDA (phosphodioxyaceton) rdi thanh PGA). PGA c6 thé
téng hop glucid qua qua trinh tin tao glucose hoac chuyén thanh pyruvat. Pyruvat
¢é thé duge amin hoa thanh acid amin 14 alanin.

Nhu vy ta thdy c6 sy bién d6i qua lai gitta glucid, lipid va protein. Tuy nhién,
ching khéng thé thay thé nhau hoan toan duge vi:

— Glucid 12 nguén ning lugng chi y&u cua cd thé (mét glucose di dén chu trinh
acld citric cung cip 38 ATP).

— Dé1 véi lipid: ¢é cac acid béo cin thiét ma cg thé khoéng thé téng hop dugc
{acid linoleic, acid linolenic).

— D& véi protein: ¢6 cic acid amin cdn thiét ma co thé khong thé téng hap duge.

Do d6 dé co thé phat trién tét, cAn ché d6 dinh dudng hgp 1y, diy du cac chat
v6i ty 1é nhét dinh.

1.4. Su lién hop gita cac phan 'ng va cac qua trinh

Su lién quan chuyén hoa con 14 su lién hop giita céc phan ing va qua trinh.
— Phan iing lién hgp: két hop 2 phan Gng giai phéng (thoai hoa) va thu (téng
hgp) nang lugng.
ATP ADP

Glucose /

Phan tng tong hop glucose — 6 — phosphat 1a phan dng thu ning lugng va
phan tng thuy phan ATP 14 phan iing giai phéng nang lugng.

Vi du: » Glucose — 6 — phosphat

— Cac qua trinh chuyén hoa: lién quan véi nhau qua nhiing san pham chuyén hoa.
+ Thoat hoa glucid (theo con dudng hexose monophosphat) cung cAp NADPHH*

cho sy téng hop acid béo va ribose — 5 — phosphat cho su téng hgp nucleosid,
nucleotid va acid nucleic.

+ Thodai hoa glucid (theo con duong hexose diphosphat) cung cap oxaloacetic giup
ngung tu acetyl CoA (sdn pham cia su oxy hod acid bén) vao chu trinh acid citric.

+ Chu trinh acid citric lién quan véi chu trinh uré qua aspartat (aspartat dong
val trd trung gian chuyén van nhom NH,, cho chu trinh uré).

+ Chu trinh acid citric cung c&p succinyl CoA cho qua trinh tao Hem.
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1.5. Quan hé chuyén hoa gifta cac bao quan trong t€ bao

Ty thé:

— LA noi xay ra qua trinh chuyén hoa nang lugng manh mé.

— LA ndi cung cip nang luong (ATP) cho cac bd phan khac cua té bao, dam bao
cho cac hoat dong cua té bao.

Nhan té€ bao:

— Téng hop ARN cho su téng hgp protein g ribbosom.

_ Téng hop NAD cho cac qua trinh khit hydro ctia ty thé va cac noi khac.

1.6. Quan hé chuyén hoa giita cAc mé

Ngoai cac qua trinh chuyén hoa chung, méi md déu c6 dic diém va chiic ning
chuvén hoa riéng. nhung ¢6 lién quan lan nhau.

1.6.1. Gan (trung taém trong méi lién quan chuyén hod giita cdc mé)

— (6 chiic nang glycogen (tong hgp glycogen du trit va phan ly thanh glucese
vio mau khi cin d€ cung cip cho cac mo).

~ Qua trinh B — oxy hoa acid béo bio hda xay ra chu yéu 6 gan.

Glvcogen Acid béo
Gan 1
Acetyl — CoA
Mau Gl |1 < ) &
rucose Thé ceton
V6 khic Gl‘Il(?OSe Acetyl — CoA
(co) i 31— 6P —, -
Giveogen—"" 0 CO,
H.O
Hinh 6.2. Quan hé chuyén ho4 giita cac mé.
Chit thich: OA: oxaloacetat; CT: chu trinh.
1.6.2. Nao

N#o cin duge cung cdp thudng xuyén glucose va oxy. Ngudn nang lugng chu
véu cung cap cho ndo la tir glucose mau thoal hoa theo con duong hexose
Jdiphosphat hi€u khi. Khi d6i, cac thé ceton (acetoacetat va B — hydroxybutyrat)
thay thé glucose cung cdp nang lugng cho nio.
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1.6.3. Co

Ngudn nang lugng chi y&u cung cip cho c¢d 14 su oxy hoa glucose, acid béo va
thé ceton. Lugng glycogen & cd chiém khodng 1/3 téng glycogen trong cg thé. Lugng
glycogen nay dugc chuyén thanh glucose — 6 — phosphat nhanh chéng réi thoai hoa
tiép tuc theo ca hai con dudng hiéu khi va y&m khi. Co khéng giai phéng glucose tu
do vao mau do khéong ¢ glucose — 6 — phosphatase. Mgt lugng 16n alanin (dude tao
thanh tit pyruvat) va cing véi lactat dude chuyén dén gan dé tao glucose (hinh 6.3).

. GILTJcose ) * Glucose
Glyéogen «— GB6P G6P ",
i Glycogen
Pyruva o Pyruvat
/ Lactat l
Alanin  « Lactat Alanin
Gan Mau Protein Co

Hinh 6.3. Quan hé chuyén hoa gitra gan vaco
Chu thich: G6P: glucose-6-phosphat
Khi co nghi, acid béo va thé ceton duge sit dung lam chat dét. Co tim st dung

acetoacetat nhiéu hon so véi glucose.
1.6.4. M6 mo

La noi du trid triglycerid. Tai diy xay ra qué trinh téng hop va phan giai
triglycerid (hinh 6.4).

Glucose »Glycerol
phosphat
ViDL AB+ Acyl CoA
Thé ceton Té/
Glycerol - Glycerol H 20
AB - albumin AB
Gan Mau Mé ma

Hinh 6.4. Qua trinh téng hgp va phan giai triglycerid & mé md

Chu thich: VLOL (very low density lipoprotein): lipoprotein ty treng rat thap;
AB: acid béo; TG: triglycerid.
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2. DIEU HOA CHUYEN HOA

Mot dac diém cua cg thé sdng la kha nang tu diéu hoa. Sy diu hoa duge thé
hién ¢ hai mic d6 khac nhau: mic t& bao (diéu hoa chuyén hod) vi toan cd thé
(kiém soat chuyén hoa nhd hormon, than kinh). Cd ché ctia sy diéu hoa bao gid
citng 14 ¢6 ch€ phan tit. Trong mét t& bao, co ché didu hoa chu yéu la anh hudng

dén hoat tinh cua enzym hoac anh hudng dén sinh téng hop enzvm.

2.1. Diéu hoa nhd co ché lam thay d6i hoat tinh etta enzym

(Xem phan 4 chuong 6: Enzym va xtc tac sinh hoc, hoa sinh hoc tap 1. BYT,
NXB Y hoc 2007).

2.2. Piéu hoa nhé co ché& anh huédng dén sy sinh téng hop enzym: quan

niém vé operon

Ngudi ta da biét cac vi khuan téng hgp nhiing enzym thich hgp cho minh tuv
thude vao méi trudng dinh dudng.

(6 hai loal enzym:

— Enzym ciu tao: la nhiing thanh phan co ban cia hoat ddng té bao, vi du
enzym cua sy dudng phan,

Nhing enzym nay dugde san xuit véi mét luong khong thay ddi mic du cac
diéu kién chuyén hoa thay déi.

- Enzym cam {ing: cac enzym nay trai lai chi duge tong hop véi mét lugng can
thiét khi t& bao can dén.

Jacob va Monod (1961) dua ra md hinh operon dé gidi thich co ché didu hoa
téng hop cta enzym nhu sau: mot operon 1la mét tap hgp cua cic gen tao thanh
mét don vi chice nang. Mét operon gom (hinh 6.5);

+ Cac gen cdu trie (cistron): chita ma téng hop protein dac trung.

+ M6t gen khdi déng P (promotor): la noi gin ARN polymerase. Gen khdi dong
¢6 hai trung tdm: mot trung tim gdn ARN polymerase va mét trung tAm gin phuc
hop CRP —~ AMP vong (CRP = C — reactive protein: 1a protein thu nhan AMP véng).

+ Gen diéu khién O (operator): gen nay sat véi gen P cd chiic nang chi huy su
hoat déng clua cdc gen cdu tric hodc lam ngling hoat déng cua cac gen nav.
Operator khi duge két hgp véi chdt kim hdm R (represseur) sin xudt ra bdi gen
diéu hda sé ngan chan qua trinh phién ma. Trong trucng hgp nay operon sé khéng
hoat déng: operon déng (hinh 6.5).

153



Gen didu hoa Gen P Gen O Gen cu trdc

R A B C
[ H L4 . T T T T '
l Cl)RP ARN pofymerase’U\\f\jé
ARNm _ ¥ — AMP vang T
B kim ham

Z% CRP: C - reactive protein
Ribosom

R: protein kim ham
OPERON BONG
Hinh 6.5. Su didu khién tong hop protein — hé théng operon dong
+ Gen diéu hoa R (regulator): gen nay téng hgp ra chat kim ham R (ban chéat

13 mot protein). Chit kim ham cé hai a1 lue: hogc két hgp véi gen O, hoac két hgp
véi chat cAm Ung. Ai luc cua chit kim ham doi véi gen O duge thay d6i bdi tac
dung cua chit cam ing hodc chit dong kim ham (corepressor}. Khi chit kim ham
ké1 hgp véi chit cam tng thi gen O duge gial kim ham va qua trinh phién ma cac
gen cau truce duge tién hanh. Trong trudng hgp nay goi la operon md ¢hinh 6.6).

Gen diéu hoa GenP Gen O Gen cu tric

Chat cam (mg Protein kim ham R

Protein ciu tric

OPERON MG
Hinh 6.6. Su didu khién tdng hop protein: hé théng operon md
— Operon lactose

Iy thuvét vé operon cua Jacob va Monod dd duge ching minh bing thuc
nghiém khi nudi cav E. coli. Trong moéi trudng khéng cé lactose hodc khong ¢6 mot
chit ¢am dng khac thi khéng thay cé su téng hgp cic enzym chuvén hoa lactose.
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Khi ¢é mat lactose hay mot chidt cam ung khac (nhu isopropvlthiogalactosid), chit
kim ham két hgp v6i lactose (hoac chiit cam Ung khac) tao phiic hgp “cam tung —
kim ham” khéng gian duoge vao gen O. Lic nay c6 su phién ma cac gen ciu tric tao
ra cic ARNm dé ¢é su téng hop ba enzym chuyén hoa lactose la: B — galactosidase,

permease va acetvlase (hinh 6.7).

Gen didu hoa Gen P Gen O Gen cau truc

v'

\ Ribosom Gidi kim ham

o

Lactose hodc chat Protein kim ham R

cam (g khac p-G Afacr:s:dase

permease
acelylase

— ARNm

éi%
5 %

+
&
Y

OPERON LACTOSE

Hinh 6.7. Operon lactose & trang thai cam (img

— Operon tryptophan
Operon tryptophan gbém 5 gen cdu tric tuong iing véi 5 enzym can thiét cho su

téng hop acid amin nay § vi khuan,

8. operon trvptophan, hién tugng xay ra nguge lai vdi operon lactose. Khi néng
d6 trvptophan trong 1€ bao vi khudn th&p (nhu cau vé tryptophan tang cao),
operon ¢ trang thai hoat déng (operon md) dé acid amin duge tong hop. Khi néng
d6 tryptophan trong té& bao vi khuin cao, operon bi kim ham.

Mo hinh caa Jacob va Monod cang duge ap dung dé giai thich trong truong
hgp nayv (hinh 6.8). Chat kim ham R’ trong truong hdp nav khong hoat déng
(khéng kim him gen O) khi néng d6 tryptophan trong té bao thap (operon & trang
thai hoat déng). Khi néng d6 tryptophan cao thi tryptophan sé gan vdi protein kim
ham R’ tao nén phic hgp hoat déng bam vao O ngin khéng cho ARN polvmerase
bam vao P va khéng cé sy phién mé cac gen tuong ng véi cac enzym can thiét cho
su tong hop acid amin nay. Su téng hgp cac enzym tong hgp trvptophan da bi kim

ham. Tryptophan trong truong hgp nay dude got 1a chat déng kim ham.
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Gen diéu hoa Gen P Gen 0 Gen cau truc

l—“‘R—'_\ _____ f ! 1D E
bi kim ham
Ribosom r% 1
/ r\.ﬁ khusn khong tong hcm duwrgc cac I
Tryptophafb R: protein kim ham | enzym dé sinn tong hcsp tryptophan .

OPERON TRYPTOPHAN (trang thai bi kim ham)

Hinh 6.8, Operon tryptophan & trang thai kim ham

D&i véi dong vat bac cao, su diéu hda theo co ché than kinh qua cac chat trung
gian hoa hoc va hormon (vi duy insulin didu hoa chuyvén hoa glucid, lipid, protein;
adrenalin gay ting dudng huyét nhd mét loat phan Uing néi bao dua dén sy hoat
hoa phosphorylase b thanh phosphorylase a hoat déng phén giai glycogen thanh
slucose va tc ché glveogen synthase).

Nhin chung sy didu hoa chuyén hoa ¢ mic co thé, mic t€ bao (nhu sy van
chuyén tich cuc cac chit qua mang) v muic phén ti (qua trinh phién ma, phién
dich...) déu rat phic tap.

Tém lai, su diéu hoa chuyén hoa la két qua clia sy van dong cua cic mét dai
lap nhu hé thAn kinh giao cam va phé giao cam; cac chit Gc ché va hoat hoa; cac

hormon lam téng, giam dudng huyét...).
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TU LUQNG GIA

Phan biét dang, sai trong cac ciu sau bang cach tich ( v) vao c¢o6t D

cho cau dang, vao edt S cho ciu sai

STT! Nbi dung DEIEE
1 Cac chat glucid, lipid. protein khong thé thay thé nhau hoan toan dude.
| 2 | Acetat la tién chat chung cho ca glucid, lipid, va protein. |
3 1 Cd co the giai phéng glucose ty do vao mau dudr tac dung cua’ .
i | glucose — 6 — phosphatase. i '
4 Pyruvat la san phiam thoai hoa riéng cua acid amin.
5 Chu trinh acid citric lién quan dén chu trinh uré qua arginin.
6 ; Nguén nang lugng chti véu clia ndoe la do glucose mau cung cdp. |
7 , Lactat vad va mot lugng 16n alanin dude tao thanh & co va chuyén :
' téi gan; ¢ dé chiing duge chuyén thanh glucose qua qua trinh tan
" tao glucose. i
8 i Operon tryptophan cé 3 gen cdu truc tudng iing vdi 3 enzym can !
i thiét cho su tong hop acia amin nay ¢ vi khuan.
9 | Protein kim ham gén véi cac gen ciu tric va do dé anh hudng dén
su sinh téng hgp ARNm cua cac gen ciu tric.
10 | Operon gém gen khdi déng, gen diéu hoa va mét s6 cic gen ciu truce.

Dién vao chd tréng

11.
12

&

. Qua trinh B — oxy ho4 acid béo bao hda xay ra chu yéu &

Chu trinh acid citric 1a giai doan thoai hoa cudicingeta ....................

Pyruvat c¢6 thé duce téng hop thanh glucid qua qua trinh .................... ; dong

thoi pyruvat c¢é thé chuyén hoa thanh acety]l CoA tham gia vio qua trinh téng
hop ...

. Chu trinh acid citric cung c¢dp succinyl — CoA cho qua trinh tao ....................

CKhadé o thayv thé glucose cung cdp nang ludgng cho nio.

. Operon lactose ¢6 chita ba gen cdu tric ma hoa cho ba enzym chuvén hoa

lactose 1a: ...................
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17.

18.

19.
20.

Trong truong hop operon tryptophan thi tryptophan duge goi la chat

.................... c¢d ban chat la

Gen khéi déng P (promotor) landigan ....................

Cac enzym cua s dudng phan duge san xuit véi mot lugng
dil cac diéu kién chuyén hoa thay déi.

CAU HOI NGHIEN CUU BAI HOC

1

2.
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Giai thich tinh théng nhit cia cac chuyén hoa glucid. protid, lipid va su khong
thé thav thé& nhau hoan toan dude ciia cac chuvén hoa nay.

(Giai thich hai trusng hdp operon lactose va operon tryvptophan.



Chuong 7
SU TRAO DPOI NUGC VA CAC CHAT PIEN GIAI

MUC TIEU

1. Néu duge cde dang nudc, vai tro, su hap thu va bai xudt nitde trong co thé,

2. Trinh bay va gidi thich dude su van chuyén nude trong co thé va cde yéu
t6’anh hudng.

3. Néu dugc cdc chdt vd co cé trong co thé; vai tro, su hdp thu va bai xudt
cua cdc mubi vd co nay.

4. Trinh bay va gidi thich dugce su trao doi cia nwde va cdc chdt vé co giita
cdc khu vue.

5. Trinh bay va gidi thich dude co ché diéu hoa su trao déi nwde va cde chdt
vo co.

6. Néu va giai thich dude nguyén nhdn géy réi loan trao déi nude va cde
chdt vé co, hdu qua va bién phdp khdc phuc.

Nude va cac chit dién giai déng vai trd quan trong trong viéc tham gia ciu tao
va duy tri hoat dong cua t& bao. Thi€u nudc va chit dién giai su sdng sé nging
s6m hon khi thiéu cac chat hitu co.

Trong co thé séng, su trao d6i nudc va cac mudi vo cd ¢6 lién quan mat thiét véi
nhau va lién quan chit ché véi su chuyén hoa cac chat hitu co.

C6 nhiéu yéu t6 anh hudng dén qua trinh trao déi nudc va cac chat vé co. Khi
qua trinh nay bi r6i loan sé ddn dén nhiing bénh ly rat da dang thudng gap trén
lam sang, doi héi phai duge danh gia ding mic va xu tri kip thdi.

1. NUOGC TRONG CO THE

Nudc l1a thanh phan chtu yéu ctua dich co thé, chiém khoang 55 — 75% téng
trong lugng co thé. 2/3 téng ludng nudc trong co thé duge phan bé & dich trong té&
bao (dich ndi bao), 1/3 trong dich ngoai t& bao (dich ngoai bao). Dich néi bao va
ngoai bao dugc ngan cach béi mdt mang ban thaAm. Dich ngoai bao con phén chia
thanh dich trong long mach (huyét tuong),va dich gian bao (dich ké).
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1.1. Cac dang nudc trong co thé
1.1.1. Nuée tu do

L4 nudc luu théng. dude phan bd ¢ khu vuc ngoai té bao, chiém 45% ludng
nudc toan phin cua td chiie, bao gém nuée trong mau, bach huyét, dich nio tuy,
dich tidu hoa. dich gian bao, md lién két, nudc tiéu, mb héi.

Nuée tu do hoa tan cac chit vé co va hiiu cd, ¢d vai tro van chuyén cac chat
dinh dudng dén t& bao va ddo thai cac cac chit can ba ra khoi cd the

Nude tu do thay déi tity theo ché d6 an udng.

1.1.2. Nudc két hop

LA nude khong luu théng, dude phan bd ¢ khu vye trong t&€ bao (nude ndi bao),

tham gia cAU tao t& bio, chiém 55% luong nutée toan phan ctia té chiic, gom hai dang:

— Nude hydrat hod: hydrat ho4 cac tiéu phdn protein tao nén cac mixen va
hydrat hoa cac ion Na', CI” tao thanh cée dang Na(H,0)x", CI{H,O)v".

Cé khoang 10% nuéc tham gia lién két véi protein tao nén cac mixen. Khi mat
nude hydrat hoa, cac tiéu phan keo sé bi déng von.

— Nude tham gia vao mang ludi cua gel: nim xen ké trong nguyén sinh chat
cua t& bao, tao nén trang thai nia rin cia gel. Dang nay chiém phan 18n nude cua
khu vue trong té bao.

1.2. Vai trd ctia nuée trong co thé
1.2.1. Nude tham gia cdu tgo ciia cd thé

Trong cd thé sinh vat, nuéc chiém ty 1& nhiéu nhat, Nudc tham gia tao hinh,
giup cho sinh vat cé cdu tric nhat dinh.

Ham lugng nude trong cd thé thay d6i tuy theo:

Tuoi:

— Thai nhi: 80 — 97%

— Tre s¢ sinh: 66 — 75%

— Nguoi truong thanh: 55 — 65%

(Gidi tinh: ¢o thé nam chita nhiéu nudc hon ni (trung binh nam cha 63%, nit
chita 52%).

Thé trang: cd thé ngudi béo chia it nude hon ngudi gay.

Co quan va t6 chite; duge trinh bay trong (bang 7.1) sau:
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Bang 7.1. Ham lugng nudc trong cac té chirc khac nhau cha co thé

Cd quan Ham Iqur‘\*g nudc (%)

M6 md i 25-30 :
Xuang ! 16 — 46
Gan 70 i
Da 72
Nao 77
Co 75
Co tim 80 - 90
M6 lién két 60 — 90
Phéi 80 — 90
Than ! 82 !
Mau : 80 — 83 i
Té bao hong cau | 65

| Sita | 89

i Nudc tiéu 95

i Nudc bot 99.4

| Méhai 99,5

1.2.2. Nuoc la méi truong cho cdc phan wng hoa hoc

Trong t€ bdo séng. hau hét cac phan tng hoad hoc xdv ra trong méi trudng
nude. bdi vi gan 75% khéi lugng ciia mot té bao sdng la nude.
1.2.3. Nude tham gia cac phan ang

Nhd ¢6 hang s6 dién méi 16n, nude c6 tac dung phan ly manh chat dién giai

lam chung tén tai trong cac dich 6 trang thai ion (Na', K', Cl-, HCO,"...), tao nén
ap suat tham thau.

Nuéc tham gia cic phan ting thiy phan, hgp nuée, hydrat hoa... 1a nhing
phan ting quan trong clia qua trinh séng va phéat trién ctia t&€ bao.

1.2.4. Nudce van chuyén cdc chat dinh duéng va dao thdi chdt cdn ba

Nudce & dung méi hoa tan cac chat vé ed va hitu ¢g. Nhé d6. cac chat dinh dudng
dude van chuyén dén cac t6 chic; con cae chét can ba (san phAm chuyén hoa clia té
bao) duge chuyén tii cac t8 chiic dén cac cd quan bai tiét dé dao thai ra ngoai.

1.2.5. Nude diéu hog than nhiét

Thong qua su bdc hoi nuée 6 da (md héi), phéi (hoi thd). Khi nhiét d6 méi
trudng cao, cd thé tang thoat hoi nude dé giai nhiét.
1.2.6. Nuéc tham gia bdo vé ¢o thé

Nuéc ¢6 trong dich cua cac hée, khoang tu nhién cta ¢o thé nhu dich nio tuy,
dich mang phéi, mang tim, dich khép, dich cac héc tai, mét, mii... c6 tac dung nhu
mét 16p dém dé bao vé cac cd quan khéng bi tén thuong.
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1.3. Su hap thu va bai xuit nude
1.3.1. Nhu cdu vé nudc

Thay déi iy theo lda tudi

— Nguai 16n: 35ml/kg/24g10.

— Tré con: gidp 3 — 4 1an so véi nguoi 1dn.

Nhu cAu vé nudc con phu thude vao didu kién sdng (nhiét dé khoéng khi, do
am...} va diéu kién lac déng.

1.3.2. Nhap nuoc

Nhu cAu vé nudc ctia co thé la 2 — 2,5L/ngay ¢ ngudi trudng thanh. Nhu cau
nay duge dap Ung tu:

— Nudc ngoai sinh: ngudn thitc an (khodng 30%), nudc udng (khoang 60%).

— Nude ndi sinh: tao ra do qua trinh chuyén hoa cac chat dinh dudng (khoang 10%).

Nudc nhap vao tir bén ngoai duge diéu hoa théng qua cam giac khat. Cam giac
khat dude diéu hoa bdi trung tam khat § vang dudi ddi va ap suat tham thiu cua
dich ngoai bao, khi ¢o thé thigu nudc, ap suit tham thau dich ngoai bao ting, thy
thé osmo & vilng dudi ddi sé giy cam giac khat nudce, Co ché gdy khat xay ra khi
tong lugng nude trong co thé bi giam 1-2%.

1.3.3. Bai xudt nudc

Nudce dude dao thai chi yéu qua than (60% trong nudc tiéu), qua rudt (6%
trong phan), qua da (6% trong md héi).

Ngoai ra, nude con duge bai xudt qua su bdc hoi tit t& bdo da va qua hoi the
duge goi 14 su mat nude “khéng cam nhan duge” (28%).

Binh thudng, ¢6 su cin bing giita su nhap va bai xuét nudc.

Sy bai xuAt nudc sé gia tang khi bi tidu chay, ndon mua kéo dai, chay mau, lao
déng nang ¢ nhiét do cao...

Su nhap va bai xuidt nudc dude diéu hoa biang hormon ADH (antidiuretic
hormon) va aldosteron diéu hoa su bai tiét natri 6 than.

Khi co thé thidu nudc sé tang tiét cac hormon nay lam ting tai hap thu nude d
éng than va gidm su bai xuit nude tidu va ngude lai khi thita nudc, sé Gc ché su
phéng thich ADH nhd hoat déng cta thu thé esmo § viing duéi déi.

1.3.4. Cin bdng xudt nhdp nudc (bilan nuéc)

Can bang xuat nhap nuéc hay bilan nudce ta ty 1& gitta nude nhap vio va xult
ra. Cé ba trusng hagp:
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- Bilan = 0: ¢dn bang nude duge duy tri do lugng nude nhap bang nude xuAt.
— Bilan > 0: lugng nuée nhap nhiéu hon nude xuat (trudng hop bi pha, dét kéo dai...).

- Bilan < 0: lugng nudée nhap it han nude xudt (trudng hop nén miia, tidu chay...).

1.4. Su phan bé nudc va cac chit dién giai trong co thé
Nudc 1a thanh phan chi véu ctia dich co thé, chiém khoang 45 — 75% téng trong
lwgng cd thé. Nude va cac chat dién giai dude phan phéi ¢ hai khu vue chu véu:

Khu viee néi bao (trong té bao): chia khoang 2/3 tong lugng nuée trong co thé
(63%) va nhiéu ion K', Mg*', HPO,*, protein ...

Khu vice ngoai bao (ngodi 6 bao): chita khodng 1/3 téng lugng nude trog cd thé
(37%). gbm cé:

~ Dich gian bao hay dich ké (gifia cic t& bao).

— Huyvét tuong { trong mach mau).

— Bach huvét {trong mach bach huyét).

Khu vuc ngoai bao edn ¢d dich truyén té bao (transcellular) nhu dich nao tuy,
dich thuy va dich thay tinh thé ciia mat, hoat dich ctia khép xudng...

Dich gian bao va huyét tuong chiém ty 18 16n cua dich ngoai bao.
Dich ngoai bao chiia nhiéu ion Na™, Cl, HCO, .

1.5. Su van chuyén nude trong co thé

Sau khi dude hap thu tir 6ng tiéu hoa, nudc duge van chuyén dén cac to chic
cua cd thé, mang céc chat dinh dudng dén dé té bao sit dung. Tu huvét tudng, nude
qua thanh mach dé vao dich gian bao, tir dich gian bao nudc lai thdm qua mang té
hao vao khu vue bén trong té bao.

Déng thai ciing ¢é qua trinh van chuyén nudc ngude trd lai: tir t& bao vio dich
gian bao roi vao huyét tuong. Tir huvét tuong nude dude dua dén cac cd quan bai
ti8t cting véi cac chét can ba clia té bao dé duge dao thai ra ngoai.

Nhd sy van chuyén nay, nude trong g thé ludn ludn dude ddi méi (6% tong
lugng nude trong co thé duge ddi méi trong 24 gid).

1.5.1. Cdc yéu t6 anh hudng

Nude van chuyén duge trong cd thé 1a nho mot s6 yéu t6 quyét dinh dua vao su
chénh léch ap sudt gitia cdce 16 chie.

1.5.1.1. Ap sudt thém thdu

La luc ¢6 tac dung g1t nude va kéo nude vao phan dich ma no chiém giit, dav la
véu td cd ban nhat quyvét dinh su van chuyén va phan bé dich trong cic khu vue.
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Ai) sufit tham thdu ¢ khu vic nao cang cao thi nude s& duge van chuvén vae do
cing nhiéu va ngudge lai.

Ap sudt tham thau do cac véu t6 hoa tan trong nude d cac dich tao nén, gdm co:

— Cac chdt dién giai: 1a véu té quan trong tao nén ap luc tham thiu cua cace
dich. do dé déng vai trd quyét dinh su phin bd va van chuvén nude trong cd thé. Vi
du: dich ngoai bao ¢6 nhiéu Na’, Cl: dich ndi bao cé nhiéu K'. HPO, .

— Cac hop chdt hitu co e phén tw liigng nho (glucose, uré, acid amin._.n.

C6 thé duge van chuvén dé dang qua mang té bao v thanh mach nén nong do
trong hau hét cac dich ctua co thé va ap luc tham thau do chung tao ra gan giong
nhau. Do d6, cac chit nay chi tham gia diéu chinh hugng nuée toan phan cta co the
chi khong gay nén su van chuvén nudc gita cic khu vye vé1 nhaw

— Cdc hop chét hitu o ¢6 phan tw luvong lon (chu yéu la protein)

Vi ham lugng protein trong cac dich ¢g thé rat khac nhau nén phan ap luc
tham thiu do né tao nén (ap sudt keo) 8 cac khu vie nude khac nhau ciia co thé
cang khac nhau.

Vidu:

— Protein trong huyét tuong tao ap luc thAm thau la 25mmHg.

— Protein ctia dich ngoai t& bao tao ap luc tham thau la 10mmHe.

~ Protein etta dich trong té bao tao ap luc tham thiu rit 1dn vi ¢é nong dé cao

gdp 3 — 5 lan protein trong huyét tuong.

Su chénh léch ap suat tham thiu do protein tao nén (ap suit keo) gitia cac khu
vie khac nhau trong cd thé 12 mét véu té quan trong quvét dinh su van chuvén
nudGe gitia ciae khu vue nay.

Protein trong huyét tuong tao ap suit keo, anh hudng dén su van chuyén cua
nude va chat dién giai gitta khu vie néi bao va khu vie ngoai bao.

Ap sudt thAm thau dude xac dinh béi téng s6 phan tt dude hoa tan trong dich thé

Pon vi do cua 4p suit thim thau 1a miliosmole (mQOsm)/kg nudc ciia huyét tuong.
1.5.1.2. Ap sudt thiy tinh

Ap suft thiy tinh 1a ap tuc ciia dong mau ép vao thanh mach (huvét ap) hav
ap luc clia nude ép vao mang t& bao. Néu xét vé phuong dién van chuyén nude gitia
cac khu viie, &p sudt thiy tinh ¢6 xu huédng diy nude ra khéi viing ma né tac dung,
¢6 huéng tac dung nguge lai véi 4p sudt tham thau. Ap suit thuy tinh trong cic té
bao day nude gua mang t& bao ra ngoai.
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2. CAC CHAT VO €O TRONG CO THE

Chat v6 eo khi hoa tan trong dich ed thé ¢6 thé phan lv thanh cac ion nén dude
gol i chat dién gial. Nong dd chat tan trong co thé thay doi tuy theo khu vuec:
natri la cation chu véu cua dich ngoai bao: kali 1a cation chu véu cua dich néi bio.
Tong 6 cation trong cd thé phai bang tdng s6 anion (cAn bang dién tich).

[Luc két hgp ena cae chat dién gial duge tinh bing don vi mEq.
2.1. Mot s6 chit vé co quan trong ¢6 trong co thé

Trong c¢d thé sinh vat . cac chdt vé ¢ quan trong nhat 1la Na'. K*. Ca*. CI~.

Me" 807, PO va HOO, .
2.1.1. Natri (Na*)

- Natri 1a cation chu v€u cua dich ngoai bio (90%), néng dé trong huvét thanh
binh thudng 1a 135-146 mmol/]. |

Natri déng vai tré quan trong trong viéc diéu hoa ap suit thim thdu, thang
bang acid— base. Natri con hoat hod enzvm amvlase va (c ché hoat ddng cua
phosphorvlase. Trong cac mé. Na' lién két véi nude, Cl, HCO,", PO,". Natri anh
huong dén sy dan truvén xung dong than kinh va sgi co.

Su hap thu va bai tiét natri ¢6 lién guan dén sy hap thu va bai tiét cua nude.

K" va €l Hormon aldosteron gdy tang su tai hap thu natri.

— Nhu cau duge dam bao chu yéu nhs NaCl. Ngudi trudng thanh cin méi ngay
4 ~ 3g natrl, tie 1a 10 — 12g NaCl, bing 10% higng natri toan phan chia trong
dich gian bao cua cd thé ngusi.

— Khoang 95% Na’ duge bai xudt qua nuée tiéu, mét phan nhé duge dao thai
gqua md hdi va phan. '

~ Tinh trang giam natri huyét ¢6 thé giy déng kinh, nhite ddu, ting nhip tim,
ha huyét ap, chudt rat. kich thich va c6 thé hén mé.

— Tinh trang tang natri huyét duge biéu thi bing sy mat nudce & dich ngoai bao
o tri¢u chiing la khat nuée, khé miéng, tang nhip tim, ting huyét 4p, mat phudng
huing, ao giac, co giat, kich dong, ¢6 thé tién dén hdn mé.

2.1.2. Kali (K")

— La carion chu véu cla dich néi bao. néng dé binh thudng trong huvét thanh
I 3.5-5,5 mEq/L. Nong dé kali trong t€ bao la khodng 140 mmol/l. Nhu ciu binh
thuong khoang 4g/ngay.
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— Kali duy tri 4p sudt tham th&u va cdn bang dién gidl trong t€ bao, diéu hoa
thang bang acid base. N6 ¢6 anh hudng dén su dan truyén xung déng than kinh co
VA sU €O cO tim.

— Kali duoc bai xuit khodang 80% qua thén (20 - 40 mmol/l nude tiéu). Luong
con lai dude bai tiét qua phan.

~ Co ché feedback diéu hoa sy bai tiét natrl nguge vdi kali. Aldosteron tang su
tai hdp thu natri va tang su bai xuat kali,

— Kali huvét ting do than gidm bai xuat kali (trong tén thuong than thiéu
ning vé thugng than ), hay nhap vao nhiéu kali; c6 thé gay 1 lan, giam nhip tim,
véu cd, chudt rit, tiéu chay. loan nhip tim...

— Kali huvét thudng giam do su bai xuidt qua nhiéu hay nhap vao khong du kali
(sau khi ma. tiéu chayv, thung da dav, rudt, cudng vo thugng than, dung thuée loi
tiéu...). ¢6 thé gay loan nhip tim, chéng mét, chudt mit, liét, buon nén, ndén mua...

2.1.3. Calci (Ca**)

— Calci 12 mudi v6 co c6 nhidu nhat trong ¢o thé, tham gia cdu tric va chlc
nang cua xucng va rang, phan 16n dudi dang cac mudi vd cd khdng tan (calei
phosphat , calci carbonat). Calei 1a cation chu yéu cua dich ngoai bao.

— Khoang 50% calci trong huvét thanh & dang ion hoa va ¢6 hoat tinh hoa hoc,
phan con lai két hop véi protein (dac biét 1a albumin), ndng do calei binh thusng
trong huvét thanh la 2.4 - 2.5 mmol/l.

— Calci cung vé61 phospho lam tang siic manh va d8 bén cua xudng, calci giup
duv tri cdu tric mang té bao, chiic nang va dé tham thau cia mang. Calci anh
hudng dén sy kich thich va su co cia od tim va cd xuong, tham gia dan truyén
xung déng than kinh,

— (Calei con tham gia qua trinh déng mau, hoat hoa cholinesterase va nhiéu
qua trinh quan trong khac.

— Phan 16n calei (70 — 90%) dudc dio thai qua phin, mot lucng nho dude dao
thai qua than.

— Thiéu calei giy coi xuong, loAng xuong. Ha calel huyét giy tinh trang co giat,
roi loan co ché déng mau, chudt rat, I 1an.

2.1.4. Clo (CT)

— 6 chti v&u & dich ngoai bio. Nong dé binh thudng trong huyét thanh la 97—
106 mmol/L.

— Cung vé1 Na'. Cl déng vai tro tao Ap sudt tham thiu git nude cho co thé va
diéu hoa thang bang acid — base. Ngoai ra. Cl” con tham gia tao HCI dich vi, hoat
hoa enzyvm amyvlase.
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— Sy phén bg, hdp thu va bai xuat Cl™ 1a cac qua trinh thu déng c6 lién quan
dén su van chuyén chu déng cua ion Na’.

—~ R&i loan chuyén hoa clo kém theo rdi loan chuyén hoa natri.
2.1.5. Phospho (P}

— (6 & moi td chic t& bao, 80% ¢ xuong va rang dudi dang két hgp véi calcl,
10% trong mau va ¢d , 10% & cac t6 chic khac. Phospho c6 trong co thé & dang
phosphat vé ¢¢ hay hgp chit hiu ca.

— Phosphat c6 thé két hop véi lipid, protid, glucid, acid nucleic va ATP.

_ Phosphat tén tai dudi 3 dang ion khac nhau, dang pho bién nhit la HPO,*

— Tham gia hau hét cac qua trinh chuyén hoa va ¢6 mat trong hé théng dém
phosphat gidp duy tri thang bing acid-base.

2.1.6. Magne (Mg*)
— Tham gia cAu tao xudng, co c¢o va hoat hod enzym. Mg™ tang giy ha Ca®
trong mau. Mg* gidm trong bénh co1 xucng, x8p xudng, co giat.
2.2. Cac dang mudi vo ¢d trong cd thé
2.2.1. Muéi héa tan trong cac dich

Khi hoa tan, mudi vé co phin ly thanh cac ion va c6 tac dung tao ra ap suat
tham thau rat én.

2.2.2. Muéi khéng tan

D6 la cac mud tham gla cdu tao xuong. Vi du: calciphosphat.
2.2,3 Muéi phitc hop véi protein

Vidu:

— Feritin 12 mét protein chiia sat.

- K'. Ca” phic hgp véi albumin.
2.3. Vai tré cita mudi vé ¢d trong co thé

Maic du hién dién trong cac t6 chie co thé véi mot luong nhé nhung cac mudl
v6 ¢ dong nhiéu vai trd quan trong.

2.3.1. Tham gia cdu tgo té€ bao

Mudi trong todn cd thé chiém khodng 4 — 5% thé trong. Mudi v co co trong
thanh phan cuf1 tit cd cac t& bao va td chitc, nhung phan phoi khéng déu, nhiéu
nhat 1a & cic té chite xuong va rang dudi dang mudi khong tan.
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2.3.2. Tao dp sudt tham thdu

Ap suft thAm thdu cua cac dich trong cd thé dude tao boi cac ion nhu Na', K',
Ca*, CI, Mg*,80,”, H,PO,"va HCO, ... Ap suit nay ¢6 anh hudng rat 1én dén sif
phéin b& va van chuyén cac dich trong co thé.

2.3.8. Duy tri thang bdng acid—base

Muéi v6 co tao hai hé théng dém quan trong trong co thé 1a hé dém bicarbonat
(H,CO/NaHCO ) va hé dém phosphat (NaH,PO/ Na HPO,; KH.,PO /K.HPO
giup cd thé duv tri duge thang bang acid-base.

2.3.4. Binh 6n protein d trang thdi keo trong té bao va mé

Mudi v8 cd co tac dung dac biét déi véi trang thai ly hoa cta cic protein trong
té bao va mé. Miic d6 hoa tan, khuéch tan, hydrat hoa va hoa tan ciia nhiéu Joal
protein phu thude vio ndng dd cua mét s6 ion, do d6 chire phan sinh ly cua t& bao
cung phu thuée rat 16n vao nong dé va ty 1é cia cac ion nhit 13 muéi ¢ dang phiic

hgp véi protein.
2.3.5. Cdc vai tré khdc

— Hoat hoa hay tc ché hoat déng enzym
Vidu: — CI7, Na’, K' kich thich hoat déng ctia enzym
— Cu®', Pb’, Hg'... kim ham hoat déng ctia enzym

— Tham gia cAu tao cac coenzym {(cobalt, kém. luu huynh), hemoglobin va

¢vtocrom chiia sit, hormon (iod tao T3, T4, kém tao insulin..) .

— Tham gia qua trinh déng mau va dan truyén than kinh (Ca®', K*, Na'...).

2.4. Sy hap thu va bai xuit muéi vé co
2.4.1. Su hdp thu

— Cac muéi v6 co duge dua vio cd thé chi yéu qua dudng tidu hoa, hip thu qua
rugt vao mau va phan phoi dén céc cd quan theo nhu ciu sinh ly.

— Muéi v6 co dé tan trong nude dude hap thu dé dang va hoan toan qua ruét,
(NaCl, KCl). Muéi vé co kho tan trong nude duge hap thu it.

— Sau khi duge hap thu cing véi nude, mdt phin musi dude gitt lai trong ¢d guan
va mé, mdt phéan ¢ lai trong mau. Su it lai mudi trong cac cd quan c6 chon loc.

Vidu: Ca™, Mg*, PO " duoc gitt lai nhiéu trong xuong.
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2.4.2. Sw bai xudt

Muéi vo ¢g duge bai xuit chua véu qua nude tiéu. mo hor.

Cac mudi khéng duge hap thu duge dao thai qua phan nhu Ca (PO ). MgS0 .
Kim loal naneg. ..

2.5. Can bang dién giai

Cang gidng nhu nude. trong cd thé, lugng chat dién giai nhap vao phai bing
fugag chitt dién gial bai xudt (can bang dién giai).

(an bang dién giai. dac biét ddi véi Na'. K'.Ca™ ¢6 anh hudng 6n dén su dan
truyén xung déng than kinh, su co ¢g va tinh tham thau eua mang té bio.

Nong do chat dién giai trong co thé dude didu hoa chi véu qua sy bai tiét cia
than mude tiéw). da (md hoi) va ruot (phan). phol hop vt tac dong eua hormon.

=~ Na'/ K duge diéu hon do hormon aldosteron. Aldosteron tang sy tai hayp thu
Na© vactang su bai xuat K.

- Ca’: duge diéu hoa bol hormon parathyreid (PTH). Khi néng d6 Ca? trong
mau qua thap, PTH sé ting qua trinh huy xudng dé giai phong Ca®. tang hip thu
Ca™” t rudt va giam bat xudt Ca” tlf than.

- €l sy van chuyén chi dong cia Na' gay ra sy van chuvén thu dong cua C1
2.6. Roi logn cAn bang dién giai
2.6.1. Natri huyét thdap: néng do natri trong mau thip ¢6 thé do noén mua, tidu
chay, réi loan chie nang than, giam tidt aldosteron, bai tiét mé hoi qua mitc, nhayp
qua nhiéu nude dan dén su G nude trong co thé.

2.6.2. Natri huyét cao: nong do natri trong mau cao do mit nude nhicu, s6t. tidu
duong (giam tiét ADH) dan dén sy r6i loan hé than kinh trung wong.

2.6.3. Kali huyét thap: néng 9 kali trong mau thip do tang tidt aldosteron, lgi
ticu. 161 loan chic niang than. nén mia. tiéu chay. Hau qua la bi véu cg, Liét, ho
hitp kha. loan nhip tim,

2.6.4. Kali huyét cao: nong d6 kali trong mau cao (trén 12 mmol/) ¢6 thé do 1o
loau chite nang than, giam tét aldosteron. Hau qua ¢6 thé bi liét co xuong. chét do
tim ngung dap.

3. SU TRAO POI NUGC VA CAC CHAT PIEN GIAI

Trong ¢o thé, nude va edac chat vo co lubn déi méi nha qua trinh trao do.

Su van chuyén nude v cae chit dién giai ¢6 lién quan mat thiét véi nhau va
chiu sy chi phél béi nhiéu véu t6 nhu thanh mach. huyét ap. cin bang Donnan va
ap sudt do keo,tinh trang thang bing acid - base. hoat dong cuaa cac td chuc...
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3.1. Su trao d8i nude va cac chat dién giai gitvta cac khu vue
3.1.1. Can bang Donnan va dp sudt do keo — Dinh ludt Donnan

D&i véi cac chiat phan ly ¢6 phan td hiong nho, qua trinh khuéch tan sé theo
quv luat vat 1y nghia 1a ti noi ¢6 néng &6 cao sang noi c6 ndng dg thap hon.

Déi vai cae chat keo ¢6 phan ti ludng 16n (nhuw hén hgp protein va dang mudi
cha né) thi chicé Na' hay Cl° di qua duge mang ban tham.

Thi nghi¢m: mo6t binh duge ngan ¢ gidia bang mét mang ban tham. Khi cho
dung dich muéi NaCl vao mét bén, mudi s& phan ly va cac ion Na' va €l sé
khuéch tan qua mang dé dat dén trang thai cAn bang dong. Sau d6, néu thay thé
dung dich ¢ mét bén ciia mang bang dung dich keo proteinat natri thiion Na’, Cl
5& qua mang dé dang con ion keo R™ khong qua dugc.

! .
Na" (o) Na" (a) Na* (a+x)
Loy | N o @ |0 R@ e o -
Cl (b} Cr (b} Crix) |Gl (b-x)
{1 {2) {3)

Hinh 7.1. So d3 thi nghiém d& rat ra dinh luat Donnan va ap sudt do keo
Dinh luat Donnan 1: su can bang sé dat duge khi tich s& cua cac ion khuéch
tan c6 cing mot tri s6 ¢ mél phia cia mang ban tham.
Goi ndng d6 ban diu cua cic ion 1a a, b edn x 12 ndng d6 cua lon khuéch tan, ta cé:
(a+x)}x)=(b-x)b-x)
b2
X =
a+2b

Pinh lugt Donnan 2: khi ¢6 su cin bang, téng dién tich ciia cac ion duong bang
téng dién tich cia cac ion 4m & moi phia cua mang.

Nhu vay ¢ trang thai edan bing Donnan, ap suit thaim th&u cua noi ¢6 chia
chat keo protein bao gid ciing lén hon ap sult tham thau ¢ noi khéng cé protein.
Su chénh léch nav khéng chi do protein tao ap suit keo ma con do ndng dd cac ion
khuéch tan ¢ khu vuc chia protein cao hon bén kia. Téng ap suat keo va sy chénh
léch dp sudt tham thau cia ion khuéch tan duge goi 1a ap sudt do keo.

3.1.2. Su trao déi nudc va cdac chat dién gidi gitza huyét tuong va dich gian bao

Thanh mach la mét mang ban thdm ngin cach huyét tusng va dich gian bao.

Do dé. néng dé cua cac chit dién giai va cdc chit hitu cd ¢6 phan td lugng nho
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trong huyét tuong va dich gian bao khong khac nhau. eon nong dé protein & dich
gian bao thip han trong huvét tuong nén ap suat tham thau cong thap hon. Su
cheénh léch vé ap sudt tham thau nay tao 4p sudt hit nude ti khu vic glan biw vao
long mach.

Ngude lai véi ap sudt tham thau, ap sudt thiuy tinh c6 xu hudéng day nude 1
long mach vao dich gian bao vi huvét ap d cac phan cia mach méau ludn cao hon ap
sudt thuy tinh cua to chuce. Do dé. tiy theo tiing phan khac nhau cua hé mach c6
ap sudt thuy tinh cao hay thap hon ap suidt tham thau ma nude sé duge van
chuvén theo cac huéng khac nhau.

3.1.3. Su trao déi nuée va chit dién gidi gitta khu vie ngoai va trong té bao

Mang té& bao ngan cach hai khu vue cho nuée qua lai tu do va chi ¢ho qua chon
loc ch&'t dién giai v cac chat hoa tan khae. Thanh phan chdt dién giai ¢ hai phia
ca mang khac nhau, néng dé protein ¢ dich trong té bao cao hon ngoai té bao.

Cac chit duge van chuyén qua mang theo nhiéu co ché khac nhau, trong dé cé
¢d ¢hé van chuyén cht déng nham duy tri tinh trang chénh léch vé néng d6 cua céc
chit. dam bao cho t& bao hoat déng binh thudng.

Su trao déi nude gitia hai khu vue nay cé lién quan chat ché dén sy trao ddi cac
chat dién giai qua mang té bao. nhat 14 su traoc dél cua cac ion Na', K', Ca*', CI.

7.

3.2. Diéu hoa su trao doi nude va cae chit dién giai

Cd thé & trang thai sinh ly binh thudng ¢6 bilan nude bang 0.

Khi nude duge nhap vao. co thé dap ing di nhu cau cac ¢d quan, lugng nude
thiia sé dude dao thai ra ngoai theo co quan bat tiét.

Ca ché& diéu hoa su trao déi nude va cac chat v co gébm cic véu 16 than kinh,
ndi t1ét, thong qua moét s6 cé quan, dac biét 1a than,
3.2.1. Co ché' than kinh

)

O vung ha nio ¢6 trung tam than kinh diéu khién su can biang nudc va cac
chit dién giai théng qua cam giac khat, sy khd niém mae, su ting ap sudt tham
thau cua dich ngoai bao.
3.2.2. Co ché ndi tiét
Cé nhiéu hormon tham gia diéu hoa qua trinh trao ddi nude va cac chat vé co.
Vi du:

— Hormon choéng bai niéu vasopressin ¢o tac dong ting su tail hip thu nude &
éng than.
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— Aldosteron thormon vo thuong than) ¢d tac déng dén su tai hap thu va bai
xuat Na' va K 6 dng than.

— Coruson va aldosteron ¢o tac dung ¢git nude.

— Hormon tuvén gidap gav tang bai tiét nude tiéu va md hot.

3.3. Rdi loan trao déi nudce va cac chat dién giai

Trong cd the khi ¢ su rdi loan qua trinh trao déi nude va cac chat dién g, ¢6
thé din dén tinh trang O nude.  mudi hav mat nude, mat mudi.

Ngoal ra. cac rél loan nay eon duge phan bidt theo khu vue ngoai té bao, trong
1é bao: 1 vl loan don thuan hayv phéi hgp.

3.3.1. Réi logn don thuan
3.3 L1 Tinh trang @ nuwdc va muoi

U7 nwdc trong €6 bao:

Nguvén nhan: khi uéng qua nhiéu nuée hav tiém truyén nhiéu dich, sé gay
tang san xuat hay U dong nude ndi sinh do cd thé khéng dao thal duge nude ra
ngodl; khi dé khu vue ngoai té bao tréd nén nhuge truong. nude sé chuvén vao khu
vie trong 1¢ bao gay a nude kéo theo i mudl. Cac té bao chia nhiéu nude sé cang
phong 1én cing nhit thé tich mau giam 6 thé giy séc.

U niuce ngoar 6 bao:

Nguvén nhan: do tang ap lye mau tinh mach, giam protein mau, ting tinh
tham thanh mach, suv giam chie ning dao thai cua than, nhap qua nhiéu NaCl

theo dudng an uéng hav tiém truvén, bénh ly thugng than. tang san xuat
aldosteron lam giam bai xudit Na' qua than va @ dong trong cd thé.

— Hau qua: gay tinh trang bi phu do lugng nude toan phan va nude d cac khu
VUC tang.

— Xét nghiém: chat dién gial va cac thanh phan trong mau giam do mau bi pha loing.
3.3.1.2. Tinh trang mat nwede vie muoi

Mdt nwée toan phan va mat muéi

- Nguvén nhin: xay ra khi nude va mudi co trong cice dich thoat khéi co thé
qua nhiéu do nén du doi hay kéo dai, tiéu chay lién tue. mat dich do ddn luu....

— Hau gua: bilan nude < 0 (Am tinh), mat nude & toan bd cac khu vue, khat
mude. Jda khé, nhin, sut can. s6t. roi loan tam than, 14 1én. hoang tudng. hén mé.

— Xét nghiém: chat dién giai vi cae thanh phan trong mau tang do mau bi ¢é dac.

Mdt nwde va mat mudi khu viee ngoai t6 bao
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— Nguvén nhan: do mat mau, mat dich nhicu (phong), tidu chav giai doan dau.
non nang.

—~ Hau qua: khél luong huvét tuang giam. mau bi 06 dac: nude ¢ khu vue ngoil
1€ bao giam com nude d khu vue trong té bio chua bi anh huong.

— Xii tri: dung huvét thanh dang trudng.
3.3.2. Cac réi loan phéi hop

U narde ngodi 16 bao + mat nude trong t6 béo: biéu hién bén ngoi la phit nhung
lat ¢6 cac triéu ching mat nude trong té bio.

— Nguvén nhin: thusng do suv than. khu vie ngoai té bao bi i mudi gav tinh
frang uu traong. tang ap sudt tham thau ngoiu té bao va nude trong té€ bao sé bi
chuveén ra ngoan

CXu et lon tiéu thar mudi két hop ba nude.

Mat nurde ngodi 16 bao + & nuwde trong 6 bao:

— Neuyvén nhan: khu vige ngoai té bao bi mAt nude va mudi do noén, tieu chav
¢&p... nhung duge bu bang nude nhudge truong khéng ¢6 mudi gay tinh trang nhude
trugng ngodl t¢ bao nén nude sé tran vao khu vue trong té& bao.

~ Hau qua: mit nude nhung lai kém theo cac triéu chitng G nude trong té bao
nhu pha nao.

~ XU tri: bd sung musi cho khu vue ngoal té biao bang cach tiém truvén cac
dung dich vu wuong.
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TU LUONG GIA

Chon mdt ciu tra 10i diing cho cac ciu sau
1. Trong cAn bing xudt nhap nuéc, khi chic ning than bi rél loan, ta cé:
a. Bilan=0
b. Bilan <0
¢. Bilan>10
d. Bilanz 0

Ciac chat dién giai déng vai trd quvét dinh su phan bé va van chuvén nuée
trong cd thé do tao nén:

o

a. Ap suat thim thau
b. Ap sudt thuy tinh
¢. Ap sudt keo
d. Tat ca déu dung
3. Tinh trang i nudc don thuan trong té€ bao xay ra do:
a. Udng qua nhiéu nuée
b. Tiém truyén nhiéu dich
c. Tang san xudt hay a dong nude nél sinh
d. TA&t ca déu ding
1. Kha niing tai hap thu ion bicarbonat § éng thin chiu anh huong cua:
a. pC0, ctia co thé
b, Su tai hap thu Na® ¢ éng than
¢. Noéng dé Cl” va K' trong mau
d. Tat ea déu dung
5. Nude td do:
a. Luu thong
b. Pudc phan bé d khu vuc trong té& bao
c.  Déng vail trd van chuvén chat dinh dudng va dao thai chat can ba
d. Tham gia cau tao té bao

6. Loi tiéu thai mudi k&t hop bit nude 1a bién phap xi tri tinh trang:

a. U nuéc don thuan trong hay ngoai té bao

b.  MAt nude toan phan va mat mudi

c. U nuéc ngoai t& bao + mat nude trong té bio
d. MAt nude ngodi t& bao + i nude trong té bao
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Khi mat nuée toan phan va mat mudi:

~]

a. Bilan nudc < 0, cic chat dién giai va thanh phéan trong mau tang
b. Bilan nuéc < 0, cac chat dién giai va thanh phan trong mau giam
¢.  Bilan nude > 0, cac chat dién giai va thanh phan trong mau tang
d. Bilan nudc > 0. cic chat dién giai va thanh phan trong mau giam
Chon tap hgp cau tra 10i dang
8. Kha nang tai hap thu HCO, cua t& bao than chiu anh hudng cua cac yéu té:
d. Su tal hap thu Na' ¢ éng than.
d. pCO,cua cothe
d. Néng dd Cl” trong mau.
d. Noéng do Na™ trong mau
9. Val tro quan trong cua cac mudl vo ¢d trong cd thé la:
2. Tao ap sudt thim thau
b. Tham gia ciu tao té bao
¢. Tao cac hé théng dém
d. Binh 6n protein d trang thai keo trong té bio va mé
10. Nuée két hop:
a. Luu thing
b, Dude phan bd ¢ khu vuc ngoai té bao
¢.  Tham gia cdu tao té€ bao

d. Chiém 55% lugng nudée toan phan & cac to chite

CAU HOI NGHIEN cUU BAI HOC

1. Cac véu td anh hudng dén kha nang tai hap thu ion bicarbonat ¢ éng than.

2. Néu bién phap x1 trf tinh trang G nudc ngoai té bao phdi hdp vél mait nude
trong té€ bao. iai thich.
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Chuong 8
THANG BANG ACID - BASE

MUC TIEU
1. Néu duge dinh nghia, cd 36 hod Iy ciia thdng bang acid — base.
2. Trink bay duwoe co ché'diéu hoa cia sy thing bing acid — base trong cd thé,

3. Néu nhitng nguyén nhan, anh hudng va bién phdp xi tri trong rot loan
thdng bang acid — base.

Thang bang acid — base 1a sy én dinh pH hay néng d6 ion H' trong cc thé.

Cén bang nay luén ludn bi pha v& béi nhiéu nguyén nhan khac nhau, nhung cg
thé van giii dude néng dé ion H' én dinh trong gidi han sinh 1y nhd hoat dong cia
cac hé théng dém va cd quan bai tiét.

Su réi loan thang bing acid — base ¢6 thé gdy anh hudng true tifp va sdu séc
dén cac qua trinh chuyén hoa va hoat déng chie nang cia co thé:

- pH thay déi gidy anh hudng dén sy phan b3 dién tich va lam bién d6i cau
tric 3 chiéu va cac chiic ning quan trong cia protein trong té bao.

— Hau hét cac enzym la protein, nén pH thay déi sé gay réi loan cic qua trinh
chuvén hoa.

— Nbong dé H" ¢6 thé anh hudng dén ndng dd cia cac ion khac va tac déng

cua 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 ndng d6 ciia ion
H'va OH",
Nudc la thanh phan quan trong cta cd thé séng c6 kha nang phén ly:
H,O0 =—= H*+ 0OH (1)
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Theo dinh luit tac dung khéi lugng, ta c:

i [x[ow ]

[H20]

=Ky 0 =18x107"° (2)

Ky,o la hing s6 can bang ctia nude.
Néng d6 cua nudc tinh khiét 13 1000/18 = 55,5mol/lit
Tu phuong trinh (2), ta c6:
[H" [x[ OH™ | = Ky 0 % [H,0]
=1,8x107% %555
[H'|x|OH"|=107"
Trong nudc tinh khiét, néng d6 ion H* bing ndng d6 ion OH ', do dé:
[H'] = [OH ] = 107" mol/lit
Cac dung dich ¢6 néng dé ion H* > 1077 mol/lit dudc goi 1a dung dich acid.

Céac dung dich ¢6 néng dé ion H* < 107 moVlit duge goi la dung dich base.

Dé don gidn hoa, néng d6 ion H* duge xac dinh bing gia tri logarit Am cua no
va go1 la pH:

pH = - log [H]
1.2. Phuong trinh Henderson — Hasselbalch

Cac acid manh cé thé phan ly hoan toan trong nuéc:
HNQ; —— H*+ NO,

Cac acid yéu chi phan ly mot phan:
H.CO, =—= H*+ HCO,

Phuong trinh phén ly cia mét acid yéu ¢6 dang téng quat:

HA H"+A-

Ta co:

log[Hﬂ =logK + log@

2]
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Nhan 2 vé véi —1, ta cé:

[HA]

A7)

—log[Hq = -logK - log

[HA]
A7)
Phuong trinh Henderson — Hasselbalch:
]

H=pK+logz=———=
p p +Og[HA]

pH =pK -log

Phuong trinh nay thé hién su phu thude giita pH dung dich véi nong d¢ acid
yv&u va mudi cua nd.

Cac acid yéu ¢ hing s6 phan ly rat nho, nghia 13 khi hoa tan trong nuéc, néng
dd anion [A7] nho hon rit nhiéu so véi néng d6 acid [HA].

Ngudi ta c¢6 thé lam tang néng dé anion cua acid yéu trong dung dich bing
cach cho thém vao mudi cia chinh acid véu dé (muéi nay phai ¢6 kha nang 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 c6 chita acid y&u va mudi cua né ¢é kha nang chéng lai sy thay
déi ctta pH khi thém vao dung dich dé6 mét acid manh hay mét base manh, vi thé
né duge goi la dung dich dém.

Acid y&u va base ¢é ngudn gdc ti acid y&u hay anion ciia acid yéu d6é (base lién
hop) sé tao thanh mot cap dém hay mét hé théng dém.

Vi dy: acid acetic va acetat natn
1.3.2. Co ché'tdc ddng cua hé théng dém

Khi thém vao dung dich dém mdt acid manh, acid nay s ké&t hop véi phan base
cita hé dém (anion cia acid yéu) dé tao thanh moét acid yéu it phan ly. Nhu vay acid
manh bi phan ly hoan toan sé chuyén thanh mét acid yéu phan ly khéng dang ké va
lugng ion H' tao nén rit it khéng lam anh hudng dén pH cua dung dich.

Ngugce lai, khi thém vao dung dich dém mdt base manh, base nayv sé két hop
véi phan acid y&u ciia hé dém, bi trung hoa tao nén mét anion cua acid yéu , vi thé
pH ctia dung dich it bi bi&n doi.
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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 cia huyét tueng va dich gian bao.

Thanh phan gém cé acid y&u la acid carbonic (H,CO,) va anion bicarbonat
(HCO, ) véi ty 1& 1:20.

Hé dém nay s€ hoat dong trude tién khi cé su thay d6i cia pH. H,CO, dudc tao
thanh tu luong CO, sinh ra trong cac t6 chite duge dua vao mau va cac dich. Trong
co thé, CO, vira 1a pha khi (CO, ciia phé nang) viza la pha nude (CO, hoa tan trong
mau va dich duéi dang H,CQ,). Cac dang nay c¢é quan hé mat thiét véi nhau va ¢
trang thai can bang:

COy + H,0 = H,C0; = H"+ HCOy

— Khi ¢6 mét acid manh xdm nhép vao co thé: ion H clia acid nay sé dugde hé
dém bicarbonat trung hda tao thanh H,CO,, phén ly thanh CO, va nudc , CO, duge
da0 thai qua phéi. K&t qua 1a acid manh bi mét di, trong khi co thé chi mét mot
phéan ion HCO, | con pCO, khéng thay déi. vi du:

HCl + NaHCO, =—= H.CO,+ Na(l]
Acid carbonic tao thanh phéan ly khéng hoan toan va nong dé H' tang lén nho
hon nhiéu so véi trudng hop khong ¢6 dung dich dém.

— Khi ¢6 mét base manh xém nhdp véo co thé: cac ion OH™ sé két hgp véi CO,
(dudi dang hoa tan hay H,CO,) tao thanh HCO,” va nuéc. Lugng CO, dao thai qua
phéi giam nhung pH van khéng ting mot cach dang ké, vi du:

NaOH + H.,CO,; =—= NaHCO,; + H.,0

Nudc phan ly rat it va pH giit gAn nhu khong thay doi.
2.1.2. Hé dém phosphat

Hé dém phosphat 1a hé dém quan trong nhat cua té bao.

Hé dém gdm cé cac mudi phosphat etia natri: NaH,PO, (acid yéu) va Na,HPO,
(base cta né). Vai trd cia hé dém nay 12 givp than dao thai H*.

Co ché hoat déng cua hé dém nhu sau:

H + HPO - =—= H.PPO,-

OH- + H,PO, =—= H,0 + HPO,*
2.1.3. H¢ dém protein

Hé dém protein ¢6 nhiéu nhit trong t€ bao va huyét tuong.
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Protein la moét chit ludng tinh chita nhém carboxyl (- COOH) va amin (- NH,)
c6 thé tac déng nhu mét acid (phan ly thanh H*) hay nhu mét base (két hap v61 H”
tao NH," ) nén tiy thude vao méi trudng cé pH ting hay giam.

Kha nang dém ctia hé dém nay khoéng 1én, nhit 12 ¢ khu vue gian bao vi ¢ dé
néng d6 protein thip.

2.1.4. Hé dém hemoglobin
La hé dém quan trong nhit trong té€ bao héng cdu gbm hemoglobin (Hb) va

oxyhemoglobin (HbQ,} tic dung nhu nhiing acid véu nén dudge ky hiéu 14 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 té chic.

O phéi. Hb két hgp véi oxy sé giai phéng ion H+:
HHb + Oy ———HbO, + H*
H* két hgp véi ion HCO3— tao thanh H2CO3:
H*+ HCO;~ ——H,CO;,
Phé nang phéi ¢é ap lyc riéng phan cua CO, thap nén H,CO, bi phan ly thanh
€O, va nudc:
H,CO, =—=CO0, + H,0
Khi (O, dude dao thai theo khi thd ra.

HbO, tao thanh ¢ phéi theo mau déng mach dén cac td chie, phan lv giai
phéng O, va Hb dang khi:

HbO, <—=Hb + O,
CO, dugc tao thanh do qua trinh chuyén hoa céc chit & t& bao sé két hgp véi

nudc tao H,CO,, phén ly thanh H* va HCO, nhd sy xdc tac cita enzym carbonic
anhydrase:

carbonic anhydrase

CO2 + H20<_—_—_“>HZCO3 € >H™ + HCOB_

Hb nhan ion H* d€ hinh thanh HHb, réi theo mau dén phéi dé gén oxy.
Mét phan CO, ctia mau (khoang 5%) dude gin v6i nhém base cia Hb:
R—NH2 + 002 __")(_._R—NH_COO_ + H+
3. SUDIEU HOA THANG BANG ACID — BASE CUA CCO THE

Trong qua trinh chuyén hoa, luén cé sy tao thanh mét s8 acid vé co nhu
H.50, H,PO, H,CO,.... mét s¢ acid hitu c6 nhu acid lactic. acid pyruvic. acid
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acetoacetic... Téng lugng ion H' dude tao thanh c¢é thé 1én dén 100mEq/24gis. Tuy
vay, pH cia mau va cic dich ¢o thé van rit 6n dinh chi dao déng trong mét gisi
han hep (7.4 + 0,05). Co thé ¢6 kha nang duy tri thang bang acid base nhu vay
chinh 1& nho mét co ché diéu hoa cua cac hé dém két hop véi hoat dong sinh 1y cla
phéi va than.
3.1. Diéu hoa thang bing acid base do tac déng ciia hé dém

Hé dém c6 tac dung diéu hoa nhanh chéng cac tac nhan gay mat can bing ndi
mbd vé acid base.

C6 thé chia hé dém clia 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 nhan mét lugng acid manh (AH), 53% lugng acid manh dé sé két
hap véi ion bicarbonat (HCO, ), 47% k&t hop véi cac anion ciia hé dém khac.

Khi cd thé nhan mét lugng base manh, 53% lugng base d6 sé két hop véi acid
carbonic, phan con lai két hop véi acid y&u cia cac hé dém khac.

Do d6. su tang acid hay base khéng lam anh hudng dén pH cia co thé.

3.2. Diéu hoa thang bang acid — base do co ché sinh 1y
3.2.1. Suw hé hép 6 phéi

CO, dugc tao thanh lién tuc trong t& chic véi tée d¢ khoang 200mi/phiit
(10mmol/phiit). T t6 chie. CO, duge van chuyén bdi mau dén phéi, dao thai ra
ngoai théng qua qua trinh trao déi khi ¢ phdi véi tée d6 bing véi tée dé tao thanh &
cac 16 chite. Co thé ngudi la mét hé théng ms, trong d6 CO, viua duge tao thanh
lién tuc trong cac mé, vita duge dao thai lién tue béi phéi. Do dé, pCO, ctia méu va
cac dich khong déi va pH ciing git duge gia tri 6n dinh. Vay phéi 1a cd quan thai
trit acid carbonic hitu hiéu bang su thd ra khi CO,. Trung tdm hd hap ¢ hanh tay
diéu hoa pCO, va pH clia mau theo ¢g ché:

— Khi pCO, / mau tang, pH mau giam, téc d6 hd hap tang.

- Khi pCO, / mau gidm, pH méu tang, téc d6 hd hip giam.,

3.2.2. Su bai tiét ¢ than

Thén déng vai trd quan trong trong sy diéu hoa thing bing acid base ciia co
thé. Co ché cua sy diéu hoa 1a duy tri néng d6 sinh Iy cua ion bicarbonat (HCO,")
trong huyét tuong va dich gian bao béng 8 qua trinh nhu sau:

Tdi hdp thu ion bicarbonat (HCO, ) ¢ éng thén
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Trong diéu kién sinh ly binh thudng, nudc tiéu khong chita HCO,~ vi toan bd
lugng HCO,™ loc qua cAu than duge tai hdp thu ¢ dng than... Khi than bi ton
thudng vé chitc nang tai hap thu HCO, ", sé nhanh chéng dan dén tinh trang thiéu
hut HCO,” va nhiém base chuyén hoa.

Kha nang tai hap thu HCO,  cta té& bao than chiu anh hudng clia nhiéu yéu té:

— pCO, ctia co thé tang 1am ting hap thu HCO, ¢ dng than va ngugc lai.

— Su tai hap thu Na' 6 6ng than.

_ Néng d6 C1 va K' trong mau giam cling gay ting tai hdp thu HCO, ¢ 6ng than.

Truong hgp trong mau va dich ngoai t€ bao thua HCO,™ , than s& khong tai
h&p thu ma sé bai xuat ion nay.

Tan tao bicarbonat

Cac ion H* cia cac acid tao ra trong qua trinh chuyén hoa duge trung hoa bai
HCO, néi md. Lugng HCO, mat di nay sé dude bu lai bang su tAn tao HCQO,
trong t& bao éng than.

Ton HCO, dudc tao bdi phan tng gitta CO, sinh ra & t&€ bao va nude tao H,CO,,.
Chat nay dudi tac dung cua anhydrase carbonic phén ly thanh HCO,” va H". lon
HCO. duge khuéch tan vao mau, con H' s& két hop véi NH, (san pham chuyén
hoa & than) tao NH," dao théi ra ngoai theo nudc tiéu.

Pao thdi cdc acid khong bay hoi ra nude ticu

O nuéc tiéu, ngoai NH,, ¢on c6 mudi phosphat (HPO,)*, creatinin, urat... la
chit nhan H* @€ tao thanh cac dang acid. Ngoai ra, trong nudc tiéu con chia cac
acid hifu ¢, san pham trung gian ctia qué trinh chuyén hoa. T&t ca cac dang acid
nav dude goi 1a acid khong 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. Roi loan thang bang acid-base do nguyén nhin hd hap

Gom nhiém acid hé hdp va nhiém base hé hip, ¢6 lién quan truc tiép dén sy
thay d61 pCO, cha mau.

4.1.1. Nhiém acid hé hdp
Nhiém acid hé hap la trang thal hay qua trinh bénh ly gy giam su théng khi
cua phé nang dan dén tang pCO, trong mau dong mach (> 45mmHg), vi du: viém

phoi, khi thung, phitt phéi, tén thusng trung tAm hé hap, liét co hé hap, tic nghén
dudng thd... :
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Phan ung cta ¢d thé: huy déng hé dém cua mau va dich thé, tang tao HCO,~
¢Ua than. N&u nhiém acid hé hap kéo dai, than tang dao thai ion H' dudi dang
NH,* va cac acid khéng bay hai.

4.1.2. Nhiém base ho hép

La trang thai hay qua trinh bénh ly giy tang thong khi phé nang dan dén
gidm pCO, trong mau déng mach (< 35mmHg), vi du: trung tam ho hip bi kich
thich (viém n#o) hay bénh vé phéi.

Phan tng ctia cd thé: huy déng hé théng dém cua mau va dich néi bao va cham
hon 13 hoat déng bit trit ctia than (gidm sy tao thanh amoniac va tin tao HCO,,
tang dao thai HCO,").

4.2, R6i loan thang bang acid — base do nguyén nhén chuyén hoa

Khi néng dd bicarbonat thay déi do nhiing co ché lién quan dén chic nang cia
than. hé tidu hoa va su chuyén hoa ¢ md s& dan dén tinh trang nhiém acid chuyén
hoa va nhiém base chuyén hoa.

4.2.1. Nhiém acid chuyén hod

LA quéa trinh bénh 1y din dén tang acid khéng bay hdi trong co thé hoac sy
thiéu hut HCO, trong mau va dich ngoai bao (ndng 40 HCO,” < 22 mEq/L)

Nguyén nhan:

— M4t ion HCO, do tiéu chay kéo dai.

_ Suy than, réi loan chic ning Sng than (giam kha ning dao thai cac acid

chuyén hoa nhu acid lactic, ceton, gidm kha nang tén tao HCO,, giam tai hip
thu HCO.).

— Ré1 loan chuyén hoa gay tang sy tao thanh cac acid cetonic nhu bénh tiéu
dudng, doi kéo dai .
4.2.2. Nhiém base chuyén hod

La tinh trang bénh 1y ddn dén thigu acid hoac thita HCO, ¢ mau va dich
ngoai bao (néng do bicarbonat > 26mEq/L).

Nguyén nhan:

— Nén mua kéo dat gay mat acid dich vi

— Tang tan tac HCO, 6 t& bao éng than.

— Giam Cl” trong mau.

- Céc bénh giy tang san xudt aldosteron do hiu qua cua viéc mat acid theo
nude tiéu.
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TU LUQNG GIA

Chon mét cau tra 16i ding nhat cho cac cau sau

1.

1O
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Hé dém chu yéu cha huyét tuong va dich gian bao la:
a. Heé dém bicarbonat

b. Hé dém phosphat

c¢. Hé dém protein

d. Heé dém hemoglobin

Phéi ¢6 vai trd quan trong trong sy diéu hoa thang bing acid — base ctia co thé
théng qua tac déng cua:

a. Hé dém hemoglobin va hé dém phosphat
b. Hé dém bicarbonat va hé dém protein

c.  Hé dém hemoglobin va hé dém bicarbonat
d. Hé dém protein va hé dém phosphat

Hé dém chu yéu cua dich trong t& bao la:

a. Heé dém hemoglobin va hé dém phosphat
b.  Hé dém bicarbonat va hé dém protein

c. Heé dém hemoglobin va hé dém bicarbonat

d. Hé dém protein va hé dém phosphat



Trang thai hay qua trinh bénh ly giy gidm su théng khi cia phé nang din dén
tang pCO, trong mau dong mach duge goi 1a:

a. Nhiém acid hé hdp

b. Nhiem base ho hip

¢.  Nhiém acid chuyén hoa

d. Nhiém base chuyvén hoa

Khi ¢6 su r6i loan thang bing acid base trong ¢o thé, cd ch& diéu hoa nio sau
day duge ap dung trudc tién:

a. Hoat dong hd hdp cua phoi

b. Hoat ddng ba trit ciia than

c.  Hoat déng ciia hé dém

d. Hoat déng chuvén hoa cua gan

Chon tap hgp ciu tra 16i dung

6.

(o ché diéu hoa thang bing acid base do than 1a duy tri néng d6 sinh ly cua
ion bicarbonat (HCO,”) trong huyét tusng va dich gian bao bang cach:
a. Tai hap thu ion bicarbonat § dng than
b.  Tén tao ion bicarbonat
Tang dao thai ion bicarbonat

d. Dao thai cac acid khéng bay hai ra nuée tiéu

CAU HOI NGHIEN CUU BAI HOC

1.

Lo

Néu hai hé théng dém déng vai trd quan trong trong viéc duy tri thang bang
acid — base cia co thé. Trinh bay cd ché hoat déng cia hai hé théng dém nay.
Gial thich cd ché clia sy diéu hoa thang bing acid — base do hoat dong bai tiét
cuaa than.

Néu cac anh hudng ctia sy r8i loan thing bing acid — base dén qui trinh
chuyén hoa va hoat déng chiic nang clia ¢ thé.
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Chuong 9
HOA SINH THAN VA NUGC TIEU

MUC TIEU

1. Trinh bay duoc khdi qudt chic ndng cua than.

2. Gidi thich dugc co ché hinh thanh nudc tiéu.

3. Néu duge tinh chét ly hod cia nudc tiéu.

4. Néu duoc y nghia lam sang cla cde chdt bét thuong trong nude tiéu.

5. Trinh bay duge nguyén tdc va ¥ nghia cdc nghiém phdp tham do chic
nang than.

1. THAN

Than git vai trd quan trong nhit trong viéc bai xuit cac chat c6 hai hay khong
cin thiét ra ngoai cd thé dudi dang nudc tiéu. Than tham gia diéu hoa thiang bing
acid — base nhd vao su tai tao ion bicarbonat va su bai tiét ion amoni va hydro. Cac
chic ning khac cua than la tham gia vao mot s6 chuyén hoa cac chat (acid
hippuric, urocrom) va chiic phén noi tiét.

Hai than ctia ngudi 16n nang khoang 300g (khoang 0,5% khéi lugng cd thé) va
m&i than dai khoang 12 cm. Hang ngay lugng mau di qua than la rat 16n (1.000 —
1.500 lit/24 gi0), véi 90% lugng mau di qua dé loc va dao thai cac chat, con 10% dé
cung cip nang lugng cho than.

Don vi chic niang cta than 1a nephron. Méi than c6 khoang tit 1 dén 1,5 triéu
nephron. Méi nephron bao gém:

— CAu than: gébm mot b6 mao déng mach hinh ciu (quan cau than) duge boc

bine tui hai mang (boc Bowman).
— Ong than: gdm c6 éng luon gan ndi véi boc Bowman, quai Henlé va ong lugn

xa. Ong lugn xa ndi véi dng gop va cudi cung la bé than.
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Tiéu dong mach ) Ong than
than di ra Cng luon gan Glucose

\_. Acid amin

Acid uric H
Bao Bowman
K i HPOZ Creatini

Tidu dong mach “CI-
than di vao Urg
H,0

Nhimg chat dwoc foc qua cu than: I
- Nuwdc
- Chat dign gidi Quai Henle
— Acid amin '
- Uré NaCl NaCl
- Acid uric 4
- Creatinin

Cjng lwan xa

Uré

H,0 4

Cjng gop

cr
H,0
NH;

NH,*
HgPOq'

Hinh 9.1. C3u tao chGa nephron, don vi chire nang cua than

1.1. Chitc nang loc va bai tiét cua than

C4c chiic nang chinh cua than bao gém sy loc, tai hap thu va bai tiét. Than két

hop nhiing chitc ning nay dé duy tri va diéu hoa can bang néi mai.

Sy hinh thanh nude tiéu la téng hgp cia cac qua trinh:

- Siéu loc xay ra & ciu than.
— Tai hap thu va bai tiét xdy ra ¢ dng than.

1.1.1. Quad trinh siéu loc

Giai doan d#u cua su tao thanh nudc tiéu 14 qua trinh siéu loc eira huyét tuong
& cAu than. Méi ngay ¢6 khodng 180 lit nuée tiéu ban dau duge hinh thanh. Nudc
tiéu ban dau ¢6 thanh phan nhu huyét tuong, nhung khéng ¢é cac protein cé trong

lugng phan tud lén hon 70.000.

Qua trinh loc 6 cau than xay ra la nhd vao ap Iuc hiéu dung Pf:

Pf = Pg — (Po + Pc)

Pg: 4p sudt thiy tinh trong ciu than (ap suit mao déng mach diy nude ra bao Bowman)

Po: ap suat keo ctia huyét tuong (hit nude tit bao Bowman vao mao mach)

Pe: ap sudt thuy tinh trong bao Bowman (nguge véi su hiat nude tu bao

Bowman vao mao mach)

(ia tri binh thudng cia Pg = 50mmHg, Po = 25mmHg, Pc = 5mmHg, Pf= 20mmHg.
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1.1.2. Qua trinh tdi hdp thu

Quaé trinh tai hAp thu la qua trinh x4y ra lién tuc d 8ng than. C6 nhiéu mue 4o
hap thu: hap thu hoan toan, hiap thu phan I16n, hip thu mét phan va khéng duge
tai hap thu. Nhitng ch&t ma hau hét duge tai hap thu hoan toan khi néng do cua
chung trong huvét tuosng la kha thap xuit hién trong nudc tiéu khi néng dé trong
huvét tuong ¢ trén ngudng hap thu cua chung. Creatinin 1a ch&t duge tai hap thu
vl mot luong rat nho vi ¢6 ngudng hap thu thap.
1.1.2.1. Tdi hdp thu hoan toan

Nhiing chat ¢6 ngudng hip thu cao nhu glucose hau hét duge tai hap thu hoan
todn d dng than.

Ngudng tal hap thu cta glucose & than 1a 1,75g/1it. Mot s6 ngudi cé ngudng
thén giam sé giv ra tinh trang duong niéu (dai thio dudng do than).
1.1.2.2. Tdi hap thu hdu hét

99% nude dude tai hap thu, phan lén ¢ éng luon gan. Su tal hdp thu nude
thudng di kém vl su tai hap thu natri va clo.

Cac chat duge tai hap thu hau hét con bao gdm kali 98%, phosphat 95%,
bicarbonat trén 90% (cht véu & éng lugn gan). Cac acid amin cling duge tai hap
thu gan hét § ong than.
1.1.2.3. Tai hép thu phan lon

Natri va clor 1a cac chat dude tai hdp thu phan 1én. chd véu & éng lugn gan. Su
tal hdp thu natri thusng kém theo su tai hdp 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 hiap thu khoang 50% tai 6ng than,
1.1.2.5. Khong tdi hip thu

Céac chat duge loc qua cau than, nhung khéng dude tai hap thu ¢ éng than 1a
mulin. mannitol va natri hypesulfid. Vi vay, nguoi ta thuong do d6 thanh thai cua
cac chit nay dé khao sat chiic nang loc cila cu than.

1.1.3. Qua trinh bai tiét

Chtdce nang bai tiét chia than nham loai bé khéi co thé cac san pham chuyén
hod cudi cling va bat ky nhing chit vé ca du thira trong ché dé an. Bail tiét 1a qua
trinh cac chat tit huyét tudng duge t& bao éng than dao thai vao nude tiéu.
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Céac san pham du thita duge bai tiét bao gdm nhimg hdp chat uré cé nitd khéng
phai la protein; mét s acid hitu co, bao gém cd acid amin. dude bai tiét véi s6
lugng nhé. Cac chat nhu kali. acid uric, creatinin. H*. NH ... ¢fing duge bai tiét
vao 6ng than khi néng d6 trong mau cao.

Ngoai ra, cac chat dua vao cd thé dé diéu tri hay chan doan nhu P.S.P {phenvl
sulfo phtalein), acid para amino hippuric (P.A H). penicillin... cing dudc bai tiét &
dng than.

Qua cac chiic nang néu trén cua than, ¢ thé thay rang nudc tidu cd dac duge
hinh thanh théng qua cac qua trinh siéu loc, tai hap thu va bai tiét. bav ciang

chinh la co ch€ dao thai cé chon loc cia than.
1.2. Chite nang diéu hoa thang bang acid — base

Than déng vai tr6 chinh trong viéc duy tri thang bang acid — base, théng gua
sy tai tao bicarbonat va bai tiét NH,” va H™. Ba cd ché chinh nhu sau:

— Sy tal hap thu bicarbonat (90% xay ra 6 6ng than) (hinh 9.2).

— Su tai tao lai bicarbonat bing cach dao thai ion H' duéi dang acid dinh higng
{acid dihvdrophosphat) thinh 9.3).

— Su tai tao lai bicarbonat bang cich bai xuidt NH,* (hinh 9.4).

Mau Ong leon gan NLrde tidu
CO2 - CO2 — 002
H20 — Hgo HEO -+ . H20

AC
AC
HzC0O;
» H* » H,CO4
HCO; «— HCO: HCO;-
Nat «— Nat  « Na*

AC: Anhydrase carbonic

Hinh 9.2. Sy di chuyén cua ion H* & éng Iugn gin
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Mau Ong Hegn xa Nwrdc tidu
CO:» - COE
H,0 * H,0
AC
H,CO; Na* + HPO
1 H —
HCO3 HCO4
Na* = Na® = Na*
Na® + H" + HPQ,*
AC. Anhydrase carbonic
Hinh 9.3. Su bai tiét ion H* & 6ng lugn xa
Mau Ong Iwon xa Nwdc tiéu
Khit amin cda ag NH; —*
COE > C'Oz \
HO * H,0 AC * H,CO4
\ NH,
L
HCO5 HCO4
Na' o Na+ - Na+

AC: Anhydrase carbonic

1.3. Chitc nang ndi tiét cua thin

Hinh 9.4. Sir tao thanh va bai tiét NH4* & 8ng lugn xa

Chuc nang ndi tiét cia than ¢6 thé dudc xem nhu 1a chic ning nguyén phat. vi
than ciing 1A mot cd quan ndi tiét san xudt hormon, hodc duge xem nhu la chuc
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nang thd phat vi than la dich tac déng cua hormon duge san xuat hay hoat hoa bai
ndi khac. Thém vao d6, than 13 not thoal bi€n cia cac hormon nhu insulin va
aldosteron. Hai chitc nang ndi tiét cia than la;

— Diéu hoa sy hang dinh néi méi, thang bang nuée, dién giai va huvéi Ap qua
hé théng renin — angiotensin va aldosteron

— Téng hgp yéu td tao héng ciu cta than (REF = Renal erythropoietic factor)
gidp chuyén tién chit cua ervthropoiletin trong huyét tugng thanh ervthropoietin
dang hoat dong.

1.4. Chitc nang chuyén hoa cac chit cua than

Than tham gia vao cac qud trinh thoai hoa glueid, lipid dé cung cip nang
lugng cho than.

Dac biét 6 than ¢6 nhiéu enzym khit amin nhu L — aa dehyrogenase cua glvein.
L — glutamic va cac transaminase. Vi vay, than tao ra nhiéu acid o — cetonic va
NH. (bai xuit trong nude tiéu dudi dang mudi ammoni).

Théan con tham gia qua trinh tong hgp acid hippuric tir glvein va a benzoic
cing nhu qua trinh khit nude ctia creatin dé tao thanh creatinin.

Ngoai ra than cén tham gia qua trinh diéu hoa chuyén hoa mudi nudc cla co thé.

2. NUOGC TIEU

Nudc tiéu la dich bai xudt bdi than, di qua niéu quan, cha & bang quang va
duge thai ra ngoai qua niéu dao. Nudc tiéu chita phan lén nhiing chat cin ba cla
co thé. Cac thay ddi vé cac chi s8 hoa ly va thanh phan hoa hoc clia nudc tidu la
nhitng biéu hién cho thay cé nhiing réi loan chuyén hod trong co thé. Xét nghiém
phén tich nudc tiéu gitp danh gia dude cac réi loan chuyén hoa co thé xay ra va dé
dam bao két qua xét nghiém duge chinh xac,cidn phai 18y miu chinh xac va ding
guy cach.

2.1. Tinh ch4t chung ctia nuwdc tiéu
2.1.1. Thé tich nuéce tiéu

Thé tich nuéc tiéu trung binh & ngudi 16n trong 24 gid vao khodng 1.000 ml —
1.400 ml (khoang 18 — 20 ml/kg can nang).

Cac nguyén nhin sinh 1y ¢6 thé 1am thay d6i thé tich nude tiéu bao gdm:

— Tuédi: tré em tiéu nhiéu hon ngudi 1én (tinh theo can nang}.

— Thic an: lugng nude uéng vao cang nhidu, nude tiéu cang nhidu {trung binh
2.500 ml/ngay 6 ngudi 1én).
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- Ludng nuéc thoat ra (hoi thd, md héi) cang nhiéu, nude tiéu cang it.

— Nhiét db va dd 4m cua khéng khi ciing anh hudng dén thé tich nude tiéu.

Cac truong hdp bénh ly:

— Lugng nudce tidu ¢6 thé 18n 181 trén 2.500 ml/24 gio trong trudng hop dai thao
dudng. dai thao nhat.

— Lugng nude tiéu dudi 750 ml/24 gid gap trong cac truong hdp thiéu niéu, vé
niéu do réi loan bai tiét (do bénh viém cau than. viém éng thin, mit mau, bong

nang), hoac do su ngan chan ¢ hoc (do so1 duong niéu).
'2.1.2. Mau cua nudc tiéu

Mau clta nude tiéu binh thuéng thay déi tir vang nhat dén mau hé phach, tuy
thude luong nudc tiéu bai xuat va dam d6 cia nude tiéu. Mau nude tiéu do cic sic
t6 trong nudc tiéu nhu urochrom, urobilin (san pham oxy hoa cua urobilinogen
khong mau). cac din xuft cua indoxyl, porphyrin. Cac sic t& trén c6 thé tang trong
mét s6 bénh vé gan. mat. Ngoai ra, mét s6 duge phdm dao thai qua nude tiéu

(rifampicin. vitamin B,...) ciing lam thay ddi mau ctia nude tiéu.
2.1.3. Dé trong sudt

Nudc tiéu binh thudng thi trong suét. Sau khi dé yén mot thoi gian, trong nude
tiéu sé ¢6 van duc 1o ling ¢ gitta hay ling xudng day ong dung nude tiéu (tuy vao
ty trong cua nude tiéu). Nhilng vin duc nay 1a nhitng t& bao ndi mé cua cac dudng
t1ét niéu va cac chat nhay uromucoid.

Nude tiéu binh thuong sau khi dé€ vén trong lo vAn ¢é thé xudt hién tda ling
xudng dav. Pé ¢é thé 14 can acid uric, mudi urat natri, hav mudi phosphat. Hai loai
muéi urat va phosphat c6 thé phén biét biang cach dun néng nude tiéu. mudi urat sé
tan khi dun néng, nudc tiéu trong trd lai; con can phosphat khéng tan trong méi

truang trung tinh va kiém, chi tan trong moi trudng acid nhe (nhu acid acetic).
2.1.4. Do sanh
Nude tiéu binh thudng ¢é dé sanh cao hdn nude mét it. Trong cac trudng hop

bénh ly. su c6 mat cac chit nhu mu, mau, protein, mucoprotein, dudng chip, mé...
lam tang dé sanh, héi va co bot.

2.1.5. Mui

Nudc tiéu binh thudng cé mii dac biét. Cae trudng hop bénh 1y lam bién déi
miii cia nude tiéu nhu mii aceton (tiéu dudng), hay mui théi (sét cao, ung thu
than, bang quang).
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2,1.6. Suc cang mdt ngoai

Binh thudng nudc tiéu ¢é sic cing mat ngodi thip hon nuéc (5469 dynes/cm”
so vO1 72 dynes/em® clia nuéc). Mot s6 cha't khi duge dua vao cd thé c6 thé lam giam
stic cang mat ngodi clia nude tidu nhu: alcol, ete, cloroform. Trudng hgp bénh ly
vang da tic mat, mudi mat xuét hién trong nudc tiéu cling 1am giam siic cing mat
ngoai cua nude tidu.

2.1.7. Ty trong

Ty trong clia nudc tiéu binh thudng cla ngudi Jén trong 24 gis, do & didu kién
150"C, thay @o1 tir 1,005 —1,030. Trong trudng hgp bénh ly nhu dai thao dudng do
tuy. ty trong nudc tiéu cé thé tang 1én 1,030 —1,040,

2.1.8. Bé pH cua nudc tiéu

Nuéc tiéu binh thudng ¢é phdn ting hoi acid, ¢6 pH khoang tu 5-6, thuong
khoang 5,8. Lugng acid trong nuéc tiéu ngudi binh thusng trong 24 gid ¢6 néng dé
tuong ing khoang 30-40 mEq H”, tudng duong véi khoang 2g acid sulfuric.

Db acid ciia nudce tiéu 12 do su c6 mat clia cac acid tu do nhu acid acetyl acetic,
acld uric, phosphat acid ( PO,H* ) va sy bai xuat cac hop chat acid dudi dang mudi
ammoni nha vai tro diéu hoa thing bang acid—base ciia than.

Céac diéu kién sinh Iy cé thé lam thay d6i d6 pH ctia nuéce tiéu. Khi khau phin
an c6 nhiéu dam thi pH nuéc tiéu cang acid, khi khdu phan 4n 6 nhiéu rau thi
nude tiéu 6 it acid hon, pH c6 khi trung tinh hoac kiém. Khi van ddng thé luc
nhiéu, lao déng nang ciing lam ting dé acid cua nude tidu.

Céac trudng hgp bénh 1y c6 thé 1am thay ddi pH nuéc tiéu nhu sau:

— Trong trudng hgp viém bé than, viém bang quang thi pH nuéc tiéu thuong
kiém vi ¢6 sy 1én men ammoniac.

— Dé1 véi nhiing bénh nhan dai thao dudng thé ceton, pH nuée tiéu thusng acid do
c6 sut bai xuat acetyl — acetic, B — hydroxybutyric dang tu do va dang mudi ammoni.

2.2. Thanh phan cac chat ctia nuéc tidu binh thudng

Nudc tiéu binh thuong trong 24 git sau khi béc hdi & 100 — 110°C, thu dudge cin
khé nuéc tiéu (55 — 57g/nudc tidu 24 gid) gdm nhiing chat v6 cd va hitu cd. Can khé
sau d6 dem nung thu dude tro dé xac dinh thanh phén ctia nudc tiéu.

2.2.1. Cdc thanh phan vé co (khodng 15-25g/24gi6)

Thanh phan v6 g ctia nuéce tiéu binh thudng trong 24 gio duge trinh bay nhu
sau (bang 9.1):
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Bang 9.1. Thanh phan cac chit vé cd trong nudc tiéu 24 gio

I

Thanh phan Néng do Thanh phan Nong do
Na* 3-5g Zn* 600mg
K* 2-4g I~ 50-250ug
Ca?’ 0,1-0,29 cu® 100 pg
Mg?* 0,05-0,2g ‘As 50 ug
NH,* 0,3-1g Pb 50 ng
cr 5-9g ,
PO 22 5¢g
30,7 _ 0,7-359 B

Natri va Kali

Binh thuong co thé dao thai khoiang 3-5g natri va 2-4g kali trong nude tiéu
trong 24 gio. Su dao thii nay thay déi theo ché dd an, tinh trang cén bing acid-
hase cha co thé va duge diéu hoa bdi hormon vo thugng than.

Calct va Magne

Phan 16n lugng calei va magne duge dao thai ¢ rudt. Khoang 15-30% lugng
calei va 20-50% lugng magne duge dio thai ra ngoai qua nude tiéu. Trong mot sd
bénh chuyén hoa xucng lugng nay co thé thay doi.

Clo

Sy bai xuit clo phu thude ché d3 an. Lugng clo trong nude tiéu giam trong mot
s6 truéng hop bénh 1y nhu viém than, bénh nhiém trung.

Phosphat

Phosphat bai tiét qua phén va nude tiéu chu yéu la § dang vo cd. Phosphat c6 hai
ngudn gde ngoai sinh (duge dua vao co thé tif thitc an) va ndi sinh (do thodi hoa
phospholipid va nucleoprotein). Hai thanh phan phosphat acid (H,PO,") va phosphat
base (HPO % ) tao thanh hé théng dém chinh clia nude tiéu (quyét dinh pH nude tiéw).
Cac mubi phosphat it tan (mudi calci vA4 magne) xuédt hién trong nude tiéu kiém
(thudng 12 thanh phan cua séi niéu). Su bai xuit phosphat ting l1én trong mét s6 bénh
vé xudng, cuong can giap va giam trong truong hop thiéu nang can giap.

Sulfat

Sulfat ¢ ngubn gbe chir yéu tit su thoai hod hoan toan cac acid amin chaa luu
huynh. Su bai xudt sulfat qua nude tidu phu thude vio lugng protein trong thic
an. C6 hai dang sulfat chinh trong nude tiéu binh thudng:

— Sulfat vé ca: ty 1& véi lugng protein thic an, lugng sulfat vo co duge xem la
chi s6 thoai hoa protein.

— Sulfat lién hdp (10%): cé trong cac chat hitu co nhu sulfon, cresol, indoxyl...
va moét lugng nho acid amin ¢6 chida luu huynh.

Amoniac

Amoniac ddo thai qua nudc tiéu chi yéu dudi dang ion NH,* do sy khuéch tan
NH, tir t& bao dng than ra va két hgp véi ion H”.
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2.2.2. Cdc thanh phdn hitu co (khodng 30—40g/24gid)

Thanh phdn hiiu co ctia nude tiéu binh thudng trong 24 gis dude trinh bay &
(bang 9.2) sau:

Bang 9.2. Thanh phan cac chéat hitu co trong nudc tiéu 24 gid

Thanh phan _Néng do Thanh phan Néng do
Uré 25-30g Acid oxalic 0,015-0,029
Creatinin 1-1.89 Acid citric 0,2-1,2¢g
Creatin 0.06-0,15g Acid amin 0,15-0.2¢g
Acid uric 0.5-0.8g9 Acid lactic 0,05-0,2¢
Acid glucuronic 0.3-1.0g Acid béo ' 0.059
“Acid hippuric 0,1-1,0g i i

Uré

Uré 1a thanh phan c6 nhiéu nhat trong nude tidu. Ludng nitd cua uré trong
nude tiéu chiém 80 — 85% lugng nits toan phan cba nude tiéu. Su bai xuit uré do
than la véu t& quan trong nhat trong viée duy tri can bdng dam cho cd thé. Sy bai
xuat uré qua nude tiéu phu thude vao ché dé an. Viée dinh lugng néng d6 uré trong
mau va trong nude tiéu la xét nghiém co ban thim do chitc nang than. Su bail xust
uré ting trong mét 6 truong hop bénh 1¥ nhu st cao, dai thao dudng hay wu nang
tuyvén thugng than va giam trong trudng hop tén thuong biéu mé éng than do viém
than cfp, viém than do nhiém doc chi, thuy ngan.

Acid urie

Acid uric 14 san phém cudi cing clia su thoai hoa cac base purin. Su bai xudt
acid uric thay déi theo ché d6 an.

Lugng acid uric trong nudc tiéu tang trong mét s& bénh nhiém khuan, bénh
chuvén hoa ctia nucleoprotein nhu bénh bach cau.

Trong bénh gout lic bat diu lugng acid uric niéu giam ddt ngdt, nhung téi
ngay thi ba thi tang dét bién. Néu bénh dién tién dén man tinh, nhiing thay ddi
trén trd nén khéng ro rét.

Creatinin va Creatin

Creatinin la san pham ctia sy phén giai creatin phosphat clia ¢g va cac co
quan khac. Lugng creatinin trong nudc tiéu rat hang dinh trong nhiing diéu kién
sinh 1y khac nhau. Sy bail xuit creatinin trong nudc tiéu phu thude chi véu vao
khoi luong cd, trung binh ¢ nam khodng 20-26mg/kg/mgay va & nit khoang 14—
22mg/kg/ngay. Lugng creatinin trong nude tiéu giam nhiéu trong cac bénh than
(viem than) va tang trong cac trudng hgp teo c¢o kém theo thodi hoa co, cudng
tuyén can giap hay dai thao duong.

Creatin thudng khéng ¢6 hodc ¢é rat it trong nude tiéu ngudi 16n (khoang 0,06—
0.15g/ngay). Lugng creatin niéu sinh ly tang khi dang l6n, ¢é thai, ¢6 kinh. Tré em
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bai tiét nhidu creatin hon creatinin. Ludng creatin niéu tang trong mot s6 truong
hop bénh 1y nhu viém da co, bai liét, cudng giap va giam trong suy giap.

Actd hippuric

Acid hippuric hinh thanh do su két hgp giiia acid benzoic va glycin 6 gan, than.
Lugng acid hippuric dao thai trung binh trong nuée tiéu khoéng 0,1 — 1g/ ngay.

Acid oxalic

Binh thudng chi cé mét lugng nhoé oxalat bai xuit trong nude tidu. Mudl oxalat
calel thudng tha trong nude tiéu acid. Oxalat 1 thanh phan quan trong tao nén soi
duong niéu.

Acid lactic

Acid lactic 1a san phdm cudi cing cua qua trinh dudng phin vém khi. Binh
thudng ham lugng acid lactic trong nude tiéu khoang 0,05 — 0.2g/mgay. Su bai xuat
acid lactic ting trong trudng hop co cd kéo dai, thiéu oxy.

Amylase

Lugng enzym amylase binh thuong trong nudc tiéu khodng 16 — 32 don vi
Vongemuth/ml nuéc tiéu (< 1310 U/D). Néng dé nay tidng trong cic trucng hop
bénh quai bi, viém tuy cip.

Ngoai ra trong nudc tiéu con ¢é mdt luong nhd cic acid amin, cac vitamin (B1,
PP, C...), cac hormon steroid va cac san phim chuyén hoa (danh gia chung dudi
dang cac chat 17 — cetosteroid).

2.3. Nhitng chit bat thudng trong nudc tiéu

Nhitng chit bat thudng la nhiing chét chi xuat hién trong nudc tiéu ngusi
bénh. Trong thuc t&, ¢ nude tiéu ngudi binh thudng ciitng cé mot lugng rit nho cac
chit nay nhung khéng phat hién duge bing céc xét nghiém théng thudng.

2.3.1. Glucid

Tinh khii yéu ctia nudc tiéu binh thudng 1a do sy hién dién cia mét lugng nho
cac ose nhu glucose, fructose, galactose, arabinose, ribose.

Ose thudng xuit hién trong nudc tiéu 1a glucose (goi la glucose niéu). Glucose
nidu gip trong truong hop bénh dai thao duong tuy do thiéu insulin, khi dé
glucose khéng 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 gip trong nhiing trudng hap glucose
huyét khéng cao, do kha nang tai hap thu ctia éng than giam. Ngoai ra, nhiing réi
loan enzym bam sinh ciing 1am cho xuét hién mot 6 ose khéac trong nude tiéu nhu
fructose, galactose.
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2.3.2, Protein

Binh thudng trong nudc tidu cting cb moét it protein, khoang 50-150 mg/nude
tiéu 24 gid. Tuy nhién, 6 ndng d6 nay, khéng phat hién dudc protein bing cac xét
nghiém théng thudng. Khi phat hién cé protein trong nude tiéu bing céc xét
nghiém théng thudng, thi dé 12 trudng hgp protein niéu bénh ly. Protein niéu bénh
Iy thuong gip trong cac truong hgp sét cao, bénh dai thao dudong, bénh tim mach,
cac bénh vé than.

Phan tich protein niéu bang dién di, ngudi ta phan biét hai loai protein niéu
ngudn goe cau than va ngudn gde 8ng than.
2.3.2.1. Protein niéu ctu thdan

Thudng do tang d6 loc qua ciu than hodc do tang dé khuéch tan khi néng dd
protein trong mau cao.

Protein niéu do d6 loc tang la khi nude tiéu c¢6 albumin va céac protein ¢6 kich
thudc nho hon albumin huyét tuong (nhu hemoglobin, chudi nhe cia globulin
trong u tuy...). Trudng hgp nay thudng do tén thuong cdu than lam ting dd thim
thau cua thén, gap 6 cac bénh 1y nhu viém cau than, viém than nhiém md.

Protein niéu do @6 khuéch tan tang la khi nuée tiéu ¢é albumin va cac protein
¢6 kich thude 16n hon albumin. Thudng gap trong trudng hdp néng d6 protein &
méau cau than tang hoidc khi ¢6 sy i dong luu lugng cAu than tiép giap vdi mang
loc. Vi du: protein niéu trong suy tim, tac tinh mach théan, cé thai...

2.3.2.2, Protein niéu do ong than

Trutng hdp nay it gip hon, trong nudc tiéu xudt hién cac protein c6 trong
lugng phén tu nho hdn albumin (dic biét 1a o, va 8, microglobulin). Nguyén nhan
la do rdi loan tai hap thu protein dd duge loc binh thudng bdi cdu than. Thudsng
gép trong cac trudng hop tén thusng bam sinh 6ng than & tré em, ngd doc béi kim
loal ning. Ngoai ra, cling c6 thé gip protein niéu do viém ho#c tén thuong doan
dudi cua duong tiét niéu, bang quang hay nidu quan, goi 1a protein niéu sau than.

Khi chan doan cic bénh lién quan dén than, cidn phin biét rd vé mat triéu
chiing hoc. Néu tinh trang protein niéu xay ra lién tuc (hay thudng xuyén) thi cé
thé 12 do cic bénh 1y vé than giy ra. Néu tinh trang protein niéu xay ra khong lién
tuc {gian doan), thi c6 thé 1a do réi loan chiic ning, trudng hgp nay thudng do gang
sitc, lao dong nidng, do ding lau hay do van mach, rét, cam ddng.

Khi dién di protein niéu, ngudi ta phan biét duge bén loai protein niéu bénh ly:

— Protein niéu toan phan: c¢6 mit tdt ca thanh phan protein huyét thanh, gip
trong viém cAu than nang.
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— Protein niéu chon loe: chu véu ¢6 albumin huvét thanh va 3 — globulin, gap
trong hoi chiing than ¢6 tén thuong nho & cidu than.

— Globulin niéu chon loe: chu y&u ¢6 w, va B — globulin, ty 1& albumin huyét
thanh thap, do ngudn géc dng than, gip trong viém &ng than ké cdp, viém ong
than bam sinh, bénh Wilson. galactose niéu.

— Protein niéu Bence — Jones: ¢6 [3, v — globulin v6i sy hién dién cua albumin
huvét thanh hoac khéng, con goi 1a protein nhiét tan (chi tua 6 60 — 70"C), gép
trong da u tuy xuong.

2.3.3. Cdc chdt cetonic

Nude tiéu binh thudng chita khoang vai mg acid acetyl acetie/lit va vai tram
mg acid B — hydroxybutyric. Cac chat cetonic tang trong roi loan chuyén hoa glucid
(dai thao dusng), d6i va trong tang chuyén hoa lipid.
2.3.4. Sdc té' mat — Mudi mdt

Trong nudc tiéu xudt hién bilirubin 1ién hop vd mudl mat trong trudng hop
vang da do viém gan va vang da do tdc mat. Bilirubin lién hdp trong nudc tiéu

duge goi la sdc t6 mat. Trong tén thudng gan, nude tiéu ciing cé mot lugng
urobilinogen, 1a chat tac thanh tu rudt va gan khong gid lai dude.

2.3.5. Héng cédu va Hemoglobin

Héng cAu xuidt hién trong nudc tiéu gap trong viém than cép, lao than, ung
thu than, soi than...

Nude tiéu ¢6 hemoglobin gip trong sét rét ac tinh, vang da do tiéu huyét, bong nang. ..
2.3.6. Porphyrin

Binh thudng lugng porphyrin bai xuit ra nude tiéu khoang 50-200mg
(copoporphyrin I va II). Hai loai porphyrin niéu bao gém porphyrin vé cin do di

truyvén, do thiéu enzym clla qué trinh tong hgp hem va porphyrin niéu thi phat,
do nhiém déc dan dén tce ché sy tong hop hem.

2.3.7. Duong chdp
Dudng chap la cac thanh phin ctua dich bach huvét tran vao nude tiéu khi

mach bach huyét viing than hay bang quang bi v&. Dudng chap lam cho nuée tiéu
trang duc nhu nude vo gao, thudng ¢é trong nude tiéu bénh nhan bi giun chi.

2.3.8. Cdn va soi

Cac loai can ling trong nudc tidu gdm c6 acid uric, mudi urat, carbonat, oxalat,
phosphat.... d6i khi la cystin, tyrosin, leucin. Céc can nay lang két lau ngay ¢o thé
tao s01 va tuy theo vi tri ¢6 thé tao soi than hay soi bang quang.
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3. THU NGHIEM THAM DO CHUC NANG THAN

Pé danh gia tinh trang va chie nang loc cia than, ngudi ta thusng khao sat
cac chi tiéu nhu protein niéu, cin niéu, néng dd uré trong mau, néng d6 creatinin
trong mau. Dac biét, viéc khao sit uré va creatinin huyét con giip tién lugng sy
tién trién cua bénh. nhat 1a viém than man. Tuy nhién, viée danh gia chlc nang
than bing cac chi tidu trén la khong dac hiéu, vi con phu thudc vao nhiéu diéu
kién khac. Pé ¢o thé danh gia chinh xac, thudng thuc hién thém cac nghiém phap
tham do chic nang than.

3.1. D6 thanh thai (Clearance)
Pg thanh thai ctia mét chat la sd ml huyét tuong dude loc hét chat d6 qua nudce
tiéu trong thdi gian mot phiit.
Céng thice:
_uv
P
C: do thanh thai, tinh theo ml/phut

C

U: ndng 46 chit dude thanh loc trong nude tiéu (mg/ml)

P: noéng do chit duge thanh loe trong huyét tucng (mg/ml)

V: thé tich nuéc tiéu (ml/phit)

D& véi ngudi binh thudng moi chit déu ¢6 dd thanh thai riéng.

Nhiing chat duge loc qua cau than, khéng bi tai hap thu va khéng duge bai tiét
thém d dng than, ¢6 d6 thanh thai khoang 120ml/phut. D6 thudng 1a cac chit ngoat
lai dung @€ diéu tri hay chan doan nhu inulin, mannitol. P4 thanh thai cla inulin
hay mannitol phan anh @6 loc clia cau than.

Nhiing chat dugc loc qua cdu than, ¢6 bi tai hap thu va khéng dude bai tiét thém
& 6ng théan, c6 d6 thanh thai duéi 120mlphut. 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. Po6 thanh thai creatinin nhé hon
75ml/phiit chitng to chiic ning loc cAu than kém. P6 thanh thai creatinin ¢ ¥ nghia
va thudng dude su dung trong sinh duge hoc va duge 1dm sang.

Ngoai ra, c6 thé xac dinh d¢ thanh thai cia PAH (para amino hippuric), dé do
luu lugng mau than vi PAH viia dudce loc 6 cau than, vita duge bai tiét thém & éng
than. B§ thanh thai caa PAH binh thuong 1a 600-700ml/phut. D6 thanh thai nay
dudi 500ml/phit thudng gip trong cac trudng hgp luu lugng mau than kém, do tén
thuong ciu than, éng than, hay nghén déng mach than.
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- 3.2. Microalbumin niéu

Microalbumin niéu xay ra khi than dé thoat mét lugng nhé albumin vao nude
titu. Trude diy lam xét nghiém dam dé chin doan chitc nang than thudgng chi la
khao sat mie dam niéu dai thé (macro albumin niéu). Tuy nhién, nhiing ton
thuong than néu cé khi xuit hién dam niéu dai thé thuong da & giai doan nang,
nén viéc diéu tri gap nhiéu han ché. Hién nay nhiing tén thuong sém & cdu than cé
thé duge chin dodn sém nhd vao xét nghiém phat hién microalbumin niéu bang
phuong phap mién dich phéng xa (radicimmunoassay — RIA).

Nhiing nghién ciiu gan day con cho thiy su lién quan giiia microalbumin niéu
véi cac bénh tim mach, bénh tiéu dudng, bénh chuyén hoa,... Vi thé xét nghiém
microalbumin niéu dang duge xem !4 mdt xét nghiém quan trong trong viéc phat

hién va tién lugng mot s6 bénh 1y néi khoa.
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TU LUONG GIA

Chon mét cau tra 18i dung nhat trong cac ciu sau
1. Théan bai xuat cac chat c6 hai hay khéng can thiét ra ngoai co thé dudi dang
nudc tiéu théng qua cac qua trinh:
a. Siéu loc 6 cau than
b.  Tai hap thu va bai tiét ¢ cau than
c. Taihap thu va bai tiét & ng than

d. avacding
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~1

Méi ngay c¢6 khodng 180 lit nudc tiéu ban dau duge hinh thanh. Nuéc tiéu ban
dau ¢6 thanh phan nhu huyét tuong nhung:

a. Khéng ¢b cac protein ¢6 trong lugng phin tu 16n hon 7000

b. Khéng c6 cac protein ¢é trong ludng phén tu 16n hon 70000

¢. Khéng cé cac protein ¢6 trong lugng phén tu 16n hon 700000

d. Khéng c6 cac protein ¢6 trong lugng phén tu 16n hon 50000

Qua trinh loc ¢ cau than 1a nhd vao ap luc hiédu dung Pf = Pg — (Po + Pc), trong
dé6 Pg la:

a.  Ap sudt keo cia huyét tudng

b, Ap sudt thuy tinh trong bao Bowman

¢. Ap sudt thuy tinh trong ciu than

d. Ap sudt thuy tinh trong huyét tucng

(Glucose la chit ¢6 ngudng than cao (1,75g/1). Vi vay glucose la chat:

a. Pudc tai hap thu hiu hét

b. DPuge tai hap thu hoan toan

¢. Duge tai hap thu mét phan

d. Khéng dudce tai hap thu

Su tai hap thu natri thuong kém theo su tai hap thu nude va nhiéu chit tan
khac. Natri la chit:

a. Puge tai hap thu hau hét

b. DPrge tal hap thu hoan toan

c.  Pude tai hap thu mdt phan

d. Dudge tai hap thu phan 1én

Chic nang bai tiét ctia than nham loai bd khéi co thé cac san phidm chuyén
hoa cuél cung va bat ky nhiing chit vé co du thitia trong ché& d6 an. Cac chat
sau dude bai tiét vao éng than khi néng 46 trong mau cao, ngoai tri:

a. Kali

b. Creatinin

¢. NH,'

d. Mannitol

Do pH cua nude tiéu thuong:

a. Kiém

. Hoi kiém
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¢. Hol acid
d. Trung tinh
8  Cac chét cetonie trong nudce tiéu:
a. Tang trong réi loan chuvén hoa glucid (d4i thao duong)
b. Gidm khi tang chuyén hoa lipid
¢. Tang khi giam chuyén hoa lipid
d. avacdang
9. Acid uric 1a san pham cudi cing cua su thoal hod cac base purin. trong nude
tiéu acid uric:
Tang trong mdt s& bénh nhiém khuin
Gidm trong bénh chuyén hoa ctia nucleoprotein (bénh bach cau)
¢, Thay d6i theo ché d6 an
d. avacding
10. Chat duge tai hap thu hoan toan ¢ than:
a. Bicarbonat
b. Kali
¢. Glucose
d. avacding
11. Chat duge tai hap thu hau hét ¢ than:
a. Inulin
b. Mannitol
¢.  Natri hyposulfid
d. Bicarbonat
12. Cac chit bat thudng trong nude tiéu bao gém:
a. Glucose
L. Protemn
c.  Sac td mat—-mudi mat
d. Ca 3 déu dang
13. Chite ning loc cAu than kém khi dd thanh thai creatinin:
< 65 ml/phut
< 75 ml/phat

£

[en

[

< 85 ml/phut
d. <95 ml/phut
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Chon tap hgp cau tra 16i dang cho cae ciu sau

14,

16.

17.

19.

Céc chiic nang cua than bao gom:

a. Diéu hoa thang bang acid — base

b. Tham gia vao mot s6 chuyén hoa cac chat
¢. Khi doc

d. Chuc phan néi tiét

. Than déng vai trd chinh trong viée duy tri thang bang acid — base théng qua

cac cd ché sau:
a. Su tai hap thu bicarbonat
b. Su dao thai natri
¢.  Su tai tao lai bicarbonat bang cach do thai ion H* dudi dang acid dinh ludng
d. Su tai tao lai bicarbonat bang cach bai xuit NH,*
Cac nguyén nhan sinh ly va bénh 1y 1am thay déi thé tich nudc tiéu:
a. Tudi
b. DAai thao duong
¢. Viém cau than
d. Nhiét d6 va 6 Am ctia khong khi
D6 thanh thai C = U.V/P | trong dé:
a. Cla d6 thanh thai, tinh theo ml/phut
b. U la néng d6 chat duce thanh loe trong nudce tiéu, mg/ml
¢. P landng d6 chat duge thanh loc trong huvét tusng, mg/ml
d. Vla thé tich nude tiéu, ml/phat
Nguoi ta thuong danh gia chiic nang than bang cac xét nghiém:
a. Do néng dé creatinin trong mau
b. Microalbumin niéu
¢c. BPo hoat d6 enzym ASAT
d. Do hoat dé enzym ALAT
Protein niéu bénh ly thudng gap trong cac trudng hop:
Sat cao
b. Bénh dai thao duong
¢.  Bénh tim mach

d. Cac bénh vé than.
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20. Su bai xudt uré do than la yéu t6 quan trong nhit trong viéc duy tri can bang
dam cho cd thé. Sy bai xudt uré ting trong mdt s trudng hop bénh 1y nhu:
a. 56t cao
b. Dai thao 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 nang loc va bai tiét cua than.

2. Giai thich sy diéu hoa thang bing acid base & than.
3. Liét ké cac thanh phan ctia nudc tiéu binh thudng.
4. Trinh bay cac thanh phéan bat thudng cua nude tiéu va mét s6 phudng phap

tham dé chic nang than.
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Chuong 10
HOA SINH GAN

MUC TIEU

1. Trinh bay duoc khdi qudt thanh phén hod hoc ctia gan.
2. Néu dugc chiec phén tao mat cua gan.

3. Néu dudc chite phén chuyén hod cdc chdt cia gan.

4. Néu duoc kha nang khu déc cia gan.

5. Trinh bay duoc mot s6 xét nghiém chilc ndang gan co ban.

Gan chi€m khoang 3% trong luong cd thé. Gan 1a mét cd quan giii vai tro quan
trong trong chuyén hoa cac chit cho co thé. Gan c¢6 nhiéu chiic ning va cac chiic
ning cua gan lién quan mat thiét véi nhau. Luong mau luu théong qua gan la rat
16n, khoang 1/3 lugng mau luu théng toan co thé, trung binh khoang 1-2 lit/phut.
Kha nang lam viéc ciia gan la rat 16n, khi c¢6 bénh 1y ¢ hé théng gan mat sé gay ra
r61 loan nhiéu chtic nang khac cua co thé va c6 thé phat hién dudc qua cac xét

nghiém lam sang.

Ong dan mat
Thuy phai

Hinh 10.1. Hinh anh cua gan
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1. THANH PHAN HOA HQC CUA GAN

Thanh phan hoa hoc ctia gan thay déi tuy theo didu kién sinh hoat. an udng.
thdi ky hoat ddng. trang thai bénh ly cta co thé:

Nudc 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*, mudi khoang, vitamin va enzym

— Protein ctia gan bao gom albumin, globulin, nucleoprotein, collagen, dac biét
¢ ferritin (protein chiia sat) déng vai trd quan trong trong chuyén hoa sat va la
dang du trii sat cua cd thé. Ngoai ra gan con chia cac acid amin td do nhu cystein,
methionin. tvrosin. tryptophan. arginin, glvein, histidin va dac biét 1a acid glutamic.

— (lucid cua gan chu véu la glveogen. thudng chiém khoang 2 — 10% trong
luong gan tiy theo tinh trang co thé (khoang 150 — 200g & ngusi trudng thanh).

— Lipid cta gan chiém khoang 5% trong luong gan trong dé md trung tinh la
40%,., phospholipid 1a 50% va cholesterol la 10%.

~ Enzvm: gan la ndi chiia nhiéu enzvim nhat, dac biét ¢6 nhiing enzym chi ¢6 ¢
ean nhu enzvm tong hdp glveogen ti cac dudsng khic glucose, enzym tan tao
glucose. hé enzvm sinh téng hap uré... lam cho hoat déng cua gan rat phong pha
va dac hieu. .

— Vitamin: trong gan cé nhiéu caroten, vitamin A, C, D, cac vitamin nhom B.
(Gan con la noi dy tra vitamin A, D, va B,, cho ca thé (vitamin A du trd c6 thé dap
ting nhu ciu ¢ thé tir 1 - 2 naim, By, tit 2 — 4 thang).

— Mot 6 ion kim loai quan trong ¢6 & gan nhu sit. natri, kali, magne. dong, kén...

2. CAC CHUC PHAN HOA SINH CUA GAN

Hoat déng hoa sinh cua gan rit manh, phong phu va dac hiéu. Gan c6 kha
nang tong hop va phan ly cac chat cung cdp cho cac ¢6 quan khac. Ngoai ra gan
con ¢6 kha nang khit cac chiit déc néi va ngoai sinh.

2.1. Chace phan tao mat

Mat dugc tiét ra tit nhiing t& bao gan. qua éng dan mat duge du tri ¢ til mat.
Khi tiéu hoa. mat dude bai tiét xudng ta trang. Mat duge tiét ra hang ngay tiy vao
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khéi lugng va tinh chat thiic an. Trung binh gan bai tiét 1lit mat/ngay. Mat 6 tuii
mat duge ¢ dic hon so v8i mat trong té& bao gan. Tuy nhién su c6 dac nay khéng
phai 12 s mat nude don thuian ma cac thanh phan trong mat dude ¢ dac ¢ nhiing
muc do khac nhau.

Thanh phan hoi hoc quan trong nhat ciia mat la mudi mat. Ngoai ra, con c6
shc t& mat, cholesterol va mét s& chat khéac.

Bdng 10.1. Thanh phan mat trong gan va trong tai mat

Mat / gan (%) Mat / tai mat (%)

Nudc §7.6 86

Chat kho 2.4 14

Acid mat 0.4 47
Mucin va sac 16 mat 0.5 : 4

Cholesterol 0,15 06

Acid bea, ion vo cd
pH 7.5 68

2.1.1. Acid mdt va mudéi mat

— Acid mat dude tao thanh tir cholesterol ¢ gan, vé ban chat la dan chit caa
acid cholanic

— Nguoi ta da phin lap duge cae acid mat sau tif mat ngudi:

+ Acid litocholic (3—hvdroxvl cholanic)

+ Acid chenodeoxycholic (3, 7-dihyvdroxyl cholanic)

+ Acid deoxvcholic (3,12— dihydroxyl cholanic)

+ Acid cholic (3,7,12— trihvdroxyl cholanic)

HOOC
HO!
Cholesterol Acid cholanic
CH OH
HOOC HOOC
HO CH HO
Acid cholic Acid deoxycholic

Hinh 10.2. Acid cholanic va cac dan chat
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— Cac acid mat déu lién két véi glycin hay taurin dé tao thanh caAc mudi mat.
Nhém amin cia glycin va taurin két hgp véi nhém carboxyl cia acid mat gidng
nhu lién két peptid tao thanh cac acid mat lién hop, cac acid mat lién hgp két hop
vé Na’. K* thanh cac muél mat (glycocholat natri hay taurocholat natri...)

CH. - COCH CH: - CHs - S04H
[ |
NH, NH.
Glyen Taurin
OH
Glycocholat natri
!
|
HO ™~ OH CO - NH - CH, - COONa
OH
Taurocholat natri
HO OH CO-NH-CH, - CHz - SO3Na

Hinh 10.3. Céng thirc ctia mudi mat

Mudi mat ¢é tac dung nhii tuong hoa ma, gitp cho viée tidu hoa thic an. Phan
lén mudi mat (90%) dude tai hap thu cung véi lipid tre vé gan, khoang 10% dudgc
dao thai qua phan ra ngoai. Binh thuéng khéng c¢6 mudi mat trong nude tiéu,
nhung trong tac mat, luong mud6i mat trong huyét thanh va nuéc tiéu sé tang cao.
Trong viém gan vang da, mudi mat tiang it hon. Trong vang da tiéu huyét, khéng

thay su tang mudl mat.
2.1.2. Sdc té6' mét
M6t thanh phan quan trong khac cia méat la sic t6 mat. Pay la san pham

thoai hoa clia hemoglobin. Sic t6 mat chi yéu 1a bilirubin va biliverdin. Qua trinh
tao sac t& mat chi yéu 1a & t& bao lién vong (lach) va té bao kupffer & gan.
Hemoglobin —— Biliverdin —— Bilirubin tu do ——— Bilirubin 1i&n hgp
Sdc 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 cua. O gan mot

phan urobilinogen va stercobilinogen tai tao thanh bilirubin, phan eon lai dio thai

qua mat va xudt hién 6 phan, phan rit nho xuét hién trong nude tiéu.
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2.1.3. Cholesterol

Dich tdi mat ¢6 nhiéu cholesterol, d6i khi téi 1%. Cholestero!, dudc tiét cung
vOi mat, cling dugc tai hap thu va cling givp cho su h&p thu lipid.

2.2. Chitc phan chuyén hoa glucid, lipid, protein

Véi kha nang tiép nhén, chon loc, bién doi, du trit, phan phdi va thai trit, gan
cé vai tro quan trong trong chuyén hoa cac chat.

2.2.1. Chitc phin chuyén hod glucid

Gan ¢6 kha nang chuyén hoéa manh mé glucid hon cac cd quan khac. Gan téng
hgp glycogen va phan ly glycogen thanh glucose cung cap cho mau dua dén cac co
quan khac st dung.

Ngoai kha ning téng hop glycogen tit glucose, gan con téng hop glycogen tu
cac ose khac nhu galactose, fructose, mannose hay nhiéu san pham chuyén hoé
trung gian khac nhu lactat, pyruvat, acetyl CoA.. nhd vao hé enzym chi ¢6 & gan. o)
co thi chi tdng hgp glycogen tit glucose. Pay 1a diém khéc biét gilta gan va ¢d. San
pham chuyén ho4 trung gian & co sé duge van chuyén vé gan dé tan tao glucose va
téng hop glycogen.

Su phan ly glycogen xay ra theo hai cach:

— Phén ly glycogen vl sy tham gia cia hai enzym: maltase va amylase. Cach
nay gidng nhu sy thuy phan tinh bét trong hé tiéu hoa dé cung cap glucose cho mau.

— Phén ly glycogen véi sy tham gia cia enzym phosphorylase la en‘zym cat dit
lién két 1—4 glycosid 8 phan tit glucose ndm diu chudi tao thanh glucose 1-P.

Glucose 1- P g—= G6 - p — Phosphatase | glucose ——d4amang 2ot au

Nhé su chuyén hoa glucid manh mé nén gan con tham gia chiic nang diéu hoa
dudng huyét cung véi cc co ché didu hoa khac nhu than kinh va hormon (insulin,
adrenalin). Khi néng d6 glucose tang cao hon muc binh thudng (16n hon 120mg/dl)
thi gan gia ting téng hop glycogen. Khi néng d6 glucose giam dudi mic binh
thudng ( nho hon 80mg/d}l) thi gan tang cuong phéan ly glycogen..

Dé danh gia chie nang chuyén hoa glucid cua gan, ¢6 hai nghiém phap:

+ Nghiém phap gay tang dudng huyét: cho bénh nhan uéng 1g glucose/1kg thé
trong lic déi. LAY méu vao cde thoi diém nhu trude khi udng, sau khi udng 30 phiat
1 14n trong 23 gis. O nguoi binh thudng 1/2 gid sau khi uéng thi néng d% glucose
tang dén 150 meg/dl va trd vé mic binh thudng sau 2 gis. O ngudi suy gan, sau 1/2
gi0 noéng dé glucose tang dén 200mg/dl va trd vé mic binh thudng sau 3 gio. Tuy
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nhién nghiém phap nay khéng dac hiéu cho gan vi ¢6 thé bi 4nh hudng bdi tuyén
thuong than va tuyén tuy.

+ Nghiém phap galactose niéu: che bénh nhin uéng 40g galactose pha trong
200m! nude. LAy nude tiéu va xac dinh thé tich nudc tiéu va néng do galactose G
* thoi diém sau 2 gid (M1) va sau 4 gio (M2). Binh thuong M1 < 6g/l, M2 < 4g/] va
téng lugng dudng sau 4 gio < 4g. Nguyén tic 1a gan ¢6 thé chuyén hoa galactose
thanh glucose va glycogen dé du tri. Khi suy gan, chuyén hoa nay cham di lam
néng ¢o dudng trong mau tang va dudng sé duge dao thai ra ngoai nude tidu.

2.2.2. Chuyén hod lipid

Gan c6 vai tré quan trong trong chuyén hoa lipid.

Gan 1a cd quan duy nhit tiét ra mat dé nhit tuong hoa lipid. Sau khi hap thu,
lipid sé& duge bién ddi ¢ gan va phan phdil di cac ¢d quan khac.

Sy thoai hoa acid béo & gan tao ra san pham cudi cung la acetyl coenzym A.
Mot phin san phidm nay tham gia vao chu trinh Krebs dé tao ning lugng cung cip
cho gan. Phan 16n chuyén thanh cac dang cetonic réi duge dua tdi cac mé su dung.
Va ¢ mé thi cac chat cetonic lai duge bién d6i thanh acetyl CoA va duge d8t chéay
hoan toan thanh CO, va H,O déng thoi sinh ra nang lugng.

Gan cing c6 kha ning téng hop acid béo nhung kha nang nay khéng manh
bang mé md. Gan téng hop rit manh glycerid, phosphatid va lipoprotein, dac biét
phosphatid va lipoprotein dudc téng hop & gan 1a chi y&u. Lipoprotein dude tong
hop § gan c6 vai tro van chuyén lipid téi cac t6 chite. Khi gan bi tén thuong hoic
thidu cac chit huéng md nhu cholin, methionin, inositol thi su téng hgp phosphatid
khéng du dé tong hop lipoprotein, khi dé triglycerid s& khang duge van chuvén téi
cac to chitc, gan s& bi G dong md lau ngay sé dan téi xo gan,

Qua trinh téng hdp cholesterol ¢ gan manh hon nhiéu 1in so vdi than, thugng
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 huyét tudng cé thé
danh gia dudc chiic nang gan. Binh thudong ty 1& nay > 65%, truong hgp bat thuong
ty 1& nay < 50%.

Lipoprotein dude téng hop chi yéu 6 gan. LDL va HDL ¢6 chic ning van
chuvén cholesterol va triglycerid dén cac tb chiic. Trong viém gan do virus nong do
HDL trong huyét thanh rit nho.

2.2.3. Chuyén hod protein
Gan ¢6 kha nang tdng hop peptid va protein rat 1én cho gan va cho huyét

tuong. Albumin huyét tudng chu yéu dude tdéng hdp ti gan cd tac dung tao ap hic
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keo cho mau, van chuyén acid béo, bilirubin va mét s6 kim logi. Gan cilng tdng hop
toan bd ferritin, mét protein cé vai trd du tri siat cho co thé ( siat chiém 20%
ferritin). T4 chifc lién két cua gan t8ng hop mdt phan globulin va kha nang nay
tang lén khi bi viém nhiém hay kich dng. Khi viém gan, xg gan. (vl
albumin/globulin giam do gan giam téng hgp albumin va ting téng hop globulin:
¢6 thé danh gia ty 1& nay bing phudng phap dién di.

Gan cén san xudt nhi€u yéu t§ déng mau nhu fibrinogen, prothrombin,
proaccelerin (yéu td V), proconvertin (yéu t& VII). Néu gan bi tén thuong. 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
chat. Trong trudng hgp gan ton thuong, su thay d6i tinh thdm mang t& baoc s8 lam
cac enzvm dé viio mau. Xac dinh hoat dd enzvm trong mau ¢6 thé chian dodn mét
50 bénh:

— Transaminase: GPT (ALAT) t&ng ¢ cac bénh gan cdp tinh. Trong viém gan
do virus, GPT tang sdm va thudng ting rat cao (100 lan so véi binh thuong). GOT
(ASAT) cling tang trong cac trudng hop trén nhung muic dé khéng bang GPT.

— Phosphatase kiém: ting trong tac duong dan mat.

— Lactat dehydrogenase: ting trong hiiy hoai nhu mé gan.

— Ornitin carbamyl transferase: tang trong nhiéu bénh lién quan dén gan.

Gan con tham gia téng hgp va chuyén hoa cac acid amin, dac biét 1a cac qua

trinh khi va trao d6i nhém amin.
2.3. Chitec phin khit déc cuia gan

Gan ¢é vai trd hét siic quan trong trong viée khii cac ché't doc néi sinh v ngoai
sinh cua cd thé. Qua trinh khu déc theo hai ¢ ché chinh: ¢d dinh, thai trir va bién
d6i hoa hoc.

2.8.1. Cé'dinh va thdi tri

Gan c6 kha nang gii lai cac kim loal nhu déng, chi hay céc chit mau (din xuat
ctia phtalein) réi sau d6 dao thai chiing qua mat. Ngudi ta c6 thé dua vao kha niang
nidy dé tham do chitc phan gan bang nghiém phap BSP (bromo — sulfo — phtalein)
nhu sau: tiém tinh mach canh tay 5g BSP/kg thé trong, 1dy mAu & canh tav déi
dién dinh lugng BSP & cac thai diém 15 phit va 45 phut. Biaoh thudng lugng BSP
sau 15 phut nho hon 50% va sau 45 phiit nhé hon 10%. Trong suyv gan, tic mat chi

s0 nay cao hon.
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2.3.2. Co ché'bién déi hod hoc

Gan khi d6c theo nguyén tic bién d6i chat doc thanh cac chat it doc, dé tan
hon va dao thai chiing ra ngoai. Cac phan tng bién d6i quan trong cia gan dé loai
bd chat dée bao gbm:

Phan ting tao uré tit NH,: kha ning nay cua gan la rat ldn, chi khi loai bé 70%
t& chiic gan méi anh hudng dén su téng hop uré.

Phan ung phan giai H,O, bing catalase tao thanh H,0 va oxy nguyén tu

MO, C2EEe o+ 120,

Phan ung hydroxyl hoa: thudng xay ra véi cac chat c6 ciu tric nhan thom, San
phim tao thanh 14 dén chat phenol dé dao thai hon.
Phén dng oxy hoa:

Alcotdehydrogenase 1/20,
- > _

CH,CH;OH CH;CHO CH,COOH
Mét s6 alcol khac ciing dude khit dée bing phan ing nay.

Phan ing khii oxy: xay ra véi cac chit ¢6 nhém aldehyd va ceton.

Cl (|:I
[
Ci— (13 —CHO} ———— (I —~(i)—~—CH20H
e C
Cloral Tricloro etanol

Phén ting methyl hoa: 14 phan ting phd bién trong co thé

NH; NH;
HN - C\H _ —————* HN=(
NH - CH, - COOH I?I - CH, - COOH
CH4
Acid guanidin acetic Creatinin

Phan {ing lién hgp:
+ Vo1 glycin:

Nhém amin ena glycin k&t hgp véi nhém COOH cua chit déc:

COOH CONH - CH; - COCH
+ H,C-COOH ——— O/
NH,
Acid benzoic Glycin Acid hippuric
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Day 14 phan tng thudng dung dé tham do chdc ning gan, thudng goi la
nghiém phap Quick. Nghiém phéap nay duge thuc hién nhu sau: cho bénh nhén
udng 6g natri benzoat pha trong 200 ml nudc, sau 4 git 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 d& chic
nang gan ngudi ta thuong ding nghiém phap galactose niéu.

+ Vi sulfonic:

Mét 88 san pham théi ria cha dudng tiéu hoa nhu phenol, indol, scatol,.. duge
hap thu mét phan vio mau, dude khit d6c 6 gan va dao thai qua nude tidu duéi

dang este sulfuric
OH " - D-50,-K
+H80, ——M™

Phenol Kali phenylsulfat

+ V61 glucuronic:

Qua trinh lién hgp xay ra gitta nhém OH hay nhém COOH ctia chat doc véi
acid glucuronic tac hgp chat cé lién két ozid hay este.

COOH COOH COOH
Q. ROH Q. RcooH °
-— —
QO -R <:20H QO -0CR
Dang este Acid glucuronic Dang ozid

+ Vdi acid acetic:

COOH COOH
© __CHyCOOH @
N COCH;,
Acid para-amino benzoic Acid acetyl para-aming benzoic
+ Véi glutamin:

COOH Co0n

- I ~CO-NH-

CH, - COCH HN = C CH;-CO-NH (IDH
" . - (Chl
|
CONH, CONH,
Pheny! acetat Glutamin

Phenyl acetat glutamin
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Qua céac ¢ ché trén ching ta thiy rang nhd c¢6 hé théng enzym dac hiéu ma
gan ¢6 kha nang chuyén hoa phong phu, giup co thé chéng lai cac chat ddc ngoal

sinh cting nhu néi 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 thing gan mat rit da dang va chuing khac nhau vé do
nhav va tinh dac hiéu. Vi vay. dé xac dinh chinh xac cac bénh 1y ciia hé théng gan
mat can phdi hgp céc xét nghiém véi nhau va két hgp véi cac dadu hiéu lam sang.
Cac xét nghiém thuong duge su dung:

Hoi ching suy giam chue ndng gan:

Bang 10.2. Cac xét nghiém chan doan suy giam chirc nang gan

Cac xét nghigm Kétqua
Albumin Giam
i Triglycerid Tang
Cholesterol toan phan Tang
Bilirubin lién hgp Giam
Esterase Giam
Fibrinogen huyét tuong L Gidm

Hi ching phd huy té bao:

Bang 10.3. Cac xét nghiém chan doan cé su pha huy té bao

Cac xét nghiém . Kétqua
- Transaminase . Cao
i OCT {ornitin carbamyl transferase) Cao I
Aldolase Cao
LDH (lactat dehydrogenase} Cao

Hoi chung tic mat:

Bang 10.4. Cac xét nghiém chin doan ching tic mat

————— J—

:  Céc xét nghiém . Kétqua

| Bilirubin lién hop ~ Tang |
Cholesterol toan phan {  Tang i

‘ Phosphatase . Tang !

_ Gamma GT | Tang '

| Sac t6 mat va mudi mat (+)

V6i kha nang chuvén hoia manh mé glucid, lipid, protid cing nhu kha nang
khu déc, gan that sy 1a mdt ¢d quan quan trong cia co thé. Su réi loan cde chie
nang gan hay cac bénh 1y vé gan mat sé 4nh hudng dén nhiéu chuvén hoa khae
¢lia co thé va cac bénh ly nav coé thé duge tién lugng. chan doan bang cic xét
nghiém hoa sinh rat da dang va phong phu.
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TY LUGNG GIA

Chon mét cau tra 101 dang nhat trong cac cau sau
1. Protein ca gan cé vai trod du trit sat la:

a. Albumin

b. Ferritin

¢. Collagen

d. Nucleoprotein

1. Hang ngayv hugng mat tiét ra trung binh khoang:

a. 100 ml
b. 500 ml
¢. 800 ml
d. 1000 ml

3. Gan ¢6 thé téng hop glycogen tu:
a. Mannose
b. Galactose
¢.  Glucose
d. Ca 3 déu dung

4. Chtic nang gan dude xem la binh thuong khi ty 1é cholesterol ester/cholesterol
toan phan:
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a. >45%

b. > 53%
c. >60%
d. > 75%

Acid mat dudc tao thanh tir cholesterol 8 gan, vé ban chit 13 dan chat:

a. Acid litocholic

b. Acid cholanic

¢. Acid cholic

d. bvacdang

Dé danh gia chifc nang gan, ngudi ta thudng diung nghiém phap:

a. Nghiém phap gay tang dudng huyét

b. Nghiém phap galactose niéu

¢. Nghiém phap Quick

d. Ca 3 déu sai

LDL va HDL c6 chitc nang van chuyén cholesterol va triglycerid dén cac té
chiic, trong d6:

a. Sy tang néng d6 LDL va HDL trong huyét thanh déu c6 1¢i cho co thé
b. Su ting nong 46 LDL trong huyét thanh ¢6 loi cho co thé

¢. Sy tdng néng d6 HDL trong huyét thanh ¢6 1di cho co thé

d. Sy giam néng d6 HDL trong huyét thanh khéng ¢6 1¢i cho ca thé

Kha nang khit dée nay cua gan 1a rat 16n, chi khi loai bé 70% t8 chitc gan méi
anh hudng dén kha nang nay:

a. Phéan giai H,0,
b,  Lién hgp véi glycin
c. Tong hop uré ti NH,
d. Lién hgp vé glucuronic
Trong nghiém phap Quick, ngudi ta dinh hugng chat nay trong nudc tiéu dé
danh gia chic ning gan:
Acid uric
b. Acid hippuric
c. Acid lactic
d. Acid benzoic



10. Cac san pham chuyén hoa trung gian tham gia vao sy téng hop glycogen
cua gan:
a. Lactat,
b. Pyruvat
¢. Acetyl CoA
d. Ca a, b,c déu dung
11. Phan {mg khit ddc xay ra phé bién trong cg thé 14 phan ving ¢6 su tham gia cta
methionin. Dé la phan Ung:
a. Khu oxy
b. Hydroxyl hoa
c. Methyl hoa
d. Lién hgp vdi acid acetic
12. Trong ¢d ché& diéu hda duong huyét, khi ndng dé glucose tang 1én hon 120mg/dl
thi gan sé:
a. Tang téng hop cac ose khac tit glucose
b. Giam téng hop glycogen
¢. Tang téng hop glycogen
d. avacdung
13. Khi gan bi tén thuong hodc thidu cac chat huéng md nhu cholin, methionin,
inositol, thi sy téng hop phosphatid khéng dii, khi d6 chat nay s& khéng duoc
van chuyén téi cac t6 chic, ¢ dong mé lau ngay sé din téi xo gan:
a. Cholesterol
b. Triglvcerid
c¢. Lipoprotein
d. Phospholipid
Chon tip hgp ciu tra 10i diing trong cac cau sau
14. Khi viém gan, xd gan, kha nang tong hgp protein clia gan ¢6 su thay déi:
a. Tang tong hop albumin
b. Tang t(”)ung_l;r hdp globulin
c. Giam toéng hgp albumin

d. Giam téng hop globulin
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Trong bénh viém gan do virus, néng dd 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

Cac acid mat thudng lién két v4i cac acid amin nay dé tao thanh muéi mat:
a. Glvein

b. Leucin

¢. Cystein

d. Taurin

Cac chitc phan hoa sinh cua gan:

a. Téng hop va phéan ly cac chat cung cdp cho cac co quan khac
b. Chde nang noi tiét

¢. Didu hoda thang bang acid — base

d. Khii cac chat ddc néi va ngoal sinh

Musi mat ¢6 tac dung nhii tuong hod ma, giup cho viée tiéu hoa thuce an. Trong
tac mAt:

a. Lugng mudi mat trong huvét thanh giam

b. Lugng mudi mat trong nude tidu tang

c.  Khéng c6 mudi mat trong nude tiéu

d. Lugng mudi mart trong huyét thanh ting

('ac xét nghiém chan doan cé sy pha huy t€ bao gan:
a.  Albumin

b, Transaminase

c. OCT

d. LDH

(ac xét nghiém chan doan suy giam chiic nang gan:
a.  Albumin

b. Transaminase

c. Gamma GT

d. Fibrinogen huvét tuong



CAU HOI NGHIEN cUU BAI HOC

1.

v

Néu mét 56 thanh phéan hoa hoc chinh cta gan.

Trinh bay cic chiic nang hoa sinh ca gan.

Trinh bay mét s§ xét nghiém chite nang gan cd ban,
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Chuong 11
HOA SINH MAU

MUC TIEU

1. Néu duoc vai tro va tinh chdt ly hod cita mdu.

2. Trinh bay duge ¥ nghia ting thanh phéan cia mdu d trang thdi sinh ly va
bénh ly. _ S Rl '

1. DAI CUONG

Mau ctia ngudi chiém khodng 1/13 trong lugng co thé (4-5 lit d61 véi mot nguoi
nang 50 — 60 kg). Mau gém c6 huyét tuong (55-60% thé tich mau) va huyét ciu
(40 — 45% thé tich mau) gém hdng cdu, bach cau va tiéu ciu. La mot thanh phan
t& chiic ctia co thé, mau luu théng trong hé tuan hoan, thyc hién nhiéu chic ning
sinh ly quan trong.

Mau dam nhiém cac chic nang sau:

— Dinh dudng: chuyén cac chat dinh dudng (ose, acid amin, acid béo, vitamin,
mudi khoang...) ti hé tiéu hoa té1 cac mo.

_ Bai tiét: chuyén cac chét cin ba (san pham thoai hoé céc chalt) tit cac mé dén
cAc cd quan bai tiét (than, da, phéi, rudt) dé thai ra ngoai.

— Hb hép: van chuyén oxy tit phdi dén cac t6 chic va van chuyén CO, tir to
chiic dén phéi dé thai ra ngoai

— Diéu hoa:

— Céc hé dém trong méu gitp diéu hoa pH va thiang bang acid — base.

— Mau van chuyén céc chit chuyén hoa trung gian ti cac md va cac cd quan
khéac nhau d6 vao mau (diéu hoa cac chit chuyén hoa).

— Mau van chuyén cac hormon tir cac tuyén noi tiét dén cac t6 chitc (diéu hoa
céc chiic phan co thé).

— Didu hoa thiang bing nudc nhd tac dung clia mau trén sy trao déi nude gida
dich Iuu théng va dich mé.

— Piéu hoa than nhiét nhd kha nang diéu hoa luu thong mau thich hgp.
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— Bao vé:
— Bach cau lam nhiém vu thuc bao.
— Cac khang thé, khang dgc t6 chéng cac chit ngoai lai.

— Hé théng ddéng mau va chéng déng mau dam bao su luu théng cfing nhu han
ché su mé&t mau khi ¢6 ton thuong cae mach mau.

Nghién ciiu vé€ mau c6 ¥ nghia vé mit sinh 1y ciing nhu bénh ly. Cac thay déi
vé chi s6 hoa ly, thanh phin hoa hoc ctia mau thé hién nhing réi loan chiic nang
cua cAc cd quan.

2. TINH CHAT LY HOA CUA MAU

2.1. Ty trong
— Binh thuong tir 1,05 — 1,06 { trung binh 1,0586).
— Huy8t cau ¢é ty trong 1,093.
— Huyét tuong cé ty trong 1,024.

2.2. D6 nhét

— D6 nhét mau > 4 — 6 14n cua nudce (G 38°C).

— Phu thudc chu y&u vao s8 lugng hong cau (lam tang ma sat).

— Thiéu mau: dé nhét giam con 1,7 lan so véi nude.

— Bé1 v41 mot s8 bénh lam tang héng cau, bach cau: dd nhét tang dén 24 lan.
— D% nhét huyét tuong: 1,6 - 2,1 (¢6 ndng dd cao clia protein).

— D% nhét cua mau toan phan: phu thude vao huyét cau (chi véu) va protein
huyét tuong.

2. 8. Ap suat tham thau (Po)

— Phu thudc vao nong d6 tat ca cac phan ti hitu cd va cac ion trong mau nhung
chit yéu HCO,", CI” va Na* (chu yéu la NaCl).

- Uré, glucose it anh huong (do khdng phan ly).

Dé do ap suat tham thau ngudi ta c6 thé dang phudng phap truc tiép hay gian tiép.

+ Do tric tiép:

- Ap suét tham thau thay déi tir 7,2 — 8,1 atmosphe (37°C). Tuy nhién phuong
phap do truc tiép it sii dung do khé khin.

+ Do gidn tiép qua d6 ha bang diém cta huyét tuong hay huyét thanh:
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- Ap suit thAm th&u va dé ha bang diém (cta huyét tuong hay huyét thanh)
ty 1é thuan véi néng do6 cac chat phan ly trong dung dich.

— D4 ha bing diém cta huvét tudng so vdi nude binh thuong la -0.56 + 0,02°C
(biing véi d6 ha bang diém cua dung dich NaCl 0,9% = dung dich dang truong)

+ Do bang Osmolmetre:

Trong phuong phap nav. ngudi ta do gian tiép qua do dan dién cha huyét
tusne. Binh thudng: Po huyét tusng = 292 — 308 mosm/lit.

Y nghia lam sang:

Khi tiém mot lugng 16n dung dich thuée vao co thé. thi dung dich nay phai
dang truong véi mau. Cac dung dich glucose 5%, NaCl 0,9% la cac dung dich ding
trvong. Khi mau bi loing cd thé truyén cac dung dich un trusng heac nguge lai ¢6
thé st dung cac dung dich nhude truong trong triuong hgp mau bi ¢6 dac.

Khi dua muéi vao ¢ thé hodc cac phian tii 1dn phan ly thanh cac phan td nho
thi ap suat tham th&u tang lén. Cd thé tu diéu chinh bang cach dao thai qua thin
(cAc mudi thiua). da va phdi (dao thai nudc). Dng thoi cac mé ciing cb thé giit lai it
hoac nhidu nude vaA mudi.

2.4. Chi s6 khuie xa

Chi 86 khuc xa thay d8i ti 1,3478 — dén 1,3517. Chi s8 nay phu thude vao néng
d6 mudi v6 co va noéng dd protein (chu véu).

Ung dung trong xét nghiém: ngusi ta ding khie xa k& dé xae dinh nong 46

protein trong huvét thanh.
2.5. pH va hé théong dém cuia mau

pH mau ngudi thay doi trong khoang 7.3 — 7.42 {trung binh 14 7,36). O diéu
kién than nhiét. pH mau ¢ ngudi thudng hang dinh ciing nhu pH cua cac dich
trong t& bao.

(6 sau hé théng dém dam bao su h?ing. dinh cua pH mau:
+ Acid carbonice/ bicarbonat (hé bicarbonat).

+ Mononatriphosphat/ dinatriphosphat (hé phosphat).

+ Protein/ proteinat Na (hé protein).

+ Hemoglobin/ hemoglobinat (hé hemoglobin).

+ Oxvhemoglobin/ oxyhemoglobinat (hé oxyhemoglobin).

+ Cac acid hiiu co (lactat, pvruvat...) mudi cua cac acid htiu co.

222



Sy phén b6 cua cac hé dém: cic hé dém dude phan bd nhu sau (bang 11.1).

Bang 11.1. Sy phan bd cua cac hé dém trong mau

3 huyét tueng ' 3 huyét cau (hdng ciu)
H,CO,/NaHCO, H,CO,/KHCO,
Protein/proteinat Na HHb/KHb
NaH,PO/Na,HPO, HHbO/KHLO, .
Acid hitu co/musi ciia acid hitu ¢ | KH,PO/K,HPO, |
Acid hitu co/muéi K clia acid hiu co

Néu coi toan bd kha nang dém ctia mau 1a 100 thi cac hé dém chiém ty & nhu sau:

+ Hé bicarbonat 7%
+ Hé phosphat 1%
+ Hé protein 10%
+ Hé hemoglobin 82%

Trong huyét tudng: hé dém bicarbonat gifi vai trd quan trong nhat.
Trong hong cau: hé hemoglobin giii vai trdo quan trong nhat.
2.6. Hematocrit (thé tich héng ciu) (Het)
Hematocrit 1a ty 1& phén tram vé thé tich cia huyét ciu so véi mau toan phan
Hct binh thuong:
+ Nam: 40-50%
+ Nit: 38-42%
(Giam: thidu mau
Tang: mat nudce do tiéu chay. ndn mua, sot kéo dai

Hematocrit do trén cac éng ly tAm cé chia vach tir O — 100 (6ng hematocerit).
2,7.Van téc lang mau

Mau chdéng d6ng khi dé yén cac hdng cau sé& lang theo thdi gian. Ngudi ta
thudng dung cac 8ng Westergreen dé do chidu cao clia c6t huyét tusng biéu thi tée
{o ling cia héng cdu. Binh thudng sau 1 gid 1a 4mm, sau 2 gid 1a12mm va sau 24
gid la 45mm. Cac trang thai bénh 1y 1am ngung két héng cau. néng dé cao cua cac
protein nhu fibrinogen va y—globulin lam tang van tdc ling mau. Do dé trong cac
bénh viém nhiém (lao, thap khép loai viém) van tdc ldng mau ting ¢6 khi 1én téi
100mm (24 g10).
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3. THANH PHAN HOA HQOC CUA MAU

Mau cé thanh phan hoa hoe tuong d6i én dinh. Nhiing thay d61 vé thanh phan
cua mau nhanh chéng dude khac phuc ¢ ngudi khoe manh. Khi ¢6 réi loan chitc
nang (than, gan. tim, tuyén tuy...) s& lJam thay d6i thanh phan hoa hoc caa mau.
Céac xét nghiém hoé sinh vé mau ¢6 vai trd quan trong trong chan doan va diéu tri.

Mau toan phan, huyét tudng, huyét cdu c6 thanh phin hoa hoc rat khac nhau,

vi du:

— Nuéc, natri trong huyét tucng nhiéu hon trong héng cau.

— Kali trong héng cau nhiéu hon trong huyét tudng.

— Protein trong héng cau nhiéu hon trong huyét tudng.

— Lipid trong huyét tusng nhiéu hon trong héng cau.

— Calci chi ¢6 & huyét tuong.

— Mot s& chat ¢6 nong do tuong ducng trong ca hai: uré, glucose.

Ty 1& nuée va chat khd trong mau (bang 11.2.):

Badng 11.2. Ty 18 nudc va chit kho trong mau

Nuée % 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 phdn ciia hong cdu

S6 lugng héng cau d ngudi:

+ Nam: 4,5 x 10'%1 (Viét Nam: 4,2 x 10'%1).

+ Nit: 4 — 4,5 x 10'%1 (Viét Nam: 3,8 x 10'41).

— Ngudi 6 vang nai cao s6 lugng héng cau ting (7-8 x 10'%/1}.

— Héng cAu trudng thanh khéng ¢é nhan, ddi sénhg ngin (120-130 ngay).

— Bi pha hiiy chu yéu 4 lach va hé ndi mac vong md.

Thanh phén ctia héng cdu gdm:
— Nudc b7 — 68%.

— Chat khé (hiiu ¢o va vd cd) 32 — 43%: protein, glucid, lipid, cac chat dién giai.

— Protein:

+ Chu yéu la hemoglobin (Hb) (chiém 95% cac chat hitu co).
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+ Hb chiém khoang 34-40% khéi lugng clia héng ciu (15g/d] mau).
+ Lugng Hb thay ddi theo lita tudi va tinh trang bénh ly.

Tang: cac chiing tiang héng ciu.

Giam: thi€u mau nhugce sic (Hb trong héng ciu giam).

— Cé nhiéu loat hemoglobin (khac nhau § phén globin) (xem chuong 4, Hoa hoc
Hemoglobin, Hoa sinh hoc Tap 1, B6 Y t&, NXB Y hoc, 2007).

Hb binh thuong

+ HbA (HbA1 va HBAZ) & ngusi 16n.

+ HbF ¢6 nhiéu & tré mét sinh.

Hb bit thuong

+ HbS, HbC, HbD, HbE, HbG, HbH,... trén cac ching tdc khac nhau. HbS
(héng cAu hinh liém) gdy thiéu mau tan huyét, gip & nhiing ngudi da den chau
Phi, chdu My, Hy Lap, Tho Nhi Ky, HbC (héng ciu hinh bia) giy bénh thidu mau
tan huyét nhe (ngudi da den chau Phi, chau M§). HbF (héng cAu hinh bia, hinh
nhan) = Thalassémie (thiéu mau vimg bién) giy thi€u mau tan huyét, c6 nhiéu
hong cau non ¢ mau ngoai vi, réi loan vé xusng. Bénh nay ¢6 tinh di truyén hay
gap quanh vung Dia Trung Hai déng thdi con gap ¢ Mién Dién, Thai Lan, An Do,
Viét Nam (mdt s6 trudng hop).

— Enzym: mét phan nho protein clia hdng cdu 1a cic enzym. Gém:

+ Phosphatase

+ Catalase

+ Cac enzym cua thoai hoa glucid y&m khi

Trong héng ciu khéng c6 enzym ctia chu trinh acid citric (do khong ¢é ty thé).
Dac biét c6 nhiéu glucose — 6 — phosphat dehydrogenase (G6PD).

— Gluead:

+ Thudng ¢ dang glucoprotein ¢é trén bé mat héng ciu.

+ Quyét dinh nhém mauy, tinh khang nguyén cta héng cu

— Lipid: gom chii yé&u la lecithin (3,3 — 3,7g/1), cholesterol (3,4 — 4,2 mmol/]) va
cac phospholipid khéac

— Cac chat dién giai:

+ 80% phospho mau & trong héng cau.

+ Kali 1dn gdp 20 — 30 14n so véi huyét tusng (450 — 480mg%).
+ Na (50 - 110mg%), Mg (5mg%), Fe (105mg%), Cu (1,5mg%).
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3.1.2. Thanh phdn cia bach cau

S6 lugng bach cAu 6 ngudi:

Nam: khoang 7 x 10%1 mau

Nit: khoang 6,8 x 10%1 mau

Bach cAu c6 nhan, ty thé, ndng 46 acid nucleic cao va ¢é qua trinh phosphoryl
oxy hoa (khac véi héng cAu). Chita nhidu glycogen, protein, cac enzym phén hiy
dudng, catalase, vit Bl va kém.

Chitc ning: bio vé co thé bing cd ché mién dich té& bao va dich thé.

Acid folic cAn thist cho qué trinh trudng thanh cua bach cau, do dé cac thude
khang acid folic duge st dung tri bénh da bach cau.

Cé ba loai bach ciu:
— Bach cau lympho (26%).
~ Bach cau mono (7%).
— Bach ciu da nhan (67%) ( gdm eosino, baso va neutro).
3.1.3. Thanh phdn ciia tiéu cdu
— La té& bao dac biét khéng nhén, khéng acid nucleic.
— Gom: protein 57%, lipid 19%, rat it glucid.
— Chiic ning cd ban cla tiéu ciu la tham gia vao qua trinh dong mau bang

cach thu hit cac yéu té déng mau cia huyét tuong (fibrinogen, prothrombin,
globulin chéng chay mau A va B, fibrin, serotonin).

3.2. Thanh phan ctia huyét tuong
Gom 91% nude va 9% chat kho.
3.2.1. Thanh phén khi
100 m]l mau déng mach chia:
— 18-20 ml oxy (0,3ml dang hoa tan, phan con lai k&t hgp véi Hb clia héng cau).
— 45-50 ml CO, (75% 6 huyét tuong, 25% 6 héng cau).
3.2.2. Cdc chdt vé co
0 dang ion hoa hoac két hop vdi protein
Gom:
— Cac cation: Na*, K*, Ca**, Mg**
— Cac anion: Cl, HCO,, SO, , phosphat...

226



— Céc yéu té vi lugng: I, Cu, Fe, Zn...

Dac diém: néng dd duong lugng clia cac cation va anion cAn bing nhau trong

huyét tudng.

Bang 11.3. Nong dé duong lugng cla cac cation va anion trong huyét tugng

Cation Anion
Na* 142 mmol/| CI 103 mmol
K’ 5 mmol/l HCQ, 27 mmol/|
Ca* 5 mmoW HPO,> 2 mmol/l
i Mg® 3 mmolil S0, 1 mmol/l
Anion hiu co 22 mmolfl
o Cong 155 mmol/| Cang 155 mmoll

Mot s6 chat dién giai chinh trong huyét thanh:

~ Néng 46 tuong d6i it thay déi

— Thay déi trong cac trudsng hop bénh Ly

Natri:

— Néng dé binh thudng: 142 £ 5 mmol/]
— Chu yéu két hgp vé1 Cl~ dudi dang NaCl

Téang: mat nude, viém than, ian nhiéu NaCl.

Gidm: thiéu nang vé thugng than (Addison)

Clo:

— Néng 46 binh thudng: 103 + 5 mmol/l

— Tang: choang phan vé, viém than man kém uré huyét cao, than nhiém ma.

— Giam: tac mén vi, nén nhiéuy, tiéu chay, Addison

Kali:

— Néng d6 binh thudng: 5 + 0,1 mmol/l

— Tang: tidu huyét, Addison, tic rudt cap, suy tim

— Giam: cudng vo thugng than, nhiém déc thude ngl, mat kali do thude 1gi niéu.

Calet:

— Néng d6 binh thudng: 2,5 + 0,1 mmol/1 1
— 50% khéng tham tich duge (két hop véi protein).
— 50% tham tich dudc ( 5% khéng ion hoé + 45% ion hod).

— Tang: cudng phé giap trang.

— Giam: thiéu nang phé giap trang, cdi xuong, mém xuoneg.

— Diéu hoa nong d calei trong mau nhd vitamin D, hormon phé giap trang.
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Phospho:

— Néng 46 binh thugng phospho vé co trong huyét thanh: 1,12 + 0,16 mmol/l
(tré em cao hon mdt it).

— Cén ¢b ¢ dang hitu co (két hgp voi glucid va lipid).
- Tang: thiéu nang pho giap trang, viém than,...
— (Giam: cudng phé giap trang, col xuong,...
Magne:
- Néng dd binh thudng trong huyét thanh: 0,84 £ 0,01 mmol/l.
— Mét 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 tre em,...
3.2.3. Cdc chat hitu co

3.2.3.1. Protein

— La thanh phén hitu ¢ quan trong nhit.

~ O duéi dang tu do hodc két hap (protein tap).

— C6 nhiéu loai: albumin, globulin, fibrinogen, nucleoprotein, glucoprotein, lipoprotein. ...

— Puge tdng hop chi yéu & gan va td chiic lién vong.

— Tri s6 binh thudng: 60-80g/1.

— Dién di trén gidy protein trong huyét thanh: thu duge 5 thanh phan la
albumin, a,, o, B va y—globulin (di chuyén cham nhat).

— Dién di trén gel polyacrylamid c¢6 thé tach duge 18-21 thanh phin protein
trong huyét thanh.

+ Albumin (M = 79. 000}:

Chiém 56,6% téng lugng protein cia huyét thanh. Albumin gift vai trd quan
trong trong viée duy tri ap sudt thdm thiu cta mau. Tham gia van chuyén mét s&
chit khéng tan trong nudc nhu bilirubin tu do, acid béo, mdt s§ hormon, vitamin
tan trong dau, cac duge pham. T1/2 ngén (7 ngay).

* Y nghia ctia su thay d6i néng d6 albumin trong huyét thanh.:

Tang: it ¢6 ¥ nghia lAm sang ( mau bi ¢6 dic, mat nudc).

Giam: thuong dugc chia lam 3 nhém

+ Nhém 1: giam do thiéu nguyén liéu téng hop (suy dinh dudng, thidu protein).

+ Nhém 2: giam albumin huyét do suy chiic nang gan.
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+ Nhém 3: giam albumin huyét do tdng dao thai albumin qua théan (viém ciu
than, viém éng than, nhiém dgc...).
+ Globulin (M = 160.000 — 180.000):

— G:6m nhiéu loai

~ Chia lam bén nhém 16n: «,, o, B va y — globulin.

_ (11, az_
— o, tham gia cdu tao glucoprotein, lipoprotein.

- o, tham gia van chuyén ddng (ceruloplasmin).

globulin chi€m khoang 13% .

~ B — globulin chi€m khodng 11,7% trong d6 c6 Siderophilin (protein chita Fe).

— v — globulin chiém khoang 18,6% c4u tao nén cac khang thé.

Tang: cac trudéng hgp nhiém khuén, viém cdp va man.

Dién di protein trong huyét thanh trén gidy thu duge 5 thanh phin nhu sau

(bang11.4):

Bdng 11.4. Ty 18 5 thanh phan protein trong huyét thanh (thu dugc bling dién di trén gidy)

Albumin®% 56,6 +7,1
Globulin%
oty 53+1,7
oy 7.8+3,0
B 11,7+£2,3
¥ 186+ 4,7

Ty 86 A/G (Albumin/Globulin): 1,5 — 2.

A/G giam khi albumin huyét giam va globulin tang.

M6t s6 protein dac biét ctia huyét tuong

Glucoprotein

— Phén glucid c6 thé 1 monosaccarid hay dén xu4t amin ctia ching.

— Xudt hién ¢ ving o, va a,~globulin (dién di trén gidy).

— T4t ca déu ¢6 hoat tinh sinh hoc.

Tang: lao, viém phdi, thap khdp cdp, viém ciu than ¢dp, nhdi mau co tim, bénh
bach cdu, tiéu dudng, u tay,..

Haptoglobin (M = 85.000)
— GOm hai chudi polypeptid (o va B ).

— La thanh phan cia o, — globulin.

— Gén véi Hb dé Hb khéng lot qua cdu thén.

— Lién quan dén khang thé Rhesus.
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Gidm: tan mau, viém gan cap, thiéu méau 4c tinh, 6 ngudi c6 doi séng héng cau ngén.

Transferin (Siderophilin) M = 90.000

_ Thuéc phan B — globulin , c6 kha nang két hop véi sat (phiic mau da cam).

_ Néng dd transferin khoang 2,9¢/1 (chia khoang 1% lugng sat clia co thé).

— Hién nay biét duge khoang 19 dang transferin khac nhau trong huyét tuong.

Transferin ciing véi ferritin (gan) va haptoglobin didu hoa cén bing sat cho co
thé. Mot s8 trudng hop khdng cé transferin trong huyét tuong do di truyén hay
méc phai (bénh vé gan).

Ceruloplasmin (Plastocyanin) M = 160.000

— LA mét protein van chuyén déng (8 nguyén tit Cu/mol), ¢6 mau xanh.

. M&i phan ti dude ciu tao bdi 4 ban don vi va do gan téng hop.

— Trong mot s§ bénh vé gan s& lam giam lugng ceruloplasmin gy ¢ dong déng
trong ndo va cac td chiic giy rdi loan than kinh va chic nang gan.

Cac globulin mién dich (Ig)

Puge cdu tao tit 4 chudi polypeptid (2 chudi niang gidng 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 ning c6 nhiéu kiéu. Tén cac Ig dugc goi theo chubi ning.

Vi du: 2 chudi nang cha IgG 1a gama, cua IgA la alpha, IgM la muy, IgD la
delta, IgE 14 epsilon.

C4e chudi ndi véi nhau bang lién két disulfur.

Ig duge tong hgp khi c6 khang nguyén la xdm nhép co thé.

Interferon

Duge tim thidy diu tién 1957 (do Isaacs va Lindemann). La protein c6 M=
20.000 — 160.000. Interferon duge tiét ra khi co thé nhiém virus, ¢ tac dung Uc
ché su nhén 1én cha virus. Cac virus séng hoic chét, ADN, polysaccarid tong hop,
liposaccarid cia vi khuén cling kich thich tong hop interferon.

Interferon dudc sit dung dé du phong va diéu tri bénh virus.

Fibrinogen M= 330.000 — 340.000

La mdt glucoprotein gém 3 chudi polypeptid khac nhau lién két bai cau
disulfur. Phan glucid duge lién két qua asparagin va N — acetyl glucosamin.
Fibrinogen di chuyén dién di trong vung giiia § va y — globulin.

Fibrinogen duge téng hop & gan, ndng dé trung binh trong mau tit 5,3 — 10,6
mmol/l (4 — 5% trong luong protein huyét tuong).

— Tang: ¢6 thai, viém nhiém, pha huy cac t6 chiie, lao ac tinh.
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— Giam: céc bénh vé gan, nhiém ddc phospho.

_ Khéng c6 hodc gidm fibrinogen mau bam sinh lam tré bi chay mau va chét sdm.
3.2.3.2. Lipid

Lipid dugc van chuyén trong huyét tuong dudi dang cac hat lipoprotein. Néng

do binh thudng trong huyét tudng ti 4 — 7g/l, gom triglycerid, phospholipid,
cholesterol, steroid.

bién di cho hai viing bing nhau:

+ g — lipoprotein, M = 200.000 (chia 60% protein).

+ 3 — lipoprotein, M = 1.300.000 {chia 60% lipid va 1 - 2 % glucid).

Dua theo ty trong, ngudi ta phén loal nhu sau:

— a — lipoprotein hodac lipoprotein ¢é ty trong cao (HDL): di chuyén dién di
cung a—globulin, gidu phospholipid va protein.

— B - lipoprotein hodc lipoprotein ¢6 ty trong thip (LDL): di chuyén dién di
cung B — globulin, giau cholesterol.

— Pre — B — lipoprotein ho#c lipoprotein ¢6 ty trong rat thap (VLDL): dién di nam
gifia o va B — lipoprotein, Pay 1a dang van chuyén chu yéu cla triglycerid ndi sinh.

— Chylomicron: khéng di chuyén dién di, dudc tao thanh & rudt khi hdp thu
triglycerid va cholesterol ngoai sinh sau d6 theo bach mach vie éng nguc roi doé
vao mau. Day la dang van chuyén ctia triglycerid.

— Pre — B — lipoprotein va o — lipoprotein dudc tao ra 6 gan. 8 — lipoprotein tao
thanh tit pre — B — lipoprotein huyét tudng dudi tac dung cua lipoprotein lipase.

Ty trong cha cac lipoprotein phu thudc vao phan protein {(apoprotein). C6 nhicu
loai apoprotein (A,B,C...); cé vai trd trong céc ro1 loan chuyén hoa va bénh ly lipid.

Cé nam kidu tang lipid mau:

Kiéu I tang chylomicron.

Kiéu II: tang lipoprotein mau.

Kiéu I1I: tang lipoprotein — R&i loan lipoprotein mau.

Kiéu IV: tang pre — 3 — lipoprotein mau.

Kiéu V: tang pre — B — lipoprotein mau — chylomicron mau.

Ngoai ra ¢on gap cac truong hop:

Giam hoac khong ¢6 p — lipoprotein ho#ic khéng ¢6 o — lipoprotein mau do di truyén.

Vé mat 1dm sang: lipid méu téng 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 dugc to hop trong cac hat lipoprotein.

Néng d6 cholesterol toan phan trong huyét thanh: 4 — 6,5 mmol/l trong 46
dang tu do: 3 — 4,1 mmol/l; dang ester hoa: 0,9 — 2,4 mmol/l.

Cholesterol ester héa

— =0,6~-0,75
Cholesterol toan phan

! Ty s6 =

Ty s6 nay dude dung dé danh gia chic ning gan (gidm trong suy chiic ning gan).

— Cholesterol trong LDL — Cholesterol 1a cholesterol "x&u" dé& ling dong thanh
mach, gy mang xo viia.

— Cholesterol trong HDL — Cholesterol la cholesterel "t6t" khéong gdy xd viia
d6éng mach, binh thuong 1,96 mmol/l, néu < 0,8 mmol/l dé bi xd viia.
3.2.3.3. Glucid

Chu yéu la glucose, néng dd binh thudng trong mau: 4,5 — 6,6 mmol/1 (trung binh
5,55 mmol/l). Nong d8 glucose huyét duge diéu hoa bdi hé théng hormon va gan.

Tang:
+ Sinh 1y: tAng nhe sau biia an, xdc dong, lanh.

+ Bénh ly: tang trong dai dudng tuy, tuyén yén (Cushing), tuyén giap
(Basedow), u vd thugng than.

Gidm: thidu 4n, d4i thao than, thidu 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.

Ure

Uré la san pham thoai hoa quan trong nhit ciia protein., néng dé trong huyé't

tuong 3,5 — 3,7 mmol/l (chiém 50% céac hgp chat nitd phi protein). Néng d6 nay
thay do6i theo ché d6 an.

Tang:
— Do tang phén huy protid: st cao, nhiém trung , nhiém déc, bong.

— Do giam dao thai: bénh than, bi tiéu do séi, ung thu tuyén tién liét, tidu
chay, non...

Acid uric

Acid uric 1a san ph&m cudi cing clia sy thoai hoa cac base purin. Néng d6 ti
190 — 420 pmol/l mau.

Tang trong bénh gout, viém nit quanh déng mach, nhiém trung, viém théan, béng.
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Bilirubin

La san pham thoai hoa ctia hemoglobin. Chi y&u & dang tu do trong mau (3,4
—-13,7 pmol/l), mét phan nhd & dang lién hgp véi acid glycuronic (bilirubin lién
hgp). Néng d¢ bilirubin toan phan: <17 pmol/l). Tang trong cac héi ching vang da.

Creatinin va Creatin

Chu yéu la creatinin c6 gia tri tudng tu uré. Nong dé creatinin trong mau: 53 —
106 pmol/l , creatin: 8,8 — 13,3 umol/],

Creatinin ting trong cac bénh vé than va cg.

Ammoniac |

Cé rat it trong mau (< 30 umol/l mau toan phén). Tang trong bénh gan giai
doan cudl, tién hén mé va hén mé gan.

Cdc enzym huyét thanh

Gom 2 nhém

— Cac enzym huyét thanh c6 chtic nang (duge bai tiét vao mau va thuc hién cac
chic nang trong mau). Gém: cac enzym giy dbéng mau, pseudo-cholinesterase,
lipase...Néng d¢ trong huyét thanh cia cic enzym nay tudng déi cao so véi cae t8 chiic.

— Céc enzym huyét thanh khong cé chite ning (duge bai tiét vao mau nhung
khéng hoat déng trong mau). Néng db cac enzym nay trong huyét thanh thap hon
nhiéu (hang triéu 1an) so véi cac té chie.

Chia lam hali loai:

Cdc enzym ngoqi tiét:

— Duge cac t6 chie tiét ra va bai tidt vao mau

— Gdm leucin aminopeptidase, phosphatase kiém clia gan, amylase va lipase
cua tuy, phosphatase acid ctla tuyén tién liét

Cdc enzym té bao hodc enzym chi thi:

— Thuong ¢6 rat it hodc khéng c6 trong huyét thanh

— Hoat d6 cua chung tang trong huyét thanh biéu thi su tén thudng cac t&€ bao
hoac bao quan cua cac mé.

— G6m 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 goc lysosom).

Vi du:

Nhéi méau co tim: LDH, CK GOT trong huyét thanh tang.

233



Viém gan virus: GOT, GPT, LDH, histidinase, urokinase tang.
Ngoai ra ¢on xac dinh cac isozym cha LDH va CK.

LDH ¢6 5 isoenzym (LDH, va LDH, tang cao/ nhéi mau co tim; LDH, va LDH,

tang cao trong viém gan nhu md).

Creatinkinase (CK) ¢6 3 isoenzym:BB (nfio), BM (co tim) va MM (co xuong).
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LUONG GIA

Chon mét cau tra 18i ding nhit trong cac ciu sau

1.
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Mau c6 cac chdc nang sau:

a. Dinh dudng va bai tiét

b. Dinh dudng, bai tiét, hd hip, diéu hoa va bao vé

c. Dinh dudng, bai tiét va ho hip

d. Ca 3 chu trén déu sai

D6 nhot cua mau:

a. Cao gip 4-6 lan so vdi nude (3 38°C)

b. Phu thudc chi yéu vao sé lugng héng ciu

c. Giam con 1,7 lan so véi nude trong trudng hop thi€u mau.

d. Ca 3 cau trén déu duang.



3. Hobng cau:

a.
b.
c.
d.

Héng cdu trudng thanh khéng ¢é nhan, ddi séng ngin (120-130 ngay).
Bi pha hity chi1 y&u & lach va hé néi mac véng mé.
a, b déu dung.

a, b déu sai

4. Chiic nang cd ban cua tiéu ciu la:

a.
b.

c.
d.

a.
b.

d.

Tham gia vao qua trinh déng mau
Bao vé cd thé
a, b déu dung.

a, b déu sai

5. Albumin trong huyét tuong git vai tro:

Duy tri 4p sut tham thau clla mau
Van chuyén mét sd chat khéng tan trong nude.
a, b déu ding.

a, b déu sai

Phan biét dang, sai trong cac ciu sau bang cach tich ( ¥) vao cét D

cho ciu dang, vao ¢t S cho cau sai

STT | Né1 dung b IS
6 | Néng d6 calci trong mau duge diéu héa nhg vitamin D,
hormon pho giap trang.
7 Acid folic cAn thiét cho qué trinh trudng thanh ciia bach cau,
do dé cac thude khang acid folic duge st dung tri bénh da
bach cau.
8 Bach cau la t& bao dac biét khéng nhin, khéng acid nucleic,
9 Ceruloplasmin 12 mét protein van chuyén sét. i
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 sy tén thuong cac té bao hoic bao quan clia cac md.
12 Interferon duge st dung dé dy phong va diéu tri bénh do

nhiém vi khuan.
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13 Pre — B — lipoprotein hoac lipoprotein ¢6 ty trong rat thip
(VLDL) lA dang van chuyén chu yéu cua triglycerid ndi sinh.
14 Fibrinogen la mét glucoprotein gém 3 chubi polypeptid khac
nhau lién ké&t bdi cau disulfur.
Céac chudi polypeptid trong phén ti globulin mién dich duge

115

néi véi nhau bang lién két céng hoi tri.

Pién vao ché tréong

16.

17.

18.

19.
20.

Dién di protein trong huyét thanh trén gidy thu duge 5 thanh phan nhu
sall............ eeeeenn T s VA

Néng d6 duong lugng cua cac cation va anion trong huyét tuong

LDHco...oo isoenzym

Ty trong cla céc lipoprotein phu thude vao phan .......co.cooooiiiiiiniin

CAU HO! NGHIEN cUU BAI HOC

1.

2.
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Trinh bay cac thanh phén chinh clia huyét cau.

Y nghia clia su cin bing cac néng 46 dudng lugng ciia céc cation va anion
trong huyét tudng.

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 tudng. Vai trd cua cholesterol trong xd
viia dong mach,

Y nghia ciia su thay déi ndng 86 cac hop chit nits phi protid trong huyét tueng.

Y nghia ciia su thay d8i hoat dé cta cac enzym t& bio trong huyét thanh.



PAP AN TU LUONG GIA

Chuong 1. Chuyén hoa GLUCID

1a 3.b 5a.d 7.a,c 9b 1lac
2. 4.a,d 6.a,b 8.a,b,d 10.a,b,c,d 12c

Chuong 2. Chuyén hoa LIPID

1.b 3b 5d 7.a,c,d 9.a,b,c
2.a 4.c 6.a,b,c,d 8.a,b,c,d 10.a,c |

Chuong 3. Chuyén hoa PROTEIN va ACID AMIN

I 14 6.b L 11D 16.5 21.D 2.5

2b 7.a 125 17.D 22D 27.5
3¢ B.a 12.5 185 23.b 28D
4.a 9.a 14.D 195 24.D 29.b
5b 10.b 15.D 205 25.5 305

Chuong 4. Chuyén hoa HEMOGLOBIN

l.a,b,c,d 4.

2.b,c,d 1)ad

3a.cd 2y a,bce
3) bt

Chuong 5. Chuyén hoa ACID NUCLEIC

| 1abed 3b,cd 5.b.d 7.c 9.a
| 2.a,b,d 4.a,b,c,d 6.b 8.d 10.d

Chuong 6. Lién quan va diéu hoa chuyén hoa

| 1D 35 55 7D 9.

2D 4.5 6. 8.5 105
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Chuong 7. Su trao déi nudc va cac chit dién giai

{ 1.b 3.d 5.¢ 7.a,.C 9.a,b,cd _}
; 2.d |‘ 4.a i 6.4 8.a,b,c,d i 10.c,d J
| —
Chuong 8. Thing bing ACID - BASE
l 1a 3d 5c¢
‘ 2.b 4.a 6.a,b,c,d
Chuong 9. Hoa sinh thin va nu6c tiéu
‘ 1.d 5.d 9.4 13.b 17.a,b,c,d
' 2b 6.d 10.¢ 14.a,b,d 18.a,b
‘ 3.c 7.c 11.d 15.a,c,d 19.a,b,c,d
‘ 4b 8.a 12.d 16.a,b,c,d 20.a,b,c
Chuong 10. Hoa sinh gan
[ T
1.b 5b 9.b 13.b 17.a,d
2.d 6.b 10.d 14.b,c 18.b,d
| 3d 7. 11.c 15.abd | 19bcd
‘ dc¢ 8.¢ 12¢ 16.a,d ‘ 20.a,d
Chuong 11. Hoa sinh mau
1b 6.D 11.B
2d 7D 12.5
3¢ 85 13D
da 95 14.D
5¢ 10.D 155
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