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MG PAU

Enzyme 12 cdc chit xic tdc clia cdc hé thong sinh hoc. Ching c6 kha
ning xuc tic dic biét, thudng 12 manh hon nhiéu so véi cic chat xtc tic tong
hop. Téc dung xiic tdc clia chiing mang tinh dic hiéu cao ddi véi co chat, lam
ting ding k€ tdc dd cdc phin tng héa hoc x4y ra trong moi trudng nudc &
di€u kién nhiét dd va pH ém diu.

Enzyme 13 mot trong cdc chia khéa dé hi€u bi€t qua trinh hoat dong
song cia t&€ bao. Hoat dong trong nhitng trit tu c¢6 tinh td chic cao, chiing xtic
tic hang trim phan tng theo trit ty xdc dinh trong cdc con dudng trao ddi
chit ma nhd d6 cdc chat dinh dudng bi phan hily, ning lugng héa hoc dudc
lutu gilf va bi€n ddi, cdc dai phan tif sinh hoc dugc tao ra tir cdc cht tién than
don gidn. Mot s6 enzyme tham gia trong qué trinh trao ddi chat 13 nhitng
enzyme diéu hoa, chiu trach nhiém d6i vdi cdc tin hiéu trao ddi chat khac
nhau bing cdch thay d6i hoat tinh xiic tic ctia ching mot cich thich hop.
Thong qua hoat dong clia cic enzyme diéu hoa cdc hé thong enzyme phdi
hgp chit ché véi nhau dé€ tao ra moi quan hé hai hoa giita c4c hoat tinh trao
ddi chat cAn thi€t cho viéc duy tri sy séng.

Nghién cifu enzyme con c¢é y nghia thuc tién rat quan trong. Pdi véi
mdt s6 bénh, dic biét 1a cdc r6i loan mang tinh di truyén, c6 thé 1a do thi€u
hay mat hin mdt hodc modt s6 enzyme trong cdc md. Cédc diéu kién khong
binh thudng ciing c¢6 thé xuit hién do hoat tinh du thira clia mot s& enzyme
dic hiéu. X4c dinh hoat tinh cla mot s6 enzyme xdc dinh trong huyét tuong,
hdng ciu hoic trong cdc mo 1a rdt quan trong trong viéc chan doin bénh.
Enzyme di trd thanh cdc cong cu thuc t€ quan trong khong nhit.ng trong y
hoc ma cd trong cong nghé héa hoc, trong ché& bién thifc dn va trong ndng
nghié€p. Enzyme c¢6 vai tro thdm chi trong hoat dong hang ngay cuia gia dinh,
vi du nhu trong viéc lau chiii chd ban hoic trong cong viéc ché bién thic in.
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I. BAN CHAT PROTEIN CUA ENZYME.

Phan 16n lich st hod sinh hoc 1a lich st nghién ctfu enzyme. Céc chit
xtic tdc sinh hoc 1an dau tién dudc phdt hién va mo td vao nhitng nim 1800
trong cdc nghién cifu vé tiéu hda thit bing cdc chat ti€t clia da day va su bién
ddi tinh bot thanh dudng bdi nudc bot va bdi cdc dich chiét thuc vat khic
nhau. Trong nhitng nim 1850 Louis Pasteur két luin ring qua trinh Ién men
dudng thanh rugu bdi nAm men dugc xic tic bdi “ferment”. Ong cho ring
nhitng men nay, ma vé sau dudc goi 13 enzyme, 12 nhitng chat khong tach rdi
khéi cdu tric clia t&€ bao nAm men s6ng, mot quan di€m ton tai trong nhiéu
nim. Cho dén nim 1897 Eduard Buchner di xdc dinh ring cdc dich chiét
ndm men c6 thé 1én men dudng thanh rudu ngay ca khi chiing dugc tdch khdi
cAu tric clia t&€ bao nAm men. Phat hién ndy da thic ddy cdc nha sinh héa tim
cach tach chiét nhiéu enzyme khac nhau va nghién ctfu hoat tinh xtc tdc cla
chung.

Cong trinh t4dch chiét va tinh ch€ urease clia James Sumner nim 1926
da thic ddy cdc nghién ctu diu tién tinh chit cla cdc enzyme dic hiéu.
Sumner di phat hién dudc ring cdc tinh thé urease dugc cAu tao hoan toan tir
protein va tir d6 6ng cho ring tit ci enzyme 1a protein. Y tudng niy qua cic
vi du khédc di ti€p tuc dudc tranh cii thém nhiéu nim sau d6. Chi d&n nhiing
ndm cudi cta thap ky 1930, sau khi John Northrop va cdc cdng tdc vién clia
ong két tinh dudc pepsin va trypsin va ciing xdc dinh dugc ching ciing 1a
protein thi quan niém ctia Sumner vé enzyme md&i dugc cdng nhan rong rai.

Ngay nay hod sinh hoc di xac dinh dugc ring tit cd enzyme la protein.
Hoat tinh xtc tdc clia chiing phu thudc vao tinh nguyén ven clia ciu tric
nguyén thly cla protein. Néu mot enzyme bi bién tinh hoic bi phan ly thanh
cdc phian dudi don vi thi hoat tinh xiic tdc clia né thudng bi mat. Khi mot
enzyme bi phan gidi thanh aminoacid thi hoat tinh xtc tdc cia né hoan toan
khong con. Nhu vay, cdu tric bac mdt, bac hai, bAc ba va bac bon cua
protein enzyme 13 nhitng y&u td rit quan trong ddi v6i hoat tinh xic tdc cia
ching.

Enzyme, ciing nhu cédc protein khéc, c6 trong lugng phan t tir khodng
12.000 dén hon 1.000.000. Mot s6 enzyme khdng cin cdc nhém héa hoc
khong phai aminoacid cho hoat tinh xiic tdc cia minh. Mot s& khdc can c6
cdc nhém bd sung goi 1a cofactor (bang 1) Nhitng cofactor nay c6 thé 1a mot
hodc mot s& ion kim loai nhu Fe**, Mg*, Mn** hoic Zn®* hoic mot phin ti
htu ¢d hay hitu co chita lim loai phic tap dudc goi 1a coenzyme (bang 2). Mot
s0 enzyme doi hdi cd coenzyme vd mot vai ion kim loai cho hoat tinh clia
minh. Mot coenzyme hoidc ion kim loai lién két cong hoa tri v6i protein
enzyme dugc goi la nhom thém hay nhom prosthetic. Mot enzyme tron ven

GS.TS. Mai Xudn Luong Khoa Sinh hoc



Inzyme

c6 hoat tinh xuc tdc cung véi coenzyme va (hodc) ion kim loai hgp lai dugc
goi 12 holoenzyme. Phan protein clia loai enzyme nay dudc goi 12 apoenzyme
hay apoprotein. Coenzyme hoat dong nhu vat mang cdc nhém chic dic hi¢u.
Nhiéu vitamin va cdc chit hitu co v6i ham lugng nhd c6 trong thiic 4n 13 cic
chat tién than clia coenzyme.

A A 7 2, - A 7 A A A A N
Bdng 1. Mot s6 enzyme co chita hodic can cdc nguyén to vo co dé lam

cofactor.
Cofactor Enzyme
Fe’* hoic Fe* Cytochrome Oxydase Catalase, Peroxydase
Cu® Cytochrome Oxydase
Zn* Carbonic Anhydrase, Alcohol Dehydrogenase
Mg Hexokinase, Glucoso-6-phosphatase, Pyruvate Kinase
Mn?* Arginase, Ribonucleotide reductase
K" Pyruvate kinase
Ni** Urease
Mo Dinitrogenase
Se Glutathione peroxidase

Bdng 2. Mét s6 coenzyme lam vt trung chuyén cdc nguyén tit hodc cdc
nhom nguyén tit ddc hiéu..

COENZYME

Nhom duogc vin

Chdt tién than trong thitc

chuyén dn cua djong vdat co vii
Thiamine pyrophosphate Aldehyde Thiamine (Vitamine B))
Flavine adenine Dién it Riboflavine (Vitamine B;)
dinucleotide
Nicotinamide dinuclotide Dién nit Nicotinic acid (Niacin)
Coenzyme A Nhom acyl Acid pantothenic
Pyridoxal phosphate Nhom amine Pyridoxine (Vitamine Bg)
5’- Cdc nguyén tu H va

Deoxyadenosylcobalamine
(Coenzyme B,)

nhom alkyl

Vitamine B,
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CO,
Biocytin Biotin

Nhom mot carbon Folate
Tetrahydrofolate

Pién tit va nhém acyl | Khéng can cé trong thiic
Acid lipoic an

II. DANH PHAP VA PHAN LOAI ENZYME

Tén goi clia enzyme thudng 13 tén goi clia cd chat hay cla kiéu phan
tng ma no xuc tac cong v46i dudi “ase”, vi du urease,, hydrolase v.v... Ngoai
ra con c6 nhitng tén goi truyén thong theo théi quen, khong cho thdy ban
chat héa hoc clia phdn ing do enzyme xic tdc, vi du pepsin, trypsin ... cd hai
ki€u goi tén néu trén déu thi€u chinh x4c.

P& khic phuc tinh trang d6, Hoi Héa sinh hoc qudc t& dé nghi st dung
mot hé théng danh phdp va phan loai trén cd s& ban chat clia phdn ng dugc
xtic tdc. Theo hé thong nay toan bod enzyme dugc goi tén theo ban chit cia
phédn tng dugc xic tdc va ban chit clia cdc chat cho, chat nhan trong phin
ing va dugc chia thanh 6 nhém 16n; mdi nhém 16n nay lai dudc chia thanh
nhiéu phan nhém; mdi phan nhém nay lai dugc chia thanh nhiéu phin nhém
nhé hon, trong dé bao gom nhitng enzyme c6 co chat tic dung gidng nhau.
Mbi nhém, mdi phan nhém vd mdi enzyme dugc ky hiéu bing modt ma s6
dic trung gdm tuong ng mot, hai, ba hodc bdn con s cdch nhau bing cic
dau cham.

Tén goi clia 6 nhém enzyme va cdc phidn nhom quan trong dugc gidi
thiéu trong bang 3 cing véi bdn chat cla cdc phén tng dudc xiic tac.

Cédc phan nhém nhd hon thudc mdi phdn nhém trong bang 3 duge ky
hiéu bing nhitng ma s& gdm 2 hoic 3 con s6. Vi du phidn nhém thi nhat cla
enzyme nhém 1 (ky hiéu 1a phan nhém 1.1) c¢6 ba phan nhém nhd dau tién 1a
1.1.1, 1.1.2 va 1.1.3 dic trung cho cdc trudng hop ma chit nhan dién ti 1a
NAD, NADP va cytochrome.

Mai s6 ctia mdi enzyme gdm 4 con s6, 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 3. Danh muc md sé cia 6 nhém enzyme va cdc phdn nhém chinh
ciia ching

‘ Nhom Phdn nhom Phdn ving duogc xiic tdc
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1. Oxydoreductase Hydrogen héa va dehydrogen hda
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 Van chuyén cdc nhém chiic
2.1 Céc goc 1 carbon
2.2 Nhom aldehyde hodc cetone
2.3 Acyl
2.4 Lién két glycoside
2.5 Nhom methylalkyl hodc aryl
2.6 Nhom chira nito
2.7 Nhom chita phosphore
2.8 Nhom chtra lvu huynh
3. Hydrolase Cdc phdn iing thiiy phdn
3.1 Ester
3.2 Glycoside
3.3 Eter
3.4 Peptide
3.5 Céc lién két C-N khéic
3.6 Cac anhydrit acid

4. Liase Tao lién két doi
4.1 =C=C=
4.2 =C=0
4.3 =C=N-
5. Isomerase bong phan héa
5.1 Rasemase va epimerase
5.2 Xis-trans-isomerase
53 Oxy héa ndi phan ti
54 Transferase ndi phan ti
6. Ligase Tao ra lién két nho ATP
6.1 -C=0
6.2 =C-S-
6.3 =C=N-
6.4 =C-C=

Khi tén hé thong cia enzyme qué dai hoiic st dung khong thuin tién,
ngudi ta cé thé dung tén goi thong dung cia ching, vi du tén hé
thong cliia enzyme xiic tdc phdn Wng ATP + D-Glucose —»
ADP + D-Glucoso-6-phosphate

1a ATP:glucose phosphotransferase; tén goi nay cho thdy enzyme xiic tdc sy
van chuyén nhém phosphate tir ATP dén glucose. Mi s clia enzyme la
2.7.1.1: s& 2 cho biét enzyme thuéc nhém thit 2; con s& 7 cho biét enzyme
thudc phan nhém phosphotransferase; s6 1 ti€p theo cho biét chit nhan
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nhém phosphate 12 nh6 —OH; S8 1 cudi cung cho bi€t chit nhin nhém
phosphate 13 D-glucose. Khi tén hé thong clia enzyme qud dai c6 thé ding
tén thong dung cda nd, trong trudng hop nay cé thé goi tén enzyme la
hesokinase

1. PONG HOC CUA CAC PHAN UNG ENZYME.

B4t ky phdn dng héa hoc nao, vi du phdn tng A — P, s& di x4y ra
dudc 1a nhd mot phan ning lugng trong s6 cdc phan tif A chita ning lugng 16n
hon s& phan tif con lai, 1am cho chiing ton tai § trang thdi hoat dong. o) trang
thdi nay dé dang ph4 v& mot lién két héa hoc hoic tao ra mot lién k&t méi dé
lam xuAt hién sdn phdm P. Niing luong can d€ chuyén toin bo sd phan ti clia
mdt mol vat chit & dicu kién nhat dinh sang trang thdi kich dong dugc goi 12
ndng luong hoat héa. Ning ludng nay can thi€t d€ chuyén cédc phan tif tham
gia phan @ng sang mot trang thdi trung gian giau ning lugng tudng tng vdi
dinh cta hang rao hoat héa (hinh 1). Téc d ctia phan @ng ti 1& vdi nong do
ctia phén ti & trang thdi trung gian nay.

Ning lugng hoat héa dugc do bing ning lugng cin thi€t d€ chuyén
céc phan tlf 1&n trang thdi hoat dong. Chat xtc tdc 1am gidm ning ludng hoat
héa von can d€ phan tng c6 thé x3y ra ty phat. Bang 4 cho biét ning lugng
hoat héa doi véi mdt s6 phdn tng. Phdn ing phan hiy peroxide hydro doi hdi
18.000 KCal/mol nhung s& gidm xudng con 11.700 khi ¢6 platin xidc tdc va
con gidm thdp hon nita khi chdt xdc tdc 12 enzyme catalase. R3 rang,
catalase c¢6 hiéu qud hon nhiéu so véi chat xic tidc vd c¢d d6i véi phan dng
nay. Trén thuc t€ catalase c6 hiéu qia dén mifc chi cAn mot gid tri ning
lugng hoat héa rit nhd cho phdn @¢ng. Vi vdy ma phan gidi H,O, bing
catalase x3y ra hau nhu ngay tic khic vdi toc dd nhanh nhit trong so cic
phén tng enzyme da biét. Bang 4. con cho thiy cdc enzyme khic ciing gidm
ning lugng hoat héa xudng mifc thap hon ddng ké so vdi cdc chat xic tic vo
cd. Vily do d6 ma cdc phan ing enzyme c6 thé xay ra vdi toc do cao § diéu
kién nhiét do sinh Iy.

Bdng 4 . Ndng luong hoat héa déi vdi cdc phan ving

xiic tdc bdng enzyme va bang cdc chdt xiic tdc khdc.

Phdn iing Chdt xiic tdc E, (Kcal/mol)
khong 18.000
Phén gidi peroxide hydro | platin 11.700
catalase < 2.000
ion hydro 16.800
Thiy phan ethyl butyrate | ion hydroxyl 10.200
lipase tuyén tuy 4.500
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Thiy phan casein ion h.ydro 20.600

trypsin 12.000

Thuy phan saccharose %on hydro i 25.000
invertase nim men 8.000 -10.000

Thiy phan ion hydro 32.600

B-methylglucoside B- glucosidase 12.200

Khi ting nhiét d6 ning lugng chuyén ddng nhiét clia phan tif ting 1én,
lam cho s6 phan tr c6 kha niing dat trang thdi trung gian ting 1én. Vi thé khi
ting nhiét do 1én 10°, tdc do cta phu héa hoc ting 1én khodng hai 1an (Q,o =
2).

Khic véi tdc dung clia nhiét do, chit xic tdc lam ting toc do clia
phén tng bing cach lam gidm ning ludng hoat héa.

Su két hop

N Ming lu'gng hoat hda
E rua phan t'ng khdng ed e tdc glﬁ’a Chﬁt phén ﬁ'ng
e , , 2,
L va chat xdc tac
g I.r N A * A
T lam xuat hién
| bosthda trang thai trung
%2 ohin . P 4 .,
N et / _ gian mdi v46i mic
Trang thdi ban ddu , N Bién thidn nang l'cng nﬁng lu’dng hoat
" | trde cifa phdn dng . A/ .
Trang thdi cudi hoa thap hdn Khi

san phim  hinh
thanh, chat xuc tac
lai dugc giai phong
§ trang thai tu do.

Tidn trinh phdn ing
Hinh 1. Bién thién ndng luong tu do
trong cdc phadn iing héa hoc.

C4c phan tng enzyme ciing tudn theo nhitng nguyén tic chung cua
dong hoc cdc phdn ng héa hoc. Tuy nhién, chiing con cé nhitng dic diém
riéng. Mot trong nhitng dic di€m dé 1a hién tugng bdo hoa co chit. 0] ndng
dd cd chat thap tdc dd clia phan ng enzyme ti 1& thuian v6i ndéng d6 co
chat.

Nhung néu tiép tuc ting ndng do cd chat thi téc dd phan Gng ting chim
dan, va khi ndng do co chit dat mot gid tri ndo d6, toc do clia phin dng
khong ting nita. Trong nhitng diéu kién d6 néng dd enzyme la yé&u t6 quyét
dinh t6c do phan tng.

Miic du hién tudng bdo hoa co chat dic trung cho moi enzyme, nhung
gid tri cu thé ctia ndng do cd chat 1a gid tri dic trung. Thong qua nghién ctu
van dé nay dng Leonor Michaelis (1857-1949) va ba Maud Menten (1879-
1960) da dé xuat vao nim 1913 mot phuong trinh dién ta t6c dd cdc phan
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ing enzyme va néu 1én mot s6 1y thuyét chung vé dong hoc clia qud trinh
nay. Thuyét nay vé sau di dugc Briggs va Haldans phdt trién thém.

C4c t4c gia trén nhan thiy ring trong cdc phin ing enzyme trudc tién
enzyme E tao ra phifc hé ES vdéi co chat S. Sau d6 ES sé& dugc phan gidi
thanh sdn phim P va enzyme E tu do.

Theo dinh luat khdi lugng, qua trinh d6 c6 thé dudge md t3 nhu sau:
K, ks
E+S ——— ES & E+P
k> ky
trong d6 k; 1a hiing s6 t6c do phdn ng hinh thanh ES tr E va S; k, 1a
hiing s6 toc do phadn ng phan gidi ES thanh E va S; k3 12 hiing s tdc do
phan ng phan gidi ES thanh E va P; k4 12 hiing s6 t6c do phdn ¢ng hinh
thanh ES tir E va P.

O trang thdi can biing tdc do hinh thanh ES bing t6c do phan gidi phic
hé nay:
ki[E][S] - k2[ES] = ks[ES] - k4[E][P].
Bié&n d6i phuong trinh nay, ta cé:
[ES](ko+ks) = [E](ka[P] + ki[S])

[ES] _ k4[P]+Ky[S] ka[P]_ K[S]
[E] k2 + k3 k2+k3 k2+k3

Do & céc giai doan diu clia phdn tng gid tri cda [P] v cling nhd nén c6
thé gidn luge phuong trinh trén nhu sau:

[ES] _ ky[S]
[E]  ky+k;

bat [E]; la ham lugng enzyme t(;ng sd va K., = ko+ks / ky, ta co:

[E] _ [E]-[ES] _ [E] _, _ Ky
[ES] [ES] [ES] [S]

T6c d6 ban diu v clia phdn Gng enzyme ti 1& thuin véi ham lugng
enzyme hoat ddng, hay ES], nén ta c6 thé viét:
v = Kk;3[ES]

Néu ndng d6 co chat rat 16n, 1am cho hiau hét enzyme trong hé thong
déu ton tai & trang thi ES, thi tdc dd phdn tng enzyme sé& dat gi4 tri tdi da
V, va toc do t6i da do sé bing:

V =k;s[E],

Do dé:

[E] _ V K

— m+T

[ES] ~ v [S]
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Nhan hai v& cho [S] va bié€n ddi phuong trinh, ta c6:
VIS]
K + [S]

v =

DPay chinh la phuong trinh Michaelis-Menten va K, dudc goi 1a hiing s6
Michaelis.

Y nghia thuc tién cta hiing s6 Michaelis 12 & chd né chinh 12 gia tri clia
ndng dd co chat khi t6c do phan tng bing ¥z téc do t6i da. Thay V va v bing
céc con sd tuong &ng 1 va 0,5 vao phuong trinh trén, ta s& thdy ro diéu do.
Nhu vay, K,, dugc do bing don vi ndng do, tiic mol/l.

Hing s6 Michaelis 12 mot hiing s6 rat quan trong. N6 xdc dinh 4i luc
cla enzyme v6i cd chat. K, cang nhd thi 4i luc nay cang 16n, t6c do phan
ing cang cao vi toc do toi da V dat & gid tri ndng d6 co chat cang thap.

Trén c¢d s phuong trinh
Michaelis-Menten, bing cich xay dung
dudng bi€u dién sy phu thudc clia v vao
[S] va bing d6 thi d6 x4c dinh téc do t6i
da V ta c6 thé tim thdy gid tri ca [S], &
d6 v = V/2, tic gia tri cta K, (hinh 2).

Tuy nhién, bing cdch nay kho
xdc dinh v mot cich chinh xdc. P&
khic phuc nhuge di€ém d6, ngudi ta sit
dung dudng bi€u dién Linewear-Burk.
Hai tdc gia

[3]
Hinh 2. Puong biéu dién
phuong trinh Michaelis-Menten

nay bi€n ddi phuong trinh Michaelis-Menten thanh dang:
I/v=K,/Vx l/[S]+1/V

Uu di€m ctia phuong trinh nay 12 & chd gitta cdc dai lugng 1/v va 1/[S]
c6 mdi lién hé ti 1& thuan (hinh 3).

Qua  dudng
bi€u dién nay ta c6
2 z b /\
theé thay rdang tang
ABO = K,/V va
} BO = 1/K,,.

Phuong trinh
nay con cho phép
tim hi€u nhiéu

Hinh 3. Puong biéu dién phuong trinh Linewear- khia canh quan
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Lnzyme 12

trong li€én quan
dén tic dung ctlia
cdc chat dc ché
hoat tinh cua
enzyme.

IV. NHUNG TIiNH CHAT PAC TRUNG CUA XUC TAC SINH
HOC

1. Enzyme thé hién tinh diic hiéu cao d6i véi cd chit ctia chiing.

Mot s6 enzyme chi xtic tdic mot phan tng chuyén héa mdt cd chat. Vi
du fumarase chi xtc tdc phdn tng chuyén héa giita fumarate va malate:

pH ICOO'
"00C-CH, -C-COO — (l?H =CH + H,O
H ‘00C
L-Malate Fumarate

C4 maleat - dong phan dang cis clia fumarat - vd D-malat déu khong
thé 12 co chat cia fumarase. Cic Enzyme khéc c6 tinh dic hi€u rOng hon. Vi
du mdi enzyme thdy phan protein trong bing 2.4 ¢6 tinh dic hiéu véi cic
lién két peptide von hinh thanh bdi cdc aminoacid khac nhau, dong thdi cling
th€ hién tinh dic hiéu 1ap thé, chi thity phan cdc lién két peptide hinh thanh
bdi cdc L- chit khong phdi cidc D-aminoacid. Tuy nhién ciing cé nhitng
enzyme c6 tinh dic hiéu rong hon, vi du mot s6 enzyme thiy phan protein
ciing c6 thé thily phan c3 céc lién két ester va tyoester.

2. Xiic tic enzyme din dén su hinh thanh mét phic hé trung gian
giita enzyme va co chét.

Su hinh thanh cdc phifc hé enzyme-cd chat nhu nhitng chat trung gian
trong cdc phin tng enzyme d3 dugc phat hién bing nhitng bién phap khic
nhau, bao gdm phan tich dong hoc, st dung cdc thudc thir dic hiéu doi véi
gdc R dé tao ra cdc bién ddi héa hoc, tc ché€ enzyme bing cdc hop chat dic
hiéu tuong tic véi trung tim hoat dong, phat hién quang phd hap thu dic
hiéu khi enzyme tic dung vdi cd chit, dung tia X phat hién cau triic tinh thé
clia enzyme ké&t hdp véi cdc hdp chat tuong ty vé mit ciu tric vé6i co chat...

3. Trung tAm cua enzyme tuong tic dic hiéu véi co chat dugc goi la
trung tim hoat dong.

Hinh dang cia mot s6 enzyme cho phép mot s6 nhém R xdc dinh
trong chudi polypeptide dudc nim canh nhau mot cich rat dic hiéu d€ tao ra
céc trung tAm hoat dong. C4u triic khong gian tai trung tim hoat dong khong
chi xdc dinh hop chit nao cé thé phit hdp vé mit 1ap thé d6i véi trung tim
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ma con quy dinh ban chit clia cdc bi€n cd ti€p theo dé 1am cho cd chat bién
héa thanh sdn pham. Su k&t hgp clia cd chat véi trung tim hoat dong c6 thé
dudc thuc hién thdng qua su hinh thanh cic lién két khong ddng héa tri dic
hiéu va trong mot vai trudng hop, ca lién két ddng héa tri. Khi lién két tai
trung tAm, cd chit dugc dit gan sit v6i cdc nhém dic hiéu cla enzyme, gy
ra st mat 6n dinh ctia mot s& lién k&t nhat dinh trong ¢d chat, do @6 1am cho
chiing tr§ nén hoat dong hon vé mit héa hoc.

4. Enzyme 1am giam ning lugng hoat héa can thiét cho mét phan
ung.
0 nhiét @6 khong d6i, mot tip doin cdc phan ti c6 mot dong ning
phan bd giita cdc phan ti¥ nhu mo t3 mot cdch khdi quét trong hinh 4a. O
nhiét do T, tdp doan cdc phan t& khong c¢é di ning lugng dé thuc hién mot
phén tng héa hoc dic hiéu nao d6, nhung néu nhiét do dudc ning lén dén
T, thi sy phan bd ning lugng thay ddi theo. Tai T, bdy gi ¢6 di ning luong
dé nang s6 va cham giita cic phan t¥, 1am cho mot phdn tng héa hoc c6 thé
xdy ra. Nhu vay, khi nhiét d6 dugc nang lén tir T, dén T, viéc ting tdc do
phén tng chii y&u 12 két qua cla viéc ting s6 phan t dudc hoat héa, tic bo
phan c6 dudc ning lugng can thiét cho sy hoat héa .
Hinh 3c cho thdy bic tranh don gidn vé mit ning lugng clia mot tip
doan cdc phan ti trong qud trinh phdngmg A B.

Khi phan tng x4y ra, c6 dd s& phan ti véi mic ning lugng cin thiét
dé tr§ nén hoat dong va tham gia trang thdi trung chuyén, tai d6 ching phan
héa thanh sdn pham. Ning luong cian d€ dat trang thdi trung chuyén, hay
trang thai hoat héa 1a ning lugng hoat héa (E, ). D€ mot phan tng c6 thé xdy
ra, mic ning lugng cla cic chit phdn tng phai 16n hon cla sdn pham. Téng
bién thién ning lugng clia phdn ng 1a mifc hénh 1éch giita cdc mic ning
lugng ctia A va ctua B.

Enzyme, ciing nhu moi chat xiic téc, lam ting tdc¢ do clia cdc phan tng
héa hoc bing cdch 1am gidm ning ludng hoat hda clia phédn tng dic hiéu nhu
ta c6 thé thay trong cdc hinh 4b va 4c.
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X T
T
Cd enzyme
khdng cd
ENLYIME
)] Méng hrgng — [bl Neng hrgng — 15l Toa 4o phin oy
¥ : S& phin o voindng hrdng E ¥ 5S¢ phin of o chat

voi ndng lrgng E
Hinh 4. (a) Phan b6 dong ning ciia mét tap doan phan tit & nhiét
do T, va T, cao hon. Miii tén chi mitc nang lugng t6i thiéu can thiét
dé cdc phan tit tham gia phdn tng. Tai T, phdn iing khong xdy ra,
nhung ¢ T, phdn tving dugc thuc hién. (b) Pong ndng cua tdp doan cdc
phén tit co chdt & nhiét do T, cdc miii tén chi cdc mitc ndng luong cdn
thiét dé xdy ra phdn ving khi ving mdt va khi ¢6 mdt enzyme. Can chii ¥
rang khi khong cé enzyme thi phdn iing khong xdy ra, con khi ¢6 mdt
enzyme phdn ving cé thé dugc thuc hién ma khong can thay doi nhiét do.
(c) Bién thién ndng luong ciia phdn ing khéng cé enzyme xiic tdc va
co’@me xtic tdc A B. Trong phdn ting khong co enzyme xiic tdc,
miic ndng luong ciia A cdn duogc ndng lén dii dé hoat héa cdc phan tit
ctia A va dua chiing lén trang thdi trung chuyén A,B* , tai dé né c6 thé
phdn vng véi B. Ning lugng can dé mang cdc phdn tit 1én trang thdi
trung chuyén dugc goi la ndang luong hoat héa E,,. Mikc chénh léch giita
cdc mic ndng lugng ciia A va cia A.B* dugc chi bing s6’ 1. Trong phdn
ung cé xiic tdc E, cdn dé tao ra cdc phitc hé hoat dong ES duoc chi
bdng 56" 2 thdp hon nhiéu so vdi s6 1 ciia qud trinh khéng xiic tdc. Su
chénh léch giita cdc mitc nang lugng giita A va B (sé 3) la nhu nhau
trong cd 2 phdn ving co xiic tdc cing nhu khong cé xiic tdc.

5. Mot s6 enzyme tham gia diéu hoa toc do phan dng.

Pa s6 cd thé khong thay ddi toc do clia cdc phan Gng trao d6i chat khi
nhiét @6 bi€n d6i. Vi vay cdc phan tng xtc tdc cin lam cho qud trinh x4y ra
dd nhanh & nhiét do cda co thé. Hon nifa, néu cdc phan tng sinh hoc x4y ra
khong c6 xtc tac thi khong thé ki€m tra dudc tdc dd clia ching.

Hang loat cdc cd ché diéu hoa dugc st dung dé diéu hoa qua trinh trao
ddi chat. Mot s6 hoat dong & mifc dd cia ban thin enzyme. Mot chat c6 tic
dung 1am ting hodc gidm t6c dO clia mot phdn Ung enzyme, bing cdch tic
dong tryc ti€p 1én enzyme xic tdc dudc goi 1a chat hiéu tng (effector). Cic
chat hiéu dng thé hién tic dung cla ching bing cich lam thay d6i ciu tric

GS.TS. Mai Xudn Luong Khoa Sinh hoc



Lnzyme - 15-

clia enzyme sao cho chi gdy 4nh hudng dén téc do phan ting. Co ché diéu
hoa cua enzyme s€ dugc xem xét sau.

6. Mot s6 enzyme la multienzyme hay phiic hé da chifc ning.

Céc phitic hé multienzyme c¢6 trong lugng phén t& 16n thudng chia tir
ba enzyme khdc nhau tré 1én k&t hdp chit ché v6i nhau bing cich twong tic
khong ddng héa tri va chi c¢6 thé phan ly trong cdc diéu kién lam pha v& céc
lién két khong dong héa tri. Mdi enzyme trong phifc hé xic tdic mot phin
tng riéng biét nhung cing véi cdc enzyme khac cia phitc hé xic tdic mot
phdn ng tdng thé duy nhat. Pyruvat dehydrogenase 12 mdt vi du vé phiic hé
multi- enzyme.Cdc enzyme khdc ndm trong cdc phitc hé da chdc nidng
(multifuntional complex), trong d6 hai hay nhiéu hon cdc enzyme riéng biét
chita trong nhitng khu vuc riéng clia mot chudi polypeptide duy nhit. Mbi
khu vyc riéng dé xic tdic mot bude cia mot phan wng tdng thé duy nhat do
phtiic hé da chiic ning xuc tdc. Synthetase acid béo la mot vi du cho loai
phtic hé nay.

7. Pong hoc cia phan @ng enzyme hai co chit.

Pa s6 enzyme c6 nhiéu hon mot co chat va xiic tdc cdc phan tng cé
dang A + B <> C + D. Cdc phén tng nay dan dén su hinh thanh cdc phiic hé
enzyme - co chit giong nhu cdc phdn ting mdt co chit va dong hoc cia chiing
c6 thé dugc diing d€ thu nhian K, ddi v6i mdi cd chit dudc do bing phan tich
dd thi (theo cdc phudng trinh 11 - 13) clia tdc d6 ban dau khi thay d6i ndng
dd clia co chat nay va gilf nguyén ndng dd bao hoa cla co chat kia.

Phuong trinh dong hoc ctia phan tng hai cd chit twong tv nhu phuong
trinh t6c d6 Michelis - Menten cho phép hi€u mot cach sdu sic co ché chung
cla cdc phdn tng loai nay va xdc dinh gia tri cda cdc hing s6 dong hoc nhu
Ko V3 Ve Nhitng phuong trinh nay rat phic tap nén khong thé dé cap dén
& day. Tuy nhién, s& rit bd ich néu xem xét cdc cd ché cd ban clia cic phin
ttng hai cd chit bao gdm hai cd ché& khic nhau 12 cd ché thay thé& kép (double
displacement mechanism) va cd ch€ lién tuc (sequental mechanism).

Trong co ché thay th& kép d6i véi phdn ting A + B <> C + D, mot c¢d
chat (A) gin v6i enzyme d€ tao ra phiic hé EA. E va A sau d6 phan tng dé
tao ra phiic hé méi FC va sau @6 mot san pham (C) dugc gidi phéng d€ tao ra
phtic hé trung gian enzyme - co chit F khdc vdi E. Sdn phdm trung gian F
sau d6 phan tng vdi cd chat thit hai (B) d€ tao ra phifc hé enzyme - cd chat
FB. Phifc hé ndy sé& tao ra sidn pham thit hai D va khoi phuc enzyme E. Cd
ché& nay c6 thé dugc mo ta mot cdch khdi quit & dang so db sau day:

A C B D
| i\ |
| T

N2
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E+A (EA <> FC)>F+B < (FB < FD)>E

A, B, C, D 1a chat phdn ing va sdn phim, E 13 enzyme, F 1a dang
trung gian clia enzyme. Co ché& nay con dudc goi 1a c¢d ché ping-pong. Phin
ting chuyén amin-héa bing enzyme glutamic-aspartic aminotransferase la
mot vi du vé co ché nay.

Cd ché lién tuc c6 hai loai: loai trat ty va loai thy tién. Ngudc véi co
ché ping-pong, trong cd ché lién tuc tit ci cdc cd chat cé thé két hop dé tao
ra mot phifc hé ba thanh phan truc khi sdn phdm hinh thanh. C4c phan tng
loai tat tu c6 thé dugc mo td & dang so dd sau day:

A B C D
| ]

1

A
%
E+A«< EA+B« (EAB <« ECD) ED >E

Céc phan tng xuc tdc bdi phosphofructokinase va glycealdehyde-3-
phosphate dehydrogenase 14 nhitng vi du vé ki€u phan tng trit tu clia cd
ch€ lién tuc. Trong céc trudng hdp khic, E mang céc trung tAm két hop doi
véi cd A va B va tdc do phan tng khong bi 4nh hudng bdi A hoic B dugc gin
tru6c vao trung tAm danh cho chiing. Vi vay, co ch& nay dudc goi 1a co ché
tly tién. N&u ciing khdng c¢6 mdt trat ty "thich hgp" cho sy gidi phdng cic
san phdm C va D sau khi cdc phitc hé ba thanh phin EAB bién thanh ECD,
thi co ché tuy tién c6 thé dugc mé ta nhu sau:

C D

A B
N )

EA
E ED
- _

EB (EAB < ECD) EC
(N

A B C D
Vi du vé cd ché tly tién 1 cdc phdn dng xiic tic bdi cdc enzyme
UDP-ga- lactose:N-Acetylgalactosamine galactosyl transferase va creatine
kinase.
Céc co ché& dong hoc phiic tap hon 16i cudn ba va thim chi bon cd chat
tham gia phdn tng. Chiing c6 thé thudc co ché€ lién tuc hoic co ché ping-

pong hodc 1a sy phdi hop clia cé hai cd ch€.

8. Anh huéng ciia pH

pH 4nh huéng ding ké dén téc do phan tng. Nhiéu phan ing enzyme
c6 toc do nhanh nhat & mot gia tri pH dudc goi 1a pH t6i thich, trong khi cic
phén tng enzyme khdc c6 toc dd nhv nhau trong mot pham vi cdc gia tri pH
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xdc dinh. Bang 5 cho thdy pH t6i thich d6i véi mot s& enzyme. Mot s6 yéu to
c6 4nh hudng dén pH tdi thich bao gdbm cédc goc acid tai trung tAm hoat dong

Né&u mdt enzyme doi hdi mot nhém acide protein héa cho hoat dong
cia minh thi enzyme d6 c6 thé c6 hoat tinh cao nhat tai cic gia tri pH thap
hon pK cda nhém d6, ngudc lai, néu can dang phan ly cia mot acide thi hoat
tinh cao nhAt s& thé hién tai cdc gid tri pH cao hon pK ctia nhém d6. Thong
thudng c¢6 hai nhém acide phéan ly trd 1€n tham gia tai trung tim hoat dong va
dudng cong hoat tinh theo pH sé& phdn 4nh sy phu thudc vao mdi nhém. trén
thic t&, nghién cfu 4nh hudng clia pH ddi véi téc do phan tng c6 thé gidp
x4c dinh cdc nhém acid tai trung tAm hoat dong, mic du cling can cd nhiing
thong tin khic.

Bdng 5. pH 61 thich ciia mét s6 enzyme thiiy phan.

Enzyme Co chdt pH,,
Albumin tring 1,5
Pepsin casein 1,8
Hemoglobin 2,2
Benzyloxycarboxylglutamyltyrosine 4,0
o-Glucosidase a-Metylglucoside 5,4
Maltose 7,0
Urease Urea 6,4-6,9
Trypsin Protein 7,8
a-Amylase tuyén tuy Tinh bot 6,7-7,2
B-Amylase mam lda mach | Tinh bot 7,8
Carboxypeptidase C4c chit khic nhau 7,5
Phosphatase kiém huyét 2-Glycerophosphate 9-10
tuong
Phosphatase acid huyét 2-Glycerophosphate 4,5-5,0
tuong
Arginase Arginine 9,5-9-9

Mot s6 cd chat 1a nhitng acide yé&u hoic chira nhitng thanh phan ion va
pH t3i thich c6 thé phan 4nh thuc trang 13 enzyme cin & dang ion hay dang
khong phéi ion. Thém vao d6 toc do phdn tng thudng gidm rat nhanh khi pH
gidm thap hay qud cao c6 thé cho thdy enzyme bi bién tinh hay bi phan ly
mot cofactor quan trong nao do.
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9. Anh huéng ciia nhiét do.

Hing sd cin bing clda moi phidn tng héa hoc cling nhu tdc dod clia
phdn tng phu thudc rat nhiéu vao nhiét do6. Cic phdn Gng enzyme ciing
khong phai 12 ngoai 16. Anh hudng ciia nhiét do 1én hiing s6 can biing cia
mot phdn tng héa hoc dugc md td bing phuong trinh van't Hoff:

AH
2,3logK=C-——
RT

Trong d6 AH 1a nhiét lugng clia phdn ng tinh biing calo/mol, R 1a hiing s6
khi bing 1,98 cal/mol/°C va T 1a nhiét d6 tuyét doi. C 1a mot hing s6 hop
nhAt (integration constant). Tir phuong trinh nay c6 thé thay d6 thi ctia logK
doi véi 1/T 1a mot dudng thing. PO nghiéng clia dudng thing nay 1a AH /
2,3R. Anh hudng ciia nhiét d 1&n toc do clia mdt phdn dng dugc mod td bing
phuong trinh Arrhenius:

E,
2,3logK=B -

RT

Phuong trinh nay ciing ¢6 dang nhu phuong trinh (19) nhung mé ta
quan hé cta hiing s6 toc do k ctia phan tng véi T, R, E, (ning lugng hoat héa
tinh bing calo/mol) va hiing s6 B bi€u hién dinh lugng tin sd va cham va
yéu cau dinh huéng dic hiéu giita cdc phan tif va cham.

24
2,2 | Hinh 5. Anh hudng ciia nhiét dé 1én héng
’ s0'téc do k, ciia cdc phdn iing thity phdn
207 benzyloxycarbonyl-glycylphenylalanin
L8t (CGP) va benzyloxycarbonyl-
glycyltryptophan ~ (CGT) bdng
L&7 carboxypep-tidase tinh thé. Cdc s liéu
14} ghi nhén bang doé thi & dang log k, d6i vdi
gid tri nghich ddo ciua nhiét dj tuyét doi
53 34 35 36 (1/T). Ning luong hoat héa biéu kién E,
Tx10* béng 9.900 cal/mol déi véi CGT va 9.600

doi voi CGP.

Hinh 5 cho th4dy 4nh hudng clia nhiét do 1én hiing sd tdc do k, clia
phadn tng thily phian hai co chat bdi carboxypeptidase. Pay 12 mot dd thi
Arrhenius dién hinh d6i v6i mot phan ing enzyme von cho thdy logk, thay
ddi ty 1& thuan vé6i 1/T trong pham vi tir 5 d&én 25°C va cho thdy E, c6 thé
dudc xdc dinh tir 36 nghiéng clia dudng thing.

D6i véi cdc phdn tdng enzyme, toc dd phdn tng ting theo nhiét do cho
dén khi dat dugc tdc do t6i da, nhung nhiét dd cao hon mic t6i da s& lam
gidm toc dd phan ing do enzyme bi bién tinh.
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V. UC CHE ENZYME

T6c dd cia cdc phan ting enzyme bi gidm bdi tdc dung clia cdc chat dc
ch€ dic hiéu, tic nhitng chat két hgp véi enzyme va ngin cdn enzyme két
hdp mot cich binh thudng vdi co chit. Tinh doc ctia nhiéu chat nhu HCN va
H,S 12 do tdc dung ctia chiing nhu mot chat tic ch& enzyme. Nhiéu loai thudc
ciing ¢6 tdc dung tc ché cic enzyme dic hiéu. Do d6, hiéu biét cac chat tc
ch& enzyme 12 mot diéu rat quan trong dé hi€u tdc dung clia thudc va céc
chat doc. Hon nita thong tin vé ban than enzyme ciing thu dugc bing cich
nghién ctfu cdc chat tic ché enzyme.

C6 ba ki€u tc ch€ thuan nghich mang cic dic diém dong hoc khic
nhau. D6 1a mot ki€u tc ché canh tranh (competitive inhibition) va hai ki€u
tic ch&€ khong canh tranh (noncompetitive va uncompetitive inhibition).

1. Uc ch& canh tranh (competitive inhibition).

Céc chat tc ch€ canh tranh c6 thé két hop thuin nghich véi trung tAm
hoat dong clia enzyme va canh tranh vdi cd chit d€ gianh 14y trung tAm hoat
dong. Khi trung tAm hoat dong di bi chat tc ché& chi€m giit, n6 khong thé két
hop véi cd chat. Su két hgp clia chat e ché canh tranh I véi enzyme E c6
thé dugc mo t3 gidng nhu sy két hop giita enzyme va co chat, mic du chit dc
ché& khong chuyén héa thanh sdn pham:

E+I1I <& EI
Hing s6 pha.n ly K; clia phitc hé EI la:

[E][T]
K=—
[EI]

Vi sy hinh thanh EI phu thudc vao [I] cling nhu sy hinh thanh ES phu
thudc vao [S] nén tdc dd thuc t€ clia phdn ng c ché€ canh tranh hoan toan
phu thudc vio ndng dd tuong d6i cda S va I tai mot ndng d6 xac dinh clia E.

Mot trong nhitng vi du dién hinh nhat cda Gc ch€ canh tranh 13 4dnh
hudng clia acid malonic ddi v6i enzyme succinate dehydrogenase xiic tc
phan tng sau diy khi ¢6 mot chit nhan hydro A thich hgp :

COO
|
CH, HCCOO

| I
CH, + A  'OOCCH + AH,
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¢oo
Succinate Chdt nhgn Fumarate  Chdt nhdn & dang khit

Nhiéu hdp chit vé6i ciu tric gidng véi acid succinic 12 nhitng chat e
ch€ canh tranh ciia loai enzyme dehydrogenase nay, bao gobm:

COOH
|
COOH CH,
COOH | |
|
CH, COOH  CH, CH!
cko |
¢ e |
H, H, CH, | CH,
CH, |
|
COOH COOH COOH COOH COOH
Oxalate Malonate  Glutarate  Phenylpropionate Oxaloacetate

Manh nhit trong s& cdc chat tc ch& nay 1a acid malonic. Khi ty 1&
[11/[S] = 1/50, enzyme da bi tc ch& 50%. Ting ndong dd clia cd chat khi [I]
khong d6i, s& 1am gidm mifc do dc ché, va ngudc lai, gidm ndng dod cd chat
s€ lam ting mic dd tc ch&. N&u acid succinic va acid malonic gin véi cdc
trung tim khdc nhau cla enzyme thi khong thé gidi thich dudc vi sao chiing
canh tranh v6i nhau. Vi chiing canh tranh nén c6 thé két luin riing chiing két
hop v6i enzyme tai cing mot chd, d6 1a trung tdm hoat dong. CAu tric cda
mdi chat tc ché€ canh tranh giéng vdi co chat tai mot s6 khia canh nao dé.

Céc chit e ché canh tranh c6 thé dudc nhan biét bing dic diém dong
hoc qua hiéu tng clia ndng dd chat tc ch€ d6i v6i quan hé giita v va [S] nhu
minh hoa biing dd thi cia phuong trinh Lineweaver-Burk. Tdc dung cda tc
ché& canh tranh tudn theo phuong trinh sau diy vdi su tham gia cia K; - hiing
s6 phan ly cta EI:

1 K, [ [1] 1 1

— = I+ +
v Vmax Ki [S] Vmax

Pic diém cha tc ché competitive 1a c6 cing diém cit truc tung
(1/Vmax ) nhu phdn tng khong tc ché€ nhung dd nghiéng thi khic véi phan
ttng khong tic ch& béi gi4 tri 1 + [11/K;. Do thi trong hinh 6a cho thay ro khi
ndng dd cla S cao thi phdn tng it bi Gc ché, ngugc lai khi ndng do clia S
gidm thi mic do dc ch€ ting 1én cing vdi cc gia tri [1]/[S] va K;.
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1.-".-'[ Goic nghifng bing
K 5% max [ 1+ [I]/Ii0

114 [I][

M

Zdt myc hodnh mi CHT s wng =i 1A max
LR L+ [T

fa)- Ut ché competitive

i3]

u-ﬂ Goc nghifng biing Mz
K 5% max [ 1+ [I]/Ii0
[ [I][

M.

Lo} n'_qlcmh.:éln% Ot ruc ag @i 1/ max [ 1+ (11K

s )
fB) - Ur ché noncompetitive -
. Mz
lﬁv[ Goic nghifng bing
Km % max
[T14 [I][
M.

/
/

Ot ruc wng @i 1A max [ 1+ [T

=]

{c) - Uz ché uncompetitive

Hinh 6. D6 thi ddo nguoc kép mé td cdc kiéu vic ché phdn iing enzyme:

(a):  ic ché competivive, (b): iftc ché noncompetitive, (c): ivc ché
uncompetitive. K,, vai Ve ditgc xdc dinh tic d déc va cdc diém cdt cia cdc
phdn iing khong iic ché, con K; - tit dé déc va/hodc ché cdt cia cdc phdn iing
bi vic ché.
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2. Uc ché& khong canh tranh ki€u thid I (noncompetitive inhibition).

Trong trudng hop ndy khdng c6 mdi quan hé gitta mitc do c ch€ véi
ndng d6 cd chat. Uc ch& chi phu thudc vio ndng d6 ciia chat dc ché. Trai
ngugc véi tc ché canh tranh, ngudi ta cho ring sy hinh thanh EI xdy ra tai
noi khong phai d€ enzyme gin vdi co chat.

E+1I < EI

va ES +1 <« ESI

C4 EI va ESI déu 1a nhitng phic hé khong hoat dong. C6 hai hing s6
phén ly:
[ET[1]

KiEI _
[EI]
N K ESI [ES] [I]
va i =
[ESI]

Phuong trinh ddo ngugc kép ddi véi kiéu tic ché khong canh tranh nay
la: [
1 K, [I] 1 1 [I]

= I +—— + I +
\% Vmax [Kl ] [S] Vmax Ki

Phuong trinh tGc ché canh tranh ki€u thd nhat trén diy va dudng bi€u
dién ctia n6 trinh bay trong hinh 6b. C4 d6 nghiéng va di€m cit déu khac vdi
trudng hgp khong dc ch€ bdi  gid tri 1+[I)/K;. Cédc chat dc ché€
noncompetitive khong phan @ng tai trung tim hoat dong ma tai mdt ndi nao
d6 trén phan ti enzyme din dén sy bién d6i dang k€ hinh dang ciia enzyme
dé ngin cin trung tAm hoat dong k&t hdp mot cich binh thudng véi co
chat.Vi du vé tc ché noncompetitive 13 cdc kim loai ning nhu Ag*, Hg**,
Pb>* von tuong tdc thuin nghich vdi cdc nhém thyol clia enzyme hodc cic
y€u td tao phifc chelat ma hiéu tng tc ch€ 1a do ching két hgp véi cdc ion
kim loai ma rat cAn d€ thé hién hoat tinh xdc tic.

Nhiéu hdp chat k&t hgp khong thuin nghich véi enzyme va tao ra céc
din xuat dong héa tri tai trung tAm hoat dong hay tai mot bo phian khac ciia
phan tit khong tham gia truc ti€p trong tudng tdc enzyme-co chiat. Pay khong
phéi 12 e ch& noncompetitive vdi ¥ nghia chiit ché vi chiing tc ché enzyme
mdt cadch khong thuan nghich. Vi du papain chita mdt nhém thyol duy nhit
tai trung tAm hoat dong, né phan tng rat nhanh chéng véi iodoacetate dé tao
ra nhém S-carboxylmethylcysteine. Mitc dd ttc ch€ papain bdi chat c ché
nay ty 1& thuin v6i mic do S-carboxymethyl-hda. lodacetate ciing e ché
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mot s6 enzyme c6 chita nhém thyol khdng phéi tai trung tdm hoat dong ma
1am suy y&u hoat tinh xiic tdc do 1am bi&n ddi ciu triic cla phan tif enzyme.

3. Uc ch& khéong canh tranh ki€u thi IT (uncompetitive inhibition).
Kiéu tc ch€ nay x4y ra khi mot chat tc ché chi két hdp thuan nghich
vdi phitc hé ES d€ tao ra ESI ma sau d6 khong thé tao ra sdn pham (cdc chat
tic ch&€ noncompetitive c6 thé két hop cd vdi enzyme tu do va vdi phitc hé
ES), nhu vay:

[ESI]
K = —_—
[ES][I]
Va phuong trinh ddo ngugc kép sé la
1 K 1 1 (1]
_ = X — 1
\% Vmax [S] Vmax Ki

D6 thi cia phuong trinh nay (hinh 6¢) cho thiy ki€u dc ché nay din
dén sy thay ddi dic trung di€m cdt truc tung nhung khong thay ddi do
nghiéng clia d6 thi so vdi trudng hgp khong tGc ché. Ciing nhu Gc ché&
noncompetitive, kiéu tic ch€ uncompetitive khong thé ddo ngudc bing cich
ting ndng d6 co chat. Ki€u tic ché nay thudng tim thiy trong cdc phan tng
enzyme vdi hai cd chat trd 1én.
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VL. CAC CHAT UC CHE TRAO POI CHAT- ANTIMETABOLITE

Chat trao d8i (metabolite) 12 nhitng hdp chat hinh thanh trong cic qué
trinh trao ddi chit binh thudng clia co thé, con cdc chit chdng trao ddi
(antimetabolite) 14 nhitng chit c6 ciu tric giong véi mot chat trao d6i nio d6
va, khi c6 mit trong cd thé, chiing tic ch€ viéc sit dung chat trao d6i d6. Cac
chit antimetabolite &c ché sinh trudng va ddi khi ¢ thé giét chét co thé,
mic di tic dung e ch€ sinh trudng cé thé dugc khic phuc bing cich cung
cAp chat trao d6i cin thi€t. Antimetabolite d3 dugc sit dung d€ xdc dinh céc
chat trao ddi quan trong, hay cdc yéu td sinh truéng, dic biét d6i véi vi sinh
vat. Tuy nhién, su quan tAm hién nay do6i véi antimetabolite thudng véi muc
dich st dung ching nhu nhitng chit dc ch€ sinh trudng ddi vdi cdc vi sinh vat
gy bénh va t&€ bao ung thu. Nhu vy, néu mdt antimetabolite dugc phét hién
c6 khd ning Gc ch€ sinh trudng cla vi sinh vat gdy bénh ma khoéng 4nh
hudng ding ké dén trao ddi chat clia sinh vat chii thi né c¢6 thé dudc xem xét
dé stt dung nhu mdt chit khing sinh (antibiotic). Tuong tu, néu né tGc ché
sinh trudng cta t€ bao ung thu v6i mitc do 16n hon 1a e ché sinh trudng clia
cdc md chi thi né cé thé trd thanh mot loai thudc tri ung thu (antitumor
agent) c6 hiéu qua.

Nhiéu antimetabolite 12 nhitng chit tc ché€ cdc enzyme dic hiéu. Do
d6, hiéu biét nhitng enzyme nay sé gitip tao ra cdc antimetabolite, mic du
nhiéu chat khang sinh va khdng ung thu da dugc phat hién theo phuong phép
kinh nghiém. P& gidi thich cich tic dung dic hiéu clia antimetabolite 1én
enzyme, ta sé xem xét § diy cd ché tdc dung cia mot nhém chit khang sinh
goi 1a "thudc sulfa"

Viéc nghién cifu antimetabolit bit dau dugc dic biét chd y khi phat
hién dugc ring sy dc ché sinh trudng cla vi khuin bdi sulfanilamide bi ngin
cidn mang tinh canh tranh b&i mot yé&u td sinh trudng 12 acid p-aminobenzoid.
Su giong nhau vé mit ciu tric clia hai chat 1a rit ro, va hién tugng nay ciing
giong nhu trudng hgp tc ché€ canh tranh cla enzyme.

COOH

NH,

SO,NH,
Acid p-aminobenzoic  Sulfanilamide
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Thuc vy, acid p-aminobenzoic c¢é thé khic phuc mang tinh canh
tranh tdc dung ¢ ch€ clia tit cd cdc sulfonamide c6 ciu tric NH,-CgH,-
SO,NHR, vi du sylfaguanidine, sulfathiazol, sulfapyridine va sulfadiazine.

Nhitng co th€ von can acid p-aminobenzoic (PABA) cho sinh trudng
st dung né d€ tdng hop acid folic. Sinh trudng cla nhitng co thé nay bi tc
ch& bdi cic loai sulfonamide va sy Gc ché nay cé thé bi ddo ngugc bdi
PABA. Nhitng cd thé von can acid folic d€ sinh trudng va khong thé sit dung
PABA thi khong bi tc ché& bdi sulfonamide. Nhu vay, sulfonamide tc ché&
(c4c) phan tng enzyme din dén din dén tdng hop acid folic tir acid p-
aminobenzoic va cdc chat tién than khic. C6 1& sit dung cdc loai sulfonamide
dé chong nhiém khuin & ngudi mot cdch c6 hiéu qua 1a do co thé ngudi can
acid folic nhung khong tong hgp acid nay tir PABA. Nhu vay, sulfonamide
ngin can phan tng trao ddi can thiét d6i v6i vi khudn ma khéng &nh hudng
dén trao d6i chat clia co thé chd von khong tdng hgp acid folic tit PABA.

COOH O NH‘Q
| I
HGC(:'CHQ'CHQ-CH-NH-C NH CHQ

Actef falic
[Acid pleroplgluianic)

cn-:“\

Mot s6 chit ddi khdng cta acid folic cling da dudc sit dung & mifc do
nhAt dinh d€ diéu tri bénh bach ciu va cdc bénh ung thu khic. Vi du acid 4-
amino-pteroylglutamic (aminopterin) ¢ ch€ sinh trudng cia mot s6 loai ung
thu.
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VII. HE THONG MULTIENZYM VA VAI TRO CUA ENZYME
PIEU HOA.

Trong t€ bao nhiéu enzyme hoat dong ddng thdi, trong dé sdn phdm cia
phan tng trudc 12 cod chit ca phan tng sau. Vi du qué trinh bi€n d6i glucose
thanh acid lactic dudc thyc hién bing mot trat ty cdc phdn tng tao thanh qua
trinh glycolis. Trong cdc hé thong multienzyme ndy sdn phdm ctia phan ting
truc 12 co chat clia phdn tng sau. Trong mdi hé thong multienzyme thong
thudng c6 modt enzyme chiu trdch nhiém chi phoi t6c do clia toan bd hé
thong, dudc goi 1a enzyme diéu hoa. Tuy thudc vao mitc dd phic tap, nhitng
hé théng multienzyme (hay da enzyme) nay dugc chia 1am 3 loai (hinh 7):

1/ Céac enzyme cé biét hoa tan trong t€ bao chat va hoat dong doc lap
nhau. Céc phan ti cd chat c¢6 kich thuéc nhd, dé khuéch tdn, c6 thé tim thay
nhanh chéng con dudng tir enzyme nay sang enzyme khac (1);

2/ céc enzyme cia hé thong két hgp nhau thinh mot phiic hé hoat dong
phdi hop nhau. D6 13 trudng hdp hé enzyme tdng hgp acid béo clia nAm men.
Hé thdng ndy gom 7 enzyme két hgp chit ché vdi nhau. Néu tdch rdi nhau,
tat cd déu bi mat hoat tinh;

3/ C6 mifc @6 t6 chic cao nhat 13 nhitng hé thong enzyme lién két véi
céc ciu tric trén phan tif cla t€ bao. P 1a trudng hgp d6i véi hé enzyme
ctia chudi van chuyén dién ti¥ trong ti thé.

A~ B~ 7C~~?D -~ 7P (1 Mbi enzyme cd biét
gin vao 16p mang trong
cda ti thé, vira 1am nhiém

(2) vu xdc tic, vira dong vai
trd nhu mot yéu td cau tric
clia mang.

Trong nhitng hé

thdng multienzyme nay tdc
Hinh 7. Cdc kiéu té chiic ciia hé thong do clia mot phan dng ndo

d6 thudng xdc dinh tdc
dd cda toan bd
hé thong, trong d6 y&u td han ché c6 thé 13 nong d6 enzyme hoic ndng dd
cd chat.

Hoat tinh ctia enzyme diéu hoa dugc diéu chinh thong qua thdng qua
céc kiéu phan t tin hiéu khdc nhau von 13 cdc chit trao d6i phan tif nhé hoic
céc cofactor. C6 hai loai enzyme di€u hoa tham gia trong cdc con dudng trao
ddi chat khiac nhau. Loai thtt nhat 1a cdc enzyme allosteric hay di ldp thé.
Chiing hoat dong thong qua cic lién két khong dong héa tri v6i cdc chat trao

GS.TS. Mai Xudn Luong Khoa Sinh hoc



nzyme . 27-

ddi 1am nhiém vu diéu hoa goi 1a modulator.Chir “allosteric” tiéng Hy lap c6
nghia 12 “ciu inh khic”. Enzyme allosteric 1a nhitng enzyme c6 ciu hinh
khac khi lién két véi cac modulator. Loai enzyme diéu hoa thi hai bao gdm
nhitng enzyme dugc diéu hoa bing cich lién két dong héa tri thudn nghich
véi modulator. C4 hai loai enzyme diéu hoa nay dudc ciu tao tir cdc phan
dudi don vi, va trong mot s6 trudng hdp ¢ cdc trung tim diéu hoa va trung
tAm hoat dong nim trén cdc phan dudi don vi khic nhau.

It nhat con hai co ch& khac d€ diéu hoa hoat tinh clia enzyme.. Mot s&
enzyme dugc kich thich hoic bi tic ch€ bdi cic protein ki€m tra riéng biét khi
nhitng protein ndy gin vdi enzyme va dnh hudng dén hoat tinh cda ching.
Mot s6 enzyme khéac dugc hoat héa bing tic dong thuy phan khong thuin
nhich dic biét d6i v6i phan tf enzyme. Céc vi du quan trong v€ hai cd ché
nay c6 thé tim thay trong cic qud trinh sinh 1y nhu tiéu héa, ngh&n mau, hoat
d6éng ctia hormone ...

L-Threonine Trong modt s6 hé thong
__________ iE . LN N . 2
' 21 multienzyme enzyme di€u hoa bi tc

E a-Xetobutirate e . n o, Y 0 A
! - ché dac hi€u bdi cac san pham cudi
: N 2 R 2 2, . N

: o-Xetoxybutyrate cung cua chuoi phqan ung khi ham
! Eq lugng ctiia san pham d6 vugt qua
5 o5 -Dioxy-§-methylvalerate nhu ciu cda t&€ bao. Khi phdn tng
Eq clia enzyme diéu hoa thip cic
a-Ceto -§-methylvalerars enzyme ti€p theo cling s€ giam toc
! E; dd hoat dong do cd chit clia chiing
I L-Isoleucine bi gidm, do d6 lam gidm s& lugng

Hinh8. Uc ché L-
treonine
desaminase boi

- - P

san phim cda toan bd hé thdng
multienzyme. Kiéu diéu hoa nay
dudc goi 13 diéu hoa theo nguyén
tdc lien hé ngugc.

Vi du dién hinh vé ki€u diéu hoa nay 1a diéu hod hoat dong ctia hé
thong multienzyme, trong d6 L-threonine chuyén héa thanh L-isoleucine bao
gdm 5 phédn tng (hinh 8).

Enzyme E, (threonine desaminase) bi tic ch€ bdi sdn phdm cudi cling
L-isileucine, mic du né khdng phai 1a chit canh tranh véi L-threonine. TAt
c4 nhitng aminoacid giong né déu khong giy hiéu tng nay. RS rang 13 khi
trong hé thong tich lily qud nhiéu L-isoleucine, vugt qua mifc cho phép nio
d6, thi enzyme dau tién clia hé thong sé& bi e ché.

Chat trao ddi gy tdc dung tic ché€ enzyme diéu hoa dugc goi 12 effector
am tinh, hay modulator am tinh. Ciing c6 trudng hgp enzyme di¢u hoa nim &
di€m phan nhénh clia cdc diy phan tng. Enzyme diéu hoa c6 thé 1a don tri,
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néu chi chiu tdc dung clia mot effector, hodc da tri n€u chiu tic dung clia tr
hai effector trd 1én. Cac effector c6 thé 1a cdc sdn pham cudi cling clia nhitng
trit ty phan tUng lién quan nhau. Nhy dic di€m nay mot s6 hé thong
multienzyme c6 thé c6 chung mot hé thong diéu hoa.

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

C6 nhitng trudng hgp enzyme di€u hoa chiu tdc dong ddng thdi clia mot
hoic mot s6 effector Am tinh va mdt hodc mot sd effector duong tinh, trong
dé mdi effector két hop véi bé mit enzyme tai mot vi tri rat dic trung.

Phan 16n enzyme di€u hoa trong di€u kién t&€ bao 13 nhitng enzyme xiic
tdc cac phan tng khong thuén nghich.

Su ton tai cia enzyme di€u hoa 12 mot trong nhitng thé hién clia nguyén
tic ti€t kiém to1 da cla t€ bao.
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VIIL. HE THONG CASCADE - BIEN POI PONG HOA TRL

Piéu hoa hoat tinh enzyme con c6 thé dugc thuc hién bing cich bién
ddi enzyme theo chu trinh kin giita dang bi€n d6i dong héa tri va dang khong
bién d6i. Su bi€n d6i c6 tinh chu ky nay dudc thyc hién nhd cic enzyme bién
héa (converter enzymes), chling ciing v6i cdc enzyme bi bién ddi va khong
bi bi€n d8i va cdc chat hiéu Gng cla ching tao thainh mot hé thong cascade.

Mot enzyme bi bi€n ddi ddng héa tri c6 thé trd nén hoat dong hon so
véi dang khong bién d6i, hodc hai dang c6 thé c¢é cdch phan ting khic nhau
véi cdc chat gay hiéu tng.

Hé thong cascade don gidn nhat 12 hé thong don chu ky (monocycle) va
hoat dong ctia n6 dudc md t4 trong hinh 9 ddi véi mot enzyme gid thuyét von
bién ddi ddng hoda tri biing cdch phosphoryl-héa. Qua trinh bién d6i dudc bit
dau khi enzyme bién héa E; § dang khdng hoat dong dugc hoat héa nhd mot
chat cdm tng di 1ap thé dic hiéu e, thanh dang hoat ddng E,. Enzyme chua
bi bién d6i I, sau d6 bi phosphoryl héa bdi E, trong mot phan ng phu thudc
ATP @€ bién thanh enzyme bi bi€n ddi I, va ADP. Qud trinh nay c6 tinh
thuan nghich vi mot enzyme bién héa thit hai R, & dang hoat dong, von dudc
hinh thanh nhd sy hoat héa dang khong hoat dong R; va chit hiéu tng di 1ap
thé e, , sé diphoshporyl héa I, d€ tao lai I, va P;. C4c hé thdng cascade don
chu ky khdc nhau c6 thé két hdp vdi nhau d€ tao ra cac hé thong bi-, tri-, va
multicascade ma vdi dd nhay cao ddi vdi ndng @6 clia chat hiéu tng c6 thé
diéu hoa mot cach tinh vi dong co chit va sdn phim xuyén qua mang ludi
cdc con dudng trao ddi chat.

Cédc hé thdng casade c6 kh3 ning diéu hoa toc d6 phdn tng bing
nhiéu cdch: 1/ ching cung cdp tin hiéu khuyé&ch dai, tic 12 chi mot lugng nhd
enzyme bién héa (E, hay R,) tao ra dudc mot lugng 16n enzyme bién dsi (1,,)
hodc enzyme khong bién d6i. 2/ Chiing c6 thé diéu chinh mic d6 t8i da ma
I, c6 thé dat dudc vdi sd lugng bdo hoa clia e;. 3/ Chiing c6 thé diéu chinh
mic d6 nhay cdm clia sy bi€n ddi ddi véi nhitng thay ddi ndng d6 ciia chat
cdm tng. 4/ Chiing dugc st dung nhu nhitng hé thong hdp nhat (integration
systems) cAm nhin dugc nhitng bi€n ddi rat nhd clia ndng @6 ndi bao cia
cdc chat trao d6i va diéu chinh ndng dd ctia I, va I, cho thich hgp. 5/ Chiing
12 nhitng hé thong linh hoat c6 kha ning thyc hién cdc ki€u ddp tng
khdcnhau d6i vé6i cdc kich thich thich di 1ap thé. 6/ Ching 1a bd khuéch dai
toc do ddp tng & mitc mili-gidy ddi v6i nhitng bi€n ddi ctia ndng dd cdc chat
trao d6i trong t& bao.
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Ej_+'5‘1

Hinh 9. So d6 hoat dong
cia hé thong cascade

l don chu ky cho phép
>—< phosphoryl hoéa enzyme
doi 1,

I, Im khéng biéh

thanh dang phosphoryl-
>—< héa I, dudi anh hudng
T cia cdc enzyme  bién

héa E, va R a von duoc
hinh thanh nho tuong tdc
Ra Vdi cdc chdt cdm ung e

Ri+ (=27}

va e, Vvdi cdc enzyme bién héa khong hoat dong tuong ving E; va R;. E, va
R, xtic tdc cdc phdn iing phosphoryl-héa va dephosphoryl hoa I, va I, .

Phosphoryl héa cdc nhém hydroxyl cta serine, threonine hoic
thyrosine trong cdc enzyme x3y ra trong nhiéu hé thong cascade; hon 20
enzyme dudc biét 12 nhitng enzyme chiu phosphoryl héa thuin nghich béi hé
thong tuong tu nhu dd mod ta trong hinh 9. Mdi hé thong nay st dung ATP
nhim cung c&p ning lugng d€ duy tri lugng enzyme bién ddi tuong hd thich
hdp von can dé€ diéu hoa t6c d6 phan wng. Nhitng qua trinh rit khdc nhau
nhu sinh tdng hdp va phan gidi glycogen, sinh tdng hdp cholesterol, chuyén
héa aminoacid déu dudc diéu hoa theo kiéu nay.

Mot s6 hé thdng cascade dugc diéu hoa bdi cdc ki€u bién ddi dong
héa tri khac véi phosphorryl-hdéa. Vi du glutamine synthetase cua E. coli
hoat dong trong mdt hé thdng cascade kéo theo nucleotide héa cdc enzyme
hoic cédc protein diéu hoa chiing bing phan ng véi ATP hoic UTP.
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IX. HOAT HOA ENZYME.

Nhiéu enzyme d€ thé hién hoat tinh ctia minh, can phai c6 su hd trg cla
céc yéu t6 khac nhau, trong d6 mdi enzyme dugc hoat héa bing mdt con
dudng nhat dinh. Bon ki€u hoat héa khac nhau dudc md ta trong hinh 10.

Mot s6 enzyme, vi du pepsinogen, trypsinogen ... dugc hoat hda bing
céch cit bd mot doan oligopeptide khdi phan tif proenzyme (1);

Hinh 4. Cdc kiéu hoat héa enzyme

T s

Froerzyme Erzyme Rogt ddng

ifn két disulfide

Froenzyme Enzyme hogt ddng

-d_',-‘\\.
2
3 — E

Eniyme Khong hogt ddng Enzyme Rogt ddng

Ejj""ec.rc:-r
4 ﬁ\

Erzvme KReéng hoar ddne  Dnrvme Roat déng

Hinh 10. Cdc kiéu hoat héa enzyme

Mot s6 enzyme khic dugc hoat héa biing cach hinh thanh cau disulfide,
vi du ribonuclease (2), hodc bing cdch tao phitc véi ion kim loai (3). Kiéu
hoat héa tht tu dic trung cho cdc enzyme di 1ap thé, dugc thyc hién bing
cich thay d6i cdu hinh khong gian clia enzyme nhd mot effector duong tinh
dac hiéu (4).
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X. TUONG TAC PROTEIN - PROTEIN.

Céc enzyme di lap thé thyc hién viéc ki€m tra cdc phan ing enzyme
bing cédch tuong tdc phdi hgp gilta cdc phan dudi don vi. Cdc enzyme khdc,
vi du proteinkinase ton tai & dang khong hoat dong do cdc tuong tdc protein -

protein giffa cdc phan dudi don vi clia chiing. Proteinkinase ctia co van ton
tai § dang mot holoenzyme khdng hoat dong véi cau tric dudi don vi R,C,,
trong d6 R 1 phan du6i don vi diéu hoa, con C 1a phan dudi don vi xdc tdc.
Kinase 1a mot enzyme bién héa va dugc hoat héa bdi cAMP nhu sau:

R,C, + 2cAMP — Ro(cAMP) + 2C

Su k&t hop ctia cAMP véi R di gidi phong C d€ c6 thé xdc tic phan Gng
phosphorryl-héa hang loat cdc enzyme trong cdc hé théng cascade.

Mot vi du khac cla tuong tdc protein - protein trong diéu hoa hoat tinh
enzyme trudng hdp ddi véi lactose synthetase - enzyme c6 nhiém vu tong
hop lactose trong tuyén sifa clia dong vat cé vi. Lactose synthetase xiic tdc
phan tng:

UDP-Galactose + Glucose ——> Galactosyl-3 -1,4-glucose (Lactose) +
UDP.

Enzyme synthetase nay can enzyme UDP-galactose:N-acetylglucosa-
mine galactosyl transferase von c6 mit trong nhiéu md khong phai tuyén sita
vd tham gia vao viéc tdng hop cdc nhém prostetic c6 ban chat
oligosacchaside ctia mot s6 glycoprotein, vi du:

UDP-Gal + GlcNAc...Protein —— Gal-$3 -1-GIcNAc...Protein + UDP.

Trong t€ bao tuyén sita clia dong vat c6 vii galactosyl transferase lién
két trén mang tuong tdc v6i mot protein hoa tan 1a o-lactalbumin dé tao ra
lactose synthase, enzyme xiic tic tong hgp lactose. Trong tuong tic o-
lactalbumin véi galactosyl-transferase tinh dic hiéu cd chat clia transferase
dugc bi€n d6i sao cho glucose trd thanh chit nhin co chit. Glucose 13 mot
chat nhan rit yéu (K,, = 1 — 2M) déi vdi transferase nay, song, khi c6 mit
a-lactalbumin, né tr§ thinh mot chat nhan rat tot. (K, = 10 — 13M).
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XI. TINH PAC HIEU CUA ENZYME POI VOI CG CHAT.

Enzyme khdc mot cdch 16 rét v6i cdc chat xic tac héa hoc khac & tinh
dic hiéu co chat va hiéu qud xic tdc. Phin 16n enzyme chi cé mot s6 it cdc
cd chat ty nhién d€ dudc bién héa thanh san phim don gidn vdi hiu qlia rat
cao. C4u tric doc ddo cla trung tAim hoat dong clia enzyme quy dinh tinh diic
hiéu nay va khong chi cho phép két hgp mot cach thuin I¢i véi co chat diic
hiéu ma con loai trir kha ning lién két khdng thich hgp clia nhi€u chat khong
phéi 12 co chit clia enzyme. Miic do dic hiéu cao nay dugc duy tri cung véi
téc do phan ¢ng nhanh gap 10° - 10'* 14n so véi cdc phan Gng tu phdt khong
xuc tic.

Nhiéu enzyme c6 tinh dic hiéu tuyét ddi ddi v6i mdt cd chat duy nhat.
b6 1a trudng hgp clia suxinate dehydrogenase va fumarase. Cidc enzyme
khéc c6 tinh dic hiéu rong hon, vi du trypsin thiy phan tit ca cdc lién két
peptide, amide va ester hinh thanh v&i su tham gia cda lysine hoic
arginine. Mic du c6 thé thdy phan cac kiéu lién két khic nhau, trypsin c6
tinh dac hiéu mo6t cach nghiém ngit vGi cic nhom R cta lysine va arginine.
Vi du, cdc din xuit a-N-benzoylamide clia homoarginine va ornitine khong
phéi 1a cd chat, trong khi d6 cdc din xuit nay clia arginine va lysine lai bi
thily phan rat nhanh chéng thanh a-N-benzoylaminoacid vad NH;. S& di nhu
vay 12 vi homoarginine chita moét nhém -CH, - nhiéu hon trong goc R clia né
so V@i arginine, con ornitine lai chtta mot nhém -CH, - it hon so véi lysine.

(

C=0 | |
Mo BN \n, aN b
H,C - (CH,);- CH- C-NH, H,N - C -NH (CH,); -CH - C - NH,

a-Benzoyl-L-lysinamide a-Benzoyl-L-argininamide

C=0 | I

|
N b b NH,' N o
H,C - (CH,),- CH-C-NH, H,N - C -NH -(CH,); -CH - C - NH,

a-Benzoyl-L-ornitinamide a-Benzoyl-L-homoargininamide
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Céc nghién ctu tinh thé cho thdy ring tinh dic hiéu nay gin lién
v6i phdn dng clia nhém cation clia ¢d chat véi nhém COO™ cua acid aspartic
tai trung tAm hoat dong. Su ddi chd ctia nhém cation do ting hodc gidm mot
nhém -CH,- d3 ngin cdn sy lién két clia co chit va do dé khong cho phép
enzyme thyc hién phan ting deamine-hoda.

Céc enzyme khéc phan tng vdi cac hgp chit khdc nhau va c6 tinh dic
hiéu twong doi rong. Leucine aminopeptidase 1a mot vi du. Enzyme nay thiy
phan nhiéu amide clia a-L-aminoacid va dipeptide vé6i toc dd khic nhau
trong cac phan tng c¢6 dang nhu sau:

| NH, O NH;"
[ I
R —|C - C-NHR’ + H,O — R -C-COO" + H3NR’
|
H
H

trong d6 R 12 g6c aminoacid con R' 1a nguyén t hydro (trong amide) hay
mdt géc aminoacid khdc (trong dipeptide). Mdi cd chat cAn ¢c6 mot nhém
amine khong bi thay th€ v mot nguyén tit hydro tai carbon nim canh lién
ké&t amide hodc peptide nhay cdm. Goc aminoacid NH,-tn cling phai c6 ciu
hinh L, trir glycine von ciing chi rit it khi tham gia trong viéc tao ra cd chat
cho enzyme nay.

Tinh dic hiéu clia cdc enzyme néi trén cho thiy ring kich thudc, hinh
dang va ban chat héa hoc clia cic nhém trén co chat x4dc dinh t6¢c do ma co
chat chiu sy tdc dong clia enzyme. Nhitng dit kién c6 dugc ngay nay cho
phép nghi riing trong viéc hinh thanh sy két hdp mang tinh b sung giita cd
chat vdi trung tim hoat dong cda enzyme c6 thé cé sy tham gia cla cic
tuong tac ky nuéc, tinh dién cling nhu lién két hydro. Trong mot 8 trudng
hgp cdc chat trung gian dong héa tri ciing ¢6 thé hinh thanh mot cich tam
thdi trong cdc phic hé enzyme-co chit. Nhu vay, tit cd cdc nhém clia co chat
dudc 1dp diat mot cdch sit sao vao trung tAm hoat dong sao cho mdi nhém
nim mot cich chinh x4dc bén canh cidc nhém bd sung sao cho mbi nhém nim
mdt cdch chinh xdc bén canh nhém b3 sung trong trung tim hoat dong. Muc
dich chinh cta ching ta Ia hiéu dugc bing cdch nao ki€u lién két dic hiéu
nhu vy cudi cliing din dén sy bi€n ddi héa hoc di doi vdi viéc gin cd chat
tai trung tAim hoat ddng cia enzyme. Tuy nhién, truGc khi xem xét nhiing cd
ché& nay, cin phai tim hi€u cdc cd ché clia viéc thic ddy nhanh toc d6 cia cic
phan t@ng enzyme.

C6 hai cd s§ cdu triic quan trong xdc dinh tinh dic hiéu clia enzyme doi
v6i co chat. P6 1a:
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Hinh 11. Su phi hop vé cdu triic
giiia enzyme va co chit

1/ Co chat can chita kiéu lién két
héa hoc dic trung ma enzyme c6 thé
cOng pha;

2/ Bén canh yéu td thit nhat, cd
chat con chda mot hoic mdt s6 nhém
chic c6 khd ning két hdp v6i enzyme
bing cdch nio d6 dé dinh huéng co
chit tai trung tim hoat ddng, tic
trung tim phdn Gng, clia enzyme. Vi
du dién hinh 13 tudng hop
acetylcholine esterase phéan gidi lién
két ester gitta choline va gdc acetyl
(hinh 11). Kh4 ning clia enzyme phin
gidi lién két ester phu thudc cd vao sy
ton tai cla cdc goc serine, tyrosine va
histidine von tryc ti€p tham gia qué
trinh phdn Gng, cling nhu vao su cé
mit cia nhém COO™ d€ lién két tinh
dién v6i N*clia co chat.
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XII. CO CHE TANG TOC PO CAC PHAN UNG HOA HOC NH(
ENZYME.

Enzyme lam gidm ning lugng hoat héa cda phédn tng va bing cdch do
ting toc dd cda phin ng. Kiéu ting tdc dd nay can dudc gidi thich bing 13i
1 clia c4c phan ing héa hoc x3y ra khi cd chat tuong tic v6i enzyme. C4c co
ché& nay rd rang c6 quan hé vdi nhitng cd ché xdc dinh tinh dic hiéu cd chat.

1. Ting toc do phan dng va tinh diic hiéu co chat.

Céc ki€u phan tng héa hoc x3y ra trong qud trinh xic tic cia enzyme
cling tuong tu nhu trong cac phan dng héa hoc hitu cd. Tuy nhién, khia canh
dic hiéu cia tdc dung enzyme 12 tinh dic hiéu cd chat va tinh chat clia nhiéu
enzyme cho thdy ring ning lugng lién két dic hiéu clia cdc tuong tic nhiéu
thanh phin von x4y ra giita cic nhém bd sung trong cd chit va trong trung
tam hoat ddng dugc st dung dé cung cip dong luc cho xic tic d6ng gép mot
phin quan trong trong viéc gidm ning ludgng hoat héa clia phan ng, va nhu
vay lam cho tdc @6 clia tit ci cdc phan Gng enzyme ting 1én dang ké. Piéu
nay dugc bi€u thi & nhiéu enzyme, nhung giy 4n tudng nhit 13 &
phosphoglucomutase xtc tac phan @ng thuan nghich sau day:
pr—

o-D-Glucoso-1-phosphate o.-D-Glucoso-6-phosphate

Phén tng nay chi xdy ra khi c6 mit Mg** va glucoso-1,6-diphosphate;
dang trung gian enzyme phosphoryl-héa dugc hinh thanh, trong d6 nhém
phosphate trén goc serine duy nhit clia enzyme trao ddi vdi cdc cd chat va
vGi glucoso-1,6-diphosphate:

Enz-OH + Glucozo-1,6-di(P) <*— Enz-O-(P) + Glucoso-1-(P).

Bdngb. Téc dj tuwong doi ciia phosphorryl-héa mot sé chdt  bdi
phosphoglucomutase.
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Cd chdt (ROHD Tde d6 tucng ddi™ Cc chdt (ROH Tde d6 tridng ddi”
HOH 1 HO OPOgE
h < 5
C}fa A-Hz 2=z 10
e CHg - CHg
HOH [+ o-FP-0 580
Ho CH=CH 2
H L et 4.4z 10°
CH CHg
+ H C.H
H 5 ar
HOH oH H - 1,T=10 HO CH OFO, 6
a ! o 1,4 =10
HE ©F9; “CHCH
H ©H )
o -3y loso-1-phosphae HO OF0,2
i =t 44xz10"
H CHz—C"=C"—CHg R
H ooH
H -
CH H T=10% HO /OP03
HO 81 \CHE—CHg—o—CE 2= 10°
H ©OH
CHy—
ot D=3y lose g~ Ho
H 33 HiOCHg
H H Rt i T H G 10
P izlo
+ O-P-O 9 oH H -
Ho N OH( ) 4= 10 HO O PO,2
H ©H H oOH
it D-3ylose & D- Slucoso-1-phosphate

* Téc dé phosphorryl-héa ciia nude duge xem la bang 1dé so sdnh
vdi téc do phospho-ryl héa cia cdc chdt khdc. Hang s6 toéc do bdc
1 ciia phdn ving phosphorryl-héa nuée la 3,2x10° /s & 30°C va pH
7,5.

Khi phan tng ldap lai, mot trong cidc ester phosphate clia glucose cé
thé bi€n thanh dang kia. Enzyme phosphoryl-héa bén trong mdi trudng nuéc,
nhung phdn Gng véi hang loat cdc cht c6 cdu tric chung R-OH theo phén
ung

Enz-O-(P) + R-OH —— Enz-OH + R-O-(P)

So sianh toc dd phosphorryl-héa cdc co chit khdc nhau trong bing 6
cho phép phét hién mdi quan hé 1y thd giita sy lién k&t cd chat va hiéu qlia
xtic tdc. Chuyén nhém phosphate clia enzyme cho nudc (thiy phin enzyme
phosphate) xdy ra rat cham, véi tdc do chi khodng 60 1an phan tng thily phan
enzyme serine phosphate khi khong c6 enzyme xuc tic. Ngudc lai, phosphite
va xyloso-1-phosphate ma c4 hai déu khong phai 12 co chat lai ting tdc do
van chuyén phosphate cho nudc tuong ng 580 va 1,7x10° 1an. Piéu nay cho
thdy ring khd ning phdn @ng ctia nhém phosphoryl clia enzyme dudc ning
1én ding k€ bdi cdc chat ma vé mit ciu tric tuong tu vdi co chit va c thé
gin tai trung tAm hoat dong; phosphite gin tai trung tdm danh cho
phosphate, con xylose tai trung tim danh cho dudng. Qua bang 6 ta c6 thé
thdy xylose dudc phosphorryl-héa bdi phosphoryl-enzyme nhanh hon 7x10*
lan so véi phosphoryl-héa nu6c, con khi c6 mit phosphite né dudc
phosphorryl-héa thanh xyloso-1-phosphate nhanh hon phosphorryl-h6a nudc
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dén 2x10° 1dn va nhanh hon phosphorryl-héa cg chat ty nhién 1a glucoso-1-
phosphate 15 1an. Cudi cling, mdt s6 monophosphodiol mach thing, trong dé
¢6 nhém hydroxyl & cach nhém phosphoryl 4 nguyén tif carbon cling hoan
toan c6 th€ bi phosphorryl-héa bdi enzyme nay véi toc d6 khoing 10° -10’
lan nhanh hon phosphorryl-h6a nuéc. Nhu vay, viéc lién két tai trung tim
phosphate va trung tim dudng bdi cdc hgp chit véi cau tric thich hgp dan
dén gidm ding k& ning lugng hoat héa cla cdc phan ng phosphorryl-héa
bdi phospho-glucomutase. C4c so liéu trong bidng 6 hoan toan ting hd quan
di€m cho ring cic luc manh lién quan véi su két hop clia co chat véi trung
tam hoat dong ciing dugc 16i cudn vao cdc bién c6 héa hoc dan dén nang cao
ddng k€ tdc do bién héa clia co chat.

Vi khdi niém nay chiing ta c6 thé xem xét cdc ki€u cd ché tham gia
vio viéc ddy nhanh tdc d6 clia cdc phdn Gng enzyme va phu thudc vio ning
lugng lién két clia co chat véi enzyme.

2. Su phu hgp cam éng va xic tdc enzyme.

Ngudi ta cho ring nhiéu enzyme khi khong ¢6 miit cd chit ton tai &
dang khong hoat dong va khong phdi tit cd cdc nhém trong trung tAm hoat
dong déu dinh huéng diing trong khong gian dé tuong tic vdi cdc nhém bd
sung cla co chat. Tuy nhién, su k&t hgp clia cd chat dic hiéu sé din dén sy
bi€n ddi hinh dang trong enzyme, trong d6 cdc nhém cda trung tim hoat
dong xé dich dén cdc vi tri can thié€t d€ su xiic tdc c6 thé dudc thuc hién.
Nhitng bi€n d6i hinh dang dugc cdm ting bdi co chat nhu vay dudc goi 1a sur
phlt hgp cam dng cla tic dung enzyme. N6 da dugc minh hoa trong hinh
1.6. Nhiéu din ching vé hiéu @ng nay di dugc ghi nhan khi so sdnh ciu
triic enzyme biing phudng phdp so sanh ciu triic tinh thé biing tia X trong cic
trudng hdp c6 mit va ving mit chat dc ché, vi du ddi vdi carboxypeptidase
A va lysozyme. Thém vao d6, tinh chat cia enzyme trong dung dich ciing
cho thiy nhitng khdc biét vé hinh dang khi c6 mit va ving mit co chat. Vi
du, mdt s& enzyme mat kha ning phan tng vdi khang thé dic hiéu cla
chiing khi ¢6 mic cd chat, con mot s6 enzyme khdc thi cho thdy su khac biét
vé hiing s6 ling. N6i chung, ngudi ta cong nhan ring su phit hop cdm ting c6
thé 1am thay d6i téc do clia mot sd phan ing enzyme nhung trén quy mo ting
tdc toan bo thi ¢ mifc do thap hon cdc co ché khic.

3. Cd ché ti€p can.

Con dudng rd nhat dé enzyme ning cao toc do clia mot phan tng hai
phan ti (bimolecular reaction) 1a kéo hai chit phan tng lai gin nhau trong
trung tdm hoat ddng. Cac phan tf phan Gng dudc dinh huéng mot cach ding
din va dudc ti€p cin v6i nhau 1am cho ndng d6 hiéu luc trd nén 16n hon
nhi€u so vdi trong dung dich lodng. Do cic Iuc lién két manh va da dang
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giita co chat va ciu tric clia trung tAm hoat dong, enzyme c6 thé 1am ting
kha ning dé€ hai co chit c6 thé d&én v6i nhau dé€ thuc hién phan tng va bién
mot cach cé hiéu qua phan tng hai phan tif thanh phan tng mdt phan ti (ndi
phan t). Hiéu &ng nay cé nhiéu tén goi khdc nhau nhung déu véi y nghia 12
sy ti€p can.

Hiéu tng ti€p cin c6 thé dugc minh hoa mot cach rd rét nhat bing mo
hinh phdn t¢ng ndi phan t va hiéu dng clia ciu tric 1én t6c do. Bang 7 gidi
thiéu ciu tric cia mot s6 ester p-bromophenyl ciia suxinate va glutarate va
toc do tudng ddi clia cdc phan ng thity phan ching so véi tdc dd clia phin
tng hai phan tf thiy phin p-bromophenylacetate v6i sy xtc tdc cua acetate.
Mbi chat bi thdy phan bing tdn cong nucleophyl ndi phin tif cia nhém
carbonyl bén canh theo phuong trinh phan ting tong qudt sau day.

9 O 1
C-OR C-OH
( \ —RO ( I\ +H20
. O
G & - OH
0)

Nhitng ester c6 ciu tric ciing hon ting khad ning d€ nhém carboxyl
tdn cong dudc dinh hudng mot cdch thich hgp va ti€p cin hon véi lién két
ester va vi vdy ching bi phan hiy nhanh hon nhitng ester c6 kha ning quay
tu do hon va ciu tric it ciing hon.

Nhiéu hgp chit loai niy c6 cic géc lién két cing thing va c6 thé xem
chiing gidng nhu nhitng 10 xo ma mic dd cing thing cda ching c6 thé lam
gidm mot phan khi chiing tham gia trang thdi chuyén ti€p. Tl cdc din liéu vé
toc dd nay cé thé xdc dinh dugc ring néng do Hiéu lyc cla cdc nhém
carboxyl xung quanh cdc nhém ester ¢ thé cao dén 10°- 10° M. P6 1a nong
dd khong thé c¢6 vé miit vat ly, song né cho phép minh hoa tinh wu viét cla
phén tng ndi phan t doi véi phdn ng gilta cdc phan tif va cho thiy viéc
mang céc chat phdn ng lai gan nhau tai trung tAm hoat dong cho phép ting
tdc d6 phan @ng nhanh dén mic nao.

Bdng 7. Cdu triic va toc dé tuong doi (V, ) ciia cdc phdn iing
thity phdn cdc ester monophenyl ciia cdc ion acid dicarboxylic.
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Cdu tnic * Vi Ciu tric ™* Ve
H;CO0" 1,0 COOR
COOR
i =107 ~1z107
— z
COO" Coo”
- COCR
R 3= 103 # O
1,3 = 10°
R' CooT COOR
COOR . — 5z 107
é; ~22= 10 coo-
COo~

* R = p-Br-Cs Hy - ; #t6c do phu thudc vao ban cdt ciia R

4. GAy méat 6n dinh (Destabilization).

Mot gid thuyét tuong ddi cii vé xiic tdc enzyme cho thdy ring sy lién
két cla trung tim hoat dong 1am cho cic lién két bi cing, bién dang hoic
mat 6n dinh nén d& bi dit khi hinh thanh mot sdn pham hoic phiic hé trung
gian ma trong d6 cdc lién két bi tic dong tré nén kém bén vitng hon so véi
trong chit phin ing ban dau. Vi du minh hoa cho gid thuyét nay 1a phdn ng
do base xiic téc khi thiy phan ethylene-phosphate xdy ra nhanh gip 10’ 1in
so vd&i khi thiy phan dimethyl-phosphate.

roor

H—T — (|3—H CH; CH;
0] O O O
X K
O 4 o} O/ o
Ethylene-phosphate Dimethyl-phosphate

Gia thuyét vé tinh cing nay c6 vé 1a mot cach gidi thich hap din ddi
véi xic tic enzyme. Mot trong nhitng vi du thiét thuc 13 tinh chit cda
esterase ctia gan. D€ thiy phan mot loat cidc ester
clia acid m-hydroxy-benzoic, K, hau nhu khong phu
thudc vao chiéu dai cda chudi R, trong khi d6 V.
ting 1én mot s bac khi chiéudai cta chudi ting. Vi
lién két chiu sy thiy phan 12 nhu nhau trong mdi
trudng hop, nén cé thé suy ra ring ting ning lUgng  Ester cifa actd m-hydroxybenzoic
lién két cliacdc ester mach dai lam gidm niing lugng
hoat héa ctia phdn dng, tic 1a ning lugng cla lién k&t chit hon clia gdc

COCH

S
O-C-R
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hydrocarbon dugc bu dip bdi siic cing dudc cdm ng trong phin chita
nhomacyl clia phan tu.

Sy gdy mAt 6n dinh cd chit ciing c6 thé x3y ra khi cdc cd chat tich
dién & dang hoa tan, tifc khi két hdp véi trung tAm hoat dong, nhitng cd chit
niy cé thé dugc chuyén tir moi trudng nudc vao moi trudng tuong doi ky
nudc trong trung tAm hoat dong, nhd d6 cho phép c6 su gia tdc 16n. Mo hinh
phan ng diing &€ minh hoa hiéu &ng nay 1a phan tng decarboxyl-héa mot
din xuit cda pyruvate v mot dong dang ciia thiaminepyrophosphate x4y ra
nhu sau:

oH N OH N .
c c—{ —< ' "" <|3 * C _Q

(:1—13

Din xuit nay (I) tuong d6i 6n dinh trong nuSc va phidn tng
decarboxyl-hda xdy ra chdm, nhung trong ethanol né bi decarboxyl-héa 10*-
10° 14n nhanh hon d€ tao ra CO, va din xuat I1I.

Ngudi ta cho ra cho ring td¢ dd decarboxyl-héa ting 1én 1a do & trang
thdi trung gian gid dinh (II) dién tich khu vyc bi gidm so v6i trong dian xuat 1.
Pay 12 mot din chiing cho thay ring ki€u ning toc d6 nay c6 thé x3y ra doi
vG6i pyruvate decarboxylase ma cofactor la thyamine pyrophosphate vi
cofactor nay c6 thé niam tai khu vuc c6 tinh ky nudc tuong ddi clia enzyme.

5. Xiic tac acid-base phoi hgp.

C6 nhiéu phan tng xtc tdc bing acid hoic bing base trong héa hitu
cd, vi du su hinh thanh semiacetal dugc xuc tac bdi acid hoic base.

Base OH' thic ddy sy hinh thanh semiacetal nhu sau:

. CH; p CH;
OH
C=0 + CH;OH C
/ N
H H OCH;
Acetaldehyde Methanol Semiacetal
CH;—OH + OH = CH3Q + Hy0
CHs e _ CHs  OCH3 ., CHa  OCH;

=0 O—-CHz = Z — /C\

TN H o -HzO H OH
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Xiic tic bing acid dAn dén hinh thanh mudi oxonium dé sau d6 ti€p
tuc phan ng véi alcohol:

CHs CHs N
o=z + Ht= :C:DH
H” H
. SHs
CH
3\ m CHg\ /{[j\ _\CHg\ fDCHg 4
LT OH +0-CHy = L H = o + H
H™ ! H” “oH H” “OH

Nhitng din chitng c6 duge hién nay cho phép gid thiét ring nhiéu
nhém trong trung tim hoat dong clia enzyme c6 thé thyc hién xdc tic theo
ki€u acid hay base d6i v6i cic nhém khdc nhau trong cd chit va bing cich
d6 tham gia ddy nhanh tdc d6 phan tng. Xic tic phdi hop acid-base dic biét
c6 hiéu qia vd mdt vi du minh hoa 13 phdn tUng chuyén quay cia
tetramethyl-glucose xdy ra nhu sau:

'C'HEOC'H3 C'HgOC'H3 C'HgOC'H3
H oH
H o]
OCH; H
HyCo
H O CH;y H CCHy H QO CHy
23,4,5-0-Temamethyl- 2,3,4,5-0-Temamethyl-
f-D-glucopymnozs o -D-glucopymanoze

Acid va base déu xiic tdc cho su chuyén quay. Ching han, khi mot
trong hai dang anomer hoa tan trong benzen va thém vao hdn hgp cia
phenol va pyridine thi qud trinh chuyén quay x3y ra rat nhanh. Pong hoc ciia
st chuyén quay cho thay ring tdc d6 phu thudc vao ndng do ciia phenol va
pyridine cling nhu cla tetramethylglucose. Diéu d6 cho phép gid thiét ring
phenol va pyridine hoat dong nhu cdc chit xic tic acid va base mot cach
dong thdi. Hon th€ nita, néu cdc nhém chic ning clia phenol va pyridine
cung nim trong mdt phian t& duy nhat, vi du nhu trong a-pyridon (a-
hydroxylpyridine) thi s& c6 dugc mdt chat xiic tdc c6 hiéu qia cao hon nhiéu,
mdc du thdm chi cdc nhém xuc tac trong o-pyridon la nhitng acid va base
y&u hon nhiéu so véi phenol va pyridine. Ngudi ta cho ring a-pyridon thé
hién tdc dung xtc tdc nhu sau:
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NjLo H o] 1 e
| ™,
HD o " o o-Pyidol
i /
—0 _ _
LQH — @ (_20 — o .
H Iy H oH
-Anomer v -Anomer

Nhu vdy, hydro trén nito cia pyridine (mot acid) cho proton,
con oxy ctia nhom carbonyl (mot base) nhian proton khi vong pyranose cta
B-anomer bi md.

Nitd clia pyridine nhan proton tif sin phdm trung gian c6 ciu tric md,
trong khi d6 nhém hydroxyl phenol cho proton khi vong déng lai dé tao ra
dang a-anomer.

Kiéu xic tic acid-base phdi hgp ndy x4y ra trong cdc cd ché xic tdc
clia mot s§ enzyme, trong d6 c6 ribonuclease. RAt it c6 khd ning 12 ki€u xiic
tdc nay lam ting toc do phan ing cao hon bac 10 hoic bac 100, nhung cling
véi cdc co ché khidc né déng gép vao viéc nang cao tdc dd cla cic phan ting
enzyme.

Nhiéu goc R clia aminoacid hoat dong nhu ki€u xiic tic phdi hop acid-
base trong enzyme, bao gdm cdc goc acid glutamic, acid aspartic, histidine,
lysine, tyrosine va cysteine. 0] dang proton-héa chiing 1a nhitng chit xtc tdc
acid, con & dang khong proton-héa ching 13 nhitng chat xic tidc base. Rd
rang 12 hiéu qué cuda cdc goc R trong viéc xiic tdc s& phu thudc vao pK cia
modi nhém chic ning va pH ma tai d6 xdy ra phan ng enzyme.

Béng 8 gidi thiéu mot s6 enzyme ma trong qud trinh xic tic tao ra cac
phitc hé enzyme-co chit trung gian lién két ddng héa tri Thong thudng
nhitng chat trung gian nay hoan toan cé thé dudc xdc dinh. Vi du, phic hé
acetyl-chymotrypsin hinh thanh trong qud trinh thdy phéin p-
nitrophenylacetate bing chymotrypsin 12 mot chit bén véi pH acid va da
dugc thu nhan & dang ch& phim.

0 0
ON-¢ S 0-G CH; © —HO —»(© —0-C"CH; + O,N-¢S>0H

p-Nitrophenylacetate chymotrypsin  Acetyl-enzyme p-Nitrophenol

Cdc nhém thiol cla cystein trong cdc enzyme thliy phan protein
papain va ficin cling tham gia tao cdc chat trung gian dong héa tri v6i co
chat. Thioester gin vdi enzyme dudc hinh thanh cling v8i nhém carboxyl cia
lién két peptide nhu sau:
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Q

Enz-SH + R-C-NH-R'

O

|
Enz-S-C-R + H,0

O

|
Enz-S-C-R + H,N-R'

0

I
Enz-SH + R-C-OH

Bdng 8. Mot s6 enzyme ma trong co ché xiic tdc cé sy hinh thanh

sdn phdm trung gian enzyme-co chdt lién két dong héa tri.

Aldolase, transaldolase,
pyridoxalphosphate
enzyme

/
NH; -[CH2]4 -CI\{
Lysine

Loai enzyme Nhom phdn ting Kiéu sp. trung gian dong hoa tri
‘Chymotrypsm,trypsm.,subtll HO-CH,-CH OI
1sin, elastase, thrombin, Seri R'é—O—CHQOH
] ] erine
plasmin, acetylcholin Acyl ester
esterase
Phosphoglucomutase, ) y
phosphatase kiém HO-CH,-CH - O-R-O-CH, -C{-I
Serine O
Phosphoryl ester
Papain, ficin, HS-CH,-CH 9
glyceraldehyde phosphate Cystein R_C_S_C.Hz -CH
Acyl thioester
dehydrogenase
sCH, - CH s
Suxinic thiokinase, =CH, -CH
glucoso-6-phosphatase HN\//N OI |
— ¢
-O-P-N N
o O
Histidine
Phosphoimidasole
R %

R-IC:N-[CH2]4 -C\H

Base Schiff

Mot dang lién két dong héa tri khdc gifta enzyme va co chat 1a
trudng hgp hinh thanh base schiff (aldimine) giita cdc hgp chat carbonyl
véi nhém g-amine cua lysine trong mot s6 enzyme. Vi du, khi

o

dihydroxyacetone phos- phate dugc u véi aldolase ma khong cé6 mit
glyceraldehyde-3-phosphate thi phan ing sau day s€ xay ra:

CH,OH

Enz-(CH,), -NH, + (:) =C

Z—=  Enz-(CH,), -NH =(|':

CH,0(P

Tinh uu viét chd y&u clia sy hinh thanh cdc chat trung gian déng héa
tri enzyme-co chit 14 & chd ching lam ting xdc sudt d€ mot phan Gng xac

CH,0OH
+ H2O

CH,0(P)
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dinh c6 thé dudc thuc hién. Mot chat trung gian lién k&t ddng hoa tri véi
enzyme budc cd chit bi giam ham chiit ché bén trong trung tAm hoat dong va
c6 thé dudc dit vao tu thé thuan 1gi hon cho phan tng ké ti€p vdi cic nhém
thich hdp tai trung tim dé hoan thanh phin ng. Mdc d6 thic ddy toc do
bing cdch tao ra cdc chit trung gian dong héa tri c6 thé khd 16n, vi du d6i vdi
aldolase, song trong cic trudng hdp khdc né c6 thé khong 16n hon mic
10°-10° .
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XIII. ISOENZYME

Nhiéu enzyme trong cliing mot co thé, thim chi trong ciing mot t& bao,
ton tai & nhiéu dang phan t& khdc nhau. Nhitng dang phan t& d6 clia ciing
mot enzyme dugc goi 1a isoenzyme. Ching thudng dugc tach khdi nhau mét
c4ach dé dang bing phuong phap dién di.

Vi du lactate dehydrogenase trong cdc md cua chudt bach c6 5 dang
isoenzyme ma ngay nay di tich dugc & dang tinh khi€t. Ching déu xiic tdc
cho mot phdn ¢ng nhu nhau, song gid tri K, cia ching rat khdc nhau. C4 5
dang nay déu cé trong lugng phan t¥ vio khodng 134.000 va chia 4 chudi
polypeptide (trong lugng phan t ctia mot chudi 1a 33.500).

5 isoenzyme 13 5 kiéu phdi hgp khic nhau cla hai loai chudi
polypeptide — chudi M va chudi H. Mot isoenzyme chi€m uu thé trong cd
dudc cau tao tir 4 chudi M giong hét nhau (ky hiéu 12 M,). Isoenzyme thit hai
chi€m wu thé trong tim, ky hiéu 12 H,, dugc hinh thanh tir 4 chudi H. Ba
isoemzyme con lai, ky hi€u 1a M;H, M,H, va MH;. Ngu6i ta da tdch riéng
dudc cdc chudi M va H. 0 trang thai nay ching khéng con khé ning xuc tac.
Hai loai chudi c6 thanh phan va trit ty aminoacid khdc nhau. Khi tron trong
ong nghiém hai loai chudi véi ti 1& tuong tng cic ki€u isoenzyme khic nhau
s& ty dong xuat hién.

Su téng hop cdc chudi M va H dudc mi héa bdi hai gen khdc nhau, Nhu
vay, ti 1& tuong ddi clia chiing trong mdi loai isoenzyme dudgc ki€m tra & mifc
dd gen va c6 thé bién ddi trong qua trinh phat trién ctia phoi.

Viéc nghién citu isoenzyme c6 y nghia rat quan trong doi véi viéc tim
hi€u cd s& phan tif clia sy phan héa t&€ bao va phat sinh cd quan. Ngudi ta cho
ring khong nhitng enzyme ma nhiéu loai protein ciing ton tai trong t& bao &
cdc dang khdc nhau, phan biét nhau bdi ti 1€ gifta cac chudi polypeptide von
dugc ma héa bdi cac gen khac nhau.
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XIV. CAC NHOM ENZYME

1.Enzyme oxy héa - khii.

Trong cdc phdn ing oxy-hda - khit sinh hoc dién t tit co chit dudc van
chuyén dé&n oxy khong khi theo tiing budc trén cd s§ gidm din thé khit tiéu
chuidn. Mdi enzyme oxy héa - khit hoat dong nhd sy phdi hgp clia mot nhém
chitc nang goi 1a cofactor hodc coenzyme.

Mic du ¢6 hang trim loai enzyme oxy hda - khit khac nhau tham gia
trong cdc qud trinh oxy-héa sinh hoc, song chi c6 mdt so rat it cdc cofactor
ho#c coenzyme 1am nhiém vu nhan hodc nhudng dién ti¥ giita cd chit va sin
phdm. Vi du, ngudi ta da phat hién dudc trén 250 enzyme déu st dung céc
coenzyme nicotinamide nucleotide (NAD* hoic NADP") lam chit nhin dién
ti. Ching xic tac cho cac phan tng c6 dang dudi day:

AH, + ENAD" @ A +ENADH +H"
va AH, + ENADP* @ A +ENADP.H + H"

Thé khtt ctia co chat (AH,) duge chuyén cho NAD.H (hoic NADP.H)
dé sau d6 sé& tham gia trong cdc qué trinh oxy héa - khit khéc.

Mot s6 dehydrogenase khdc st dung cac flavine nucleotide (F) 1am
coenzyme va xic tic cac phdn tng c6 dang tong quit sau day:

AH, +EF — EFH, +A

Enzyme & dang khit (E.FH,) c6 thé van chuyén dién tif va proton cia
n6 cho cédc chat khac (vi du trong qud trinh phosphoryl héa oxy-héa) hoic
cho O, d€ tao ra H,0; :

—
E.FH, + O.x— E.F+ H;0,.

Xic tic cho cdc phan dng loai nay la cdc enzyme thudc nhom
oxydase. Cofactor clia cdc enzyme loai ndy cé thé 13 cdc ion kim loai nhu
Cu®*, Fe** hoic céc hgp chat hitu cd twdng ddi phiic tap ma chiing ta s& xét
dén sau.

Céc enzyme oxy héa - khit ctia chudi van chuyén dién ti trong ty thé
va trong luc lap ciling c6 cofactor la kim loai (Fe, Cu, Mo...), heme hodc cac
hgp chat hitu cd chita sit va luu huynh.

Thoéng thudng chi ¢c6 mot nhém chdc ning cia mdt enzyme oxy hoda -
khtr két hgp véi mot chudi polypeptide d€ tao ra mot don vi hoat dong. Tuy
nhién, nhiéu enzyme chtta mot tip hdp cdc nhém chifc ning, bao gdm flavin
nucleotide, cic nhém chita sit va luu huynh, cic nhém heme va cé kim loai
dé€ tao nén mot chudi van chuyén dién tif v6i chiéu dai va mic do phitc tap
khdc nhau dé€ d4p ting cdc nhu ciu dic biét clia trao ddi chat.
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a/ Dehydrogenase phu thudc pyridine. Dehydrogenase phu thudc
pyridine 12 nhém enzyme oxy héa - khit ma coenzyme 1a mot trong cdc dan
Xudt ciia pyridine. hai coenzyme phd bién nhit cia nhém dehydrogenase
nay la nicotinamide adenine dinucleotide (NAD) va nicotinamide adenine
dinucleotide phosphate (NADP). Cong thifc ciu tao cla chiing dudc gi6i
thiéu trong hinh 12.

NH,

xé\ .

N’/ c”x \

| Il CH
c

o \XN/C\N/

- 11
O —P—0—CHg

H

)
i 3
c
HC ¢ _COMH;z
| I
HC  «C
e s
O-P— O——CH
11 s o H
o
H H
H H
OH OH

NADY (R=H)
MADPT (R =HaPO3)

Hinh 12. Céng thitc cdu tao ciia NAD" va NADP*

Nhém dehydrogenase nay lam nhiém vu van chuyén thuian nghich
ting doi dudng lugng khir (d6i dién ti hodc doi dién tit cung vGi doi proton)
tlr co chat AH, dén dang oxy héa ciia coenzyme (NAD" hay NADP"). Mot
trong hai duong ludng d6 & dang hydro nim trong pyridine nucleotide khit
(NAD.H hay NADP.H), con duong lugng kia - & dang dién tr. Nguyén to
hydro thit hai sau khi tdch khéi cd chat dugc chuyén vio mdi trudng & dang
ion H" tv do (hinh 13).

H H H
AN N
HC 4 C —JCHH; EAEAN
AHz + | | G S
HC  CH — | I +H + A
N/ «—— HC CH
N NS
| I
R
R
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NAD" (hay NADP") NADH (hay NADP.H)
Hinh 13. Phdn ving dehydrogenase phu thudc pyridine.

Nhitng dehydrogenase lién quan véi NAD chu y&u tham gia qud trinh
hd hap tifc qud trinh van chuyén dién ¥ tir co chit dén oxy. Trong khi do,
cic enzyme lién quan véi NADP chii y&u tham gia vin chuyén dién ti tif co
chat tham gia phan @ng di héa dén cdc phan ng khit ctia qud trinh sinh tong
hdp. Vi viy, phan 16n NAD dudc phat hién trong ty thé, con da s6 NADP thi
nidm trong phan hoa tan clia t€ bao chat.

Pa s6 dehydrogenase phu thudc pyridine chi dic hiéu véi NAD hay
chi dic hiéu véi NADP. Tuy nhién c6 mdt s& dehydrogenase (vi du
glutamate dehydrogenase) c6 thé sit dung ca hai coenzyme nay. Trong bing
9 gidi thiéu mdt sd dehydrogenase phu thudc pyridine va gia tri E” ctia doi
co chit chiu tdc dung cla chiing.

Chiéu huéng cda phan tng va thanh phan cin bing ctia hé thong oxy
héa - khit do nhém enzyme phu thudc pyridine xic tdc c6 thé du dodn trén
co s& thé kht tiéu chudn ctia doi NADH-NAD* (hay NADP.H-NADP*) ma
E,' clia chiing bing -0,32V.

Néu qué trinh oxy héa - khit dugc thuc hién trong di¢u kién tiéu
chuin thi hé thdng c6 gid tri Am clia th& khit tiéu chuin cao hon so vdi
NAD va NADP, sé c6 xu huéng nhudng dién tit cho dang oxy-hda ctia nhitng
coenzyme nay, con nhitng hé thdng c6 gid tri duong ctia thé khit tiéu chuin
16n hon s€ c6 xu huéng nhén dién tir tt NADH hay NADPH.

GS.TS. Mai Xudn Luong Khoa Sinh hoc



nzyme - 50-

Bdng 9. Thé khit tiéu chudn cud mot sé” hé thong dehydro-genase phu
thudc pyridin.

H¢ théng E,' ciia doi co chat, (V)
Phu thuoc NAD
Isocitrate dehydrogenase - 0,38
D-B-oxybutyratedehydrogenase - 0,32
Glyceraldehyde-3-phosphate - 0,29
dehydrogenase
Dihydrolipoil dehydrogenase - 0,24
Alcohol dehydrogenase - 0,20
Lactate dehydrogenase - 0,19
L-malate dehydrogenase - 0,17
Phu thuéc NADP
Isocitrate dehydrogenase - 0,38
Glucoso-6-phosphate dehydrogenase - 0,32
Phu thuéc NAD hodc NADP
L-glutamate dehydrogenase - 0,14

Nhiéu enzyme thudc nhém dehydrogenase phu thudc pyridine thudng
ton tai & mot s6 dang isoenzyme khac nhau, trong d6 céc ciu tric dudi don
vi phdi hop theo cdc ty 1& khac nhau. Vi du dién hinh 13 trudng hdp cila
lactate dehydrogenase. Enzyme nay chida hai loai phan duéi don vi ky hiéu
12 H va M. Trong t€ bao da phat hién 5 loai isoenzyme véi 5 ki€u phdi hop
khac nhau giita hai loai phan dudi don vi ndy. Do ¢é cau tric dudi don vi
khéc nhau, nén mdi dang isoenzyme ciing phan biét nhau bdi cic gid tri K,
va Ve dic trung trong quan hé véi mdi loai co chat va déng cédc vai trd
khdc nhau trong qud trinh trao d6i chat.

NAD khong chi déng vai trd nhu mdt coenzyme trong cidc phan dng
oxy héa - khit ma con c6 thé tham gia trao d6i chat t€ bio vdi cdc chifc ning
khdc. Vi du, né 1a mot yéu t6 khong thé thi€u dudc trong phan ting do ADN
ligase cua E. coli xic tdc. Trong phan tng nay NAD bi phdn hiy thanh
AMP va nicotinamide mononucleotide (NMN) d€ cung c4p ning lugng cho
st hinh thanh lién k&t  phosphodiester gifta hai  doan
polydeoxyribonucleotide ma ADN ligase c6 nhiém vu phdi n6i lai.

b/ Dehydrogenase phu thudc flavin.

Dehydrogenase phu thudc flavin (hay con goi la flavoprotein) 1a nhiing
enzyme ma coenzyme la riboflavin-5'-phosphate (flavin mononucleptide,

FMN) hoic flavin adenine dinucleotide (FAD) ma ciu tric ctia ching dudc
gidi thiéu trong hinh 14. Sy k&t hop clia coenzyme véi apoenzyme trong cic
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enzyme khic nhau dugc thuc hién bing cic ki€u lién két khdc nhau - lién
két dong héa tri hoic lién k&t khong dong héa tri. Tuy nhién, ngay trong cic
trudng hop lién két khong ddng hoéa tri thi sy két hop gilta coenzyme va
apoenzyme van luén ludn chit ché hon so véi cdc enzyme phu thudc
pyridine. Ngoai ra, cdc enzyme flavine con cé thé chita mot hoic vai ion
kim loai, phifc hé sit-lvu huynh hoic heme d€ giy nén nhitng bi€n ddi ddng
ké trong hoat tinh xdc tic cdia ching.

Thudc nhém flavoprotein quan trong nhat 1a nhitng enzyme sau day:

H
H i & on, C
L T s #N ST S
AR A N Hao—C < NH
Hao—C P NH 1 | |
I | | HzC-C € c=0
H,C-C c. F=° SRS \\N/
Y RN HHE
\c/ \N’/ M H | e
H l H-C-H PN
H-C-H
. Ho¢-ox AN
o T
- I
H -:f oH H'LT_OH - o \\N/ \N
= = 1 1
H-C-COH o H-C—O0-F-0-P-0-CHy
- 1 1
H-q—0-p-0 = A I
o -
o H H
Flavin mononucleotide (FIWIM) oH  oH
FAD

Hinh 14. Céng thitc cdu tao ciia FMN va ciia FAD .

- NAD.H dehydrogenase: Xdc tac su van chuyén dién tir tt NAD.H dén
mdt chit nhin ndo d6 chua dugc xdc dinh, c¢6 thé 1a mot protein chifa sit
nao dé trong chudi ho hap.

- Succinate dehydrogenase: xtc tic phan Gng oxy-hda acid suxinic
thanh acid fumaric.

- Dihydrolipoyl dehydrogenase clia hé thdng pyruvate dehydro-genase
va a-cetoglutarate dehydrogenase.

- Céc flavoprotein xtc tic giai doan dau cda qud trinh B-oxy-héa acid
béo.

B6 phin hoat déng clia phan t& FAD va FMN tham gia trong phan
tng 12 vong isoaloxasine clia riboflavin. Phdn ting dudc thuc hién bing cdch
van chuyén tryc ti€p d6i nguyén t hydro tir cd chit dén FAD hoic FMN dé
tao ra dang khit ctia coenzyme, tiic FAD.H, hoic FMN.H, (hinh 15)
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FAD FAD.H,

Hinh 15. Phdn ting dehydrogenase phu thudc flavin

Trong t&€ bao chat nhan dién ti tir dehydrogenase phu thudc flavin thudng 1a
mdt s6 enzyme thudc nhém cytochrome.

¢/ Cytochrome.

Cytochrome 12 mdt nhém protein chita sit c6 ciu tao tuong tu nhu
hemoglobin, tham gia trong qud trinh vin chuyén dién ti trong hd hip ciling
nhu trong quang hgp. Trong qué trinh ho hip cytochrome ddm nhan viéc van
chuyén dién ti tir cdc enzyme flavin dén oxy khong khi; trong quang hop
cytochrome tham gia trong van chuyén dién t & pha sang.

Cytochrome giéng hemoglobin va myoglobin & chd nhém thém ctla
ching 1a cdc hgp chat porphyrin chita sit. Trong qua trinh xdc tdc x4y ra su
bié€n héa thuin nghich giita Fe’* va Fe®". Cytochrome diing cudi ciing trong
chudi hd hap c6 khi ning khit truc ti€p oxy phan t& thanh O%, vi vay né
thudng dugc goi la cytochrome oxydase.

Cytochrome dugc tim thdy trong moi c¢d thé hi€u khi. Hon thé nira,
ham lugng cda ching trong cic ¢d quan khac nhau c6 quan hé chit ché véi
hoat dong hd hap clia cdc cd quan d6. Vi du, co tim rdt giau cytochrome,
nhung trong gan, thin, ndo va dic biét 1a da, phdi ham lugng cytochrome rat
thap.

Céc cytochrome khic nhau duge phan biét trén cd s& quang phd hap
thu va dudc ky hiéu bing cdc chif cdi a, b, ¢ hodc bing cich ghi chi kém
theo gi4 tri cia budc séng hap thu cuc dai. (bdng 10). Trong ty thé cia thuc
vat va dong vat bac cao di tim thdy hang loat cytochrome khic nhau:
cytochrome a, cytochrome a3, cytochrome b, cytochrome b, , cytochrome ¢
va cytochrome o. Hang loat cytochrome khdc ciling dudc tim thiy trong
thanh phin ctia chudi vin chuyén dién tit trong thylacoid cda luc lap.
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Bdng 10. Tinh chdt ciia mét s6 cytochrome ciia dong vt cé vil.

Cytochrome Dinh hdp thu ciia cdc dang khit E,(mV)
A, nm A, NM A, nm

as 600 445 +200

a 605 517 414 +340

C 550 521 416 +260

Cy 554 523 418 +225

b 563 530 430 +30

b, 565 535, 528 430 -30 (+245)
bs 557 527 423 +0,03

Cytochrome thyc hi€n viéc van chuyén dién t& véi sy tham gia truc
ti€p cla nguyén t sit trong thanh phan clia nhém heme nim tai trung tim
hoat dong ctia mdi cytochrome. Nhém prostetic clia hau hét cic cytochrome,
trif cytochrome a va cytochrome as, déu la phic hé giita protoporphyrin IX
vdi sit nhu trong hemoglobin. Trong ty thé, cdc dién ti bit ngudn tir dang
khtt ctia cdc enzyme dehydrogenase phu thuoc NAD hoic flavoprotein dudgc
nguyén ti¥ sit trong thinh phin clia heme ctia mdt cytochrome ti€p nhan dé
sau d6 lai dugc chuyén cho mot nguyén tif sit cia mdt cytochrome khic.
Trat ty cda chudi van chuyén nay sé dudc dé cip dén sau.

Pa s cytochrome gin khd chit v6i mang. Nhiéu cytochrome phdi hop
chiit ch& v6i nhau va véi cdc y&u td van chuyén dién tif khdc, tao nén céc
cAu tric gdm nhiéu phin dudi don vi d€ khong nhitng thuc hién chitc ning
van chuyén dién tlr, ma con tham gia vao hoat ddng bom proton dé tao ra
gradient proton vén can cho viéc tdng hop ATP trong qué trinh phosphoryl
héa oxy héa.

2. Transferase.

Nhém enzyme transferase c¢6 ma s6 bing 2, dudc chia thanh 8 phin
nhém sau day:

2.1. — enzyme xic tic van chuyén cic nhém mot carbon (methyl,
carbocyl, formyl);

2.2. — enzyme van chuyén céic goc aldehyde va cetone;

2.3. — Cdc acyltransferase van chuyén cdc goc acid, vi du goc acetyl
hodc suxinyl HOOC-CH,-CH,-CO-;

2.4. — Cac enzyme thudc nhém glycosyltransferase;

2.5. — Céc transferase van chuyén cic chifc rugu;

2.6. — Céc transferase van chuyén cidc nhom chia nitd (amin, amide,
oximine)

2.7. — Céc transferase van chuyén cdc nhém chita phosphore;

2.8. — C4c transferase van chuyén cdc nhém chita luu huynh.
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Mdi phan nhém nay ty thudc vao bdn chit héa hoc chiia nhém dugc
van chuyén lai dugc chia thanh cdc phadn nhém nho hon.

Can luu y ring cdc phadn nhém transferase khic nhau c6 cic coenzyme
khac nhau. Vi du cdc aminotransferase c6 coenzyme la pyridoxalphosphate.
Khi van chuyén cic nhém mot carbon dén glycine enzyme la mot
pteroptotein, con cic enzyme van chuyén cdc goc dudng thi coenzyme 13 cdc
nucleotide. Nhu vdy, mdc du nhom transferase tdp hdp ciac enzyme vin
chuyén mdt nhém héa hoc nao dé tir phan ti nay dén phan ti khic nhung
phu thudc vio ban chat héa hoc cia nhém dudc van chuyén ma ban chit héa
hoc cia coenzyme 1a hoan toan khac nhau.

Trong bang 11 gidi thiéu mdt s6 vi du vé nhém enzyme nay.

Bdng 11. Cdc enzyme phd bién thudc nhém transferase

M3 sd Tén hé thong Tén thudng ding phén ing

2.2.1.1 | Sedoheptuloso-7- Sedoheptuloso-7-
phosphate:glyceraldehyde Transcetolase phosphate + D-Glyceral-
-3-phosphate dehyde-3-phosphate = D-

glycolaldehyde transferase riboso-5-phosphate+ D-

Xyluloso-5-phosphate.

24.1.1 | 1,4-a-D- (1,4--a-D-glucosyl), +
Glucan:ortophosphate- Phosphorylase ortophosphate = (1,4--a-D-
o-D-glucosyltransferase glucosyl)p.; + (1,4--a-D-

glucoso-1-phosphate

2.4.1.1 | UDPlgucose:D-fructose | Sacchrososyntase | UDP-glucose + D-Fructose

3 2-a-D- = UDP + Saccharose
glucosyltransferase
2.6.1.1 | L-Aspartate:2- Aspartate L-Aspartate+ 2-
cetyoglutarate aminotransferase | cetoglutarate =
aminotransferase Oxaloglutarate + L-
Glutamate
2.6.1.5 | L-Tyrosine:2- Tyrosinotransferase | L-Tyrosine+ 2-
cetoglutarate cetoglutarate = 4-
aminotransferase hydroxyphenylpyruvate =
L-glutamate
2.7.1.1 | ATP : D-Hexos0-6- Hexokinase ATP + D-Hexose = ADP +
phosphotransferase D-Hexoso-6-phosphate

Trancetolase von c6 hoat tinh rat cao trong nAm men va cdy xanh, xic
tdc cdc phdn tng van chuyén goc aldehyde glycolic tir sedoheptuloso-7-
phosphate d&én D-glyceraldehyde-3-phosphate d€ tao ra D-riboso-5-
phosphate va D- xyluloso-5-phosphate.
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Nhu vay, tranxetolase déng vai trd rit quan trong trong trao d6i chat,
xtic tdc sy chuyén héa twong hd giita cic monosacharide.

Phosphorylase xic tic sy van chuyén cdc nhém glycosyl giita cic
polyglycoside khdc nhau (vi du tinh bdt hodc glycogen) va phosphate v6 co
theo phuong trinh ghi trong bang 11.

Phosphorylase trong cic m6 ddng vit 1a cadc enzyme phan gidi, trong
khi d6 cdc enzyme tuong Gng ngudn goc thuc vat c6 kha ning tdng hdp tinh
bot.

Enzyme ti€p theo trong bing 11 1a saccharosyntase. Dai dién ctia nhém
enzyme nay hoat dong v4i su tham gia cla cdc nucleoside diphosphate.

Aspartate aminotransferase la mot dai dién ctia phan nhém amino-
transferase, xic tdc phdn tng van chuyén nhém amin tir acid asparaginic dé€n
acid a-cetoglutaric.

Tyrosinoaminotransferase c6 tinh ddc hiéu khd rong véi hang loat
aminoacid. Vi du né c6 thé xtc tidc phan tng chuyén amin héa giita acid o-
cetoglutaric va phenylalanine, gitta 3,4-dioxyphenylalanine va trytophane.

Hexokinase xuc tdc phan @ng phosphoryl héa glucose, mannose va
fructose tai nguyén ti carbon thit 6.

3. Hvdrolase.

Tinh chit chung clia nhém enzyme nay la xic tdc cdc phan ung thiy
phan tifc phan gidi cdc hdp chat phifc tap v6i sy tham gia clia nudc thanh
nhitng hdp chat don gidn hon.

Hydrolase dugc chia thanh 11 phan nhém:

3.1: Enzyme phan gidi cdc lién két ester;

3.2: Enzyme phan gidi cdc lién két glycoside;

3.3: Enzyme phan gidi céc lién két eter;

3.4: Enzyme phan gidi cc lién két peptide;

3.5: Enzyme phan gidi cdc lién két C-N khong phai peptide, vi du cdc
amide;

3.6: Enzyme phan gidi cdc lién két anhydride acid;

3.7: Enzyme phan gidi céc lién két C-C;

3.8: Enzyme phan gidi céc lién két haloid — rudu;

3.9: Enzyme phan gidi cic lién két P-N;

3.10: Enzyme phan gidi cdc lién két S-N;

3.11: Enzyme phan gidi cdc lién két C-P.

Chiing ta hay xem xét mot s& hydrolase quan trong nhat.
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- Triacylglyceroyl-lipase — enzyme xtc tdc cdc phan Gng thdy phéin
triacylglycerin, ma s6 3.1.1.3. Tén thudng goi 1a lipase.

Nhém 3.1.1.3 tdp hdp cdc enzyme lipase khac nhau. Vi du lipase ctua
hat thau dau khong tan trong nudc, c6 pHope 4,7-5,0. N6 khong nhitng xic téc
phdn ng phan gidi triacylglycerin ma xic tdc cd phan ting ngugc — tong hdp
triacylglycerine tit glycerine va acid béo. Lipase tuyén tuy tan trong nudc, c6
pHop trong viing ki€m y€u. Céc loai lipase khéc, vi du lipase vi sinh vat va
lipase trong phoi lia mach, khic vdi lipase hat thau diu & chd tan trong nudc
c6 pH,p trong ving ki€ém y&u véi pH bing 8.

DPai dién cho phan nhém 3.2 1a cdc enzyme:

-o-Amilase (3.2.1.1) chifa trong nudc bot, hat théc ndy mam, tuyén tuy,
nidm moc va vi khuin. N6 phan gidi tinh bot thanh cdc dextrin v mdt lugng
nhd dudng maltose.

- B-Amylase (3.2.1.2) phan gidi tinh bot chii y&€u thanh dudng maltose
va mot it destrin phan td 16n.

- Exo-1,4-D-glucoamylase (3.2.1.3) v6i tén thudng goi la glucoamylase
phan gidi tinh bot thanh dudng glucose va mdt it dextrin.

a va B-amylase khdc nhau vé pHope va kha nédng chiu nhiét: f-amylase
hoat dong trong diéu kién pH acid hon va chiu nhiét t6t hon so véi o-
amylase.

Ch€ phim exo-1,4-glucoamylase dugc thu nhian tif nAm mdc. Vi né
phan giai tinh bot thanh glucose nén trd thanh mdt enzyme dugc dic biét
quan tAm vi nhd né c6 thé thu nhan ch& phdm glucose ma khong can st dung
phuong phap thiy phan bing acid. Glucoamylase thudng dugc thu nhan tir
nim Aspergillus niger, Aspergillus usamii, Rhisopusniveus. pH,y clia né
nim trong khodng 4,5-4,7. Mic dii glucoamylase c6 thé thiiy phan cdc lién
két a-D-(1-4), a-D-(1-6) va a-D-(1-3) glycoside nhung thily phan céc lién
két a-D-(1-4) xay ra nhanh hon nhiéu.

- B-D-Fructofuranosidase (3.2.1.26) véi tén thudng goi la invertase hay
saccharase phan gidi sacchasose thanh glucose va fructose, c6 nhiéu trong
nidm nen vén dudc ding dé€ thu nhin ch€ phim enzyme nay. Ngoai B-D-
Fructofuranosidase, sacchasose con dugc thiy phin bdi a-D-glucosidase
(3.2.1.20):

B-D-Fructofuranosidase Thdy phin cd rafinose va metyl [B-D-
fructofuranoside nhung véi téc dd chAm hon.
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Trong s& cdc enzyme thily phan polycacharise con cé cellulase
(3.2.1.4) thiy phan cellulose thanh disaccharide celobiose. pH,, clia enzyme
nay nidm trong khodng 5,0-5,4.

- Thudc nhém hydrolase con can phai k€ dén cic enzyme phan gidi
protein, tic peptid-hydrolase (3.4).

phan ng cd ban do phin nhém enzyme nay xic tic 1a phan giai lién
két peptide.

Phin nhém enzyme ndy rit dugc quan tim do y nghia thuc t€ clia
chiing, dic biét 1a kha ning st dung ching trong nén kinh t&€ qudc dan.

4. Liase.

Nhém liase bao gdbm 7 phan nhém sau day:

4.1 — Bao gdm cdc enzyme xic tdc cdc phdn tng cit cdc lién két giita
cac nguyén tlf carbon;

4.2 - Bao gdm cdc enzyme xiic tdc cdc phdn tng cit cdc lién két giira
cac nguyén tf carbon va oxy;

4.3 - Bao gdm cdc enzyme xiic tdc cdc phdn tng cit cdc lién két giita
cac nguyén tf carbon va nitd;

4.4 - Bao gdm cdc enzyme xiic tdc cdc phdn tng cit cdc lién két giita
cac nguyén tlf carbon va luu huynh;

4.5 - Bao gdm cdc enzyme xic tdc cdc phdn tng cit cdc lién két giira
cac nguyén tlf carbon va haloid,;

4.6. Bao gdbm cdc enzyme xic tdc cidc phan @ng cit cdc lién két giira
cac nguyén tr phospho va oxy;

4.99 — Cic liase khic.

Béang 12 gi6i thiéu mot s& enzyme quan trong thudc 3 phan nhém dau.

Bdng 12. M{t 56 enzyme thuge nhom liase

Mi s0 Tén enzyme Phdn (ing
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4.1.1.1 | Pyruvate decarbocylase 2-Oxyacid = Aldehyde + CO,

4.1.1.15 | Glutamate decarbocylase L-Glutamate = 4-
Aminobutyrate + CO,

4.1.1.39 | Ribulosodiphosphate carbocylase D-Ribuloso-1,5-diphosphate +
CO, +H,0 = 2,3-phospho-D-
glycerate

4.1.2.13 | Fructosodiphosphate aldolase D-Fructoso-1,6-diphosphate =
D-Dioxyacetonephosphate +
D-Glyceraldehyde-3-phosphate

4.2.1.2 | Fumarate hydratase (Fumarase) L-Malate = Fumarate +H,O

4.3.1.1 | Aspartate-ammoniac liase L-Aspartate = Fumarate + NH;

(Aspartase)

5. Isomerase.

Nhém Isomerase bao gdm 6 phan nhém:

5.1: Rasemase va epymerase;

5.2: Cis-trans-isomerase

5.3: Oxydoreductase ndt phéan tu;

5.4: Transferase ndt phan ti;

5.5:Liase ndi phén t;

5.99: Cac isomerase khac.

Thudc phan nhém 5.1 gdm c6 cdc enzyme xic tidc qud trinh dong
phan héa aminoacid (5.1.1), glucid va cdc din xuit cla chiing (5.1.2).
Pai dién dién hinh cla phan nhom nay la alaninerasemase (5.1.1.1)
xtic tdc qud trinh chuyén héa tuong hd giita L- va D-alanine,
lactaterasemase (5.1.2.1) xic tdc qud trinh chuywén héa tuong hd giira
L- va D-acid lactic va UDP-glucose-4epimerase (5.1.3.2) xuc tac qua
trinh chuywén héa tudng hd gitta UDP-glucose vai UDP-galactose.

Pai dién cho phan nhom 5.2 la maleinate isomerase (5.2.1.1) xtc
tac sy chuyén héa tuong hd giita acid fumaric va acid maleic.

bai di€n cho phan nhém 5.3 Ia triosophosphate isomerase
(5.3.1.1) xtic tdc su chuyén héa tuong hd giita D-glyceraldehyde-3-
phosphate va dioxyacetonphosphate.
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Phan nhém tht tu bao gdm cdc enzyme xiic tdc cdc phdn dng
transferase ndt phin t. Trong s& cdc dai dién cia nhém nay cé thé ké
dén methylaspartatemutase va S-methylmalonyl-CoA-mutase:

6. Ligase (synthetase).

Nhom nay dudc chia lam 5 phan nhom:
6.1: Lagase tao céc lién két C-O;

6.2: Ligase tao céc lién két C-S;

6.3: Ligase tao céc lién két C-N;

6.4: Ligase tao céc lién két C-C;

6.5: Ligase tao cac lién két phosphodiester.

Thuéc phin nhém 6.1 13 tit cd cdc enzyme aminoacyl-
tARNsyntase.

Thudc phan nhém 6.2 ¢6 13 enzyme xuc tdc su dung nap cdc acyl
khac nhau, vi du acetyl hodc suxinyl vao coenzme o, vi du acetyl-CoA-
synthetase (6.2.1.1) xic tac phan @ng:

ATP + Acetate + CoA-SH &> AMP + Pyrophosphate +
Acetyl-CoA.

Nhu ta d3 biét, acetyl-CoA tham gia tdng hop rat nhiéu hop chat
khac nhau, trong d6 c6 steroid va polyisoprenoid.

Phan nhém 6.3 gdm c6 5 nhém enzyme, dai dién 13 asparagine
synthetase (6.3.1.1) va glutamine synthetase (6.3.1.2), xtc tdc cidc phan
ting tong hdp asparagine va glutamine tif cdc aminoacid dicarboxylic
tuong ng v4i sy tham gia cia ATP.

Phan nhém 6.4 gdm 5 loai carboxylase chita biotin, xtic tic vdi su
tham gia cia ATP va CO, cdc phan tng carboxyl héa cac acid hitu co
khiac nhau. Vi du pyruvate carboxylase (6.4.1.1) xic tdc phan ung
thuin nghich giita pyruvate va oxaloacetate.

Phian nhém 6.5 ¢6 2 enzyme xic tdc sy khoi phuc cdc lién két
phosphodiester bi phd v3 trong acid nucleic, vi du enzyme polydesoxy-
ribonucleotide synthetase (ATP), mi s6 6.5.1.1, xdc tdc phdn @ng:

ATP + (Desoxyribonucleotide), + (Desoxyribonucleotide), z—>

<«—— AMP + (Desoxyribonucleotide),,, + Pyrophosphate.
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XV. TACH CHIET VA TINH CHE ENZYME.,

Lam thé& nao d€ tich chiét va sau d6 tinh ché enzyme tir mot vat liéu
sinh hoc? Giai doan dau ctia qué trinh tdch chiét enzyme 12 thu nhin dich
chiét tir mot vat liéu sinh hoc nghién nit s6 bd ndo d6 — bdt, mam théc, hat

2 A A A A A N 2 A . e . 2 - g
nay mam, mdt mo dong vat nao d6, mdt sinh khodi vi khuan hodc nam ...
Trong dich chiét nay duong nhién c6 chita protein va enzyme.

Trong viéc nghién cifu enzyme ngudi ta thudng hay st dung dich
nghién nat dong thé. PE thu nhin loai dich nay khdi vat liéu sinh hoc dugc
rita sach va nghién trong cdi hoic trong mdt thié€t bi chuyén dung c6 tén goi
12 mdy nghién. Trong khi nghién ngudi ta thém nudc hodc dung dich dém va
kinh ngién nit d€ gitp phd vd t€ bao. Sdn phim thu dugc sau khi nghién
dudc goi chung 12 dich ddng thé. Trong kh&i dich nay chifa cic manh t&€ bao,
nhan, luc lap cla 14, ty th€ va cdc bd phan khic clia t& bio nhu sic to,
protein hoa tan v.v...

Nghién nét t€ bao trong nudc hoic trong dung dich dém con cé thé dudc
thuc hién bing cdch tdc dong 1én chiing biing siéu Am trong mdt thiét bi diic
biét goi 12 mdy nghién siéu Am. Phuong phdp nay ngay nay dudc st dung rat
rong rai, didc biét, dé phé v& t€ bao vi khuén. Tuy nhién khi st dung thi€t bi
nay cin phdi chon ch& do 1am viéc sao cho enzyme khong bi mat hoat tinh.

Dich nghién t&€ bao sau d6 c6 thé dudc ly tdm phan doan & cic toc do
ting dan khic nhau. Vi du, ¢ thé bit dau ly tim & 1500 g, tiic & gia toc cao
hon gia tdc cla trong luc 1500 1an. Sau khi tich dugc cdc ti€u phan ling doc
xudng ddy 6ng nghiém lai ti€p tuc ly tim & 20.000 g, 40.000 g v.v...

G 1500 g chloroplast ré 1ing xudng ddy, & 20.000 g dén phién ling
dong clia ty thé;  40.000 g hoic gia toc cao hon sé& ling dong nhitng hat nhé
hon. PE giit cho cédc cd quan t clia t€ bao (ty thé, nhan v.v... cd nguyén ven
khi ngién t&€ bao thuc vat d€ ly tAm thudng cin thém vao khoi vat liéu can
nghién 5 — 8% saccharose.

Né&u diing cdch nay dé tach khdi vat liéu mot phan doan ciu tric dudi t&
bao nao d6 (luc lap, ty thé v.v...) thi enzyme chifa trong chiing c6 thé con
nim trong phan doan dé & dang lién két. PE tach chiét tir chiing va chuyén
nhitng enzyme d6 sang dang dung dich thi cin phdi phd v& cic ciu tric dudi
t&€ bao d6. PE 1am cong viéc ndy ngudi ta thudng diing cdc chat tdy rira
detergent von 13 nhitng chat c6 hoat tinh bé mit rit cao. N&u dugc thém vio
dich nghién sinh kh&i mot lugng rat nhé chiing s& lam pha v céc ciu tric t&
bao va dudi t&€ bao. Thudng hay dung nhit 1a twin (tén thuong mai ctia hon
hgp sorbit va cac acid béo phéan ti 16n) hay desoxycholate.
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Mot phuong phdp khic thudng dung dé tach chiét enzyme khdi cdc cau
tric dudi t€ bao 1a lién tuc 1am déng bing va cho tan bing phan doan ciu
tric dudi t& bao can nghién cttu va sau d6 ti€n hanh ly tim phan doan.

Pé€ thu nhin cdc enzyme trong cic dich chi€t hoic tir cdc phan doan
dudi t& bao c6 thé dung nudc, dung dich dém, dung dich mudi (vi du NaCl
10%) hdn hgp glycerine v6i nude (vi du 40% glycerine va 60% nudc) hodc
dung moi hitu co (vi du acetone).

D€ tich chiét nhiéu enzyme ngudi ta con dung “bdt acetone”. Nhitng
nét co ban clia phudng phdp ndy nhu sau: khi nghién mot miu vat ndo dé, vi
du hat ndy mam, cho thém vao dich nghién vai 1an acetone lanh d€ loai bd
cdc chat c6 ban chat lipid, mdt s& chit nhua , chit c6 mau. Sau khi d€ kho
thu dugc mot loai bot ddong nhat. sau khi chiét xuit bing dung dich dém
hoic bing mdt dung mdi ndo dé sé thu dudce dich chiét chita cidc enzyme
quan tAm. Pdng ti€c 12 phuong phdp nay khong st dung dugc cho tit cd
enzyme vi mot s& enzyme bi mat hoat tinh trong acetone

Lam th€ ndo tich dugc mot enzyme ma ta quan tAm tf dich chiét bing
nudc hoic bing dung dich mudi? C6 nhiéu phuong phap khdc nhau dé thuc
hién cong vi€c nay.

C6 dién nhat 12 phuong phap két tda protein enzyme amylase tif mam
lda mach bing ethanol hoic acetone dd dugc A. Payen va J. Perco thuc hién
tir dau th& ky 20. Phuong phdp ndy ngay nay dugc sit dung khd rong rii. dic
biét 12 d€ thu nhan enzyme tif nAm mdc. Vi du, mot s cong ty clia Nhit sin
xudt ch&€ phim amylase tif nAm mdc Aspergillus oryzae nhu sau: nudi trong
Aspergillus oryzae trong moi trudng dinh dudng c6 thanh phian x4c dinh. Sau
d6 sinh khdi ndm dudc tdch khéi mdi trudng dugc nghién va chiét xuit va tir
dich chiét nay ti€n hanh két tlia enzyme bing ethanol v6i nong do xac dinh.
Puong nhién, bing phuong phap nay trong ch€ phaAm enzyme thu nhin dugc
khong chi c6 amylase ma c6 cd nhiéu enzyme va protein khéc.

DPié€m yé&u co ban clia phuong phap nay 1a khong phii moi enzyme déu
chiu dung dugc viéc xtt 1y bing ethanol va acetone. Mot sO trong ching sé& bi
bién tinh va mat hoat tinh. P& tranh thi€u s6t nay cin phai thuc hién viéc két
tia enzyme tif dung dich biing cdc dung mdi hitu co § nhiét dd thap, gan vdi
nhiét do déng bing clia hdn hop dung moi va nuée.

Bén canh phuong phdp két tia enzyme bing cdc dung mdi hitu cd, dé
thu nhan cic ch€ phim enzyme khic nhau ngudi ta con st dung phuong phap
diém tich. Phuong phdp nay dudc st dung kha rong rai trong cong tac nghién
cttu khoa hoc d€ thu nhin céc ch€ pham enzyme cé hoat tinh cao. Phudng
phdp diém tich hay dung nhat 12 st dung sulfate ammon (NH,),SO,, thém
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vao dung dich nghién cttu véi li€u lugng ting dan. Dung dich chita enzyme
trude tién dude thém vao sulfate ammon, vi du dé€n 20% mic bdo hoa toan
phan. Khi d6 mot phan protein va enzyme nao d6 sé két tia. Tach tda bing
ly tAim va nghién ctu hoat tinh enzyme trong tlia d6. Dung dich ti€p tuc dudc
thém sulfate ammon, vi du dén 40% mic bdo hoa toan phan. Lai tich tda
bing ly tAm va nghién ctfu sy ton tai clia hoat tinh enzyme. Phan dung dich
cong lai sau khi ly tAm lai ti€p tuc dugc bd sung sulfate ammon dén 60%
mtc bdo hoa toan phin va lai ti€p tuc ly tdim d€ thu nhian enzyme nhu mo ta
& trén. Nhu vay, c6 thé thu dugc hang loat phan doan protein d€ nghién ciu
su ton tai clia enzyme nay hoic khéc trong chiing.

Mot phuong phap tdch chiét va tinh ché€ enzyme rtit quan trong la
phuong phap hap phu chon loc tir dung dich. Noi dung ctia phuong phéap nay
12 dung dich chita enzyme dudc hap phu bdi mot chat hap phu xdc dinh, vi du
hydroxide nhom. Phuong phdp hdp phu chon loc dugc sit dung rat rong rii
trong cong nghiép enzyme dé tich va tinh ch& amylase tir nAm va vi khuan.
Trong cong viéc ndy chit hip phu thudng dugc st dung 1a tinh bot von 12 mot
chat hap phu dic hiéu d6i véi enzyme nay. Ngoai ra trong enzyme hoc con
st dung hang loat chat hap phu khac thich hgp vdi titng loai enzyme.

Mot phuong phép rat tot dung d€ tich enzyme 1a phuong phdp loc gen.
Thudng hay dugc sit dung nhit trong phudng phdp nay la sephadex. D6 1a
mot loai dan xuit clia dextran — mot loai polysaccharide phan tif I16n ctia mot
s6 loai vi sinh vat Leuconostoc sinh trudng va phat trién trong moi trudng c6
saccharose. Phan tf dextran dugc ciu tao tif cdc chudi, trong d6 cdc goc
glucose ndi vdi nhau bing lién két glycoside 1 : 6. Trong lugng phan i clia
dextran dat d€n mot triéu hodc cao hon. Sephadex dudc thu nhan t dextran
bing phuong phéap xi 1y héa hoc d€ tao ra cic lién két ngang, 1am cho sin
phdm khong hoa tan trong nudc nhung cé thé truong phdng trong nudc.

St dung sephadex trong viéc tdch chiét protein va enzyme dua trén co
s§ nhu sau. Vi du ta c6 mdt cot sic ky chita sephadex. Cho vao cdt mdt hdn
hdp gébm hai chét c¢6 trong lugng phan tif khdc nhau, vi du mudi va protein.
Khi loc qua cot gel sephadex cdc chat phan tir nhd sé& di chuyén tir tir qua céc
10 xOp cua sephadex, con cic chat ¢ trong luong phan t 16n hon, ma trong
trudng hgp nay la protein, s€ nhanh chéng chdy xuyén qua cdc khe hd gitra
cic hat sephadex. Nhu viy, c6 thé tdch dugc hai chat véi trong lugng phan ti
khéc nhau.

Néu sau d6 ti€n hanh rita cot bing chinh dung dich dém dung truc d6
thi sé€ 1y ra dugc chat con gift lai trong cdt, trong trudng hgp nay 1a mudi,
dong thdi khoi phuc hoat dong clia cdt sephadex. Vi cd s& clia phuong phap
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tdch chiét nay 13 sy khdc nhau vé trong lugng phan tif nén phuong phdp loc
gen con dugc thudng gol 1a phuong phap ray phéan td.

Ngay nay trén thé€ gi6i ngudi ta dd sdn xuit nhiéu loai sephadex vdi
kich thudc hat va d6 phan nhdnh khdc nhau va do d6 c¢6 khd niing tich chiét
khic nhau. Nhitng san phim nay dudc ky hiéu bing cic con sd8: G-10, G-25,
G-50, G-75, G-100, G-200 v.v... Vi du dung cot sic ky chita sephadex G-75
c6 thé tdch dudc cdc protein vdi trong lugng phan t& 3-70.000; néu chita
sephadex G-100 c6 thé tich dudc cic protein vdi trong lugng phan ti 4-
150.000, con néu chita sephadex G-200 thi c¢6 thé tich dugc cic protein véi
trong lugng phan t& 5-800.000.

D€ tich chiét va tinh ché€ enzyme ngdy nay st dung rit phd bién
phuong phép dién di trén céc loai gel khiac nhau — polyacrylamide, agarose,
tinh bot v.v... bdo hoa dung dich dém. St dung gel ngoai kha nang loai bd
dnh hudng cia tic dung doi luu con cho phép tich protein khong nhitng theo
dién tich ma theo c4 trong lugng va hinh ding phan ti .

Trong viéc tach chiét va tinh ch€ enzyme Trén th€ gidi st dung ngay
cang phd bi€n phuong phdp sic ky hdp phu enzyme trén cot chifa cdc chat
hap phu chon loc d6i véi titng loai enzyme. Phuong phdp nay dic biét cé gid
tri trong viéc tinh ch€ enzyme. Vi du bing phuong phdp nay di tinh ché
enzyme L-asparginase vdi hoat tinh cao gip 25-30 1an so véi cdc phuong
phap tinh ch€ khdc. Phuong phédp sic ky hip phu enzyme va protein néi
chung dang mé§ ra nhiéu con dudng mdi dé€ hoan thién cong nghé héa sinh
va cong nghé héa hoc va tao ra cdc phuong phdp tv dong héa mdi trong cic
phén tich sinh héa.

Trong viéc tdch chi€t va tinh ch€ enzyme nhiét do thip c6 y nghia rit
quan trong. J nhiét do binh thudng cla phong thi nghiém nhiéu enzyme bi
bién tinh va mat mot phan hoic toan bo hoat tinh. Vi viy cdn lam viéc véi
enzyme biing céc thiét bi dit trong phong lanh.

Ngay nay dai bd phan enzyme déu dugc thu nhan & dang tinh thé. Péi
vdi nhitng ch€ pham nay can phai bdo quin § nhiét d6 thap, tot hon hét 1a &
nhiét do dong bang.

Céc dung dich enzyme tinh khiét hoic cdc ché€ phim enzyme & dang
tinh thé c6 thé dudc siy kho bing cic phuong phap khac nhau. Trong nhiéu
trudng hop cé thé dung phuong phap siy kho chan khong vé6i sy ¢6 mit clia
céc chat hdt nude ndo d6, ma tot nhat 1a P,Os. Nhung tot hon cé 1a 1a phuong
phép sdy lanh, sdy & trang thdi d6ng bing. Bing phuong phdp nay protein va
enzyme giff rat tot tinh chat von c6 clia ching.
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Cho dén nay khong c6 phuong phdp tich va tinh ch€ chung cho cic
enzyme. P& tich va tinh ch&€ mdt enzyme ndo d6 can biét lya chon va phdi
hop mot cdch c6 hiéu qud nhat cdc bién khac nhau.
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XVL SUDUNG ENZYME TRONG CONG NGHE SINH HOC.

Céc ché phim enzyme ngiy cang cé nhiéu y nghia trong cong nghé
sinh hoc. Ching dugc st dung khong nhitng trong cdc sdn xudt sinh héa
truyén thong nhu 1am banh my, 1am bia, sdn xuit rugu va cdc loai nuSc hoa
qud ma ci trong cdc linh vyc cong nghé héa sinh va vi sinh hoc. Cdc ché
phdm enzyme dugc st dung rat rong rdi trong cdc nghién citu sinh hoc véi tu
ciach 1a cic héa chat ding dé dinh lugng cdc hop chit khiac nhau nhu
glucose, urea v.v... Sy ing dung ngay cang rong rai nhitng ki€n thdc ndy da
dudc ghi nhan trong linh vuc y hoc.

LAn diu tién nim 1884 cidc ch€ phdm enzyme di dugc nha khoa hoc
Nhit ban Takaminhe si dung & quy md cong nghiép. Ong di ding amylase
clia nAm mdc Aspergiluc oryzae d€ dudng héa tinh bot. Cong trinh nay da c6
tdc dung thic ddy sy phdt trién nhanh chéng clia enzyme hoc tng dung.
Ngay nay hang loat cdc cong ty & Nhat, Hoa ky, Anh, Phdp va nhiéu nuSc
khdc di sin xudt cdc ch€ phdm enzyme véi dd tinh khi€t cao d€ st dung
trong cong nghiép, nong nghiép, trong thyc tién phan tich va y hoc.

~ 2 A N - N 2 ~ A
Ta s€ xem xét mot vai vi du vé ttng dung cidc ché pham enzyme trong
thuc tién.

Trong cong nghiép sidn xuit binh my thém mot lugng nhd a-amylase
(0,002-0,003% trong lugng bot) thu nhdn ti Aspergillus oryzae hodc
Aspergillus awamori sé& 1am ting didng k€ huong thom va vi ngon clia banh
my, 1am cho banh nd déu va mau clia bidnh thém dam da. Lam ting huong vi
cia banh 1a két qué cta qué trinh ting cudng tao melanoidin dudi tic dung
cla o-amylase, 1am cho cdc hop chit carbonyl bay hoi giip banh c6 mui
thom ting Ién dang ké.

Céc enzyme phan giai tinh b6t dugc st dung rong rai trong viéc dudng
héa tinh bot khoai tdy, hat ngii cdc d€ san xudt rugu. Tir thdi xa xua ngudi ta
st dung bot mam dai mach dé 1am ngudn amylase. tuy nhién mam dai mach
c6 thé dugc thay thé bing nim mdc Aspergillus oryzae. Viéc thay th€ nay da
thic ddy dang k€ nghé san xut rugu.

Mot s6 loai protease, nhu papain, pepsin ciing dudc st dung rong rii
trong cong nghé sin xuat bia dé ngan nguta hi€n tugng bia bi duc (ddc biét
khi bdo quin bia trong diéu kién lanh) do hién tuong c6 tén goi 1a ling tia
protein-tannin gay ra.

Céc enzyme phan gidi protein cling dugc st dung trong viéc 1am mém
thit. Thit thudng gift do ciing kh4 1au sau khi con vat bi gi€t. D€ cho thit c6
dugc do mém can thi€t, thudng phai x Iy trong di€u kién lanh 0+2° tir 10
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dén 14 ngay. Trong di€u kién bdo quin nhu vay ciing chi c6 14-17% s thit
dugc danh gid 12 thit loai I. Mot diéu kién quan trong nhat dé 1am xuat hién
nhitng cht lugng can thiét clia thit 13 1am phan gidi mot phan protein cda thit
dudi tac dung cla cac enzyme proteinase.

Ngat nay papain vi cdc enzyme proteolitic ngudn goc vi khuin, nim,
thuc vat dudc diing phd bién trong viéc xit 1y thit bdo quan, chi yé&u bing 3
phuong phdp sau ddy: 1/ ngdm trong dung dich enzyme; 2/ boi bot lam mém
thit ¢6 chita enzyme cing v6i mi chinh, muéi #n, tinh bt v.v..; 3/ Bom dung
dich enzyme vao mo thit.

Enzyme proteolitic dugc st dung c6 két qla trong cong nghé thudc da
va 1am mém da nguyén liéu. St dung enzyme lam ting dang k€ chat lugng
cta len va lam nhanh qua trinh x( ly.

Qud trinh sdn xuit da, dic biét 13 qud trinh 1Am mém da nguyén liéu,
hoan toan dua trén viéc sit dung enzyme ngudn goc dong vat, thuc vat hoic
vi sinh vat. Pic biét st dung kh4 rong rii pancreatin — ch€ pham tho ctia céc
enzyme proteolitic clia tuyén tuy. Ngudi ta ciing s dung cdc enzyme ngudn
gdc thyc vat (papain) va enzyme proteolitic thu tf nAim mdc (Aspergillus
oryzae, Aspergillus parasiticus) va vi khudn (Bacillus mesentericus).

Trong cong nghiép sdn xudt nudc trai cy thudng st dung cdc enzyme
phan gidi pectin. Chiing 1am ting ddng k€ mic thu hoach sin pham (8-15%),
giam d6 nhé6t va lam cho nudc trai ciy trong hon.

Trong cdng nghé sdn xuat banh keo thudng dung B-fructofuranosidase.
Van dé 12 & chd dudng saccharose rit dé bi két tinh, 4nh hudng xau dén chat
lugng san pham. Dudi tic dung clia B-fructofuranosidase saccharose bi phan
gidi, do d6 ngin cén qua trinh két tinh clia saccharose.

Nhiéu kinh nghiém ctia cdc nha sdn xuat cho thdy cdc ch& phim
cellulase thu tif nAm mdc trong d6 c¢é chita hemicellulase c6 thé st dung c6
hiéu qua trong viéc ch€ bién thic in gia stc, lam ting dang k& d6 hap thu
clia thifc dn, gitip ting trong gia sic, gitp cho ga dé nhiéu. Vi sy hd trg cla
cic ch& phadm enzyme cellulase phoi hop tuong tu cdc nha sidn xuit da thanh
cong trong viéc ting sin phAm tinh bot tir cic nguyén liéu gidu tinh bt, ting
san phdm agar-agar tir cdc nguyén liéu tdo bién, ting lugng nudc trai cAy tir
cam va cdc loai trdi cay khéc.

Viéc nghién cttu tng dung enzyme trong y hoc cling ngay cang thu
dudc nhi€u két qua. Trong cdc phong thi nghiém y hoc ngudi ta sit dung céc
loai dehydrogenase khéac nhau dé€ 1am cdc thudc tht dic biét, vi du dung
lactate dehydrogenase d€ x4c dinh acid pyruvic va acid lactic, s& dung
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alcohol dehydroganase d€ xac dinh ethanol v.v... Cdc bd ché€ phaim enzyme
c6 chita alcoholdehydrogenase dudc sit dung & mot s6 nudc dé xac dinh
lugng con trong mdu cla 14i xe.

P4 nhiéu nim troi qua k€ tir khi glucosooxydase dugc st dung rong rii
trong y hoc dé€ x4c dinh glucose trong nudc ti€u va trong mau.

Mot linh vyc khdc cda viéc tng dung glucosooxydase 13 sit dung né dé
loai bd glucose tir cdc sdn phadm thiic in phai bido quan trong diéu kién kho.
Vi du, su ton tai glucose trong triing s& din dén tinh trang bot tring ché tao
tlf loai tritng nay c6 mui va vi khé chiu. P6 1a do glucose khi sy khod va bdo
quan & nhiét d6 cao dé tic dung v6i cdc nhém amine tu do clia aminoacid va
protein. bot sita s& bi den va tao ra hang loat cdc chat c6 mui vi khé chiu. Vi
vay trude khi sdy khod nguyén liéu tritng can dudc loai bd glucose bing cich
xt 1y glucosooxydase d€ san pham bot triing dudc bén viing trong qué trinh
bao quan.

0 M§ ngudi ta st dung glucosooxydase d€ loai bd oxy khdi dd hop va
nhiéu loai nuéc gidi khit khic nhau, vi du bia.

GS.TS. Mai Xudn Luong Khoa Sinh hoc



Lnzyme - 68 -

XVIL. ENZYME CO DINH.

1.Y nghia cia enzyme cd dinh.

Trong nhitng nim cudi cda thé ky 20 bit dau phd bién kj thuat cd dinh
enzyme. Enzyme hoa tan sau khi st dung thudng 14n vao cling véi san pham
khong tdch ra dugc. N€u tdch ra thi enzyme bi mat hoat tinh, vi vy véi mot
lugng enzyme nhat dinh chi c6 thé sit dung dugc mot 1an.

St dung enzyme c6 dinh c6 mdt sd uu diém sau:

- Mot luong enzyme c6 thé st dung lip di lip lai dudc nhiéu 1an trong
mot thoi gian dai;

- Enzyme khong 14n vao trong sdn phdm, do d6 tranh dudc dnh hudng
khong t6t d&€n chat lugng sdn phim;

- Dung enzyme cd dinh c6 thé ditng nhanh chéng phan tng khi cin

thi€t bing céch tach n6 ra khdi co chat.

2. Cic phuong phap diéu ché€ enzyme cé dinh.

Theo k§ thuit ché tao enzyme c6 dinh, enzyme dudc gin vio mot vat
mang nio dé. Nhitng vat mang nhu vay c6 thé 13 cellulose va cic din xuat
clia né, céc hat kinh x6p, gel polyacrylamide, sephadex, collodium, tinh bot,
céc loai allumosilicate va oxide kim loai...V& nguyén tic, c6 3 phuong phip
diéu ché cdc enzyme cd dinh:

- Gin bing lién k&t dong héa tri phan ti enzyme vao chit mang khong

hoa tan hoic gin cdc enzyme vdi nhau d€ tao nén dai phan tif khong hoa tan
(hinh 16);

Hinh 16. So dé diéu ché enzyme c6 dinh bing cdch dinh mach ngang nho
cdc tdc nhan luong chitc hodc da chiic.
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- Pinh enzyme 1&én bé mit chit mang hoic vao trong 1ong khudn gel c6
kich thudc 16 kha nhd dd dé gift enzyme, con d€ cic chit khic qua lai tu do
(Hinh 17);

@@ e¥e

OWHIO

Hinh 17. Hdp hu enzyme trén bé mdt chdt mang (a) va trong long chdt mang (b)

- Hip phu enzyme 1én trén céc chidt mang khong hoa tan c¢6 mang hoic
khong mang di€n tich (Hinh 18).

()
(o

Hinh 18. So dé hdp phu enzyme trén chdt mang khong cé va cé dién tich.

a/ Phuong phdp gdn enzyme béing lién két dong hod tri.

Pa s6 enzyme c¢d dinh thu dugc bing phuong phdp nay. V6i phuong
phdp nay c6 thé thu enzyme cd dinh bing hai c4ch.

e K&t hgp phan t protein enzyme vao chat mang khong hoa tan.
Céc chit mang d€ gdn enzyme phdi théa méan nhitng yéu ciu sau:

- C6 dd hoa tan thap va bén vitng doi véi cdc tdc dong cd hoc va héa
hoc;

- Khong giy tac dong kim ham dén hoat tinh enzyme;
- Khong hap phu phi chon loc d6i véi cdc protein khic;

- Chat mang tot hon ca 1a ¢6 tinh hdo nudc, vi chit mang ky nuéc c6
thé giy tic dung tic ché enzyme di lién két;
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- Viéc gin enzyme sé& c6 hiéu qud hon khi dién tich cla enzyme va
cta chit mang c6 ddu ngugc nhau.

Céc chat mang loai nay thuong 1a polypeptide, cic din xuit cia
cellulose va dextran (DEAE-cellulose, CM-cellulose, DEAE- sephadex,
CM, sephadex), agarose va cdc polimer tong hgp khic nhu
polyacrilamide, polystyrol, polyamide va cdc chat vo co nhu silicagen,
bentonit, hydroxide nhém v.v...

Chat mang pho bién hon ca 1a dextran c6 lién két ngang (Sephadex) va
agarose hat (sepharose). Céc hai loai chat nay déu c6 cau tric 16 xop khién
cho cdc phan ti¥ 16n c6 thé xAm nhap vao gel mot ciach dé dang.

Poliacrylamide ciing 12 chit mang rat tién Igi vi c6 dd bén vitng cd hoc
va héa hoc cao.

Chat mang vo cd thudng rat bén véi nhiét, co hoc, véi dung moi hitu co
v V6i cdc vi sinh vat, nhat 1a khong bi bi€n ddi ciu hinh ctia khudn khi thay
ddi tinh chit cda moi trudng chung quanh. Nhiéu din liéu cho thiy ring
enzyme dinh v6i khuoén vo co khi bdo quin thudng bén vitng hon enzyme
gin vdi khudn polymer hitu co.

Tham gia tao thanh c4c lién két dong héa tri c6 thé cé cdc nhém chiic
clia phan t protein enzyme nhu nhém - va y-carboxyl —COOH ctia acid
asparaginic va acid glutamic, nhém &-NH, cta lysine, nhém B-SH cida
cysteine, vong phenol cia tyrosine, nhan imidasol cda histidine, cic nhom
OH cua serine, threonine, nhém guanidine cia arginine va imidasol cta
tryptophan.

Qua4 trinh k&t hgp enzyme sé xdy ra mdt cdch truc ti€p khi chit mang
c6 chita cdc nhém chifc ¢6 kh3 ning lién két tryc ti€p néi trén trong phan tif
protein enzyme. Vi du gbc anhydride maleic lién k€t v6i nhém &-NH, cta
lysine.

Trong cdc trudng hop khdc su lién k&t gilta chidt mang va protein
enzyme chi xdy ra sau khi chdt mang da dugc hoat héa .

Viéc hoat héa sd bd chat mang c6 thé dugc thuc hién bing nhiéu cich.
Vi du, cdc nhém hydroxyl clia dextran hoidc cédc polyoside khic ¢ thé dudgc
hoat héa biing bromur cyan (BrCN). Sau d6 chdt mang di dudc hoat héa méi
lién két v6i enzyme (hinh 19).

%H-OH %CHOCEN %CH-T ® %CHOCONH—@

|
+BICN —» — CNH+HN—

%I—I-DI—I %CH—DI—I %CI—I-D %CI—I-DI—I
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Hinh 19. Gdn enzyme vdi vat mang da dugc hoat héa bang bromur cyan (BrCN).
Cdc chat mang c6 chda nhém amin nhu aminobenzoylcellulose,
polyaminostyrol c¢6 thé dudc hoat héa bing phan tng diazo.

Vi du, polyaminostyrol trudc hét dudc diazo hdéa bing natri nitrit trong
mdi trudng acid thanh mudi diazo, sau d6 méi két hgp véi enzyme:

NaNO,/HCl
R - NH, »R - N,'X

R: Goc alkyl, aryl Muéi diazo ciia chat mang
X: Goc acid

_ ¢/OH
R-N,"X + Enzyme@OH _ » RN=N @

Enzyme
. Enzyme lién két vdi chdt mang Enzyme lién két vdi
chdt mang
he chua duoc hoat hoa daduoc hoat
da

Phén tng két hop enzyme dugc ti€n hanh nhanh chéng trong diéu kién
nhiét do thudng va dung dich nudc trung tinh.

Néu chat mang c6 chira nhém amin c6 thé hoat héa bing cach cho tdc
dung vé6i phosgen hoic tiophosgen dé€ tao thanh din xuit isosianat hoic
izothyosianat. Cac nhom isosianat hodc izothyosianat G pH trung tinh s€ lién
k&t d€ dang v6i nhom e-NH, ctia lysine.

Cl
0=C R-N=C=0+HCL
5

R-NH, +
—

Cl
/
S =C R-N=C=S+HC(CI
AN

Cl
R-N=C=0 + HN-E —> R-NH-CO-NH -E

Bing phuong phdp nay ngudi ta da diu ch€ dugc cdc din xudt enzyme
c6 dinh nhv trypsin, chimotrypsin, a-, B-amylase, glucoamylase.

Né&u chit mang cé chita nhém —COOH nhu CM-cellulose hoic nhua
tong hop thi cdn dugc hoat héa trudc khi gin két v6i enzyme bing cédc
phuong phédp azit, carbodiimit.
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- Hoat héa bing phuong phdp azit:

(I) H,N — NH, ﬂ
|

-O—CHz—C—O—CH3—> O—CHz—C—NH—NHZ

CM-cellulose Hydrazin Hydrazit
NaNO, 0) E - NH, Iq
[

——» |-0O-CH,-C-N=N-NH —— -O-CH,-C-NH-

E

Azit Enzyme cé’

dinh

Cdc enzyme nhu trypsin, DNA-ase, chimotrypsin, bromelin da dugc co
dinh bang phuong phdp nay.

- Hoat héa biang phuong phdp carbodiimit:

‘-O—CHZ—COOH+ ®N=C=N < \> +HN-E—

-OH
CM-Cellucose N,N’-Dicyclohexylcarbodiimide Enzyme
‘—O—CHZ—CO-NH—E+ @—NH—CO— NH—</:\>
- OH Dixyclohexylure

Vi phdn ng xdy ra trong moi trudng acid yéu (pH=5) nén phudng
phép nay dic biét thuin Igi di vdi cdc enzyme c6 tinh acid nhu pepsin.

e K&t hgp dong héa tri gita cdc phan tlf enzyme vdi chdt mang.

C6 dinh enzyme bing cdch lién két dong héa tri dugc thuc hién bing
nhiéu cdch khic nhau:

1/ Lién két dong héa tri dugc tao ra giita cdc nhém phan tng cda vat
mang va enzyme; trong mot sd trudng hop vat mang cin dugc hoat héa so
bo;

2/ Céc phan t& enzyme sau khi dugc hap phu trén chdt mang hodc nim
trong 10ng phan tr chdt mang lién k&t v6i nhau nhd tinh ludng chic hoic tinh
da chifc clia chit phdn ng.

Ngudi ta thudng dung aldehyde glutaric d€ gin cdc nhém amin cila
lysine & cdc phan t& enzyme. Vi du, trypsin cd dinh trypsin dugc diéu ché&
binh cdch dung aldehyde glutaric 2% d€ lién két cdc phan tif enzyme va gin
chiing vao aminoethylcellulose.

b/ Phuong phdp “gdéi” enzyme trong khuodn gel.
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DPé& g6i enzyme vao khudn gel ngudi ta ti€n hanh tring hgp héa hoc cic
gel khi c6 mit dong thdi enzyme. Sau khi hoan thanh qud trinh tring hop
enzyme bi giit chic trong gel. Gel d3 c6 enzyme cé thé nghién nhé bing
cich ép qua rdy c6 16 nhd va say kho & nhiét dd thap.

DAn xuit enzyme loai nay 1an diu tién do Bernfeld (1933) thu dugc
bing cédch tring hgp acrylamide véi N,N’-methylenbisacrylamide. Phuong
phép nay thudng dung do chat tring hdp thu dugc dé tao thanh dang hat va
tiy thudc diéu kién ti€n hanh ma gel c6 thé c6 d6 x6p khac nhau.

Sau ddy 1a mot s6 phudng phap “gbi” enzyme.

eCic gel c6 thé dugc hinh thanh tir cdc polymer tdng hdp nhu
acrylamide, hydroxyethyl-2-metacrylate, tao phdc cang cua bing
ethyleneglycol-dimetacrylate, polyvinyl, polyuretan.

Enzyme dudc hoa tan hodc phan tdn trong mdt dung dich monomer va
sau d6 trung hgp trong su c6 mit cia mdt hay nhiéu tic nhin tao phifc cang
cua. Gel c6 thé cit thanh mang dit trén mot gid thé rin, hoic ciing c6 thé
nghién thanh bot sau khi loai trir nudc.

Alginate va caraghenan 13y tif rong bi€n thudng c6 kha ning tao gel rit
tot va rat thuan Igi d€ bao géi cac enzyme hoic t€ bao nguyén ven.

e Céc enzyme ciing c6 thé bi “nhét” trong cdc 16 nhd clia cdc sgi tong
hop.

V6i cach ndy ngudi ta cho dich 16ng chdy bén trong sgi, do d6 han ché&
dudc sy phan cyc bé mit va sy bit 14p thudng gip vdi cdc mang.

Mot nhii tuong cua cellulose triacetate trong methylene chlorua va
enzyme trong dung dich dém c6 chira glycerol dudc ép qua mot khudn loc
dudi 4p suat nitd. Cac sdi di ra khéi khudn dudc nhing vao mot cdi bé dong
tu c6 chua toluel, sau d6 dugc lam kho trong chan khong.

Céc soi nay bén v6i acid y&u hoidc kiém yéu, luc ion cao va chiu dugc
mdt s6 dung moi hitu cd. Tuy nhién phuong phdp nay chi thich hdp ddi véi
nhitng enzyme khé bi mit hoat tinh trong cdc dung moikhong hoa 1an vdéi
nudc.

e Phuong phdp géi enzyme trong cic bao vi thé (microcapsul).

Enzyme dudc géi trong cdc bao vi thé ¢c6 mang ban thim dudc tao ra tir
cc polymer c6 kich thuéc 16 dd nhd d€ ngin cin sy khuéch tan clia enzyme
ra ngoai va di 16n d€ co chat di vao va sdn phdm phan tng di ra d& dang.

C6 nhiéu phuong phdp géi enzyme trong microcapsul. Sau diy 1a mot
trong cdc phuong phiap d6. Cho moét dung dich lodng chita enzyme va mot
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monomer wa nuSc trong mot dung mdi hitu co khong hoa 1an trong nudc dé
tao nhil tuong, sau d6 thém mot monomer ky nudc dé gy phan tng tring
hdp tao ra mdt mang bao quanh nhitng giot 16ng nhd. Thudng phai thém vao
mot tdc nhan hoat dong bé mit d€ 1am bén nhii twong ciing nhu d€ diéu chinh
cédc capsul c6 kich thuéc mong mudn tir 1 dén 100 pm.

e Phuong phép tién polymer d€ géi cdc chat xic tdc sinh hoc.
C6 dinh enzyme bing phuong phdp ndy c¢6 nhitng vu diém nhu sau:
- Qud trinh g6i rat don gidn trong nhitng diéu kién nhe nhang;

- C4c chit tién truing hop khong chita cic monomer von cé thé giy anh
hudng x4u dén enzyme di dudc goi;

- C4u triic 1u6i cta gel cé thé duge diéu chinh bing cdch ding céc tién
polymer c6 chiéu dai chudi bat ky;

- C4c tinh chit héa 1y clia gel (nhu sy cAn biing gifa tinh hdo nudc va
tinh ky nu6c, ban chit ion) c6 thé dinh huéng trudc bing cich chon cic tién
polymer thich hgp von da dugc tdng hdp héa hoc trong diéu kién ving mit
enzyme.

Du6i day 12 mot vi du vé phuong phép tién polymer. D6 1a phuong phip
tao lién két chéo giita cc tién polymer bing cich chi€u tia cuc tim dé€ géi
enzyme.

Khi chi€u tia cuc tim gin 1én dung dich c6 chita chit tién polymer va
enzyme thi s& tao ra cc lién két chéo giita cdc gdc clia tién polymer va mdt
gel dudc hinh thanh bao 14y enzyme. Su géi enzyme bing phucng phdp nay
c6 thé tién hanh & diéu kién nhe nhang, tranh dudc céc thay d6i pH qué kiém
hoiic qué acid, thoi gian lai rat nhanh, chi trong vong tir 3-5 phiit. V4i phuong
phdp nay c6 thé géi enzyme, t&€ bao vi sinh vat hoic cdc bao quan.

¢/ Co dinh enzyme bing phuong phdp hip phu trén cdc chit mang c6
hoac khong c6 dién tich.

V6i phuong phdp ndy enzyme dugc hap phu trén cdc chit c6 hoat tinh
bé mit nhu than hoat tinh, cellulose, tinh bdt, dextran, collagen, albumin,
agarose, chitin, polyacrylamide, nilon, polystyrol v.v...vd mot s6 nhua trao
ddi ion, silicagen, thiiy tinh.

Trong trudng hdp chit mang khong c6 10 enzyme dudc dinh vao chat
mang thanh tirng 16p trén bé mit; khi chat mang c6 16 thi cdc phan tif enzyme
s& xam nhap vao trong céc 10.

3. Mot sb diic tinh ciia enzyme cé dinh.

Viéc ¢6 dinh 1am thay d6i ddng k& nhiéu tinh chat cda enzyme nhu do
bén, tinh dic hiéu, dic diém dong hoc. Thong thudng viéc c6 dinh lam ting
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ddng k€ d6 bén clia enzyme. Vi du, c6 dinh protease 1am ting d6 bén vdi
nhiét gdp chuc nghin 14n.

Sau khi dugc c¢6 dinh khong nhitng dd bén vé6i nhiét clia enzyme ting
1én ma pham vi nhiét do tdi thich clia enzyme ciing dugc mé rong. Nhiét do
cao 1am cho enzyme bi bién tinh, ciu tric bac ba clia enzyme bi phé v& va
enzyme bi mat hoat tinh. Khi enzyme dugc ¢d dinh nhd nhiéu lién két gin
véi chit mang qua trinh bié€n tinh sé& bi ngin cédn, 1am cho enzyme chiu dudc
nhiét do cao.

Trong truong hgp d6i vdi cdc enzyme thiily phan protein, vi du papain
va trypsin su ¢d dinh 1am ngin cdn mot phan hodc hoan toan hién tuong tu
phan. Piéu nay rat c6 y nghia thuc t&€ vi né gidp 1am ting thdi gian 1am viéc
clia enzyme.

Su bi€n ddi dic di€ém dong hoc clia enzyme do viéc cd dinh gy ra c6
thé dugc minh hoa qua vi du d6i v6i enzyme glutamate dehydrogenase: ddi
véi enzyme cO dinh trén mang collagen hiing s6 Michaelis danh cho acid
glutamic ting 6 14n, tic dung hoat héa ciia ADP ciing ting 1én ddng ké.

Mot trong cdc nguyén nhin 1am bi€n d6i tinh chit cla enzyme khi
chiing dugc c& dinh 13 sy thay ddi ctia phdn tng mdi trudng. Enzyme thudng
dugc cd dinh trén cdc chit mang c6 dién tich. Vi du mot chat trao d6i anion
mang dién tich Am dudc bao quanh bdi mdt moi trudng giau proton, va vi thé
pH trong cdc I6p nim k& sat v6i enzyme dugc cd dinh sé& thdp hon so véi pH
clia mdi trudng dung dich. Piéu dé 1am cho dudng cong phu thudc pH cla
hoat tinh enzyme c¢& dinh trén cdc chit mang anionit, cationit va trung tinh
s€ khéc nhau.

4. I’J’ng dung cia enzyme c6 dinh.

a/ Trong cong nghiép.

- T ndm 1969 Wilson da x4y dung thanh cong mot xudng thuc nghi€ém
dé san xuit lién tuc glucose bing glucoamylase c§ dinh;

- Tr 1971 ngudi ta da thanh cdng trong viéc duing chimotrypsin ¢d dinh
trén carboxymethylcellulose dé 1am dong tu sita thay cho renin dit tién;

- Enzyme rasemase c¢d dinh da dudc st dung dé chuyén toan bd D-
aminoacid thanh L- aminoacid tudng ting, lam ting gid tri dinh dudng cia
san phdm lén gap doi.

- Lam trong nuéc trdi cAy bing cdch xt Iy enzyme phan gidi pectin hay
thiy phan protein trong bia biing protease hoan toin c6 thé dugc thyc hién
trong cac cdt chita cdc enzyme cd dinh tuwdng ng.
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- C6 dinh enzyme glucoisomerase trong cdt hoan toan c¢6 hiéu qui doi
vdi viéc ngin ngira sy chuyén héa glucose thanh fructose, 1am cho do ngot
cla nudc gidi khdt bi gidm. Nhd c¢6 dinh enzyme glucoisomerase viéc thu
nhan xir6 gluco-fructose ngay nay da tré thanh mot quy trinh c6ng nghiép
quan trong va phd bi€n. Pd chiu nhiét cao clia enzyme nay cho phép thuc
hién qud trinh sdn xuit & nhiét do 60-70°, 1am gidm d4ng k& kha ning nhiém
khuin ctia thiét bi enzyme.

b/ Trong y hoc.

< s e R A ~ 2z A g . N
- Urease gan trong vi ti€u cau da dugc st dung c6 hiéu qua dé loai trir
urea ciia mdu trong than nhén tao;

- Vi ti€u cau chita catalase di c6 thé thay thé mot cach c6 hiéu qui s6
catalase bi thi€u trong co.

R A , < . N R z 2
- DPua vi ti€u cau c6 gan enzyme L-asparaginase vao co thé co kha
- . ~ ~ o R A ~ 2 2 ~ 2 [N ~
ning tc ché sy phdt trién cia mdt s6 u dc tinh vi sy phat trién clda nhiting u
nay phu thudc vao sy c¢6 mit cua L-asparagin.

¢/ Trong phéan tich héa sinh.

Glucoamylase gin dong héa tri véi polystyrol dudc ding d€ xac dinh tu
dong glucose;

Pién cuc urease c¢d dinh ding d€ xdc dinh ty dong urea trén dong lién
tuc;

Pién cuc alcoholoxydoreductase c6 dinh dudc dung dé xdc dinh
methanol, ethanol trong dung dich nudc.

C6 dinh enzyme tao ra kh3 ning nghién cttu hang loat cic van dé ly
thuy&t ctia enzyme hoc. Vi du cd dinh enzyme c6 thé dugc st dung dé ngin
cadn su phoi hop ngiu nhién clia cdc phan duéi don vi cla cdc enzyme
oligomer. St dung viéc cd dinh c6 thé gidi quyét van dé liéu mot enzyme &
dang céc phan dudi don vi c6 hoat tinh hay khong. Néu cdc phan duéi don vi
& trang thdi c6 dinh c6 hoat tinh thi qua so sianh hoat tinh cla enzyme vdi
hoat tinh cda cdc oligomer c6 dinh sé& thu dugc nhitng thong tin c6 gia tri vé
vai trd clia sy tuong tdc giita cdc phian dudi don vi trong viéc thuc hién chifc
niang cia enzyme.

Ngay nay ta biét rd ring phan 16n enzyme ndi bao hoat dong trong moi
trudng tuong tu nhu gel hoic ching dudc “géi” trong mang ti thé, luc lap
hoic cdc co quan tif khdc. Vi vay, cdc enzyme cd dinh c6 thé 13 mo hinh tt
dé nghién citu hoat dong clia enzyme.

K§ thuit cd dinh khong chi diing cho cdc ch€ phdm enzyme ma c6 thé
diing cho cdc t€ bao vi sinh vat nguyén ven. D€ cd dinh cic t€ bao vi sinh vat
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ngudi ta thudng dung gel polyacrylamide, cellulose, caraganine va cic vat
liéu khdc. Pdng luu ¥ 12 trong nhiéu trudng hdp hoat tinh enzyme ctia céc t&€
bao cd dinh cao hon nhiéu so véi cdc enzyme tu do. Céc t&€ bao cd dinh thim
chi c6 thé thuc hién dugc cic qud trinh sinh héa tinh vi va phic tap. Vi du
céac t€ bao Rhisobium lupini cla ndt san ciy lupin vang gift dudc rat 1au hoat
tinh ¢ dinh dam clia ching.
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