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MG PAU

LOGICH PHAN TU CUA VAT THE SONG
VA NHIEM VU CUA HOA SINH HQOC

Hoéa sinh hoc ¢ thé dudc xem nhu héa hoc cia cic vat thé song. Moi vat thé
song déu dugc ciu tao tir nhitng phan tif vd sinh song lai c6 nhitng tinh chit rat dic
biét ma th& gidi vo sinh khong c6. B6 la:

- Tinh phtc tap va mifc dd t8 chic cao. Trong ciu tric phic tap d6 chita vo so
cdc hop chat héa hoc vdi cic ki€u ciu tric khdc nhau. Trong khi d6 moi trudng xung
quanh 12 hdn hop vo trat tu ctia cdc hdp chit khd don gién;

- M3i bo phin tao thanh cia co thé sdng (cd quan, mo, t€ bao, cic ciu tric dudi
t&€ bao va cdc phan tir héa hoc khidc nhau) dudc phan cong thuc hién cdc chiic ning xdc
dinh;

- Kha ning ti€p nhan niing ludng va nguyén lidu tif moi trudng va bién héa né
dé st dung cho viéc xay dung va duy tri ciu tric phifc tap clia minh; trong khi d6 cic
hé thong vd sinh déu bi phan hiity néu ching hap thu ning lugng;

- Kh3 ning sinh san, tic ty khdi phuc mot cach chinh xdc d€ tao ra tir thé hé nay
dén th& hé khdc nhitng c4 thé giong hét nhu minh (néu tranh dugc cdc yéu td giy bién
di).

La mot bo phan khong thé tich rdi clia ty nhién, vat thé song khong thé khong
chiu sy diéu khién clia tit cd cdc quy luat clia ty nhién. Tuy vay, ngoai nhitng quy luat
chung cta tu nhién, cdc phin ti trong cd th€ sdng con tuong tic vdi nhau va véi moi
trudng xung quanh trén co s mot hé thdng cic nguyén tic dic biét ma ta c6 thé goi
chung 1a logich phén tit ciia vat thé song. D6 12 mdt hé thong nhitng quy luit co ban
xdc dinh ban chit, chic ning clia cdc phin tf dic biét ma ta tim thay trong cd thé
sOng va sy tudng tdc giita chiing ma nhd d6 co thé trd nén c6 kha ning tu t6 chiic va tu
khoi phuc.

Phan 16n cdc thanh phan héa hoc cla co thé song 1a nhitng hop chat hitu co ma
trong d6 carbon ton tai & dang c6 mifc dd khif cao. Nhiéu phan tit sinh hoc con chita
nito. Hai nguyén t6 nay & th€ giSi vo sinh it phd bién hon va chi ton tai & dang nhiing
hop chét don gidn nhu CO,, N, CO3>, NO3 v.v...

Céc hdp chit hitu co trong cd thé sdng riat da dang va phan 16n 1a cuc ky phifc
tap. Tham chi cd thé song don gidn nhat 1a vi khuin, vi du Escherichia coli, cling da
chia t6i 5000 loai hop chat hitu cd khdc nhau, trong d6 c¢6 khoang 3000 loai protein va
1000 loai acid nucleic. Trong nhitng cd thé phifc tap hon — dong vat va thuc vat — mic
dd da dang con cao hon nhiéu. Vi duy, trong co thé ngudi c6 dén 5 triéu loai protein,
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trong d6 khong mot loai nao gidng hoan toan vdi protein ctia E. coli, mic dit mot s&
loai c6 chiic ning gidng nhau.

Tuy nhién du cho cdc phan t sinh hoc ¢6 da dang va phitc tap dén dau, tit cd
ching déu cé ngudn gdc rat don gidn: tit cd protein déu dugc hinh thanh tir 20 loai
aminoacid, toan bd acid nucleic — tir 8 loai nucleotide chii y&u. Nhitng phan tif vat liéu
x4y dung don gidn nay dugc chon loc trong qu4 trinh ti€n héa d€ thuc hién khong phai
chi mot ma nhiéu chic ning d€ ddm bio nguyén tic ti€t kiém tdi da. Trong cd thé
song khong thé tim thdy mdt hop chat ndio ma khong ddm nhiém it nhAt mot chic ning
nao do.

TU nhitng diéu néi trén cé thé rit ra mot quy luat: Tinh da dang va phiic tap ciia
cdc phén tit sinh hoc déu cé cfi nguon khd don gidn: moi co thé séng déu cé nguon
goc chung va dugc tao nén trén co sé tiét kigm phdan ti.

Mot khia canh dic biét khdc clia cd thé sdng 1a: bing cdch nio cd thé sdng c6
thé tao ra va duy tri dudc tinh trdt ty v phifc tap clia ciu tric trong khi moi qué trinh
vat 1y va héa hoc, theo dinh luit thi hai ctia nhiét dong hoc, déu c6 xu huéng tién t6i
chd mat trat ty va hdn loan, tifc huéng vé phia ting entropy? Cd thé song khong thé
khong tuin theo cdc quy ludt clia ty nhién, tifc chiing khong thé xuat hién mot cach tu
phat tir sy hdn loan. N6 ciing khong thé tao ra ning lugng tir chd khong c6 gi, trdi véi
dinh luit bio toan ning lugng. Thé nhung cd thé séng c6 mot tinh chat dic thit quan
trong 1a c6 kha niing ti€p nhan ning lugng tir mdi trudng trong nhitng diéu kién nhiét
dd va dp suat cu thé, bi€n héa ning lugng d6 thanh dang ning lugng thich hdp cho ban
than ching. Ning lugng hitu ich ma co thé song c6 thé st dung dudc goi 1a ndng luong
tu do. P6 1 phin ning luong c6 thé tao ra cong trong diéu kién nhiét do va 4p suit
khong d6i. Phin ning lugng ma t&€ bao thii ra moi trudng thudng 13 & dang nhiét. Piéu
dé gép phan lam ting entropy clia mdi trudng, tifc lam ting tinh hdn loan cla né.

Vit thé song 1a nhitng hé thong hd (theo cach dién dat cia nhiét dong hoc), hay
nhitng hé théng cdch ly tuong doi (theo cach néi clia diéu khién hoc). C4 hai cich dién
dat déu c6 nghia 12 nhitng hé thong ndy c6 sy lién hé véi mdi trudng xung quanh,
trong d6 moi trudng cAn cho co thé séng khong nhitng nhur ngudn ning lugng ma con
12 ngudn vat liéu xay dung. Pic diém clia loai hé thong nay 1a ching khong thiét 1ap
trang thdi cAn biing v6i moi trudng, mic du c6 thé cdm gidc ring co thé ton tai & trang
th4i can bing vi khong nhin thy cé su bién d6i khi quan sit chiing trong mot khodng
thdi gian nio d6. Trén thuc t&€ thi khong phai nhu viy. Cd thé séng chi c6 thé thiét 1ap
trang thdi can biing dong v6i moi trudng, tic trang thdi ma tdc dd van chuyén vat chit
va ning lugng tf moi trudng vao hé thong cin bing véi toc dd clda dong ngudgc lai.
Nhu vy, té bao la mot hé thong hé khong can bang, mét chiéc mdy tiép nhdn ndng
luong tu do tit méi truong dé lam tdang tinh trdt tw cia bdn thdan, dong thoi lam tdng
entropy ciia moi truong. May ti€p nhin ning ludng ndy hoat dong véi hiéu suit cao
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hon nhiéu so v6i moi mdy méc do con ngudi sdng ché ra. P6 1a mit th hai cla
nguyén tic tiét kiém clia co thé sdng. — ti€t kiém ning luong.

Co ché ti€p nhan ning lugng clia co thé song dugc xAy dung tir nhitng hop chat
hifu cd tuong d6i kém bén vitng, nhay cdm vdi nhitng diéu kién thi cuc nhu nhiét do
qud cao, dong dién qud manh, do pH qua l&éch vé phia kiém hoic acid v.v... Toan bd
hé théng song, vi du t& bio, 12 mot hé thong ding nhiét. Vi thé ching khong thé dung
nhiét 1am ngudn ning lugng. Néi cich khic, t& bao la nhitng chiéc mdy héa hoc ding
nhiét. Ching chi c¢6 thé thu nhin ning lugng tif moi trudng & dang héa ning, sau dé
bién héa ning lugng nay dé€ thuc hién cdc cong héa hoc trong viéc tdng hop cdc thanh
phan clia t&€ bao, cong tham thiu trong viéc van chuyén vt chat, cong co hoc trong
dong tdc coco v.v...

Sé di t€ bao c6 thé hoat dong nhu chi€c mdy héa hoc ding nhiét 1a nhd chiing
chita mot hé thdng cédc chat xic tic sinh hoc gdm hang ngan loai enzyme khéic nhau.
D6 1a nhitng phan tif protein c6 kh3 ning xtic tdc mdt cach dic hiéu mot hodc mot s&
phdn tng x4c dinh, 1am cho & diéu kién 4p sudt va nhiét d6 binh thudng ctia t& bao cic
bi€n d6i héa hoc van cé thé x3y ra véi tdc dd va hiéu qua rat cao. Nhd tinh dic hiéu
cao clia enzyme ma hang loat cdc phan ng khdc nhau c6 thé x4y ra ddng thdi trong t&
bao. Tinh dic hiéu nay 1a sy thé hién clia mot trong nhitng nguyén tic rit quan trong
clia sy song — nguyén tdc bé sung: mdi enzyme chi c6 thé ti€p nhan co chat clia minh,
tiic nhitng co chit ¢ ciu tao phan tf phi hdp v6i trung tAm hoat dong clia enzyme Ay.

Giffa cdc phin ng enzyme khac nhau trong t€ bao ton tai nhitng mdi lién hé
phtic tap. Sdn phim ctia phadn tGng nay c6 thé 1a co chit clia phan tng kia. Hang loat
céc phan tng k& tuc nhau nhu vay 1an luot x3y ra dé€ thuc hién nhitng chifc ning xic
dinh. Nhitng chudi phan tng d6 con c6 thé tao ra cic mach nhianh d€ gép phan hinh
thanh nén cdc mang ludi véi nhitng chitc ndng sinh hoc khac nhau. Toan b nhitng
mang lu6i d6 két hdp v6i nhau tao nén mot hé thong thdng nhit cdc qud trinh héa hoc
trong t&€ bao c6 tén goi 12 trao doi chat.

Nhd mdi lién hé chiit ché giita cdc phdn ing enzyme ma niing lugng héa hoc ¢
thé di chuyén dugc trong hé thong ding nhiét. Ning lugng ma co thé ti€p nhan dudc
tf moi trudng nhd mdi lién hé nay cé thé dudc tich lily lai bing cach phosphoryl-héa
adenosyldiphosphate (ADP) thanh adenosyltriphosphate (ATP). Ngudc lai, khi ATP bi
phin gidi thanh ADP s€ kém theo gidi phong ning lugng. Nhd sy lién hé gilra cdc
phdn tng enzyme ning lugng d6 dudc st dung dé€ tdng hdp cdc hgp chit khdc nhau
hoic d€ thuc hién mot cong nio doé.

M@i lién hé giita cdc phan ting enzyme con 1a cd s§ d€ tao ra cic hé thong diéu
hoa trong co thé song, tai d6 toc dd clia mot phan tng dic hiéu cé thé dugc diéu hoa
nhd tdc d6 clia mot phan tng khdc. Nhg co ché diéu hoa d6 mdi phan ting chi x4y ra
theo chiéu huéng x4c dinh véi téc dd xdc dinh di dé t&€ bao duy tri trang thdi dn dinh
binh thudng ctia minh. Trong nhitng trudng hgp don gidn nhat sy tich lily clia sin phim
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trung gian (chat trao ddi) vdi ham luong qua mic cin thi€t sé c¢6 tdc dung nhu tin hiéu
1am gidm t&c d6 cla chudi phan ng tao ra chiing. Cach diéu hoa nhu vay duge goi 1a
vic ché theo nguyén tdc lién hé ngugc. Nhitng enzyme diing dau chudi phan ting hoic
ding tai di€ém phan nhdnh thudng 13 nhitng enzyme diéu hoa, truc ti€p bi e ché bdi
sdn pham cudi cling.

Kha ning tu diéu hoa cla t&€ bao con thé hién & chd né ty diéu khién sy tdng hgp
hé théng enzyme ctia minh. Khi t€ bao dd nhan dugc tif moi trudng mot san phadm can
thi€t ndo d6, né sé& tam thdi dinh chi hoat dong clia hé thdng enzyme von can thiét dé
tao ra sin phdm d6. Ngudc lai, khi ti€p nhan tir moi trudng mot co chat cin phdi duge
ti€p tuc bién hoa, t& bao sé& dua hé thong tdng hdp nhitng enzyme cin thi€t cho sy bién
héa d6 vao hoat dong.

Cu6i ciing, trong s6 nhitng tinh chit ky diéu cta cd thé sdng, ky diéu nhat 13 khd
ndng sinh sdn, tdc kha ning tao ra v6i mifc dd chinh xdc hau nhu tuyét ddi nhitng c4
thé & th€ hé sau gidng hét thé hé truc. Hon thé nita, nhitng sai sét doi khi x3y ra
trong qud trinh sinh sn c6 thé lam xuat hién & th€ hé sau nhitng dang dot bién khong
phdi lic nao ciing ¢6 hai. Ngugc lai, dot bién 12 mot y&u to quan trong gép phin 1am
cho co thé s6ng ngay cang hoan thién, 12 mot dong luc cia ti€n héa. Khé cé thé tudng
tugng dugc ring mot khoi lugng khdng 16 thong tin di truyén can d€ tdi tao mot cd thé
cuc ky phiic tap lai c6 thé géi gon trong nhan ctda t& bao trifng va tinh triing bé nhd &
dang trat tu clda cdc nucleotide trong phén tif acid deoxyribonucleic (ADN) véi trong
lugng khong qud 6.10"? gam. Tinh chat ky diéu nay 12 hé qua cla sw phit hop vé mdt
kich thuéc giita mdt ma di truyén véi nhitng bo phdn tao thanh ciia phén tit ADN, tic
ciing 1a hé qua cia tinh bd sung vé& mit ciu tric. Nhd nguyén tic bd sung nay ma mdi
phan t& ADN c6 thé 1am khudn d€ dic nén phan t ADN khac trong qud trinh c6 tén
la nhAn ma (replation) hodc tao ra cdc phan t& acid ribonucleic thong tin (mARN)
trong qué trinh sao mi (transcription). Ciling chinh nhd nguyén tic nay ma mARN c¢6
thé 1am khudn d€ “ddc” nén cdc phin ti protein trong qud trinh phién ma
(translation). K&t qua 12 thong tin di truyén vén c6 ciu tric “mdt chiéu” & dang trat tu
nucleotide trong phan tt ADN dugc bién thanh dang thdng tin “ba chiéu” dic trung
cho moi ciu tric phan tif va trén phan tif cda vat thé song. Trat ty nucleotide trong
ADN quyét dinh trat ty aminoacid trong cdc phan t& protein. M4t trat tw aminoacid dé
chita dung nhitng moi tuong tac vat Iy va héa hoc phic tap, 1am cho phan tif protein tu
dong tao ra cho minh nhitng ki€u ciu tric khong gian 6n dinh va dic hiéu, cho phép
chiing ddm nhan nhitng chitc niing nhat dinh trong hé théng cdc qua trinh hoat dong
song cua t& bao.

C6 thé tém tit nhitng nguyén tic da trinh bay trén diy cida logich phan ti cla
vat thé s6ng mot cach ngdn gon nhu sau: Té bao la mot hé théong ddng nhiét c6 khd
ndng tu to chiic, tu diéu khién va tu tdi tao. H¢ thong nay duoc hinh thanh tit mot sé
Ién cdc phan ting von lién quan mdt thiét véi nhau va dvoc thiic ddy nho cdc chdt xiic
tdc hitu co do bdn théan té& bao tao ra. Moi hoat dpng ciia t&¢ bao déu tudn thii mét cdch
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nghiém ngdt nguyén tdc tiét kiem toi da vé vit chadt ciing nhu vé nang luong va thong
tin.

Logich phan tif ctia vat thé séng hoan toan khong mau thuin véi bat ky quy luit
vat 1y va héa hoc nao cling nhu khong doi hdi phai phat biéu nhitng quy luat mdi. Tuy
nhién, diéu quan trong 13 cdc cd ch& cia t€ bao sdng van chi tic dung trong pham vi
ctia nhitng quy luat diéu khién hoat dong clia nhitng may méc do con ngudi tao ra,
song nhitng phan ing, nhitng qu4 trinh x4y ra trong t& bao séng hoan thién hon nhiéu
so v6i nhitng chi€c mdy ty dong hién dai nhat.

Con ngudi dang tién gan dén chd hi€u biét dugec mot cach siu sic ngudn goc va
sy ti€n héa clia cdc phan t¥ sinh hoc, hiu dudc ddy di nhitng phidn ng enzyme két
thanh cdc qué trinh héa hoc thdng nhit trong t& bao. Va khi d6 con ngudi sé hiéu dugc
logich phan ti¥ ctia vat thé song xut hién nhu th€ nao va chiing minh dudc nhitng quy
luét ctia né. Héa sinh hoc cuing véi cdc linh vuc khéc cta sinh hoc hién dai va véi su
hd trd clia todn hoc, vat 1y hoc, héa hoc ... dang huéng vé muc tiéu diy hap din dé
trong khi thuc hién nhiém vu dic thii cia minh 13 nghién ctfu nhitng dic di€ém da dugc
md ta trén diy véi cdc mitc do khic nhau: cd thé, co quan, md, t&€ bao, dusi t& bio,
phan t& va dudi phén ta.
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CHUONG 1. AMINOACID VA PROTEIN

Protein 13 ¢o s§ cho sy hinh thanh ciing nhu duy tri cAu triic va chifc ning cda
céc vat thé song nhd chiing c¢é nhitng dic di€m ma bat ky mot hgp cht hitu cd nao
khdc ciing khong thé c¢6 dugc. P6 1a:

- Tinh da dang vo6 cing cla cdu tric va song song véi né 1a tinh dic hiéu loai rat
cao;

- Tinh da dang vo ciing clia cdc chuyén héa vat ly va héa hoc;

- Khé nidng tuong tdc ndi phan td;

- Kha ning phan ting v6i tic dong bén ngodi bing cdch bién ddi ciu hinh cda
phin tf theo quy luat nhit dinh va khoi phuc trang thdi ban diu sau khi nhitng tdc
dong d6 khong con nita;

- Khuynh huéng tuong tdc vdi cdc hdp chit héa hoc khic d€ tao nén nhitng phiic
hé va c4u tric trén phan t;

- Sy ton tai cia tinh chat xic tic sinh hoc va cdc hoat tinh sinh hoc khéc.

Trung binh, trong phin t& protein c¢6 50-55% C, 21-24% O, 15-18% N, 6,5-7,5%
H, 0-2,4% S, 0-2% P. Trong mot sO protein con c6 chia Fe, Mg, I, Cu, Zn, Br, Mn, Ca
v.v... Do ham lugng nito trung binh trong protein 14 16% nén dé biét ham lugng
protein trong miu phan tich, ngudi ta thudng xdc dinh him lugng nito rdi nhan véi hé
s6 100/16, tidc 6,25.

Protein dudc ciu tao tir 20 loai aminoacid khic nhau.

I. AMINOACID.

Aminoacid 1a nhitng acid hitu co mach béo, vong thom hodc di vong c6 chia it
nhat mot nhém amin (-NHj). Trong tu nhién c¢6 khodng 150 loai aminoacid khdc nhau
nhung chi c6 20 loai trong s& ching tham gia ciu tao nén phan tif protein. Nhém amin
trong 20 aminoacid nay ludn gin tai nguyén ti carbon a-, vi th€ chiing dudc x&p vao
nhém o-aminoacid.
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1. CAu tao.

Dua vio ciu tao va tinh chit cia gdc R c6 thé chia aminoacid thanh nhitng

nhém sau day (bang 1.1):

- Aminoacid chita goc R khéng phén cuc hay ky nudc;

- Aminoacid chita géc R phdan cuc khong tich dién;

- Aminoacid chita goc R tich dién am;

- Aminoacid cé géc R tich dién duong.

Bdng 1.1. Cdu tao ciia cdc aminoacid thuong gdp trong protein.

Tén goi Cdu thiic cdu tao
A. Aminoacid chita goc R khong phin cuc hay ky nuéc
Alanine I\JHZ
(Ala, A) H;5C -CI-COOH
H
Valine H3C\ NH;
y CH—(IZ—COOH
(Val) H;C H
Leucine H;C NH;
HC-CH,-C-COOH
(Leu) H;C 4 :
) NH,
Isoleucine )
H,C-CH,-CH-CH,-(-COOH
(Ile) CH; H
Proline H2C/ CH, N
| CH-COOH
(Pro) H,C /
“NH
. NH,
Phenylalanine |
g @—CHz—Q—COOH
(Phe) — q
NH,
Tryptophan |
YPIoP CH,-C-COOH
(Trp) | H
NH
Metionine 1|\IH2
H3C—S—CH2—CH2—IC—COOH
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(Met)

B. Aminoacid chita goc R phan cuc khong tich dién

Glycine NH,
(Gly, G) H-C-COOH
H
Serine NH,
HO-CH, -C-COOH
(Ser, S) IH

Bdng 1.1. Cdu tao ciia cdc aminoacid thuong gdp trong protein (tiép theo)

i NH,
Threonine !
(Thr, T) H;C;CH -C-COOH
OH H
Tyrosine NH,
(Tyr, Y) H CH,-C-COOH
H
Cysteine 1|\IH2
(Cys, ©) HS-CH, -¢-COOH
H
A i O NH,
sparagine ) \
(Asn, N) H,N-C-CH, -C-COOH
H
Glutamine y II\IHZ
(Gln, Q) HyN-C-(CH; ),-C-COOH
H
C. Aminoacid chifa géc R tich dién 4m
Acid asparaginic NH,
HOOC-CH,-C-COOH
(Asp, D) ,
H
Acid glutamic TﬁHz
(Glu, E) HOOC-(CH,),-C-COOH
H
D. Aminoacid c6 goc R tich dién duong
Lysine 1I\TH2
(Lys, K) H>N-(CH,)4-C-COOH
H
GS.TS. Mai Xudn Luong Khoa Sinh hoc
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Arginine RIH NII{2
(Arg, R) HoN-C- (CH,);-C-COOH
H
Histidi NH,
1stidine . ™
(His, H) |_, CH, IC COOH
XYW NH H

2. Hoat tinh quang hoc.

Phan tif ctia moi aminoacid trir glycine déu chifa it nhAt mot nguyén tr carbon
bit d6i, do d6 1a nhitng hop chit c6 hoat tinh quang hoc. Chiing c6 thé ton tai § céc
dang ddng phan 1ap thé D hodc L. Tuy nhién, trong tu nhién hiu hét aminoacid déu c6
dang L. Co thé dong thyc vt néi chung chi ¢ thé hap thu dugc dang nay.

Céc dang dong phan D va L clia mot aminoacid c6 cau triic d6i xifng qua guong
phing. E. Fisher dién t3 hai dang déng phan quang hoc niy nhu sau:

COOH COOH
HzN-é-H H-é-HzN
R R
L- Aminoacid D-Aminoacid

Theo ki€u dién dat nay lién k&t nét dam 12 cdc lién két trén mit phing nim
ngang huéng vé phia ngudi doc, con céc lién két nét nhd 12 nhitng lién k&t nim phia
trén (nhém —COOH) va phia du6i (gdc R) clia mit phing nay. P€ thuin tién hon,
Fisher ciing d€ xuit mot cdch dién dat khac goi 13 céng thuc hinh chiéu, trong d6 ca 4
héa tri clia nguyén tif carbon bat ddi déu dugc biéu dién bing cic gach ndi nét nhd
nhu nhau, vi tri cia cdc nguyén tif va nhoém nguyén ti dugc gitt nguyén nhu trén. Vi
du L-alanin dugc biéu dién nhu sau:

COOH

|
HoMW—-C —H

I

CHg

L-Alanine
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Hoat tinh quang hoc clia mdt chit lién quan véi cau tric bat doi cia né, hay néi
céch khdc, véi vi tri clia cdc nguyén tif trong phan tf cia chat d6. K&t qua 1a mdi dang
ddng phan quang hoc c6 kh3 ning xoay mit phing clia tia sing phan cyc mot géc nhat
dinh sang trdi (-) hodc sang phai (+). V& mit dinh lugng, hoat tinh quang hoc dudc thé
hién bing gia tri c6 tén goi 1a dd quay riéng:

20 Goc quay [¢6) x 100

[2]g =

B Chitu dai duding di clda ta 2dng [dm) x Néng &¢§ [g/ 100ml)

Gi4 tri nay phu thudc nhiét do va budc séng cta tia sing (thudng diing tia D cda
natri véi A = 54613). Trong mdi ddy D hoic L déu ton tai nhitng dai dién c6 hoat tinh
(+) hodc (-) v6i nhitng gid tri dd quay riéng dic trung. Hon hdp gom 50% dang D va
50% dang L cia mot aminoacid nao d6 dugc goi la rasemate. Hoat tinh quang hoc cda
hdn hdp d6 bing khong.

3. Tinh chat luGng tinh.

Aminoacid c6 it nhat hai nhém c6 kha niing bi ion-héa: nhém o-carboxyl véi pK
nam gitra 1,7 va 3,0 va nhém o-amin véi pK vao khodng 10. Trong dung dich c6 pH
gifta 4 va 7 aminoacid ton tai § dang ion ludng tinh (zwisterion) khi ¢4 hai nhém trén
déu bj ion héa:

R—(IZH—COOH «——H" + R—CH—ICOO' pH=1,7-2,8
NH;* NH;"

R—ICH—COO‘4:’H+ + R—CH—ICOO' pH=9-10,7
NH3+ NH2

Ngoai ra, mot s6 aminoacid con chifa cdc nhém ion-héa khic:
- Céc nh6ém B- va y-carboxyl cla acid asparaginic va acid glutamic:

R- COOHge—— H' + COO pH=4,3

- Nhoém B-imidazol cda histidine:

l_ NH* ”—N
k J) == w + R /l pH=6,1
NH NH
- Nhom g-amin cua lysine:
R-NH;Y =<—® H' + NH, pH=10,5
- Nh6ém B-sulfhydril cia cysteine:
R-SH «——— H" + R-S pH=38,1-38,3

Nhoém 3-guanidine ctia arginine:
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H,N-C-NH-R IH++H2N—C—NH—R pH=125
NH," NH

Hinh 1.1 trinh bay dudng cong chuin dd mo ti sy ion-hda k& ti€p nhau ciia
lysine (aminoacid c6 tinh base) va acid asparaginic (aminoacid c6 tinh acid).

Qud trinh phan ly clia cdc nhém ion-héa trong phin tif clia hai chit nay dugc
minh hoa & céc loat phan tng (1) va (2) :

€L

o

[

=

E’u-- Apid asparaginie

=]

\éu o -NH,

| B-CcocH

= -

a £-NHz
4 -CDOH Lysine

Hinh 1.1. Puong cong chudn dé ciia lysine va acid asparaginic.

(1) COOH OH COO OH COO OH COO

— — — »
> | " | — |
CleNH3 H* ClHNHgJr H* CleNHQ H* C|HNH2
(C|H2)3 pKI1=2,18 C|H2)3 pK>=8,95 (Cle)s pK3=10,53 C|H2)3
CHQNH3+ CHZNH3+ CH2NH3+ CH,NH,
(2) COOH OH COO OH COO OH COO
| — | — " | — |
CleNH3Jr H* CfHNH3+ H* ClHNH3+ H* ClHNH2

C|H2 pK] :2, 01 Cle pK2:3, 80 C|H2 pK3:9,93 Cle
COOH COOH COO COO°

O pH sinh 1y ¢4 hai nhém —NH, clia lysine ciing nhu nhém —COOH ctia né déu
bi ion-héa, tao ra mot dién tich duong yé&u trong phan t. Cling & gi4 tri pH nay acid
asparaginic mang dién tich &m y&u do su phan ly clia cic nhém carboxyl ctia né.
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Céc gia tri pK ctia cdc aminoacid khac nhau dugc giGi thi€u trong bang 1.2.

Can nh6 ring pK 1a gia tri Am clia loga thap phan cla hing s6 phan ly K, trong

K =[H"] x (HA 1a aminoacid & trang thai khong phén ly)
Theo phuong trinh Henderson-Hasselbalch, pH, tic gid tri am cda loga thiap
phan
[A"]

ctia [H'], biang pK + lo
gp g [HA]

Bdng 1.2. Gid tri pK ciia mét s6 aminoacid,

Aminoacid PK; PK, PK; Aminoacid PK; PK, PK;
Gly 2,35 9,78 - Pro 2,20 10,60
Ala 2,34 9,87 - HyPro* 1,92 9,73
Ser 2,21 9,15 - Glu 2,19 4,28 9,66
Cys 1,96 8,18 10,28 Asp 2,09 3,87 8,82
Met 2,28 9,21 - His 1,77 6,10 8,17
Val 2,32 9,62 - Lys 2,18 8,95 10.53
Leu 2,36 9,60 - Arg 2,09 9,04 12,48
Ile 2,36 9,68 - Thr 2,63 10,40 -
Tyr 2,60 9,10 10,10 Gln 2,17 9,13 -
Phe 2,58 9,24 - Asn 2,02 8,80 -
Trp 2,38 9,39 * - HyPro - Hydroxyproline

Gi4 tri pH ma tai d6 phan tif aminoacid (hoic mot chit dién phan ludng tinh)
mang s6 dién tich &m va dudng nhu nhau dugc goi 13 diém ddng dién va ky hiéu 1a
pH;. Tai gi4 tri ndy aminoacid khong di chuyén trong dién trudng mot chiéu. Mdi
aminoacid c6 di€m ding dién dic trung.

Thoéng thuong, gid tri cia pH; cia mdt aminoacid 1a gid tri trung binh cdng cta
cac gia tri pK cuia no.

4. Cac phan dng héa hoc dic trung.

Tinh chit héa hoc dic trung clia aminoacid bao gdm cdc phdn tng lién quan véi
nhém a-carboxyl, a-amin va céc nhém chitc khic trong thanh phan clia goc R.

a/ Cdc phdn ting ciia nhom a-carboxyl:

- Phan tng véi kiém dé tao ra mudi tuong ng:
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R-CH-COO + NaOH——— R-CH-COONa + H;O
|

NH, NH,
- Phdn tng véi rugu d€ tao ester:
R - ClH— COOH + CH;- CH,OH—— R - ClH— C - O - CH,-CH; + H,O
Il

NH, N 0]
Nhitnbg ester nay cé thé ngung tu khi dun néng d€ tao ra pan phim mau
dicetopyperasine tuong Ung:

CHR
N
2R-CH-COOR> —> O:|C 1|\IH + 2R’ -OH
|
NH, HN CO
N/
CHR

Dudi tac dung cua cédc tdc nhian khit manh, vi du borhydrite natri, aminoacid bi
kht thanh rugu amine tuong dng:

NaBH4
R - CllH — COOH + CH;3;-CH,OH—— >R - CIH — CH,OH

NH, NH,
- K&t hdp v6i ammoniac d€ tao ra amide:
NaBH,
R-CH-COOH + NH; —— > R-CH-C-NH,
N, NH, O

Hai phén ting nay ciing thudng dugc sit dung d€ xdc dinh trat ty aminoacid trong
chudi polypeptide tir dau tin cling chita nhém —COOH ty do (C-tin ciing).
b/ Cdc phdn ting ctia nhom a-amine.
- Phén ting v6i HNO; tao nén oxyacid tuong tng, nitd ty do va nuégc:
R-CH-COOH + HNO,— > R-CH-COOH + N; + H,O
II\IHZ Cl)H

Phan ting vdi aldehyde, vi du pormaldehyde, dé tao ra cac hdp chat rat linh dong
c6 tén chung 1a hgp chit schiff:
R-CH-COOH + CH,O—— > R-CH-COOH + H,O
NH, N=CH,
Hai phan tng nay thudng dudc diing d€ dinh lugng aminoacid tu do.
- Phan @ng véi ninhydrin:

Khi dun néng véi ninhydrin da s6 aminoacid bi oxyhda va phan gidi thanh
anhydride tuong tng, CO, va NH;.
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CO CO
R R
! \ JAH O 7T.0
co o+ (|3H—NH2 + Hz O —> c\ +C7 4+ NHg
H
/ COOH OH
CO CO
MNinhydrin Dicefohydrinden
(Tricefohydrinden)

Trong nhitng di€u ki€n nhat dinh NH3 ngung tu véi dicetohydrinden va véi phan
t ninhydrin thit hai d€ tao thanh sdn phAm mam tim d3 hay lam dé:

co HaM —C
Neewel” j@
CO/ \CO

Phdn (ing nay rit nhay va dugc dung dé dinh lugng aminoacid bing phuong
phép sic ky va dién di trén gidy.

Proline va oxyproline tao ra v6i ninhydrin cdc sadn ph4m mau vang.

- Phén ting Sanger:

NOZ NOZ
+ R-CH-COOH —— + HF
I
NO, NHz MOy
F NH - (|:H - COCH
R

Phidn ng nay dugc Sanger ding d€ xdc dinh trat ty aminoacid cda chudi
polypeptide tir dau N-tin cling, tic dau tin cliing chita nhém NH, ty do.

Phidn ng vdi 1-dimethylaminophtalin-B-sulfonylchloride (goi tit 1a dansyl-
chloride):

HSC\/CHS HSC\/CHS
M I
I |
+ R-(IZH-CCOH—)* + HC1
MHz
0e—5—0 De—5—=0
| |
1 MH - I?H - COOH
R
Dansylchloride Dansylaninoacid

- Phan tng Edman:

a-Aminoacid phdn tng vdi phenylisothiocianate dé tao ra cdc din xuat
phenylthio-hydatoyl tuong tng:

@N:C:S + HgN- CH - COOH— @NH-C-NH - CH - COOH —
| |
R

T
= R

-‘ H* P
— N-C
A N
C MNH

le? \\f-‘T—T/
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Hai phdn ting cudi cingdudc st dung véi muc dich nhu phdn tng Sanger.

¢/ Cdc phdn iing ciia goc R.

Goc R clia cdc aminoacid khdc nhau chita cdc nhém hoat dong khdc nhau nhu da
gidi thiéu & muc (1). Cdc phdn tng v6i sy tham gia cia chiing rit da dang va 1a yé&u t&
quan trong gép phin xdc dinh dic diém ciu tric va hoat tinh sinh hoc clia protein.
Chung s€ dudc xem xé€t ti sau trong cdc muc IV va VL.

I1. PEPTIDE.

Peptide 1a nhitng hgp chat dugc hinh thanh tir it nhit hai phan t& aminoacid,
trong d6 nhém a-amine clia aminoacid ndy két hgp v6i nhém o-carboxyl cla
aminoacid kia biing lién k&t -CO-NH- (lién két peptide):

Tuy thudoc s6 gdc aminoacid trong phin tf, ngudi ta phan biét di-, tri-,

chung 1a oligopeptide. N&u sd g6c aminoacid dat dén hang trim, ta c6 polypeptide —
0 & cau triic cla protein.

Dé€ goi tén cac peptide phan ti nhd, ngudi ta ghép 1an ludt tir ddu N-tin ciing tén
clia cdc gdc aminoacid, trong d6 dudi “-ine” dugc d6i thanh “-yl”; riéng tén cla
aminoacid C-tdn cung dudc gilt nguyén. Vi du glycylalanin, glycylalanylserin v.v...

Trong ty nhién di ph4t hién dudc nhiéu peptide khdc nhau c6 vai tro sinh hoc rat
quan trong nhu glutation, oxytosin,vasopresin...

Glutation (y-glutamylcysteylglycine) 12 mot tripeptide c6 ciu tao nhu sau:
HOOC - |CH— CH, - CH; - CO-NH - CH- CO - NH - CH, - COOH
|
NH2 | | CHQSH || |

Goc acid glutamic Goc cysteine Goc glycine

Glutation c¢6 vai trd quan trong trong hd hap. Trir dang khir trén diy n6 c6 thé
chuyén héa thuan nghich thanh dang oxy héa:
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HOOC—CH—CHZ—CHZ—CO—NH—(IZH—CO—NH—CHZ—COOH
|

NH,

NH,

HOOC—ICH—CH2—CH2—CO—NH—éH—CO—NH—CHg—COOH

Nh& su chuyén héa thuian nghich nay ma glutation c¢é thé tham gia trong qud
trinh van chuyén dién ti trong t€ bio. Oxytosin va vasopresin 12 cdc hormone ciia
thlly sau tuyén yén. Chiing dugc hinh thanh tir 9 g&c aminoacid.

Cya

Tyr _|
e =
Gln S|
Aan

Cya J
FPro

Leu
Gly-MHg
Chyfosin

_CFYE' _| Vasopresin c6 tdc dung lam tdng
Pi‘;_ S huyét 4p, Gc ché& sy hinh thanh nudc
Cln | ti€u. Oxytosin 4nh hudng dé€n sy co
ﬂﬁnj bép cuia da con va cdc cd tron khac
Cya
Pro
Arg
Gly-NHz
Vasopresin
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IIL. TINH CHAT CUA LIEN KET PEPTIDE.

Lién két C-N trong lién két
peptide khong thé xoay tu do va mang
tinh chat trung gian gitta lién k&t doi va
lién két don. Khodng cach giita C va N
trong lién két peptide bing 0,13nm, tifc
ngin hon lién két binh thudng giita
nguyén t carbon a- va nguyén td nitg
k& cin (0,15nm va dai hon lién két doi
thyc thu gitra C va N (0,125nm).

Bon nguyén t& ctia lién két
peptide va hai nguyén t& carbon o-
lu6n nim trén cling mot mit phing,
trong d6 oxy cda nhém carbonyl va
hydro ctia nhém amin nim & vi tri trans
ddi véi nhau.

Lign ket pepfide

Hinh 1.2. Cdu tao ciia lién két peptide.

Goc R va nguyén ti hydro dinh véi C-ow niim & hai phia ddi dién cia mit phing
va tao vdi mit phing ndy mot géc 109°28°. Khac vdi lién két giita C va N trong lién
két peptide, lién két giita C-a va N trong chudi peptide c6 thé xoay tu do va quyét
dinh dang c4u tric cda phan ti protein (hinh 1.2).

Ciing do tinh chat trung gian niy nén chudi peptide c6 thé tdn tai & ci hai dang
cetone va enol (tinh chat hd bién):

...—NH—(IIH—CIE—NH—(;H—(;—NH—... — ...=N—CIH—CI=N—CIH—CI=N—...

R O R O R OH R OH
Nh¢ tinh hd bién nay ma kha ning phdn tng clia phin tif protein ting lén ddng

2

ké.

IV. CAC LIEN KET THU CAP TRONG PHAN TU PROTEIN.

Ngoai lién két peptide c6 nhiém vu ndi cdc aminoacid v6i nhau d€ tao nén chudi
polypeptide, trong phan t& protein con xuit hi¢h nhiéu kiu lién két thit cAp gép phan
lam 6n dinh phan t¥ va quy dinh dang ciu tric clia phan t. Nhitng lién két nay hinh
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thanh dudc 12 do su tdn tai clia cdc nhém chic rat da dang trong cdc goc R vdi nhitng
kha ning phdn @ng va tuong tac khdc nhau (hinh 1.3):

Lién két ion giita cdc nhom tich dién trdi d4u;
Lién két disulfide gita cdc nhém —SH clia cysteine thudc ciing mdt chudi
polypeptide hoic giita cic chudi polypeptide khéic nhau;

Lién két ester gitta nhém hyroxyl clia serine hay threonine véi nhém B- va y-
ctia cac aminoacid dicarboxylic;

- Lién két hydro giita cic nhém }E:O va N>H thudc cac lién két peptide hoic
gifta H va O & trang th4i lién két ddng hda tri thudc cdc nhém chifc trong mot s& gdc R
(vi du gitta nhém y-COOH ctia g6c acid glutamic va nhém g-amin cda goc lysine).

- Lién k&t ky nudc giita cdc nhém khong phan cuc (c6 tinh ky nudc) chi chiing bi
dung mdi (nudc) x6 ddy. Trong trudng hop dé ching cé xu huéng tip hop lai va gin
b6 v6i nhau. Ciing nhu lién két hydro, lién két ky nuée ¢6 ning lugng khong 16n. Tuy
vay, do ton tai vdi s& lugng nhiéu nén vai trd clia hai kiéu lién két nay, dic biét 1a lién
két hydro, khong kém quan trong so véi cdc ki€u lién két thit cAp khéc trong viéc xdc
dinh cu tric, tinh chat va chifc ning cla protein.

N—= CH— CH— CH— CH—
e - g o
H CHz /[CHZLL CHz [CHzla
-

o’ m MHS = cZo
- 2 3 | 4
CzQ

-
s
CHz /P2 e ch <—CH
«—CH \

Hinh 1.3. Cdc kiéu lién két thit cdp trong phdn tik protein: (1)— Lién két hydro; (2) —
Lién két ky nudc; (3) — Lién két ion (4) — Lién két disulfide; (5) — Lién két
ester.

Trong viéc 1am &n dinh ciu tric cda phan tif protein con cé vai trd cda lyc
Vandervaals, tic luc hap din giita cdc nguyén tf xuat hién do sy thing gidng dién thé
von dude cdm ng khi khodng cdch giita ching vira di d€ 1am xuét hién luc hap din
tinh dién gitta cdc dién t& tich dién 4m cua nguyén t& nay vdi nhan tich dién duong
clia nguyén tit khdc. Do nhan bi bao boc bdi 16p dién tf nén Ivc Vandervaals rat yéu
(1-2 Kcal/mol). Trong diéu kién nhiét do sinh 1y luc hAp din Vandervaals s& c6 hiéu
lyc nhat néu nhiéu nguyén ti ctia mot phan ti tuong tic mot cach ddng thdi vdi nhiu
nguyén tf ciia phan ti khac.
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V. CAU TRUC CUA PROTEIN.

1.Cau tric bic mot.

Ngudi ta goi ciu triic bAc mdt cla protein 13 thanh phan va trat tu sip x&p clia
cic gdc aminoacid trong chudi polypeptide. Tinh da dang ciia protein dudc thé hién
chd yéu & tinh da dang trong ciu tric bic mdt clia chiing, vi mdi loai protein cé ciu
triic bAc mdt hoan toan xac dinh va dic trung. Mot sy nham 14n nhd trong ciu triic bic
mot lién quan d€n mdt trong sd hang trim gdc aminoacid ciing di d€ 1am cho tinh chat
clia protein bién d6i ddng ké va giy ra nhitng bénh phan ti rat trim trong. Vi du dién
hinh cho loai bénh phin t nay 12 bénh thi€u mdu héng cau liém. Hemoglobin ctla
ngudi mic bénh nay (HbS) chi khidc v6i hemoglobin ctia ngudi khée (HbA) & chd goc
acide glutamic & vi tri thit 6 cda mot trong hai chudi polypeptide ctia hemoglobin
(chudi B-) da bi thay thé€ bSi gdc valine:

HbAH,N-Val-His-Leu-Thr-Pro-Glu-Glu-Lys-....
HbS:H,N-Val-His-Leu-Thr-Pro-Val-Glu-Lys-....

Sy “nhdm 14n” ndy da 1am cho tinh chit 1y héa clia hemoglobin bién d6i. Tir
dang hinh ciu n6 chuyén thanh dang 1ui liém va khong con kha ning van chuyén oxy
nira.

Xéc dinh ciu tric bAc mot cla protein dudc thuc hién chi yéu trén cd s& cdc
phédn tng Sanger, Dansyl, Edman va mdt s6 phdn tng khdc két hop vdi phuong phip
dién di, sic ky, thily phin bang enzyme v.v... Dic biét, phdn tng Edman 1a cd s& hoat
dong ctia mdy phan tich aminoacid ty dong, vi sau khi tao ra phenylhydantoyl chudi
peptide vira bi rit ngin mot géc aminoacid tif ddu N-tdn cung lai ti€p tuc vong phin
ung khéc voi phenylisothiocianate.

2. CAu tric bac hai.

Danh tir “cdu triic bac hai” dugc dung dé chi cdc trang thdi ciu tric xodn a- va
dudi thing B- ctia chudi polypeptide (hinh 1.4).

Cau tric xodn o- 1a ki€u sdp x&p trong khong gian quan trong va thudng gip
nh4t cda cdc phan t protein hinh cau. N6 ciing dic trung cho a-keratin cda téc, 16ng
citu, méng, sing (protein sdi). Chudi polypeptide cudn xung quanh mdt truc tudng
tugng theo chiéu quay phai (chiéu kim déng hd néu nhin tir ddu N-tin cing). Mbi
vong xodn gdm 3,6 g6c aminoacid. Nhu vy, cit 18 gdc aminoacid tao ra 5 vong xodn
tron ven. Mdi budc cia mach xoin dai 0,54nm, do d6 chiéu dai cia mdi aminoacid
trén truc 12 0,54 : 3,6 = 0,15nm. C4u tric nay hinh thanh dugc 1a do su sip x€p trén
mit phing mot cich cd dinh clia lién két peptide va khd ning xoay tu do clia Cow k&
can. Hai mit phing c6 chung nguyén tt Ca giao nhau véi goc 108°. Sy ton tai clia vo
s6 cdc lién két hydro trong chudi polypeptide 1am cho ciu hinh cia phan t¥ dugc 6n
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dinh. Cau tric 6n dinh nhat ca phan ti protein c6 dugc khi s6 ludng lién két hydro
16n nhat.

C4c gbc R tda ra tr chu vi clia 6ng truc tudng tudng. N6i chung, cic gdc
aminoacid ky nu6c xoay vao phia trong, con nhitng goc wa nudc hudng ra ngoai. Trong
céc phan tif protein hinh cau khu vic xodn o chi chi€m mdt phan nhit dinh (vi du 75%
& myoglobin), phu thudc pH clia mdi trudng va thanh phian aminoacid. Nhitng khu vuc
chita isoleucine, proline va glycine khdng cé cau tric xodn a.

Mt phdang lién ket
pepefide

O,.54nm

Mdif phdng lign ket
Fy bepefide

Cau fric dudi B

\ 7’ '/\9 A ’ A . .
Hinh 1.4. Cdc kiéu cdu tric bdc hai ciia protein.

Cau tric dudi B ton tai trong fibroin cia td va B-keratin. Theo ki€u cdu tric nay
cdc chudi polypeptide & trang thai hdu nhu dudi thing nim song song nhau va ngudc
chiéu nhau. Trdi véi cdu tric o, trong ciu tric B cdc lién k&t hydro hinh thanh giita
cac chudi polypeptide khac nhau. Céc gdc R huéng thing géc vSi mit phing lién két
peptide vé& phia trén va phia dudi. Phoi hgp mot sd diy nhu vay sé tao nén cau tric
dang t8 ong ctia protein.

Ngoai hai ki€u cau tric trén day con c6 mot ki€u cau tric bic hai khic dic trung
cho protein sgi colagen. Loai protein nay chita 1/3 glycine va % proline nén khong thé
tao nén cdu tric a.. K&t qua phan tich ciu tric bing tia Rong-ghen cho thdy trong s¢i
colagen cit 3 chudi polypeptide cudn lai v6i nhau tao ra mot dang don vi c6 tén goi 1a
tropocolagen. Céc don vi tropocolagen nay sip xé&p trong sgi colagen clia gin theo
tirng bac 1éch nhau khodng 60-70nm.
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3. CAu triic bac ba.

Cau triic bic ba Ia cAu hinh khdng gian clia chudi polypeptide. N6 dudc xdc dinh
bdi ciu tric bAc mdt va bac hai. Cau tric bac ba hinh thanh mot cdch ty phdt phu
thudc vao kich thuéc, hinh dang va tinh phan cuc clia cdc géc aminoacid. Nhitng g6c
nay tuong tdc vdi nhau va véi cdc phan tir dung mdi va biing cach d6 1am suy yé&u kha
niing xoay tu do cua céc lién két trong chudi polypeptide. Su tuong tdc d6 dudc thuc
hién biing cac ki€u lién két disulfide, ester, hydro va tudng tic ky nudc.

Céc chudi polypeptide ciia protein hinh ciu dudc ciu tao thanh khéi mot cach
rin chic. Vi du phan ti myoglobin (gdm mot chudi polypeptide duy nhit véi trong
lugng phan tir 16.700, chita 153 gbéc aminoacid) dugc bé chit dé€n mic trong 10ng nd
chi c6 thé chita 4 phan tif nudc. TAt ci cdc goc R ¢6 tinh phan cuc dude sip x&p & mit
ngodi & dang hydrate-héa con hau hét cdc gdc R khong phan cuc ¢é tinh ky nudc nim
trong l1ong phan tif d€ trdnh ti€p xiic vdi nudc. Nhitng gdc aminoacid khong cé kha
niing tao ciu tric xodn o nim tai nhitng ndi chudi polypeptide bi gip khic.

Tinh chat sinh hoc ctia protein phu thudc khdng nhitng vao ciu tric bic mot, bac
hai ma c vao cu tric bic ba clia ching. Cic yé&u t& phd vd ciu tric bac ba déu 1am
mat hoat tinh sinh hoc ctlia protein.

4. CAu triic bac bon.

Phan tif cia da s protein v6i trong Iugng phan ti trén 50.000 thudng duge dugc
ciu tao tr hai chudi polypeptide tr§ 1én. Nhitng chudi polypeptide nay dugc gin vdi
nhau bing cdc loai lién k&t y&€u nhu lién két hydro, lién két ky nude hoidc cdc loai lién
ké&t manh hon nhu lién két ester, lién két disulfide v.v... Mdi chudi polypeptide véi
ciu tric bac mot, bac hai va bic ba xdc dinh tao thanh mot phdn dudi don vi. Nhitng
phin dudi don vi @6 két hdp vdi nhau d€ tao nén phan ti protein hoan chinh. Céc sip
x&p dic trung trong khong gian clia cdc phan dudi don vi trong mdi phan ti protein
hoan chinh loai ndy dudc goi 12 ciu tric bac bdn clia protein do.

Vi du dién hinh cho nhitng protein c6 ciu tric bic bdon 12 hemoglobin
(M=68.000) dudc ciu tao bdi 4 chudi polypeptide - 2 chudi o va 2 chudi B. Chudi a
chita 141 g&c aminoacid, con chudi B - 146 gdc. Mbi chudi gin v6i mot phan tir hem.
C4 4 phan dudi don vi sip x&p tuong hd nhau theo quy luit hoan todn x4c dinh, lAm
cho phan tif hemoglobin c6 dang gan nhu hinh cau véi kich thuée 50 x 50 x 64 3.

Trong nhiéu trudng hgp cdc phan dudi don vi c6 thé hinh thanh tif mdt s6 chudi
polypeptide. Khi d6 mdi chudi polypeptide dugc goi 1a protomer, con phan dudi don vi
dudc goi la oligomer. Nhitng oligomer nay két hgp v6i nhau thanh mot phan t protein
c6 cau tric bic bdn hoan chinh. Pé 13 trudng hdp clia glutamate dehydrogenase clia
gan bd. Enzyme nay (M=2,2 x 10° c4u tao bdi 8 oligomer véi M=280.000. Mdi
oligomer ndy lai dugc hinh thanh tir mdt s6 chudi polypeptide véi trong lugng phan ti
khodng 50.000.

Bén thin hemoglobin ciing c6 thé phan ly thanh 2 oligomer, mdi oligomer chita
mdt chudi o va mot chudi B.
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Céc phan tif protein c6 cAu triic bac bon trong nhitng diéu kién nhat dinh phan ly
thanh cdc phin dudi don vi; trong nhitng diéu kién khac nhitng phan duéi don vi ndy
lai k&t hop véi nhau thanh nhitng phan t ban dau. Qu4 trinh phan ly va két hop nay
kém theo su bi€n ddi tinh chat sinh hoc ctia protein. Hoat tinh sinh hoc ciing phu thudc
vao cic ki€u td hop khic nhau ctia cdc phan dudi don vi. M&i lién quan nay giita ciu
triic bac bon va tinh chit cla protein 13 ¢d s§ clia nhiéu qué trinh diéu hoa trong t&
bao. Nhitng enzyme then chdt mang chifc ning diéu hoa cdc qud trinh trao ddi chat
déu 13 nhitng enzyme c6 cau triic bac bon.

Sy ton tai protein c6 cAu triic bic bon con 13 yéu td gép phan khic phuc tdc hai
ctia nhitng sy nhAm 14n trong qua trinh sinh tdng hop protein. P6 ciing 14 mot phuong
tién dé€ ti€t kiém ADN va ARN thong tin.

VL. TINH CHAIT CfJA PROTEIN.
1. Tinh chat luéng tinh.

Trong dung dich, cling nhu aminoacid, protein t&n tai § dang ion ludng cuc. Tuy
nhién, khdc v4i aminoacid, tinh chat ludng tinh clia protein dudc quyét dinh bdi cdc
goc R ¢6 khd niing ion-héa. Cdc nhém a-carboxyl va a-amin tin cling do chi€m ty 1&
rit it trong phin tif protein nén dnh hudng khong ding k& dén tinh chit nay. Mdi
protein c6 mot di€m ding dién dic trung. Tai diém ding dién protein rat dé bi két tlia.
Tinh chat ludng tinh dugc s dung dé tach va tinh ch€ protein trén cd sd phuong phap
dién di.

2. Hoat tinh quang hoc.

Protein 12 nhitng hop chat c¢6 hoat tinh quang hoc do trong phén ti chita nhiéu
nguyén tif carbon bat d6i. Tuy nhién, d6 quay tong s6 ctia chudi polypeptide khong
phai 1 phép cong don gidn do quay clia toan bd aminoacid trong thinh phan cla né.
Protein thudng c6 dd quay phdi 16n hon. Mitc “quay phdi thira” t8i da dugc ghi nhan
khi chudi polypeptide c6 dang xodn a. Khi chudi polypeptide & trang thai hdn don thi
khong nhan thdy c6 su chénh 1éch nay. Vi vay, trén cd sd hoat tinh quang hoc c6 thé
xdc dinh ty 1& khu vuc xodn o trong phin ti protein va nghién ctu cdc yé&u td anh
hudng dén sy hinh thanh va phé vd ciu tric d6.

3. Tinh hydrate-hoéa.

Protein lién két chit ch& véi nudc trong cd thé nhd phan tif clia chiing c6 chifa
cdc nhém wa nuéc nhw —COOH, -OH, -NH, v.v... Nhitng nhém nay 16i cudn cdc phan
tl nudc von ¢ tinh phan cuc vé phia minh. Nhd d6 hinh thinh mot 16p nuSc xung
quanh phan ti protein. Nhd viy dung dinh protein kh4 bén vitng va khé bi két tda.
Hién tugng nay dugc goi 1a sy hydrate héa. Chinh nhg 16p nudc hydrate-héa bao boc
xung quanh nén mic du tai diém ding dién protein dé bi két tda nhung néi chung tu
ban than n6 sé& khong bi két tlia. Néu loai trlr 16p nudc nay cdc phan tif protein sé c
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diéu kién ti€p cin nhau, phdi hop lai thanh nhitng hat 16n d€ cudi cliing vudt khdi gisi
han kich thuéc cta cdc hat keo va do d6 bi két tda.

Viéc riit nudc c¢é thé thuc hién nhd mudi (diém tich) hoic cic dung moi hitu cd
c6 tinh hit nudc manh nhu ethanol, acetone v.v... Néu viéc rit nuéc dude thuc hién
trong diéu kién ém diu (vi du nhiét @6 thap), thi tlia protein van giit dudc kha ning
hoa tan trd lai cing v6i diy di cdc tinh chit nguyén thdy cda né.

Dung dich protein trong nudc 12 mot dang dung dich keo (sol). Trong nhitng diéu
kién nhat dinh sol bi mit nuéc va bién thanh dang keo dic (gel). Gel khi ti€p xic v6i
nudc sé& hit mot lugng nude rat 16n va truong phong. Kha niing truong phdng nay thap
nhat tai diém ding dién. Sy truong phdng clia hat khi ngdim nudc va ndy mam, sy
truong phdong clia bt nhao v.v...déu lién quan chit ché vdi su truong phong clia gel
protein. Khi bi bi€n tinh, kh3 ning hiit nuSc va truong phdng clia protein bi gidm hoic
mat hoan toan. Mit khéc, & trang thdi gel protein khé bi bién tinh hon & trang thai sol.

4. Su bién tinh cia protein.

Phan tf protein c6 thé bi bién tinh bdi nhiét d6 cao, pH thdi cuc, tia X, tia cyc
tim, tia phéng xa, 4p luc cao, cic tdc dong co hoc (vi du lic manh dung dich), tic dong
ctia mot sd hda chat v.v...

Su bién tinh x4y ra do ciu tric nguyén thiy bi phd v&, chd yéu vi dit cic lién
két thit cap nhu lién két hydro, lién két disulfide v.v... con cdu tric bac mot van con
giif nguyén ven. Bi€n tinh kéo theo hién tugng mat kha ning hoa tan (két tia), bi€n
ddi hoat tinh quang hoc, mét cdc tinh chat sinh hoc, xuét hién cdc yé&u t6 khing
nguyén méi va tré nén dé bi phan gidi hon bdi cic emzyme tiéu héa.

Hinh 1.5. Su bién tinh thudn nghich ciia protein. I1- bién tinh;

2- khoi phuc trang thdi nguyén thity; gach néi dam — lién két disulfide.

Khi sy bié€n tinh x3y ra chua hoan toan va néu sau dé loai bd din tdc nhan giy
bién tinh (vi du gidm nhiét @6 tir tir), trang thdi nguyén thiiy cla protein c6 thé dudc
khoi phuc. Kiéu bién tinh nay dudc goi 1a bién tinh thuan nghich (hinh 1.5).
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Khi protein dd bién tinh hoan todn va siu sic, ciing nhu khi gidm nhiét do dot
ngdt, protein bi€n tinh khé hoic khong thé khoi phuc trang thai nguyén thiy (bién tinh
khong thuidn nghich).

5. C4c phdn iing mau dic trung.

Tuy thudc vao thanh phian aminoacid, protein c6 thé cho cdc phdn ttng mau khéc
nhau.

a/ Phdn vng biuré. Khi cho kiém va sulphate dong va dung dich protein sé& tao
sdn phAm mau xanh tim hodc tim dd tuong tu nhu khi nhitng chat nay tic dung véi
biuré (H,N-CO-NH-CO-NH,). Phdn tng nay, vi th&, chitng minh sy tdn tai cda lién
két peptide trong phan ti protein.

b/ Phdn iing xanthoprotein. Duéi tic dung clia acid nitric dic mot s6 protein cho
sdn phdm mau vang. Phan tng dic trung cho nhitng protein cé chita cic aminoacid c6
nhin benzol (tyrosine, phenylalanine, tryptophan).

¢/ Phdn ting Milon. Khi dun protein véi thudc thit Milon (hdn hgp nitrate va
nitrite trong acid nitric dic) sé xudt hién san pham mau hdong hoic dd thim. Phin tng
lién quan v6i su ton tai clia nhém phenol cia tyrosine.

d/ Phadn iing Adamkjevich. Nhitng protein c¢6 chita tryptophan do su ton tai clia

nhan indol nén khi tic dung véi acid glyoxylic trong acid sulfusuric s& cho san pham
mau xanh tim.

e/ Phdn ving Sacagusa. Mot s protein khi xt 1y tru6c bang hypoxhloride natri va
sau d6 bing B-naphtol s& cho mau dd thim. Phan ng cho biét trong phan tif c6 nhém
guanidine cda arginine.

6. Hoat tinh va chic niing sinh hoc cua protein.

Hoat tinh sinh hoc ctia protein thé hién § nhiéu khia canh khdc nhau. Bén canh
nhitng protein cAu tric v6i chifc ning chii y&u 13 gép phan tao nén cic cd quan tif ciia
t&€ bao, con ¢6 nhitng protein enzyme lam nhiém vu xic tdc cdc phdn ng héa hoc clia
qué trinh trao d6i chat, Nhiéu protein khac lam nhiém vu van chuyén (hemoglobin,
myoglobin), cit ddng (myosin, actin), bdo vé (protein khdng thé, fibrinogen, trombin),
hormone ( insulin, hormone sinh trudng), dy trit chit dinh dudng (ovoalbumin, casein,
glyadin, zein). Mot s& protein 1a ddc t& rAt manh (noc rin, risin, ddc t6 clia mot sd
ndm va vi khuin). Ngoai ra, nhd hoat tinh sinh hoc ctia minh, protein con thuc hién
nhiéu chic ning khic trong t&€ bio va co thé sdng. Sau khi bi bién tinh, protein khong
con c6 kha ning ddm nhan bat ky chita ning sinh hoc no.

Hoat tinh sinh hoc clia protein , cling nhu tinh chat vat 1y va héa hoc ctia ching,
phu thudc vao thanh phin aminoacid ctia chudi polypeptide. Tinh da dang clia cic goc
aminoacid trong phin t& protein cho phép hinh thanh cdc kiéu lién két thit cAp khdc
nhau trong ndi bo phan ti protein, gitta cdc phan ti protein véi nhau va giita cdc phan
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tl protein véi cdc phan tif thudc cdc nhém hgp chat khac nhim xdy dung céc td hop
trén phan ti cin thi€t d€ tao nén cic cd quan khac nhau va quy dinh tinh chat vat 1y,
héa hoc cling chiic ning sinh hoc ctia nhitng t3 hop dé.

Nhiéu yéu td khdc nhau clia mdi trudng nhu nhiét do, pH v.v... ¢6 tdc dung 1am
thay d6i méi tuong quan giita cic goc aminoacid trong phan ti protein. Sy thay d6i d6
din dé&n hang loat nhitng bi€n ddi vé mit tinh chat vat 1y, héa hoc, sinh hoc cia
protein. Mot trong nhitng vi du vé su bi€n ddi d6 1a su bién tinh.

VIL. PHAN LOAI PROTEIN.

Do tinh da dang vé mit cAu triic va chiic ning clia protein nén ddi v6i nhiéu loai
protein khong thé thuc hién phan loai mot cach thda dang. N6i chung, c6 hai cdch
phan loai protein khdc nhau. C4ch thit nhat 12 dya vao hinh dang, tinh tan, chifc ning
va thanh phin héa hoc d€ chia protein thinh nhi€u nhém. Dya vao thanh phan héa
hoc, chia protein thanh hai nhém I6n: protein don gian va protein phic tap.

Protein don gian dua vao tinh tan dugc chia thanh cdc nhém nho sau day:

Albumin: tan trong nu6c, bi két tia & ndng dd mudi khd cao (70-100). Nhém
protein nay phd bién & co thé dong vat va thuc vat. Tinh thé albumin 1ong tring tring
va albumin huyét thanh dudgc sit dung rong rdi trong nhiéu linh vuc.

Globulin: khdng tan hoic tan rit it trong nuéc, tan trong dung dich lodng clia
cdc mudi trung tinh. Céc protein thudc nhém nay thudng bi két tia tromg dung dich
(NH4)2SO4 ban bdo hoa. Globulin ¢6 trong huyét thanh méu, 1ong tring tring. 0 thuc
vat globulin c6 trong 14 va trong hat clia cdc cdy ho dau. G hat hoda thio tap trung chd
yea trong tang aloron clia hat.

Prolamin: khong tan trong nudc va dung dich mudi lodng nhung tan trong
ethanol ho85c¢ isopropanol 70-80%. Prolamin hiu nhu chi ¢é trong ndi nhii chifc tinh
bot clia hat hoa thdo, vi du gliadin cia hat lda my, hordein cia dai mach, zein cia
ngo.

Glutelin: Chi tan trong dung dich kiém hoic acid lodng. Glutelin ¢6 trong noi
nhii clia hat hoa thdo va hat clia mot s6 cdy khac, vi du glutelin cla hat lda my,
oyzenin cda hat lda.

Prolamin va glutelin 13 cdc protein du trit dién hinh clia hat hoa thdo. Chiing két
hdp véi cdc thanh phan kh4c trong noi nhii clia hat tao thanh mot phiic hdp cé trong
lugng phan tif rat 16n, goi 1a gluten véi ciu tric khong gian vo cling phc tap.

Histon: Protein c6 tinh base do chita nhiu cdc aminoacid c6 tinh base nhu
lysine va arginine., dé tan trong nudc, khong tan trong dung dich ammoniac lodng. S&
trinh bay k§ hon nhom protein nay trong chuong acid nucleic.

Ngay nay ngudi ta ¢6 xu hudng chia protein thanh hai nhém 16n: protein hinh
cau va protein sdi. Protein hinh cdu c6 dang hinh ciu hoic hinh elip. Hinh dang nay
c6 thé xuat hién tir cAu hinh clia mdt hoic mot s6 chudi polypeptide. Trong mot sd
trudng hdp (thudng goi 1a protein don gidn) nhitng chudi polypeptide nay khong két
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hdp v6i bat ky thanh phan nio khic. Trong mot s6 trudng hdp khic chudi polypeptide
ké&t hdp v6i mot chat dic biét khong c¢6 ban chit aminoacid goi 1a nhdém thém, hay
nhom prostetic. Nhitng protein loai nay thudng dugc goi la protein phic tap.

Protein phic tap thudng dugc mo td theo nhém nhém thém cla ching, vi du,
hemoglobin thuéc nhém hemeprotein, c6 nhém nhém thém la heme; con cic protein
chia lipid, glucid, kim loai, acid nucleic dugc x&p tuong ng vdo cdc nhém
lipoprotein, glycoprotein, metaloprotein hodc nucleoprotein.

Nucleoprotein: Nhém nhém thém la acid nucleic, apoprotein 1a cdc protein c6
tinh base, vi vay ching k&t hdp véi nhau khd chiit. Mu6n tach riéng chiing phéi dung
dung dich mu6i hoidic acid lodng. Nucleoprotein tdp trung trong nhin t€ bao va
ribosome.

Nucleoprotein trong tinh dich c4 do acid nucleic két hgp v6i protamin, mot
polypeptide c¢6 trong lugng phan ti¥ gan bing 5.000 dalton, c6 tinh base do chita nhiéu
arginine.

Chromoprotein: la protein phtc tap chita nhdm nhém thém c6é mau. Tuy theo
dic tinh cia nhém prosteic ma cdc chromoprotein khac nhau c6 cdc mau khac nhau, vi
du hem (porphyrin chita sit) ¢6 mau dd 1a nhém nhém thém cta hemoglobin,
mioglobin, cytochrome C, catalase; riboflavine ¢6 mau vang, 1a nhém nhém thém ctia
céc flavoprotein.

Cdc chromoprotein c6 hoat tinh sinh hoc cao, tham gia trong nhiéu qud trinh
song quan trong nhu hd hap, cdc phdn tng oxy héa khit clia qué trinh thu nhin 4nh
sdng (rodopsin)...

Lipoprotein: Nhom thém 1a lipid. Lipoprotein dong vai tro0 quan trong trong
qué trinh van chuyén lipid trong cd thé. Lipid khong tan trong nudc, nhung sau khi két
hgp véi protein, phan lipid ky nuSc cudn vao trong, phin apoprotein wa nudc lam
thanh 16p v4 boc bén ngoai nén cé thé dugc van chuyén trong moi trudng nude, vi du
nhu méu.

Glycoprotein: c6 nhém thém la cic momo- hoédc oligosaccharide. Glycoprotein
c6 trong tit cd cdc md dong vat, thyc vat va vi sinh vat. Thudc nhém glycoprotein cé
nhiéu protien cia mdu nhu cdc imunoprotein, fibrinogene, musin trong nudc bot va
mang nhay, mdt s6 enzyme (bromelain, ribonuclease B ctia tuyén tuy), cdc protein ciu
triic clia mang t&€ bao. Phan glucid cla glycoprotein clia mang t€ bao quay ra phia
ngoai cia mang t&€ bao, vira Iam nhiém vu dinh huéng glycoprotein trong mang, vira
déng vai trd “nhén biét” gitta cdc t€ bao. C4c gbc glucid thudng két hdp v6i cdc nhém
—OH ctia serine va threonine thong qua cdc gbc N-acetylglucosamine hoic N-
acetylgalactosamine.

Phosphoprotein: c6 nhém thém 1a acid phosphoric, két hgp vé6i apoprotein qua
cdc nhém —OH ciia serine va threonine ctia protein. Phosphoprotein phd bién trong cd
thé sinh vat, tham gia diéu hoa nhiéu qu4 trinh quan trong. Thudc nhém nay c6 mot sd
enzyme (nhu phosphoglucomutase, phosphorylase A), casein cta sita, vitelin cia long
dé tring ga.
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Metaloprotein: Theo dinh nghia chung ctia protein phidc tap, trong phin t&
metaloprotein c6 chita kim loai, thong thuong 1a Fe, Mg, Cu, Zn, Mo v.v...

Metaloprotein ¢ thé c6 nhiéu chic ning khac nhau nhu van chuyén va du trit
kim loai, lién két gita kim loai vdi apopotein khong bén, tryc ti€p tham gia trong hoat
dong xdc tac cliia enzyme.

Kiéu phan loai protein tht hai 13 chia protein thanh hai nhém hinh ciu va hinh
soi. Phan 16n protein hinh cAu tan dudc trong nudc, duge ciu tao tif mot hodic mot s&
chudi polypeptide. Cic tén goi albumin, globulin vin con dugc diing nhung 1 dé chi
nhitng protein cu thé, vi du albumine tring, globulin huyét thanh v.v...

Protein sdi ciing c6 thé chita dung mdt hodc mot s& chudi polypeptide. Chiing 14
nhitng phan t& c¢6 hinh dang kéo dai, khong d6i xing, chiéu dai vugt rat nhiéu lan so
vdi ban kinh. Protein sgi chli yéu c¢6 mit trong cdc md lién két, mo dan hdi, md co riit
véi chifc ning cdu tric, hoidc 13 nhitng chat khong tan cla téc va da.

VIIL. PHAN GIAI PROTEIN.

Protein trong co thé s6ng chd yéu ddm nhan chifc ning ciu tric va xic tic. Tuy
nhién, chiing vin dudc ding 1am ngudn ning lugng. Trong trudng hgp ndy trudc tién
ching phéi dugc thuy phin thanh aminoacid tu do. Qud trinh thiy phin protein dudc
thuc hién nhd hai nhém enzyme peptidase. Endopeptidase c6 nhiém vu cdt mach
polypeptide thanh nhiéu doan oligopeptide phan tif nhd; trong khi d6 exopeptidase tdc
dong 1én phan ti¥ protein tir mot trong hai dau tan cling cia chudi polypeptide.

Thudc nhém endopeptidase c¢6 pepsin, trypsin, chymotrypsin & ddong vat va
papain, bromelin cting nhiéu enzyme khédc & thyc vat.

Pepsin dudgc tiét ra tir mang nhiy da day clia dong vat bic cao, c¢6 pH tdi thich 1,0
— 1,5. Tién than clia n6 1a dang khong hoat dong pepsinogen. N6 dudc hoat héa thanh
pepsin nhd HCI. Enzyme nay phan gidi nhitng lién két peptide von hinh thanh tir cdc
aminoacid vong thdm va dicarboxylic.

Trypsin va chymotrypsin do tuyén tuy ti€t ra, thyc hién tic dung xic tdc trong
rudt non vdi pH 7-8. Tai d6 ching ti€p tuc phan gidi cdc chudi peptide clia thifc dn tir da
day dua xubng sau khi dd dugc pepsin phan gidi so bd. Nhitng enzyme nay hinh thanh
tif cdc dang tién than khong hoat dong tuong ing — trypsinogen va chymotrypsinogen.
Trypsinogen dudc hoat héa thanh trypsin nhd enterokinase do thanh ruot tiét ra ciing
nhu nhd chinh trypsin. Trypsin ciing c6 tdc dung hoat hod chymotrypsinogen thanh
chymotrypsin. Trong tdc dung xic tidc cia minh trypsin phan gidi cdc lién k&t peptide
c6 su tham gia cua nhém carboxyl cla arginine hay lysine. Trong khi d6 chymotrypsin
phan gidi nhitng lién k&t peptide von hinh thanh véi sy tham gia ctia nhém carboxyl clia
tryptophan, phenylalanine hodc tyrosine.

Papain ctia du dd hoat dong trong pham vi khd rong — tir acid y&u dén base yéu,
tlly thudc vao bdn chat clia co chit. N6 cong phéd nhitng lién két peptide c6 leucine
glycine va cdc diaminoacid tham gia. Ciing nhu cdc loai peptidase thuc vat khac, né
dugc hoat héa nhd HCN va cédc hdp chit chita nhém —SH.
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Song song véi endopeptidase, cic chudi polypeptide con bi phan gidi béi cdc loai
exopeptidase. Carboxypeptidase phan gidi chudi polypeptide & dau C-tin clng,
aminopeptidase — tir diu N-tdn cling, 1an ludt tdch ra cdc phan tif aminoacid ty do.

Carboxypeptidase A chita k&m (Zn?*) va thiy phan tit ci cdc lién k&t C-tin clng,
trit nhitng lién k€t ma aminoacid C-tdn cling la lysine, arginine hoic proline.

Carboxypeptidase B chi tdch tir ddu C-tdn cling cdc aminoacid lysine va arginine.

Leucineaminopeptidase thiy phan cdc lién két peptide N-tan cung véi sy tham
gia clia phan 16n aminoacid.

Céc exopeptidase néi trén déu c6 mit trong rudt non. Ciing vdi endopeptidase
chiing thiy phan protein thiic in thanh aminoacid tu do dé dugc hap thu qua thianh ruot
vao mau.

Co ch€ cia qud trinh thliy phan protein noi bao chua dudc hiéu biét nhiéu, mic du
trong mdt s6 md va cd quan, vi du trong gan, né xdy ra vdi téc do rat nhanh.

IX. PHAN GIAI AMINOACID.

1.Chuyén amin héa.

Nhém a-amine clia aminoacid thudng dudc tach khdi phan tif & giai doan dau cda
qud trinh di héa bing cic co ch€ chuyén amin héa hoic desamine héa.

Nh& phdn tng chuyén amine héa nhém o-amine cida it nhat 11 aminoacid
(alanine, arginine, asparagine, cisteine, isoleucine, lysine, phenylalanine, tryptophan,
tyrosine, valine, va acid asparaginic) dugc tdch khéi phan tit va dugc mang dén carbon
o cia mot trong ba cetoacid la acid a-cetoglutaric, acid pyruvic va acid asparaginic.
K&t qud 1a aminoacid bién thanh cetoacid, con cetoacid bién thanh aminoacid.

Phin tng chuyén amin héa dudc thuc hién nhd cdc enzyme aminotransferase
(hay transaminase). Trong s6 nhitng enzyme nay dudgc hi€u biét nhiéu nhit 13 alanie
trasaminase va glutamate transaminase xuc tdc cac phdn dng tuong ing sau day:

a-Aminoacid + Pyruvate == a-Cetoacid + Alanine
a-Aminoacid + acid a-Cetoglutaric z—> a-Cetoacid + Acid glutamic

Transaminase c6 ca trong ty thé va trong bio tuong, nhd dé nhém o-amine dudc
van chuyén giita hai ¢ quan niy céia t€ bao. Coenzyme ciia transaminase la
pyridoxalphosphate, din xuit cla vitamine Bg. Trong qud trinh phdn ng x4y ra su
chuyén héa thuan nghich giita pyridoxalphosphate va pyridoxaminephosphate:

b
= (I:'HQNHQ
1
o P E
PR E PN j
HO—C (ﬁ—C‘Hg—O—@ + CHMH, — HO—Cl' -:ﬁ—m;-o-@ o (I:=o
| [ *
Hyo-C P CiziDH HzC-C I CioOH
T R
H ™

phdn ng nay trdi qua giai doan trung gian vdi sy hinh thanh cdc hgp chat
ketimine (hinh ' ™
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Hinh 11.1. Cdc phdn iing chuyén amin héa

2. Desamin hoa.

Trong khi nhém oa-amine dugc loai khéi phan tif aminoacid chii y&u biing con
dudng chuyén amin héa thi cic nhém amine khic lai dugc loai khdi phan ti¥ chii y&u
bing co ché€ desamine héa. Trong mdt sO trudng hdp desamine héa ciing duge sit dung
cho nhém a-amine. Desamine hda 1a qué trinh loai bd nhém amine ¢ dang phan t
ammoniac. Ki€u desamine héa quan trong nhat 13 desamine héa oxy héa acid glutamic
V@i su xtc tdc cda glutamate dehydrogenase:

L-Glutamate + NAD®" == o-Cetoglutarate + NH;* + NAD.H + H*

Thong qua phdn ng chuyén amine héa nhém amine tir cdc aminoacid khdc nhau

2 .

Cllf)/i Cfmg déu ) thé trGg th3 =t oA mente s e aEd letn st XD A phé’ln l:I'Ilg trén la

Glutamate dehydrogenase 13 mot enzyme diéu hoa, chi€m vi tri then chét trong
trao d6i aminoacid. Hoat tinh cta né bi dc ch& bdi ATP, GTP, NAD.H va dugc hoat héa
bdi ADP va nhiéu aminoacid khdc nhau. N6 ciing chiu 4nh hudng ciia tyroxine va mot
s6 hormone steroid.

G mot s& co thé desamine héa oxy héa dugc thuc hién nhd hai dehydrogenase
khdc ma nhém thém 13 din xuat clia flavine:

- Oxydase L-aminoacid c6 nhém thém la FMN, xic tdc phdn dng:

L-Aminoacide + FMN + H,O0O ——> a-Cetoacid + NHs + FMN.H,

- Oxydase D-aminoacid ¢6 nhém thém la FAD, xdc tdc phdn @ng tuong (ng doi

v6i D-aminoacide. Tuy nhién, nhitng enzyme nay dong vai trd khong quan trong 1im
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trong viéc trao d6i nhém amine. Ngudi ta chua 1 vai trd clia enzyme sau ciing trong cd
thé€ dong vat, noi ma hau nhu khong c6 D-aminoacid.

3. Decarboxyl héa.

Bi decarboxyl héa, aminoacid mat nhém —COOH va bién thanh amine hoic
diamine. Vidu:

CH3 — CHNH2 — COOH CH3 — CHQNHQ + C02

H,N - (CHy)s — CHNH; - COOH—> H,N — (CHy)s — CHNH, +
CO,
(Cadaverine)

Amine 13 nhitng chat rat doc d6i véi cd thé dong vat ciing nhu thuc vat. O dong
vat ching hinh thanh trong qu4 trinh 1én men thdi, vi du trong rudt gia. o) thuc vat ngudi
ta nhin thiy cadaverine va putresine (sian phim decarboxyl héa ctia ornitin) xut hién
nhiéu khi cay thi€u kali. Trong trudng hgp d6 ciy c6 thé bi chét.

Céac phdn dng desamine hda aminoacid dugc xidc tic bdi nhém enzyme
decarboxylase ma nhom thém ciing 1a pyridoxalphosphate.

Trong co thé cdc amine chuyén héa ti€p tuc nhd monoaminoxydase hoic
diaminoxydase:
0
R - CH,; - NH,; + H,O +0, R-C~  +NH; + H,O,
H
0 thyc vat amine c6 thé€ tham gia t6ng hdp cic hdp chat di vong, trong dé cé
alcaloid

4. SO phin cia ammoniac va chu trinh urea.

Mot lugng 16n ammoniac xuit hién trong qué trinh di héa aminoacid va céc hop
chat nitd khdc. G thuc vat né dugc hap thu lai thong qua cdc phdn dng tng hop
aminoacid, mudi amon cta acid hitu cd hoic urea. o} dong vat co vu, ludng thé va mot
s6 lodi c4 urea ciling dugc tong hgp d€ sau d6 bi bai ti€t ra moi trudng.

Viéc tdng hop amide (asparagine va glutamine) dugc thuc hién nhd asparagine
synthetase va glutamine synthetase nhd niang lugng ctia ATP:

Acid asparaginic + NH3; + ATP——> Asparagine + ADP + Pvc
Acid glutamic + NH; + ATP > Glutamine + ADP + Pvc

Trong nhiéu trudng hgp NH; tao mudi véi cdc acid hitu co trong dich bao cda
thuc vat, vi du véi acid malic, acid oxalic v.v...
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Téng hgp urea & thuc vat va mot s6 dong vit 13 mot qua trinh gdm nhiéu giai
doan goi 1a chu trinh urea hay chu trinh ornitine (hinh 11.2).
2a8TP

NH, (ID‘:IDH o~ Cetoglutarate
OO0 ] ATP 7 CHy
|:I'_If| //D (IjHN H, Clutamate
CarbamoylHO-P-0-C, mmorggite

phosphate (IjH MNH-

I‘ﬂHz (Ij:ll:lH
5 C=0 HaN-C=N-CH Oxaloacetate
MNH MH CHj
MH

2 I 1 1
o (CHo), (CHy); COOH )‘
S Gme Vaw
: ODCH OoOH halate
CoOH Citruline Argininosuccinate
Chnitine
NH2 /
bt 4 Fumarate
MH
! .
g (G [
HoMN-C-NH, CHMH4 R . )
Urea ! 3. Argininozuccinate synthetase,
ODCH
Arginine 4, Argininozuccinaze;
5, Arginaze,

Hinh 11.2 Chu trinh ornitine (chu trinh urea).

5. Di hoa aminoacid va chu trinh acid tricarboxylic.

Su phan gidi aminoacid dudc thuc hién bing nhiéu con dudng khic nhau, song
déu din d&n mot s6 it sin pham dé sau d6 ti€p tuc tham gia chu trinh acid tricarboxylic
(hinh 11.3).

C4c aminoacid khdc nhau bing cdc con dudng khic nhau di vao chu trinh acid
tricarboxylic tai 5 diém: acetyl-CoA (qua pyruvate hodc qua acetoacetyl-CoA), o-
cetoglutarate, succinyl-CoA, fumarate va oxaloacetate. Chi tiét ctia nhitng con dudng
ndy rat phifc tap. C6 thé tim thiy ching trong nhiéu tai liéu gido khoa khac nhau vé héa
sinh.

Ala, Cys
Gly, Thr \. Arg, His,
Pyruvate € Gln, Pro
[le, Leu
Trp
Izocitrate Cetoglutarate
ﬁCE'I)'J.'CDﬁ \'\j Ile
Succinyl-Co s —— et
Aretoacetyl-Coa ~ Kitrate Val
T ’K Suecinate
Phe, Tyr Oxaloacetate

Len, Lys, / I/
Trp =P I\ Fumarate Tyr, Phe

—_ Malate +——
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Hinh 11.3. MA7i libn hé oiita di héa aminoacid va chu trinh acid tricarboxvlic.

X. SINH TONG HOP AMINOACID.

Céc nhém sinh vat khic nhau c6 kha ning téng hdp aminoacid khong giong nhau.
Thuc vat va nhiéu loai vi sinh vat c6 thé tdng hop tit ca nhitng aminoacid ma chiing cin
tif ammoniac, nitrate hoic nitrite. CAy bo ddu va mdt s& thuc vat khdc, nhd vi khuin ndt
san song cong sinh vdi hé ré cha ching, c6 thé sit dung ca nito phan t¥ d€ tdng hop
aminoacid. Pong vit thudng chi tdng hdp dugc modt s6 aminoacid nhit dinh. Nhitng
aminoacid cin thi€t con lai (aminoacid khong thay th&) cin dugc ti€p nhin tif moi
trudng qua thic dn. Aminoacid khong thay th&€ d6i v6i ngudi 1a valine, leucine,
isoleucine, lysine, metionine, threonine, phenylalanine va tryptophan; trong nhitng diéu
kién nhat dinh — ¢4 histidine va arginine.

1.Khi nitrate va co dinh nitg.

Ammoniac 13 cd chit tryc ti€p dé tong hdp aminoacid. Trong cd thé thuc vat va vi
sinh vat né hinh thanh trong qu4 trinh khi¥ nitrate ho#ic ¢d dinh nitd phan t.

Qué trinh khi nitrate thanh ammoniac dugc thyc hién qua hai giai doan chinh:
kht nitrate thanh nitrite nhd nitrate reductase va khi nitrite thainh ammoniac nhg nitrite
reductase. Nitrate reductase 1a mot flavoprotein chita molipden, st dung NADP.H lam
chit cho dién ti. Trong qud trinh phan ng dong dién ti dudc van chuyén theo trat ty :

NADPH —> FAD —> Mo —> NOs’

Hoat dong cia nitrite reductase can sy tham gia clia feredoxin khtr von hinh thanh
trong giai doan phdn ng sdng cla quang hgp vdi tu cdch chat cho dién ti:

Feredoxin kht —> NAD —> FAD ——> NO;

Ha Co dinh nitd phan t

dugc thuc hién chd yéu

Cidc chit cho Hydrogenasze . nhd Rhizobium cdng sinh
dién tif khdc 5904

e vdi thuc vat bac cao. Téo
\ / lam, Azotobacter, vi
FEC R khuin quang hgp va mot
s6 vi khuin séng ty do
khidc ciing c¢6 kha ning
ndy. Qud trinh ¢d dinh
nitd phan t& dugc thuc

4( ADP+P, ) o] 2H"

hién nhd hydrogenase
Fe-Mo-Protein  —> Ha ' yarog ’

1/3 NHa—| feredoxin va hai loai

e
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protein enzyme khéic, mdt
loai chita sit (Fe-protein),
loai kia chita sit va
molypden (Fe-Mo-
protein). Ning lugng can
cho qud trinh nay do ATP
cung cAp. Sd dd dong dién
tr trong qud trinh ¢& dinh
nitd c6 dang khdi quat nhu
mo ta & hinh 11.4.

Oxide carbon tic ché€ qu4 trinh ndy biing cich huéng dong dién tir dén H* d€ khoi
phuc hydro phan ti ciing nhu ngin cdn viéc van chuyén dién ti tir hydrogenase dén
feredoxin.

Hé enzyme c6 dinh nitd khdng dic hiéu d6i v6i N, va c6 thé khit cd oxide nitd,
acetylene, cyanua va mot sochat tuong tu khac.

2. Amin héa khi.

Acid glutamic dugc xem 13 aminoacid sd cAp ma tif @6 tong hgp nén hau nhu tit
ca aminoacid con lai. N6 dudc hinh thanh trong phan tng amin héa khi dudi tic dung
cta glutamate dehydrogenase:

NH; + a-Cetoglutarate + NADP.H + H* == L-Gllutamate + NADP".

C6 thé néi phan tng nay 1 nén tdng ddi véi qua trinh sinh tdng hgp aminoacid
trong moi co thé. Nhg phdn ting chuyén amine héa tir acid glutamic sé& hinh thdi cdc
aminoacid kh4c. Riéng asparagine va glutamine dudc tdng hop theo cd ché trinh bay
trong muc II.3.

Alanine va acid asparaginic dugc tdng hop chi y&u bing co ch& chuyén amine
héa, nhung ching ciing c6 thé hinh thanh trong qud trinh amine héa khi. O thuc vat va
mot s vi sinh vat acid asparaginic con xuit hién nhd phdn tng amin héa acid fumaric
do aspartate ammoniac lyase xuc tac:

HOOC - CH=CH - COOH + NH; === HOOC - CH, - CHNH, - COOH

Tuy nhién, trong t&€ bio phidn tng nay chi y&u huéng vé phia gidi phdng
ammoniac.

3. Tong hgp cic aminoacid thit cip.

Téng hgp cdc aminoacid thi cip 1a qué trinh rat phic tap, dic biét 1a d6i véi cac
aminoacid khong thay th&. Mdi aminoacid thudng dugc tdng hdp nhd mot hé thong da
enzyme hoat dong theo nguyén tic lién hé ngugc nhim thuc hién nguyén tic tiét kiém
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von chi phdi moi hoat dong cia t&€ bao. Nhiéu tai liéu gido khoa vé héa sinh hoc c6 thé
gitp chiing ta tim hiéu chi tiét vin dé nay.

XL. SINH TONG HQP PROTEIN.

1. Céc y&u té can thi€t cho sinh tdng hgp protein va céic giai doan cua
qua trinh nay.

Sinh tdng hgp protein, ma sinh hoc phan tif goi 12 qu4 trinh dich ma (translation)
12 mot qué trinh phifc tap xdy ra trong ribosome, ma nhu ta da biét, dugc ciu tao chii
yéu tir protein va acid nucleic. Nguyén liéu @€ tdng hdp protein, tiic aminoacid, dugc
tARN mang dén diy, d€ duéi su diéu khi€n cia mARN va sy xic tdc clia hang loat
enzyme tap hop thanh chudi polypeptide vdi thinh phin va trit ty aminoacid da dudc
dinh sin trong cdc gen tuong ng. Ngudn ning lugng d€ tao ra cic dai phin tif protein
1a ATP hoic cdc hdp chat tuong tu sdn c6 mit trong t& bao. Ngodi ra, trong cic t€ bao
nhan that viéc tdng hgp hang loat protein con doi hdi sy tham gia clia cdc hé thdng ciu
tric mang cda t&€ bao ma trudc hét 1a hé thdng mang clia mang nodi chat.

Toan bo qué trinh sinh tdng hgp protein c6 thé dudc chia thanh 4 giai doan chii
yé&u. B6 1a: 1/ hoat héa aminoacid; 2/ xiy dung phtic hé m& diu; 3/ ting trudng mach
polypeptide va 4/ két thic chudi polypeptide.

Hoat h6a aminoacid 14 qu4 trinh bao gdm hai budc;
a/ Aminoacid + ATP — Aminoacyladenylate + PPvc;
b/ Aminoacyladenylate + tARN — Aminoacyl-tARN + AMP.

C4 hai phan tng déu dudc xic tdc bdi mot enzyme aminoacyl-tARN-synthetase
dic hiéu cho mdi aminoacid. Nhd trong phin tf enzyme chifa 2 trung tAm xtc tdc, mot
dac hiéu véi aminoacid va mot dic hi€u véi tARN van chuyén aminoacid d6, nén
enzyme cho phép aminoacid tim gén véi tARN dic hiéu ctia minh.

Cong thifc ciu tao clia aminoacyladenylate va aminoacyl-tARN dugc trinh bay
trong hinh 11.5. Qua d6 ta c6 thé thiy ning lugng ctia ATP di dugc chuyén cho lién két
ester giau ning lugng giita nhém carboxyl clia aminoacid va nhém 3'-OH cia gbc
adenylate tin cting ctia tARN. NhS d6 aminoacyl-tARN trd thanh mot san pham hoat
dong, dé dang tham gia phin ting polymer-héa sau nay.
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Hinh 11.5. Aminoacyladenylate (A) va minoacyl-tARN (B)

DPé€ chuin bi cho phan tting polymer héa, cdc phan tif aminoacyl-tARN 14n lugt dugc dua
vao khu vuc A ciia phan duéi don vi 16n cda ribosome, nhu mo t3 trong hinh 11.6. Tai
diy, nhu ta s& thdy, né c6 diéu kién thuin 1gi d€ lién két vé6i chudi polypeptide dang
ting trudng von gin véi ribosome tai khu vuc P.

Fhenylalanyl-tARM

305

Hinh 11.6. Vi tri ctia aminoacyl-tARN trong ribosome

Xay dung phitc hé¢ mé dau & E. coli 12 mot qud trinh gdm nhiéu budc nhw mo
td trong hinh 11.7 véi sy tham gia cda formylmethionyl-tARNy, va cdc yé&u td m& diu
IF,, IF, va IFs, von 1a nhitng protein ddc hiéu.

Viéc xdy dung phiic hé mé diu trong cdc t€ bao nhan thit trén nhitng nét
chinh cfing gidng nhu & E. coli, song vdi cdc yéu td md dau khdc, ky hiéu 1a elF,; , elF,
va elF;. Thém vao dé, methionyl-tARN tham gia xAy dung phiic hé m& dau khong bi
formyl-héa. Céc ribosome, nhu ta da biét, cling c6 kich thudc 16n hon.
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Hinh 11.7. Qua trinh hinh thanh phitc hé mé dau.
Ting trudng chudi polypeptide bao gébm 3 bu6c chinh (hinh 11.8):

Budc 1: Sau khi fMet-tARN; gdn vdi ribosome tai khu vuc P, aminoacyl-
tARN ti€p theo ma codon clia né nim k€& cin codon cia fMet s& di vao khu vuc A clia
ribosome. Qua trinh nay cAin GTP d€ cung cip ning ludng va mdt loai protein c6 tén 1a
yé&u td T, bao gdm hai loai: Tu va Ts.

Budc 2: Nho peptidyltransferase, Lién két peptide dugc hinh thanh gitta nhém -
NH; ctia aminoacid méi di vao v6i nhém -COOH ctia aminoacid ding trudc. Dipeptide
mdi xudt hién dugc gin v6i tARN clia aminoacid thit hai tai khu vuc A, con tARN clia
aminoacid thit nhat (bay gid dudc goi 12 tARNp) van nim lai khu vuc P. Ning lugng
can cho sy hinh thanh lién két peptide dugc nhan tir lién két ester cao ning clia
aminoacyl-tARN.

Buéc 3: Peptidyl-tARN dudgc chuyén tir khu vuc A sang khu vuc P nhg
translocase (y&u t6 G) va GTP. Yé&u t6 G dugc dua ra khdi ribosome. Ribosome di
chuyén mdt doan dé€ cho codon ti€p theo ti€p nhan khu vyc A, tao diéu kién cho
aminoacid thi ba tham gia phan Gng polymer-hoa...

Qu4 trinh ting trudng chudi polypeptide sé& két thiic khi mot trong cdc codon
chdm cau (UAA, UAG, UGA) di vao vi tri ddi dién véi khu vuc A. Nho yéu t§ gidi
phéng R, peptidyl-tARN tdch khdi ribosom; tARN tdch khdi chudi polypeptide;
ribosome 70S phan ly thanh cdc phin dudi don vi 30S va 50S d€ sau d6 lai tham gia
x4y dung phiic hé md diu cho sinh téng hgp chudi polypeptide khic.

Trong qud trinh sinh tSng hop protein nhiéu ribosome cling gin trén mot phan ti
mARN, tao thanh phiic hé c6 tén la polyribosome hay polysome. Trong phic hé nay
mdi ribosome tdng hop mot sgi polypeptide. Trong E. coli va céc t& bao tién nhan khéic
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qia trinh dich ma c6 thé bit ddu ngay khi phan t mARN con dang ting trudng trén

khuon ADN.
aTE EF-Tu-EF-T: fein):]
EP-Tu- GTF I EF-T: IEF-“-GDP
a3
n+c1i|5‘\)
a3

Aminoacyl-tAEN n+(ﬁ?EF-ﬁ -GmT]

Hinh 11.8. Cdc budc ting trudng chudi polypeptide.

2. Diéu hoa sinh téng hgp protein; mo hinh operon va Iy thuyét diéu
hoa cia Jacob va Monod.

Ly thuyét diéu hoa sinh téng hop protein dugc Jacob vi Monod dé xuAt trén co
s& nhitng din liéu thuc nghiém vé hién tugng cdm dng va tran 4p tdng hop protein thu
dugc d6i véi té€ bao E. coli. Nhitng din liéu nay cho thdy ring sinh tdng hgp cdc enzyme
B-galactosidase (E;), B-galactoside permease (E;) va thyogalactoside transacetylase
(Es) trong t€ bao E. coli cing dudc cdm tng bdi cd chat clia chiing 1a galactose. Tic l1a
nhitng enzyme nay (enzyme cdm tng) chi xudt hién trong t€ bao khi c6 mit lactose
trong moi trudng dinh dudng.

Co ch€ diéu hoa sinh tdng hgp cdc enzyme cdm ting dugc Jacob va Monod gidi
thich nhu sau thdong qua vi du cdc enzyme di héa lactose E;, E; va E3 n6i trén (hinh
11.9).

Ba enzyme dugc ma héa bdi cdc gen ciu tric X, Y va Z. Ching cung nhau tao
thanh mot operon (trong trudng hgp nay la lac-operon). Hoat ddng clia operon nhu mét
thé thong nhat duéi sy diéu khién cia mot gen khdi dong O (operator). V& phan minh,
operator lai chiu sy diéu khién ctia gen diéu hoa R (regulator) thong qua mdt chit trin
4p c6 ban chit protein do gen nay tao ra. Khi gin véi operator, chit trdn 4p sé lam cho
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cdc gen cau tric trén operon khong hoat dong, mARN khong dudc sao chép va do dé
protein (tifc 3 enzyme néi trén) khong dugc téng hap.

Gen dify hda  Promower Opemawr Gen ot mrc [A)
| = [ [ele] = ¥ x
_
i m‘i*m Lac-opeton
A
Chdt mdn 4 &> Phic hé CAP-cAMP
‘Opemmr bi khda [E)
| = [ Jele] =z | ¥ x
b Cpetol khdng dwge =30 chep
TmARN 5 G5 .
1 P o '—HET CAmM TRE
A . T
ww Chit i1 9 hoat ddng CAP
Operawt d1dc giai phong [
| = [ J|e@ =z | ¥ | = |
L T T T
Cdc gen of it wing hop Lac-mAaRH
imakH Lac-makH
- I !
— RS - .Ot Téng hap protein
Ky Ez K

3
f-Galacwsidase Fermeaze  Tranzacerylase

Hinh 11.9. Piéu hoa sinh téng hop enzyme cdm ving theo Monod va Jacov.

Khi chat cdm tng allolactose (mdt sin phadm cia lactose) gin vdi chat trin 4p,
1am cho né mat hoat tinh, tao diéu kién cho operon hoat dong. Tuy nhién, viéc sao chép
thong tin tif cdc gen ciu tric X, Y va Z chi thyc sy bat dau khi cAMP ciing v6i mot loai
protein dic biét c6 tén 1a CAP tao thanh phiic hé hoat dong d€ gin vao khu vuc
promoter nim k€& cin vdi v6i operator va gdi mot phan 1én operator, gidp chit cim tng
lam maAt hoat tinh clia chat trin 4p va ddy n6 ra khéi khu vuyc nay.

Sy hinh thanh cAMP bi tic ch€ bdi mot sdn phdm di héa nio d6 ciia glucose. Vi
vay khi c6 mit glucose trong moi trudng dinh dudng thi cAMP khong dudc tao ra va
CAP ty n6 khong thé gin vio operator. Vi vay dii ¢ mit chit cdm tng allolactose, cic
enzyme thudc lac-operon vin khong dugc tdng hop.

Hoat dong clia operon tryptophan (Trp operon) diéu hoa tong hgp cdc enzyme
xtic tdc cdc qud trinh sinh tdng hdp tryptophan (hinh 11.10) ciing tudng tu nhu hoat
dong ctia Lac operon, nhung c6 diém khac 12 binh thudng trong t& bao thi€u tryptophan
thi chat trAn 4p & trang th4i khong hoat dong. Khi d6 operator “m&”, sy sao chép va
phién dich cic gene ciu tric dudc ti€n hanh binh thudng, tong hdp nén cic enzyme cin
thi€t d€ tao sdn phdm cudi cung 1a tryptophan. Nhung khi t& bao di sdn xuat dd
tryptophan, hoiéic khi thém tryptophan vio moi trudng nudi t&€ bao thi tryptophan s& két
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hdp vdi chat tran 4p vdi tu cdch 13 chit dong trin 4p, bi€én né thanh dang hoat dong.
Chat trAn 4p hoat dong s& 1ap tiic két hop véi operator, lam cho né bi khéa lai va sy sao
ma s€ bi dinh chi.

e e e O P T P P e T T T e P e
l i J
g —_
- I
C‘hﬂ“:.rrﬁhsfp T, R i A - e

kbdng hogt ddng

cHC enzyme Wng hop TFPIOphan

Tt s e O T e e P T T D e D

T T

Chst mdn dp

L - boatddng
i
A

! P S e
Chit win #p Chft ddfng i =p
kbdng hoat ddng [y pophan)

Hinh 11.10. Operon tryptophan (Trp operon)

Theo cd ché€ nay ham lugng tryptophan trong t& bio da ki€m tra sy tong hgp nén
chinh né. P6 13 mdi lién hé ngudc trong sy diéu hoa cic phdn ing enzyme bing sin
phdm cudi ciing. Piéu nay cho phép t& bao thich nghi véi nhitng thay ddi dot ngot cia
mdi trudng ciing nhu trdnh dugc nhitng hao tén vé nguyén liéu va ning lugng ding dé
tdng hop du thira mot chat nao d6.

Sinh téng hop protein & dong vat bac cao con c6 thé dudc diéu hoa nhd hé thong
hormone. Mot s& hormone c6 tdc dung hoat héa hoic tic ch€ enzyme adenylate cyclase
va do d6 thé hién tic dung diéu hoa sinh tdng hdp protein thong qua tdc dung chi phoi
ham lugng cAMP trong t€ bao. Mot s6 hormone khac, dic biét 1a cdc hormone steroid,
do ¢6 kha niing di chuyén xuyén qua mang, nén cé thé truc ti€p can thiép vio co ch&
diéu hoa bing cich gin véi chat tran 4p khong hoat dong d€ bién né thanh dang hoat
dong.
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CHUONG 2. EMZYME

Enzyme 1a nhitng protein c¢6 chiic ning chuyén héa rit cao, lam nhiém vu xic
tdc hang nghin phin ng héa hoc ma tir d6 tao nén toan bd qué trinh trao d6i chat
trong t€ bao va mo.

Ngay nay da xdc dinh dudgc hang ngan enzyme khic nhau, trong d6 c6 hang
trim loai thu nhan dudc & dang tinh thé rat tinh khiét. Tuy vay, cdc din liéu di truyén
hoc cho thdy ring con rit nhiéu enzyme cin phai dugc ti€p tuc tim ki€m.

Nhitng phdt minh mdi vé sy diéu khién ctia qud trinh sinh tdng hgp enzyme &
miic do gen, vé kha niing tu diéu hoa ciia cdc hé thong enzyme, vé vai tro clia enzyme
trong cic qud trinh sinh trudng, phat trién va phan héa v.v... 1a nhitng thanh tyu vo
cling to 16n cda sinh hoc hién dai, 1am n4y sinh hang loat linh vyc nghién cttu mdi cla
enzyme hoc.

. CAC BIEU THUC DUNG TRONG ENZYME HOC.

Pé€ x4c dinh hoat tinh clia enzyme, ngudi ta st dung céc biéu thiic sau day:

1. S6 chuyéu héa = s6 mol cd chit dd chuyén héa trong mot phiit;

2. Pon vi enzyme quoc t& U = Lugng enzyme xic tdc sy chuyén héa clia mot
umol cd chat trong mot phiit;

3. Hoat tinh dic hiéu = Katal/ Kg protein hoat dong.
4. Hoat tinh phan t& gam = Katal/Mol enzyme.

Katal 1a mot loai don vi hoat tinh clia enzyme; né tuong ng véi lugng chat xiic
tdc c6 thé 1am chuyén héa 1 mol co chit thanh sdn phdm trong 1 gidy. Quan hé giita
katal va U nhu sau:

1 Katal (Kat) = 1 Mol/s = 60Mol/min = 60.10° pMol/s = 6 x 10’ U;
1 U =1 uMol/min = (1/60)uMol/s = (1/60) uKat = 16,67 nKat.

II. BAN CHAT HOA HOC CUA ENZYME.

Enzyme c6 thé 13 protein don gidn (enzyme mot thanh phan) hoic protein phifc
tap (enzyme hai thanh phan).

Hoat tinh xic tdc cia nhiéu enzyme chi phu thudc vao dic di€m ciu tric cla
ban than protein-enzyme. Trong khi d6 ddi véi mdt s& enzyme khdc hoat tinh clia
chiing phu thudc vao sy ton tai clia mot thinh phin nao dé khong c6 ban chit protein
ma ngudi ta goi 1a cofactor. Cofactor c6 thé 13 ion kim loai hoic cdc hgp chét hitu co
phiic tap. Trudng hop sau dic trung cho enzyme hai thinh phan, va khi d6 cofactor
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dudc goi 1a coenzyme. Doi khi hoat tinh xic tidc cia enzyme phu thudc vao su ton tai
cta cd ion kim loai va coenzyme.

Céc cofactor néi chung déu bén vdi nhiét dd cao; trong khi d6 protein enzyme
néu bi dun néng s& mat hoat tinh xdc tdc. Sy lién két giita protein enzyme va cofactor
c6 thé€ c6 mitc dd bén vitng khdc nhau. Thong thudng chiing lién két v6i nhau bing
céc lién két y&u va dé dang tiach khdi nhau bing phuong phdp thim tich. Tuy nhién
cling ¢6 nhitng trudng hdp protein enzyme va cofactor gin vdi nhau bing lién két
cong héa tri khd bén ving. Trong trudng hop d6 cofactor dudc goc 12 nhém thém, vi
du trong cytochrome ¢ hem véi tu cdch 13 cofactor gin khd bén vitng véi protein
enzyme bing cédc lién két cong héa tri thong qua cdc gdc cysteine, methionine va
histidine (hinh VI-1)

Céac phic hé ty nhién gifta protein
enzyme va cofactor dudc goi la
holoenzyme. Thanh phin protein enzyme
khong hoat dong sau khi da bi loai bd
cofactor dudc goi la apoenzyme.

Trong phin t& enzyme cédc ion kim

loai c6 thé thuc hién mdt trong hai chifc
ning: hoic 1am ciu ndi giita enzyme va

fiis co chit, hoidc tryc ti€p lam nhiém vu xtc
Hinh VI.1. Cytochrome ¢ tdc. Mot sO enzyme chita kim loai dudc

gidi thiéu trong bang VI.1.

Céc coenzyme tu ban thin
Bdng VI.1.Mét sé6" enzyme chita kim loai ching thuc hi€n chitc ndng xtc
tdc thudng vdi tu cdch 1a chit

Enzyme Kim loai R 2 . Ao

van chuyén trung gian dién tu,

Alcoholdehydrogenase, o , .

- nguyén tu hay nhom nguyén tu

Carboanhydrase, Zmn A Ko o A

Carb d tr mOt hgp chat nay sang mot

arboxypepticase hop chat khac. Nhi két hap véi
Phosphohydrolase,

Mg™* apoenzyme hoat tinh xuc tac

Phosphoptrasferase cla ching ting 1&én gip nhiéu
1 2+
Zérglnase, f’hosphoptrasfe}tl‘ase Mn2+ 1An va mang tinh dic hiéu cao,
ac oai cytochrome, Fe R -
peroxydase hoic Fe3* Nhiéu coenzyme la dan

xuat clia vitamine (bdng VI.2).
Trong mdt s6 trudng hdp khic
coenzyme cé thé 13 cdc hop
chit quinon, hem, nucleotide

catalase, Feredoxin

Pvruvatenhosnhokinase K*

V.V...
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Qu4 trinh bién héa cd chat xdy ra tai trung tdm hoat dong clia enzyme. Trung
tAm nay thudng c6 cau triic phit hgp véi cd chat thudc cdc phuong dién ban chit hoa
hoc va ciu hinh khong gian.

Trung tAm hoat dong clia enzyme mdt thanh phin do mot s& géc aminoacid dic
biét cAu tao nén; trong khi d6 & nhitng enzyme hai thanh phin trung tim hoat dong
dugc hinh thanh véi sy tham gia clia coenzyme cuing véi cdc gbc aminoacid nhat dinh.

Bdng VI.2. Coenzyme dén xudt ciia vitamine

Coenzyme Vitamine Chiic nang
Pyridoxal Piridoxine Chuyén amin héa; decarboxyl héa; rasemate
phosphate hoéa
Thyamine- Thyamine Decarboxyl héa oxy hoa;
pyrophosphate (Vit. By) van chuyén nhém aldehyde
Coenzyme A Acid pantotenic | Van chuyén acyl; phin gidi va téng hdp acid
béo trong dicu kién hi€u khi
Acid Acid folic Van chuyén cac nhém mdt carbon
tetrahydrofolic
Biotin Biotin (Vit. H) | Van chuyén CO,
NAD*, NADP* Acid nicotinic | Van chuyén H*, e’
FMN, FAD Riboflavin Vian chuyén H*, e

II1I. PONG HOC CUA CAC PHAN UNG ENZYME.

BAt ky phdn tng héa hoc nao,vi du phdn thg A —— P, s§ di x4y ra dudc 12 nhd
mot phan ning lugng trong s6 cdc phin tir A chifa ning lugng 16n hon s phan tif con
lai, 1am cho ching ton tai & trang thai hoat dong. O trang thdi nay d& dang phd v& mot
lién két héa hoc hoic tao ra mot lién két mdi d€ 1am xuit hién sin phdm P. Ning
lugng cin dé chuyén toan bd s& phin tir cdia mot mol vat chit & diéu kién nhat dinh
sang trang thdi kich dong dugc goi 12 ndng lugng hoat héa. Ning lugng nay can thiét
dé chuyén cdc phan tif tham gia phdn ing sang mot trang thdi trung gian gidu ning
lugng tuong ng véi dinh clia hang rao hoat héa (hinh VI.2).Toc do ctia phdn tng ti 1&
vdi ndng dd clia phan tif & trang thdi trung gian nay.

Khi ting nhiét do ning lugng chuyén dong nhiét clia phan tf ting 1én, 1am cho
s6 phan tif c6 kha ning dat trang théi trung gian ting 1én. Vi thé khi ting nhiét do 1én
10°, tdc dd clia phu héa hoc ting 1én khodng hai 1an (Qig = 2).

Khéc v6i tdc dung clia nhiét dd, chat xic tdc lam ting t6c do clia phdn ng
bing cdch lam gidm ning ludng hoat héa. Su két hgp gitta chat phdn Gng va chat xic
tdc 1am xuAt hién trang thdi trung gian mdi v6i miic ning ludng hoat héa thap hon. Khi
san phd&m hinh thanh, chat xdc tic lai dudc gidi phéng & trang thdi tu do.
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Céac phan tng
enzyme clng tuin

Ming lvgng hoat hda
clia phdn vng khéng ed xie tic theo nhu’ng nguyen

tic chung clia dong
hoc cdc phan tng
Nang higng / héa hoc. Tuy nhién,
hoat hs . o
oathes chiing con cé nhitng
cua phan ing / . o n .
cé xiic tie dac di€ém riéng. Mot
Trang thdi ban ddu Iy, Bidn thién ndng lwgng trong nhitng dic
.\‘\ i i A z N A
3, W do cifa phin g diém d6 1a hién

oo o~ mEag— BReF
.

Trang thdi cudi
tuong bdo hoa co
Ti€n ik phin ug Chd}‘- 6 n5/ng do co
Hinh VL.2. Bién thién ndng lugng ti do chat thip toc do ctia
trong cdc phdn iing héa hoc. phdn dng enzyme ti

1é thuan véi ndng do
co chat. Nhung néu
ti€p tuc ting ndng
do cd chat thi toc do
phan @ng ting chim
dan,

va khi ndng do cd chat dat mot gia tri ndo d6, tdc dd clia phin ng khong ting nita.

Trong nhitng diéu kién d6 ndng d6 enzyme 13 yé&u t6 quyét dinh téc d6 phan tng.

Miic du hién tudng bio hoa co chit dic trung cho moi enzyme, nhung gid tri cu
thé€ cta ndng dd co chat la gid tri dic trung. Thong qua nghién ctu vin dé nay
Michaelis vd Menten nim 1913 da dé xuit mot phuong trinh dién td tdc d6 cdc phan
{tng enzyme va néu lén mdot s6 1y thuyét chung vé dong hoc clia qué trinh nay. Thuyét
ndy vé sau da dugc Briggs va Haldans phat trién thém.

Céc tdc gia trén nhin thdy ring trong cdc phdn ing enzyme trudc tién enzyme E
tao ra phifc hé ES vdi co chat S. Sau d6 ES sé dudc phan gidi thanh san phdm P va
enzyme E ty do.

Theo dinh luat khdi lugng, qua trinh d6 ¢ thé dudc md ta nhu sau:

ki k3
E+S = ES&—— E+P
ko ka
trong do k; 12 hiing s6 t6c do phan tng hinh thanh ES tir E va S; k, 13 hiing s6 t6c do
phén ng phan gidi ES thanh E va S; ks 12 hiing s6 tdc dd phdn tng phan gidi ES thanh
E va P; k4 12 hiing s6 td¢ do phdn t¢ng hinh thanh ES tir E va P.
e} trang thai cAn biing toc do hinh thanh ES bing t6c dd phan gidi phic hé nay:

ki[EI[S] - ko[ES] = ks[ES] — k4[E][P].

GS.TS. Mai Xudn Luong Khoa Sinh hoc



JOod sinh hoe - 49 -

Bién ddi phuong trinh nay, ta c6:
[ES](ko+ks) = [El(ka[P] + ki[S])

_ [ES] de]+k1LS] ka[P]  ky[S]
- [E] _kz +k3 k2+k3 k2+k3

Do § cic giai doan diu ctia phan tng gid tri cda [P] v cling nhé nén c6 thé gidn
luge phuong trinh trén nhu sau:

_ [ES]  Kki[S]
B [E]l  ko+ks

bat [E]; Ia ham lugng enzyme t6ng sO va K., = ko+k3 / ki, ta c6:
[E] AEL-[ES] _ [El Kn

= T [EST _~ [ES]~ '~ [ES] [S]

T6c dd ban dau v clia phdn ¢ng enzyme ti 1& thuin v6i ham lugng enzyme hoat
dong, hay [ES], nén ta c6 thé viét:

v =k3[ES]

Néu ndng do cd chat rat 16n, lam cho hau hét enzyme trong hé thong déu ton tai
& trang thai ES, thi toc do phdn @ng enzyme s& dat gid tri t6i da V, va tdc do t6i da do
s€ bing:
V =ks[E],
Do do:
_ [E] v K
- T IEST N Is]

Nhan hai v€ cho [S] va bién d6i phudng trinh, ta cé:

V[S]

K + [S]

Pay chinh 12 phudng trinh Michaelis-Menten va K, dudc goi la hing so
Michaelis.

Y nghia thyc tién cta hiing s6 Michaelis 12 § chd né chinh 1a gid tri ctia ndng do
cd chat khi t6c do phdn dng bing ¥z t6c do t6i da. Thay V va v bing cdc con sO tuong
tng 1 va 0,5 vao phuong trinh trén, ta s& thiy rd diéu dé. Nhu vay, K, dudc do bing
don vi ndng do, titc mol/l.

Hiing s& Michaelis 12 mot hiing s6 rit quan trong. N6 x4c dinh 4i lyc clia enzyme
v6i co chat. K, cang nhd thi 4i luc ndy cang 16n, t6¢c dO phdn tng cang cao vi téc do
t6i da V dat & gi4 tri nong do cd chat cang thap.

Trén co s& phuong trinh Michaelis-Menten, bing cich xiay dung dudng biéu
dién sy phu thudc ciia v vao [S] va biing dd thi d6 xdc dinh toc dd tdi da V ta c6 thé
tim thay gi4 tri ctia [S], & d6 v = V/2, tdc gid tri cda Ky, (hinh V1.3).
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Tuy nhién, bing cich nay khé xdc dinh v mot cich chinh xdc. PE khic phuc
nhugc di€m d6, ngudi ta st dung dudng bi€u dién Linewear-Burk. Hai tic gid nay
bién ddi phuong trinh Michaelis-Menten thanh dang:

v /v =Kn/V x 1/[S] +
v

Uu diém cilia
phuong l1trinh nay
1a & chd giita cic
dai lugng 1/v va

|z
1

fom [5] 1/[S] ¢6 mé&i lién
Hinh V1.3. Duong biéu dién hé ti 1¢ thun (hinh
phuong trinh Michaelis-Menten V1.4).

Qua  dudng
biéu dién nay ta c6
thé thdy ring tang

Al ABO = Ku/V va

BO = 1/K,.

} Phuong trinh

A nay con cho phép

B v tim hi€u nhiéu khia
-1/Km O -1/[S] canh quan trong
Hinh VI.4. Puong biéu dién lién quan dén tic
phuong trinh Lineweaver-Burk dung clia cdc chat

tic ch& hoat tinh
clia enzyme.

IV. ANH HUGNG CUA pH LEN HOAT TiNH ENZYME.

Phin 16n enzyme dudc dic trung bdi su phu thudc cla ching vao pH, trong dé
mdi enzyme c6 hoat tinh cao nhit & mot gi4 tri pH nhat dinh. O ¢4 hai phia cta gid tri
ndy hoat tinh enzyme déu gidm. Gia tri pH t6i thich nay (pHop) bi€n thién trong pham
vi khd rong, tir 1,5-2,5 d6i véi pepsin dén 8-9 ddi vdi trypsin. Vi vay trong moi nghién
citu enzyme pH can dudc giff vitng bing dung dich dém thich hgp.

Su phu thudc ctia hoat tinh enzyme vao pH dudc qui dinh bdi pK ciia cdc nhém
ion héa trong phan tif enzyme, dic biét clia cdc nhém tai hodc gin trung tim hoat
dong (c6 thé c6 vai tro trong viéc két hgp giita apoenzyme va coenzyme), hoic cic
nhém c6 thé déng gép vio viéc 1am bién ddi trung tAm hoat dong thong qua viéc 1am
bién dang cdc bo phan cla phin t¥ enzyme. pH ciing c6 thé dnh hudng xa hon dén
mtic do ion héa hodc ciu tric khdng gian clia cd chat.
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Tuy nhién, c6 nhitng trudng hgp ma hoat dong ctia enzyme khong phu thudc vao
pH clia moi trudng. P6 1a trudng hop enzyme tdc dung 1én nhitng co chat trung hoa vé
dién hodc nhitng c¢d chit ma cdc nhém tich dién khong cé vai trd quan trong doi véi
tdc dung xuc tac. Papain Ia mot trudng hdp nhu vay.

Gi4 tri pH t6i thich d6i véi hoat tinh xic tdc clia enzyme khong nhat thi€t phu
hdp véi gid tri pH clia dich bdo ma trong d6 chita enzyme. Piéu dé cho phép chiing ta
nghi ring 4nh hudng ctia pH 1én hoat tinh enzyme 12 mdt trong thitng y&u t& gép phan
diéu hoa hoat tinh enzyme trong t& bio.

V. ANH HUGNG CUA NHIET PO LEN HOAT TiNH ENZYME.

Nhiét d6 4nh hudng 1én t6c d6 clia moi phan tng héa hoc. Trong pham vi bién
do sinh 1y t6c do cta phdn ting enzyme ting theo nhiét do vdi hé s§ Qyo bing 2. Khi
nhiét d6 vudt qui gidi han nhat dinh, do protein enzyme bi bién tinh, tdc do ctia phin
ing enzyme gidm mot cach dot ngdt. Nhiét do tdi thich (%) cda phdn Gng enzyme
thudng nim trong pham vi 40-50°C va c6 thé bién d6i phu thudc vao nhiéu yéu t& nhu
dd sach ctia enzyme, thdi gian phan tng v.v...

M3di enzyme chiu 4nh hudng clia nhiét 6 mot cach khic nhau. Pic diém dé
dudc 1gi dung d€ tach chiét va nghién ctu hoat tinh clia tirng loai enzyme trong t& bao.

VL. HOAT HOA ENZYME.

Nhiéu enzyme d€ thé hién hoat tinh ctia minh, cAn phai c6 su hd trg clia cdc yé&u
td khac nhau, trong d6 mdi enzyme dudc hoat héa bing mot con dudng nhat dinh. Bon
ki€u hoat héa khac nhau dudc md ta trong hinh VLS.

S

Froeriyme Enzyme hogt ddng

in ket disulfide

Froenzyme Enzyme hogt ddng

I_/"'\-
2 T
3 —_— ;

Erzyme Khdng hogt ddng Erzyme hogr ddng

Eﬁczor i 3
4
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Hinh VL.5. Cdc kiéu hoat héa enzyme

Mot s6 enzyme, vi du pepsinogen, trypsinogen ... dudc hoat héa bing cdch cit
bd mot doan oligopeptide khdi phin ti proenzyme (1);

Mot s6 enzyme khdc duge hoat héa bing cdch hinh thanh cau disulfide, vi du
ribonuclease (2), hodc biang cdch tao phita véi ion kim loai (3). Kiéu hoat héa thi tu
dic trung cho cdc enzyme di 1ap thé, dudc thyc hién bing cich thay d6i ciu hinh
khong gian clia enzyme nhS mot effector duong tinh dic hiéu (4).

VIL UC CHE ENZYME.

Hoat tinh ctia enzyme bi fc ch€ khi protein enzyme bi bién tinh dudi tic dung
cla kim loai ning va cda nhitng tdc nhan phd v& lién két hydro, khi trung tAm hoat
dong cta enzyme bi phong tda hoic bi bién dang duéi tdc dung clia cdc yé&u to lat ly
hoic cdc chat hitu co va vd cd khic nhau.

Mot hgp chit héa hoc c6 thé e ché hoat tinh clia enzyme nay nhung lai kich
thich hoat tinh cia enzyme khdc. Vi du, CN" tc ché nhiéu enzyme oxy héa — kht
nhung lai kich thich hoat tinh ctia mdt sd loai enzyme thiy phan (papain, catepsin...).
Mit khic, mdt enzyme c6 thé bi tc ch€ bdi mot hop chat héa hoc § mot ndng dd nao
dé nhung lai chiu tdc dung kich thich ctia hgp chat 4y & mot nong do khic.

Bén canh nhitng chit Gc ché chung, cé nhitng chit chi giy tc ch€ dic hiéu d6i
v6i mot enzyme hodc mdt nhém enzyme xdc dinh.

Téc dung e ché& ddi vdi hoat tinh enzyme c6 thé thuin nghich hay khong thuan
nghich.

Céc chat c ch& déng vai trd quan trong trong linh vic y hoc. Nhiéu cong trinh
nghién ctu dudc thuc hién nhim st dung ching dé chita bénh. C4c nha khoa hoc dic
biét lvu ¥ dé&n van dé st dung phuong phdp tc ché chon loc cdc phin ing enzyme
nhiim diéu tri cdc bénh ung thu.

Céc chat tc ch€ ciing déng vai trd rit quan trong trong viéc nghién cttu cic co
ch€ tinh vi cia trao d8i chat. Vi du, cdc chu trinh Krebs, Calvin...dd dugc tim ra trén
co s st dung cdc chat tc ch€ dic hiéu khédc nhau.

Trén co s& cd ché tdc dung clia chat tc ch& ngudi ta chia ching 1am hai nhém:
chat dc ch€ canh tranh va chat tc ch& khong canh tranh.

Uc ché canh tranh 13 hau qué cla su ving mit tinh dic hiéu tuyét doi cia nhiéu
phin tng enzyme. Trung tim hoat dong clia enzyme c6 thé k&t hgp vdi cdc chit tc
ch€ ma cau tao héa hoc ciia chiing tuwong ddi gidng vdi co chat, do d6 can trd sy tiép
xtic clia cd chit v6i enzyme tai trung tim nay.

Mot trong nhitng chit Gc ché& canh tranh dién hinh I3 acid malonic. P6 1a mdt
chat tc ch&€ manh va dic hiéu d6i véi enzyme suxinate dehydrogenase. Enzyme nay
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khong phan biét dugc acid malonic (HOOC-CH,-COOH) véi acid suxinic (HOOC-
CH,- CH,-COOH). Khi trung tim phdn tng clta suxinate dehydrogenase bi acid
malonic chi€m chd, enzyme nay khong cdn phdn tng oxy héa acid suxinic. Mitc do dc
ch€ trong trudng hgp nay phu thudc vao ti 1& malonate/suxinate. Nong do clia acid
suxinic cao dé€n miic nit dinh s& c6 thé hoan toan loai trir tic dung tic ché cia acid
malonic. Pic diém ctla tc ché canh tranh 13 t6c do ctia phdn tng phu thudc vao ndng
dd chat tc ch&, ndng d6 co chit va 4i luc clia enzyme v6i co chit cling nhu véi chit e

A

ché.

Céc chat dc ch€ canh tranh thudc nhém nhitng chit dc ché c6 phén ng thuin
nghich véi enzyme. Chat tc ché€ I két hgp vdi enzyme E, tao thanh phiic hé EI, Hé s§
phan li K| clia phifc hé nay dudc goi 12 hiing s6 (e ché.

[E][1]

[EI]
Trong phan dong hoc cdc phan ng enzyme ta di thy ring:
[E] K
[ES] ~ [S]

Vi [E] = [E]; — [EI] — [ES], ta c6:
[Elc— [EI] - [ES] [Elc [EIl [ES] Kn

[ES] [ES] [ES] [ES] I[S]
Hay:
[El Kn [EI]
— —— +1
[ES] [S] [ES]
. [E] [1] [E]¢ Kn [E] [1]
Thay [EI] biAng —— ,tacé: = + + 1.
K; [ES] [S] Ki[ES]
[E] [S] ) 1 K.,
Vi [ES] = — , tac6 thé thay —— bdn , tic:
K, (ES]  [ELIS]
[El Kn K [1]
-+ +1

[ES] (S|  K{S]

Vi t6c @6 t8i da V ti 1& thuan vdi enzyme tdng s [E];, con tdc do tic thdi v ti 1&
thuin véi ndng do phitc hé [ES], nén:

[E], \% KiK., Ko[Il  Ki[S] KK+ Ku[l] +Ki[S]
[ES] v "Ki[S] Ki[S]  Ki[S] Ki[S]
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VI[SIKi VIS]
KK + Kn[I] + Ki[S] Kn + Km[I]/IEi + [S]
VI[S]
K (1 + [I1/KS) + [S]

Ta c6 th€ nhin thdy ring phuong trinh trén khdc vdi phuong trinh Michaelis-
Menten & chd K,, dudc nhin vé6i hé s6 (1 + [I]/K)).

Vi vay, tic ché canh tranh lam ting gid tri cia K,,. N&u [S] c6 gia tri rat 16n so
véi gia tri clia Kn(1+[1]/K;) thi gi4 tri nay c6 thé bd qua va toc d phan ting sé& dat gid
tri t61 da. Néu K; nhd va [I] 16n thi sé& xdy ra sy c ché va mic do dc ché€ phu thudc
vao [S].

Y nghia thuc ti&n cha viéc nghién citu tic dung tc ché 13 ddnh gid vé mit dinh
lugng kha ning cla chat tc ché tic dung v6i enzyme, tidc xac dinh hing s& K;. P& gidi
quyét cong viéc nay sé thuin tién hon néu 4p dung phudng trinh Lineweaver-Burk
trong trudng hgp e ché€ canh tranh véi dang sau day:

1 [1] Kmn 1 1

— =1+ . +
v KV [S] \Y%

So sdnh phuong trinh nay véi phuong trinh Lineweaver-Burk trong trudng hop
khong c6 chat e ché, ta s& thay ching chi khdc nhau & gid tri (1+[1])/K;), tic tang clia
géc nghiéng biang (1+[1]/K;).K./V, con gid tri 1/V hay V khong thay ddi. Pudng bi€u
dién clia hai phudng trinh Lineweaver-Burk trong cdc trudong hdp khong ¢ va ¢é tc
ch€ canh tranh dugc mé ta trong hinh VI.6.

?1 /T_Tc ch& canh tranh U(\: ChAe kh/ong\ can/h
tranh 1a mdt qud trinh dc
- Kbona o8 o ché ch€ thuin nghich ma trong

d6 chat tc ché& khong két
hgp v6i enzyme tai vi tri

I / } 1 von xdy ra phdn dng gitta
—_— 1'|||' ~ g
enzyme va co chat. Trong

. A4

" El [+ B truong hop nay khong thé
Hinh VI.6. Puong biéu dién phuong trinh loai trlf tdc dyng dc ché
Lineweaver-Burk trong cdc truong hop khong co bing cac,h flang cao nong
va ¢6 tic ché canh tranh. dd co chat, vi co chat khong

ngin cdn sy két hgp cua
chat Gc ché véi enzyme.
Mitc do tc ché phu thudc
vao [I] va K.
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C4c chat ¢ ch& khong canh tranh thudng c6 ciu tric khong gian khdng gidng
v6i co chat.

Phuong trinh clia Gic ché khong canh tranh c6 thé dién dat nhu sau:

E+1 &< EI

[E] 1] ([Ele — [EI])

[EI] [EI]

Ki[EI] = [E]; [I] - [EI] [I]
Ki[EI] + [EI] [1] = [E] [1]
[EI](K; - [1]) = [E] [1]
(E]: (1]
K; + [1]
T6c dd v trong trudng hgp khong c6 tc ché ti 1& thuan véi [E], con toc dd v;
trong trudng hop cé chat e ché ti 1& thuin véi [E].

[EI] =

Do [E]=[E]- [EI],nén — = — Thay %]a tr1 cua [EI], ta co:
t—
\ E 1 1
[E]: |
- vi [E]¢ [1] (1] K+ [I] - [1] Kj
[Elt— 1 _
Ki+ 1] Ki+ 1] Ki+ 1] Ki+ 1]
vi _ Ki
vV T Ki+[]]

TUr phuong trinh trén, ta thiy rd toc do phdn ng khi c6 mit chit tc ché khong
canh tranh chi phu thudc [I] va K; ma khong phu thudc vao [S]. T6c dd tdi da V sé& bi
gidm vi mot phan enzyme khong tham gia phan ng dudc nita. Néu K; nhé, va [I] 16n
thi tf 1 vi/v s& rdt nhd. Trong trudng hgp ngugc lai, tf s6 d6 s& gan bing 1, c6 nghia la
tdc dung tc ché khong diang ké.Chuyén phuong trinh trén sang dang phuong trinh
Lineweaver-Burk:

1 Ki
v o~ vi (Ki+[1])
. Kmn 1
Thay 1/vbing —— ,
VI[S] \Y%
K; K 1 1 [1] Ky
1
= + , hay— =(1+ —_—( —
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Vi (SKi +[1I]) VI[S] \% Vi Ki
VI[S] A/

Qua phuong trinh trén, ta thdy 16 cd géc nghiéng K,/V va 1/V déu ting 1én mot

tri bing (1 + [1J/K)).
G A Pudng bi€u dién cda
phuong trinh trén dugc
- Kbéng o5 Go obé moé t & hinh VL7.
Ki€u tc ché thi ba
12 tic ché di lgp thé. Kiéu
tic ché& nay dic trung cho
cic enzyme di  1ap
S L thé hay
enzyme diéu  hoa.

Em =]
Hinh V1.7. Duong biéu dién phuong trinh Nhitng enzyme loai nay
thudng ding diu mot hé

Lineweaver-Burk trong cdc truong hop khong co va
thong da enzyme chiu

co tic ché canh tranh.
trach nhi€ém xuc tac cho
mot loat phdn ng gin
lién nhau vé mit chic
nang.

=

Uc ch€ di 1ap thé c6 thé thuan nghich hay khong thuin nghich. Trdi vé6i hoat héa
di 1ap thé, né do mot effector Am tinh giy ra. Chat nay hoat dong nhu mot chit e ché
khong canh tranh, tic lién két v6i enzyme tai mot trung tim khdc vdi trung tim hoat
dong, 1am cho céu tric khong gian clia enzyme bi€n ddi va hinh dang ciia trung tim
hoat dong khong con phit hgp véi cd chat nita. Tuy nhién, trong trudng hdp nay su phu
thudc clia tdc do phan ng vao ndng dd co chit va chat tc ché khong don gidn va
khong thé md td bing su bi€n ddi cta K.

Eneyme binh thudng Pudng bi€u dién
w Enryme difu haa SlI phu thu@c nély thu'(\-jng

"+ effector dudng tinh ; . ;
¢ Ensyme difu boa c6 dang chit S (hinh

R\ Enryme difu haa VIg)

+ effector &m tinh . .
Chat dc ché di 1ap

thé thudng 13 sdn phim

=] cudi cung clia hé thong
Hinh VLS. Puing bidu didn su phu thuge ciia da enzyme (nguyén tac

lién hé ngudc). Trong
phin trao ddi chat ta sé
dé cap dén nhiéu trudng

toc dp phdn iing enzyme diéu hoa (di ldp thé)
vao nong do co chat.
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hgp cu thé cha kiéu tc
ché& nay.

VIIIL. TiNH PAC HIEU CUA ENZYME.

Mbi enzyme chi tic dung 1én mot co chat nhat dinh hay mot s6 cd chat c6 ciu
tao gin nhau, hoic chi tic dong 1én mot kiéu lién két héa hoc nhat dinh trong phan ti
co chat.

Nhitng thay ddi rat nhé trong ciu tric héa hoc ciia cd chat d6i khi c6 thé 1am
mat kh3 ning xidc tdc clia enzyme. Pic di€m nay dudc goi 1a tinh ddc hi¢u cla
enzyme doi vdi co chit.

Nhitng enzyme c6 tinh dic hiéu hep, hay tinh ddc hiéu tuyét doi chi tic dong 1én
mdt cd chat nhit nhit dinh. Vi du, arginase chi phan gidi arginine ma khong phan giai
bat ky hop chat ndao khic, thim chi rit giong v6i co chat nay, ching han nhu ester
methylic cua arginine.

Nhitng enzyme c6 tinh dic hiéu rong hay tinh ddc hiéu tuong doi c6 thé tic
dung 1én céc co chit khdc nhau nhung c6 cting mot ki€u lién k&t héa hoc.. Vi du lipase
c6 thé phan gidi nhiéu loai triacylglycerine khidc nhau; phosphatase c6 thé phan gii
nhiéu loai ester cdia acid phosphoric.

Nhitng enzyme c6 tinh ddc hiéu ldgp thé chi c6 kha ning phan gidi mot trong hai
dang d6ng phan quang hoc, vi du dang D- hoidc dang L-.

C6 hai cd s& cdu triic quan trong x4c dinh tinh dic hiéu cla enzyme d6i véi co
chat. B6 la:

1/ Co chat cin chia ki€u lién két héa hoc dic trung ma enzyme c6 thé cong pha;

2/ Bén canh y&u to thit nhit, co chit con chita mdt hoic modt s6 nhém chitc ¢6
kha ning két hop v6i enzyme bing cich nao d6 dé dinh huéng cd chit tai trung
tam hoat
dong, tdc trung tim phan
ung, cia enzyme. Vi du
dién hinh 13 trudng hop
acetylcholine esterase
phan gidi lién két ester
gifta choline va gdc acetyl
(hinh VI.9). Khd ning ctia
enzyme phan gidi lién két
ester phu thudc ca vao su
ton tai clia cdc gdc serine,
tyrosine va histidine von
Hinh VLY. Su phii hop vé cdu triic tye G€p tham gia qud

giita enzyme va co chit
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trinh phan dGng, cling nhu
vao su ¢6 mit cua nhém
COO" dé€ lién két tinh dién
véi N'clia cd chat.

IX. DANH PHAP VA PHAN LOAI ENZYME.

Tén goi clia enzyme thudng 13 tén goi clia co chat hay cla ki€u phdn tng ma né
xuc tdc cdng vGi dudi “ase”, vi du urease,, hydrolase v.v... Ngoai ra con c¢6 nhitng tén
goi truyén thdng theo théi quen, khong cho thdy ban chit héa hoc ctia phin tng do
enzyme xic tdc, vi du pepsin, trypsin ... ¢4 hai ki€u goi tén néu trén déu thi€u chinh
X4c.

Pé€ khic phuc tinh trang d6, Hoi Héa sinh hoc qudc t&€ dé nghi st dung mot hé
thong danh phdp va phan loai trén cd s& ban chat cia phan ng dugc xic tdc. Theo hé
thong nay toan bd enzyme dugc chia thanh 6 nhém 16n; mdi nhém 16n nay lai dugc
chia thanh nhiéu phidn nhém; mdi phin nhém nay lai dugc chia thanh nhiéu phén
nhém nhd hon, trong d6 bao gdm nhitng enzyme c6 cd chat tic dung gidng nhau. Mbi
nhém, méi phdn nhém va mdi enzyme dugc ky hiéu bing mot mi s6 di trung gdm
tuwong tng mot, hai, ba hosic bon con s6 cdch nhau bing cdc ddu cham.

Tén goi cia 6 nhém enzyme va cac phan nhém quan trong dudgc gidi thi€u trong
bang I1.3. cling v6i ban chit clia cdc phdn tng dudc xic tac.

Céc phan nhém nhé hon thuoc mdi phan nhém trong bang VI.3 dugc ky hiéu
bing nhitng mi s6 gdm 3 con s8. Vi du ba phan nhém nhd dau tién clia phan nhém 1.1
la 1.1.1, 1.1.2 va 1.1.3 dic trung cho cdc trudng hop ma chit nhian dién tif 12 NAD
hodac NADP, FAD va cytochrome.

Ma s6 clia mdi enzyme gdm 4 con s0, vi du:
1.1.1.29 - Glycerophosphate dehydrogenase; 2.7.1.1 — Hexokinase

3.2.1.20 - a- Glucosidase; 4.1.1.1 — Pyruvate
decarboxylase;
5.3.1.1 - Triosophosphate isomerase; 6.3.1.2 — Glutamin synthetase
Bdng VI.3. Danh muc md so ctia 6 nhém enzyme va cdc phdn nhom chinh cia chiing
Nhom Phén nhom Phdn iing duoc xiic tdc
1. Oxydoreductase Hydrogen hoa va dehydrogen héa
1.1 =CH-OH
1.2 =C=0
1.3 —CH=CH-
1.4 —CH-NH,
1.5 =CH-NH-
1.6 NADH, NADPH
2. Transferase Vén chuyén cdc nhém chiic
2.1 Céc goc 1 carbon
2.2 Nhém aldehyde hodc cetone
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Acyl .

Li€n két glycoside

Nhom methylalkyl hodc aryl
Nhom chita nitd

Nhom chita phosphore
Nhom chira luu huynh

3. Hydrolase

PRI
B L —

Cdc phan ting thity phédn

Ester

Glycoside

Eter

Peptide |

Céc lién két C-N khédc
Céac anhydrit acid

4. Liase

o
Lo —

Tao lién két doi
=C=C=

—C=0

=C=N-

Bdng I1.3. Danh muc ma

s ciia 6 nhém enzyme
(tiép theo)

va cdc phdn nhém chinh cia chiing

5. Isomerase

Snntnn
AN~

Déng phédn héa

Rasemase va epimerase
Xis-trans-isomerase
Oxy héa ndi phan ti
Transferase ndi phin tr

6. Ligase

RO
AU —

Tao ra lién két nho ATP

-C=0

=C-S—-
=C=N-
=C—-C=

X. HE THONG MULTIENZYM VA VAI TRO CUA ENZYME PIEU

HOA.

Trong t&€ bao nhiéu enzyme hoat dong ddng thdi, trong d6 san pham ctia phan
ting trude 1a co chat clia phdn ¢ng sau. Tuy thudc vaio mifc dd phifc tap, nhitng hé
thong multienzyme (hay da enzyme) nay dudc chia 1am 3 loai (hinh VI.10):

A~ B~ ~»C~~7F0~_ =P (13

¥

Hinh VI.10. Cdc kiéu té chiic ctia

hé thong multienzyme

1/ C4c enzyme ca bié€t hoa tan
trong t& bao chat va hoat dong doc
lap nhau. Cdc phan tif c¢d chit c6
kich thuéc nhd, d& khuéch tin, cé
th€ tim tha'y nhanh chéng con dudng
tor enzyme nay sang enzyme khac
(1);

2/ céc enzyme cla hé thong
két hop nhau thanh mot phitc hé
hoat dong phdi hdp nhau. P6 1a
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trudng hop hé enzyme téng hdp acid
béo clia ndm men. Hé théng nay
gdm 7 enzyme két hop chiit ché véi
nhau. N&u tich rdi nhau, tit ca déu

bi mat hoat tinh;

3/ C6 miic d6 t6 chifc cao nhat 13 nhitng hé thong enzyme lién két véi cic ciu
tric trén phan ti cla t&€ bao. P6 13 trudng hop ddi v6i hé enzyme clia chudi van
chuyén dién ti trong ti th€. Mdi enzyme cd biét gdn vao 16p mang trong cia ti thé,
vira 1am nhiém vu xtc tdc, vira déng vai trd nhu mot yéu td ciu tric cila mang.

Trong nhitng hé thdng multienzyme ndy tdc do clia mot phdn ng ndo d6 thudng
xdc dinh toc d6 clia toan bo hé thdng, trong dé yé&u td han ché c6 thé 1a néng dd
enzyme hoidc ndng dd cd chit. Viéc diéu hoa toc do niy c6 thé dugce thyc hién mot

céch ty dong.

L-Threcnine
mmmmmmemn | By

E o-Xetobutirate

i Es

E o -Xetorybutyrate

i E:

i o, 8 -Dioxy-fnethylvalerate
E Es4

i o-Ceto -S-methylvalerate

Es

Hinh VI.11. Uc ché L-treonine
desaminase bdi isoleucine theo
nguyén tdc lién hé nguoc.

Trong da
s6 trudng hop
san phim cudi
cung c¢6 tac
dung c ché&
enzyme  dau
tién cda hé
thong, nhd d6
toc dd cua
toan bd qud
trinh cling
dugc xdc dinh
bdi trang thdi
ndng dd cida
san phim cudi
cung. Vi du hé

théng
multienzyme,
trong d6 L-
threonine
chuyén  héa
thanh L-

isoleucine bao
gdm 5 phan
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ung (hinh
VIL.11).

Enzyme E; (threonine desaminase) bi tic ché€ bdi sin phdm cudi cling L-
isoleucine, mic di né khong phai la chat canh tranh v6i L-threonine. TAt cd nhitng
aminoacid gidng né déu khong giy hiéu tng nay. RS rang Ia khi trong hé thong tich
liiy qué nhiéu L-isoleucine, vugt qud miic cho phép nao dé, thi enzyme diu tién clia
hé thong sé& bi tic ché. Kiéu tc ché nay dudc goi 1a tic ché theo nguyén tdc liéen hé
ngugc. Enzyme bi tic ch& bdi sdn phadm cudi ciing trong hé thdng multienzyme dudc
goi 12 enzyme diéu hoa (hay enzyme di 1ap thé). Chat trao d6i gdy tdc dung tc ch&
enzyme diéu hoa dugc goi 12 effector dm tinh, hay modulator @m tinh. Ciing c6 trudng
hdp enzyme diéu hoa nim & di€m phan nhanh clia cdc diy phan ng. Enzyme diéu
hoa c6 thé 1a don tri, n€u chi chiu tic dung clia mot effector, hoic da tri néu chiu tdc
dung ctia tir hai effector tr§ 1én. Céc effector c6 thé 1a cdc sdn phAm cudi cliing clia
nhitng trdt ty phdn Ung lién quan nhau. Nh§ dic di€m nay mot s6 hé thong
multienzyme c6 thé c6 chung mot hé thong diéu hoa.

Enzyme diéu hoa c6 thé chiu tdc dung cla effector duong tinh. Thong thudng,
effector duong tinh 1a c¢d chit clia chinh enzyme di€u hoa.

C6 nhitng trudng hdp enzyme diéu hoa chiu tic dong dong thdi cia mot hoidc
mdt s6 effector Am tinh vd mdt hodc mdt s6 effector duong tinh, trong d6 mdi effector
ké&t hgp véi bé mit enzyme tai mot vi tri rat dic trung.

Phan 16n enzyme diéu hoa trong diéu kién t& bao 1a nhitng enzyme xic tdc cdc
phan ting khong thuin nghich.

Sy ton tai clia enzyme diéu hoa 12 mot trong nhitng thé hién clia nguyén tic tiét
kiém tdi da cda t& bao.

Enzyme diéu hoa thudng c6 kich thuSc rit 16n va ciu tric rat phic tap, duge
hinh thanh tir nhiéu chudi polypeptide, trong phan ti clia ching bén canh mdt hoic
mot s6 trung tam hoat dong, hay trung tdm co chdt dung dé thuc hién nhiém vu xtc
tdc con c6 nhitng trung tAm ding d€ két hop vdi effector Am hodc duong tinh goi 1a
trung tam diéu hoa hay trung tam di lgp thé.

Téc dung diéu hoa bing cich giy hiéu tng 4m ciing nhu dudng, theo quan diém
phd bién hién nay, dugc thyc hién thong qua tic dung lam bi€n ddi cdu hinh khong
gian clia enzyme, lam cho hoat tinh xdc tdc cia enzyme ting hodc giam.

XI. ISOENZYME

Nhiéu enzyme trong cling mot cd thé, thim chi trong cling mot t& bao, ton tai &
nhiéu dang phan tf khic nhau. Nhitng dang phan tit d6 cla cling mdt enzyme dudc goi
12 isoenzyme. Ching thudng dudc tdch khdi nhau mot cach dé dang bing phuong phap
dién di.
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Vi du lactate dehydrogenase trong cdc mo ctia chudt bach ¢6 5 dang isoenzyme
ma ngay nay di tich dudc & dang tinh khi&t. Ching déu xiic tdc cho mot phan ng nhu
nhau, song gid tri K, ca chiing rat khdc nhau. C4 5 dang nay déu c6 trong lugng phin
t vao khodng 134.000 va chita 4 chudi polypeptide (trong ludng phan tif cia mot
chubi 1a 33.500).

5 isoenzyme 12 5 kiéu phdi hop khdc nhau cda hai loai chudi polypeptide —
chudi M va chudi H. Mot isoenzyme chi€m uu thé trong co dudc ciu tao tir 4 chudi M
giong hét nhau (ky hiéu 1a My). Isoenzyme th@ hai chi€m wu th€ trong tim, ky hiéu Ia
H,, dugc hinh thanh tir 4 chudi H. Ba isoemzyme con lai, ky hiéu 1a M3H, M,H, va
MH;. Ngudi ta da tdch riéng dudc cdc chudi M va H. 0 trang thédi nay ching khong
con khd niing xic tdc. Hai loai chudi c6 thanh phan va trit tv aminoacid khdc nhau.
Khi tron trong 6ng nghiém hai loai chudi vdi ti 1& tuong ting cic ki€u isoenzyme khic
nhau sé& ty dong xuAt hién.

Sy tong hop cdc chudi M va H dugec ma héa bdi hai gen khdc nhau, Nhu vay, ti
1é twong ddi cta ching trong mdi loai isoenzyme dugc ki€m tra § mic dd gen va cé
thé bién ddi trong qua trinh phat trién clia phoi.

Viéc nghién ctfu isoenzyme c6 y nghia rit quan trong ddi v6i viéc tim hi€u co s
phan tif clia sy phan héa t€ bao va phdt sinh co quan. Ngudi ta cho ring khong nhitng
enzyme ma nhiéu loai protein ciing ton tai trong t&€ bao & cdc dang khidc nhau, phan
biét nhau bdi ti 1& giita cdc chudi polypeptide von dugc ma héa bdi cdc gen khéic nhau.
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CHUONG 3. KHAI NIEM CHUNG VE TRAO POI CHAT

Co s cla sy sdng 12 qué trinh bién héa vat chit xay ra lién tuc trong t€ bao. Qua
trinh d6 goi 12 trao déi chdt. Danh tir “trao ddi chdt” 4m chi toan bo hé thdng cdc phin
ing ¢6 tinh dinh huéng va lién quan mat thi€t v6i nhau x4y ra trong t€ bao séng nhim
thuc hién 4 chitc ndng ddc trung sau day:

1. Ti€p nhan niing ludng tir mdi trudng & dang ning ludng hda hoc clia cdc
hdp chat hitu ¢d hodc ning lugng 4nh sing;

2. Bién héa cdc hdp chat ngoai lai thanh “vat liéu xdy dung” cia cd thé,
ttic tién than cla cdc dai phan ti¥ cia t&€ bao;

3. Téng hop céc thanh phan protein, acid nucleic, lipid, polysaccharide va
céc thanh phan khéc clia t&€ bao tir cdc vat liéu xay dung néi trén;

4. Téng hop va phan hly nhitng hop chit sinh hoc cin cho viéc thyc hién
c4c chifc ning dic trung khidc nhau clia t€ bao.

L. PONG HOA VA DI HOA.

Trao d6i chit bao gdm hai qué trinh dong héa va di héa. Di héa 1a qua trinh phan
gidi cdc phan tif thifc dn twong ddi 16n chii y&u biing cdc phdn ting oxy héa. Ngudn chat
dinh dudng tham gia trong qud trinh di héa dugc thu nhan tr mdi trudng hodc tir cac
kho dy trit ctia co thé. Trong qud trinh di héa cdc phan ti 16n (glucid, lipid, protein) bi
phin gidi thanh nhing phin t& nhd hon nhu acid lactic, acid acetic, uré, NHs, CO,
v.v.., ddng thdi gidi phong ning lugng tu do von duge chita trong ciu tric phifc tap clia
céc phan tif hitu cd. P& trd thanh hitu ich, s& ning lugng nay dudc sd bo tich liiy lai
trong cdc lién k&t phosphate cao ning ctia ATP va cédc hgp chat tuong tu.

Poéng héa 1a qué trinh tdng hdp cdc thanh phan tuong ddi 16n cla t€ bao nhu
polysaccharide, lipid, protein, acid nucleic ... tif nhitng hop chat tién than don gidn. Vi
qué trinh nay 1am ting kich thudc phan tf va 1am cho cdu tric phifc tap hon, hay néi
cach khdc, 1am gidm entropy clia hé thdng, nén né cin tiéu ding ning lugng. Ning
lugng nay dugc cung cip bing cdch phan gidi cdc lién két cao ning ctia ATP.

C4 dong héa va di héa déu duge ciu thanh tir hai qud trinh x3y ra dong thdi va
lién quan mat thiét vdi nhau, dé6 Ia:

1. Trat ty cdc phdn tng enzyme din dén sy phan hilty hoic hinh thanh b khung
clia mot phan t¥ sinh hoc. Sdn phdm trung gian hinh thanh trong qué trinh nay dugc
goi 12 chdt trao d6i vi toan bo chudi bién héa dé dugc goi chung 1a trao déi trung
gian.

2. Sy bién héa ning ludng di kém v6i mdi mot phdn Gng enzyme clia qud trinh
trao ddi trung gian. O mot s6 giai doan clia qué trinh di héa ning lugng héa hoc clia
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cic chat trao ddi dudc tich liiy (thudng dudi dang clia cdc lién két phosphate cao
nang); 0 nhitng giai doan nhit dinh cla qu4 trinh dong héa ning lugng nay duge dem
ra chi diing. Phuong dién nay cta trao ddi chit dudc quy wdc goi chung 1a sy lién hop
ndng lugng.

Trao d6i trung gian va lién hgp niang lugng l1a hai qua trinh lién quan
nhau va phu thuoc nhau. Vi vay, khi nghién ctu trao déi chat can phai
phan tich ching moét cach dong thoi.

Qua trinh di héa cac chat dinh dudng chinh bao gom ba giai doan chu
yéu sau day:

1/ Phan gidi cac chat dinh dudéng thanh cac don vi cau triac:
polysacchaside bi phan gidi thanh monosaccharide; lipid thanh glycerine va
acid béo; protein thanh aminoacid v.v..

2/ S6 lugng 16n cac loai hgp chat khac nhau hinh thanh trong giai
doan 1 dudc chuyén hoa thanh mot sé it cac loai hgp chat don gidn hon. Vi
du glycerine va tdt cd cac loai monosaccharide déu bi phan gidi thanh
glyceraldehyde-3-phosphate va sau dé thanh acetyl-coenzyme A; Tat ca 20
aminoacid déu bi phan gidi thanh mot vai sdn phdm don gidn hon nhu
acetyl-coenzyme A, o-cetoglutarate, suxinate, fumarate, oxaloacetate..;

3/ Cac sdn phdm hinh thanh & giai doan 2 bi oxy hoéa thanh cac san
phdm cuéi ciing: CO,, HyO va NHs.

Qua trinh di hoa ctng bao gom 3 giai doan. Nguyén li€u xay dung ban
diu 1a nhitng sdn phdm hinh thanh & giai doan 3 ciia qua trinh di héa. O
giai doan 2 cac hgp chat con tuong doi don gidn trong giai doan 1 dugc
phiic tap héa thém mot budc, dé sang giai doan 3 ching dugc st dung lam
nguyén liéu cho ciac phdn t(ng sinh téng hdp cac dai phan ti nhu
polysacchaside, protein, acid nucleic..

Mic du dong héa va di hoa la hai qua trinh trai nguge nhau nhung cac
sdn pham trung gian cda hai qua trinh nay trong nhiéu khau khong trung
nhau. Vi dy, qua trinh phan gidi glycogen thanh acid lactic, nhu ta sé thay
sau nay, dudc thuc hién nhd 12 enzyme; trong khi d6 qua trinh téng hgp
glycogen ti acid lactic chi c6 9 enzyme la chung véi qua trinh phan gidi, 3
enzyme con lai dugc thay th€ bang nhiilng enzyme khac.

Sy ton tai hai con dudng khac nhau ctia dong hoa va di héa la hoan
toan can thi€t, vi con dudng di héa vé mat nang lugng khong thé dugc st
dung cho con dudng di hoa.

Cac con dudng dong hoa va di hoa thudng xdy ra trong cac cd quan ti
khac nhau clia t€ bao. Vi du oxy hoa acid béo x4y ra trong ty thé, con sinh
tong hop acid béo dudc thic hién trong t€ bao chat. Nhd diac diém dinh vi
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khac nhau nay ma cac con dudsng doéng hoa va di héa c6 thé xdy ra dong
thdi va khong phu thudc nhau.

Su khac nhau giita hai con dudsng déng hoa va di héa con thé hién &
ché chung dugc diéu hoa bang nhing cd ché khong giong nhau va doc lap
nhau.

Tuy nhién, hai qua trinh dong héa va di hoa c6 nhing giai doan chung
thudng dugc goi la nhiing con dudng trung tam ma mot trong nhing vi du
dién hinh 1a chu triinh Krebs. Trong chu trinh nay, mot mat, cac hgp chat
hitu co sé bi phan gidi dén cung thanh CO,, mit khac, ching ciing co6 thé
dugc st dung lam nguyén liéu cho qua trinh dong hoa.

II. CAC HINH THUC VAN CHUYEN NANG LUONG TRONG TRAO
POI CHAT.

Phan td cda cac hgp chat hitu cd phtc tap, vi du glucose, do cé mitc
do t6 chiic cao nén chia trong né6 mot niang lugng tiém tang rat 16n, dong
thoi entropy ctia né tuong déi thap. Khi phan td glucose bi phan giai thanh
6 phan tif CO, va 6 phan tit H,O, do miic do t6 chiic cia cac sdn phdam
thap hon nén entropy ctia hé théng ting lén v6i muc do tuong Ung, dong
thgi, mot phan nang lugng nhat dinh gidi phong trong qua trinh nay dugc
stt dung dé thyc hién mot cong nao d6. Phan niang lugng nay dudc goi la
Ndng luong tu do.

Trong cac hé thong sinh hoc nang lugng ty do bao gid ciing la hoa
nang, vi chi c6 héa niang méi duge cd thé st dung d€ thyc hién cong do co
thé 1a nhitng hé théng ding nhiét.

"Chgt ddt" ] "Chat ddt" "Chdt 48"

_/ & dang khi¥ & dang oxy hda

i hda
/ \

ADP ATP
Cing
o hoc
P"-"C
MNaDP MNaDP
& dang oxy hda & dang khit
Cing
van chuyén _
€
Cic phdnfng khit
? \

O

cha qud trinh
zinh tdng hap

Cing
zinh tdng hadp

Sdn phidm khir Mguyén ligu
A cha zinh t8ng hap B & dang oxy hda

Hinh VIII. 1. Cdc hinh thiic vdn chuyén nang luong :
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A - bang chu trinh ADR— ATP
B - bdng dién ti

Nang lugng tu do gidi phong trong cac phan tng di héa dugc sd bo tich
liy trong cac lién két héa hoc dic biet goi 1a lién két cao nédng cia ATP.
Nhiing phan td ATP nay sau dé di vao nhiing khu vyc cda t€ bao ma 6 do
can dung t6i nang lugng. Tai day né chuyén mot hodc hai goc phosphate
tan cung cia minh cho mot phan t& chat nhan nao dé va bang cach ay
truyén nang lugng hoa hoc von tich liy dude truée dé cho phan ti nay, lam
cho né c6 kha nang thuyc hién céng. Ban than ATP sau khi mat cac goc
phosphate tan ciung sé bi€n thanh ADP hodc AMP dé€ réi lai két hgp thém
cac goc phosphate méi trong cac phan tng lién hgp véi cac phan dng gidi
phong nang lugng dé tao nén nhitng phan t& ATP méi. Nhu vay, nang lugng
ty do trong t€ bao dugc van chuyén & dang cac goc phosphate tan cung
ctia ATP nhdé khd ning chuyén héa thuan nghich ATP <— ADP.

Ngoai chu trinh ATP «<— ADP né6i trén nang lugng con dugc van
chuyén trong t€ bao & dang cac dién tif (xem chuong Trao ddi glucid). Dé
tong hop cac hgp chat hitu co trong t€ bao thudong phai cung cap dién tif va
H*. Nhitng dién t% nay dudc chuyén dén cac chat nhan tir cac chat cho
trong cac phan Ung oxy hoéa — khit véi su tham gia cia mot s6 coenzyme
diac biét chuyén lam nhiém vy van chuyén dién t. Quan trong nhat trong
s6 cac coenzyme loai nay la NADP. N6 déng vai tro nhu mot chat mang cac
dién ti giau nang lugng tit cac sdn pham di hoa dén cac phdn tng dong
hoa voén can dugc cung cdp ning lugng & dang nay. Co thé xem vai tro cta
NADP trong van chuyén dién ti tuong ty nhu vai tro ciia ATP trong van
chuyén cac goc phosphate giau nang lugng.

Trong t€ bao hai kiéu van chuyén ning lugng nay lién quan mat thiét
v6i nhau: nang luong ty do gidi phong khi van chuyén dién ti tif mot hé
thong cé6 nang lugng cao dén mot hé théong c6 mic nang lugng thap dugce so
bo tich liiy trong cac phan tit ATP triéc khi dung dé thuc hién cong.

III. NANG LUQNG SINH HOC VA CHU TRINH ATP

Bi€n thién nang lugng trong cac phan Ung sinh héa hoan toan tuan
theo cac dinh luat ctia nhiét dong hoc.

Bén canh dinh luat thd nhadt vé bdo toan nang lugng, dinh luat tha hai
cia nhiét dong hoc quy dinh chiéu huéng bi€n hoa ty phat ciia nang lugng
trong khi xdy ra cac bién déi vat Iy hodc cac phan ting héa hoc. Theo dinh
luat nay moi qua trinh déu cé6 xu huéng xdy ra theo chiéu lam tang entropy.
Xu huéng nay ton tai cho dén khi dat dugc trang thai can bang ma & do
entropy co6 gia tri té6i da tuong Ung v6i nhiét do va ap suat nhat dinh.
Entropy dudc xem la tiéu chudn danh gia mic do hén loan ctia hé théng,
con trang thai can bang dugc xem la trang thai ma tai d6 khong con xay ra
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cac bién déi vat ly va hoa hoc ctia hé théng; hé thong & trang thai can
bang khong con khd niang thyc hién cong. Sau khi trang thai can bang,
cing v6i viéc tidng entropy né khong con khd niang tu thay ddi chiéu dé
quay tré lai trang thai ban dau vi nhu vay cé nghia la gidm entropy. Cac
qua trinh khong lam bién ddi entropy dugc goi l1a qua trinh thudn nghich,
coOn cac qua trinh lam tang entropy dugc goi la qua trinh khéng thuan
nghich.

Entropy 1a mot ham s6 toan hoc duge xac dinh béi nhiéu thong sa,
trong d6 c6 nhiét do va ap sudt. bon vi do entropy la calo/°C.

Bi€n thién entropy trong cac phan tng hoéa hoc lién quan véi bién
thién nang lugng tu do. Méi lién hé nay trong cac hé thong sinh hoc dugc
xac dinh bang phuong trinh:

AE = AG + TAS

trong d6 AE la bién thién téng nidng lugng ctia hé théng; AG la bi€n
thién nang lugng ty do cia hé thong, AS la bién thién entropy, T la nhiét
do tuyét doi.

Bién thién nang lugng tu do AG la phan bi€n thién nang lugng cta hé
thong c6 thé dudc st dung dé thiic hién cong trong qua trinh ma hé théng
huéng vé trang thai can bang trong diéu kién nhiét do va ap suat khong
ddi. Trang thai can bing la trang thai tuong ng v6i gia tri nhé nhat cda
nang lugng tu do.

Bi€n thién ning lugng ty do thudng dugc dung dé xac dinh chiéu
huéng cia mot phan ung héa hoc. Trong diéu kién nhiét do va ap suat
nhat dinh nang lugng tu do ctia hé thong c6 xu hudéng gidm dén gia tri toi
thiéu tuong ng véi trang thai can bang.

Gia tri bi€n thién nang lugng tu do AG ciia phdn Ung héa hoc nhd
phuong trinh rat ra tir dinh luat can bang hoa hoc.

Doi vdi phan tung bat ky

—\
—

A + bB cC + dD
(1)

trong dé a, b, ¢, va d 1a s6 phan t tuong ung ciia cac chat A, B, C va D.
Bi€n thién nang lugng tu do ctia phdn tng (1) bang:

CI° D]
_ AG = A
G® + RTIn 2)
[Al*[B]”
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trong do [A], [B], [C] va [D] la nong do phan t& gam (mol) ctia cac chat A, B,
C va D; R la héng s6 khi bang 1,987 Calo/mol.°C; T la nhiét do tuyét doi;
AG® la bién thién niang lugng ty do tiéu chudn, tic bi€én thién niang lugng tu
do ctia phan tng hoa hoc khi pH = 0, ndong do cac chat tham gia phan ung
va sadn pham cia phdn ing déu bidng 1.0M, ap sudt 1 atm, nhiét do
25°C.

b6i v6i phdn tng (1) tai trang thai can bang, khong phu thudc vao
néng do cltia cac chat A, B, C va D, niang lugng ty do co gia tri t6i thiéu va
n6 khong ti€p tuc bién thién nta, tdc AG = 0, cé6 nghia la:

[C]® D]
0 = AG°+RTln

[A]*(B]” (3
[CI° D]
A G° = - RTln

[A]*(B]® (4)

bat hing s6 can bang cia phan tng la K¢, ta co:

[CI° D]
Ke =
[A]*(B]”

(5)

Tu do: A G° = - RTInK|,, hay: AG® = -
2,303RTIgK’cq (6)

Tu phuong trinh (6) ta thdy, néu biét dugc hing s6 can bang K., clua
phdn ing & nhiét do bat ky cho trugc thi ta c6 thé xac dinh dudc gia tri
bién thién ning lugng ty do tieu chudn AG° cia phdn ting d6. Nhu vay, AG°
la mot hang s6 nhiét dong hoc diac trung cho mot phdn tng héa hoc. Qua
phuong trinh (2) ta c¢6 thé thdy rdng AG° sé bing AG khi néng do ctia méi
chat tham gia phdn ting déu bang 1,0M.
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Bién thién niang lugng tu do tiéu chudn AG® cia phdn tng cing c6 thé
dugc xem la hiéu s6 gitta nang lugng ty do tiéu chudn ctia sén pham cia
phdn dng Y>G°, va niang lugng tu do tiéu chudn YG° cta cac chat ban dau,
tac:

AG® = XG°, - 2G%
(7)

>G° d6i v6i méi phdn tng tai mot nhiét do nhat dinh la mot hang so,
con AG ctia phadn ing bién ddi tuy thuoc vao néng do cia cac chat ban dau
va sdn phdm cda phdn Ung. Gia tri AG cho thay phdn tng c6 thé x3y ra
hay khong & diéu kién néng do nhat dinh ctda cac chdt tham gia phdn tng.
Phan tng chi c6 thé xdy ra trong trudng hgp AG c6 gia tri am, tdc trong
trudng hgp nang lugng tu do gidm. Can luu y rang mot phdn tng véi AG®>0
van c6 thé x3y ra, mién la ti 1é néng do ctia sén pham cta phdn tng va

cua cac chdt ban dau lam cho AG< O.

Phuong trinh (6) cho phép tinh AG® ciia bat ky phan tng hoéa hoc nao
trén co sé gia tri K'eq. Néu Ke¢q = 1 thi AG° = 0; néu K¢ > 1 thi AG° < O,
phan Ung trong trudng hgp dé6 la phan dng giai phong nang ludng; néu K,
< 1 thi AG®°> O va phan ung trong truéng hop d6 la phan tng thu nhan
nang lugng. Loai phdn tng nay sé khong tu xdy ra theo chiéu thuan néu
nong do ban dau cia cac chat tham gia phdn tng bang 1,0M.

Tat cd nhing diéu néu trén déu dung vGi cac phdn tng sinh héa. Tuy
nhién, khi phan tich nhiét dong hoc cta cac hé théng sinh héa can phai bé
sung ba diéu kién quan trong sau day:

1. Néu chat phdn ting ban dau hodc sdn phdm ctia phan tng la
nudc thi nong do ctia néd luon duge xem la bang 1,0M;

2. Gia tri pH chudn ctia cac hé théng sinh hoa dugce xem la pH =
7 chit khong phdi pH = 0, vi vay bién thién niang lugng ty do tiéu chudn cia
cac hé thong sinh héa dugc ky hiéu la AG®;

3. St dung gia tri AG® trong viéc xac dinh bién thién niang lugng
ty do tiéu chudn clia cac hé théng sinh hoa c6 nghia la cac trang thai ion
hoéa va khong ion héa § pH = 7 clia cac chat tham gia phan Ung va san
phdm ctia phdn tng l1a trang thai chuan. Khi pH thay ddi, miic do ion hoa
cia mot hodc mot s6 thanh phan ciing bi€én déi theo.

Thong qua viéc xac dinh hang s6 can bang K., ngudi ta da xac dinh
dugc gia tri AG® ciia cac phan ting thily phan ATP sau day:
ATP + H,O —>
ADP + Py : AG® = -7,3Kcal/mol
ADP + H,O —>
AMP + P AG® = -7,3Kcal/mol
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«~—>AMP + H-,O0

— Adenosine + P,.: AG° = -3,4Kcal/mol
Trén co sé cac gia tri AG® clia cac phdn tng thily phan trén day ngudi
ta goi cac lién két ctia hai goc phosphate tan cung ctia phan ti ATP la lién
két phosphate cao nédng. Tuy nhién, néu so sanh AG® clia cac lién két
phosphate cao niang v6i AG° clia cac phan (ng thiy phan nhiéu hgp chat
khac (bang VIII.1), ta sé thdy gia tri -7,3Kcal chi chi€m vi tri trung gian.
Chinh nhd dic diém nay ma ATP c6 thé dong vai tro quan trong trong viéc
van chuyén cac goc phosphate tir cac lién két giau niang lugng dén cac chat
nghéo nang lugng dé€ 1am cho nhitng chit nay tré nén giau niang lugng hon.

Bding VIIL 1. Gida tri AG® ctia phdn ting thiiy phdn mét sé phosphate cé 1 nghia
sinh hoc.

Co chdt AG® Co chdt AG®
Phosphoenolpyruvate - 14,80 ATP -7,30
1,3-diphosphoglycerate -11,80 Glucoso-1-phosphate - 5,00
Creatine phosphate -10,30 Fructoso-6-phosphate - 3.8
Acetylphosphate -10,10 Glucozo-6-phosphate - 3,3
Argininephosphate -7,70 Glycerolphosphate -2,00

Trong cac phan (ng néi ti€p nhau ma trong dé viéc van chuyén nang
lugng do ATP thuc hién, nang lugng hoa hoc trude tién duge truyén td mot
hgp chat giau nang lugng, vi du phosphoenolpyruvate hoiac 1,3-
diphosphoglycerate (c6 AG® > 7,3Kcal) sang ADP dé dugc tam thdi tich lay
trong mot hodc hai lién két cao nang cia ATP. Sau dé6 ATP lai nhudng mot
hodc hai géc phosphate tan ciung cia minh cho phan td chdt nhan von
nghéo nang lugng, lam cho stc chua nang lugng, va do do6 hoat tinh hoa
hoc, cia né dugc tang l1én.

Ngoai ATP, niang lugng con c6 thé duge van chuyén nhd cac nucleoside
triphosphate khac nhu GTP, UTP v.v... Tuy nhién, sy phuc hoi cac
nucleoside triphosphate nay van phdi nhd dén ATP vGi sy xuc tac cua
enzyme nucleozidediphosphate kinase:

ATP + UDP— ADP + UTP
ATP + CDP=— ADP + CTP
ATP + GDP—  ADP + GTP

IV. VAN CHUYEN NANG LUONG TRONG CAC PHAN UNG OXY
HOA - KHU

Phadn tng oxy hoa — khit 1a phdn ing ma trong d6 dién ti dudc chuyén
ti chat cho (chat khit) sang chat nhan (chat oxy héa) (hinh VIII.1B). Trong
cd thé séng qua trinh nay dudc thyc hién nhd sy tham gia clia cac enzyme
oxy hoa - khit khac nhau ma coenzyme ctia ching doéng vai tro nhu nhiing
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chat van chuyén dién ti. Trudc tién, dién t& dugc tach ra tif chat cho dé
két hop v6i mot coenzyme nao do6 6 dang oxy hoa (NAD*, NADP*, FAD...) dé
chuyén nhitng coenzyme nay sang dang khtt (NAD.H, NADP.H, FAD.Hs...);
sau d6 tif nhitng coenzyme & dang khit nay dién t& dugc chuyén dén cho
mot chat nhan c6 mic nang lugng thap hon.

Chat oxy hoa va chat khit bao gig cing hoat dong lién hgp v6i nhau
tiing cap. Kha nang xay ra phan dung oxy héa - khit dugc danh gia trén co
s§ thé khit E, tic hiéu s6 dién thé€ (do bang volt) gitta cip chat khit - chat
oxy hoa trong phan dung.

Thé khi cia mot phdn tng oxy hoa — khit xdy ra trong diéu kién ap
suat bang 1,0 atm, nhiét do bang 25°C, pH bang 0, nong do chat oxy hoa
va chat khit déu bing 1.0 mol dudc goi la thé khif tiéu chudn, ky hiéu la
E,, cia phan tung do.

Thé khtt ctia phén ung H> 2H* + 2e, x4y ra trong diéu kién noi
trén dudc xem 1a don vi ciia thé kht tiéu chuan (E, = 1,0).

Do trong cac hé théng sinh hoc diéu kién thuan 1¢gi nhat dé hau hét
cac phan 1ing sinh hoa xay ra l1a § pH = 7 nén thé khit tieu chuan cta cac
phan Ung sinh hoa dugc quy udc xac dinh ¢ pH = 7 va ky;hiéu la E,. Néu
E, cia phan tng H, 2H* + 2e” bang 1,0 thi E,’ciia n6é bang -0,42V.

Thé khi tieu chuan ctia mot s6 cdp chat oxy héa - chat khi quan
trong dudc gigi thiéu trong bang VIII.2.

Bdng VIIL2. Thé khit tiéu chudn ciia mot sé hé thong oxy Cac he théng
héa — khit sinh hoc. c6 gia tri am cua
. 7 ” . thé kht tiéu chud
Chdt khit Chdt oxy héa |E,’ (W) © feu chuan
Acetaldehyde Acetate -0,60 cao hon so voi cap
H y oH* 0’42 H, - 2H* sé c6 kha
12 irat O’ 38 nang nhuong dién
soctirate o e td 1én hon kha
Cetoglutarate < N 5
N N ; N nang nay cia
NAD.H+H" (NADP.H+H") | NAD" (NADP") -0,32 .
hydro; ngugc lai,
FAD.H, FAD -0,11 ! R - L
Cytochrome b (Fe?") Cytochrome b 0,00 cac he thong co gia
Y (Fy 34 ’ tri duong cua thé
o e ) | | khi tieu chudn I6n

hon (hay gia tri am
nhéd hon) thi kha
nang nhudng dién
tid cta chung thap
hon so vdi hydro.

Thé khit tieu chudn E,’ va thé€ khi biéu ki€én E; clia mot phan tng oxy
héa - khi lién hé vGi nhau bang phuong trinh:
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2,303RT [Chat nhan e]
E, = E;, + lg

nF [Chat cho e]
trong do6 R la hang s6 khi (8,31 jun/mol.do), T la nhiét do tuyét doi, n la s6
dién ti dudc van chuyén, F 1a s6 Faraday (96,406 jun/Volt).

Vi trong cac hé théng sinh hoéa phd bi€n co ché van chuyén 2 dién tu
(n = 2), nén phuong trinh trén co thé dugc viét duéi dang:

[Chat nhan
el
E, = E,; + 0,031 1g
[Chat cho €]

Bi€t gia tri th€ khit tiéu chuan cia cac hé théng oxy héa - khi sinh
hoc khac nhau cho phép tién doan chiéu huéng ctia dong dién ti trong cac
phdn ting oxy héa — khit trong diéu kién tiéu chudn theo nguyén tic dong
dién ti chi c6 thé chuyén dong tuy phat tit chat c6 gia tri am cta E, cao
dén chat c6 gia tri am cta E,thap hon.

Khi mot phdn tng oxy héa - khit xdy ra ciung véi sy di chuyén cia
dién t¥, nang lugng ty do ciia hé théng ciing bi€n ddi. M6i lién hé gitta bién
thién thé khi tieu chuan (AE,) va bién thién ning lugng ty do tiéu chuan
cua phan tung (AG”) dugc xac dinh bang cong thic:

AG” = -nFAE,

trong d6 n la s6 dién t& dugc van chuyén, F la s6 Faraday
(23,062Kcal/Volt); cac thong s6 dugc xac dinh trong diéu kién tiéu chuan,
tic tat cd cac thanh phan déu c6 nong do 1,0 mol, nhiét do 25°C, pH=7,0.

Nho phuong trinh trén day co thé tinh bi€n thién nang lugng tu do
tieu chudn cho cac hé thong oxy hoa — khit khac nhau. Vi du, khi ciap dién
ti (hodc hydro) dugc van chuyén tit NAD.H (E,” = -0,32V) dén oxy phan tii
(E,” = +0,82V):

AG” = -2 x 23,062 x [0,82 - (-0,32)] = -52,7 Kcal.

Nang lugng tu do gidi phong trong cac phan ing oxy hoa — khit sé co
thé dugc dung dé tong hgp ATP tif ADP va phosphate vo cd néu théa man
hai diéu kién: 1/ ton tai hé enzyme phosphoryl hoa lién hgp véi hé enzyme
van chuyén dién tit; 2/ bién thién ning lugng ty do dd 16n (>7,3Kcal/mol).
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CHUONG 4. GLUCID

Glucid 12 nhém hgp chat hitu cd phd bi€n rong rii trong ty nhién ma ban chit
héa hoc 1a din xuit aldehyde hoic cetone ctia rugu da chitc (polyalcohol) hodc 1a sdn
phd&m ngung tu cda nhitng din xuit nay. Vi i 1& giita H va O trong nhiéu loai glucid
giong nhu tf 1€ giita nhitng nguyén t6 nay trong nudc, va bén canh d6 con c6 nguyén t&
carbon, nén trudc day ngudi ta thudng goi nhém hgp chat nay 1a hydrate carbon. Tuy
nhién, cach goi nay ngay nay it dugc dung. D6 la do ngudi ta phat hién dudc ngay
cang nhiéu loai glucid c6 ti 1& gitta H va O khong giong nhu trong nuc; hon thé nita,
ngudi ta cling da tim thAy mot s6 loai glucid ma phan tif cia ching c6 chita nito (vi du
glucosamine, galactosamine v.v...).

Y nghia cda glucid d6i v6i d6i sdng cha sinh vat 1a vo cing to 16n. O thuc vat
glucid chi€m 25-90% chat kho. Chiing 12 sdn phd&m chi yé&u clia quang hgp va dudc
tich lily trong cdc co quan khidc nhau ciia ciy d€ lam chét dinh dudng dy trir. Mot s6
glucid 1am nhiém vu ning dd va gép phan chii y&u vao viéc kién tao vich t&€ bao thuc
vat. 6] dong vat ham ludng glucid thudng khong vudt qua 2% chat kho, tich liiy chd
y&u trong gan va cd & dang hop chit cao phan tif glycogen. Tuy nhién diéu dé khong
c6 nghiia 12 glucid it can thié€t ddi v6i ddi sdng dong vat, bdi vi phan 16n ning lugng
can cho qud trinh hoat dong sdng clia dong vt ciing nhu clia thuc vat 13 do glucid
cung c4p.

Céc san pham chuyén héa trung gian cla glucid trong co thé song 1a nguyén liéu
dé tdng hdp nhiéu loai hop chat khiac nhau. Ching con 13 thanh phin ciu tao cia
nhiéu loai hgp chit cuc ky quan trong nhu acid nucleic, mot s§ coenzyme, cic hdp
chat cao ning, cdc hgp chit quy dinh nhém méu v.v...

Glucid dugc chia Iam hai nhom 16n: monosacharide (monose) va polysacharide
(polyose). Phin t& polysacharide chita t hai gbc monose tré 1én. Nhitng
polysacharide chita s6 géc monose khong nhiéu lim trong phan tif con dugc goi 1a
oligosaccharide (disacharide, trisacharide, tetrasaccharide v.v...). Cing nhu
monosacharide, oligo-saccharide dé tan trong nudc, ché& ph?fm tinh khiét cé dang tinh
thé, c6 vi ngot, do d6 dugc goi chung 13 duong. Tuy nhién, nhitng oligosaccharide cé
phan tf twong d6i 16n khong tan trong ethanol nhu monosacharide va cédc
oligosaccharide phan t& nhd. Cac polysacharide ¢6 phan t 16n khong tan trong nudc
(celluluse) hay tao trong nuSc nhitng dung dich keo rit nhét (tinh bdt, glycogen,
hemixellulose, pectin, chdt nhay v.v...).

I. MONOSACHARIDE (MONOSE)

1. ciu tao.

Monosacharide 12 nhitng polyoxyaldehyde hoic polyoxycetone clia mot s6 rugu
da chifc (polyalcohol). Mot trong nhitng rugu da chita don gidn nhat 12 glycerine
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(glycerol). Khi chic rugu bac 1 cia ndé bi oxy hdéa s€ tao ra aldehyde glyceric
(glyceraldehyde); néu chifc rudu bac 2 bi oxy héa sé tao ra dioxyacetone. Nhitng
monose nay chita 3 nguyén t& carbon nén dugc goi chung la friose. Nhiing
monosacharide chita 4, 5, 6, 7 nguyén t& carbon cé tén goi tudng Ung la tetrose,
pentose, hesose va heptose.

CHUH Mt khéc, phu thuoc vao dic diém phan t

E:DgIH monose chita nhém aldehyde hay cetone ma

2 ching dugc x&ép vao nhém aldose hay cetose.

o / \. Glyceral-dehyde thudéc nhém aldose (aldotriose),
(I:\/H ':FHZC'H con dioxyacetone thu¢c nhom cetose (cetotriose).

THOH C=0 Ciing nhu aminoacid, trong phan t& monose,

CH,CH Lz trir dioxyacetone, c6 chita mot hay nhiéu nguyén

Olyceraldehyde Dioxyacetone

tlr carbon bat ddi, nén chiing cé thé tdn tai § cic
dang déng phin quang hoc D- hoic L- vdéi hoat

9] 9] . N
C’i’ Cf tinh quang hoc dic trung. S& lugng dong phan
I—I—(|:“‘—It_:IJI—I HD—(':"ii quang hoc cia mdi loai monose dudc xdc dinh
SOl CHOH bing cong thifc X = 2", trong d6 n 13 s nguyén tir
7 )

D- Glyceraldehyde

L-Gyceraldehyde

carbon bat doi.

D- va L- glyceraldehyde c6 ciu tao nhu mo
td trong hinh bén canh.

D6i véi cac monose khic néu cidc nhém chic gdn véi nguyén tir carbon bat doi
xa chic aldehyde hoidc cetone nhdt c6 sy phidn bd trong khong gian gidng D-
glyceraldehyde thi dudc x&p vao nhém D-; néu gidng L-glyceraldehyde thi dugc x&p
vao nhém L-.Vi du, D-glucose va L-glucose c6 ciu tao nhu sau:

Trong tu nhién monose thudng ton tai &
dang D. Ngoai D-glyceraldehyde va D-

i o
I i/I—I ﬁzi/I—I glucose, héng, loat cdc monose khdc ciling
H-C 0ol HO-C%H dong vai tro rat quan trong trong cidc qud trinh
I—ID—c::”iI—I I—I—r:::*—DI—I hoat dong song. P6 1a D- erytrose, D-ribose,
I—I—Iil::—DI—I F_I_-;?‘—C”iI—I D-arabinose, D-xylose, D-galactose, D-
H-C-+CH! HO+C™H mannose (thudc nhém aldose) va D-fructose,
CH4OH CH4OH D-ribulose, D-xylulose, D-cedoheptulose, D-
D-Glucose L-Flucose mannoheptulose (thudéc nhém cetose) cling
nhu mot s§ dudng deoxy (2-D-deoxyribose, L-
rhamnose, L-fucose) va dudng amin (D-
glucosamine, D-galactosamine)
) o
<y <l <y <u flzfi -:I:fii
H-¢C-OH H-C-OH HO-C-H H-Q-OH HO-¢-H H-:~OH
H-C-OH  H-C-OH H-¢-CH HO-C-H HO-¢-H HO -~ H
CHOH  H-C-OH H-C-COH  H-C-CH H-C-CH  HO-¢-H
- CHoOH CHyOH CHyOH  H-C-0OH H-C-OH
GS.’ &£H,0H CH,OH
D-Lrytrose D-Fibose D-Arabinose D-Xylose D-Manose D-Falacrose
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CH,OH
CHyOH Eoo
CHOH  CH,OH C=0  HO-C-H
(F:D (|::D I—ID—'Il:—I-I I—I—IIII—DI—I
I—I—'II:—DI—I Ho—.:I:—H I—I—Clj—DI—I I—I—'Ili—DI—I
H-C-OH  H-C-OH  H-C-CH H-C-0H
CHyCH éHfﬁH éHfﬁH éHfDH
D-Ribwlose D-Kylulose  D-Fructose
D /D 4
ge FfH C:H (F:I—I
(I:\H I—I—'ili—C'I—I HO-C-H H—'fl:—NHz
H-C-H H-C-CH H-C-OH  HO-C-H
I—I—CIZ—DI—I I—ID—(IZ—I—I I—I—CII—DI—I I—I—KIZ—DI—I
I—I—CIZ—DI—I I—ID—(IZ—I—I HD—(F—I—I I—I—KIZ—DI—I
CH,OH CH; CH; CH,CH
2-D-Deoxyribose  L-Rhamnose L-Zucose

CHyOH
C=0
HO-C-H
HO-¢-H
H-C-OH
H-(:-OH
CH,CH

D-Cedohepiulose  D-Mannohepiielose

o]

2
Tw
H—(|: -MNHa
HO —':|: -H
HO —':IZ—I—I
H—(F—DH
CH.OH

D-Tluweoramine D-Cralactoramine

Khic véi aminoacid va nhiéu loai hgp chit c6 hoat tinh quang hoc khdc, tit ca
cdc monose chifa tir 4 nguyén tif carbon trd I1én khi tan trong nudc sé thay ddi gid tri
hoat tinh quang hoc. Hién tugng nay dugc goi 1a su chuyén quay (mutarotation).
Nguyén nhin cda hién tugng nay 12 & chd bén canh ciu triic mach hd nhu da gidi
thiéu & trén, nhitng monose nay con c6 kha niing tdn tai & dang ciu tric vong. Nhitng
dang mach vong ndy do 1am xuat hién thém mot nguyén tif carbon bat ddi nén c6 hoat
tinh quang hoc khéac véi dang mach hd. Gia tri géc quay cta dung dinh 1a gid tri trung
binh clia cdc dang cau tric d6. Vi du, D-glucose trong dung dich c6 thém hai dang ciu
tric mach vong la a--D-glucose va B-D-glucose:

I—I—(rZ*—OI—I
H—tlz*—OH
HO—tlz"‘—H
H-C“0H
H—tlz’“
CH,CH

o -D-Glucose

pe N

?;H HO —(r:*—I—I

I—I—':lI*—OI—I I—I—C|: -CH
I—IO—(F*—I—I HO—(lj*—H

S
H-CHOH] H-C

CHo0H CH,CH
D-Glucose 5-D-Glucose

trong nudc 1a +52,7°.

o]

Trong s6 ba dang ciu tric
ndy dang mach hd chiém t 1&
khong ding k€, dang a-D- chi€ém
khodng 1/3 v6i do quay riéng bing
+112,2°, con dang B-D- chi€m
khodng 2/3 véi dd quay riéng bing
+18,7°. Ti 1é¢ nay quyét dinh do
quay riéng cua dung dich D-

lgucose
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Su hinh thanh cu tric vong 1a k&t qua cta phan ing tao semiacetal ndi. Doi véi
aldose phéan Ging nay xdy ra nhu sau:

0 OH
R-C” Y™™HO-CH,-R° —» R-C@-0-CH,-R’
“H H

hoic ddi véi cetose:

o) OH
R-C” YHO-CH,-R® —» R-C-0-CH,-R’
“CH,OH CH,OH

Qu4 trinh nay din dén sy xuat hién thém mdot nguyén tif carbon bat doi (C; doi
véi aldose va C, ddi véi cetose) va mot nhém —OH (gén véi carbon bat ddi d6). Nhém
—OH nay dugc goi 1a nhém hyrdoxyl semiacetal. N6 c6 hoat tinh héa hoc cao hon
nhiéu so véi cic nhém —OH khdc. Tuy thudc vao vi tri khong gian clia nhém —OH
semiacetal ma c4u tric vong clia monose c6 dang o- hay dang B-. Mot monose mach
vong sé& thudc dang a- né€u nhém —OH semiacetal c6 vi tri khong gian ciing phia v6i
nhém —OH gén véi nguyén tl carbon bat d6i von quyét dinh monose dé thudc diy D-
hay day L-. Trong trudng hdp ngudc lai monose mach vong s€ thudc dang B3-.

Céc dang mach vong trén diy clia glucose va nhitng dang vong tuong tu c6 thé
dugc xem 1a din xuit cla pyran va vi thé€ ching dugc x€p vao nhém pyranose
(glucopyranose, galactopyranose v.v...).

Cau tric vong clia monose cdn ¢6 thé duge hinh thanh & dang vong 5 canh (ciu
oxy ndi cic nguyén tt C; v6i C4 & aldose hoiic C, véi Cs & cetose). Cau tric nay ¢
thé€ dugc xem 1a din xuit cta furan nén dudgc goi chung 1a furanose.

a HOCH; HOCH;
S o o
HC cH H H H OH
I I %H H HOH H
HC CH
~ Ho OH HO
CH. H oH H 0OH

£ yran g—IrGlucopyranosse D Glucopyranose

(Cong thic pholcdnh)
o HOCHz O THaOH HOCHz; O OH
S
H ygo H
S H OH H 1Y Caon
HZ—CH oH H OH H
Fiuran o— I Fructefurancge fi— D+ Fructofuranose

(Cong theéc phoicdnh)

D€ md t3 cdu tric khdng gian clia monose vong ngudi ta st dung mot kiéu cong
thiic ¢ tén 12 cong thitc phéi canh. Theo cich dién dat nay cdc nguyén tf C; — Cs
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ctia glucopyranose hodac C, — Cs ctia fructofuranose cuing véi nguyén tr oxy lam thanh
mit phing nim ngang vdi nét dm huéng vé phia trude, tic phia ngudi nhin; cic nhém
chic gdn véi cdc nguyén tif carbon nay (-H, -OH, CH,OH...) dugc phan bd phia trén
hoidc phia dudi mit phing d6. Quan sdt vi tri cia nhém —OH semiacetal trong cong
thiic phoi cdnh, ta c6 thé phan biét dugc dé dang cic dang a- va B- cia mot monose
vong. Tuy nhién cdch dién dat nay cé thé giy an tudng sai 1dm riing vong pyran hay
vong furan c6 cdu tric phing. Trén thuc t&€ cdc ciu tric vong pyranose c6 thé cé ciu
triic dang ghé& hay dang thuyén, trong d6 dang gh& bén vitng hon. Ngudi ta cho ring
céc loai dudng hexose trong tu nhién ton tai § dang nay. Cdc nhém chiic gin vdi vong
pyran & dang thuyén hay dang gh& dugc chia 1am hai nhém: nhém truc (a) vd nhém
xich dao (e), trong d6 cdc nhém —OH xich dao dé tham gia cdc phdn tng esetr hda
hon cac nhém —OH truc.

Pyranose dang ghd Pyranose dang thuydn a-D-Glucopyranose

2. Tinh chit héa hoc.

a/ Phdn ving téng hop glycoside: Thong qua nhém —OH semiacetal vdn cé hoat
tinh héa hoc cao cidc monose c6 thé két hgp vdi nhiéu loai hgp chit khic nhau d€ tao
nén cdc san phim cé tén chung 1a glycoside. Ty thudc nhém —OH semiacetal ¢ vi
tri a- hay B- ma glycoside dugc chia lam hai nhém: a-glycoside va B-glycodise véi
tinh chat rat khac nhau, dic biét 1a trong quan hé v6i enzyme.

Vi du don gidn nhit ctia glycoside 1a o- va B-methylglycoside.

HOCH, HOCH,
o o
H H H H
H ] -Hao H
oH H + HO-CH; oH H
HO OH HO o — CH;
OH H OH
o— [ (rlucose Metharnol oi— Methyiglucaride
HoOCHg HOCHz
o O
H oH H o—-CH
o + HO-CH, ——2- . E
HOC H Ho
oH H o©H
S-DrGlucose Metharneol - Methpglucoside
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Do nhém —OH semiacetal tham gia truc ti€p trong viéc tao thanh céc glycoside
nén né con dudc goi 1a nhém hydroxyl glycoside. B6 phan khong phdi glucid trong
phan t¥ glycoside dugc goi 1a nhém aglycon. N6 c6 thé 1a gdc rugu, cac hdp chit vong
thom, vong thdm hydrogen héa, steroid, alcaloid v.v...

Glycoside phd bié€n rong rii trong tu nhién, dic biét 1a trong gidi thyc vat. Trén
cd s§ dic di€ém ciia lién két gitta hai thanh phian glucid va aglycon ngudita phan
biét O-glycoside (R-C-0-A), S-glycoside (R—-C-S—A), N-glycoside (R-C-N-A),
va C-glycoside (R—C—C—A). Phé bi€n nhit 12 nhém O-glycoside (vi du: glucovanilin,
amigdalin, cdc loai glycoside tim v.v...) va N-glycoside (vi du cdc loai nucleoside).

Glucovanilin c6 nhiéu trong qua vani (Vanilla); thinh phan aglycon clia né 1a
vaniline, mdt chat thom quy gid. Amigdaline c6 trong hat mo, tdo, man, diéu...
Aglycon ctia né 12 hop chat giita acid benzoic va acid cyanhydric. Do ¢6 chita nhém —
C=N nén amigdalin c6 thé 1am cho ngudi va gia stic bi tring ddc do tc ch€ hd hap.
Glycoside tim 12 mot nhém glycoside ma aglycon 1a cdc din xuat khdc nhau cla
cyclopentanoperhydro-phenantren. Ching c¢6 tic dung rdt manh 1én cd tim.
Nucleoside 13 thanh phin ciu tao cla acid nucleic va ctia nhiéu hop chat sinh hoc
quan trong khdc (coenzyme, hdp chit cao ning v.v...).

HOCHg

HOCH;; o]
P H A& o- cH3
C OH H PII
O -CHz ool o H é; N
H OH
Crlucovariiin Ardlgdalin

b/ Phdn iing ester héa. Thong qua cdic nhém —OH ty do clia minh, didc biét 1a cdc
nhém —OH & hai diu tin cling, monose phan ing véi cdc acid chita oxy dé tao ra cic
ester. Quan trong nhat 12 cdc ester phosphate. Nhitng ester nay c6 hoat tinh héa hoc
rit cao va d& dang tham gia hang loat phan @ng clia qud trinh trao ddi chat.. Vi du
glucoso-6-phosphate, glucoso-1-phosphate, fructoso-6-phosphate... ¢ vai trdo quan
trong trong chuyén héa tinh bdt va glycogen, trong cdc qué trinh quang hdp va hd hap.

LOH
CHz—0-F=0 CHg OH HO,
OH =p-0—
H ©. H H O H CIP0-cH: o om
H H LOH HO
oH H OH H -F= H Ho
HO OH HO Ceaste H CHaOH
CH H oOH “H OH H
GTlucese-6- phosphate Tlucese- | -phosphate Fructoses-6- phosphate

¢/ Phdn iing oxy héa va tinh khit ciia monose: Khi monose bi oxy héa, tuy thudc
vio diéu kién moi trudng, c6 thé hinh thanh cdc sin pham khic nhau. N&u bi oxy héa
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trong moi trudng acid, vi du véi su tham gia ctia nuéc brom, chdc aldehyde cta
monose bi oxy héa va sdn phim thu dudc c6 tén chung 13 acid aldonic. Vi du glucose
bi oxy héa thanh acid gluconic.

e e e Khi aldose bi oxy héa manh,
I:|:\IDI—I I:|:\'DI—I I:|:\I—I vi du dudi tac dung cda acid nitric
H-¢-OH  H-G-OH  H-C-OH dic, cd chic aldehyde va chic
HD_(F_H HD_(F_H HD_ﬂ:_H rugu bac mot déu bi oxy héa. Sin
H~G.~OH H-g-OH httol phidm 13 acid dicarboxylic c6 tén
H-G-CH A~ -OH H-G-OH chung 13 acid aldaric. Vi du
CHZCH COCH COOH glucose bi oxy hda thanh acid
Actd gluconic  Aad glucaric  Arid glucuronic glucaric, galactose thanh acid

slisic, mannose thanh acid mannosaccharic...

Trong nhitng trudng hgp dic biét (nhu dudi tdc dung clia enzyme), monose chi bi
oxy héa tai chifc rudu bac mot. Trong trudng hop nay sin pham c6 tén chung 13 acid
uronic (acid glucuronic, acid galacturonic, acid mannuronic...).

Trong cd thé thuc vat acid uronic ton tai & dang lién két trong thanh phan cta
céc chat pectin, mot s& loai chat nhdy va nhitng poylysacchride phiic tap khéc c6 tén
chung 14 polyuronide. Acid uronic con 13 sdn pham trung gian trong qud trinh chuyén
héa hexose thanh pentose.

Tinh chat clia monose bi oxy héa bdi cic chit oxy héa yéu, vi du dung dich
kiém cda oxyde dong II, dudc tng dung trong viéc dinh tich va dinh lugng dudng.
Trong khi monose bi oxy héa thi Cu®* bi khit thanh Cu®. Pic diém nay ctia monose
dudc goi 1a tinh khit. TAt cd monose va nhitng oligosacchride con c¢6 nhém —OH
semiacetal tu do (phan 16n 12 disaccharide) dugc dic trung bdi tinh khit va vi thé dudc
x&p vao nhém duong khit.

Mot trong nhitng sin pham oxy héa clia glucose — acid glucuronic — trong céc
md clia thuc vat va gan clia da s6 dong vat, trlt ngudi, vugn, chudt bach va mot s6 loai
dong vat khdc, 12 chat tién than dé€ tdng hop acid L-ascorbic, tic vitamin C (xem
chuong 5 néi vé€ vitamin) .

Phdn vng khit: Ngugc lai v6i phdn tng oxy héa, khi bi khir monose chuyén héa
thanh cdc rugu da chic (polyalcohol) tuong tng: glyceraldehyde va dioxyacetone bi
kht thanh glycerine; D-glucose va D-fructose — thanh D-sobit(ol); D-galactose —
thanh D-dulcit(ol); D-mannose — thanh D-mannit(ol) v.v... Cac loai rugu da chitc nay
phd bién rit rong rdi trong rau, qua, nim va t3o.
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II. OLIGOSACCHARIDE.

Dya vao s6 g6c monose trong phan ti, oligosaccharide dudc chia thanh
disaccharide. trisacchride, tetrasaccharide v.v... P& tao nén phan ti oligosaccharide
ciing nhu polysac-charide, cdc gdc monose ndi véi nhau bing céc lién két glycoside.

1.Disacchride.

Trong phin tif disaccharide hai géc monose lién két v6i nhau nhd nhém —OH
glycoside ctia monose nay v6i nhém —OH bat ky ctia monose kia. Pic diém lién két
gifta cdc g6c monose cé ¥ nghia rat quan trong d6i vdi tinh chat cla disaccharide. Néu
hai nhém —OH glycoside lién k&t v6i nhau thi phan t disaccharide khong c6 tinh khi.
vi du dién hinh cho nhém disaccharide nay 13 saccharose (trong ciy mia, ciy ci cdi
dudng) va trehalose (trong nim, tdo, mot it thuc vat bic cao va dong vat khong xuong

song).

)
HOCHz 0. g

) A
H Ho
o]
AQEHEOH

oH H
For c-Drolurone o0t [J-Tx Furciome
5]
CHOH
H? =
£ H I
CH H
H
3 d L 2
H oH H oH
adc -+ glucose 25c i-0x glucore
Cellobinse Fdr cr-Tr palaceose Fdr ce-Dglicose

Melibioze

Néu trong s6 hai nhém —OH tham gia tao thanh phan t disaccharide chi c6 mot
nhéom —OH glycoside thi trong phan t& disaccharide d6 con lai mot nhém —OH
glycoside tu do, lam cho phéan t& ¢6 tinh khit, va do d6 nhitng polysacharide nay ciing
vdi monose dugc x&p vio nhém dudng khir. PhS bién nhat trong nhém disaccharide
nay la maltose, lactose, cellobiose, melibiose va gentiobiose.

]
CHg OH
HO 2 o
H )
OH H A
3 3 3 2 3
H OH H ©OH H ©H H o©H
For -Drglucose Fdr o-Dglucose 2ot [7-T+ galacose Fdr a-Dglucose
Maltoze Lactoze
Cn
-] ]
CHEOH C'/ N 2, ~ . 2 . A N
u 2 o H 7 T oy Maltose 1a co sd cau tric cua tinh bot va
H
H‘::' ol HA H‘:} CcH HJ} 1 glycogen; lactose chita trong sita dong vat, trong
3 2 3 2 ~ ~ 2 A ~ A A . .
PO AN ong phan cua mot so thuc vat bac cao; cellobiose
gdc [J-0r glucose pdc J-0 glivcose 1a don vi cau tric cua cellulose; melibiose 1a thanh
rentiobiose
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phﬁn cdu tao cha trisaccharide rhafinose;
gentiobiose 12 thanh phan

ciu tao cla amygdaline va nhiéu glycoside khdc. T4t cd disaccharide dudi tic dung
cua acid hodc cia cdc enzyme tuong Gng s€ bi thily phan thanh monose.

2.Trisaccharide.
bai dién cho nhém
-Galactosidase - Fructosidase trl,saccharlde,la r.liafmose.
: 5 _ N6 dugc phdt hi€n trong

CHg

= < R A < AL 1N
CHzOH : nhi€u thuc vat, dic biét la
3 HOCHE o] H

trong hat bong va cl céi
L4 3
. N LA P
o@?EOH dudng. N6 khong c6 tinh

oH H kht do cd 3

Fdr c-I palaceore Fdr c-Drglucose gt - Frcoose nhém —OH glycoside déu
] f khong con & trang thdi tu
do.
3. Tetrasaccharide.

Pai dién cho nhém tetrasaccharide 12 stachiose. N6 dugc ciu tao bdi hai goc o-
D-galactose, mdt goc o-Dglucose va mot gdc B-D-fructose. C6 thé xem phan ti
stachiose 1a phan ti¥ rafinose dugc gdn thém mot gdc a-D-galactose thi hai bing lién
két glycoside 1-6 thong qua gdc a-galactose thit nhat. Loai tetrasaccharide nay dugc
phét hién trong ré va cl clia mdt s6 thuyc vat va trong hat cdy ho dau. Ciing nhu
rafinose, stachiose khong c6 tinh khi.

f-Galactesidase  [J-Galactesidase A-Fructesidasze

&
CHyOH 0
. HOCHz 0.
2 s
- H H
o
AQEHEQH
] OH H
Fdr -0 galacrore Fdr o-D palacoore For ce-Dglurose gdc [J-Tx Furcoose

Stachlose

ITI. POLYSACCHARIDE (POLYOSE).

Polyose hay polysacharide bac hai c6 trong lugng phan t rit 16n, hinh thanh t
rat nhiéu g6c monose. Tuy thudc kich thudc va dic diém cdu tric clia phan ti, ching
c6 thé tao dung dich keo hoic hoan toan khong tan trong nudc.
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Nhitng polysacharide hinh thanh tr cung mdt loai monose dudc goi la
homopolysac-charide; néu chiing dugc tao nén tif c4c loai monose khac nhau thi dugc
goi 1a hetero-polysaccharise.

1.Homopolisaccharide.

Trong ty nhién phan 16n cdc homopolysaccharide 13 cdc chat dinh dudng du trit
(tinh bdt, glycogen, dextran, inulin ...) hodc tham gia trong ciu tric cla vich t€ bao
(cellulose, hemicellulose...)

Tinh bét 1a chat dinh dudng chid y&u cla thuc vat. Polysacharide tinh bot gdm hai
loai ¢6 ciu tao va tinh chat 1y héa hoc khdc nhau: amylose va amylopectin.

Amylose dé tan trong nu6c néng, tao nén dung dich keo khong nhét 1dm. Dung
dich nay khong bén va khi d€ ling d& bi két tlia dudi dang tinh thé. Amylopectin chi
tan trong nuéc dun s6i & 4p luc cao, tao nén dung dich keo rat nhét va kha bén viing.
Trong lugng phin t& cia amylose vao khoang 300.000 — 1.000.000, con cua
amylopectin — vai trdm triéu. Amylose nhuém mau xanh véi iod, con amylopectin —
mau do.

Trong phan ti amylose cdc gdc o-D-glucose ndi vdi nhau bing lién két
glycoside 1-4, tao nén ciu tric sgi khong phan nhdnh, ton tai & dang ciu tric xoin dc,
mdi vong xodn chita 6-7 goc glucose (hinh 2.1).

Hinh 2.1. So do6 cdu triic xodn éc ciia amylose

Trong phan tt amylopectin bén canh lién két glycoside 1-4 con c6 lién két
glycoside 1-6 d€ tao ra cdc mach nhdnh véi cdc di€ém phin nhdnh cdch nhau khodng
24 gdc glucose.
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“HaOH CHaOH “HgOH
°_H ©. H %o H O H
OH H OH H OH H OH H L _ ...
A _y.!ase
CHaOH “HaOH
ooy oou
CIH H OH H
I
CHgOH CHyOH
O H o] H [a] H [} H
OH H C'H H OH H C,'-H H
Am _y.!apemn

Trong tinh bdt cua céc loai thuc vat khdc nhau ti 1€ amylopectin / amylose khong
giong nhau. Trong bot gao ti 1€ ndy vao khodng 17/83, con trong bot lda mi — 24/76.
Gi4 tri ndy con phu thudc vao gidng, diéu kién canh tic va cdc y&u t& ngoai cidnh
khéc.

Khi dun véi acid, tinh bdt bi thily phan thanh o-D-glucose. Tinh bodt hoa tan von
dugc st dung rong rii trong ky thuat phong thi nghiém 13 sdn phdm thity phan khong
hoan toan cua tinh bot dudi tdc dung cla acid loang.

Dudi tic dung ctia enzyme amylase tinh bot bi phin gidi thanh maltose thong
qua cdc sdn pham trung gian vé6i trong lugng phan ti¥ nhé dan cé tén 1a dextrin.

-Amylodextrin nhuém mau xanh vdi iod, tan trong ethanol 25% nhung bi két tla
bing ethanol 40% dudi dang bot tring;

- Erythrodextrin nhudm mau dd véi iod, tan trong ethanol 55% nhung bi két tia
trong ethanol 65% du6i dang tinh thé hinh cau;

- Achromodextrin khong nhuém mau vdéi iod, tan trong ethanol 70%;

- Maltodestrin c6 trong lugng phan ti nhd nhat trong s6 cdc destrin, khong
nhudém mau véi iod. Cling nhu maltose va monosacharide, né hoa tan rit t6t trong
ethanol 80%.

Glycogen, d6i khi con dugc goi 13 tinh bot dong vat, cé nhiéu trong gan va co, 12
ngudn cung cAp ning ludng chi y&u cho moi qud trinh hoat d6ng séng ciia cd thé dong
vat. N6 ¢6 dang bot tring vd dinh hinh, tan trong nuéc néng va tao thanh dung dich
keo mau tring duc. Khi tic dung véi iod, glycogen nhudm mau niu dé hay tim dé.
Trong lugng phan it tir 1 triéu (trong cd) dén 5 triéu (trong gan).

C4u tao clia phan tf glycogen gidng nhu amylopectin nhung mifc dd phan nhdnh
day hon. N6 bi thity phan dudi tdc dung clia acid va enzyme giéng nhu tinh bot. Ngoai
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ra, dudi tdc dung ctia phosphorylase va véi su tham gia ctia phosphate v6 co glycogen
bi phan gidi (theo mot co ché enzyme c6 tén 1a phosphrolys) thanh glucoso-1-
phosphate.

Dextran 1a mdt loai polysacharide déng vai tro chat dinh dudng du trit clia vi
khuin va ndm men. N6 dudc hinh thanh tir cic gdc a-D-glucose ndi véi nhau bing
cdc lién két glycoside 1-6. C4dc mach nhdnh dudc hinh thanh nhd céc lién két
glycoside 1-2, 1-3 hodc 1-4. Céc loai dextran khiac nhau c6 mic do0 phan nhdanh khac
nhau. Ldi dung dic di€m nay ngudi ta sit dung dextran dé ché tao cdc sdn pham c6 tén
12 sephadex d€ st dung trong k¥ thuit phong thi nghiém 1am céc loai “riy phén ti”.

Inulin 13 sidn phdm quang hdp va 1a chat dinh dudng du trit ctia mot s6 thuc vat,
nhu thudc dugc (Dahlia), di€p xoidn (Cicorium), actisd (artichaut) v.v... Phin tf inulin
1a modt mach dai khong phan nhdnh dugc hinh thanh tr 32 — 34 gbc B-D-fructose
thong qua lién két glycoside 1 — 2. Do dugc hinh thanh tir cdc don vi fructose nén
inulin dugc x&p vao nhém polyfructoside.

Levan ciing 1a mot loai polyfructoside. Khac véi inulin, trong phan t& levan cac
g6c fructose ni v6i nhau biing cdc lién két fructoside 2 - 6. O vi khudn cdc nhém —
OH tu do trong phan tf levan dugc metoxyl héa. Levan cling ¢c6 mit trong thuc vat
thudc ho Hoa thdo, nhung chita it gdc fructose hon va cdc nhém —OH khong bi
metoxyl hoda.

Mot s polysacharide nhiy tuong tu inulin va levan ciing dudc cdc vi khudn sdng
trong dit tdng hop nén va déng vai trd quan trong trong viéc hinh thanh ciu tudng clia
dat.

Trong s& cdc homopolysacharide 13 chit dinh dudng du trit con c6 thé ké dén
xylan va mannan. Xylan hinh thanh tir cdc géc xylose, c6 mit trong cdc md thuc vat.
Mannan hinh thanh tif cdc géc mannose. N6 1a chit dung dich du trit ca vi khudn,
nim men, nAm mdc va thuc vat bic cao.

Xylan, manan cung vé6i galactan (hinh thanh tir cdc goc galactose) va araban
(hinh thanh tr cdc gdc arabinose) dudc goi chung la hemicellulose. Nhitng
hemicellulose nay do dudc hinh thanh tir mot loai monose duy nhit nén ching nim
trong nhom homopoly-saccharide. Bén canh ching con c6 nhitng hemicellulose dudc
ciu tao tf mot sd loai monose, va do d6, theo dinh nghia, ching thudc nhém
heteropolysaccharide, Phan 16n nhitng hemicellulose nay tham gia trong ciu triic clia
vach t&€ bao cling vdi cellulose.

Cellulose 13 thanh phan chii yéu cda vach t&€ bao thuc vat. Pon vi ciu tric cla
celllulose 1a B-D-glucose. Chiing ndi v6i nhau nhd lién két B-1-4-glycoside, tao thanh
nhitng mach dai khong phan nhdnh. Trung binh, mdi phan ti celllulose chita vai nghin
gdc glucose. Cic sdi cellulose thudng lién két lai thanh b6 khodng 60 phan tir. Sy lién
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ké&t nay dugc thuc hién nhd lién két hydro giita cdc nhém —OH tu do clia cdc phan tir
cellulose nim gan nhau.
aoH

CHaOH cH

H A o H A o

Sfhom mA @ cH H ©
H oH H oH

aoH

CH CHyOH
H A o H A o
o,
oH H & oH H -
H ©oH H ©oH

Hinh 2.2. So dob cdu triic phéan tir ciia amylose (A) va lién két hydro giita cdc soi
cellulose ndm gdan nhau trong bé mach (B).

Cellulose khong tan trong nudc, rugu, eter nhung tan trong dung dich Cu(OH),
trong ammoniac dam dic (thudc thit Sweitzer). Acid sulfuric dic & nhiét do soi thiy
phan cellulose thanh B-D-glucose.

Hydro thudc cdc nhém —OH tu do trong phan tit cellulose trong nhitng diéu kién
nhat dinh c6 thé dudc thay thé bing cic goc khac nhau (-CH;, CH3COO - v.v...) d€ tao
thanh cdc din xuit eter va ester. Nhd cdc phan @ing nay tir cellulose c6 thé ché tao
cellophan, celluloid, chit nd, phim 4nh v.v... Nhiéu din xudt cta cellulose, nhu
carboxycellulose (CM-cellulose), diethylaminoethyl-cellulose (DEAE-celllulose)
v.v... dudc st dung rong rdi trong k§ thuat phong thi nghiém d€ phan doan protein,
acid nucleic bing phuong phdp sic ky trao d6i ion.

2.Heteropolysaccharide.

Thudc nhém heteropolysaccharide c¢6 nhiéu loai hemicellulose, chat nhiy va
gdm, pectin, agar-agar, acid alginic, chitin, mucopolisaccharide...

Cac loai hemicellulose thudc nhém heteropolysaccharide 1a nhiing
polysacharide ma thanh phan ciu tao ctia ching gdm cdc loai acid uronic, arabinoa,
xylose va mot s6 monose khdc. Nhu dd néi & trén, chifc ning chi yéu cla nhiing
hemicellulose nay 13 tham gia trong c4u tric ctia vach t& bao thyc vat.

Chdt nhdy va gém 1a nhitng polysacharide do thuc vat ti€t ra trong trang thdi
sinh 1y binh thudng (chit nhiy) hoic khi bi tn thuong (gém). Khi hoa tan trong nudc
ching cho dung dich keo rdt nhét. Trong thanh phin ciu tao clia hai loai
polysacharide nay c6 lactose, mannose, glucose, rhamnose, xylose va cdc monose
khic.
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Pectin 13 nhitng polysacharide phan ti 16n, chita nhiéu trong qui, cd va thin ciy.
Trong thuc vat pectin ton tai & dang khdng tan protopectin. Sau khi st 1y biing acid
lodng, hoic dudi tic dung clia enzyme protopectinase, protopectin chuyén héa thanh
pectin hoa tan. Qu4 trinh ndy x4y ra khi qua chin, 1am cho qui tré nén mém.

Phian t& pectin hoa tan
hinh thanh nhG cdc ester

# P
C\ c'\
O-CH;3 O-CH;3 . ) . .

o o ) methylic cua acid galacturonic
H H 27 © A W, 4t Y ‘A g
e oH o o cH H o li€n két v6i nhau bdng lién két
1-4-glycoside. Pectin tor céc

H ©CH H ©OH H

Pectin ngudn khic nhau c6 trong lugng
phan t khong gidng nhau, dao
dong tir 20.000 dé€n 50.000.

Pectin hoa tan trong nudc bi két tiia bing acetone 50%. Tinh chit dic trung cta
pectin 1a kha nidng tao ra thach déng khi ¢6 mit acid va dudng, do d6 né dudgc st dung
rong rdi trong k¥ nghé banh keo. Duéi tic dung cta kiém lodng hoic clia enzyme
pectinase géc metoxyl (—-O CHj3) bi tdch khdi chudi polysaccharide va pectin bi bién
thanh acid pectic (acid polygalacturonic), ddng thdi mat kha ning tao thach dong.

Agar-agar 12 mot loai polysacharide trong védch t&€ bao clia mot sd loai tdo dd
thudc cdc giong Gelidium, Gracilaria, Pterocladia va ahnfeltia. Agar-agar khong tan
trong nudc lanh nhung tan trong nudc noéng dudi hinh thitc dung dich keo. Dung dich
nay khi d€ ngudi dong lai thanh thach. Loai polysacharide nay khong dugc co thé
ngudi va dong vat hap thu. N6 dugc st dung rong rai trong y hoc va k§ thuat phong thi
nghiém trong viéc 1am moi trudng nudi cdy vi sinh vat va nudi cAy mo thuc vat.

Ngudi ta cho ring agar-agar 1a hdn hdp clia it nhit hai loai polysacharide la
agarose va agaropectin. Agarose dugc ciu tao bdi cdc goc D- va L-galactose ndi véi
nhau bing lién két 1-3-glycoside. Agaropectin hinh thanh tir cic g6c D-galactose va
mot sd it gdc galactoso- 6- sulfate. Tuy nhién, trong agar-agar con phdt hién dugc cdc
gdc arabinose va glucose.

Acid alginic dudc phdt hién trong vach t&€ bao tdo nau thudc cdc chi Macrocystis,
Laminaria, Fucus, Sargassum. D6 1a mot loai polysacharide hinh thanh tir céc goc acid
B-D-mannuronic ndi v6i nhau biing lién k&t 1-4-glycoside.

Acid alginic ¢6 khd ning tao dung dich keo nén dudc st dung réng rii trong
cong nghiép dét d€ 1am chat hd vai. N6 ciing dugc ding d€ sin xuit td nhan tao, lam
m§ phim...

Chitin 12 thanh phan chii y&u cia md bi cla con tring, tom, cua. N6 ciing dudc
phdt hién trong ndm va dia y. Trong cdc m6 dong vat chitin lién két vé6i protein va
calcium carbonae. Phan t chitin rit giéng cellulose nhung né dugc cau tao khdng
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phéi tir glucose ma tir cic goc N-acetyl-B-D-glucosamine ndi vdi nhau bing cic lién
két 1-4-glycoside.

Mucopolysaccharide ton tai trong cdc md ddng vat nhu sun, md lién két, trong
thanh phan cdc chat gian bao, dich nhay... véi chifc ning chd yéu 13 bio vé.

Thanh phan chd y&u clia mucopolysacchayride 1a glucosamine va acid uronic.
Trong cdc md dong vat ching ton tai mdt phian & trang thdi tv do, mdt phan & dang
lién két vdi protein (mucoprotein).

Pugc hiéu biét nhiéu nhit trong s6 mucopolysacchayride 13 acid hyaluronic,
acid chondroitinsulfuric va heparin.

Acid hyaluronic c6 nhiéu trong thity tinh thé ctia mit, gan, dich khép, trong nang
clia mot s6 vi khuan va trong mang t& bao triing. N6 dudc ciu tao tir N-acetyl-B-D-
glucosamine va acid D-glucuronic.

CHaOH CHyOH

COOH COCH
e oH H 0. po H OH H o Ho H
H ©H H HNHCOCH; H OH H  NHCODCH;

Actd hyaluronic

Duséi tic dung clia enzyme hyaluronidase do tinh triing tiét ra acid hyaluronic bi
phan gidi d€ tao diéu kién cho sy thu tinh x4y ra d& dang. Ciing nhd acid hyaluronic,
cic khodng gian bao giit nudc d€ t& bao ludn ton tai trong mdi trudng dung dich keo,
lam gidm tdc dung ma sat va chong lai sy thAm nhap clia vi triing.

Acid chondroitinsulfuric 1a thinh phan clia sun, xuong, gan & dang lién két véi
protein collagen va lipid. Khi bi thuy phan, acid chondroitinsulfuric s& giai phong N-
acetylgalactosaminesulfate va acid galacturonic. Nhitng géc nay ciing n6i véi nhau
bing cdc lién két B-1-3 va 1-4-glycoside.

Heparin la

i H oo H A

o o mot
H-Lo o u o en = . heteropolysaccha
CH H  NHSO:H ride c6 tic dung
Heparin Ch6ng déng mau.

No6 dugc tdng
hgp va tich liy
trong gan. Ngoai
ra,

GS.TS. Mai Xudn Luong Khoa Sinh hoc



Jbod sinh hoe - 88 -

né con cé trong phdi, tim, mat, tuyén gidp trang, mau va trong nhiéu co quan khic.
T4c dung chéng ddng méu clia heparin dugc thuc hién nhd né ngin can sy chuyén héa
prototrombin thanh trombin. Phan tf heparin dugc ciu tao tif cdc gbc acid glucuronic
va a-D-glucosamine & dang din xuét kép clia acid sulfuric.

IV. PHAN GIAI POLYSA CCHARIDE.

1.Phan gidi tinh bot va glycogen.

Moi polysaccharide trudc
khi tham gia cdc qua trinh trao
d6i chat khac nhau déu can dudc
phin gidi thanh monosaccharide.
Tinh byt va glycogen trong céc
mo thyc vt va trong dudng ti€u
héa ctia ddng vat dugc thiy phan
thanh maltose nhd tdc dung hdp
ddng clia ba enzyme: a-amylase,
B-amylase va a-(1-6)-
glucosidase (hinh IX.1).

o-Amylase (o-1,4-glucan-
4-glu- canohydrolase) cit céc
lién két (a-1,4-glucoside, tao ra
Hinh IX.1.Thity phan amylopectin va glycogen sin phim cudi cing 1a hdn hop
dudi tdc dung ciia a-amylase, f-amylase va a-(1-6)- ma}tose va glucose thong qua sdn
glucosidase pham trung gian 1la nhiing
oligosacchaside chita 6-7 goc
glucose. Do khong thé cong pha

lién
két a-(1,6) nén a-amylase chira lai nguyén ven khu vuc phan nhdnh ctia amylopectin

va glycogen.

B-Amylase (a-1,4-glucan-4-glucanmaltohydrolase) phan gidi amylose,
amylopectin va glycogen tif nhitng dau tin ciing khong khit ca phan t, tao ra sin
phdm cudi ciing 13 dudng maltose. P&i véi amylopectin va glycogen qua trinh dirng lai
tai cdc di€ém phan nhdnh, dé lai phin ‘dextrin gidi han’.

a-(1-6)-Glucosidase cong phd cic lién két o-(1-6)-glucoside. Nhg dé cic
dextrin gidi han chia cdc khu vuc phan nhdnh con lai sau tic dung clia o- va f-
amylase lai ti€p tuc bi thiiy phan.

Khéc vé6i qud trinh thiy phan trong dudng ti€u héa, glycogen ndi bao va tinh bot
& mot sd thuc vat bi phan gidi bing con dudng phosphorolis.
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Trong qua trinh nay vdi su tham gia cua acid phosphoric enzyme phosphorylase
tdch gbc glucose tan cling khong khit khdi phan tit glycogen hoic tinh bot & dang
glucoso-1-phosphate. Qud trinh phan gidi xdy ra cho d&n khi chudi polysaccharide rit
ngin con cdch di€m phan nhanh 4 don vi glucose.

Dé€ phosphorylase ti€p tuc hoat dong, oligotransferase cit ciac don vi maltotriose
khdi doan ngin con lai va gin chiing vao cdc diu tin cling khong khit biing lién két
(1-4). Lién két (1-6) con lai sau hoat dong clia oligotransferase dugc cong phd nhd o-
(1-6)-glucosidase. Su phdi hgp clia hai enzyme nay lam xuit hién mot mach dai

— eie o«

1/;}' \:L

I'({ '.'

Hinh IX.2. Phdn gidi glycogen dudi tdc dung ciia phosphorylase (1),
oligotransferase (2) va a-(1-6)-glucosidase (3).

Phosphorylase ndi bao ton tai & hai dang; phosphorylase a c¢é hoat tinh cao va
phosphorylase b khong hoat dong. Qud trinh hoat héa phosphorylase b thanh
phosphorylase a dugc thuc hién nhd hang loat enzyme véi sy tham gia cia AMP vong
va nhiéu hormone (hinh IX.3).

Adenylate cyclaze

Inzuline, Epinefrine, Glucagon
Prostaglandine -+« ACTH, 5TH,TEH
1ie ché enzyme hoat hda enzyme

ATP s AMP véng

Proteinkinaze — - Proteinkdnaze
khéng hoat ddng hoat dang

Phozphotylaze kinaze —— Phozpho-phozphorylaze kainaze

4ATF 4ADP
Phazpharylaze b————— Phosphorylaze a

l

Glyeogen + nH;PO, . n Glucoso- 1-phosphate

Hinh IX.3. So dé hoat héa phosphorylase
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2.Phan gidi cdc polysaccharide khic.

Ciing nhu tinh bdt va glycogen, cac polysaccharide khdc bi phan gidi nhG nhitng
enzyme thuy phin dic hiéu.

Cellulose dudi tac dung cia enzyme cellulase bi thiy phan thanh cellobiose.
Enzyme nay c6 trong nhiéu loai nim, mot s& con tring va trong da day cda dong vat
dn cd. Nho hé vi sinh vat sdng cdng sinh & diy ma nhitng dong vat nay tiéu héa dudc
cellulose. Ngay nay cong nghiép thiy phan cellulose bing cellulase vi sinh vat dugc
thuc hién & nhiéu nuéc nhim muc dich sin xut rudu va nhiéu san pham khic, dic
biét 1a thac dn gia suc.

Dudi tac dung cua B-fructosidase inuline bi thiy phan thanh B-D-fructose, con
rafinose — thanh B-D-fructose va melibiose, saccharose — thanh a-D-glucose va B-D-
fructose.

Thuy phén cdc disaccharide maltose, cellobiose,melibiose va lactose dudc thuc
hién nhd cdc enzyme dic hiéu tuong wUng o-glucosidase, P-glucosidase, o-
galactosidase, va -galactosidase.

V. CHUYEN HOA TUONG HO GIUA CAC MONOSE.

Su chuyén héa twong hd giita cdc monose dudc thuc hién & dang ester phosphate
nhd hé enzyme ctia chu trinh pentosophosphate hoidc véi sy tham gia clia cdc dan xuat
nucleosidediphosphate ctia dudng (NDPS). Cdc din xuit nay dugc hinh thanh trong
phan dng giita ester phosphate cia dudng vdi nucleosidediphosphate nhd sy xuc tac
ctia cdc enzyme dic hiéu. Vi du:

Glucoso-1-phosphate + UTP —— UDP-Glucose + PP,

Xitc tdc phan ting nay l1a enzyme uridyldiphosphateglucosopyrophosphorylase.

Sy chuyén hod tuong hd giita monose & dang NDPS dugc thuc hién chi y&u theo
nhitng ki€u phan ng sau day:

1.Trao déi (vAn chuyén) cic nhém glycosyl ciia glycosylphosphate:

Vi du, véi su xtc tdc cia hexoso-1-phosphate uridyltransferase sdy ra phan ting
Gal-1-P + UDP-Glc — Glc-1-P + UDP-Gal.
Phédn tng nay rit quan trong nhim dua galactose vao qué trinh trao ddi chat.

2.Epimer hoa:

Cic epimerase dic hiéu 1am bié€n ddi ciu hinh cda NDPS. Qud trinh kém theo
c4c hé thong oxy héa — khtr. Vi du:

UEP-Gle UDP-Gal
2 NAD 2 NADE
+ +
2MNADH4+ H 2MNADH+H
COOH COOH
H A4 OH E.plmer hda o
I o H-Lo-UuDP <— OH HLg-UDF
| HO
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3.0xy hoa hexose va decarboxyl héa thanh pentose:

Vi du: UDP-glucose sau khi bi oxy héa thanh acid UDP-glucuronic bi
decarboxyl hda thanh xylose:

COOH u
H ©. H Decarboxylase H CH
H H
HO@O—UDF‘ T g B Lo upe
H CH g H ©OH
Acid UEP-glucuronic UDP-Xylose

Bén canh sy chuyén héa tudng hd giita cic monose, cac din xuit NDPS con
tham gia trong viéc tdng hgp polysaccharide .

Su chuyén héa tuong hd giita cac monose theo chu trinh pentosophosphate sé&
dudc xé€t t1 trong muc IV.

VI. GLYCOLYS.

Glycolys 1a qud trinh phan gidi ky khi glucose thanh acid lactic. S0 dd tong qut
ctia n6 dudc trinh bay trong hinh IX.4.

Giai doan thi nhat cda glycolis két thic sau phin tng Es d€ tao ra cic
triosophosphate. Nhiém vu ciia giai doan nay 13 hoat héa glucose nhd ATP va chuyén
hod chit nay thanh glyceraldehyde-3-phosphate dé tham gia cdc phan tng oxy héa —
khtr ctia giai doan thi hai.

Giai doan tht hai ctia glycolis la giai doan cdc phan ting oxy héa — khi va giai
phéng ATP. N6 két thic vdi sy hinh thanh acid lactic (trong cdc moé dong vat va mot
s6 vi khuédn) hoic ethanol (4 nAm men).

Glycolis néu dugc bit dau tir glycogen thi todn bd qud trinh c¢6 tén goi 1
glycogenolis. Trong trudng hop nay glycogen can dugc phosphorolis sd bd thanh
glucoso-1-phosphate nhd glycogenphosphorylase va chat niy s& chuyén hod thanh
glucoso-6-phosphate nhd phospho-glucomutase.

Trong s6 11 enzyme clia glycolis phosphofructokinase déng vai trd clia enzyme
diéu hoa toan bo qu4 trinh. Hoat tinh ctia né bi tc ché& bdi ATP va citrate (& ndng dd
cao) va dugc kich thich bdi ADP va AMP.
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Hinh IX.4: So d6 téng qudt ciia qud trinh glycolys
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—  MaD - . D
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@>< ‘ trong trong viéc diéu hoa qud trinh
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thiosemiacetal. Giai doan ti€p theo 12 van
chuyén hydro vén lién két véi
glyceraldehyde-3-phosphate dén NAD"
lién két, khit né thainh NAD.H, dong thdi
hinh thanh thioester gitta nhém —SH cua
enzyme v6i nhém carboxyl cla cd chat.
Phin tf NAD.H van khong tich khdi
enzyme ma lai nhudng dién ti

va hydro cho phin tf NAD * ty do. Phitc hé giita cd chit va enzyme & giai doan nay
dugc goi 1a acyl-enzyme. Goc acyl sau d6 dugc chuyén tir nhém —SH clia enzyme dén
phan ¥ phosphate vd cd d€ tao ra sdn pham oxy héa la acid 1,3-diphosphoglyceric.

Lactate dehydrogenase xtic tdc phdn @ng cudi cing clia glycolis. Nhu da néi
dén trudc day, trong cd thé dong vat bic cao c6 it nhit 5 dang isoenzyme khac nhau.
Ty 1é tuong d6i cla 5 dang nay ciing déng gép mdt phan quan trong vao viéc diéu hoa
glycolis néi riéng va trao ddi chat néi chung.

Céc phén tng cla glycolis x3y ra trong t€ bao chit va khong lién quan véi cau
tric t&€ bao. Khi ¢6 mit oxy téc do cla né gidm sit. Hién tugng nay dugc goi 1a hiéu
ung Pasteur.

Acid lactic — san phdm cudi cling clia glycolis trong diéu kién ky khi — dugc thai
qua mang t& bao ra moi trudng nhu mot sin phadm bi loai bd. Khi cic t€ bio cd clia
dong vat bac cao hoat dong qua manh trong diéu kién thi€u oxy, tir cd mot lugng 16n
acid lactic dugc dua vao méu. o) gan nd lai dugc chuyén héa thanh glucose. Cam gidc
madi mét hodc té ¢ 1a do pH bi léch vé phia acid.

Phuong trinh tong qudt cda glycolis c6 dang:
Glucose + 2ADP + 2P,. —— 2 Lactate + 2ATP + 2H,O

Bién thién ning lugng ty do cda glycolis v6i su chuyén héa glucose thanh 2
lactate c6 gia tri khong 16n (AG® = -47Kcal). Vi sy hinh thanh 2 phan ti ATP t€ bao
tich lily dudc 2 x 7,3 Kcal = 14,6 Kcal. Diéu d6 c6 nghia 13 hiéu suit ning lugng cé
ich cta glycolis biang

14,6 x 100
47

=31%

O sinh vat ky khi bdt budc glycolis 1a ngudn ning lugng duy nhat. O sinh vat ky
khi khong bit budc va sinh vat hi€u khi bit budc glycolis 13 giai doan dau ctia sy phan
gidi glucose. Trong di€u kién cé oxy pyruvate khong bi khir thanh lactate ma bi
decarboxyl héa oxy héa thanh acetylcoenzyme A d€ ti€p tuc bi phan gidi thanh H,O
va CO; theo chu trinh acid tricarboxylic.
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Cd chat clia glycolis bén canh glucose va glucoso-1-phosphate (hinh thanh ti
glycogen) con cé thé 1a cic monose khidc. Vi du, D-mannose va D-fructose cé thé
dudc phosphoryl héa thanh D-mannoso-6-phosphate va D-fructoso-6-phosphate. D-
fructoso-6-phosphate thuc su 13 san phdm trung gian ctia glycolis, con D-mannoso-6-
phosphate ciing sé dugc chuyén héa thianh D-fructoso-6-phosphate nhd enzyme
phosphomannoso-isomerase. Trong khi dé, D-galactose dugc phosphoryl héa thanh D-
galactoso-1-phosphate nhd galactokinase. Sau d6 chat ndy dudc epimer héa thanh
glucoso-1-phosphate véi sy tham gia ctia UTP nhu da trinh bay trong myc V.

Cic pentose dugc 16i cudn vao qua trinh glycolis sau khi chuyén héa sd bo thanh
glyceraldehyde-3-phosphate nhg cdc phdn tng cia chu trinh pentosophosphate.

Co chat cda glycolis con c6 thé 1a glycerine va glycerol-3-phophate von xuit
hién trong qud trinh thiy phan mdt s6 lipid. Glycerine dudc phosphoryl héa thanh
glycerol-3-phophate nho glycerokinase. Sau d6 glycerophosphate dehydrogenase oxy
héa chit nay thanh dioxyacetonephosphate, mot trong nhitng sidn phim trung gian clia
glycolis.

Qud trinh 1én men rugu xdy ra trong t€ bao nAim men vdi sy tham gia clia 10

enzyme diu clia glycolis vd 2 enzyme bd sung 1a pyruvate decarboxylase va
alcoholdehydro-genase.

Enzyme pyruvate decarboxylase xtc tac cho phan tng khong thuin nghich
Pyruvate —— Acetaldehyde + CO,

Cd ché€ tic dung clia enzyme nay dudc trinh by trong hinh IX.6. Tryc ti€p tham
gia trong hoat dong xic tdc clla enzyme 1a coenzyme thiaminepyrophosphate (din
xuit cia vitamine B). Hoat dong ctia né cin c6 Mg*".

Qua trinh decarboxyl

HHy héa acid pyruvic dugc thuc
C 5 A . .
N/,:'f \c_CHQ—ﬁ// o 9 hién qu.a mot loat glfll doan.
é <I:I T CHy-CH0-P-0-F-OH Trudc ti€én, nguyén tu carbon
A 3 OH OH 5 . A
HyC Ny ,/—S Thiaminepycropphiosphate [ TPF) ococua pyruva‘te két lzc_jp vOi Cg
R-H cua vong thiazol cua TPP &
1y trang thdi lién k&t véi enzyme,
\L/—CHs—tI-"I-COOH lam xuét hién dan xuat 2-o-
] s = ~,
lactyl cua coenzyme. Dan xuat
COCOH R o )
Hjc_(::_OH nay sau dé bi decarboxyl héa
P thanh dan xuat 2-oxyethyl
R-H (acetaldehyde hoat dong).
CH3 Cu6i cung, nhém oxyethyl
\b—»ﬂh tich khéi coenzyme & dang
i acetaldehyde ty do. Chat nay
HyC- ¢ -OH
+//C_S
R-N
[ CH;z Khoa Sinh hoc

\b-) CH3z —(IZI' -H Acetaldehyds
TFF &
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sau d6 s€ bi khur thanh ethanol
nhd alcoholdehydro-genase:
Acetaldehyde + NADH +
H"— —— Ethanol + NAD"
Phuong trrinh tdng quat
ctia I1én men rugu vi vy sé la:
Glucose + 2ADP + 2P,
—>

2 Ethanol + 2CO, +
2ATP.

Hinh IX.6. Co ché'tdc dung ciia pyruvate
decarboxvlase

VIL. CHU TRINH PENTOSOPHOSPHATE

Chu trinh pentosophosphate (con dudc goi la con dudng phosphogluconate) 1a
mdt trit tv phdn ng x4y ra trong t€ bao chat song song vdi glycolis, bao gdm 2 phin
ting oxi héa — khit va 9 phin tng chuyén héa tuong hd giita cic ester phosphate ctia
triose, tetrose, pentose, hexose va heptose (hinh 1X.7).

Dehydrogen héa va decarboxyl héa 6 phan t& glucoso-6-phosphate tao ra 6
phan ti pentoso-5-phosphate. Nhitng phédn tif pentosophosphate nay trai qua cdc phan
tng chuyén héa twong hd do cdc enzyme trancetolase, transaldolase aldolase,
isomerase va epimerase xtc tidc. S4n phdm trung gian 13 cdc ester phosphate cia
monose chia tir 3 d&€n 7 nguyén ti carbon. Nhitng ester nay tao ra 4 phan t fructoso-
6-phosphate va 2 phén tir glyceralde-hyde-3-phosphate. Hai phan ti nay sé ngung tu
dé tao ra phan tif fructoso-6-phosphate thit 5 hoic ti€p tuc bi phan gidi theo cic phin
ting glycolis. Cdc phan tif fructoso-6-phosphate s& dudc dong phan héa thanh glucoso-
6-phosphate va gia nhip vao von glucoso-6-phosphate chung clia t& bao. Von nay cé
thé dudc st dung cho cdc phin tng glycolis hoic cidc phdn dng cda chu trinh
pentosophosphate.

Slucoso-B-phosphate

1 HADFE"
CN ADPH+H*
6 Phosphogluconate
+
HADP _hh'i"\____} Fructoso-1 6-dipbosphate
NADPH+H | ™= C0 10
¥
4 Eibuloso-5-phosphate 5 \Y
gf«"’,} 3“ Dioxyacetone phosphate Fructoso-f-phos phate

Fibozo-5-phosphate Hyluloso-5-phosphate

Ils

Glycemldebyde-3-phosphate

Glycemldebyde-3-phozphate

Cedobeptuloso-7-phos phate Eritroso-4-phosphate
.

E-/
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Hinh IX.7.Chu trinh pentosophosphate

I.  Glucoso-6-phosphatye  dehydrogenase; 2.  6-phosphogluconate
dehydrogenase;  3.Phosphopentoepimerase;  4.Phoaphopentoisomerase;
5, 7. Transcetolase; 6. Transaldollase; 8. Triosophosphate isomerase; 9.
Aldolase: 10. Fructodiphosphatase: 11. Phosphoglucoisomerase.

Phuong trrinh t8ng quét clia chu trinh pentosophosphate 1a:

6 Glucoso-6-phosphate + 12 NADP" —— 5 Glucoso-6-phosphate + 6CO,
+
12NADP.H + 12 H" + P,

Hodc gon hon:

Glucoso-6-phosphate + 12 NADP" — 6CO, + 12 NADP.H + 12 H" + P, .

Tuy nhién, theo con dudng nay glucose thuong khong bi oxy hod hoan toan
thanh CO, . Cé4c phan ting clia chu trinh nay khong thé dugc st dung lam ngudn ning
lugng. Do xdy ra trong t€ bao chit nén oxy héa NADP.H (v6n hinh thanh trong chu
trinh) khong thé tao ra ATP mot cach tryc ti€p nhu nhitng phan t& NAD.H va FAD.H,
trong ty thé. Chiic ning chi y&u ciia chu trinh pentosophosphate 1a tao ra NADP.H dé
cung cap cho cic phan tng khif clia cdc qud trinh sinh tdng hop. N6 con 13 ngudn cung
cap riboso-5-phosphate d€ tdng hop nucleotide, acid nucleic vd ngudn erytroso-4-
phosphate d€ tong hop cac aminoacid vong thom trong céc co thé ty dudng.

Néu khong dude ding cho cdc muc dich sinh tdng hop, cdc chit trao d6i trung
gian cda chu trinh s& dugc chuyén héa thanh glyceraldehyde-3-phosphate va
fructoso-6-phosphate dé€ tham gia qua trinh glycolis.

Theo huéng ngudc lai, mot s6 phdn tng ctia chu trinh pentosophosphate dudc
diing @€ c6 dinh CO, trong quang hdp.

VIIL OXY HOA HIEU KHi GLUCID.

1.Decarboxyl hoa oxy héa acid pyruvic.

O sinh vat hi€u khi qud trinh di héa glucid thudng dugc chia lam hai giai doan:
giai doan ky khi (glycolis) véi sy hinh thanh acid pyruvic va giai doan hi€u khi, trong
dé acid pyruvic s& bi oxy héa hoan toan thanh CO, va H,0. Phdn ing dau tién clia
giai doan sau la decarboxyl héa oxy héa acid pyruvic thanh acetylcoenzyme A véi su
xUc tdc cua pyruvate dehydrogenase:

CH;-CO-COOH + NAD" + CoA-SH —— CH;-CO-SCoA + CO, + NAD.H + H*

Qua trinh phdn Gng xay ra nhu mé ta trong hinh IX.8.
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Pyruvatedehydrogenase 13 mot hé thdng enzyme phic tap gdm 3 enzyme va 5
coenzyme coenzyme tap hop lai thinh mot co ciu thdng nhit, trong d6 mdi enzyme
va coenzyme thuc hién mot chic ning xdc dinh. Hoat tinh clia cta hé thdng enzyme
ndy bi tc ch& khi ham lugng ATP trong t&€ bao vugt qud gidi han nhat dinh. C6 nghia
12 Pyruvatede-hydrogenase 12 mot enzyme diéu hoa. N6 d6ng vai trd quan trong trong
viéc chi phdi hoat dong cia chu trinh acid tricarboxilic va ctia cdc qud trinh lién quan
khic.

Ea
Pymvate CO+ 3—8& E,TPP Ezm CoASH [CH;CCS-Coh
E.1pp . E TppocHOH, —e—Ts
1 1 I 3 SI SH ~ . E,
COH T=0 SH SH
CH;
E;-FAD
MADH+HT  NaD™
Ey-FAD e =’ p _FapH, E2
S 3

Hinh IX.8. So do cdc giai doan ciia phdn ting decarboxyl héa oxy héa acid
pyruvic.
E1: Pyruvate decarboxylase c6 coenzyme la thyamine pyrophosphate (TPP). E2-
dihydrolipoyltransacetylase co coenzyme la acuid lipoic;
E3:Dihydrolipoyldehydrogenase c6 coenzyme la FAD.

2. Chu trinh acid tricarboxylic (Chu trinh Krebs)

Acetylcoenzyme A ti€p tuc bi oxy héa thanh khi carbonic theo mdt co ché€ c6 tén
1a chu trinh acid tricarboxylic hay chu trinh Krebs (hinh [X.9).

HO (IZGOH

H.,O
CCOH )4 CH, \ COCH
CH, c. CGOH\\\, CH,
HO-C-COOH  CH CH- COCH
CoASH CH, COOH HO-CH
° (I:GOH CAgid (I:COH HMADY (HNADF
1 Acid Cl=-3CO00n1nc Acid 4_
CLLCO Cok cithc jcocithe HADH (HADP H)
3 ~ Lo =
COoOH 70
COCH e ©2
Acid CH, TR Acid
oxaloacetc (I:: o (IL'HQ ot -cetogluEtic
C=0
COOH COOH E oo
N AD.Hﬁ\éHQ Coi-SH
MaD* CHOH COOH
i CoOOH
COOH_ 4 ) H 6 0 o Suxinylk :
mﬂﬂ o CHo ¢ / Coa g,
- ma EI;OH COOH -
id SGTE GDP
GS. TS. ]‘ Acid fumaric :ﬁmi.;
H G  FADH:z | coasH
FAD

ADP ATE
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Hinh IX.9. Chu trinh acid tricarboxylic. 1:Citrate syntase; 2.3: Aconitase;
4: Isocitrate dehydrogenase; 5: Cetoglutarate dehydrogenase; 5a:Succinate
thiokinase; 6: Succinate dehydrogenase; 7: Fumarase; 8: Malate dehydrogenase.

Citrate syntase, isocitrate dehydrogenase va fumarase la nhitng enzyme mang
tinh chat cla enzyme diéu hoa. Hoat tinh cia chiing gép phan chi phdi téc do clia chu
trinh. Hoat tinh cda nhitng enzyme nay bi tic ché bdi ATP va NAD.H. Tuy nhién, vé
phuong dién nay isocitrate dehydrogenase c6 vai trd quan trong hon ca. Khi ham
lugng ADP trong t€ bao ting 1én, tdc dd oxy hda isocitrate ty dong ting, lam ting téc
do cta toan bd chu trinh. Ngugc lai, khi ting toc dd cta chu trinh, ham lugng ATP
trong t€ bao ting 1én, 1am cho hoat ddng cilia isocitrate dehydrogenase bi tic ch€. Su
tich lily NAD.H trong ty thé ciing c6 tic dung tuong tu.

Ping lvu y hon cd vé phuong dién tich liiy ning lugng 13 phdn tUng o-
cetoglutarate dehydrogenase. Phitc hé enzyme nay rat giéng véi hé thong pyruvate
dehydrogenase. Hoat dong clia n6 ciing doi hdi cdc coenzyme TPP, acid folic, CoA-
SH, NAD" va FAD. Vi sy tham gia cua nhitng coenzyme nay a-cetoglutarate bi oxy
héa thanh suxinyl-coenzyme A. Suxinyl-coenzyme A la mdt tioester cao ndng. 0 giai
doan k& ti€p ning lugng tich liiy trong né dugc dung dé tdng hdp GTP tit GDP va P,
nhd sy xdc tac cia enzyme suxinyl thiokinase ( suxinyl-CoA-synthetase). GTP sau d6
nhudng gdc phosphate tan ciing cho ADP @€ tao ra phan ti ATP.

Kiéu téng hdp ATP nay thudng dudc goi 1 phosphoryl héa oxy héa & mikc dé co
chdt @€ phan biét vdi cac phan tng phosphoryl héa oxy héa trong chudi hé hap (muc
1X).

Toan bd cdc enzyme cla chu trinh acid tricarboxylic cling nhu cdc enzyme clia
chudi van chuyén dién ti d€n oxy phan ti déu dinh vi trong ty thé — ciu tric dugc
ménh danh 12 “Tram ndng luong ciia t& bao”. Mot s6 enzyme clia chu trinh nay cling
c6 mit trong phan doan hoa tan cia t&€ bao chat, tuy nhién ching tidc dung lén cic con
dudng trao ddi chat khac.

3. Y nghia ciia chu trinh acid tricarboxylic.

Qua hinh IV.9 ta thdy ring mdt vong cda chu trinh dung nap mot phan tit acetyl-
CoA va oxy héa chat nay thanh hai phan tir CO,, dong thdi tao ra mot phan tir ATP va
4 coenzyme G dang khit (3 NAD.H va 1 FAD.H,). Nhitng phin t& coenzyme nay sé
tao ra s6 ning luong dang ké khi bi oxy héa trong chudi hod hap.
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Nhu vy, cdc phdn tng cla chu trinh acid tricarboxilic 12 ngudn cung ciAp ning
lugng quan trong clia t&€ bao. Tuy nhién né con lién quan c véi cdc qud trinh dong
héa véi tu cdch 12 ngudn cung cip nguyén liéu va ning luong cho hang loat cdc phan
ting sinh tdng hop. Mot s6 san pham trung gian ciia chu trinh nhd nhitng phdn tng lién
hé dudc ding d€ téng hop glucose, acid béo aminoacid va nhiéu hdp chat khdc. Phan
16n nhitng phan tng nay c6 tinh thuin nghich nén ching ciing dugc sit dung d€ tao ra
cdc san phdm trung gian cla chu trinh tif nhitng hdp chat khong phai glucid. Do dic
di€ém nay chu trinh acid tricarboxilic dugc xem 13 trung tdm ciia trao doi chdt té bao.

4. Cic phan wng bu dip.

Thong thudng, ndng d6 cta cdc sin phdm trung gian cda chu trinh acid
tricarboxilic trong ty thé dudc gilt & mic rit 6n dinh. Trong viéc giit th& dn dinh nay
ngodi vai trd cla cdc enzyme diéu hoa nhu pyruvate dehydrogenase isocitrase
dehydrogenase v.v... con ¢6 sy tham gia cia nhitng phan Gng enzyme dic biét chuyén
1am nhiém vu b8 sung ngudn du trit cdc sdn phAm trung gian cia chu trinh ma nguéi ta
goi 12 nhitng phdn iing bu dcp. Trong s6 cdc phan tng loai nay quan trong nhat 1a phin
ung carboxyl hoéa acid pyruvic thanh acid oxaloacetic do enzyme pyruvate
carboxylase xuc tac:

2+
Pyravate + CO, + ATP > Oxaloacetate + ADP + P,

Khi chu trinh hoat dong trong diéu kién thi€u oxaloacetate hoic thi€u céc sin
phdm trung gian khac, phdn tng nay dudc kich thich lam cho ngudn dy trit
oxaloacetae ting lén. Pyruvate carboxylase 13 mot enzyme diéu hoa. Toc do cia
phan tng thuin ting 1én ding k& khi trong t& bao c¢6 du acetyl-CoA; ngugc lai, khi
thi€u acetyl-CoA, t6c do ctia phdn tng rat thip. Trong gan va thin cla ddng vat bac
cao day 1a phan ting bu ddp quan trong nhat.

o) nhitng md khdc chifc ning bu dip dudc thuc hién bdi malico-enzyme (malate
dehydrogenase) va phosphoenolpyruvate carboxylase xic tac cdc phan tng tuong Gng
sau day:

L.Malate + NADP" (— Pyruvate + CO, + NADP.H +H" va

Phosphoenolpyruvate + CO, + IDP —* Oxaloacetate + ITP

o) thuc vat va vi sinh vat chifc ning b dip con dudc thuc hién bdi chu trinh
glyoxylate (chuong 5).

IX. PHOSPHORYL HOA OXY HOA.

Trong trat ty cdc phan tng di héa glucose ma ta da xem xét trén diy c6 4 phin
td ATP dudc hinh thanh trong cdc phén tng lién hgp vdi cdc phdn tng oxy hda
aldehyde 3-phosphoglyceric va acid a-cetoglutaric. S6 phan tif ATP nay mdi chi 1a
mot phin nhé ning lugng sin sinh trong todn bd qud trinh phan hdy mot phan ti
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glucose thanh khi carbonic va nu6c. SO ning lugng con lai mot phan dudc gidi phong
& dang nhiét von cin d€ thic diy qué trinh phdn @ng, mdt phan khic dugc tich liy
trong cdc coenzyme khit NAD.H va FAD.H, von c6 thé khit tiéu chuin rat cao va do
d6 1a nhitng hgp chat rat gidu ning lugng . Nhu ta da thdy, c6 tat cd 12 phan t thudc
loai nay dudc hinh thanh khi phan hiiy mot phan ti glucose, bao gdm 2 NAD.H trong
glycolis, 2 NAD.H trong phdn tng decarboxyl h6a oxy héa acid pyruvic thanh acetyl-
CoA va 6 NAD.H cung 2 FAD.H; trong chu trrinh acid tricarboxylic.

Trong diéu kién hi€u khi nhitng hgp chit gidu ning lugng nay s& chuyén dién tir
ctia minh cho oxy khong khi d€ khoi phuc lai trang thdi oxy héa NAD" va FAD. Tuy
nhién, oxy khong tryc ti€p nhin dién tf tif cdc coenzyme khit. C4c dién ti cing vdi
proton von gin lién vdi chiing dudc dwa dén chit nhin cudi cliing qua mdt chudi chat
van chuyén trung gian dinh vi trén mang trong clia ty thé, c6 tén goi 1a chudi hé hap.
Ning lugng gidi phéng trong qué trinh van chuyén dién t¥ nay sau d6 dudc hé enzyme
ATP-ase ciing dinh vi trén mang trong cta ty thé dung dé tSng hop ATP trong qui
trinh phosphoryl héa oxy héa.

Sy hiéu biét clia con ngudi hién nay vé phosphoryl héa oxy héa (va ci
phosphoryl héa quang hgp) dua trén gid thuyét héa thim thau do Peter Mitchell dé
xuit nim 1961, theo d6 hiéu sd ndng do proton giita hai phia cla mang trong cia ty
thé€ (v mang thylacoid ctia luc lap) 12 dong luc quan trong cho qua trinh sinh tdng hdp
ATP tit ADP va Py..

C6 3 diém gidng nhau cd ban giita phosphoryl héa oxy héa va phosphoryl héa
quang hgp:

1/ C4 hai qud trinh déu gin véi dong dién tf xuyén qua mot chudi cdc chat van
chuyén trung gian & dang khir gin v6i mang, bao gdm cdc hop chit quinone,
cytochrome va céc protein chita sit — Iuu huynh;

2/ Ning lugng tu do gidi phéng do dong dién tir “di xuéng” gin lién véi sy van
chuyén proton “di 1én” xuyén qua hé thong mang khong thaim ddi vdi proton. Su phdi
hdp nay gidp tich liiy mot phan ning luong & dang thé dién héa xuyén mang;

3/ Dong proton xuyén mang theo chiéu gidm ndng dd cla ching xdy ra xuyén
qua cdc kénh dic hiéu, din dén sy cung cAp ning lugng cho sinh tong hgp ATP.

Trong muc nay ching ta xem xét trudc qud trinh phosphoryl héa oxy héa, bit
diu biing sy mo ta cac thanh phan cla chudi van chuyén dién tf trén mang trong clia
ty thé, trat tu cdc chat van chuyén dugc td chitc thanh cdc phifc hé chifc ning d€ hoat
dong, ddng thdi, s& xét t6i co ch€ hod th&m thdu ma nhd d6 sy van chuyén dién ti
trong chudi ho hap din dén sinh tdng hop ATP.

Ty thé dudc phan cich cdc cd quan ti khic cla t&€ bao bdi 16p mang kép. Mang
ngodi cho phép cdc phan tf nhd va cdc ion xuyén qua. C4c kénh xuyén mang cau tao
tif protein cho phép phan 16n cdc phan tif véi M < 5000 qua lai dé dang. Trong khi dé
mang trong khong xuyén tham ddi v6i phan 16n cdc phan tif nhé va ion, k€ ca ion H'.
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Trén mang nay dinh vi cdc thanh phin cta chudi ho hdp va phitc hé enzyme lam
nhiém vu tdng hgp ATP.

Trong thanh phin cda chudi hd hip ngoai NAD va cic flavoprotein con c6 3
nhém vén chuyén dién t khic. P6 13 benzoquione ky nudc (ubiquinone) va hai nhém
protein chita sit 1a cdc cytochrome va Fe-S-protein.

Trong tit cd cdc phdn Gng x4y ra trén chudi ho hip cdc dién ti di chuyén tir
NAD.H, succinate hoic mdt sd chit cho dién tif so cAp khdc, xuyén qua céc
flavoprotein, ubiquinone Fe-S-protein va cdc cytochrome dé cudi ciing dén véi O,
(hinh IX.10).

Dua vao th€ khit ciia chiing c6 thé sip x&p cdc chit van chuyén theo trat tu:
NAD.H, UQ, cytochrome b, cytochrome ¢, cytochrome c, cytochrome a+as.

hang ngodi ﬁ Wﬁm?ﬁﬁ X 1)7
A, 5

883 thé bing chat
Khodng giva

. L tdy rda, cho
il | s ., s phyép phit
- i, hién 4 phiic hé
NADHH ; -l van  chuyén
dién t&, moi
phic hé c¢6
thanh phan rit
dac trung (
bang  IX.1).
Mdi phic hé
c6 khd ning
xic tdc van
chuyén dién tir

Co chii cim 1y b€

Hinh IX.10. So dé mé td chudi hé hdp va hoat dong clia qud
trinh phosphoryl héa oxy hoa.

qua mdt khu vuc ctia chudi ho hap.

Céc phtc hé 1 va II xiic tdc van chuyén dién tir d€n ubiquinone tir hai chit cho
khdc nhau 1a NAD.H (phitc hé I) va succinate (phitc hé II). Phitc hé III van chuyén
dién t tir ubiquinone dén cytoxhrome c, con phic hé IV ti€p tuc van chuyén dién ti
tir cytochrome ¢ dén O,.

Bdng IX.1. Thanh phdn protein ciia chudi vén chuyén dién tik trong ty thé

Phiic hé enzyme Kh;’}; l;"f"g 50 ’”a’;g phan dudt | cie nngm them
a on vi
I. NAD.H-
dehydrogenase 850 >25 FMN,Fe-S
II.  Succinate
dehydrogenase 140 4 FAD, Fe-S
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III. Ubiquinone,
cytochrome c- 250 10 Heme, Fe-S
oxydoreductase
Cytochrome ¢ 13 1 Heme

Ve xpdaagchrome ¢ 160 6-13 Heme, Cuy.Cug

Ngoai 4 phiic hé trén, trén mang trong clia ty thé con c6 hé enzyme sinh tdng
hop ATP, ky hi¢u la phiic hé F,F;, hay do6i khi con dudc goi la phic hé V.

Qua hinh IX.10 ta c6 thé thay rd cdc dién tif dat d&€n UQ qua cdc phitc hé I va IL.
UQ.H, 1am nhiém vu nhu mot chit van chuyén linh dong d6i vdi dién ti va proton. N6
chuyén dién tit cho phiic hé III d€ sau d6 phitc hé III chuyén ti€p cho cytochrome c.
Phitc hé IV chuyén dién tif tif cytochrome ¢ d&€n O,. Dong dién ti xuyén qua céc phic
hé I, III va IV kém theo dong proton tir co chit cda ty thé di ra khodng khong gian
giita 2 mang tao ra gradient proton xuyén mang — dong lyc d€ hé enzyme ATP-ase st
dung trong viéc sinh tdng hgp ATP sau d6.

Nhu vay, nhd hoat dong cta chudi hd hdp ma toan bd niing lugng tich liiy trong
céc coenzyme khit NAD.H va FAD.H, di dugc gidi phéng. Phan 16n s ning lugng d6,
nhu ta di thdy, da chuyén héa thanh ning lugng clia gradient proton giita hai phia clia
mang trong cla ty thé. Gradient niy hinh thanh dugc 1a nhd tinh khong xuyén thim
clia ion H" qua mang nay. Ngin trong bi mit H" sé tinh dién 4m, con ngin ngoai c6
nhiéu ion H' nén tich dién duong. K&t qua xuit hién mdt hiéu s& dién thé. Phitc hé
F,F; 12 noi duy nhat cho phép ion H" quay ngugc tif ngiin ngoai vao ngin trong. Khi
dong dién (& diy 1a dong H* chi khong phéi 1a dong €’) chay qua, phitc hé nay sé&
dudc cap ning ludng d€ tdng hgp ATP tir ADP va P,.. Nhu vy, nhd c6 sy hoa hdp
giita phitc hé F,F; véi chudi hd hap ma ning ludng gidi phéng trong cdc phdn ing oxy
héa NAD.H va FAD.H, c6 thé dugc dung dé tdng hgp ATP. Vi thé kiéu tdng hgp ATP
nay dudgc goi 1a phosphoryl héa oxy héa trong chudi ho hap.

Ngoai tic dung 1am ngudn ning luong tryc tiép d€ tdng hop ATP, gradient
proton con dudc st dung dé bom cdc phan tif ATP tir trong co chit clia ty thé ra t& bao
chat.

Trén cd s mic chénh 1éch ning lugng gitta NAD.H, FAD.H; véi dang oxy héa
tuong dng (NAD"* va FAD) ngudi ta cho ring khi nhudng diién t& clia minh cho oxy
phan tif qua chudi hd hap cho phép tao ra 3 ATP tir NAD.H va 2 ATP tir FAD.H,.
Riéng cdc phan tif NAD.H hinh thanh trong qué trinh glycolis von xdy ra trong t& bao
chat chi cho phép tao ra sd phan tit ATP tuong duong v6i FAD.H, trong ty thé. 6 1a
do k&t qui clia mot cd ché van chuyén cic duong lugng khit tir t& bao chit vio ty thé
c6 tén 1a co ché€ con thoi glycerophoosphate. Theo c¢d ché nay NAD.H ciia t&€ bao chat
dudc dung d€ khi dioxyacetone phosphate thanh glycerophosphate. Sau dé
glycerophosphate di vao ty thé. Tai d6 vdi su tham gia ciia FAD né bi oxy héa ngugc
lai thanh dioxyacetone phosphate, con FAD bi khit thanh FAD.H,. Ca hai phan tng
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déu duogc xic tic bdi glycerophosphate dehydrogenase nhung vdi sy tham gia cda hai
coenzyme khdc nhau. K&t qud 1a cidc duong lugng khit trong t€ bao chit & dang
NAD.H dugc chuyén vao ty thé § dang FAD.H,.

Nhd hoat dong cia chudi hd hap lién hdp vé6i phitc hé F,F; ma ning luong tu do
gidi phéng tir mdt phan tif glucose trong qud trinh glycolis c¢6 thé din dén sy hinh
thanh thém 4 phan tir ATP, ning tdng s6 ATP clia giai doan nay 1&én 6 phan tit. Trong
khi d6 & giai doan hi€u khi ti€p theo ngoai 2 ATP xuat hién tryc ti€p trong chu trinh
acid tricarboxilic con hinh thanh thém (6x3) + (2x2) = 28 phén t& ATP nira. Do d6 khi
oxy héa hoan toan mot phan t& glucose thanh khi carbonic va nudc tao ra dugc 36
phan tit ATP, trong d6 6 phan tif & giai doan ky khi va 30 phan t& & giai doan hi€u khi.
Trong mdi phan ti ATP tich liiy 7,3 Kcal. Nhu vay trong 36 phin tit ATP tich lily dugc
7,3 x 36 = 263 Kcal.

Trong khi d6 bién thién niing lugng tv do clia phdn tng CeH,O06 + 60, —>
6CO, + 6H,0 13 686 Kcal. Tir d6 ta c6 thé thiy rd hiéu suat tich lily ning luong clia
phén dng nay 12 263 x 100 / 686 = 38%.

X. QUANG HQP

1. Phuong trinh téng quit ciia quang hgp.

Moi cd thé song chi ton tai khi dugc lién tuc cung cap ning lugng tir bén ngoai. Dang
ning lugng duy nhit ma co thé séng c6 thé st dung duge d€ thuc hién cong 1a ning lugng hda
hoc. Ngudn ning lugng nay dudc khai thac tir hai huéng: ning lugng héa hoc clia cic hgp chat
vd co (huéng trdi dat) va ning lugng dnh sdng (huéng vil tru). Quang hgp chinh 1a qué trinh
bién ddi ning ludng dnh sdng thanh ning lugng héa hoc dudi dang cdc hop chit hitu cd, duge
thuc hién bdi cdc co thé va t&€ bao c6 chita chat diép luc.

Theo cédc dinh luit clia nhiét ddng hoc, moi phdn tng tu phit déu kém theo gidm
ning lugng tr do va ting entropy clia hé thong, c6 nghia 1a lam cho hé thdng trd nén
mat trit ty. Tinh t8 chiic ciia mot hé thong chi ¢ thé dugc ning cao khi né dugce cung
cAp thém ning lugng, tao diéu kién d€ phan tng c6 thé x3y ra ngugc vdi gradient
nhiét dong hoc. Nhd c6 quang hdp ma ning lugng 4nh sdng dudc chuyén héa thanh
niang lugng héa hoc & dang dé& st dung d€ cung cip cho cic phdn tGng cin si dung
ning lugng nhim tao 14p, duy tri va ning cao tinh t3 chifc clia t€ bio va co thé.

Sau khi niing lugng 4nh sdng da dudc cac phan t diép luc (chlorophyll) hap thu
va bi€n ddi thanh ning lugng héa hoc, né sé& duge diung d€ khir CO, thanh cic hgp
chat hitu co, ma chii yé&u 1a glucose. Vi vay, phuong trinh téng quit ca quang hop cé
thé viét dusi dang:

hv
6C02 + 6H20—————> C6H1206 + 602
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Tuy nhién, khong phai qud trinh quang hgp nao ciing gidi phéng oxy. Mot sd vi
khuin quang hgp khong diing nuéc ma diing mot sd hogp chat khac d€ lam chat cho dién ti
trong qud trinh quang hdp. Vi vy quang hgp & nhitng cd thé nay khong gidi phéng oxy. Vi du:

hv
2CH3 —CHOH—CH3 +COy ——— [CHzO] + CH3 -CO-CH3
hv
suxinat + CO, ———— [CH;0] + Fumarate;

hv
2 H,S + CO, ————— [CH,0] + 2S.
Thong qua céc phudng trinh trén, c¢6 thé viét phuong trinh quang hop & dang khai quat
hon nhu sau:

hv
2H,D + COy ———— [CHzO] + 2D

trong d6 DH, 14 chat cho dién tlt, con D 1a dang oxy-hda ciia né.

Miit khéc, trong céc loai t& bao quang hdp khic nhau, tuy chit nhin dién tif (A)
chii y&u 13 CO,, nhung trong mot s trudng hdp A c6 thé 1a cac hop chit khic, vi du &
thyc vat bac cao A c6 thé 12 nitrate, & vi sinh vat A c¢6 th€ 12 N». Tham chi mot s§ co
th€ quang hdp c6 thé st dung cd H* 1am chit nhan dién ti. Trong trudng hdp nay H
sé bi khit thanh H; .

Nhu vay, c6 thé viét phan tif quang hgp & dang chung nhat nhu sau:

hv
DH, + A——— AH,; +D

Du qud trinh quang hop x4y ra v6i sy tham gia cta bat ky chat cho va chat
nhin dién tf ndo, dong dién tif tir chat cho dé€n ch4t nhan hinh thanh dudi tic dung ctia
anh sdng mat trGi bao gid cling ¢6 huéng ngudc lai véi hudng binh thudng cua gradient
thé€ khit tiéu chuén dic trung cho hé thdng chat nhan - chét cho d6, tifc hudng vé phia
c6 gia tri Am cta th€ khi¥ tiéu chuin cao hon. Biing cdch d6 ning lugng dnh sing dudc
tich ldly lai trong phan t&f chat nhan & dang th€ oxy-hda khir.

Céc nghién cifu chi ti€t qud trinh quang hop cho thdy ring dé€ téng hdp mot
phén t glucose cin st dung 12 phan t nudc, va trong s& san pham, can phai ké dén 6
phan t nudc khac vé6i 12 phan tif nuSc da st dung. Vi vy, phuong trinh tdng quat day
dl clia qud trinh quang hop & thuc vat bic cao can phai viét dusi dang:

hv
6C02 + 12H20 —_> 602 + C6H1206 + 6H20

Bién thién ning lugng tu do tiéu chudn (AG”) ciia phan tng trén diy bing -
1300 KCal/mol. Vi ning lugng tich lily trong phan ti¥ glucose 1a 686 KCal/mol, nén dé
tich liiy dugc s6 ning lugng ndy t€ bao quang hop can phdi thu nhin khodng
1800KCal/mol nidng lugng dnh sédng.

2. Khai niém vé tich chit hai giai doan ctia quang hgp.

Trén cd s§ thuc nghiém ngudi ta da x4c dinh dudc ring qué trinh quang hgp bao
gdm hai loai phan ng: phdn tng sang lién quan truc ti€p vé6i viéc st dung ning lugng
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4nh sdng, va phan ng t6i, trong d6 CO, bi khit thanh cdc hgp chat hitu cd. Khdi niém
v€ tinh hai pha clia quang hop dudc dic rit tir két qla thi nghiém ctia Hill (1937).
Biing cdch chi€u sdng ch& phdm phi t& bao chita chlorophyll thu dugc tir t& bao quang
hop trong dicu kién tdn tai chit nhin dién t¥ nhin tao, vi du kali ferricyanate (A),
oxy phan tif s& dudc gidi phéng, ddng thdi chit nhan dién t¥ bi khit theo phuong trinh:

h
2H,0 + 2A —— 2AH, + O,

Diéu diic biét quan trong 1a phdn tng khdng doi héi sy tham gia ctia CO, . Nhu
vay, Hill da cho thdy kha ning tdch qu4 trinh gidi phéng O, ra khdi qud trinh khit CO,

Phédn ng trén diy ngdy nay dugc goi 1a phdn dng Hill, con chat A dudc goi l1a
thudc thit Hill. Ngudi ta cling da phdt hién duge ring thudc thit Hill trong t€ bao la
NADP". Trong diéu kién luc lap dudc chi€u sdng, né s& nhin dién ti d€ bi khif thanh
NADP.H, dong thdi gidi phéng oxy phan tt. Nhu vay, phan @ng Hill trong t€ bao c6
dang:

hv
2H,0 + 2NADP* —— 2NADP.H + 2H' + O,

Trén cd s clia phdn ing ndy ngudi ta cho ring mdt trong nhitng san phdm cudi
ciing clia pha sing 12 mdt tdc nhan kht nao dé (c6 thé 13 NADP.H) ma sau d6 trong
pha t6i sé dudc st dung d€ khit CO, .

Khdi niém vé tinh chat hai pha clia quang hdp dugc ti€p tuc cling ¢d nhd Arnon
phat hién quéd trinh phosphoryl-héa quang hdp nim1954. Ong nhdn thdy riing khi
chi€u sang luc lap trong diéu kién c6 mit ADP va phosphate vo cd thi ATP sé& dugc
tdng hop ma ciing khong cAn cé su tham gia cia CO, .

Trén cd s& cia cdc thi nghiém néi trén ngudi ta di dén két luin ring § giai doan
diu clia qud trinh quang hdp ning luong 4nh sidng khong nhitng dugc dung d€ khir
NADP" ma con ¢6 tdc dung thuc hién phdn @ng phosphoryl-h6a ADP thanh ATP.
NADP.H va ATP hinh thanh & pha sing s& dugc st dung trong pha t6i dé khir CO, va
cac chat nhan dién tif khac.

3. Vai tro cia ning lugng anh sang ddi véi quang hgp.

Pha sing cla quang hop bao gdm hai qua trinh lién quan mat thi€t véi nhau: van
chuyén dién t va phosphoryl-héa. M&i quan hé nay tuong ty nhu méi quan hé giita
céc qud trinh x4y ra trén mang ty thé. Sy khic biét & day 1a & chd dong dién tif chuyén
ngudc vdi gradient thé€ khit tiéu chuin. S§ di c6 dong dién ti¥ ngudc nay la nhd kha
niing cla chlorophyll hap thu niing lugng 4nh sing.

a/ Anh sdng va chlorophyll.

Anh sing chi bao gdm mot phin nhd clia quang phd bic xa dién tir (hinh IX.11).
Mbi loai biic xa duge dic trung bdi budc séng va stic chita ning lugng. Hai dic trung
nay c6 tuong quan nghich véi nhau: budc séng cang dai sic chia niang lugng cang
nhé. Trong pham vi mot ddi hep ma mit ngudi nhin thiy dugc cdc séng 4nh sdng ngin
nhit gy cdm gidc mau tim va dai nhat - mau do.
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Phan 16n ning lugng mit trdi duge bic xa & dang photon (lugng t). Ning ludng
cta photon dudc tinh bing cong thic:

C 286.000
E=NhV = Nh = - KCal

trong d6 E 12 nidng lugng tinh bing KCal cta mdt "mol photon”, hay mot
enstein; N 12 s6 Avogadro (bing 6,023.10% ); V12 tin s¢ (s6 dao dong cla séng dién
tir trong 1 gidy); h 12 hiing s6 Plank (biing 1,58 x 10™* Calo/s; C 1a t6c do 4nh sdng
(biing 3.10" cm/s); A 12 budc séng dnh sdng do bing A.

Cuang phé niin thdy

|:| |:| Tia ¥ \L Héng ngoat Séng cue ngdn Sdng radio

w1t A 108 07 (0* 10

400 500 400 700 1t
Tim Kanh Vang Bd

Hinh IX.11 Cdc by phdn ciia quang phd dién tic

T cong thiic trén c6 thé tinh dugc ning lugng trung binh clia cdc tia sdng nhin
thdy nhu sau: tia do: 40,86KCal/enstein; tia vang: 47,67 KCal/enstein; tia xanh: 57,20
KCal/enstein va tia tim: 71,50 KCal/enstein.

Khd nidng cta

t€ bao quang hgp st

Chlorophyil a dung dnh sdng vdéi loai
Chiorophyll b budc séng nao la phu
thudc vao su cé mait

clia cdc sic t§ quang

— T — hdp. Trong s6 céc sic

Carotenold

400 S0 G0 ?QO
tint lam luc wing da cam dd to quang hdp Ilély quan
trong nhat 1a
- chlorophyll. Bing cdch

xdc dinh quang phd
hap thu c6 thé bi&t mdi
. loai sic t6 quang hdp
7oe hdp thu nhiéu nhit

HINH IX.12. QUANG PHO HAP THU (A) nhig tia ndo. Hinh

VA OTTANG PHA HOAT DANG Ry (114 X124 gidi thiéu
quang pho hap thu cua

chlorophyll

T T T
43 Sea atxd
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a, chlorophyll b va carote-noid. Ta c6 thé thdy rd chlorophyll a hap thu chi yéu
cdc tia v6i cdc bude séng tim, lam va dd. Cac tia

luc, vang va da cam chi dugc chlorophyll a hp thu rat it. Mot s& viing clia quang phd
mic di dudc chlorophyll hap thu rAt it, nhung van c6 hiéu luc kha cao d6i véi quang
hgp, 1am cho phd hoat dong clia quang hgp duge néi rong (hinh IX.12B). P6 1a do céc
tia tai nhitng viing quang phd nay dugc cdc sic t& khic hap thu (carotenoid va céc
dang chlorophyll khic) va chuyén ning lugng cho chlorophyll a. Nhitng sic td phu trg
nay da lam cho thuc vat s dung dnh sdng véi budc séng da dang hon 1a nhiing tia chi
dugc chlorophyll hap thu.

Trong luc lap cla t&€ bao quang hdp & ciy xanh chlorophyll va cdc sic td quang hgp phu
trg dugc sdp x&p thanh nhém chifc ning goi 1a cdc don vi quang hgp. Mdi don vi quang hgp
chita khodng 300 phan tf sic t& bao gdm chlorophyll a, chlorophyll b, carotenoid v.v... Trong
s0 cdc phan tif sic t6 nay cia mdi don vi quang hgp ¢6 mot phan tf sic t6 khdc biét vdi tat ca
cdc phan tir con lai. B6 1a mdt dang dic biét ctia chlorophyll a hoat ddong nhu mdt trung tdm
phén tng. Cac phan tf sic t6 khdc hoat dong nhu nhitng anten thu nhan ning lugng dnh sdng.

dign dign 1y
ki kdch dong

M bi ldich déng

HINH IX.13. SO PO MO TA CAC MUC PO KiCH
PONG PTEN T/ KHAC NHAU TRONG PHAN TU/

Khi mdt photon tdc dong 1én mot phan ti chlorophyll va dugc hidp thu, ning
lugng clia né dudc chuyén cho mdt dién i cia phan t sic &, 1am cho dién ti¥ bi kich
dong nay chuyén lén mic ning lugng cao hon va tuong d6i khong 6n dinh (hinh
IV.13). Khong phéi photon nao ciing lam dudc viéc nay, bdi vi cdc dién t& c6 nhitng
mitc ning lugng xdc dinh. Photon cAn phii c6 di ning lugng méi c6 thé kich dong
dién tif clia sic td tir trang thdi cd ban 1én mdt mifc ning lugng cao hon nao dé. Céc
photon nay con dugc goi 1a exiton . Khong phdi moi dién tif déu doi héi mot gia tri
ning lugng nhu nhau dé dudc nang 1én mic kich dong. Vi du, mot dién ti tir mic do
cd ban thap hon (hinh IX.13B) ciing c¢6 thé bi kich dong 1én ciing mic ning lugng M
(nhu trong hinh IX.13A) nhd mdt photon véi ning ludng tuong tng dé sau d6 tham
gia vao qud trinh quang hop. Photon gidu niing lugng hon va budc séng ngidn hon nay
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dai dién cho ving tim-lam clia quang phd hap thu, trong khi photon nghéo ning lugng
hon trong trudng hgp A dai dién cho ving do.

Dién tir bi kich dong, va do d6 khong bén, sé& tu quay vé trang thdi cd ban cla né
hiu nhu ngay tic khic va gidi phéng ning lugng hap thu dudc. Chlorophyll chiét xuat
trong dng nghiém nhanh chéng d€ mit ning lugng ma né chi€m gitt duge bing cich
phét lai & dang dnh sdng huynh quang. D6 1a vi cdc phan tir chlorophyll tach biét khdi
don vi quang hop khong con khd ning bi€n héa ning lugng 4nh sang thanh ning lugng
héa hoc. Nhung trong luc lap, khi ma ning lugng dnh sdng da nidng mdt dién t trong
mot phin tit anten 1én mifc ning lugng cao hon, trang thai kich dong sé dugc chuyén
tlr phn tif sdc t6 nay d&€n phan ti sic t6 khdc va cudi cung dat d&€n phan tif sic td trung
tam (bay exiton) dé bi phan ti sic td ndy chi€m doat. Trang thdi kich dong bi chi€m
doat tai day 12 nhd ning lugng cAn dé kich dong phan tir sic to trung tAm thdp hon so
vdi ning lugng can d€ kich dong cdc phan tif sic & anten.

Nhu vay, mdi khi trang thdi kich dong dat tdi trung tAm phdn tng, né khong dé
gi tron thodt dugc. Trong phan tif sdc td trung tim & trang thai kich dong dién tf giau
ning luong khong quay vé trang th4i co ban nhu trong céc sic & khdc, thay vao d6 né
dudc chuyén cho mot phan tif chat nhan va di qua mdt loat cdc phan ting enzyme dé
tich lily ndng lugng nay trong NADP.H va ATP.

b/ Khdi niém vé hai hé thong quang héa va hai kiéu phdn vng sdng.

Nhiéu din liéu thyc nghiém cho thdy trong qud trinh quang hop & thuc vat bac
cao ton tai hai loai phdn tng sdng.

Trong luc lap cda thuc vat cé hai loai chlorophyll khdac nhau, trong khi d6 & vi
khuin quang hop, ma qué trinh quang hdp x4y ra khong kém theo gidi phéng oxy, thi
chi c6 mot loai chlorophyll. Hon th€ nita, cdc thi nghiém clia Emerson cho thdy ring
hiéu sudt quang hop clia thuc vat trong viing dnh sdng dé ké tir budc séng 680nm trd
1én gidm sit nhanh chéng. Tuy nhién, néu dong thdi vé6i cc tia 680nm chiéu t& bao
biing cdc tia c6 budc séng ngdn hon (A = 650nm) thi hiéu suat quang hgp doi vdi tia
680nm lai dudc khodi phuc dén gia tri binh thudng. Dic biét 1a cudng dd quang hop khi
chiu ddng thdi hai loai tia 680 va 650nm s& cé gid tri 16n hon so véi tdng gid tri
cudng d6 quang hgp khi hai loai tia nay dugc chi€u riéng biét. Trén cd s& d6 ngudi ta
cho ring d€ dat hiéu suit quang héa cao nhat, cin phai x4y ra déng thdi hai loai phin
ting sdng khic nhau, ma cd s§ cla hai loai phdn ng nay 13 hai hé thong quang héa
khéc nhau tdn tai trong luc lap cla thuc vat bic cao.

Phan tng dudc cdm dng bdi cac tia c6 budc song dai lién quan vdi chlorophyll a
va dugc thyc hién bdi quang hé théng 1. Trong khi d6 oxy dudgc gidi phong trong trong
cdc phdn ttng do quang hé théng II thuc hién véi sy tham gia clia cd hai chlorophyll va
cdc sic t0 quang hgp khic (carotenoid va phycobilin). Hoat dong clia hai loai phdn
tng nay lién quan véi céc tia c6 budc séng ngin hon. TAt cd cic t&€ bao quang hop gidi
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phéng oxy déu phdi c6 hai hé théng quang héa, con vi khudn chi c6 hé thdng quang
héa 1. Trong qu4 trinh ti€n héa c6 18 hé thong quang héa I xuat hién trudc.

Hé théng quang héa II xuit hién sau cing v6i khd ning st dung nuéc lam chat
khit va do d6 din dén gidi phong oxy.

MOi hé théng quang héa c6 tip doan sic t6 dic trung trong mang thylacoid cta luc lap.
Pon vi ti€p nhin 4nh sing clia hé thong quang héa I chita gin 200 phan i chlorophyll a va
gin 50 phan ti carotenoid, trong &6 mot phan tir chlorophyll a duy nhat thyc hién chifc ning
clia bdy exiton (tdc sdc t6 trung tim, ky hiéu la P 700 ). Hé thong quang héa II chita khodng
200 phan ti chlorophyll a va 200 phén t chlorophyll b, ¢ hodc d, tiy thudc tirng loai cd thé.
Ngoai ra § mot s& tdo cdn c6 phycobilin. Trung tAm ctia hé thdng quang héa nay ciing 12 mot
phéan t& chlorophyll a ky hiéu 1a P 680 .

Ca hai loai phan tng sing déu din d&n tdng hgp ATP. Sy khéc nhau giita chiing thé
hién & dic di€m cta dong dién t. Trén co sd clia dong dién tif ma mot trong hai co ché tdng
hdp ATP dudc goi 1a quang phosphoryl-héa c6 tinh chu ky, con co ché kia dugc goi 12 quang
phosphoryl-h6a khodng cé tinh chu ky.

e  Quang phosphoryl-héa co tinh chu ky.

Quang phosphoryl hoéa c6

uang hé 1héng I tinh chu ky, nhu mo ta trong hinh

-l &y o "  a e s oA ”
Lal IX.14, lién quan vd&i dong dién tur

' £ kin. Hoat ddng cla dong dién ti nay
-L.27 N AD chi lién quan véi hé théng quang
-1.97 El héa 1. Sic t& trung tAm cda hé thong
0at Fe-S (P700) sau khi bi kich dong bdi
061 1;1’ g ndng lugng clia photon do cdc phin
04f 1 tlf sic to anten chuyén dén, thé khir
021 (Fhiché Azh tiéu chudn cda né dugc nang 1én +
ol &2 t'\]ii a 0,4V 1én - 0,6V, do d6 trd thanh mot
02l A chat khit khd manh. Phéan ti chat
0al :-“ P700 J nhn ddu tién & n6 chuyén dién i
ol giau ning lugng dén 1a mot enzyme
chita sit va luu huynh (FeS). Chat

0571 ndy bi khit vd P700 bi oxy-héa
1oy trong qud trinh van chuyén dién ti
nay. Dién tit sau d6 ti€p tuc dugc

Hinh IX.14. Quang phosphoryl héa cé van chuyén qua mot loat enzyme
tinh chu k3. trén mang thylacoid cta luc lap.

Cudi cuing dién tit dugc chuyén cho
plastocyanin (PC), tai d6 n6 chd dé
dugc 14p vao chd trong va chu trinh
dudc khép kin.
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Khi dién t& giau niang lugng rdi khdi phan t& P700, né ¢6 mic ning lugng cao;
khi quay vé, né trd nén nghéo ning lugng. Sy gidm sit ning lugng nay xdy ra dan
dan. Khi dién t chuyén tir chdt van chuyén nay dén chit van chuyén khic trong
chudi, n6 gidi phéng mot phan ning luong, 1am cho gradient ning lugng gidm ting
budc tir trang thai kich dong xudng trang thdi co ban, mdi buSc gidm mot phian véi
miic d6 sao cho t&€ bao sit dung mdt cdch thuan Igi. Mot phan trong s ning lugng nay
dudc ding d€ tdng hop ATP theo cd ché héa thim thau.

V& khia canh ning lugng, cd ché€ phosphoryl-héa c6 tinh chu ky c¢6 hiéu qua khong 16n.
Trong s6 khodng 25KCal/mol ning lugng thu nhin dugc do kich dong P700 chi ¢6 phan ning
lugng gidi phéng khi dién t& di tr plastoquinon (PQ) dén cytochrome f (Cyt f) véi mic
3,4KCal/mol 1a thuc su c6 ich cho t&€ biao. P& khic phuc tinh hiéu qda kém niy, trong qué
trinh ti€n héa dd xuit hién mot co ché quang phosphoryl-héa khic - quang phosphoryl-héa
khong c¢6 tinh chu ky.

e Quang phosphoryl-héa khong cé tinh chu ky.

Quang phosphoryl-héa khdng c¢6 tinh chu ky 16i cudn sy tham gia clia cd hai hé
thong quang héa. Co ché clia n6 dugc mo td trong hinh IX.15. Gidng nhu quang
phosphoryl-héa c¢6 tinh chu k¥, & diy qu4 trinh ciing dugc bit dau khi mot photon téc
dong 1én phan tf chlorophyll anten va sau d6 kich dong P700. Chat nhan dién tf tir
P700 1a FeS va feredoxin (Fd). Nhung & diy két thic sy gidong nhau giita hai con
dudng. Thay vi ti€p

tuc rdi xudng theo

16t Quigbe gl mach kin, dién t& dudc
a4l Froo® chuyén tir Fd cho mot
Sy )
gl enzyme phu thudc
: Guang hé 1héng O g s )
Lol p——, P flavin (FP). Sau d6 FP
o & 2 ‘A 9, A
PEAD Con *y chuyén dién tr nhan
0Dat L dii¥ng ng :
oYU py oé_~finh Ygp dugc cho mot chat
067 Yy chuky | n N R
04 En NADP nhin quang trong la
0. R Amifsgey||  Amh | NADP* dé kht chat
0721 A sing | NADPH . .
.;%Ef nay thanh NADP.H.
o1 ' S Cdc phan t anten va
021 Anh e P700 cda trung tdm
il =mug A = phan Ung cung vdi
e chudi van chuyén dién
021 HyO- t¢ tr FeS dén FP la
107 Z, \Eea0 thanh phan ciu tao clia
Crg+ 2H* hé thong quang héa I.

Cic phan &
NADP.H sau d6 dudc

. o . diing d€ khir CO, trong
Hinh IX.15. Quang phosphoryl héa khong co tinh chu ky.
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pha t6i clia quang hop

dé tdng hdp glucose va
céc hop chat hitu co khdc. Nhu vay, § ddy dong dién tf di o P 700 qua chudi van
chuyén dén NADP rdi cudi ciing dén glucose. Mot phin niing lugng gidi phéng trong
chudi van chuyén dién tir ndy cling dudc st dung d€ tdng hgp ATP.

Do cdc dién tf giau ning lugng ctia P700 bi giit lai trong NADP.H va cudi cing
dua vao glucid, nén sic td nay bi thi€u hut dién tr. Nhitng "hd dién t&" nay dugc 1ap
mot céch gidn ti€p nhd cdc dién tf 14y tf nudc nhd hoat dong clia quang hé thong I1.

Khi 4nh sdng v6i budc séng tuong dng tic dong 1én mdt sic td anten clia quang
hé thong 11, niang ludng dugc chuyén cho sic t6 trung tAm P680. Phan tif niy dén lugt
minh s& nhudng dién ti gidu ning lugng cho mot chat nhan ky hiéu 1a Q. Sau d6 Q
chuyén dién ttt cho mdt chudi chat nhian giéng nhu trong phosphoryl-héa c6 tinh chu
ky, ting budc lam gidm gradient niing ludng dén mifc clia "hd dién t&" trong P700 clia
hé thong quang héa 1. Khi dién t di chuyén tir trén xudéng doc theo chudi, mot phan
ning luong gidi phéng ciing dudc t&€ bao st dung d€ tdng hop ATP. Nhu viy, cic "hd
dién t" xudt hién trong bi€n cd dnh sing thi nhat dudc 14p bing cic dién i di chuyén
tlr hé théng quang héa II d&€n nhd bi€n cb dnh sdng thit hai. Liic ndy, cdc dién ti¥ tir
nuéc bat dau thuc hién vai trd cia minh. P680 do mat dién t& nén trd thainh mot chat
oxy-héa manh. Nh& sy hd trg clia mot phiic hé enzyme ky hiéu 13 Z, n6 thuc hién sy
cudn hiit dién tf tir nuSc, d€ lai dang sau cdc ion H' va oxy phan ti:

2H,O—— > 4e + 4H" + O,

dén V(’)'% P 680

Nhd phén ting nay, oxy dugc gidi phéng tir nudc nhur mdt sin pham phuy. Cic ion
H* ciing d6ng vai trd quan trong ctia minh trong viéc tong hdp ATP.

4. Co s cau triic ciia quang phosphoryl-héa.

Luc lap ciing dudc t§ chic tuong ty nhu ty thé d€ c6 thé tao nén va duy tri
gradient héa thAm thau, 1am dong luc cho sinh tdng hop ATP va cédc qué trinh trao d6i
chat khdc. Cdc sic to anten cung véi cdc trung tAm phdn tng (QHT I va QHT II), cdc
phin ti clia chudi van chuyén dién t va hé enzyme tdng hgp ATP (CF, va CF)) déu
nim trén mang thylacoid ctia luc lap. Gidng nhu mang trong cda ty thé, mang
thylacoid tao diéu kién d€ phat sinh gradient dién héa, cung cip ning ludng cho tong
hgp ATP. Tuy nhién, khdc véi ty thé, trong luc lap ion H* dugc tich lily trong ngin noi
chit cta thylacoid, con & ngin ngoai, tc ndi chat clia luc lap (stroma) thi tich dién
am.

Céc qud trinh van chuyén dién td, hinh thanh gradient dién héa va st dung
gradient nay d€ tdng hgp ATP dugc mo t3 trong hinh IX.16.

Qud trinh quang hgp dudc bit diu khi photon dugc hap thu bdi phitc hé céc sic
t6 anten clia hé thong quang héa I. Nhung d€ thuin tién, ta bit ddu xem xét tir sy kich
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dong cuid mot phoron 1én hé théng quang héa II. Ning ludng kich dong dudc chuyén
dén phan t sic td trung tAm P 680 (nim trong QHT II) va lam cho né tich lily niing
lugng. P680 chuyén dién ti gidu ning lugng cho chit nhian Q. H& dién ti trong P 680
duge 14p nhd hé enzyme von 1am nhiém vu phan gidi nudc, tich lily mot ion H" bén
trong thylacoid khi mdi dién tif dudc chuyén cho P 680. Pién ti giau ning lugng ban
ddu dugc chuyén dén Q, mot phian t¥ di dong qua lai giita hai phia cla mang
thylacoid. Mot phin ning lugng cda dién ti duge dung & day dé di chuyén mot ion H
tlf stroma vao trong thylacoid, lam cho tat ¢4 c6 hai ion H" dudc ting cudng cho noi
chit cla thylacoid.

Anh =ang

HaDPH

) bTang 1thylcoud

ADP+E | “aTP

Hinh IX.16. Co sé cdu triic ciia phosphoryl héa quang hop

Pién ti dugc chuyén ti€p tuc cho phifc hé cytochrom bf va sau d6 cho PC, tai dé
né chd dé 1ap vao chd trong trong P700 (ndm trong QHT II). Khi mot photon dudc hap
thu bdi mdt phan tif anten trong quang hé thong I va kich dong mot dién tl¥, ning
lugng kich dong dugc chuyén cho phan ti P700, 1am cho né tich dudc ning lugng.
Pién tif gidu ning lugng cia P700 nhanh chéng dudc chuyén cho chit nhan Fd. HS
dién tir xudt hién trong P700 bay gid c6 thé dudc 14p bdi dién tir hé thdng quang héa 11
dang chd trong PC.

Trong khi d6 dién t giau ning lugng trong hé thdng quang héa I chuyén dén Fd,
tir d6 c6 thé di theo hai hudng. Trong diéu kién binh thudng dién tif nay dudc dung dé
khtt NADP" thong qua flavoprotein (FP) vdn ¢6 mit trong mang. Trong qud trinh nay
tiéu thu mot ion H clia stroma d€ tao ra NADP.H.

Dong dién tif @@ mo td din dén hai két qua: Mot 1a tao ra phan tf NADP.H giau
ning lugng d€ tham gia téng hop glucid, mit khic tao ra gradient dién héa d€ sau d6
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dudc dung cho tdng hdp ATP. Ciing nhu trong ty thé, mang thylacoid chifa phic hé
enzyme CF; c¢6 kha ning st dung ning lugng cia gradient dién héa @€ phosphoryl-
héa ADP.

5. Cé dinh CO, trong pha tdi ctia quang hgp.

a/ Chu trinh Calvin.

Sau nhiéu nim nghién ctfu (1946-1961) Melvin Calvin thudc trudng dai hoc
Berkeley (Hoa ky) vdi cong cu chii yéu 1a 0, da tim ra mot trat ty céc phén tng c6
dinh CO; trong quang hdp ma ngay nay ching ta goi la chu trinh Calvin. Chu trinh nay
con duge goi 12 con dudng C; do san pham dudc hinh thanh dau tién 1a &t hdp chat 3
carbon — acid 3-phosphoglyceric. Toan bd chu trinh bao gdm cdc phdn tng sau day:

E,
1/ 6CO; + Ribuloso-1,5-di (P) —— 12 Acid 3-Phosphoglyceric

E,
2/ 12 Acid 3-(P)-glyceric + 12ATP —— 12 Acid 1,3-Di(P)-glyceric + 12 ADP
E;
3/ 12 Acid 1,3-Di(P)-glyceric + I2NADP.H + 12 H" —
——12 Glyceraldehyde-3-(P) + 12NADP" + 12P,.
E4

4/ 5 Glyceraldehyde-3-(P) —— 5 Dioxyacetone-phosphate

Es
5/ 3 Glyceraldehyde-3-(P) + 3 Dioxyacetone-phosphate ——

——> 3 Fructoso-1,6-di(P)
Ee

6/ 3 Fructoso-1,6-di(P) —— 3 Fructoso-6-(P) + 3P,

E;
7/ Fructoso-6-(P) —— Glucoso-6-(P)

Eg
8/ Glucoso-6-(P) + H,O —— Glucose + Pvc

Eog
9/ 2 Fructoso-6-(P) + 2 Glyceraldehyde-3-(P) —>
——> 2 Xyluloso-5-(P) + 2 Erytroso-4-(P)
Es
10/ 2 Erytroso-4-(P)+ 2 Dioxyacetone-phosphate —>
— 2 Cedoheptuloso-1,7-di(P)

Eio
11/ 2 Cedoheptuloso-1,7-di(P) + 2H,0 —>

—— 2 Cedoheptuloso-7-(P) + 2 Py

Eog
12/ 2 Cedoheptuloso-7-(P) + 2 Glyceraldehyde-3-(P) —>

—> 2 Riboso-5-(P) + 2 Xyluloso-5-(P)

En
13/ 2 Riboso-5-(P) —— 2 Ribuloso-5-(P)

Ei
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14/ 4 Xyluloso-5-(P) —— 4 Ribuloso-5-(P)
Eis

15/ 6 Ribuloso-5-(P) + 6 ATP —— 6 Ribuloso-1,5-di(P) + 6 ADP
Enzyme xic tdc chudi phin ng trén day bao gdm:
E,: Ribulosophosphate carboxylase (Ribulosophosphate carboxydismutase)
E,: Phosphoglycerate kinase

Es: Glyceraldehydephosphate dehydrogenase
E4: Triosophosphate isomerase
Es: Aldolase

E¢: Fructosodiphosphatase

E7: Hexosophosphate isomerase
Es: Glucoso-6-phosphatase

Eq: Trancetolase

Eo: Phosphatase

E;i: Isomerase

E,: Epimerase

E3: Phosphoribokinase

Phuong trinh téng quét ciia toan bd chu trinh 1a:
6CO; + 18ATP + 12NADP.H + 12H" —— Hexose + 18ADP +
+ 18P,. + 12NADP" + 60,
b/ Chu trinh Hatch — Slack

Vao nhitng ndm 1960 hai nha bac hoc M.D. Hatch (ngudi Uc) va Slack (ngudi
Anh) da phét hién mot co ché€ sinh héa & cdy mia va mot s thyc vat nhiét déi khdc,
trong d6 san pham dau tién cda qud trinh khir CO, 12 mdt hop chat 4 carbon — acid
oxaloacetic. Chu trinh nay vi vy dudc goi 1a con dudng C4 trong quang hgp. N6 cé
dang nhu mo ta trong hinh IX.17.

0 nhitng thyc vat c¢6 con dudng Cy4 (goi tit 1a cAy C,) hoat tinh enzyme PEP-
carboxylase — enzyme then chdt ciia chu trinh C4 — cao gip 20 14an so védi cAy Cs. Loi
th€ ctia ciy C4 12 & chd biing cich tdng hgp oxaloacetate va malate chiing du trit dudc
CO; trong t& bao, nhd d6 chiing c6 thé thyc hién dudc quang hgp trong ltic khi khdng
déng do nhiét do moi trudng qua cao d€ han ché thoat hoi nude. Vi 1y do nay ma thuc
vat C4 thudng c6 tinh chiu han cao. Mot nét wu viét khdc ctia thuc vat C4 12 han ché&
dugce tdc hai cia quang hd hidp ma & thuc vat C; thudng thiéu dot mat khodng 50% sdn
phdm trung gian ctia chu trinh Calvin.

Nguyén nhin cda hién tugng quang ho hip 1a do ribulosophosphate
carboxylase von xic tidc phdn ng diu tién cda chu trinh Calvin trong diéu kién ham
lugng CO, thap c6é thé chuyén sang xic tic phdn @ng oxy héa ribulosophosphate.
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Nhiét d6 cao ctia mdi trudng ciing tao diéu kién thuin Idi cho qud trinh oxy héa nay.
Su oxy héa nay khong din dén hinh thanh ATP nén cédc chat hitu co bi thiéu dot mot
cach vo ich.

O thuc vat C4 nhd dic di€m gidi phiu clia 14 dd g6p phdn ngin ngita dudc tdc
hai clia quang ho hap. 0 thuc vat C; cdc t€ bao bao boc xung quanh bé mach khong
chita luc lap, do d6 quang hgp chi xdy ra trong cdc t€ bao thit 14. Hon thé nita, t€ bao
thit 14 khong ti€p xtic chit ché vdi bé mach. Trong khi d6 & thuc vat C4 céc t€ bao bao
boc xung quanh b6 mach rat giau luc lap, dong thdi t& bao thit 14 (ciing chifa luc lap)
c6 xu huéng bao boc xung quanh cdc t&€ bao bao boc bé mach. Pdng chi y 1a trong hai
loai t&€ bao nay cAu tric cta luc lap khdc nhau va hai loai luc lap thuc hién hai chitc
ning khdc nhau: trong t€ bao thit 14 chli y&u xdy ra chu trinh C,4 d€ tich lily CO,. Sau
dé san phadm ctia chu trinh C4 dudc dua vao t€ bao bao boc bé mach, tai d6 chiing bi
decarboxyl héa dé€ gidi phéng CO, phuc vu cho chu trinh Calvin. Nhu viy, nhd chu
trinh C4 ma nong d6 CO; trong t&€ bao bao boc b6 mach luén & mifc cao, lam cho oxy
khong thé canh tranh véi né tai trung tAm hoat dong clia enzyme RDP- carboxylase.

Es
C}iz CO, ClOOH (|ZOOH IH3
C-O~(P) Mg** CH, NADPH+H' CH, NADP' C=0
[ > | B | )
COOH E; C|=O E, ClHOH E; COOH
COOH COOH
Phosphoenolpyruvate Oxaloacetate Malate
Pyruvate
Ey
A
> COy
E,: PEP-Carboxylase; E,: Malate dehydrogenase;
E;: Malicoenzyme; E4: PEP-Carboxykinase; l
Es: Phosphopyruvate synthase CHU TRINH CALVIN

Hinh IX. 17 Chu trinh Hatch — Slack
¢/ Con duong carbon & thuc vit CAM.

Ngoai cdc con dudng C; va Cy, § mot s6 thuc vat mong nudc nhu dia, xudng
rong va nhiéu ciy khdc séng & viing sa mac, c6 tén goi chung la thuc vat CAM
(Crassulacean Acid Metabolism), con ¢6 mdt con dudng c6 dinh CO, khic. Con dudng
ndy ciing cho phép thuc vat thich nghi v6i diéu kién khod néng kéo dai. Tuy nhién, néu
& thyc vat Cy cdc cd ché ¢6 dinh CO, khidc nhau dugce phan biét vé mit khong gian, thi
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& nhém thuc vat nay dude phan biét vé mit thdi gian. Qud trinh carboxyl-héa so cAp
x4y ra vao ban dém, trong d6 acid phosphoenolpyruvic k&t hgp v6i CO, d€ tao ra acid
malic. Vao ban ngly, trong diéu kién khi khéng déng, CO, dudc gidi phong dé tham
gia chu trinh Calvin.
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CHUONG 5. LIPID

Lipid 1a moét nhéom hgp chat hitu cd ngudén goéc sinh vat, cé tinh ki
nudc nhung hoa tan dé dang trong cac dung moéi khong phan cuc. Nhom
hgp chat nay la moét trong nhiing thanh phan chinh ctia t€ bao va mé dong
thyc vat. Mot so trong ching dudc dung lam chat dinh dudng du tri, mot
s6 khac tham gia trong viéc kién tao cac cd quan ti cia té€ bao, dac biét la
cac hé thong mang, dong thdi tham gia trong viéc diéu hoa cac qua trinh
van chuyén vat chat qua mang va nhiéu qua trinh quan trong khac .

Phan 16n lipid 1a din xuit clia acid béo, hinh thanh khi cic nhém carboxyl lién
két ester véi mot rugu da chiic hodc don chifc. Ngoai ra, trong phin tif clia nhiéu loai
lipid kh4c nhau con chia cdc nhém ion héa hodc phin cuc nhu base nitd, phosphate,
saccharide, aminoacid v.v... Mot s6 hgp chit tuy khong phéi 1a dan xuit cda acid béo
nhung do ¢6 tinh ky nu6c nén ciing dugc x€p vao nhém lipid. D6 1a sterol va cdc hdp
chat steroid, sic t& quang hgp, cdc vitamin tan trong chat béo va vai hgp chit khéc.

Nhitng loai lipid ma trong phan tif clia chiing chita déng thdi cdc nhém chiic
phin cyc va khong phin cuc thudng gip trong cdc ciu tric mang va trén cdc bé mit
phan cdch khéc giita mdi trudng nudc va cdc khu vyc ky nuée bén trong t&€ bao.

1. ACID BEO.

Acid béo 1a thanh phan ciu tao ctia phan 16n lipid. Hon 70 loai acid béo tim thay
trong cdc loai t€ bao khic nhau 13 nhitng mach hydro carbon no hoic khong no chita
mdt nhém carboxyl tin cing. Hau hét c4c acid béo cé sd chin nguyén tif carbon tir 12
dén 22, nhung thudng gip nhit 12 nhitng acid béo ¢6 16 — 18 nguyén tit carbon. Acid
béo khong no cé thé chita mot hoic vai lién két doi. Rat it gip acid béo chita lién két
ba. Phan 16n céc lién k&t ddi ndi Co v6i Cyo (ki hiéu 1a A?). Céc lién két doi thit hai va
thi ba thudng nim céch lién két doi thit nhat mot vai nhém methylen (-CH,-) vé phia
diu CH; tan cing. Céc lién két ddi trong phan 16n acid béo khong no trong tu nhién c6
cau hinh cis-, mic dit dang nay kém bén vitng hon dang trans-. Khi dun néng v6i mot
s6 chat xic tdc, dang cis- s& chuyén sang dang trans-, ddng thdi nhiét dd néng chay
tdng lén.

Dang cis- cta acid béo khong no 1am cho nhitng phan tif chita nhiéu lién két doi
dugc udn cong va co ngin lai. Pic diém niy cé y nghia sinh hoc quan trong dic biét
ddi v6i cau tric clia cdc loai mang t&€ bao. Pai véi acid béo no dang dudi thing thich
hgp hon vé mit ning lugng, mic du trén nguyén tic chiing ¢ thé ton tai § vo s kiéu
cau hinh kh4c nhau do cdc lién két —C—C— trong mach hydro carbon quay mot céch
hoan toan tu do. Kh4 nay & acid béo khong no bi han ché& do cédc lién két doi khong
xoay dugc. Nhiét dd ndng chay cua acid béo no cao hon acid béo khong no.
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Phé bi€n nhit trong ty nhién 14 nhitng acid béo no va khong no gidi thiéu trong
hinh III.1.

NN AN AN NN el et
AV VA Vi Va VA Vi ey myristic 14:0
NN NN NN oo s palmitic 16:0
\/\/\/\/\/\/\/\/\D‘JOH Acid stearic 180

\/\/\/:\/\/\/\/CDOI—I Acid palmitooleic 16:1{9C)
/\/\/_\/:\/\/\/\/DDDH Acid linoleic 18:2(9C; 12C)

COOH Acid linolenic 18:3(9C; 12C,; 15C)

COOH Acid oleic 18:1(9C)

COOH

Arid arachidonic 20040 5C, 85,11, 14C)
N POV AN

Hinh II1.1. Nhitng acid béo phd bién trong tu nhién.

Hinh 3.1. Cdc acid béo no va khéng no phd bién
Trong acid béo khong no d6i khi con chita lién két ba -C=C-, mic du rat it gip,
vi du acid crepinis trong hat Crepis foetida (thudc ho Compositae).

SN CEET AU Mot s6 acid béo con
ODOH . . . :
Acid crepinic chtta nhém —OH, vi du acid
H OH ricinic trong hat thiu diu
\/M/:W\/\ (Ricinus communis)
O0OH
| 101 1 2 . A~ N ~ Ve
Acid ricnis u G vi khudn con gip céc
O N, acid béo chda  chém

HO” - xyclopropyonyl, lam  cho
chiing tré nén c6 s6 1é nguyén
td carbon, vi du acid
lactobaxilis.

Acid lactobaxiliz

Mot s6 acid béo c6 s6 18 nguyén ti carbon con do ching chita nhém —CHj; &
mach nhdnh tuong ty nhu trong phén t& cda cdc aminoacid valine, leucine, isoleucine.

Acid béo hau nhu khong tan trong nudc, nhung mudi Na hoic K cda ching (xa
phong) c6 thé tao nhitng chudi phan ti goi 12 mixen (micella) kh4 6n dinh trong nudc
do tic dung clia tuong tic ky nudc giita chiing, nhd d6 xa phong c6 tic dung tay rifa.
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Acid béo khong no dé két hgp véi hydro hoidc halogen tai cdc vi tri lién két doi.
Nhd tinh chit ndy ngudi ta cé thé bién acid béo khong no thianh acid béo no trong
cong nghé ché tao md thuc vat hodc x4c dinh ti 1& lién k&t doi trong phan t acid béo
bing cich cho tdc dung v6i I, hoic Cls.

Mot s6 acid béo khong no (acid linoleic, acid linolenic, acid arachidonic...)
khong dudc tong hop trong cd thé ngudi va dong vat cé vi. Vi thé chiing thudng dudc
goi 12 acid béo khong thay thé, hay vitamine F.

Ciéc acid béo tu do thudng gip trong tu nhién thong thudng nim trén cic bé mit
phin cdch giita lipid va nuéc, diu mang géc —COOH ciia chiing phan li thAnh —COO
va quay vé phia moi trudng nudc. Tuy nhién, phan 16n acid béo lién két vé6i cdc thanh
phan khdc nhau trong cdc loai lipid kh4dc nhau bing lién két ester hay lién k&t amid.

Mic du acid béo rat da dang, nhung trong mdi loai co thé chi c6 mot vai loai 1a
c6 ham lugng dang ké. o) thuc vat bac cao chli y&€u c¢6 mit acid palmitic va va hai acid
béo khong no 13 acid oleic va acid linoleic. Acid stearic hiu nhu khong c6 & thuc vat,
con cdc acid béo Cyg — Cag dugc gip rat it (trir bi€u bi cda 14). Trong khi d6 & mot s&
loai thyc vat dic biét lai chita mot s6 loai acid béo dic biét véi ham lugng kha cao, vi
du acid crepinic chi€m 60% t&ng sd acid béo trong hat Crepis foestida, con acid ricinis
chi€m dén 90% acid béo clia hat thau dau Ricinus communis.

Trong co thé ddng vat ciing chira acid palmitic va acid oleic, nhung ngoai ra con
¢6 acid stearic v61 ham lugng kha cao.

O vi khu&n thudng khong c6 céc acid béo chita nhiéu lién k&t doi nhung lai
thudng gip cdac acid béo chita nhém cyclopropionyl va nhém hydroxyl trong thanh
phin cla céc loai lipid khdc nhau hoic & trang thdi tu do.

Ham lugng acid béo trong cdc cd quan khdc nhau clia cling mot co thé thudng rat

khdc nhau. Vi du, trong thanh phan lipid cda mang ti 1& acid béo khong no cao hon
trong m6 md du trit.

II.CAC ESTER CUA GLYCEROL.

Nhitng lipid ma bén chat héa hoc clia chiing 1a ester ctia glycrol (glycerine) bao
gdm cdc hop chat khdc nhau ma tén goi va ciu tao cda ching dugc gidi thiéu trong
bang III.1.

1.Lipid trung tinh.

Glycerol c6 thé lién két véi mot, hai hodc ba phan tit acid béo dé tao ra mono-,
di- hoic triglyceride. C4 ba hgp chit nay dugc goi chung 1 lipid trung tinh, nhung pho
bi&n nhat trong tu nhién Ia triglyceride, hay triacylglycerine. D6 1a thinh phan chinh
clia dau vd md dong thyc vat. Phin 16n triglyceride ¢ thanh phin da hgp, tic hai hodc
ba loai acid béo khac nhau, trong d6 c6 acid béo no va khong no, thudng 1a nhitng acid
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béo 16 — 18C. Cac triglyceride don gian, tdc chi chita mot loai acid béo, vi du triolein
trong dau oOliu, rat it gip trong tu nhién. DAu thuc vat chifa nhiéu acid béo khong no

nén dé néng chdy hon md dong vat.

Bdng II1.1. Cdc lipid la ester ctia glycerol

HoC — CH - CH,

Gdc glycerine

0 o 0

FA FA FA Lipid trung tinh

| | |

FA FA @ Acid phosphatidic

FA FA (P-0- CH,- CH, - NH;* Phosphatidylcholine
Goc choline (Leucitine)

| I |
FA FA (P~0— CH, - CH - *N = (CH»);

N
GoOc ethanolamine

Phosphatidylethanolamine
(Cephaline)

FA FA (-0 - CH, - CH - NH;"
COO
GOoc serine

Phosphatidylserine

FA FA @ OH OH
o)

OH
~ .
. Goc inositol

Phosphatidylinosit(ol)
(Inositide)

FA FA CP}Q OH OH
H,C — CH — CH,

Gdc glycerine

Phosphatidylglycerine

FA FA (-0 OH
H.C — CH - CH,

?

lT Diphosphatidylglycerine
Q (Cardiolipin)
H2§ - ?H - CH;
?Q
., FAFA
HC FA (B-0- CH;- CH- NH;'
H(jl hoic — O CH, — CH, — "N = (CH3); Plasmalogen
| I |
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R
FA FA Mot hoic hai goc galactose Glycerogalactolipid
FAI FAI Gal|—6—SO3- Glycerosulphate

Triglyceride dudc goi tén trén co s thanh phan acid béo, vi du palmitodiolein,
palmitooleinolinolein v.v... Dau cling nhu md thudng 12 hdn hgp clia nhiéu loai
triglyceride khac nhau.

o Lipid trung tinh dugc cd thé sit dung chi yé&u
o CHy -0~ & _r lam chét dinh dudng du trit, chi mdt phin rat it tham
R - _o-cu gia ciu tric mang t& bao.
o
CHy-O—¢ - R" Acid béo khong no dudc tic dung ciia dnh sing,
Triaciglycerine tia ion héa, oxy khong khi va dd 4m cao rat dé bi oxy
héa. Giai doan diu clia qud trinh nay 13 sy hinh thanh
peroxyde.
| |
R-CH=CH-FR’ R-CH-CH-R* —
O O
Sau d6 peroxide ti€p tuc bi phin gidi thanh cdc aldehyde c6 mui khé chiu:
7 z
| | > Q 0
R—CH- CH-R’ R + R’
O O H H

Qua trinh nay 1am cho diu va md gidm chat lugng. P& han ché né, ciing nhu dé
d& d6ng g6i va van chuyén,ngudi ta ti€n hanh hydrogen héa cic lién két d6i, lam cho
dau bién thanh md thuc vat.

Dudi tic dung cta cda acid va cua enzyme lipase lipid trung tinh bi thiy phan
thanh glycerol va acid béo tu do. N&u thiy phan biing kiém sé& thu dudc mudi cla acid
béo (xa phong).

Tinh chat cla tiing loai diu hoic md thudng dudc st dung bing cdc chi s§ sau
day:

e Chi sé iod: 1a s6 mg iod k&t hop v6i 100 gam dau hodic md. N6 cho phép tinh
dudc ti 1& acid béo khong no trong dau,md;

e Chi sbacid: 1a s6 mg KOH can d€ trung hoa toan bo acid béo ty do trong 1 gam

diu hoic md. Chi s6 nay cho phép kiém tra sy hinh thanh acid béo tu do trong qui
trinh bdo quin diu, md;

GS.TS. Mai Xudn Luong Khoa Sinh hoc




Jbod sinh hoe - 122 -

e Chi 56 xa phong héa: 1a 13 s6 mg KOH cin d€ trung hoa toan bd acid béo tu do
va lién két ¢6 trong 1 gam dau hoic md. Trong lugng phan ti cla triglyceride cang
16n thi chi s6 xa phong héa cang nhd.

2.Phosphatide.

Phosphatide 1a nhitng lipid phtic tap c6 chita acid phosphoric. Tuy nhién, thuat
ngit nay thudng dung d€ chi nhitng phosphatide 1a ester cda glycerol, tic
phosphoglyceride, hay glycerophospholipid. Pai dién don gidn nhat cia nhém lipid
nay 1a acid phosphatidic. N6 hinh thanh khi hai nhém —OH ty do cuta glycerol ester
héa véi acid béo, con nhém —OH thit ba - vé6i acid phosphoric. Trong cd thé acid
phosphatidic dugc tdng hgp tir a-glycerophosphate tic dang hoat dong ctia glycerol. Tuy
acid phosphoric ton tai trong t€ bao & dang tu do v6i ham lugng rat thap, nhung 13 mot
sdn phdm trung gian quan trong cda qud trinh sinh tdng hop lipid trung tinh va cédc
phosphoglyceride khac. Nhitng phospho-glyceride nay hinh thanh khi g&c phosphate
ctia acid phosphatidic ester héa v46i mot base nito (choline, ethanolamine, serine)
ho#c véi mot chat khdc c6 chita chic rugu ty do (inositol, glycerine v.v...) (badng I11.1).

o
CH,-0 - R Ii‘:']
[ﬁl I g < 0 CH:-0O-C-R
R'-C-0-CH T
o9 R-Coo-Gi cm
CH;-0-pP-0OH I +l
El_JH U—IQ—D—lT—D—CHg—CHg —I‘IJ —CH;3
Acid L-phosphatidic oy CH;
L- Phosphatidvicholine
T
o  CH-O-C-R 2
ol I o CHa-0O-C-R
R' - C-0-CH o T |
| i + R' -C-0-CH
CHQ—O—IT—O—CHQ—CHQ—NHj | I:|:|j +
0~ CHy;-0—P—0-CHy - CH-MH;
L- Phosphatidviethanolamine ,:I:, - (lj:lcl =
L- Phosphatid viserine
i
s (_T'HQ—O— C-R I:I:I]
T O —
R' -C-0O-CH 5 o ’1|3Hz O-C-R
! i R' -C-0O-CH
h-0-f-o T o
0 CcH  oH (:I‘IQ—D—P—D_(F_IQ
. . 5 H I —
L- Phosphatid inositel ol CHOH
H CH L- Phosphatidplgl yoer ol |
CH H CH>OH
o Pic diém ciu tao vira
o (leg-o—::'é -R chta nhém ky nudc (acid
R - C-0-CH o béo), vita chita cic nhém ua
Clng—D—IF:’—O—Cl‘.Hg nuéc (goc phosphate, base
U HOCH
—_ | EI:IJ
C CHy-0—P—0—CH, Khoa Sinh hoc
e
Cardiolipine R -Cc-0-CH



Jbod sinh hoe - 123 -

nitd, glycerine v.v...) cho
phép phosphoglyce-ride
tham gia cdc cdu tric mang
clia t€ bao va diéu hoa cic
qud trinh van chuyén vat
chit qua mang.

Trong mo than kinh, tim, gan, tritng cia dong vat c6 xuong sdng va trong hat ciia
thuc vat ham lugng phosphoglyceride rat cao.

Trongphosphatidylcholine (leucitine) géc phosphate clia acid phosphatidic ester
héa véi choline. T4t cd cdc acid béo phd bién trong lipid trung tinh déu c6 mit trong
phosphatidylcholine. Acid béo no thudng lién két véi nhém —OH ctia Ca., con acid béo
khéng no — véi C.

Phosphatidylethanolamine (cephaline) va phosphatidylserine cling 1a nhiing
phosphoglyceride phd bi€n. Véi sy tham gia cla S-adenosylmethionine (dang hoat
dong clia methionine) phosphatidylethanolamine c6 thé dugc methyl héa thanh
phosphatidylcholine, con phosphatidylserine nhd enzyme dic hiéu cé thé bi
decarboxyl héa thanh phosphatidylethanolamine.

Phosphatidylinosit, hay inositolphosphatide, chita rugu vong inositol. Cac nhém
héa tri -OH c6 thé dinh vi & xich dao hoic quanh truc, cho phép hinh thanh 9 dang
dong phan khic nhau. Nhitng nhém —OH nay thudng dugc ester héa vdi acid
phosphoric, tao ra diphosphoinositide, triphosphoinositide va cidc din xut bac cao
hon.

Phosphatidylglycerine va diphosphatidylglycerine (cardiolipine) chita thém céc
phan ti glycerine lién két thong qua gdc phosphate.

Trong tit cd cdc loai mang sinh hoc bén canh hang loat c4c loai lipid khac nhau
ham Iugng phospholipid thudng chi€m uu thé véi ti 1& tir 40 d€n 90% lipid tdng s6 clia
ciu tric mang, trong d6 nhiéu hon cd 1a  phosphotidylcholine,
Phosphatidylethanolamine, phosphatidylserine va cardiolipine. Phosphatidylinosit
thudng c¢6 mit v6i ham lugng thap hon. Ham lugng cardiolipine dic biét cao trong
mang cda vi khudn, ti thé va luc lap.

3.Glycerogalactolipid va glycerosulfolipid.

Trong s0 cac ester cda glycerin con cd glycerolactolipid (galactosyl
diglyceride) va glycerosulfolipid.

i o
’:|]_IJ2_D_C CH’E—O—':':I—RI
]
; h I
;;T;CP‘I:\;::::FS -0-C _':'35—':'1-1-1 l.'|:H_|:| I|:C|:l 5
;gnt?\.in ddy CHy -0 H o H 2
CHyOH no B0 O
Hi o H OH
GS.1 NGH B Flyrerogalactolipid cia luc lap B Tlyrerosulfolipld cda luc lap

H COH
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Hai loai lipid nay 13 thinh phan ciu tao quan trong clia mang t& bao thyc vat néi
chung va mang luc lap néi riéng. Trong galactosyldiglyceride cia luc lap ti 1€ acid
linolenic chi€m dén 96% acid béo tdng so.

Can phan biét nhém lipid nay véi glycolipid va sulfolipid (sulfatide) thudc nhém
sphingolipid s& dugc xét dé€n sau day.

III. XPHINGOLIPID VA GLYCOLIPID.

Hai nhém lipid nay déu chita mot loai rudu amin cé tén 1a sphingosine. Song
gifta rugu va acid béo gin véi nhau khong phdi bing lién két ester ma bing lién két
amide. Sphingolipid don gidn nhit 1a ceramide. N&u chic rugu bic mot cla
sphingosine dudc gin thém gbc phosphorylcholine thi s& tao ra mot sphingolipid khéc
l1a sphingomyeline.

C6 thé xem glycolipid 12 nhitng sphingolipid c6 chifa glucid hodc din xuit clia
glucid. CAu tao clia cdc nhém sphingolipid va glycolipid khdc nhau dudc gidi thiéu
tom tit trong bang I11.2.

Bdng I11.2. Cdu tao ciia sphingolipid va glycolipid

CH. PH AU
D—CHQM‘#‘J| “CH
| il S phingosine
]
I':I ll‘_'-"'* Cemmide
]
T
5 (%} Choline  FA S phingomicline
F 1 }
y |B-D-Gal bodc FA Cerebmosid o
p-D-Gal-1,4-Glc ereboslde
I i : L
M| Oligose vdi FA v
3 |thinh phin: o o
o | Sal Gle, Ganglioside )
L |Saki-Ag L
I Acid Nac—a:cummi:lic | I
1 I
N Saccharcide Fa . P
sulfate baa: Sulpolipid I
Gls-503H, [Cerebrozide zulfatide) o
GalsosH
an y rang, khiac vdi sphingolipid,
Can luu y rang, kh 61 sphingolipid
HOCH,-CH-CH=CH-(CH ) 3-CH, glycolipid khong chita acid phosphoric.
HyM OH < » .. e .
g Sphingesine Cung véi phospholipid, sphigolipid va

glycolipid ciing gép phin quan trong trong
HOCH, - CH-CH=CH-{CHy)y 3 -CH; viéc hinh thanh cdc ciu tric mang, trong
HN OH

— C=0
GS.1 B Ceramide Khoa Sinh hoc
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sphingo-myeline thudng c6 ham lugng kha
cao. Tuy nhién, loai sphingolipid nay lai
khong c6 mit trong ti thé.

Gle - OCHy - CH-CH=CH-{CHy} o-CH ) : .
Hflq OH Hs Cédc loai glycolipid

o khdc nhau c6 nhiéu trong
B Cerebroside mao, ldch va cdc co quan
khac cta dong vat.
Ganglioside 12 thanh phan
2 BN ~
{HyC)y=H-CHy—CHy -0 - p —0-CHy-CH-CH=CH-{CHa}; 3-CH; q?an t:ong cua\ mang t'e
. HN OH bao the.ln kinh va ttiz‘lm gla
coe vao viéc phuc hoi dién
Sphingomyeline R kich thich ctia nédo, loai trir
tinh doc cdta ddc to vi
tring udn véan, bach hau
va cdc chat doc khac do vi
khu#n tiét ra. Trong mang
o t€ bao than kinh con cé
Y—O—E‘—O—CH;—(I:H - CH-CH-{CHy) 5-CH; nhiéu loai cerebroside va
[y HH OH OH ~ 3
¢=o ¢ a5 otgosscemaise cac ester sulfe%te.: cua
B F- adi scid beo ching, tdc sulfolipid hay
“Sehingelipid"” the vit cereroside sulfatid.

o

Sphingolipid khong dugc tim thdy trong t€ bao thuc vat. Tuy nhién, trong nim
men, nAm moc va mot s thuc vat khdc c6 mdt nhém lipid twong tu sphingolipid ma
thanh phan rudu 13 cerebrine hay con c6 tén 12 phytosphingosine.

IV. SAP.

S4p ngudn goc sinh hoc 13 ester clia mot acid béo bac cao, bdo hoa hoic khong
bdo hoa chda 14 - 36 nguyén ti carbon, véi mot rugu don chitc phan tr 16n chita 16 -
30 nguyén ti carbon. Nhu vy, ciu tao clia chiing gin véi acylglycerine. Nhiét do
néng chdy cla sap tir 60 d€n 100°C, tiic cao hon nhiéu so véi triacylglycerol. Sdp tao
nén 16p bdo vé trén da, 16ng dong vat, qua, than, 14 thyc vat va trén 16p v ngoai cua
nhiéu loai con triing. Ngoai ra, § mot s plankton sdng trong nudc bién sdp dudc si
dung 1am ngudn ning luong dy trif.

o Thanh phan chd yéu cia
“ z N 2 .
CH;- {CHa 4= C— O-CHa — (CHy Jog-CHy sap ‘o‘ng la‘ ester cua acid
palmitic véi rugu béo 1-
Acid palmitic 1-Triscontanol triacontanol. Lanoline, tic sdp
T riacontan dpalmitate 16ng citu, 1a hdn hgp cdc ester

(thdnk phin chink cda sdp ong) clia acid béo véi hai loai rugu
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vong la  lanosterine  va
agnosterine.

Sép thuc vat 1a hdn hgp céc ester cia acid béo chita 20-24C véi céc rugu béo
chita 26-34C. HOn hdp nay thudng cé thanh phan rat dic trung ddi véi ting loai ciy.
Ngoai ra, trong thanh phan ciia sdp thuc vit con c6 cdc acid béo va rugu béo tu do
cung v6i mot s6 hydro carbon, chii y&u 1a cdc alcan vdi s6 1€ nguyén tif carbon tir 25
dén 35.

Chifc ning bdo vé bé mit clia sdp lién quan véi tinh khong phan cyc cao va tinh
ky nuéc manh cia chiing.

Sap dudgc st dung rong rii trong k§ nghé dudc pham, m§ phdm va nhiéu linh vuc
cong nghé khac.

V. STEROL VA STEROID.

Céc hgp chit steroid dudc dic trung bdi by khung cyclopentanoperhydro-
phenantren.

Sterin (hay sterol) la nhitng steroid cé
chita chic rugu. Chic rugu nay thudng gin tai
vi tri C3. Con tai vi tri Cy; thudng gdn mot
mach n/hdnh chita 8-10 nguyén t& carbon.
Phan 16n steroid chita hai nhém CH; véi ky
hiéu Clg va C19.

Cyolopentanoper i ydr ophenantrene

Cholestanol c¢6 thé dudgc xem 1a mot
sterine di€n hinh vé phuong dién ciu tric,
mic di ham lugng clia né trong co thé dong
vat khong cao.

Din xuit dehydrogen héa clia
cholestanol la cholesterine (cholesrerol). N6
déng vai trd quan trong trong ciu tric va hoat
dong chifc ning cla mang t&€ bao dong, thuc
vat. Ngoai ra, cholesterine con chi€m vi tri
hang diu trong trao ddi steroid. Tir n6 t&€ bao
dong vat tdng hdp nén cdc hgp chat steroid c6
hoat tinh sinh hoc rit quan trong nhu acid mat,
cdc hormone tuyén thugng than (cortisol,
cortiocosterone, androsterone), hormone
Cholesterine tuyén sinh  duc  duc  (testosterone,
[ Colesterol ) ) N

androstenedione, androsterone) va hormone
sinh duc cai (estrone, estradiol, estradial,
progesterone).

Cholestanal
f Dihvdrocholesterine)

GS Khoa Sinh hoc

Lrgostering

[ Ergosterol
o g )
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Pién hinh cho sterol thuc vat la
ergosterol. N6 dudc goi la provitamine D,, vi
sé chuyén héa thianh vitamine D, dudi tic
dung cilia tia tif ngoai. NAm men c¢6 ham lugng
ergosterol rit cao nén dugc dung 1am nguyén
liéu @€ san xuét vitamine D,. Ngoai ra, & thuc
vat con c6 nhiéu sterol khiac nhu stigmasterol,
cytosterol v.v...

Sterine hau nhu khdng c6 mit trong vi
khuén.

VL SAC TO QUANG HOP.

Do c6 tinh ky nu6c nén céc sic to quang hdp ciing dugc x&p vao nhém lipid,
hay ding hon, nhém cdc chat tan trong lipid. Nhém sic t§ nay bao gdém ba loai:
chlorophyll, caroteneoid va phycobilin. Ching tham gia trong pha sdng cia quang hgp
& thuc vat. C4 ba loai sic t6 nay trong t&€ bao tdn tai & dang cdc phiic hé
chromoprotein. Chlorophyll va caroteneoid lién két v6i protein twong d6i 1dng 1éo
thong qua céc lién két yé&u; trong khi d6 phycobilin lién két cong héa tri vdi protein dé
tao nén cdc phiic hé kha bén vitng.

1.Chlorophyll.
Chlorophyll 12 sic t6 quang hdp chi yéu clia thyc vat bac cao va tdo. Trong t€

bao thuc vat eukaryote chiing 1a thanh phan ciu tao cdia luc lap — co quan tr 1am
nhiém vu quang hgp. C6 4 loai chlorophyll khac nhau, ky hi€ula a, b, c va d.

Hinh I1l.1. Cong thitc chung ciia chlorophyll.
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Phian t& chlorophyll chita 4 g6c pyrol lién két véi nhau, 1am thanh nhin
porphyrine; ¢ gitta nhin la phan tr manhé. Céc loai chlorophyll khdac nhau phan biét
nhau bédi cic nhém chitc gdn v4i nhan porphyrine va trang th4i lién két gitta C; vdi Cg
(hinh III.1 va bang IIL.3).

Bdng I11.3. Bdn chdt héa hoc ciia cdc nhom chita R;, Ra, R;, Ry va trang thdi lién
két gitta C7 va C8 & cdc loai chlorophyll khdc nhau.

Chlorophyll 8] Ea F3 Fy Li#n k&t gitta C7va Cg
a -CH=CH4| CHsz [-CHz-CHs X Lign k&t ddn
b -CH=CHq [-CHO - CH2-CH;s X Lifn k&t ddn
&1  |-CH=CH,| CH; |-CHu-CHs|-cH=cH-cooH Lién k&t dsi
2 -CH=CH+ | CH3 |-CH=CH5 | -CH=CH-CO0OH Lifn k&t d&i
d _CHO CHj |-CHa-CH; X Lién k£t ddn
X = CHy- CHy-C-O- CHQN\/\/\/\[/\/\'/\/\/
o
Acid propicnic Fhytol

Chlorophyll a ¢c6 mit trong tit cd céc loai cAy xanh. Hon nifa, trong moi thuc vat
ham lugng clia n6 déu cao hon tat ca cdc loai chlorophyll khic.

Chlorophyll b ciing phd bién gin nhu chlorophyll a. N6 chi khong c6 & tdo, trir
Chlorophyceae va Euglenophyceae.

Chlorophyll ¢ dudc bi€t c6 2 loai: ¢; vd c;. C4 hai déu c6 mit trong
Phaeophyceae, Chrysophyceae va Bacillariophyceae.

Chlorophyll d dugc phat hién & mot s& loai tdo thudc ho Rhodophyceae.

TAt ca céc loai chlorophyll déu c6 kha ning hap thu cdc tia d6 clia 4ng sdng mit
troi vdi bude séng 650 dén 680 nm. Kha ning nay lién quan véi hé thong lién két doi
ti€p hgp clia nhan porphyrine. Trong khi d6 nhd sy c6 miit clia géc phytol ky nudc ma
phan tif chlorophyll dinh huéng trong hé thdng mang luc lap theo nguyén tic dic trung
cho moi phin tf c6 tinh phan cuc.

Su phin bd clia cdc loai chlorophyll trong tu nhién ciing véi caroteneoid va
phycobilin dugc gidi thiéu trong bang V.4.

O vi khuén quang hgp c6 nhém sic t6 tuong tu bacteriochlorophyll tuong tu
chlorophyll & thuc vat. Chiing ciing dugc ciu tao trén cd sé nhan porphyrine.

2. Caroteneoid

Caroteneoid 1a cdc din xuit ctia isoprene (CH, = C — CH = CH>) bao gdm khodng 60

sic
CH;
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t0 mau vang, da cam va dd. Cau tric polyisoprenoid clia nhém sic t6 nay trong da
s6 trudng hdp bao gdbm 40 nguyén tir carbon. Mach polyisoprenoid clia nhiéu sic t&
dudc két thic & hai diu biing cdc vong ionone, con & mdt s6 sic td khic hai dau
van & trang thai mach hd. Phan trung tAm ctia phan tif caroteneoid gdm 16 nguyén
tlt carbon tao thainh mot mach lién két ti€p hdp va 4 nhém methyl:

CH;z CHz

CHs CH3

Cédc nhém tin cling gin & hai diu clia mach trung tAm nay & cdc caroteneoid
khac nhau c6 ciu tric khdc nhau. Vi du, & licopine hai dau c6 kiéu cau tric (1-1), & y-
carotenee - (1-2), & a-carotenee — (2-3), & B-carotenee — (2-2), & epiquineone — (2-4), §
cantaxantine — (4-4)...

. . A
- . N
- ~ ~
o __" - - - - \\ -
- P — L.
e s s R
| " v 3

Do chita mot lugng 16n cac goc ky nudc nén caroteneoid thé hién tinh
ky nuéc rdat r6. Chung déu la nhiing sic t6 tan trong lipid va hoa tan dé
dang trong cac dung moi hitu co khong phan cuc (benzyne, eter petrol...)
cing nhu dung moéi hitu co phan cuc (eter ethylic, acetone...)
Trong luc lap

Nhiing caroteneoid chita oxy dudc goi chung la xanthophyll, trong dé &
mot s6 dai dién oxy ton tai ¢ dang nhém -OH, vi du trong luteine,
zeaxantine; con 6 mot s6 dai dién khac - 6 dang epoxide, vi du trong
violaxantine.

e Liteine 8l

. OH
Ho Feaxatine
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HO Vielaxaniine

Trong te pao quang ngp cac caroteneoild Knac nnau daong vai tro nap
thu anh sang bé sung cho chlorophyll. Péng thdi, do dic di€ém hap thu cac
tia giau nang lugng hon cac tia mau dé vén dugc chlorophyll hap thu manh
nhat, nén ching con cé chiic nang bdao vé chlorophyll va cac cau truc khac
cdia t€ bao khéi bi “thiéu dot” béi anh sang mat trdi. Cac caroteneoid chta
oxy con c6 thé tham gia cac phdn tng quang phan nudc. Mot s6
caroteneoid c6 nhiing chic nang hoan toan khong lién quan dén quang hgp,
vi chuing dugc phat hién ca trong ndm va trong cac mo, cd quan khong thuc
hién quang hgp nhu cach hoa, hat phan, tdai phan ctia mot sé loai hoa.

3. Phycobilin.

Rhodophyceae, Cyanophyceae va Cryptophyceae.

T LT

CH; CH  CH; CHp CH, CH; CH, CH  CHzCH CH; CHy CH, CH, CH, CHa
|

CH; CIZHg CH, CHz CH; CIZH:,- '(I:Hg CH;
|
HOGC COCH HOGC CCOOH
Fhyooer vthrobilin Fhycocyarobilin

Phycobilin ciing dugc ciu tao tir 4 vong pyrol nhung khong khép kin thanh nhan
porphyrine.

cdac phan dudi don vi nay chi lién k&t v6i mot trong hai loai sic t6 dé tao ra
phycoerythrin mau d6 hoidc phycocyanin mau lam. Tuy nhién, ciing cé trudng hdp ca
hai loai sic t6 cling c6 mit trong mot ciu tif protein nhung mot trong hai loai s& chiém
uu thé.

Cung véi caroteneoid, phycobilin dugc xem 1a sidc t§8 hd trg cho chlorophyll
trong hoat dong quang hdp, miic du ciing c6 y ki€n cho ring ching hoat dong ddc 1ap.
Pic diém phan bd clia chiing trong tu nhién dugc gidi thiéu trong bang I11.4.

Bdng I11.4. Phdn b6 ciia cdc sdc to quang hop chii yéu trong gidi thuc vit.

Phycobilin trc

Phycoerythrol

Trong t€ bao |

Co thé Chlorophyll Phycobilin Caroteneoid

a | b |c|c |d | Phycoerythri | Phycocyani
1|2 n n
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Thuc vat bac cao,
duong xi, dia 'y

o-Carotene,[3-
Carotene,
Violaxantine,
Neoxantine

Tao Chlorophyceae

B-Carotene,
Lutein,
Violaxantine,
Neoxantine

Euglenophyceae

p-Carotene,
Neoxantine,
Diadinoxantine

Phaeophyceae

B-Carotene,
Fucoxantine,
Violaxantine

Chrysophyceae

B-Carotene,
- - Fucoxantine,

Xanthophyceae

B-Carotene,
Neoxantine,
Diadinoxantine

Baccillariophyceae

B-Carotene,
Neoxantine,
- - Diadinoxantine,
Fucoxantine

Cryptophyceae

+ + a-Carotene,[3-
Carotene,
Alloxantin

Rhodophyceae

i N a-Carotene,[3-
Carotene, _
Lutein, Zeaxantin

Cyanophyceae

p-Carotene,
Equinenone
+ +++ Micoxantine
Zeaxantine

Prochlorophyceae
(chi Prochloron)

+

+

B-Carotene,
- - Zeaxantine

Ghi chii: ddu + hodc — chi sw c6é mdt hay viing mdt cdc sdc t6.

VII. VITAMIN TAN TRONG LIPID

1.Vitamin A.
CHsz
HzC ZHsz
ZHsz

Fetinol [ Vitamin A;)

CHsz
HsC CHs

CHs

ZHz

CHsz

CHo0OH

CHaOH

Vitamin A c¢6 nhiéu loai, nhung
quan trong nhat 1a retinol, tic vitamin A;.
né thudng tdn tai & dang ester véi acid B-
glucuronic, tich lily cht yé&u trong gan c4
va cdc dong vat bién khdc. Tuy nhién,
nhu cdu vitamin A clia ngudi con c6 thé
dudc dap tng qua nhitng thic dn thyc vat
giau carotene. Chat ndy con dudc goi la
provitamin A, vi c6 thé bi oxy héa duéi
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tic dung clia enzyme carotenease trong
gan va ni€ém mac rudt non thanh retinol.
So sdnh cdu tao phan ti cda retinol v6i
a-, B- v y-carotene, ta s& thdy ro khi oxy
héa mdt phan ti B-carotene s€ tao ra hai
phan t vitamin A, trong khi d6 mdi phan
td o- va y-carotene chi cho mét phan ti
vitamin Aj.

Vitamin A, (dehydroretinol) 1a dang oxy héa ctia vitamin A;. N6 dugc tich lay

trong gan va md cd nudc ngot. Ngoai ra, trong gan cd voi con co vitamin As.

Thiéu vitamin A dic biét nguy hi€m ddi vé6i tré em, vi ldc méi sinh ching chua
tich lily dudc vitamin nay. O ngudi 16n retinol c¢6 thé tich lily trong gan dd d& co thé st
dung trong vong 2 nim. Thi€u vitamin A s& 4nh huéng dén sinh hoat binh thudng clia
dong vat, gidm sifc dé khang d6i véi vi tring vi né tham gia trong qué trinh sinh tong
hdp lisozyme. Tuy nhién, hiéu tng phd bi€n nhat clia viéc thi€u vitamin A 13 1am dnh
hudng dén thi gidc, gy bénh khé mit va quang ga do né déng vai trd quan trong trong
cd ché sinh tdng hgp sic td cdm quang rhodopsin.

Thira vitamin A ciing gy ra hang loat cic bénh nguy hiém, vi du bénh don
xuong.

2.Vitamin D.

Vitamin D (calciferol) la
moét nhém vitamin chéng bénh

coi xudng. C6 7 loai vitamin D,

ky hiéu tir 1 dén 7, nhung quan

trong nhit 13 vitamin D,

(ergocalciferol) va vitamin Ds

Tia t ngoa | (cholecalcifér\ol) hinh thanh tur

cic dang tién than tuong uUng

HO HO ergosterol va 7-

Ergosterol | Provitamin D3) Ergocanciferal { Vitamin D)
dehydrocholesterol.

Provitamin D3, tic 7-
dehydrocholesterol, c6 mét trong
16p m3 dudi da cia ngudi. Dudi
tdic dung cua tia t& ngoai trong
4nh sdng mit trdi né sé bién
thanh cholecalciferol (vitamin
D3) vdi s lugng da dé tiéu dung
hang ngay (7-12pg). G ré em
nhu ciu cao hon (12-25ug). Khi
thi€u vitamin D cin dugc bs sung
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bing ndm men (trong d6 chira
nhiéu ergosterol, tifc provitamin
D,), dau cd va mot sd thdc dn
giau vitamin D khéc.

1,25 Dihyrdroxychelecalofer ol

Trong co thé ngudi va dong vat vitamin D diéu hoa qué trinh hdp thy Ca** trong
dudng rudt, diéu hoa nodi cin biing Ca’ trong mau va trao ddi caclcium, phosphore
trong qué trinh tao xuong. Phan 16n chifc ning khong phdi do chinh vitamin D thuc
hién, ma 12 do cdc sin phim oxy héa ctia né: 25-hydrocalciferol, 1,25-dihydro-
cholecalciferol, 1a-dihydro-cholecalciferol v.v... Nhitng hgp chdt nay c¢6 hoat tinh
sinh hoc cao hon nhiéu so vdi chinh cdc vitamin D sdn sinh ra chiing va thé hién tat
cé cdc tinh chat ciia hormone steroid.

Vitamin E (tocoferol) c6 nhiéu loai, phd bién nhat 13 a-, B-, va y-tocoferol.
Nhém vitamin nay chi dugc téng hgp & thuc vat. Chiing tich liiy chli y&u trong hat
(Ida, Ida my), trong dau (ngd, bdng, dau tuong, huéng duong...) va trong mot sd rau
xanh.

CHj 6] dong vat thi€u vitamin E khong nhitng

= dnh hudng dé€n khd ning sinh sdn ma con lam
CHQH\C CHy tén thu’dn\g co tim va cdc cd khéc, hé tuan hoan

H;C S /> 7 ™cuain va hé than kinh. Co ché tic dung clia ching

T CHo CHa n - CA Lt 2 ~
e khong nhitng li€n quan vdi tdc dung chong oxy

3 ° .
o Tocoferol héa d€ ngin ngita qud trinh oxy héa cdc acid
béo khong no trong cdc

cAu tric mang ma con lién quan vdi sinh tdng hop enzyme, dic biét 1a hé
enzyme xic tic qud trinh tdng hop hem.

Nhu cau vitamin E & ngudi vao khodng gan Smg & tré em va 10-15mg & ngudi
16n va nhiéu hon mdt it § phu nit ¢c6 mang va cho con bid. Nhu ciu ndy dé dang dugc
ddp ng qua ch& do dinh dudng binh thudng, vi vy & ngudi it xdy ra tinh trang thi€u
vitamin E.

Vitamin K 13 mot nhém gdm nhiéu vitamin cé tic dung 1am déng mdu. Loai
vitamin K dudc phdt hién dau tién 13 phyloquinone ma ngay nay dugc goi 1a vitamin
K. Sau d6 tur bot ca tdch dugc nhém vitamin K, (menaquinone) c6 mach nhdnh véi
chiéu dai kh4c khau bdi sd lugng don vi isoprene.

Vitamin K cin cho ngudi dé
CH; qud trinh d6ng mdu x4y ra binh
thudng hoic d€ ting cudng tdc dd
dong mau khi cin thiét. Chiing

O

CH;

X

CH3 CHj CHj ':Hj

Vitamin K;

——rm e mmms s — s L
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tham gia vao qud trinh dong mau
mdt cach truc ti€p, hodc gidn ti€p
thong qua téng hop protrombine
va cédc yéu t6 dong mdu khdc.

Ngoai ra, menaquinone con
tham gia mot s& qud trinh oxy héa
kht, diac biét trong quang hdp,
phosphoryl héa oxy héa, oxy hoda
acid dihydroorotic thanh acid
orotic.

Ngoai vitamin K tu nhién, (K; va Kj), con c¢6 nhiéu chit tuong déng dugc tong
hop biing phuong phdp héa hoc song lai c6 hoat tinh sinh hoc cao hon. Ching dudc ky
hiéu tir K3 dén K.

Vitamin K c¢6 nhiéu trong rau xanh. Ngoai ra, chiing con dugc vi sinh vat dudng
rudt tiét ra véi mot lugng dang k€. Vi viy, thi€u vitamin K thudng chi x3y ra vdi tré
em méi sinh. Thi€u vitamin K & ngudi 16n chii y&€u do lam dung sulfamide va cdc chat
khang sinh, din dén (c ché cdc vi sinh vat dudng rudt cé ich cho qué trinh tiéu héa
thic dn.

3. Ubiquinone va plastoquinone.

Ubiquinone con dugc goi 1a vitamin Q, hay coenzyme Q. P6 12 mdt nhém din
xuat clia benzoquinone ¢6 mach bén chita 6-10 don vi isoprene (ky hiéu 1a vitamin Qg
— Qo). Chiing dugc tong hop trong cd thé dong vat, thuc vat va vi sinh vat, 13 mot
trong nhitng vitamin rat phd bi€n trong tu nhién. Nhd ciu triic mang tinh ky nu6c nén
chiing tip trung & mang trong cta ti thé, vi thé, bd may Golji, ciing vdi vitamin K,
tham gia vao hoat dong hd hap clia co thé bic cao va vi sinh vat, ddm bdo viéc hap
thu oxy, van chuyén dién tif va phosphoryl héa oxy héa trong ti thé.

o] o ) 3y

HC-0 CH; HsC ) Plastoquinone véi
‘ ‘ ‘ ‘ cdu tao tuong tu

HiC—0 o b HsC VR . ubiquinone c¢6 vai tro
0 '} quan trong trong quang

CH; Sk h . . A
' vGi h m
Ubiguinene [ Vitamin O ) Plastoguinone (5}2 o1 tu CaS ! ot
R=6-10 chat van chuyén dién
tu.

Vitamin Q con c6
vai trd quan trong trong
viéc 6n dinh ciu trdc
mang, trong

dé, tuong ty nhu tocoferol nhung thudng c¢6 hiéu suit cao hon, ching ngin ngira qui
trinh oxy hoa cdc acid béo khong no.
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Trong diéu kién binh thudng ubiquinone dudc tdng hgp trong cd thé ngudi di
cho nhu ciu, nhung khi déi protein hodc d6i ning lugng & tré em xuat hién triéu chiing
thi€u mdu hoic ton thuong ndo tdy. Vitamin nay ciing cAn cho sy phat trién binh
thudng cda phoi do kich thich sy hinh thinh hong ciu va dude st dung rong rii trong y
hoc @€ kich thich ti th€ co tim khi bi bénh tim mach va loan dinh dudng co. Ngudc lai,
& cdc bénh nhin ung thu c6 néng dd vitamin Q cao ngudi ta thudng diing cdc chat
khang sinh antraxyline von c6 tdc dung khdng vitamin Q d€ diéu tri.

VIIL. PHAN GIAI LIPID

1.Phan gidi lipid trung tinh.

Lipid chi€m tir 10 d€n 20% trong lugng co thé dong vat c6 vi, trong d6 thanh
phin chd yé&u 1a lipid trung tinh (triacylglycerol). Loai lipid nay c6 mit trong tit ca
céc cd quan, dic biét 1a trong cdc md du trit. Trong qué trinh ti€n héa clia sinh gidi n6
da t6 ra thich hdp véi chitc ning dy trif ning lugng, vi trong mdi phan tif clia né chia
dén 3 goc acid béo véi mitc do khit cao, do d6 khi bi oxy-hoa, nhitng acid béo nay sdn
sinh ra nhiéu ning lugng hon bit ky mot nhém hop chit ndo khic. Vi du mic ning
lugng du trit d& huy dong cia lipid trong cd thé con ngudi cao hon gdp 100 1an so vdi
glucid.

Thanh phan cia lipid dy trit bi€n dong & cdc loai khdc nhau, song trong pham vi
mdi lodi thi thudng khd gidong nhau. Hon 99% lipid dy trit tich liiy trong cdc mo cla
ngudi 13 triacylglycerol, bat ké né dudc tich liiy & dau. N6i chung, lipid du trit giau
acid béo no hon lipid trong gan. Cang giau acid béo no thi khi bi oxy-hdéa né cang sin
sinh nhiéu ning lugng.

Triacylglycerol khong chi cé chifc ning cung cAp ning lugng cho cdc qué trinh
hoat dong sdng ma con cung cip nguyén liéu d€ tdng hop hang loat cic hdp chat khic
nhau trong t&€ bao.

Dudi tic dung cta enzyme lipase, triacylglycerol bi thiy phan thanh glycerol
va acid béo.

0
nl
H,CO-CRy H-.COH
| ? 5 |
HCOO-CR; e~ HCOH + RyCOCH+R5.COCH + R ;-COCH
0
H,CO-CR, H,COH

Glycerol sau d6 dugc 16i cudén vao qué trinh glycolys sau khi dugc hoat héa
thanh glycerol-3-phosphate nhd glycerokinase.

Glycerol + ATP —— Glycerol-3-phosphate + ADP.

Sau do glycerol-3-phosphate bi oxy hda thanh glyceraldehyde-3-phosphate. Sw
chuyén héa ti€p theo c6 thé x4y ra theo hai huéng: ti€p tuc bi oxy héa theo con dudng
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glycolis va chu trinh Crebs thanh CO, va H,O, hoidc bing cdc phdn tng ngudc vdi
glycolis @€ téng hop glucose va cidc monosaccharide khic. Trong khi dé acid béo bi
oxy-héa biing cic con dudng khdc nhau ma ching ta s& 1an lugt tim hi€u sau day.

2.0xy-hoa acid béo.

a/ B-Oxy-héa acid béo no cé s6 nguyén tit carbon chdn.

Qud trinh B-oxy-héa dugc bit dau bing mdt phan ng chuin bi, trong dé acid béo
dudc chuyén thanh dang hoa tan trong nuSc 13 acyl-CoA, trong d6 cic nguyén ti
hydro a- clia goc acid dugc hoat héa:
) 9
R-CH;-CH,-C-OH + ATP + CoA-SH — R-CH;-CH,-C-S-CoA + AMP + PP;

Phén tng nay dudc xic tdc bdi nhém enzyme hoat héa acid béo gdm acetate
thiolase va cdc acyl-CoA synthetase. Nhém enzyme nay bao gom it nht hai loai: loai
tht nhat dic hiéu ddi v6i nhitng chudi hydrocarbon c6 chiéu dai trung binh (4-12
nguyén tit carbon); loai thit hai dic hiéu cho nhitng chudi dai hon. Ngoai ra, trong ty
thé€ con c6 mot loai acyl-CoA synthetase hoat dong vdi su tham gia clia GTP, nhung
khdc vé6i cdc enzyme hoat héa khdc, trong phan ng hai phan t& GTP 1an lugt bi phan
giai thanh 2 GDP va 2 P; .

Mot trong nhitng yé&u td x4c dinh t6c d6 oxy-hda acid béo 1a tdc dd xuyén thim
clia chiing vao ty thé. Trong khi mot s6 acid béo (khoidng 30% acid béo tdng sd) tu
chiing c6 thé xuyén thim vao ty thé€ va trong matrix clia bao quan nay sé dudc hoat
héa thanh acyl-CoA, thi phin 16n acid béo c6 mach carbon dai hon khong chui qua
dudc mang trong cta ty thé va do dé can phai dudc hoat héa ngay sau khi xuyén qua
dugc mang ngoai clia ty thé. Sau d6 nhitng acyl-CoA nay sé& di chuyén qua 16p mang
trong ctia ty thé nhd lién két tam thdi vdi mot chat van chuyén 13 carnitine (t-
trimethyl-amino-B-oxybutyrate).

(CH3)3EN+-CH2—CH-CH2—COOH
OH
Carnitine
Carnitine ¢6 mit hau nhu trong moi co thé va trong tit ci cac md dong thuc
vat. Nhd mot acyl transferase dic hiéu, goc acyl ctia acyl-CoA dugc chuyén cho nhém
-OH cia carnitine, tao nén acylcarnitine:

o H ~————-N"=(CH;);
R—I -S-CoA > R—&——O——J/ /O‘
N

N\
CarnitinCoA-SH CoA-SH (Acylcarnitin) \O

Ngudi ta cho ring acyl-carnitine dé xuyén qua mang hon acyl-CoA vi cdc dién
tich &m va duong nim gan nhau hon va d& trung hoa nhau. Sau khi di vao matrix clia
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ty thé va trudc khi bit diu qud trinh B-oxy-héa, nhém acyl lai duge chuyén vé cho
CoA-SH.

Qué trinh B-oxy-héa acid béo no dugc thuc hién qua 4 phdn tng k€& ti€p sau
day:

Acyl-CoA- dehydrogenase
1/ R-CH,-CH,-CH,-CO-S-CoA + FAD -

———— R-CH,-CH=CH-CO-S-CoA + FAD.H,

Enoyl-CoA- dehydratase
2/ R-CH,-CH=CH-CO-S-CoA + H,0 -

———— R-CH,- CHOH - CH;- CO-S-CoA
/B'

Hydroxyacyl-CoA- dehydrogenase
3/ R-CH,-CHOH-CH,-CO-S-CoA + NAD"
—

———— R-CH,-CO-CH,-CO-S-CoA + NAD.H + H"

Acyl-CoA-thiolase
4/ R-CH,-CO-CH,-CO-S-CoA + CoA-SH -

———— R-CH,-CO- S-CoA + CH3-CO~SCoA

Trude tién, trong phan tng (1), acyl-CoA bi oxy-hda véi sy xidc tic cta acyl-
CoA dehydrogenase ma coenzyme la FAD. Trong phan Gng nay cdc nguyén tir H tai
cdc vi tri o- va B- dudc FAD 14y di. K&t qué 1a hinh thAinh mot dAn xuit khong no
enoyl-CoA. Tiép theo, trong phin tng (2) enoyl-CoA bi hydrate héa, trong d6 nhém -
OH dudc gin tai vi tri PB-, con nguyén ti hydro - tai vi tri o-. K&t qué tao ra L-p-
oxyacyl-CoA. Trong phan tng (3) chic rugu tai vi tri B- bi oxy-hda bdi B-oxyacyl-
CoA dehydrogenase véi coenzyme 1a NAD", dAn dén sy hinh thanh B-cetoacyl-CoA.
Cudi cling, trong phin tng (4) vé6i su xtc tdc clia acyl-CoA-thiolase vd mot phan ti
CoA-SH tu do mach cetoacyl-CoA bi cit giita C-o. va C-B d€ tao ra acetyl-CoA va
mot acyl-CoA mdi ngin hon acyl-CoA ban dau 2 nguyén tif carbon. N6 lai sé& tiép tuc
bi oxy-héa theo trat ty 4 phan tng trén dé tao ra phan tif acetyl-CoA thif hai. Qu4 trinh
ndy sé ti€p tuc cho dén khi toan bd phan tif acyl-CoA vdi 2n nguyén tif carbon bi phan
giai thanh n phan t& acetyl-CoA.

Qua trat ty cdc phdn tng trén ta thiy cung vé6i viéc rit ngdn mot don vi acetyl-
CoA (C,) tir phan tit acid béo cd ché& B-oxy-héa cho phép tao ra mot phan tif NAD.H
va mot phan tf FAD.H,. Mot phan tit acetyl-CoA trong chu trinh acid tricarboxylic sé&
tao ra thém 1 ATP, 3 NAD.H va 1 FAD.H,. Trong chudi ho hip toan bo s coenzyme
khi nay s€ taora 16 phan td ATP. Nhu vay, 17 phan t& ATP hinh thanh khi mot don
vi C; cua acid béo bi oxy-héa hoan toan thanh khi carbonic va nudc. Mach acid béo
cang dai thi trong B-oxy-héa cang tao ra nhiéu acetyl-CoA, va do d6 khi bi oxy-héa
hoan toan s& sdn sinh ra caing nhiéu ning lugng hon. Tuy nhién, acetyl-CoA sau khi
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hinh thanh c6 thé khong bi oxy-héa ti€p tuc theo chu trinh acid tricarboxylic ma dugc
diing cho cidc muc dich sinh téng hop theo trdt tu cdc phdn tng cda chu trinh
glyoxilate.

b/ Oxy-hda acid béo no cé sé nguyén tit carbon 1é.

Phan 16n acid béo chifa trong cdc md clia cd thé ngudi, dong vat va thuc vit c6
s6 chdn nguyén ti¥ carbon va mach carbon khong phan nhdnh. Tuy nhién, trong mot s&
vi sinh vat va trong sdp thudng gip cdc acid béo ¢ ciu triic phan nhdnh, chi yéu bdi
cdc nhém CHj (hinh 10.1). Néu mifc @6 phadn nhdnh khong nhiéu va moi diém

phan nhdnh

déu nim tai vi tri chin (tinh t
dau carboxyl) thi qud trinh B-oxy-
héa xay ra binh thudng. Khi mach
acid béo bi phian hdy, bén canh
acetyl-CoA coOn tao ra propionyl-
CoA. N&u cdc nhém methyl nim
tai cdc vi tri 1& thi qud trinh £
oxy-hoéa bi phong tda sau khi thuc
hién phan ng acyl-CoA dehydro-
genase. Trong trudng hop nay
néu nhém methyl cla mach
nhdnh nim sdt dau tan cing doi
dién thi s& din dén sy hinh thanh
isovaleryl-CoA. Sy chuyén héa

4 3 2 1
—CHz-CHz—CIH—CO—S—CoA
CH;

S-oxy-héa dan téi
su hinh thanh propionyl-CoA

4 3 2 1

-CHz-CIH-CHg-CO-S-CoA
CH;

[-oxy-hoa bi phong toa

4 3 2 1
CH3-CIH-CH2-CO-S-C0A

CH;
f-oxy-héa bi phong tod va
phan con lai la isovaleryl-CoA

Hinh 10.1. Cdc kiéu phdn nhdnh ciia
acid béo va quan hé giita chiing vdoi hé
enzyme [-oxy-hoa.

ti€p tuc cda isovaleryl- CoA hién
nhd trat tv dugc thuc hién nhg trat
tu cdc phan tng sau:

CH;-CH-CH,-CO-S-CoA —= ~— CH3-C=CH-CO-S-CoA ————- -
CH; N o
FAD FAD.H,
Biotin-COO" \_/1 Biotin H,0
— CH3-C=CH-CO-S-CoA
N
€H,-COO

OH Acetyl-CoA + Acid acetoacetic

—— CH3—é—CH2—CO—S—CoA NADP.H

| \\\(1*
CH,-COO’ Acid mevalonic
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Acid mevalonic 14 sdn phdm trung gian ctia nhiéu qu4 trinh sinh téng hop, trong
d6 c6 qud trinh sinh tdng hop cac hgp chat steroid. Su chuyén héa ti€p tuc cda acid
acetoacetic s€ dugc xem xét sau.

Propionyl-CoA hinh thanh trong qua trinh B-oxy-h6a khdng nhitng cdc acid béo
¢6 mach carbon phan nhdnh trong truGng hgp mo ta trén ddy ma ndéi chung cdc acid
béo c6 s6 1é nguyén tif carbon. Ngodi ra, gdc propionyl 3 carbon ciing xuét hién khi
phan hiy cédc isoprenoid, cdc aminoacid isoleucine, threonine va methionine. Hon
nifa, con ngudi con cin sit dung mot lugng nhd acid propionic von cé mit trong mot s&
thuc phd&m. Propionate ciing dugc cho vao bianh my d€ ngin cdn sy phat trién cia nAim
moc. Pic biét d6i v6i dong vat nhai lai propionate 124 mot ngudn ning lugng quan
trong do né dugc vi khuan phan gidi cellulose trong da day tao ra cling vdi acetate va
butyrate.

¢G
_ ATP ADP+ B H;c. .C
H;C 0007 D2, A o “s5-Coa
“CH, H” “oDo-
Propionate (2)-Methylmalonyl-CoA
ATP CoA-SH lRasemase
Cfﬁp
H:;C
H:C C e N secoa
':HQ S-Codb -,:”:,Cf H
Proplonyl-CoA (Ro-Methylmalonyl-Col
\I;EH (cjl".-"itaminf Biz
CI
CHz C
H.C C
\\CXH S oA _DCIC CHE S-Cod
Acrilyl-CoA Sueccinyl-Co s
‘l’ D GDP+ P
F\I:I'} C CoaA-5H
HY “CH, 5-Coa GTP
- COxypropionyl-CoA < Lccinate
J, Ha0O B-Oxy hda
H. C,;,D Cof-5H Dxaloacetate
e .
3 iy s-Coa CHa COO" Sinh 18ng hop
Di3n xudt Cok eha
aldehyde malonic HO CH? anl)
(ajl 2H I::-j\l/—?H Pyruvate
H.
“2H C coo-
- LA
GDC\‘ C O "CHs
C‘,Hg 5-Co&A  ha-mH
Malonyl-CohA
- 0o AMP + PP
GS.TS. : CoA-SH
HJC\Cf?D S0z Decarboxyl hda oxy hda

“S.CoA



Jlod sinh hge - 140 -

HINH 10.2. CAC CON PUONG DI HOA PROPIONATE VA

¢/ B-Oxy-hoa acid béo khong no.

1/ Nhd céc phan tng B-oxy-héa ctia con dudng (a) din dén sy hinh thanh dan
xuit CoA ciia semialdehyde malonic d€ ti€p tuc bi oxy héa thanh malonyl-CoA va
cudi ciing bi decarboxyl-héa thanh acetyl-CoA.

2/ O thyc vat va nhiéu vi sinh vat B-Oxypropionyl-CoA vén hinh thanh trong
cdc phan tng B-oxy-héa khong chuyén héa thanh din xuit CoA cda semialdehyde
malonic ma theo con dudng (b) bi thiy phan thanh B-oxypropionate dé€ sau dé bi oxy-
héa thanh semialdehyde malonic rdi tir d6 theo doan cudi ciing ctia con dudng (a)
chuyén héa thanh acetyl-CoA.

3/ Mic du B-oxy-héa 12 mot con dudng don gidn, § dong vat bac cao con ton
tai mot con dudng (c) phic tap hon vdi sy tham gia cda vitamine B,. N6 dugc bit dau
bing phdn tng carboxyl-héa propionate phu thudc biotin va ATP. (S)-methylmalonyl-
CoA hinh thanh trong phdn tng nay sau d6 chuyén thanh dang déng phan (R)-
methylmalonyl-CoA. Chat nay ti€p tuc chuyén héa thanh succinyl-CoA véi sy tham
gia cua vitamine By,.

Téch CoA-SH ra khdi succinyl-
CoA sé giai phong succinate tu do,

RV AV AN AN AN A VAN TR Nty )

¢ ’ (Linoleyl-CoA)
ddng thdi tao ra mot phan tt ATP dé G-y béa\t_)j Aoyl Con
bu lai phan t& ATP da s dung. 03,4
Succinate bing con dudng B-oxy-hda \/’\/E/\\\*‘:/A\ T
bi€n thanh oxaloacetate 1di bi AT i lsomemse

decarboxyl-héa thanh pyruvate. Cudi

ciung bing phdn ttng decarboxyl-héa
pyruvate sé chuyén héa thanh acetyl-

£ 3 3o trans
2 Acetyl-CoA

CoA. N N CO-5-Coa
Acid béo khong no ciing bi Hydeatmse kHE&ZME_

han hiy chii y&u biing con dudng B- 8

p ) y N y § o , & B. \/\A<\co-s-cm

Oxy-héa v6i sy tham gia cua hai H” NOH §D-OxyaxskCod

enzyme bé sung (hinh 10.3). Ta hay EP"I“E“\L

14y acid linoleic 1am vi du. Sau 3 W>(\CO-S-C-:A
H \L‘OH GL-Cayaxyl-CoA
4 Acetyl-Cod
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vong B-oxy hda, cung vGi 3 phan t&
acetyl-CoA s& xuét hién A**-cis-A%"-
cis-enoyl-CoA. Mot isomerase ddc
hi¢u A’-cis-A’-trans-enoyl-CoA
isomer-ase) chuyén din xuit khong
no nay thanh A-*3-trans-A-*"-cis-
enoyl-CoA, tao diéu kién dé p-oxy-
héa ti€p tuc dugc thuc

hién. Cit ti€p 2 phan tf acetyl-CoA nita s& dan dén tinh trang 1a lién két d6i thd hai
vdi cau hinh cis- chuyén tdi vi tri A>. Enzyme enoyl-CoA hydratase cla B-oxy-hda
gin thém phan tf nudc vao chat ndy, lam xuit hién B-oxyacyl-CoA véi c4u hinh D.
Nhd mot epimerase dic hiéu né dudc chuyén thanh dang L dé B-oxy-héa lai dugc

ti€p tuc.

d/ a- va o Oxy hoa

Trong cic mod dong vat qud trinh phan hily acid béo dudc thyc hién chd yéu bing
con dudng B-oxy-hdéa. Tuy nhién trong cdc t€ bao thyc vat, dic biét 1a trong hat

R A
nay mam

oxy héa acid béo thudng dudc thuc hién theo cd ché a-oxy-héa, tic bing cdch

tach

1an lugt cic doan 1C. Chi ti€t ctla
co ché& nay chua dudc sing td,
nhung ngudi ta biét dudc ring giai
doan diu cla né thudng 1a hydroxyl-
héa carbon - d€ tao ra D- hoic L-
oxyacid (hinh 10.4). L-2-Oxyacid
ti€p tuc bi oxy-héa dé dang cé 1&
bing con dudng dehydrogen-héa dé
tao ra oa-cetoacid va sau do
decarboxyl-héa chat ndy vé6i sy tham
gia cua HyO,.

Trong khi d6 D-oxyaxid c6 xu huéng tich
liy va thudng c6 mdt trong 14
xanh. Tuy nhién, chiing ciing c6 thé
bi oxy-héa nhung giit lai nguyén t&
hydro c6 dau (*). Piéu d6 cho thdy c6
mot con dudng dehydrogen-hda khic
von x4y ra déng thdi vdéi qud trinh
decarboxyl-hda.

H, .OH
R-CHoCOO™ ————% g
alalaly
L-2-Oxyacid
Ha0
HO .ut iy
Hinh 10.4. a- Oxy hoa acid béo
D-2-Oxyacid él
[
J/ oOH
s H* -r"'D_
R_C*O-FCDE R_CQ‘Q-FCDE +Ho O

Hinh 10.4. a-Oxy Hoa acid béo
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a-Oxy-hda & mic d6 nao dé ciing xdy ra trong cac md ddng vat, diac biét l1a trong
ndo. Trong nhiing trudng hgp B-oxy-héa bi phong téa do cic nhém -CHj trong mach
nhanh thi a-oxy-hda s& 1a mot con dudng vong dé khic phuc sy phong tda nay.

C4c acid béo c6 chiéu dai trung binh, va trong mdt sd trudng hdp, cic acid béo
c6 chudi carbon dai hon cé thé trdi qua qué trinh w-oxy-héa d€ tao ra cdc din xuat
hydroxyacid; nhitng din xuit ndy sau d6 thudng chuyén héa thanh cic acid o-,o-
dicarboxylic. Trat tu cdc phdn tng nay dudc thuc hién v4i su xidc tic cia cac enzyme
trong vi thé clia gan ma enzyme dau tién 13 mdt monooxygenase ma hoat dong clia né
can sy tham gia cia NADP, O, va cytochrome Pyso. Sau khi hinh thanh, nhitng acid
dicarboxylic nay c6 thé bi cit ngin tir mot trong hai dau clia ching biing co ché B-oxy-
hoa.

3. Thé cetone.

Khi acid béo c6 s6 chdn nguyén ti carbon bi phan hdy bing con dudng B-oxy-
héa thi sadn phdm trung gian cudi ciing trudc khi chuyén héa hoan toan thianh acetyl-
CoA 1a hgp chat 4C acetoacetyl-CoA:

I
CH; - ICIJ - CH; - C-S-CoA

Trong cd thé chit nay 13 mdt sdn phdm trung gian quan trong va c6 1& tdn tai
trén mot thé cin bing véi acetyl-CoA. N6 khdng chi c6 thé bi phan gidi thinh 2 phan
tt acetyl-CoA dé di vao chu trinh acid tricarboxylic ma con 1a mot chat tién than quan
trong trong qud trinh tdng hgp cdc hdp chit isoprenoid, trong d6 c6 cholesterol. Ngoai
ra, acid acetoacetic cling c6 ¥ nghia rat quan trong vi 12 mot trong cdc thanh phan cia
m4u. Khi cin thiét, n6 s& bi decarboxyl-héa thianh acetone nhd acetoacetate
decarboxylase:

) ©
CH; - C-CH; - COO + H —— CH;-C-CH; + CO,

N6 ciing c¢6 thé bi khit nhd mot dehydrogenase phu thudc NAD.H thanh acid L-
3-oxybutyric. Cin luu y 13 ciu hinh cda chit nay ngudc véi ciu hinh cia D-3-
oxybutyryl-CoA von hinh thanh trong qud trinh B-oxy-héa acid béo.

TAt c4 3 hop chit: acetoacetate, acetone va 3-oxybutyrate déu cé tén chung 1a
thé cetone. Nong dd cda chiing trong mdu ting ddng k& trong nhiéu trudng hop bénh
ly khdc nhau, dic biét 1a khi bi bénh tiéu dudng, ciing nhu khi nhin d6i. Viéc ting
ndng d6 cic thé cetone rit nguy hi€m d6i vdi co thé vi né kém theo hién tudng gidi
phéng ion HY, 1am cho m4u bi acid héa.

Mit khéc, acetoacetate va oxybutyrate 12 nhitng ngudn ning lugng quan trong
cho hoat dong clia cd va cdc md khdc trong nhitng trudng hop thidu glucid. D€ st
dung thé cetone 1am ngudn ning lugng, can phdi chuyén héa ching thanh acetyl-
CoA:
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MaD* MADH+ H'
L-3-O=ybutyrate 7 Acetoacetate
Suecinyl-C0A
% Succinate
2 festyl-Co i Acstoacetyl-Col

4. St dung lipid dv trit cho muc dich sinh tong hgp. Chu trinh
glyoxylate.

Glycerol va acid béo tu do hinh thanh trong qud trinh thdy phan lipid du trit
trong hat c¢6 dau khi chiing ndy mam thudng dugc dung d€ téng hdp glucid va cdc hgp
chit kh4c. Qud trinh ndy dugc thuc hién thong qua chu trinh glyoxylate, bién dang cla
chu trinh acid tricarboxylic, sau khi glycerol va acid béo biang cdc con dudng riéng
ctia minh bién thanh acetyl-CoA (hinh 10.5).

CoA-5H Citrate
\
Ciz- Aconitate
Acetyl-Coi \
Oxaloacetate ' ———— '
2H* ' '
: =l Succinate
Malat | :
Coa-SH ' acetyl-Con :.

o Hi10.5. Chu trinh glyoxilate ' .
Su' khac blét glﬁ'a Cuu unL gryvuaylawe va viu ulial aviu ulcarbOthC bao gém

cdc phan tng dugc dong khung trong hinh 10.5. Isocitrate nhd isocitratase phan gidi
thanh succinate va glyoxylate. Glyoxylate sau d6 k&t hgp vdi phan tit acetyl-CoA thit
hai v6i sy xic tidc clia malate synthase dé tdng hdp nén malate. Trong khi dé
succinate dudc dua ra khéi chu trinh d€ dugc diing cho cdc muc dich sinh téng hop.

0 dong vat bic cao khong ton tai chu trinh nay, trong khi d6 vai tro cla n6 &
thuc vat lai rdt quan trong.

Céac enzyme cua chu trinh glyoxylate, dic biét la isocitratase va malate
synthase, dinh vi trong glyoxysome - mdt bao quan chi dugc phat hién & thuc vat trong
nhitng t&€ bao c6 kha ning bién lipid thanh glucid. Tai diy khong c¢6 cdc enzyme van
chuyén dién ti va phin 16n cic enzyme ctia chu trinh acid tricarboxylic.
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IX. SINH TONG HOP ACID BEO.

1. Sinh téng hgp acid béo no.

Acid béo no dudc tdng hdp trong t€ bao nhd sy xidc tic clia modt hé thong
enzyme gin lién v6i mot chdt mang acyl dic hiéu cé tén 1a acyl carier protein,
thudng dugc ky hiéu 12 ACP, hay ACP-SH @€ luu y su ton tai cia nhém -SH trong
phén ti ciia nd.

Nguyén liéu d€ tdng hop acid béo 1a acetyl-CoA von hinh thanh trong ty thé
do B-oxy-héa acid béo hodc do decarboxyl-héa acid pyruvic hoic tif modt sd ngudn
khdc. Céc phan tir acetyl-CoA dugc van chuyén ra t€ bao chat nhd két hop véi
oxaloacetate dé tao ra citrate. Chat nay ra khdi ty thé nhd mot cd ché& van chuyén dic
biét dé rdi lai bi phan gidi thanh acetyl-CoA va oxaloacetate nhd mdt enzyme phu
thudc ATP.

Mic dit nguyén liéu d€ tdng hgp acid béo 1a acetyl-CoA, song trudc hét né can
dudc carboxyl-hda thanh malonyl-CoA nhé acetyl-CoA carboxylase:

CH3—CI—S—C0A + CO, + ATP —— HOOC—CHZ—ICI—S—COA + AMP + PP;

Sau d6 qué trinh sinh t6ng hop acid béo dugc bit ddu bing trat tu 6 phin tng
mo t& trong hinh 10.6.

Trong cac phdn tng (1) va (2) acetyl-CoA va malonyl-CoA nhd cdc enzyme vin
chuyén tuong tng acetyl transacylase va malonyl transacylase chuyén héa thanh
acetyl-ACP va malonyl-ACP. Hai chit ndy trong phdn tng (3) két hgp v6i nhau nhd
B-cetoacyl-ACP synthetase thanh sin phim 4C acetoacetyl-ACP, ddng thdi gidi
phéng CO,. Acetoacetyl-ACP dudi tdc dung cia B-cetoacyl-ACP reductase véi
coenzyme 12 NADP.H bi khit trong phdn tng (4) thanh D-B-oxybutyryl-ACP. (Cin
lvu ¥ ring trong B-oxy-héa B-oxybutyryl-CoA c6 cau hinh L). Trong phdn tng (5) véi
su xtc tdc cia enoyl-ACP hydratase B-oxybutyryl-ACP bi dehydrate-héa thanh san
phidm khong no crotonyl-ACP. Cudi ciing, trong phdn tng (6) xic tic bdi crotonyl-
ACP reductase véi coenzyme 1a NADP.H crotonyl-ACP sé bi khit thanh butyryl-ACP.

< o)
1]
CH 3£ -3-Cod HOOC-CHLC -3Ca 4
[Acstyl-CaA) (Malonyl-Cod)
ACP-SH ACP-SH
1 2
Coa-SH Coa-5H
i o
CH3C-5-ACP HOOC-CHoC -5- ACP
[ Acetyl- ACF) { Malomyl- ACE)
Acid béo ACP.SH+ COn
_— ACP-SH

Hjl: (ﬁ'
ﬂcﬂa:c S NCogl Ace
- O | Acetracetyl- ACE)

GS.TS Do xudt ACP

20 % NADPH+HY
cua acid béa 4

HADP?
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Hinh 10.6. So dé sinh téng hop acid béo

Butyryl-ACP lai két hgp véi malonyl-ACP theo cd ch€ cda phdn tng (3) va qud
trinh dudc 1ip lai nhu trén, 1am cho phan tif acid béo ndi dai thém mot doan 2 carbon
nifa, tao ra mot acyl-ACP chita 6 carbon (Cg). Khi phan tif acyl-ACP dat dugc chiéu
dai cin thi€t, ACP-SH sé& dugc tich khdi gdc acid béo nhd enzyme thdy phén
deacylase.

Trong phiic hé multienzyme tdng hop acid béo ciia t&€ bio eucaryote ACP-SH
chi€m vi tri trung tim va tiép xdc tryc ti€p v6i 6 enzyme con lai (hinh V.8).
Coenzyme cia ACP-SH bao gébm phosphopantotenate va PB-mercaptoethylamin.
Thong qua gdc phosphate clia phosphopantotenate, coenzyme nay lién két ester vdi
o8¢ serine ctia chudi polypeptide (O E. coli chudi polypeptide ndy chia 77 goc
aminoacid vd gdc serine tht 36 gidn vdi coenzyme). Trong khi d6 nhém -SH cia
mercaptoethylamine lién két v6i co chat va vdi cdc sdn pham trung gian trong qua
trinh sinh tong hdp. Biing cdch d6 cdc coenzyme clia ACP-SH 1am nhiém vy nhu mot
canh tay d€ chuyén giao cdc san phdm trung gian tif enzyme niy dén enzyme khic.
Céc sdn phdm trung gian nhd lién két khd chit ché vdi nhém -SH tin cliing ciia ACP
nén khong bi chi phdi bdi cic qué trinh trao ddi chit khdc trong bao tuong ma tai dé
qud trinh sinh tdng hdp acid béo dudc thuc hién.

Trong t€ bao E. coli va vi khuin néi chung cdc enzyme clia hé thong
synthetase acid béo chi thuc hién chiic ning xdc tdc mot cach riéng 1€.

Téc dd sinh téng hop acid béo trong t& bio c6 18 dugc diéu hoa bdi toc dd hinh
thanh triacylglycerine va glycerophospholipid, vi acid béo tu do khong tich liiy trong
t&€ bao vdi ham lugng cao.

Bén canh co ché trén diy con tdn tai mot sd co ché khac, chi yéu dé
ndi dai thém mach acid béo sin c6 12-16 nguyén ti¥ carbon: 1/ Trong ty thé mach
carbon cia acyl-CoA dudc ndi dai bing cdach két hop véi acetyl-CoA theo co ché
ngudc v6i B-oxy-hda, trir phdn tng hydrogen-héa lién két doi xay ra vé6i su tham gia
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cia NADP.H cht khong phai cia FAD.H,. Hé enzyme nay cta ty thé ciing c6 thé ndi
dai mach carbon ctia acid béo khong no. 2/ Trong vi thé tdn tai mot hé thdng enzyme
khéc xic tdc qua trinh n6i dai mach carbon cla acid béo no va khong no bing céch
gin thém cdc gdc acetyl tif malonyl-CoA. Phin tng hydrogen-héa lién két doi & day
cling dugc thyc hi€én nhd NADP.H.

Pé€ tong hgp céc acid béo c¢é s6 nguyén ti carbon 18, propionyl- ACP sé& thay
thé& cho acetyl-ACP tham gia phdn tng (3) vdi malonyl-ACP. Trong khi d6, néu thay
cho acetyl-ACP 13 cdc sin phim di héa clia valine, leucine va isoleucine, vi du
isobutyryl-ACP, isovaleryl-ACP va o- methylbutyryl-ACP, thi mach acid béo dugc
tdng hop sé& c cau tric phan nhanh tai ddu CH; tin ciing, tuong tu nhu ciu tric phan
nhanh cda chinh nhitng aminoacid nay. Trong trudng hgp methylmalonyl-ACP thay
cho malonyl-ACP trong phdn tng (3) thi c4u triic phan nhdanh & dang cdc nhém methyl
s€ ¢6 mit tai cdc khu vuc khdac nhau cua mach acid béo.

Hinh 10.7. Phitc hé multienzyme synthetase acid béo trong té bao eucaryote

2. Sinh téng hgp acid béo khéng no.

O cdc sinh vat khdc nhau c6 cdc con dudng khdc nhau din dén sy hinh thanh
lién két ddi trong acid béo khong no. Lién k&t ddi c6 thé hinh thanh ngay trong qud
trinh ting trudng mach carbon hoic sau khi qué trinh ting trudng két thic (hinh 10.8).

G E. coli va cdc vi khuéin tuong tu von song trong diéu kién ky khi qud trinh
tdng hop acid béo khong no duge thyc hién biing cich tao lién két d6i & giai doan hinh
thanh B-oxydecanoyl-ACP chia 10 nguyén t& carbon. Dudi tic dung ctia B-
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oxydecanoylthioester dehydratase nhém B-hydroxyl dudc loai bd dé tao lién két doi
v6i cdu hinh A-**-cis- (chtt khong phdi A->*-trans- nhu x4y ra trong phan tng (5) cla
sinh tdng hop acid béo no). Sau d6 nhd hé enzyme synthetase acid béo mach carbon
ti€p tuc ting trudng d€ tao ra palmitooeyl-ACP (Cj¢) hodc varsenoyl-ACP (Cjg) rat
phd bién trong nhém t& bao nay.

Ngudi ta cho ring & dong vat, thuc vat va phan 16n vi sinh vat hi€u khi acid
béo khong no chita mot lién két doi dude hinh thanh tir cic din xuit coenzyme A cla
acid béo no nhd mot loai oxygenase dic biét dinh vi trong vi thé. Vi du:

Palmitoyl-CoA + NADP.H + H" + O, ——— Palmitooleyl-CoA + NADP" + H,0

HOO
gAML ace
4ng tnifng nh b B-Oxydecanorl- ACP B oollvs sl bud
eneyme =yothease acid BEo B R LA TR

- I/ \%IH'JC' L—_r khi khaz

S-ACD
AR - L
Falmioyl-Coa o D”ﬁ,ﬁﬂf;g T | Tang wrwdng obé bé enzyme
- yizinh w3t 3,4-cis synthetaze acid beéa
L HADP K bl khi
Ao a - AAA—AAARS-ACP
Stearyl-CoA ’T o
o \ 2 10-cis
Trong Bao nidng cla g )
1 bao déng thc vt ST S LR
O J’Ting tudfng
VAR s 5-ACP
Oleyl-Coh f'-.f'-.-'"-.:;"'-.-'"-.-"-.-"‘-fﬁ

Varcenoyl-ACE

. "—nhat
. thdu

cua thuc rit

R
ndicht
du

O

0
W= S con WA o
Linoleyl-CoA Ricinnoleoyl-CoA
Trong mang
ndi chit
cua ¥ bdo gan

0 0
A oo MR e o

Linolenoyl-Cod Armchidonyl-CoA

l

Cdc acid béo o5 nhifu ligén k&t ddi bdn

Trong mang
néi chdt
cla thuic vit

Hinh 10.8. Cdc con duong sinh tong hop acid béo khong no.

Tinh chit dic biét cda phan dng thé hién & chd phan ti¥ oxy dudc diing 1am chat
nhin hai cip dién t: mot ciip ti co chat vd mot cip tif coenzyme. Nhitng enzyme loai
nay dudc goi 1a "oxygenase cé chiic nding hén hop".

Acid béo chita nhiéu lién k&t doi hinh thanh tir stearoyl-CoA. Trong t&€ bio
chat clia dong vat va thuc vat tir stearoyl-CoA tao ra oleoyl-CoA. Sau dé tir axit béo
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khong no c6 mot lién két ddi nay véi sy tham gia cia NADP.H, feredoxin va O, tao ra
linoleoyl-CoA va linolenoyl-CoA ciing nhu cic acid béo c6 nhiéu lién két d6i hon. 0
dong vat oleoyl-CoA khong chuyén héa dugc thanh linoleoyl-CoA, vi vay cic acid
béo khong no chita nhiéu lién két ddi nhu acid linoleic,acid linolenic, acid arachidonic
khong dugc tong hgp trong co thé clia chiing, do d6 nhitng acid béo nay dudc goi la
"acid béo khong thay thé", hay vitamin F.

X. SINH TONG HQOP TRIACYLGLYCERIN.
Triacylglycerin dudc tdng hdp tir L-glycerol-3-phosphate va cdc din suét
coenzyme A cia acid béo.
Glycerol-3-phosphate dugc hinh thanh tit hai ngudn khac nhau:
1/ Khit dioxyacetonephosphate do glycerophosphate dehydrogenase xuc tac:
Dioxyacetonephosphate + NAD.H+H" — Glycerol-3-phosphate + NAD"
2/ phosphoryl-h6a glycerol nhd glycerokinase:
Glycerol + ATP ———— Glycerol-3-phosphate + ADP
Giai doan diu ctia qud trinh sinh tdng hdp triacylglycerin 12 phan tng téng hop
acid phosphatidic:

O
CH0H O 0 H,-C-O-CR,
HO—éI—H + R;-C-S-CoA + Ry-C-S-CoA ——— Rz—CI—O—(IZ—H
CH,O-(P) O H,C-O-(P)
(Glycerophosphate) (Acid phosphatidic)

O mot o vi sinh vat, vi du E. coli, acid béo tham gia phan tng trén & dang din
xuat cia ACP-SH.

Nh& mdt phosphatase dic hiéu acid phosphatidic loai bd goc phosphate dé trd
thanh diacylglycerin. Cudi cling, chit nay gin thém gdc acid béo thit ba d€ tao ra
triacylglycerin.

Triacylglycerin dudc tdng hgp va tich lily trong cdc mo dy trif clia dong vat va
thuc vat. Trong cd thé dong vat qud trinh tich lily nay dugc ddy manh khi thic dn ¢
ham lugng glucid cdo. Trong trudng hop d6 ham lugng glucose trong mau ting 1€n va
ddng thdi ting mic do du trit glycogen trong t€ bao. Him lugng ATP ciing ting 1én,
gy tic ch& chu trinh acid tricarboxylic. K&t qua 1a acid citric bi dua ra khdi ty thé va
bi phan gidi dudi tdc dung clia enzyme citrate liase phu thudc ATP:

Citrate + CoA-SH + ATP ——— Oxaloacetate + Acetyl-CoA + ADP + P;

Oxaloacetate c6 thé bi khir thanh malate va sau dé bi oxy-héa va decarboxyl-
héa thanh acid pyruvic roi xAm nhap lai vao ty thé; con acetyl-CoA dugc st dung dé
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tdng hop acid béo va sau dé cliing vdi glycerol-3- phosphate tdng hop lipid du trit, 1am
cho qué trinh tich lily md dugc ting cuong.

Qud trinh tich lily md con dugc thic ddy do acid citric ¢ tic dung hoat héa
enzyme acetyl-CoA carboxylase. Insulin ciing c¢6 tdc dung thiic ddy qua trinh tich liy
md do né 1am ting hoat tinh ctia hé enzyme tdng hgp lipid, dic biét 12 enzyme citrate
liase phu thudc ATP. Ngoai ra, thong qua tidc dung c ché€ sy hinh thAnh AMP vong
né ngin cdn qud trinh huy dong md du trit. Trong khi d6 cdc hormone khdc nhu
glucagon, adrenalin kich thich sy hinh thinh AMP vong va do d6 hoat héa lipase, din
dén sy ting cudng huy dong md du trit.

XI. SINH TONG HOP GLYCEROPHOSPHOLIPID VA
GLYCEROGALACTOLIDID.

O vi khudn phin 16n glycerophospholipid (hay phosphoglyceride, phosphatide)
dudc tong hop bing con dudng chuyén héa acid phosphatidic thanh CDP-
diacylglycerine. Sau d6 chit nay k&t hgp v6i cdc base khic nhau dé tao ra
phosphoglyceride tuong ing, dong thdi gidi phéng CMP (hinh X.9). Phan 16n cdc phan
ing nay xdy ra trong mang ndi chat.

fumid phozphatidie

CTP'
Cerine  CDP- DlEI.C}'lgl}'CEHnE Glycerophosphate
C!I'-.-'IP
Inmlde SLlE
Phozphatidyleevine
Phozphatidyl-alycerol- 1—@
OO0z j'\_)
s . . P‘-"C
Phosphatidyl Phozphatidylinozide
ethanolamine Fhozphatidylglyestine
E- Adenozylmethionine \H‘_ Glycsrine
o= Adenosylhomocizteine
Cardiolipine
Phozphatidylcholine ( Diphozphatidylglycerine)

Hinh 10.9. So do cdc phdn iing sinh tong hop glycerophospholipid

o) dong vat phosphatidylcholine va phosphatidylethanolamine con cé thé dugc
tdng hop bing con dudng:
Choline + ATP —— Phosphorylcholine + ADP,

CTP + Phosphorylcholine —— cytidinediphosphatecholine + PPy,

GS.TS. Mai Xudn Luong Khoa Sinh hoc



Jbod sinh hoe - 150 -

Cytidinediphosphatecholine + Diacylglycerine ——Phosphatidylcholine  +
CMP.

Néu ethanolamine thay vao vi tri ctia choline trong cdc phén @ng trén thi sin
phdm sé& 13 phosphatidylethanolamine.

Phosphatidylinoside thong qua cdc nhém —OH tu do clia gdc inositol ¢6 thé nhan
tr ATP mot, hai nhém phosphate va lién két v6i né mot cach 16ng 1éo, nhé dé
phosphatidyl-inoside thyc hién dugc chic ning van chuyén phosphate qua mang.

Glycerogalactolipid ctia luc lap dugc tdng hgp bing cdch gin vao
diacylglycerine mot hodc hai goc galactose tit UDP-galactose (hinh 10.10).

UDPE-Galactoze o

i
4y —OCR
Diacylglyeetine Q {
Rz —C=0 O-f-Gal

Galactozyl-diglyeeride

]

I
o H {D'C'Rl UDP-Galactoze
Rz —C“:=D; O-p-GCal (1= 6) a-Gal

Digalactomyldiglyceride
Hinh 10.10. So do6 cdc phdn iing sinh téng hop glycerogalactolipid

XIL. SINH TONG HOP SPHYINGOLIPID VA GLYCOLIPID.

Sphingolipid dudc tdng hdp tir sin phdm ngung tu clia palmitoyl-CoA véi serine.
San phidm ngung tu ndy sé bi khir bdi NADP.H thanh sphinganine
(dihydrosphingosine), sau d6 bodc bi oxy héa bdi flavoprotein thanh sphingosine hodc
hydroxyl héa thanh phytosphingosine (hinh 10.11).

Coa-5H H

o
. TR
Palmitoyl-CoaA 7—% C,I—I;—I:CI-IQJH—C—(I:—CI—IQDH—}
MH-

Serine o,
MaADPH HO

.H
- /\/V\/\/\/V\>'>/CHEDH
H” "MH;

sphinganine

/ %vopmtein
HO, .H H, .HO
/\/V\/\/\/%/CH?DH /\/vwvw>>/‘3HEDH
H” "NH,

H” oHEl "NH,
Phytozphingosine Srhingosine

Hinh 10.11. So dé cdc phdn iing sinh tdng hop sphigolipid.
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Sphingosine bing nhém NH, ciia minh s& két hop vdi mot acyl-CoA dé tao ra
seramide. Chat nay tdc dung véi CDP-choline s& lam xuat hién sphingomieline hoic
véi cdc din xuit UDP va CDP clia cdc saccharide khic nhau sé tdng hgp nén
glycolipid (serebroside va ganglioside) (hinh 10.12).

Ephingozine

\kﬁcyl—&&

Seramide

S S SDT Cic din xudt UDP va ChP
cla =accharide
1 M|

Ephingomieline Serebrozide vA ganglioside

Hinh 10.12. So doé cdc phdn iing sinh tong hop
Sphingomieline , serebroside va ganglioside

XIIL SINH TONG HOP STERINE.

Trong cd thé dong vat, thuc vat va ndm sterine dugc tdng hgp tir acetyl-CoA. (O
vi khu&n khong c6 nhém hgp chit nay).

Cholesterine & dong vat 13 tién than clia acid mat va clia cdc loai hormone
steroid. Qua trinh sinh tdng hdp cholesterine khd phifc tap. N6 bao gdbm nhitng budc
chd yé€u sau day:

1/ Ngung tu hai phan tif acetyl-CoA d€ tao nén acetoacetyl-CoA;

2/ Acetoacetyl-CoA tic dung véi phan tit acetyl-CoA thit ba d€ tao nén B-oxy-p-
metylglutaryl-CoA;

3/ Mt trong hai nhém carboxyl ciia B-oxy-B-metylglutaryl-CoA bi khir d€ tao ra
acid mevalonic:

OH
I
HOOC - CH, — g —CH,-CO~S - CoA +2NADPH +2H" ——
Hs

OH
|
HOOC - CH; - Cll — CH, - CH,OH —— + 2NADP" + CoA-SH
CH;
4/ Acid mevalinic dudgc phosphoryl héa thanh mevalonylpyrophosphate:

OH OH
HOOC—CH2—¢—CH2—CH20H +2ATP—>HOOC—CHz—C:—CHg—CHz— @ P CO-P +
2ADP
CH3 CH3
5/ Decarboxyl hoa mevalonylpyrophosphate thanh isopentenylpyrophosphate:

Mevalonylpyrophosphate +ATP — CH2:|C—CH2—CH2— o®-0 -® +
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CH;
+CO,+H,0+ADP+P,

6/ Ngung tu 3 phan t& isopentenylpyrophosphate d€ tao ra
farnesylpyrophosphate:

CH3—(IZ:CH—CHz—CHz—C:CH—CHz—CHz—C:CH—CHz—CHz— 0-P- 0-®

CH; CH; H;

7/ Phan t& farnesylpyrophosphate ngung tu véi dang dong phin cta né 1a

nepolidolpyrophosphsate dé tao nén squalen:

8/ Chudi hydrocarbon ctia squalene chuyén héa thanh dang mach vong, gin
thém nhém —OH & C; va bién thanh lanosterine;

9/ Sau mot s6 khau trung gian lanosterine bi€n thanh cholesterine;

Hai khiu sau ciing xdy ra trén hé thdng mang clia mang ndi chat. Trong khi dé
cac phan tng thudc cdc giai doan trude xay ra trong bao tuong.

Co ché€ sinh tong hgp sterine & thyc vat va nAm men (stigmasterine, ergosterine
v.v...) V& cd ban ciing gidng vé6i cd ché tdng hdp cholesterine.

CI_Ij H3C ’::HJ
H:;C
CH; CH;z
H;C
HO
Cholesterine
Sgualene Lanostering [ Colestersl)
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CHUONG 6. NUCLEOTIDE VA ACID NUCLEIC

Cung vdi protein, acid nucleic déng vai trd cuc ky quan trong trong viéc bdo ton
sy sdng. Tuy nhém hop chat nay di dugc phat hién hon 100 nim vé trudc, ciu tao,
tinh chat va chiic ning cia chiing chi mdi dudc hi€u biét mdt cich siu sic tif nhitng
nim 50 cta th& ky 20 nhd ing dung nhitng phuong phap nghién cttu vat 1y va héa hoc
chinh xéc.

Trén co s& su khic biét vé thanh phan héa hoc, acid nucleic duge chia thanh hai
nhém 16n. D6 1a acid ribonucleic (ARN) va acid deoxyribonucleic (ADN). ADN c6
trong lugng phan ti¥ tif vai triéu d€n vai trim triéu, 13 thanh phan khong thé thi€u dugc
ctia nhiém sic thé trong nhan t&€ bao. Ngoai ra, ADN con c6 mit trong ti thé va luc
lap. ARN c6 nhiéu loai: ARN van chuyén (tARN) c6 trong lugng phén ti tuong d6i
nhd (25.000 — 35.000); ARN ribosome (rARN), néi chung, cé trong lugng phan ti kha
16n (tir 1,7 dén 1,2 triéu), trit mot vai loai chi 16n hon tARN mot it; ARN thong tin
(mARN) ¢6 trong lugng phan tif tir 300.000 dén 4 triéu; ARN virus cé trong lugng
phan tif tir 1 dén 2 triéu. Ngoai ra, con c6 mot s& ARN khéc, chli yéu 12 ARN phan tir
nhé ma ciu tric va chifc ning cia chiing chua dugc hi€u biét nhidu.

Pai bd phin acid nucleic (cA ADN va ARN) la nhitng biopolymer dang sgi hinh
thanh tir cdc don vi ciu tao (monomer) cé tén chung 12 (mono)nucleotide. Mbi
nucleotide dugc ciu tao tifr ba thanh phan: monosaccharide, base nitd va acid
phosphoric.

I. NUCLEOTIDE.

Phan 16n nucleotide, hay con goi 12 mononucleotide, 13 don vi ciu tao clia acid
nucleic. Ching duoc ciu tao tif base nitd, dudng pentose va acid phosphoric.

HOCHy 0 OH HOCHz0_ OH TAt ca cdc nucleotide tham gia ciu
i 5 tao nén acid nucleic déu chira mot trong
S :3 2 hai loai monosaccharide: B-D-ribose hodc

OH CH Gl 2-B-D-deoxyribose.

D-Ribose 2.#2D-Deoxyribose .
C4d hai loai pentose nay déu cé

dang c4u tric vong furanose. Can luu y ring, khi & dang tu do cdc nguyén ti carbon
trong phan tir dugc dénh s6 tir 1 dé€n 5, nhung khi tré thanh mot bd phan clia phan ti
nucleotide, ching phdi dugc danh s6 tir 1' dé€n 5' (d€ phan biét v6i cdc nguyén ti
carbon trong base nitd).

Ngoai ribose va deoxyribose, ribitol - sadn pham kht clia ribose - ciing c6 thé
tham gia trong thanh phan ciu tao clia mot sd nucleotide dic biét.

Trong hai loai acid nucleic - acid ribonucleic va acid deoxyribonucleic - c6 5
loai base nitd thudng gip, 3 loai chung cho cd ADN va ARN (adenine, guanine va
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cytosine), loai thif tu (uracil) dic trung cho ARN, con loai thit 5 (thymine) hiu nhu chi
c¢6 mit trong ADN.

H NH, .
| | 1l
,ff.\ x;?c‘\ P RN AN
M1 "'f T\ M c \ H-HN c \
| || gC—H | I C—H | | C-H
c HaN—C o
m,\ s quhnfxn/ SN e
I I
Futine H Adenin H Suanin H
i WH; i i
ng\ & AN AN
1~|13 5¢|_“|—H fo’ Nl n H—N - H—IT ﬁ—CHs
- | |
H-C2 g§C-H | ” - o —H ~C C—H
|
B H H
FPyrimidine Cyrosin TUracil Thymin

Hinh IV.1. Céng thitc cdu tao ciia cdc base nito chii yéu.

Adenine va guanine 12 din xuét cla purine va do dé dugc x&p vao nhém base
purine; 3 base con lai 1a din xuit clia pyrimidine va do d6 dudc x€p vao nhém base
pyrimidine.

Thymine cling dudc xem

i ) EH ) la mot base thi y&u

g’ e’ AN 87 e AN trong thanh phan cau tao

| | c-H | I c-H cda ARN; ngugc lai,
HCL SN RN AN uracil 1a base tht yé&u
) h ) 1‘{ trong ADN. CAu triic clia

(o B ?da'a_nn'ilzzfl;l cic base chii yéu dugc

o Guanine oH trinh  bay trong hinh

PN &é\ IV.1. Céch dénh s& cdc

H—T <|?| -H — T ﬁ -H nguyén tH carlA)on Ya nitc

. N con VN trong r_ri(‘n p'hAan tw bafe

N N dudc gidi thi€u qua céc

damgmm e dai dién la purine va

{dang cetone) {dang enol) pyrimidine. TUu cong

Olt=t thic cidu tao cla céc

o base chii y&u ta c6 thé

Hinh 1V.2. Hién tugng ho bién & cdc base chita oxy d& dang vi€t cong thic
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ciu tao cua cic base th
yéu trén co s§ tén goi
cda ching.

Dic di€ém quan trong cda cdc din xuit chita oxy clia purine va pyrimidine 12 kh4
ning hd bién, titc chuyén héa tuong hd giita cdc dang enol (lactim) va cetone (lactam)
(hinh IV.2):

Ngoai cdc base chli y&u néi trén, trong mdt sd loai acid nucleic, dic biét 1a
trong ARN van chuyén (tARN) va ARN ribosom (rARN), con hay gip mot s6 base
khdc v6i ham lugng khong 16n. Chiing dugc goi 1a cdc base thif yéu, phan 16n 1a cic
din xudt hydrogen héa, methyl héa, oxymethyl héa clia cdc base chii yé&u, vi du
dihydrouracil (UH;),2-methyladenine (A-CH3), 5-oxymethyl-cytosine (C-OCH3) v.v.

TAt c4 céc base nitd déu hap thu 4nh sing manh nhit trong viing phd cuc tim.
Tinh chit nay dugc Gng dung d€ xdc dinh ham lugng acid nucleic va cdc sin phaim
thiy phin cda ching.

Khi mot base nito lién k&t véi mot pentose bing lién két N-glycoside sé tao ra
céc san pham c6 tén chung 1a nucleoside. Tuy thudc & chd loai pentose nio va loai
base ndo tham gia ciu tao nén nucleoside ma mdi loai cé tén goi riéng clia minh. Trén
co s thanh phin pentose ngudi ta phin biét hai loai nucleoside 12 ribonucleoside
(pentose 1a ribose) va deoxyribonucleoside (pentose la deoxyribose). & céch nhin
khéc, cac nucleoside lai dugc phan biét 1a purine nucleoside hay pyrimidine nucleoside
tlly thudc & chd base purine hay base pyrimidine tham gia trong thinh phan ciu tao
cda chiing. Can luu y riing trong cdc purine-nucleoside lién két glycoside hinh thanh
gitta C-1' v6i N-9, trong khi d6 cdc pyrimidine nucleoside - gitta C-1' v6i N-1. Cong
thitc cau tao clia mot s6 nucleoside di€n hinh dudc gidi thiéu trong hinh VI.3. Thong
qua cdc cong thiic cidu tao ndy ta c6 thé hinh dung cong thic ciu tao clia cic
nucleoside khéc.

Nucleoside dugc goi tén theo base nitd theo nguyén tic:

~ N X A, . ~ A . R N ] . s
- Né€u base 1a dan xuat ctia purine thi dudi "- ine" dugc d6i thanh "-osine", vi du:
adenosine, guanosine;

- Né&u base 1a din xuit ctia pyrimidine thi dudi "-acil" hoic "-ine" dugc d6i thanh
"-idine", vi du: cytidine, uridine, thymidine.

Pseudouridine (y) trong hinh IV.3 1a mot trudng hgp dic biét, hdu nhu chi gip
trong tARN vdi i 1€ rat thap.
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TU cdc cong thifc ciu tao trong hinh VI.3 ta c¢6 thé hinh dung cong thifc ciu tao
ctia cdc nucleotide khdc véi sy tham gia cia guanine, cytidine, uracil, thymin v.v...

NH-E
4o B
N’ cf" \
| -H
Q\_ a \“\. /

oH OH
Adenosine

Y

—M el
I |

=

HOCHs

o

OH OH
Uridine

Hol

HH
o |-
':I:! /C“\
H -
N C-H
H—M C' \ H ”
B -n |
O=C‘ C‘—H
\b‘\_ o \“\. /
oH  OH oH ©OH
Gusnozine || Cyrdine ||
Z Z
A e
H—-H <|3|—CH3 H-H 11?-H
o=C C—H o=C —H
R
HOCHz HOCHz
oH H OH OH
[Deozy) Thymidine F=eudoutidine

Hinh 1V.3 . Cdu tao ciia mdt sé nucleoside dién hinh.

OPOC&

OPOC&

Khi mdt nucleoside k&t hgp véi
mot gdc phosphate bing lién két
ester thong qua mdt trong cdc nhom -

OH con lai clia g&c pentose sé tao ra mot
nucleotide tuong tng. Piéu d6 c6 nghia 12
mdi ribonucleoside c6 thé tao ra ba loai

C;HAI\-'IO;I ;’_‘jAL‘;P nucleotide, trong d6 gdc phosphate c6 thé

gin tai C-2', C-3' hodc C-5'; trong khi d6

mdi deoxyribonucleoside chi tao ra hai

HOC@ HO-CH loai nucleotide twong ng vi tai C-2' khong
N B c6 nhém -OH d€ tuong tdc vdi phosphate.
o_gzo o SN Tuy thudc vao vi tri gin géc phosphate ma

. AP Q_AMPO sdn phdm dugc goi 1a 2'-, 3'- hay 5'-

Hinh 1V.4. Cdu tao ciia cdc logi 5'-

, 3'-va 2'-nucleotide

nucleotide. Ching ciing con dugc goi
tuong ung la2'-, 3'- hay 5'-nucleoside
monophosphate, viét tit 1a 2'-NMP,
3'-NMP va 5'-NMP. Trong t&€ bao chi
yéu tén tai cdc loai 3- va 5'-
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nucleotide. Ciu tao cl@a cic loai
nucleotid nay dugc gidi thi€u trong
hinh IV .4 véi base nitd la adenine.

Trong bing IV.1 gidi thiéu tén goi va cach viét tit clia mdt sd ribonucleoside va
ribonucleotide phd bién. Trong trudng hgp géc mono-saccharide 1a deoxyribose, tén
goi clia cdc nucleoside va nucleotide dugc thém ti€p dau ngit "deoxy-", va trudc cdc
ky hiéu viét tit thém chit "d", vi du deoxyadenosine, acid deoxyadenylic,
deoxyadenosine monophosphate, dAMP, dA.

Bdng IV.1. Tén goi va cdch viét tdt ciia mot sé nucleotide.

Nucleotide Viét tdt
B Nucle
as oside
e
ni
to
Adenine Adenosine A.Cld adenylic AMP, A
Adenosine monophosphate
Guanine Guanosine ACld guanilic GMP, G
Guanosine monophosphate
Cytosine Cytidine . _ACld cytidilic CMP, C
Cytidine monophosphate
Uracil Uridine ~ Acid uridilic UMP, U
Uridine monophosphate
Thymine | Thymidine Acid thymidilic dTMP, T
(Deoxy)Thymidine momophosphate

Ngoai cdc nucleotide gidi thiéu trén diy cé chifc ning chii yéu la tham gia ciu
tao nén cdc dai phan t acid nucleic, con c¢6 mdt sd nucleotide khdc c6 cic vai trd
quan trong khdc trong doi song cla t€ bao (hinh IV.5).

Trudc hét, dé la cac nucleotide vong. Nhitng nucleotide loai nay hinh
thanh khi goc phosphate lién két ester dong thdi vGi hai nhom -OH cua goc
ribose. Vi du dién hinh la hai loai AMP vong (cAMP). bo 1a 2'-3'-cAMP va 3'-
5'-AMP. 3'-5'-cAMP dong vai tro quan trong trong mot s6 qua trinh diéu hoa
trao déi chat, con 2'-3'-cAMP la sdn phdm trung gian ctia qua trinh phan
gidi ARN dué6i tac dung clia mot s6 enzyme ribonuclease.

Nhém nucleotide dic biét thit hai 1a cdc nucleoside polyphosphate, bao gom
nucleoside diphosphate (NDP), vi du ADP, va nucleoside triphosphate (NTP), vi du
ATP. Tinh chit dic biét clia cic NDP va NTP 1a & chd mot hodc hai goc phosphate
nita dugc gin vao phan tif nucleoside monophosphate biing cdc lién két giau ning
lugng (lién k&t cao ning) ma ngudi ta thudng ky hiéu bing diu ~, nhu mo td trong
hinh IV.5. Nhd sy ton tai clia cdc lién két cao ning nay nén cic NDP va dic biét 1a
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cic NTP déng vai trd quan trong trong trao d6i ning lugng cia t&€ biao va tham gia
hoat héa nhiéu hgp chit trung gian clia cac qud trinh trao ddi chat.

Nhém nucleotide dic biét thit ba bao gdm nhitng hop chdt ma thanh phan base
nito va monosacchride ciia chiing thudng khong giéng nhu di mo ta & trén. Vi du dién
hinh cho nhém nucleotide didc bi€t nay la nicotinamide mononucleotide (NMN),
flavine mononucleotide (FMN) va coenzyme A (CoA-SH) ma cong thic ciu tao clia
ching dugc gidi thiéu trong hinh IV. 5. Do ¢6 kha ning oxy héa-khir thudn nghich,
nén NMN va FAD tham gia trong hang loat cdc enzyme oxyhda-khit véi tu cach la
coenzyme. Trong khi d6 CoA-SH d6ng vai trd rit quan trong trong trao ddi lipid va
mot s& qué trinh trao ddi chat khac. NMN va FMN con 13 thanh phan ciu tao cda céc

coenzyme oxyhda-khit phic tap hon. D6 1a cdc dinucleotide NAD", NADP* va FAD
(hinh IV.6).

Hio-CHg o /CHE o
H H o H H
H H | = H
o —F —
N7 o IP o OH
L o=
o o
23 ANF 3.5 ANWIP
5% % 50
"GP =P~ 0= F— - "B O P e
F~0-P-0-F-0-CH; | 0-F-0-P-0-CHz g
& & o] & &
H H H H
H H H H
ATP OH OH AP OH OH
H o)
' c
Z H
PR A
HzC-C fﬁ tI: 1\|1
Hal-C Iy C'_\ =
H oA A e
o o b Ly
H | H
HC C —COTHg H-:I:H
| I H-C-0OH
o HC‘\ o |
O-F-0-CHy o 47 H-C-OH
1
o H-CI'-OH o
H H } _ _II_ _
u u H-C—0-P-0
OH OH L=t o
Micotinamide mononuclectide (MKH) Flavin mononuclestide (FIvIMN)
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SIH
_H
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Hinh IV.5. Cdu tao ciia m{t s6 nucleotide cé chifc ndng ddc biét

e
7NN
TN It
CH C i <
HC o / PR
R \N HaC—C L Z HH
B M I |
o —F—0—CHg Hao = - c Lag=—t o
© PN
H I H IFIHQ
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/g\ HogooH Y N\
HC'/ © _CONHgZ H-C-0H | Il cH
L | HC SNy
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O_ﬁ_o THa g ] I-II I 1l Lo
. o
H H
H H FAD
oH oOH
NaDY (R=H)
MADP" (R =HPO;)
Hinh 1V.6. Cdu tao ciia NAD*, NADP™ va FAD.
II. POLYNUCLEOTIDE

Co s cdu triic cla acid nucleic 1a cdc chudi polynucleotide ciu tao tif nhiéu don
vi (mono)nucleotide. Trong nhitng chudi nay cdc mononucleotide ndi véi nhau bing
céc lién két 3'-5"-phosphodiester nhuw mo ta trong hinh 4.7. C4c chudi polynucleotide
thudng chita tr hang chuc dén hang trim géc mononucleotide. Tuy nhién, cling ¢
nhitng chudi polynucleotide ngén, chita khdng qué 10 gbc nucleotide va chiing dugc
goi chung 12 oligonucleotide (bao gdm di-, tri-, tetra-, penta-,hexanucleotide v.v...).
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Ngudi ta phan biét hai loai polynucleotide 12 polyribonucleotide - ¢d s& ciu tric
clia ARN, va polydeoxy-ribonucleotide - cd s& ciu tric ctia ADN. Trong hinh IV.7A
gi6i thiéu mot doan polynucleotide d€ ta c¢6 thé hinh dung sy hinh thanh lién két 3'-5'-
phosphodiester. PE mo ta thanh phdn va trdt tu sip xép clia cidc gdc nucleotide
trong nhitng chudi polynucleotide ngin, ngudi ta thudng dung kiéu mo6 hinh don gidn
nhu trinh bay trong hinh IV.7B. Ki€u md td nay cho phép phin biét hai thanh phan
trong lién két phosphodiester, tiic lién két a ndi gdc phosphate v6i C-3' va lién két b
ndi gdc phosphate véi C-5', qua d6 tao ra ciu ndi 3'-5'-phosphodiester gifta hai
nucleotide k& cin. Viéc phan biét lién két a v6i lién két b ¢6 ¥ nghia rat quan trong do
hai ki€u lién két nay mang tinh dic hiéu khac nhau ddi véi cdc enzyme thity phan acid
nucleic. Pi vdi cdc chudi poly-nucleotide dai, khong thé sit dung ki€u mo ta nay vi sé&
rat cong kénh, va ngudi ta thudng dung kiéu mo t3 bing diy chit cdi A, G, C, U hoic
T, tic chit cdi diu tién clia tén ti€ng Anh cdc base nitd nhu trinh bay qua vi du trong
hinh IV.7C. Trong trudng hop ddi v6i ADN trude diy chit cdi nay, tic & diu tan cling
5’ ctia chudi polypeptide, viét thém chit d (deoxy-), vi du dpApGpTp...

Hinh 1V.7. Cdu tao cua polynucleotide

III. ADN, NHIEM SAC THE VA MAT MA DI TRUYEN.

C4c chudi polydeoxyribonucleotide ciia ADN dugc ciu tao tir 4 loai nucleotide
12 dAMP, dGMP, dCMP va dTMP. Ngoai ra, ddi khi ngudi ta con tim thdy mot lugng
nhd cdc din xudt methyl-héa clia cdc nucleotide nay, vi du 6-methytladenine, 5-
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methylcyto-sine v.v... dudc tim thay trong nhiéu loai ADN ctia vi khudn, dong vat va
thuc vat. Thanh phan va trit t¢ sip x& clia nucleotide trong cdc chudi
polydeoxyribonucleotide, tifc ciu tric bac 1 cia ADN vd cing da dang. Su da dang
nay chinh 13 co s& cda tinh da dang cia thé& gidi sinh vat, béi vi, nhu ta s& thiy sau
nay, né 1a cd s3 clia qud trinh ti€n héa va lién quan mat thiét vdi tinh di truyén.

DPé€ hiéu rd chic ning sinh hoc cia ADN, bén canh nhu ciu x4c dinh cdu
tric bac 1 con cin phdi hi€u ré ciu tric khong gian céia ching. M6 hinh cdu tric
khong gian cida phan tf ADN dugc xay dung trén c¢o s hang loat nghién ctu trong
linh vyc sinh hoc phan tt, trong d6 quan trong nhat 1a cdc cdng trinh ctia Chargaff va
ctia Franklin va Wilkins.

Sau nhiéu nim nghién cttu (1949-1953), Chargaff va nhitng ngudi cong tic clia
dng da néu 1én nhitng k&t luan quan trong vé dic diém héa hoc cia ADN trong t€ bao.
Nhitng két luan nay ngay nay dugc moi ngudi cong nhan va goi la cdc quy ludt
Chargaff. D6 1a:

1/ Céc ch& pham ADN tich tif cic mo khac nhau clia ciing mot co thé ¢ thanh
phin nucleotide nhu nhau;

2/ Thanh phan nucleotide ctia ADN trong cd thé thudc cdc loai khdc nhau 1a
khong giéng nhau;

3/ Thanh phin nucleotide ctia ADN trong co thé thudc mot lodi nao d6 khong
phu thudc vao tudi, diéu kién dinh dudng va diéu kién mdi trudng;

4/ Hau nhu trong tit ci cdc ch€ phdm ADN da nghién cttu sd gdc adenine bing
s6 gdc thymine (A = T), con s6 gdc guanine bing s& goc cytosine (G = C). Diéu d6
din dén s6 gdc purine bing s6 goc pyrimidine (A+G = C+T);

5/ ADN ctia c4c loai von c¢6 quan hé vé mit hé thong hoc cing gin nhau thi c¢6
thanh phan nucleotide cang gidng nhau; con cic lodi cdch xa nhau trong qu4 trinh tién
héa thi khac nhau kh4 16 vé thanh phan nucleotide. C6 nghia 13 thanh phan nucleotide
cia ADN c6 thé dudc st dung nhu mot trong nhitng co sd ctia phan loai hoc.

Cé4c nha khoa hoc nay ciing phdt hién dugc ring & dong vat va thuc vat, tifc
nhitng co thé bic cao chi cé6 ADN thudc kiéu AT, titc A+T > G+C, trong khi 46 ADN §
vi khuén gdm c3 hai ki€u AT va GC.

Ham lugng nhu nhau (tinh theo mol) clia mdt s6 base trong ADN cho phép gia
dinh riing nét cau tric dic trung clia ADN 13 sy tdn tai nhitng mdi quan hé hoan toan
xdc dinh giita s& lugng cac base khdc nhau.

Song song vdi phat hién ctia Chargaff, két qud phan tich ciu tric bing tia Ron-
ghen do Franklin va Wilkins thuc hién trong nhitng nim 1950-1953 véi nhitng ché&
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phd&m ADN tinh khi€t cho thAy ADN c6 thé ton tai § hai dang A va B v6i mic do
hydrat hoa khic nhau.

Trén cd s§ cdc két qud nghién cttu clia Chargaff cling nhu ctia Franklin va
Wilkins nim 1953 Watson va Crick di dé xuit mot md hinh ciu tric khong gian cia
phan tt ADN. Theo md hinh nay dang ciu tric B ctia phan tf ADN dudc ciu tao bdi
hai chudi polydeoxy-ribonucleotide xodn phai, song song va ngudc chiéu nhau, nim
séng doi xung quanh mot truc chung, tao thanh mdt s¢i xodn kép. Cic nguyén tf
phosphore nim céch truc 1,0nm. Trén mdi chudi cdc base mim cdch nhau 0,34nm.
Theo tinh todn ban diu mot vong xodn tron ven chita 10 cip base va c6 chiéu dai
chi€u 1én truc bing 3,4nm. Tuy
nhién céc phép do sau d6 cho thdy modt vong xodn hoan chinh chda 10,5 cip base va
do d6 c6 chiéu dai chi€u 1én truc bing 3,6nm. (hinh IV.8). Dang B dugc xem 13 dang
&n dinh nhat trong diéu kién sinh ly. N6 dic trung cho trang thdi c6 mic do hydrate
héa cao.

Néu gidm mifc dd hydrate héa hodic nim trong cdc mdi trudng twong ddi cé tinh
ky nuéc, ADN sé& chuyén sang dang ciu triic A, trong d6 cdc base cdch nhau 0,23nm
va mdi vong xodn chita 11 ciip base. Truc trung tim ctia phan tt ADN xodn kép khong
con thing géc v6i cac mit phing cia cac cip base ma tao ra vdi chiing mot géc = 20°,
ddng thdi cling khong xuyén qua cdc mit phing niy ma ma nim léch sang phia niy
hoic phia khic. Pic diém ciu tric nay 1lam cho dang A ngin hon va c6é dudng kinh
16n hon dang B.

Céc hoéa chdt dung d€ két tinh ADN thudng 1am cho né bi dehydrate héa, lam
cho ADN c6 xu huéng két tinh & dang cau tric A.

Phan tit ADN xodn kép tham chi c¢6 thé tdn tai & dang quay trdi (dang Z).

o) dang nay cdc cidp base cach nhau 0,38nm va 12 cdp base tao nén mot vong
xo0dn hoan chinh. B6 khung ctia phan tif ¢6 dang zig-zak. Mot sd trat ty nucleotide dé
tao ra dang ciu triic Z hon 1a nhitng trat ty khdc. Ngudi ta chua biét rd vai trd sinh hoc
clia dang cu tric nay, chi biét ring ciu tric Z dudc hinh thanh khi c4c base cytosine
dugc methyl héa. Methyl héa 1a hién tugng sinh hoc rit phd bién ddi véi ADN, Péi
véi eukaryote né c6 vai trd quan trong trong viéc di€u hoa hoat tinh clia gen. Trong t&
bao eukaryote c6 thé diy 1a mot cd ché ki€m tra hoat dong clia gene hodc tham gia
trong qud trinh cdi bién gene (genetic recombination).
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Hinh IV.8. So dé mé td sw khdc nhau gita cdc dang cdu triic A, B va Z clia
phan tit ADN xodn kép

Adenin

(Guanine

HINH IV.9. LIEN KET HYDRO GIUA CAC CAP BASE BO

N
AOTYTATAY A ™M XT A Y

Chudi xodn kép dugc hinh thanh nhd tinh chat bd sung giita cic base A v6i T va
G véi C. Trong toan bo phin ti mdi base nito ctia chdi nay ndi v6i base bd sung &
chudi kia thong qua cdc lién két hydro (hinh IV-9).
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Do tinh chit b3 sung nay giita cic base nitd ma trong phan t& ADN xodn kép sdi
don nay c6 cau triic hoan toan bd sung vdi sdi don kia.

Trong mach xodn kép cia ADN céc base nitd do ¢6 tinh ky nu6c nén nim bén
trong va khong ti€p xic v6i nude, con cdc nhém phosphate ciing nhu cdc gbc pentose
nim § mit ngoai va ti€p xic tryc ti€p vdi nude. Nhu vay, cau tric xodn kép cia ADN
dudc 6n dinh khong nhitng nhd lién két hydro giita cdc base bd sung ma con nhd lién
két ky nudc giita cdc base nitd vdi nhau doc theo toan bd chiéu dai phan tif (tuong tdc
Steking).

M6 hinh cia Watson va Crick cho phép gidi thich co ch€ tdi tao thong tin di
truyén mot cdch chinh xdc. Nhd tinh chit bd sung ctia hai mach don ma trat ty
nucleotide ciia mach nay xdc dinh trit tu nucleotide ctia mach kia. Song song véi viéc
néu Ién mo hinh nay céc tdc gid con gia thuyét ring phan tt ADN dugc nhan doi bing
cdch hai mach don clia phan tif xodn kép tich ra va mdi mach lam khuon d€ diic nén
mach méi bd sung v6i né. K&t qui 1a hinh thanh hai phin t ADN giong hét nhau,
trong mdi phan tif chita mot mach me va mdt mach con. Cd ch& nhan ddi nay cla
ADN dugc goi 1a ¢d ché ban bio thi.

Bén canh cAu tric sdi xodn kép mo t3 trén diy, § mdt sd loai sinh vat dic biét
cdn c6 cdc dang cdu tric khiac ciia ADN. Vi du, & E. coli va nhiéu vi khu&n khdc c6
dang cau tric xodn kép mach vong do hai ddu ctia mdi mach don ndi véi nhau bing
lién két phosphodiester. Dang cdu tric nay ciing dudc ghi nhin trong ti thé, luc lap
cla t€ bao eukaryote va nhiéu loai virus, vi du bacteriophag A; trong khi d6 &
bacteriophag ¢X 170 ADN lai ¢6 dang ciu triic vong s¢i don.

TAt ca cdc phan tif ADN trong phan 16n thdi gian ton tai trong t&€ bao & trang thdi
siéu xodn do tidc dung clia cdc enzyme dic biét. Trong khi d6 mot s& enzyme khéc lai
lam gidm mifc dd siéu xodn, tao diéu kién dé phan t& ADN nhin ddi hodc sao chép
mi di truyén sang cdc phan t ARN. Ning lugng tich lily trong trang thdi siéu xoin
clia phan t& ADN khi cin thiét sé dudc st dung cho qué trinh thdo xodn cuc bo dé
phan t& ADN thyc hién chiic ning clia minh.

Phan tir ADN xo#n kép dudi tdc dung clia nhiét do cao, ctia pH théi cuc clia moi
trudng, clia hiing s6 dién moi thap va cda cdc yé&u t6 phd vd lién két hydro khdc nhu
urea, amide cta céc acid carboxylic... ¢6 thé tach rdi thanh hai sdi don riéng biét véi
k&t cAu hdn don. Hién tudng nay dugc goi 1a su bién tinh cia ADN. Né&u dan dan loai
trlf tic nhan gay bién tinh trong khi phan tir ADN chua bién tinh hoan toan (mdt phan
phin tif vin con ton tai & trang thdi xodn kép), ciu tric xoin kép nguyén thily cling
vdi day dud cdc tinh chat héa hoc va sinh hoc clia né c¢6 thé dudc khoi phuc hoan toan.
Trong trudng hdp nay ta c6 bién tinh thudn nghich. Néu phan tt ADN da bi bién tinh
hoan toan va loai trir tic nhan gdy bié€n tinh mdt ciach dot ngdt, ciu tric xodn kép
nguyén thiy cta né s& khong khoi phuc dugc nita, tifc phan tt ADN da bi bién tinh
khong thudn nghich.
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Su bién tinh cia ADN kém theo nhitng thay ddi dang ké céc tinh chat vat 1y clia
né, dic biét, do hap thu tia tif ngoai (A = 260nm) ting I&én. Hién tugng nay dudc goi 1a
hiéu ving wu sdic. Nguyén nhan ctia né 12 do tinh nhuoc sdc ctia ADN xoédn kép, tic do
hap thu tia t& ngoai clia ADN nguyén thiy (xoin kép) nhd hon téng dd hap thu cia
céc base purine va pyrimidine khi chiing ton tai & trang thi tu do. Khi bi bién tinh, do
hap thu tia tf ngoai cia ADN sgi don ting 1én 20 — 60%, vi mtic hap thu clia ching
bing tdng d6 hap thu cla s& lugng tuong Wng cdc base nito tu do. Hidu tng uu sic cla
ADN xoin kép lién quan truc ti€p dén cip base A-T. Ham lugng cip base nay trong
ADN cang cao, hiéu tng vu sic cang 16n. Nhu viy, trén nguyén tic, ¢ thé xdc dinh
thanh phan nucleotide cia ADN biing cdch x4c dinh hiéu Gng uu sic cda né khi bi
bién tinh.

Khéc véi protein, ADN bi bié€n tinh trong mdt pham vi nhiét do rat hep. Su bién
ddi dot ngdt nay tuong ty nhu sy néng chdy clia cic tinh thé hitu cd. Vi viy sy bién
tinh vi nhiét cia ADN thutng dugc goi 1a su ndng chday.

Hién tugng bié€n tinh thuin nghich cia ADN dudc cdc nha khoa hoc rat chd ¥,
bdi vi khong loai trir khd ning hién tudgng nay déng vai trd nhat dinh trong cdc qud
trinh nhan d6i ADN va sinh tong hdp ARN.

Trong qud trinh chiét rdt va tinh ch& phan tr ADN rat dé bi ddt, vi vay viéc thu
nhin ADN & dang nguyén thily va xdc dinh trong lugng phan tif clia né gip rat nhiu
khé khin. Tuy nhién, ngay nay cong viéc nay da va dang thu nhan dugc nhitng thanh
tyu ddng k€. Vi du, ngudi ta d3 xdc dinh dudc phan t& ADN duy nhat cda E. coli dai
1200 pm, chita 4,2 triéu cdp nucleotide va c6 trong lugng phan tir 2800 triéu. Sgi ADN
nay c6 ciu tric vong, tao nén nhiém sic thé duy nhat cda t€ bao vi khuin.

Nhiém sic thé cia nhan t&€ bao eukaryote dugc ciu tao bdi mot sd sgi ADN
khdng 15, trong nhiéu trudng hop c6 thé dai dén 2 mét v6i khodng 5,5 ti cip
nucleotide do phai chita mot lugng thong tin rat 16n. Mot trong nhitng thanh tyu vo
cung vi dai clia héa sinh hoc va sinh hoc phan t ctia th€ ky 20 1a da xdc dinh dugc
ciu tric bac I cia hiu hét ADN trong co thé con ngudi.

Nhi&m sic thé t& bao eukaryote dugc ciu tao tir mot loai nucleoprotein cé tén 1a
chromatine. Thanh phan chii y&€u clia chromatine bao gdm ADN, histone vad mot s&
protein khong phai histone. Histon 12 mdt nhém protein c6 tinh base do chita nhiéu
cac aminoacid c6 tinh base 1a lysine va arginine. Dya trén ti 1¢ gitta Lys va Arg ngudi
ta chia histone thanh 5 nhém. Giau lysine nhat la histone H;, giau arginine nhit 1a
histone Hy; histone thudc cic nhém H,A, H,B va Hj 1an lugt chi€m cdc vi tri trung
gian v6i ti 1& Lys/Arg gidm din.Thanh phan protein khong phdi histone kh4 da dang
vé tinh chit va chiic ning.

Chromatine c6 cau tric rit da dang. N6 bao gom cdc ciu tric hat goi 1a

nucleosome n6i véi nhau bdi cdc doan nucleoprotein ngin. Poan nucleoprotein nay
ciu tao bdi modt doan ADN dai khodng 200 cip nucleotide két hgp véi mot phan ti
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histone H;. Hat nucleosome dudc hinh thanh tir doan ADN dai khoang 140-150 cap
nucleotide bao boc xung quanh phﬁn 161 v6i 4 loai histone nhém H,A, H;B, Hs va Hy,
mdi loai 2 phan tit (hinh IV.10).

Hinh 1V.10. Céu tao ciia nucleosome

Ngay nay ngudi ta da xdc dinh dugc ring thong tin di truyén dudc ma héa trong
cac bo ba nucleotide cia ADN. Nhitng bd ba nay dudc goi 1a bd ba mdt ma hay codon,
1am nhiém vu diéu khién trat tu aminoacid trong qua trinh sinh tdng hdp protein. Vi
mdi codon gbém ba trong bon loai nucleotide nén tdng s6 codon biing 4° = 64. Ngay
nay y nghia clia tit cd 64 codon nay da dudc xdc dinh (bang IV.2). Y nghia nay diing

cho moi co thé & moi bic thang ti€n héa.

Bdng IV.2 . Mt ma di truyén.

Chir cdi e Chir cdi
thit nhat Chtt cai thit hai thit ba
(daus’) U C A G (dau 37)
Phe Ser Tyr Cys U
U Phe Ser Tyr Cys C
Leu Ser Term Term A
Leu Ser Term Trp G
Leu Pro His Arg U
C Leu Pro His Arg C
Leu Pro Gln Arg A
Leu Pro Gln Arg G
Ile Thr Asn Ser U
A Ile Thr Asn Ser C
Ile Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Gly U
G Val Ala Asp Gly C
Val Ala Glu Gly A
Val Ala Glu Gly G
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IV. ARN.

Khéc v6i ADN, phan tif ARN thudc tit ca cdc loai dugce hinh thanh tif mot chudi
polynucleotide duy nhit. Tuy nhién, trong nhitng diéu kién nhit dinh tai tiing khu vuc
riéng biét clia chudi polynucleotide ndy c¢6 thé hinh thanh ciu tric xoin kép trén co s
tinh bd sung A-U va G-C.

Ham lugng ARN trong da so t&€ bao nhiéu hon ADN gip nhiéu I1an. Trong t& bao

vi khuin ARN tdn tai trong t&€ bao chit; trong t& biao eukaryote ARN cé mit trong
nhan, ty thé, luc lap, ribosome va bao tuong.

Trong t€ bao prokaryote ciing nhu eukaryote c6 ba nhém ARN chinh 12 ARN
thong tin (mARN), ARN van chuyén (tARN) va ARN ribosome (rARN). Ngoai ra, con
mot s6 loai ARN khic ma chiic ning sinh hoc cda ching chua dugc xdc dinh. Mot
nhém ARN dic biét khic con c6 mit trong nhiéu loai virus, dic biét 1a virus thuc vat
va bacteriophage, & d6 chiing déng vai trd 12 vat chat di truyén (thay cho ADN).

1.ARN thong tin (mARN).
Phan tf mARN chi chita 4 nucleotide 12 A, U, G va C.

mARN trong t€ bao chi chi€ém khodng vai phan tram ARN téng so,
song bao gom hang ngan loai khac nhau v6i trong lugng phan ti dao dong
ti vai tram ngan dén hang triéu. Phan t& cia ching hau nhu chi chita cac
base A, G, C va U, rat it khi c6 mat cac base thit yéu.

Cing nhu tat ca cac loai ARN

k) = khac, mARN dugc téng hop bing
Khu vy Khbu vus cach sao chép ti cac gen tuong ung
¥héng md héa kbSng mi héa trén cac phan t ADN trong qua
Khu vife N R trinh c6 tén la trasncription hay sa?
mi hia ene che gene thit nh#t ma, khac véi td nhdan ma am chi

qua trinh nhan d6i phan ti ADN.

3 Ee e Tuy nhién, mARN chi dudc sao

khing md hda p L, . _ N
ia) chép tif cac gen chia nhing thong
Cone o I Ebv vy mi bz tin can thiét cho viéc tao ra cac dai

cho gene thif bai phan t& protein trong t€ bao dé

mang nhiing théng tin d6 6 dang
cac bo ba mat ma di truyén dén
ribosome dé diéu khién qua trinh
Gene 3 Ifbb.:.u;:;::‘:ﬁbbn: s?nh ‘fong hop I.)}’Otei{l, hay (?on gc_~)i

la qua trinh phién ma hay dich ma.

Sau khi hoan thanh chiic nang cta
(h) minh, ching nhanh chéng bi
phan huy. Vi vay, thdéi gian ton tai

Kbu vuc
khfng mi haa
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cia moéi phan t& mARN trong té
bao thudng rat ngan.

bé thuan tién cho viéc thuc

Hinh 1V.11. Trong cdc phdn tit mARN h}én chue néng cia minh, mARN

polycistron cdc khu vuc khong ma hoa ton tai chd yé‘u 6 c‘lang sdi‘ don

nam xen ké vdi cdc khu vic khong lam k%léng ({uOn x’oén phuc tap ‘Vdi ?u

whiem vi mé héa. hinh thanh cac khu vyc xoan kép
| ' nhu cac loai ARN khac.

Trong t&€ bao prokaryote mot s¢i mARN duy nhat ¢6 thé ma héa cho mot hoic
mot s6 chudi polypeptide. Loai mARN mang thong tin cho mot chudi polypeptide
dudc goi 1a mARN monocistron, néu né ma héa cho mot s6 chudi polypeptide thi dugc
goi la mARN polycistron. 0 eukaryote phan 16n mARN 13 monocistron. (Tir “cistron”
& day dong nghia vdi tir “gen”). Chiéu dai cda mot phan tf mARN tuong tng vdi kich
thudc cta chudi polypeptide ma né ma héa. Vi du, modt chudi polypeptide chita 100
gdc aminoacid doi héi mdt mARN chita it nhit 300 goc nucleotide, vi mdi aminoacid
dugc ma héa bdi mdt b ba nucleotide. Tuy nhién, cac ban sao mARN tir ADN ludén
ludn dai hon kich thudc cin thi€t d€ diéu khién qua trinh phién ma. Phan trat ty khong
tryc ti€p lam nhiém vu ma héa cho trat tw aminoacid ctia chudi polypeptide chinh Ia
trat tu 1am nhiém vu diéu hdoa qué trinh sinh tdng hdp protein. Trong cdc phan ti
mARN polycistron cdc khu vuc khong ma héa nim xen k& véi cdc khu vuc khong lam
nhiém vu ma héa (hinh IV.11).

2. ARN vén chuyén (tARN).

tARN c6 phén ti tuong d6i nhé nén viéc nghién cttu ciu tric cda clia ching it
gip kho khin hon. Loai ARN nay chi€m khodng 16% ARN tdng sd trong t& bao, 1am
nhiém vu van chuyén aminoacid trong qu4 trinh sinh téng hop protein. tARN chifa tir
75 dé&n 90 gbc nucleotide. Mdi loai tARN chi tuong ting véi mot aminoacid nhat dinh.
Tuy nhién, mdt aminoacid c6 thé dudc van chuyén bdi mot s6 tARN khdc nhau. Piéu
d6 khong c6 nghia 1a s6 loai tARN phdi bing s6 codon clia mdi aminoacid. Vi du,
glycine ¢6 4 codon nhung chi c6 3 tARN.

Mot dic diém quan trong ctia tARN Ia

ﬁ bén canh cdc base chi y&u A, U, G va C trong

H—N; 2 \;N_H phan t clda chl’m% con chita mét lugng da\ing ké

| | cic base thd yéu (khoang 10~%). P/hﬁn 16n

o:C\i : ;C—H nhitng base thit y&u nay la cdc dan xuit r’nethyl

o C héa va hydrogen héa cilia cdc base chi yéu, dic
HO-F-0-CHy | biét rat thudng gip 12 acid dihyrouridilic, ky
815! . hiéu 12 UH,. Thém vao d6, base uracil con tao

H H ra mot lugng nhoé nucleotide khéng binh thudng

oH  OH c6 tén la acid pseudouridilic, tic 5’-nucleotide

Artd prewdouridilic Y
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cta pseudouridine, ky hiéu 1a y. Trong tARN
cling chita cd acid (ribo)thymidilic v6i tu cach
12 mot nucleotide thit yé&u.

Céc base va nucleotide thif y&u c6 tic dung 1am cho phan tif tARN bén vitng véi
nuclease va duy tri ciu triic bic ba dic trung clia phan tif bing cdch ngin cin sy hinh
thanh c4u tric xodn kép § nhitng khu vuc nh4t dinh ma tai d6 cdc phan tt tARN khéc
nhau cin gin véi mARN, ribosome va véi cdc enzyme aminoacyl-tARN synthetase
dac hi€u vdi ching.

Nim 1955 1an dau tién Holley da xdc dinh dudc hoan toan trit ty nucleotide cia
tARN van chuyén alanin (tARN,,) g6m 77 gbc nucleotide. Sau dé trat ty nucleotide,
tlic ciu tric bac mot clia nhiu tARN khéc ciing da 1dn lugt duge xdc dinh. Pong thdi
cdc nha khoa hoc ciing da ph4dt hién dudc ring ciu tric bac mot, bac hai va bac ba clia
tat ca cdc loai tARN déu c6 nhiéu diém giong nhau (hinh IV.12,13):

- PAu tin cling 5’ bao gid ciing 12 pG, con ddu tin cling 3’ 1a trat ty pCpCpA.
Aminoacid dugc gin bing lién két ester véi nhém -3’OH tu do clia gdc acid adenylic
tdn cung.

- Cé4c khu vyc xodn kép cuc by dudc bit dau tir base thit 5 ké tir dau -3’OH va
xen ké véi cac khu vuc sgi don tao thanh cac thuy.

- Thiy ddu tién k& tir ddu 3° dugc goi 1a thity toan ndng gébm 7 nucleotide, trong
dé trat ty 5°-pGpTpypepG-3° chung cho moi tARN. Theo nhiéu tic gid, thily ndy diing
dé gin vdi ribosome.

- Ti€p theo thily toan ning la thuty phu véi kich thudc bién dong & cdc loai tARN
khéc nhau. Chidc ning ctia thuy nay chua ro.

- Sau thuy phu 12 thity déi md chita by ba déi mda (anticodon) dic hiéu cho mdi
loai tARN. Boba do6i md nay ludn luén nim giita mdt base thit y&u (thudng 12 mot
base purine alkyl héa) vé phia dau 3’ va U vé phia ddu 5°. Trong qud trinh sinh tong
hdp protein trong ribosome nhd tinh b3 sung giita cdc bo ba ddi ma clia tARN va cic
bd ba mit ma clia mARN ma hai loai ARN phdi hdp dugc vdi nhau dé x4c dinh trat ty
aminoacid ctia chudi polypeptide can dudc tdng hop.
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Hinh VI.12. So dé cdu triic bdc hai dang ld ché ba ciia tARN

- Tiép tuc vé phia diu 5’ 1a thuty UH,. Tén goi nay xuit phat tir chd UH, ludn c6
mit tai ddy. Trat tv 3’pUH,pGpA-5° 1a chung cho moi tARN. Theo quan diém dugc
nhiéu nha khoa hoc cong nhan, thily nay 1a noi tARN gin v6i enzyme aminoacyl-
tARN-synthetase dic hi¢u.

- CAu triic bac hai vé6i nhitng dic di€m néi trén cé dang mot 14 ché ba, vi vy né
thudng dudc goi 1a cau tric 14 ché ba.

- C4u tric bac ba cta tARN, theo quan di€ém dudc nhiéu ngudi thita nhin, cé
dang chit T, trong d6 mot dau cla chit nay chira hai dau tin cting 3’ va 5°, dau ddi dién
chit thily d6i ma, con géc cia né chira thily toan ning va thily UH,. CAu tric nay hinh
thanh chii yéu la nhd nhitng lién ké&t hydro khdc véi cdc lién két hydro tao ra cic khu
vuc xodn kép hinh 1V.13).
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Hinh VI.13. M6 hinh cdu tric bdc ba ciia tARN

3. ARN ribosome (rARN).

rARN 12 thanh phin cu tao clia ribosome. Ching chi€ém hon 80% tong s6 ARN
cla t€ bao. Trong céc t&€ bao procaryote, ma dai dién 13 E. coli, c6 ba loai rARN véi
hiing s6 ling 23S, 16S va 5S. Hai loai 23S va 5S gép phan cling véi 34 loai protein
khdc nhau, ky hiéu tir L1 d&n L34, tao nén phan dudi don vi ribosome 50S. Trong khi
dé ARN 168 cuing véi 21 loai protein, ky hiéu tir S1 d&€n S21, tao nén phan dudi don vi
ribosome 30S. Khi tdng hdp protein, hai phan dudi don vi 50S va 30S két hop véi
nhau d€ tao nén ribosome hoat dong 70S (hinh IV.14).

Ribosome
cia t€  bao
eucaryote co

hing s6  ldng
80S va dugc
ciu tao bdi hai
phan dudi don vi
40S va 60S. Phan
duéi don vi 40S
chita ARN 18S
két hop véi 33
loai protein, con
phan dudi don vi
60S chita cac loai
ARN 28S, 5,8S
va 5S két hgp véi
49 loai protein.

Ciing nhu
cic loai ARN
) khic, chudi
H?nh 1V.14. Cdu tric kfzéng gian ctia ribosom polinucleotide
té bao procaryote va té bao eucaryote. cia rARN tao

nén cac khu vuc
xodn kép trén cd
s§ tinh bS sung
clia cdc base nito
A-U va G-C
(hinhVI.15). Hai
phin duéi don vi

~ 1
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cla ribosome
phoi hdp véi nhau
sao cho gifta
ching c6 mot khe
hd d€ soi mARN
xuyén qua dé
truyén dat thong
tin trong qué trinh
sinh  tong hdp
protein. Ngoai ra,
trong  ribosome
con c6 nhitng khu
vuc dic biét cho
phép ching lién
két tam thdi véi
aminoacyl-tARN
va véi sgi
polypeptide dang
dugc tdng hop.
Trong sy lién két
nay rARN dong
vai trd rit quan
Hinh TV_ 15 vARN 16S vii rARN 58 trong.

V. PHAN GIAI ACID NUCLEIC.

1. Tdc dung culia exo- va endonuclease.

ADN va ARN bi thiy phan véi sy xtdc tdc ctiia cdc loai nuclease va phospho-
diesterase dic hiéu. Nhitng enzyme niy c6 thé dugc chia lam hai nhém a va b.
Nhitng enzyme nhém a chi thiy phan lién két ester gitta gdc phosphate v6i C3’ (lién
két a trong hinh IV.7). trong khi d6 cdc enzyme nhém b chi thdy phan lién két ester
gitta g&c phosphate véi C5’ (lién két b).

Thudc enzyme nhém a cé phosphodiesterase clia noc rin. Enzyme nay thiy
phan moi lién két a trong ADN ciing nhu trong ARN va gidi phéng nucleoside-5’-
phosphate. Hoat dong clia enzyme nay doi héi sy ton tai cia nhém 3°-OH tu do & dau
tan cing mach polinucleotide. Phdn tng dugc thyc hién titng budc & dau tn cling nay
(hinh XII.1 a).

Thudc nhém b cé phosphodiesterase ctia 1dch bd. N6 tdc dung tir diu tin cling
chita nhém 5°OH tu do, thiiy phan 14n ludt cdc lién két cia cd ADN va ARN d€ gidi
phong nucleoside-3’-phosphate (hinh XII.1 b).
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C4 hai loai enzyme nay déu thudc loai exonuclease. Khdc vdi ching, nhitng
enzyme thudc loai endonuclease khong doi héi sy ton tai cda nhém 3’- hoic 5°-OH
tan cung. Ching cong phd cdc lién két a hodc b & cdc vi tri trong gita mach
polynucleotide. Hoat dong ctia chiing mang tinh chat diic hiéu nhat dinh d6i véi thanh
phin nucleotide clia phan tif ADN va ARN.

o o] o] o o ) ] = [ o

- OH
B P P B B P P P E

I o PP

(a) =)
Hinh XII.1. Co ché'tdc dung ciia phosphodiesterase noc rdn (a) va

¢

phosphodiesterase ldch bo (b).

Deoxyribonuclease 1 tif tuyén tuy cta bo thdy phian lién ké&t a gilta cic
pyrimidine va purine khdng phu thudc vao vi tri clia chiing trong mach (vdi diéu kién
mach tuong d6i dai). San phadm 12 nhitng oligonucleotide chita khodng 4 don vi véi
gdc phosphate & ddu 5° va nhém —OH & dau 3.

Deoxyribonuclease II tir lch, tuyé&n e hoic vi khudn thdy phan lién két b trong
mot s6 trudng hgp. San pham 14 nhitng oligonucleotide chita khodng 6 don vi véi gdc
phosphate & dau 3’ va nhém —OH & dau 5.

Ribonuclease tuyén tuy chi thily phan nhitng lién k&t b cia ARN ma goc
phosphate gdn v6i mot pyrimidine-nucleotide thong qua lién két a (hinh XII.2).

Pur Pir Pir Pur Pur Pur Pir Pur Sén pham la nhiing
Y ¢ v 9 ¢ ¢ 9o @ pyrimidine-nucleoside —

3’-phosphate va nhiing
oligo-nucleotide  chwa
khoang 2-5 don i

purine-nucleotide va
B F F F F E E E P. ~ ~ o

n modt gbc pyrimidine-

T T T nucleoside —-,3-

phosphate tin cuing. San
phim trung gian I
nhifng pyrimidine-

Hinh XI1.2. Co ché'tdc dung ciia ribonuclease tuyén tuy

nucleoside —2’,3’-phosphate vong & dang gdc tw do hoic & dang goc tan clng clia
oligonucleotide.

Ngoai nhitng enzyme ké trén, ngiy nay ngudi ta da phat hién dugc nhiéu loai
exonuclease va endonuclease khdc tir cac ngudn khic nhau. C4c loai nuclease dugc
st dung rong rai trong viéc xdc dinh ciu tric bac mdt clia acid nucleic.

GS.TS. Mai Xudn Luong Khoa Sinh hoc



Jlod sinh hge - 174 -

2. Téc dung ciia acid va kiém.

Néu thdy phan ARN bing kiém lodng sé& hinh thanh hén hgp cta 2’- va 3’-
nucleosidephosphate v6i mdt lugng nhd nucleoside-2’,3’-phosphate vong. nucleotide
vong nay la sdn phdm trung gian va sé& ti€p tuc bi phan gidi thanh nucleoside-2’-
phosphate n hodc nucleoside-3’-phosphate. ADN do khong chia nhém 2°-OH nén
khong thé tao nén nucleotide vong va vi vy khong bi thdy phan bing kiém.

C6 thé thiiy phan ADN va ARN thanh base nito bing acid formic 98% & 175°C
trong 3 phut hodc acid perchloric 12N ¢ 100°C trong mot gis. Tuy nhién, cdch thd
nhit 1am gidm lugng uracil con cdch thit hai lam hdy mdt phan thymine. ADN ciing ¢
thé bi thiy phan bing HCI 6N & 120°C trong 2 gid, song mot phin purine s& bi mat.
Néu thiiy phan ARN bing HCI IN & 100°C trong 1 gid, sé thu dudc hdn hgp base
purine va pyrimidine-nucleotide. Nhitng pyrimidine-nucleotide nay chi bi thiy phan
thanh base tu do trong diéu kién dun s6i v6i acid & 4p suat cao trong ndi 4p suit hoic
dng nghiém han kin.

3. Phan gidi nucleotide va nucleoside.

Nucleotide tu do hinh thanh khi thiy phan acid nucleic s& ti€p tuc bi thiy phan
thanh nucleoside nhG cdc enzyme 5’-nucleotidase va 3’-nucleotidase. Nucleosidase
sé thiy phan nucleoside thanh pentose va base purine hoic base pyrimidine tu do.

4. Phén gidi pentose vi base nito. Cic pentose ti€p tuc chuyén héa theo
con dudng chuyén hosd chung cia glucide.

Base purine trong cdc nhém dong vat khdc nhau bi phan gidi v46i mic d6 khéc
nhau. O ngudi va mot s6 dong vat c6 v, chim va mot s6 bd sét sdn phdm cudi ciing 12
acid uric. O nhitng loai c¢é vid va bo sit khéc ciing nhu & gidp sdt acid uric ti€p tuc bi
phan gidi thanh alantoin. Nhiéu ddng vit c6 xuong song cé thé phan gidi alantoin
thanh urea; Con nhiéu loai khong xuong song va thuc vat lai ti€p tuc phan gidi urea
thanh ammoniac.

Céac giai doan chinh ctia qua trinh phin giai base purine dugc mé ta trong hinh

XIL3. ox N
: I
= Y| c M
A \\ N \\
ooy i o’ G
Adenins Adenaze | i - Xantine oxydasze 1|\] : - uanase
G 5 c.
HoO  NH; S 5 p ~ MH; HoO
- H - MH HO S NH
+O l}{anﬂnc oxydaze
2
o oH oH
1% NH\ . N ! N
< SN NS
L e Y N Y
SN {;\ 4 & oc e & ¢ S
H HH HO/ \\ ' . HO/ \\ e e
il HH ™ NH
Alantoin Acid uric [dang cetons) Acid uric (dang enol)
+Hzol.¢hnmjnasc
H-zll\l tl_"o-::-H MH; - Hah~-C-HNH 0
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Hinh XI1.3. Phdn gidi base purine thanh sdn phdm cudi ciing

Qud trinh phan gidi cdc base pyrimidine chua dudc nghién ctu ddy dd. Cic so
liéu thu dugc & vi sinh vat cho thiy ching bi phan gidi thanh acid malonic, ammoniac
va CO, v4i san phdm trung gian 13 acid barbituric (hinh XII.4). Tuong tu uracil sin
phdm trung gian clia qud trinh di héa thymine 12 acid 5-methyl-barbituric.

o]
1l
Z
. AN
4 Crtozine H—HN CODH - HHz
mina i |
Cytozine — oo 27 o\ Upel — 3 | | b= Ly, 4 Lo
; ; o=C =0 | .
H,O0  HH; S OOH NH;
u Acid malonic  Urea

Acid barhituric K
reaze

COa ZMHj3
Hinh XI1.4.Phén ¢idi cdc base pvrimidine cvtosine va uracil thanh sdn phdm cudi cine.
Trong nhiéu cd thé, dic biét & vi khudn, cdc base t do c6 thé khong bi phan gidi
hoan toan ma dugc st dung lai dé tong hdp acid nucleic va cdc hgp chat khdc. Cic

base purine ty do c6 thé bii€n thanh nucleotide tuwong dng nhd
phosphoribosyltransferase:

Adenine + 5-Phosphoribosyl-1-pyrophosphate «——, AMP + PP,
Guanine + 5-Phosphoribosyl-1-pyrophosphate «<—— GMP + PP,

Chiing ciing c6 thé bién thanh nucleotide vdi sy xiic tdc lién tiép clia hai enzyme
nucleoside phosphosylase va nucleoside kinase. Vi du:

Guanine + Riboso-1-phosphate —— Guanosine + P,

Guanosine + ATP &—— GMP + ADP

Céc sin pham trung gian clia qua trinh di héa pyrimidine c6 thé dudc dung dé tng
hdp mdt s6 B-aminoacid, vi du f—alanine va acid B-aminobutyric.
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