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Chuong 6
Enzyme

Enzyme la protein c6 kha néng xtic tc dac hi€u cho cac phan tng
hoa hoc. Chung thac day mot phan Umg xay ra ma khéng co6 mat trong san
pham cubi cung. Enzyme c6 trong nhiéu ddi twong sinh hoc nhu thuc vat,
dong vat va moi truong nudi cay vi sinh vat.Hién nay ngudi ta da thu dugc
nhiéu loai ché pham enzyme khac nhau va st dung rong rii trong nhiéu
lanh vuc nhu y hoc , nong nghiép, cong nghiép...

6.1. Ban chit hoa hoc ciia enzyme

Ngoai trir mot nhom nhé RNA c¢6 tinh xtc téc, tat ca enzyme déu
1a protein. Tinh chit xuc tic phy thudc vao cdu tao cta protein. Néu mot
enzyme bi bién tinh hay phan tach thanh nhimg tiéu don vi thi hoat tinh
xuc tac thuong bi mét di, twong tu khi ban than protein enzyme bi phan
cit thanh nhitng amino acid. Vi vay clu trac bac 1, 2, 3, 4 cla protein
enzyme 1a can thiét cho hoat tinh xuc tic ctia chung.

Enzyme, cling nhu nhiing protein khac, co trong luong phan tu
khoang 12.000 dén hon 1000.000.M6t s6 enzyme cdu tao gdm toan nhiing
phan tir L amino acid lién két v&i nhau tao thanh, goi la enzyme mot thanh
phan. Pa sé enzyme 14 nhitng protein phirc tap goi 1a enzyme hai thanh
phan. Phan khong phai protein goi la nhom ngoai hay coenzyme. Mot
coenzyme khi két hop vé6i cac apoenzyme khac nhau (phan protein) thi
xuc tac cho qua trinh chuyén héa cac chat khac nhau nhung chung giéng
nhau vé kiéu phan tng.

Mot sb enzyme can ion kim loai cho hoat dong nhu:

Cu** Cytochrome oxidase

Fe*" hodc Fe’* Cytochrome oxidase, catalase, peroxidase

K" Pyruvate kinase

Mg** Hexokinase, glucose 6-phosphatase,
pyruvate kinase

Mn** Arginase, ribonucleotide reductase

Mo Dinitrogenase

Ni** Urease

Se Glutathione peroxidase

" Carbonic anhydrase , alcohol dehydrogenase,

cac carboxypeptidase A va B
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Mot sO coenzyme va chirc nang van chuyén nhom tuong {mg cia
ching nhu sau:

Biocytin CO,

Coenzyme A Nhom Acyl

5’- Deoxyadenosylcobalamin Nguyén tor H va nhom alkyl
(coenzyme Bj»)

Flavin adenine dinucleotide Pién tir

Lipoate bién tr va nhom acyl
Nicotinamide adenine dinucleotide | lon Hydride (:H")

Pyridoxal phosphate Nhom Amino
Tetrahydrofolate Nhom 1 Carbon

Thiamine pyrophosphate Aldehyde

6.2. Co ché tac dung

Nhing quan diém hién nay nham giai thich co ché tic dung cta
enzyme déu cho rang khi enzyme (E) tuwong tac voi co chit (S) s& lam
giam ning lyong hoat hoa cic phan tmg héa sinh. Mu6n 1am giam ning
luong hoat hoda cac phan tmg enzyme can trai qua nhiéu giai doan trung
gian va tao thanh phirc chat nhét dinh giira E va S.

Khi két hop voi phan tir enzyme, do két qua cua su cuc hoa, su
chuyén dich cua cac electron va su bién dang cua cac moi lién két tham
gia tryc tiép vao phan mg s& lam thay d6i dong ning va thé ning nén
phan tir co chat trd nén hoat dong va dé dang tham gia phan tng.

Viéc tao thanh phuc hop E-S giai doan dau xay ra rat nhanh va rat
khong bén. Do d6 sau mét thoi gian dai méi duge chimg minh bang thyc
nghi¢m. Bang chung rd rang nhat vé sy ton tai ctia phuc hop E-S 1a thanh
cong cua hai nha hoa sinh Nhat Ban K. laglu va T. Ozava la tach dugc
phtc E-S trong phan tng khir amin bang cach oxy hoéa (loai trtr nhém
amine) mQt amino acid day D do oxydase xtc tac.

~ Nhin chung ta c6 thé hinh dung co ché tac dung ctia enzyme 1én co
chat tao san pham bang phuong trinh tong quat nhu sau:

E+S S E-S = P+E

Giai doan 1: E két hop voi S dé tao thanh E-S. Giai doan nay xay
ra rat nhanh, nho céc lién két khong bén nhu lién két hydro, twong tac tinh
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dién, twong tic Van der Waals... Mdi loai lién két doi hoi nhiing diéu kién
khéc nhau va chiu anh huéng khac nhau khi cé nuée.

Giai doan 2: Sau khi tao phirc, co chdt co nhimng bién ddi nhat
dinh vé mat d6 di¢n tr, cau hinh Iam co chat tré nén hoat dong hon, phan
ung dugc dé dang dé tao thanh san pham P.

Trong nhiéu phan tmg do enzyme xiic tac ¢6 2 hay nhiédu loai co
chat, vi du hexokinase xtic tac phan ung:

ATP + glucose _hexokinase . ADP + glucose 6 phosphate

Co ché enzyme xtc tac cho phan tng 2 co chat ¢ thé nhu sau:
a/ Co ché tao phirc 3 thanh phan
S,

Y
E+58;, — Ef&; ﬁESﬁg — E+P;+ B

ES,

= o
i EH ES;85, E + P, + Pa
h"“-“‘b-_\'.. ESE,,._';:’",-"

b/ Co ché khéng tao phirc 3 thanh phan

By Ba
E+8, — ES; ——E'P, == E' &==E'S; E+Ps

Pay 1a truong hop co chat thir 2(S,) chi két hop vao enzyme ( &
trang thai E”) sau khi P1 dugc tao thanh.

6.3. Trung tam hoat dong (TTHD) ciia enzyme

Tir két qua ‘nghién ctru Vé ban chat hoa hoc, vé ciu tric trung tam
hoat dong , co ché tac dong, vé trung tim hoat dong chung ta c6 thé ¢
mot sO nhan xét chung vé trung tdm hoat dong nhu sau:

- La bo phan dung dé lién két v6i co chat.

- Chi chiém ti 1& rit bé so v6i thé tich toan bd ciia enzyme.

- GOom cac nhém chire ctia amino acid ngoai ra ¢6 thé c6 ca cac ion
kim loai va cac nhom chirc cia cac coenzyme.
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Pbi v6i E mot thanh phan: TTHD chi gdm nhimg nhom chirc cua
cac amino acid nhu nhom hydroxy cua serin, carboxy cta glutamic, vong
imidazol... Cac nhom chic ctia cdc amino acid c6 thé xa nhau trong chudi
polypeptide nhung nho cau tric khong gian nén nd gan nhau vé mat khong gian.

Dbi v6i E hai thanh phan: TTHD ciing nhu trén, cac nhom chirc
cua cac amino acid tham gia tao thanh TTHD lién két véi nhau bang céc
lién két hydro. Ngoai ra trong TTHD cua loai ndy con c6 sy tham gia cua
coenzyme va c6 thé cd ion kim loai.

Theo Fisher TTHD c6 ciu trac ¢ dinh, khi két hop véi co chat dé
tao phuc E-S ta c6 thé hinh dung giong nhu chia khoa va 6 khoa. Ngay
nay nguoi ta da chimg minh dugc rang: TTHD cta enzyme chi c6 cau tao
hoan chinh khi c6 sy tuong tac véi co chat (thuyét tiép xuc cam ung cua
Koshland).

6.4. Tinh dac hi€u cia enzyme

Nguoi ta chia tinh ddc hiéu ra lam 3 kiéu:

+ Déc hiéu phan ing

+Pic hiéu co chat

+ DPac hiéu khong gian

a/ Pdc hiéu phan vmg: DO 1a biéu hién cua mdét enzyme chi
thuong xuyén xtc tac cho mdt kiéu phan rng nhat dinh, vi du van chuyén
hydro tir chat cho (rugu bac nhat hay rugu bac hai) dén chat nhan (NAD+
hay NADP+) hay chuyén nhom amin tr mgt amino acid dén mot ceto
acid. Cac phan tng loai thir nhat do dehydrogenase xtc tac, con phan ung
loai thir hai do aminotransferase xuc tac.
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b/ Bdc hiéu co chat: Tuy mtrc d§ nguoi ta chia thanh: dac hiéu
tuong doi va dac hi¢u tuyét doi

+ Pac hiéu tuyét dbi: Enzyme chi tac dung Ién mot co chit nhat
dinh, mot vi du co tinh chat kinh dién vé chuyén hod tuyét doi 1a urease,
enzyme chi phan giai ure:

Hang trdim thi nghiém trén cac dan xudt ciia ure déu cho thiy
chung khong bi phan giai duoi tic dong cua urease. Thuc ra nguoi ta da
phat hién kha nang phan gidi co chat hydroxyure nhung véi toc do bé hon
khoang 120 lan.

+ Déac hiéu nhom tuyét dbi: Cac enzyme ndy chi tac dung lén
nhimng chit c6 cung mot kiéu cdu triic phan tir, mot lién két va c6 nhimg
yéu cau xac dinh ddi voi nhom nguyén tir d6i voi nhoém nguyén tir & gan
lién két chiu tic dung. vi du : maltase chi phan giai lién két glucosidic
duoc tao thanh tir glucoside cia glucose véi -OH cua monose khéc.

+ Pic hiéu nhom twong ddi: Cac enzyme khong c6 nhitng yéu cau dbi
voi nhodm chirc ¢ gan lién két chiu tac dung. vi du lipase thuy phan lipid.

¢/ Dac hiéu khong gian: Cac enzyme chi xtc tdc cho mdt dang
dong phan nao dé nhu dang L hay dang D, dang cis hay trans ma thai.

6.5. Cac yéu t6 anh hwéng dén toc dd ciia phan ng enzyme
6.5.1. Anh huéng ciia nong do enzyme

Trong diéu kién du thira co chét, nghia 1a [S] >>>[E] thi toc do
phan tng phu thudc vao [S], v=K[E] c6 dang y = ax. Nho d6 nguoi ta da
do [E] bang cach do van toc phan ung do enzyme d6 xuc tac.

C6 nhiéu truong hop trong mdi trudng cd chira chat kim ham hay
hoat hoa thi van toc phan ung do enzyme xtc tac khong phu thudc tuyén
tinh véi [E] do.

"E]
Hinh 6.1: Sy phu thudc ciia van toc phan ting vao [E]
6.5.2 Anh huong ciia nong dg co chat [S]
Ta khao sat truong hop don gian nhét : chi mot co chat.
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k:l L
E+8 == Es 2. E+P
- M

Goi v; 1a van tdc cua phan tng tao thanh phtic chat ES.
Goi v.; 1 van tc cua phan Gng phan ly phirc chat ES dé tao thanh
EvasS
Goi v, 12 van tdc ciia phan tng tao thanh E va P (san pham).
vi= ki[E][S]
v = ky[ES]
va = ko[ES]
Khi hé thong dat trang thai can bang ta co:
ki [ES]+ko[ES] = ki[E][S]
(ktko)[ES] = k4 [E][S] (2)
Goi Eg la néng d6 ban dau:
[Eo =[EIFESI=>[EJ=[Eo]-[ES] (3)
Thay tri s6 [E] tir (3) vao (2) ta c6:
(k1+k2)[ES] = ki([Eo]-[ES]) [S]

ki [Eo] [S]

Néu dit Km=k+ko/ k
(Km: goi 12 hing s6 Michaelis Menten).
Ta co : [ES] = [EO][S}/ Km+[S]
Mit khac van tdc phan tmg tao thanh san pham P 1a:
V =Lk,[ES]
Thay [ES] bang gié tri & trén ta thu dugc:

ka[Eo] [S]
V = oo 4)
K +[S]
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Qua day ta thay nong d6 enzyme cang cao thi van tdc phan tng
enzyme cang lén. Van toc dat cuc dai khi toan by enzyme lién két voi co
chét, nghia 1a:

Vimax= k2 [EO]
Thay vao phuong trinh (4) ta dugc:
[S]

Kt [S]
Phuong trinh (5) goi la phuong trinh Michaelis Menten.
Km goi 12 hang s6 Michaelis Menten dic trung cho mdi enzyme
Km dac trung cho ai lyc cua enzyme v6i co chat, Km cc'),tri )
cang nho thi ai luc cua enzyme voi co chat cang 16n, nghia 1a van toc cua
phan tng do enzyme xuc tac cang lon.

[S]
Hinh 6.2. Bién thién vén toc phan ng theo ndng dd co chit.

Khi tang [S] thi v phan tmg tang, tang [S] den mdt gid tri nao do thi v
dat dén gi4 trj vmax va s& khong tang nita néu ta van tiép tuc ting [S].

Khi Km=[S] thi v=1/2 Vmax
Néam 1934. Lineweaver va Burk, trén co s cua phuong trinh (5) da
nghich dao dé bién thanh dang dudng thang y=ax+b, né c6 y nghia 16n doi
v6i viéc nghién ctru kim ham enzyme.
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1/v

1/Vimax

»
»

-1/Kp 18]
Hinh 6.3: Sw phu thudc ciia toc do phan ng vao ndng dd co chit theo
Lineweaver-Burk
6.5.3. Anh hwéng ciia chdt kim ham (inhibitor)

La chat c6 tac dung lam giam hoat d6 hay lam enzyme khong con
kha nang xuc tac bién co chat thanh san pham. Kim ham enzyme co6 thé
thuyc hién bang nhiéu cach khac nhau (thudn nghich hay khong thuan
nghich). Thuan nghich c6:

Céch 1: Kim ham canh tranh (competitive inhibition)

Trong trudng hop kim hidm canh tranh 14 co chit va chit kim him
déu tac dung Ién trung tdm hoat dong cua enzyme, Chat kim ham choéan
cho cua co chat ¢ enzyme.

E+58 —m E5 —* E+ P
I e C»
I S

m = O

Hinh 6.4. Kiéu kim him canh tranh

Khi co chat du thia, ndng do chat kim ham thap thi c¢6 thé loai
bo tac dung cua chat kim ham, con nong d¢ co chat thap va nong do chat
kim ham cao thi lai c6 tdc dung kim ham hoan toan.

1/v=(0Ki/Viax) 1/S +1/Vinax o= 1+[1]/K;
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1/v

(1]

1/V imax ™ Khéng ¢ chat kim him

]
1/[S]

Hinh 6. 5. S phu thudc ciia téc dd phan tng vao nong dd co chit theo
Lineweaver-Burk khi ¢6 kim ham canh tranh

Nguoi ta thiy kim him nhu vay phan 16n xay ra giita chat kim
ham va co chat c6 su twong dong vé mit hoa hoc. vi du: malic acid c6 cau
tric gan giébng v6i succinic acid nén kim him canh tranh enzyme
succinatedehydrogenase, 13 enzyme xtc tic cho su bién ddi succinic acid
thanh acid fumaric acid.

Truong hop dic biét cua kim him canh tranh 13 kim ham bang san
pham. Trudong hop nay xay ra khi mgt sdn pham phéan Ung tac dung tro lai
enzyme va choan vi tri hoat dong ¢ phan tr enzyme.

Puong thang c6 chat kim ham thi c6 do xién 16n hon va cit truc
tung & mot diém 1a 1/Vmax

Céch 2: Kim ham phi canh tranh (uncompetitive inhibition)

Dic trung cta kiéu kim him nay 1a chat kim ham chi lién két véi
phtrc hop ES, ma khong lién két voi enzyme tu do.
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E+ 5 ES — E+P

Hinh 6.6. Kiéu kim ham phi canh tranh
1/V=(Ki/Vinax) UV[S] + &’/ V nax

1/v

T (1]

A\

-1/Kn khong cé chét kim ham

1/[S]

Hinh 6.7. Sy phu thudc ciia téc dd phan wng vao nong dé co' chit theo
Lineweaver-Burk khi ¢6 kim ham phi canh tranh
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1] oy — LES1

e’ =1 + &= TESIT

Céach 3: Kim ham hon tap( mixed inhibition )

E+ S5 ES —— > E+ P
+ +
I I

- =
T o lo
Cx

(3 —

Hinh 6.8. Kiéu kim hiam hén tap
Trong d0, chat kim ham khong nhiing lién két voi enzmye ty do
ma con lién két voi ca phirc hop ES tao thanh phirc hop EIS khong tao
dugc san pham P.

Tuong ty nhu trén ta c6 phuong trinh :
1/v=(0Kn/Vimax) 1/[S] +0°/Vimax

A

1/v
(1]

1/V max v khong co chit kim ham

7 :

1/[S]

Hinh 6.9. Su phu thujc ciia téc dd phan ng vao nong dd co chit theo
Lineweaver-Burk khi c6 kim ham hon tap
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Céc gid tri o ,a’ dugce dinh nghia nhu trén. Truong hop o = o’ goi
la kim ham khong canh tranh (noncompetitive inhibition).

Mot trudng hop kim hdm con gip nira 1a kim ham enzyme bang
ndng do6 cao cua co chat goi 1a “kim him co chat” nhu kim ham urease khi
néng d6 ure cao, ngoai ra cdn c6 cic enzyme khac nhu
lactatdehydrogenase,  carboxypeptidase, lipase,  pyrophotphatase,
photphofructokinase (d01 voi ATP). Nguyén nhan cua nhiing hién tuong
nay cén chua duoc biét r5. D6 c6 thé 1a:

+ T6n tai nhidu trung tim lién két voi co chat bang cac i lyc khac
nhau. Khi nong do co chat thap thi enzyme c6 thé chi lién két vé1 mot
phan tir co chat, con khi & nong d¢ co chat cao n6 lién két vdi nhicu co
chat dan dén hinh thanh phtrc hop ES khong hoat dong.

+ Co chét ciing c6 thé duoc lién két nho nhitng vi tri dic biét cua
enzyme. D6 1a mot nhém enzyme quan trong (enzyme di 1ap the€) bén canh
trung tdm xuc tac con co6 trung tam di€u chinh.

+ Co chét c6 thé lién két voi mot chat hoat hoa va bang cach nay
no tach khoi E.

+ Co chét co thé choan cho (ngdn can) mot cofactor ( ddng yéu t6 )
hay mdt coenzyme.

+ Co chit c6 thé anh hudng dén ion lyc cia mdi trudng va qua do
lam mat di tinh chuyén hoa cua enzyme.

6.5.4. Anh huéng ciia chat hoat héa (activator)

La chat 1am ting kha ning xuc tac nham chuyén hoa co chat thanh
san pham. Thong thudng 1a nhitng cation kim loai hay nhitng hgp chét hitru
co nhu céc vitamin tan trong nuoc.

Vi du: Mg hoat hoa cac enzyme ma co chat da duoc phosphoryl
hoa  nhu  pyrophosphatase ~ (co  chat la  pyrophosphate),
adenosinetriphosphatase (co chat 1a ATP). Cac cation kim loai ¢c6 thé co
tinh dic hiéu, tinh d6i khéng va tac dung con tuy thudc vao nong do.

6.5.5. Anh hwong cud nhiét do

Ta c6 thé ting van téc ciia mot phan ung hoa hoc bing cach ting
nhiét d6 moi trirong, hién tugng nay tuan theo quy luat Vant’-Hoff. Diéu
ndy c6 nghia khi ting nhiét d6 1én 10°C thi toc do phan tng ting 1én
khoang 2 lan.

Dbi v6i phan Gmg do enzyme xuc tac cling co thé ap dung duoc
quy luat nay nhung chi trong mot pham vi nhat dinh,vi ban chat enzyme la
protein.Khi ta ting nhiét d6 1én trén 40-50°C xay ra qua trinh pha huy chat
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xuc tac. Sau nhiét do tdi wu tdc d6 phan tng do enzyme xiic tac s& giam.
Nho ton tai nhié¢t do toi vu nguodi ta phan biét phan ing hoa sinh véi cac
phan tng vo co thong thuong.

Mbi enzyme c6 mot nhiét do t8i wu khac nhau, phén 16n phu thude
ngudn cung cap enzyme, thong thudng & trong khoang tir 40-60°C , ciing
c6 enzyme coO nhi¢t do toi vu rat cao nhu cac enzyme cua nhirng chung ua
nhi¢t. Cac chung vi sinh vat ua nhiét, dac biét cac vi khuan chiu nhiét co6
chtra enzyme chiu nhiét cao.

Hoat d6

120
100
80
60 -
4]:}_-
20

°0 20 40 60 80 100 120
nhiét do

Hinh 6.10. Anh hwéng ciia nhiét d9 1én hoat dd enzyme

6.5.6. Anh hwéng ciia pH
Sy phan li khac nhau ciia mot phén tur protein ¢ cac gia tri pH khac
nhau 1am thay doi tinh chat cua trung tam lién két vdi co chat va tinh chat
hoat dong cua phan tir enzyme.Dicu nay dan deén gia tri xuc tac khac nhau
phu thudc vao gia tri pH. Nhu da biét moi enzyme c6 mét pH t61 uu,moi
enzyme co duong bi€u dién anh huong pH 1én van toc phan tmg do ching
xuc tac. Puong bicu dién c6 dang nhu hinh sau:
Hoat do

Hinh 6.10. Anh huwéng cia pH 1én hoat d9 enzyme
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Anh hudng ctia gia tri pH dén tac dung enzyme c6 thé do cac co so sau:

a/ Enzyme co sy thay d6i khong thuan nghich ¢ pham vi pH cuc hep.

b/ O hai suon cioa pH tdi wu c6 thé xay ra sy phan ly nhom
prosthetic hay coenzyme.

¢/ Lam thay doi muc ion hoa hay phan ly co chit.

d/ Lam thay do6i murc ion hoa nhém chirc nhit dinh trén phén tur
enzyme dan dén lam thay doi ai lyc lién két cua enzyme voi co chat va
thay d6i hoat tinh cuc dai.

Nho xac dinh Vmax va Km phy thu¢c gia tri pH cho phép nhén
dinh lai ban chat ctia cac nhém tham gia vao lién két co chat va qué trinh
tu x1c tac.

6.5.7. Cdc yéu to khac

+ Anh sang: C6 anh huong khac nhau dén timg loai enzyme, cac
budc song khac nhau c¢6 anh huong khac nhau, thuong anh sang trang c6
tac dong manh nhat, dnh sdng do c6 tac dong yeu nhat.

Anh sang ving ti ngoai cling ¢ thé gdy nén nhing bat loi,
enzyme ¢ trang thai dung dich bén hon khi duoc két tinh & dang tinh thé,
nong d6 enzyme trong dung dich cang thip thi cang kém bén, tac dong ciia
tia tir ngoai s€ tang lén khi nhiét do cao. Vi du dudi tdc dong cua tia tr
ngoai ¢ nhiét dd cao enzyme amylase nhanh chong mat hoat tinh.

+ Su chiéu dién: Pién chiéu véi cuong do cang cao thi tic dong
pha huy cang manh. Tac dong s€ manh hon dbi véi dich enzyme c¢6 nong
d6 thap. C6 thé do tao thanh nhitng gbc tu do, tir d6 tin céng vao phan
ung enzyme.

+ Song si€u am: Tac dong rat khac nhau d6i voi timg loai enzyme,
c6 enzyme bi mat hoat tinh, c6 enzyme lai khong chiu anh hudng.

Nhan xét chung: Do bén phu thudc vao trang thai tdn tai cua
enzyme, cang tinh khiét thi enzyme cang kém bén, dich cang loang thi do
bén cang kém, tdc dong cia mdt so iop kim loai trong dich véi nong do
khoang 10°M nhu Ca™ 1am ting tinh bén.

Enzyme allosteric ( Enzyme di 1ap thé, di khong gian)

Cho dén nay, ngudi ta md ta enzyme ma hoat tinh enzyme phu
thudc nong do co chat khong c6 dang hyperbol ma cé dang sigmoid 1a
enzyme allosteric (Hinh 6.11 ):
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Hinh 6.11. Bién thién van tdc phan wng theo ndng dé co chat

Déi voi enzyme nay, khi ndng do co chat thip thi toc do6 phan ung
tang cham, sau d6 tiép tuc ting ndng do thi tbc do nhanh chong dat gia tri
cuc dai.

Nhu ta d3 biét, enzyme tudn theo dong hoc Michaelis-Menten thi 1
hay nhiéu co chét ciing chi lién két vao 1 vi tri trén phan tir enzyme, diéu
nay s& dan dén enzyme béo hoa co chat. Con enzyme c6 dudng cong toc
do sigmoid chi xuat hién khi enzyme 1a mét oligomer, nén c6 thé lién két
v6i nhiéu phéan tr co chat. Didu ndy co nghia trén enzyme allosteric co
nhiéu trung tm lién két, mdi monomer c6 1 trung tam lién két.

Nguoi ta cho rang, trong trudng hop ndy ¢ tinh hop tac gitra cac
vi trf lién két co chét trong phan tir enzyme oligomer.

Céc enzyme oligomer nay dugc Monod goi 1a allosteric enzyme di
1ap thé (allosteric enzyme). Pudng cong tdc do sigmoid c6 thé bi chét diéu
hoa (modulator) ddy vé phia trai hay phai. Chat diéu hoa duong tirc lam
tang i luc cua enzyme allosteric v6i co chit, nguogc lai 13 chat diéu hoa
am. Cac chat diéu hoa c6 thé lam anh huéng khac nhau dén cac théng sd
dong hoc, 1am thay dbi gia tri riéng 1é mot trong hai gia tri Km hay Vmax.

Hinh 6.12 Minh hga khi c6 modulator
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6.6. Cach goi tén va phan loai enzyme

Nhu ta da biét mdi enzyme xiic tac cho mdi kiéu phan tmg hoa hoc
duy nhat (nhu oxy hoa mét kiéu co chat nhat dinh, thuy phan mot kiéu lién
két nhat dinh,van chuyén mét nhom chat nhat dinh tr mot chat cho dén
mot chat nhan c6 dia chi, trong do co ca viéc bién doi C,hi mot co chﬁt duy
nhat), mat khac con c6 mot kiéu phan tng hoa sinh nhat dinh ¢6 thé duoc
xUc tac bang cac enzyme khac nhau.

Dua Véq tin,h dac hi¢u phan ung cua enzyme, ndm 1 961 tiéu ban
enzyme hoc quoc t€ da trinh bay mot bao cdo, trong d6 c6 d¢ nghi nhimg
nguyén tac dinh tén va phan loai enzyme. Nguoi ta chia enzyme ra lam 6 16p:

1. Oxydoreductase: cac enzyme xuc tac cho cac phan g oxi hoa-khtr.

2. Transferase: cic enzyme xiic tac cho cac phan tng chuyén vi.

3. Hydrolase: cac enzyme xuc tac cho cac phan tng thuy phan.

4. Lyase: cac enzyme xic tac cho cc phan ung phén cit khong can nudc.

5. Isomerase: cac enzyme xiic tic cho cac phan tmg dong phan hoa.

6. Ligase (synthetase): cac enzyme xuc tac cho cac phan ung tong
hop c6 su dung lién két giau nang luong cua ATP .v.v.

MGdi 16p chia thanh nhiéu t6 (dudi 16p), mdi t6 chia thanh nhiéu
nhom (siéu 16p).

Tén enzyme thuong duoc goi: Tén co chat dic hiéu - loai phan ting
xuc tac cong thém tiép vi ngir ase.

Bimg truge tén enzyme thuong c6 4 con sO: s6 thtr nhét chi 16p, so thir
hai chi t6, s6 thtr ba chi nhom, so thir tu chi s6 hang enzyme trong nhom.

Vidu: (2.6.1.1) L.aspartate: a-cetoglutarate aminotransferase.

Enzyrpe ndy xuc tic cho phan tmg chuyén nhém amine tir
L.aspartate dén a-cetoglutarate.

L.aspartate +a-cetoglutarate S oxaloacetate + glutamate

6.7. Cac coenzyme quan trong

I H
= | ﬁ' :I_'I" {’ | jﬁj
::H?—C:I—'IT—CI—I?-—G—EHE (%

o ] 2
= =

OH OH OH OH

Nicotinamide adenine dinucleotide
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Thiamin diphosphate

A (Nhém - amino protein, Schiff base)
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Pyridoxal phosphate
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Chuong 7
Hormone

7.1. Co ché tic dung ciia hormone

Hormone 1a nhiing chét hitu co dugc tao thanh trong co thé cé tac
dung diéu hoa cac hoat dong song trong co thé. Luong hormone trong co
thé thuong rat thap.

Hormone c6 ca ¢ thuc vat va dong vat. o) dong vat hormone dugc
san xudt tai cic tuyén ndi tiét va tic dong dén cac mo khac noi nd duoc
tao ra. Hormone tir tuyén ndi tiét duoc tiét truc tiép vao mau va dugc mau
van chuyén dén cac mo chiu tac dung.

Hormone c6 tinh dic hiéu. Hormone c6 tac dung diéu hoa cac qua
trinh sinh 1y, hoa sinh trong co thé ma khong tham gia tryc tlep Vao cac
phan tng cia co thé. Hormone c6 tac dong dén téc @6 sinh tong hop
protein, enzyme, anh hudng dén tc do xuc tac cua enzyme; thay d01 tinh
thAm cua mang té bao, qua d6 diéu hoa hoat dong séng xay ra trong té bao.

Mot s6 hormone tac dong der} co thé théng qua chat trung gian
AMP vong. AMP vong la chat truyén tin thir 2, con hormone 1a chat
truyén tin thir nhat. Theo co ché ndy tac dung cta hormone 1én t€ bao dich
xdy ra qua nhiéu giai doan kha phuc tap.

- Trong mang nguyén sinh chit cia té bao c6 chira chat nhan
hormone, chat nay s€ két hgp dac hi¢u voi hormone.

- Su két hop do kich thich lam tang hoat d9 cua adenylatcyclase xtc
tac cho phan Uing chuyén hoa ATP thanh AMP vong.

- Adenylatcyclase xuc tac cho phan ung chuyén hoa ATP thanh
AMP vong.

- AMP vong lam thay d6i van toc ciia cic qua trinh xay ra trong té
bao lién quan dén hoat dong cua hormone.

- Nhu vay tac dung cua hormone theo co ché nay phai théng qua
AMP vong ma khong tac dong truc tiép vao té bao.

- Qua trinh hoat hoa adenylatcyclase bdi phirc hormone-chat nhan
dugc thuc hién qua chat trung gian la protein G. Phan tr protein nay co
kha ndng két hop vdi GDP hay GTP. Dang phuc protein G-GTP ¢o tac
dung hoat hod adenylatcyclase, con protein G-GDP khong c6 tac dung
nay. Nhu vy muén chuyén sang dang hoat dong phai c6 su tham gia cua
GTP, néu la protein G-GDP can c6 sy thay thé GDP bang GTP nho phuc



