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Loi noi dau

Trong co thé song, hau nhu khéng c6 mot qua trinh hoéa hoc nao lai khong c6 lién
quan mat thiét dén cac qua trinh sinh hoc do cac enzyme xuc tac. Co thé ndi rang sy song
gan lién v6i enzyme.

Ngoai mot nhom nhoé phan tir RNA ¢6 hoat tinh xtc tac, cac enzyme déu c6 ban
chit protein; chiing bao dam cho cac qua trinh chuyén héa cac chét trong co thé song tién
hanh véi toc do nhip nhang, can ddi, theo nhing chiéu huéng xéc dinh.

Enzyme hoc (Enzymology) 1a mot moén hoc ¢é vi tri then chét trong hoa sinh dang
phat trién manh mé€ va xam nhap vao rat nhiéu nganh khoa hoc, dac bi¢t thu hut su chu y
ctia cac nha sinh hoc va sinh y hoc vi nhitng hiéu biét co ban vé enzyme c6 lién quan mat
thiét dén sinh hoc phan tir va y hoc phan tir va la nhing kién thirc co ban rat quan trong ctia
sinh hoc va sinh y hoc.

Gi4o trinh nham cung cap cho sinh vién céc _nganh, chuyén nganh lién quan dén
sinh hoc trong Pai hoc Hué nhiing kién thirc co ban vé enzyme - chét xuc tac sinh hoc.

Cudn sach duoc bién soan theo chuong trinh gido duc dai hoc da dugc Dai hoc Hué
phé duy¢t, boi tap thé tac gia truong Pai hoc Khoa hoc, Dai hoc Hué. Sach nay cling co thé
ding 1am tai liéu tham khao cho sinh vién cac truong khac, nhitng nguoi chuan bi thi tuyén
sau dai hoc cling nhu cac can by nghién ctru lién quan.

Céc tac gia xin cam on nhitng déng nghiép di gdp nhiéu y kién bo ich trong qua
trinh bién soan. Ddc bi¢t cac tdc gid xin chin thanh cdm on GS.TSKH Lé Doan Dién-
Giam dbéc Trung tim Tu vAn Pau tu Nghién cGu phat trién Nong thon Viét Nam
(INCEDA), Chu tich Hoi Hoéa sinh Viét Nam da nhan phéan bién va cho rat nhiéu nhiing 161
khuyén quy bau nham hoan thién giao trinh.

Vi thoi gian bién soan va kinh nghi¢m con han ché, cudn sach con chua that dﬁy
du va chic chan khong thé tranh khoi nhidu thiéu so6t. Ching toi rat mong nhan dugc nhiéu
¥ kién dong gop ciia cac ban ddng nghiép, sinh vién va ban doc dé 1an xuat ban sau s& dugc
hoan thién hon.

Thay mat cac tac gia
Chu bién
PGS.TS. P6 Quy Hai
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Chuong 1
Mé dau
1.1. Dinh nghia enzyme

Trong co thé song (chc té bao) luén ludn xay ra qua trinh trao do6i
chat. Sy trao d6i chat ngimng thi sy séng khong con t6n tai. Qua trinh trao
d6i cia mot chat 1a tap hop cac quy lut cta rat nhiéu cac phan tng héa
hoc khac nhau. Cac phan trng héa hoc phtrc tap nay co lién quan chat ché
v6i nhau va diéu chinh 1an nhau. Enzyme 1a cac hop chat protein xtc tac
cho cac phan tng hoa hoc d6. Ching c6 kha nang xuc tac dac hi¢u cac
phan tng hoa hoc nhat dinh 'va dam bao cho cac phan mg xay ra theo mét
chiéu hudng nhét dinh véi téc d6 nhip nhang trong co thé séng.

Chung c6 trong hau hét cic loai té bao cua co thé séng. Chinh do
nhitng tdc nhan xuc tdc cd nguodn goc sinh hoc nén enzyme con dugc goi
la cac chat xuc tac sinh hoc (biocatalysators) nham dé phan biét voi cac
chat xuc tac hoa hoc.

Enzyme hoc 14 khoa hoc nghién ciru nhiing chét xtic tic sinh hoc c6
ban chat protein. Hay noi cach khac, enzyme hoc 1a khoa hoc nghién ctru
nhting tinh chat chung, di€u kién, co ché tdc dung va tinh déc hiu cua céac
enzyme.

1.2. Lwgc sir nghién ctru enzyme

Do enzyme hoc dugc coi nhu cdt song cua hda sinh hoc nén phan
16n céc nghién ctru hoa sinh tir trude dén nay déu lién quan nhi€u dén enzyme.

Vé su phat trién cta hoc thuyét enzyme, cO thé chia thanh 4 giai doan:
- Giai doan 1: trudc thé ky thir XVII
- Giai doan 2: tir thé ky XVII dén nira dau thé ky XIX
- Giai doan 3: tir giita thé ky XIX dén 30 nam dau cua thé ky XX
- Giai doan 4: tir nhimg nam 30 cua thé ky XX dén nay.
1.2.1. Giai doan 1

Trude thé ky XVII ngudi ta di biét sir dung cic qua trinh enzyme
trong doi sdng song chi c6 tinh chat kinh nghiém thuc té va thong qua hoat
dong cua vi sinh vat. Bo 1a cidc qué trinh 1én men ruogu, mudi dua, 1am
tuong va nudc chim... O thoi ky ndy nguoi ta chua hiéu vé ban chat
enzyme va cac qua trinh 1én men.



1.2.2. Giai doan 2

O giai doan nay cac nha bac hoc da tién hanh tim hiéu ban chat cta
cac qua trinh 1én men. Thoi ky nay da khai quat hién tuong 1én men nhu la
hién tuong pho bién trong su séng va enzyme 1a yéu t6 gdy nén sy chuyén
hoéa cac chat trong qua trinh 1én men.

Vao nhimng nam 1600 cua thé ky XVII, Van Helmont 13 nguoi dau
tién cd gang di sau tim hiéu ban chat ciia qua trinh 1én men. Van Helmont
da nhan théy thuc chit cua sy tiéu hoa 1 su Chuyén hoa hoa hoc cua thac
an va giai thich co ché ciia n6 véi sy so sanh no véi qué trinh 1én men
rugu. Danh tir ferment (tir chitr Latinh fermentatio - sy 1én men) dugc Van
Helmont dung dé chi tic nhan giy ra su chuyén bién cac chit trong qua
trinh 1én men ruogu.

Vao nira cudi thé ky ther XVIII, nha ty nhién hoc nguoi Phap la
Réaumur cting da nghién ctru ban chét cua sy tiéu hoa. Nha tu nhién hoc
nay da cho chim qua den nuét nhirg miéng thit dt san trong dng kim loai
c6 thanh di dugc duc sin va budc vao day thép. Sau vai gio ¢a khong thay
gi ¢ trong dng. Hién tuong nay di thic ddy sy nghién ctru thanh phan dich
tiéu hoa dé tim hiéu kha nang tiéu hoa ciia dich da day. Sau thi nghiém
nay mot thoi gian, vao nim 1783, nha bac hoc ngudi Y 1a Spalanzani da
1ap lai thi nghiém bﬁng cach léy dich da day tron véi thit méi va théy co
hién tugng hoa tan xay ra.

Vao dau thé ky XIX, cac nha nghién ctru da tich dugc cac chét gay
ra qua trinh 1én men. Nam 1814 Kirchoff, vién si Saint Petercburg da phat
hién nude chiét ciia mam dai mach c6 kha nang chuyén hoa tinh bdt thanh
duong o nhiét do thuong. Pay 1a cong trinh dau tién thu dwoc ché pham
amylase ¢ dang dung dich va lich sir enzyme hoc thuc sy dugec xem nhu bét
dau tir day.

Muodi chin ndm sau (ndm 1833), hai nha khoa hoc nguoi Phap 1a
Payen va Pessoz da ching minh chét c6 hoat dong phan giai tinh bot thanh
duong cé thé tach dugc & dang bot. Thi nghiém dugc tién hanh béng cach
cho etanol vao dich chiét cua lta dai mach ndy mam thi thiy xuét hién két
ta. Két tia dugc hinh thanh nay c6 kha ning chuyén hoa tinh bot va néu
dun két tia nay s& mét tac dung chuyén héa. Danh tir diastase (tir chit
Latinh diastasis - phan cit) 1a do Payen va Persoz dung dé goi enzyme
amylase lc bay gio.



Tiép d6 nguoi ta ciing da tim ra va tich dugc nhidu enzyme khac
nhu enzyme phén gidi protein cta dich ti€u hda trong da day nhu Pepsin
(Emberle va Shwan) - nhitng nha khoa hoc ngudi Puc, nam 1836)...

Sau do, ly thuyét xuc tac dd ra doi. Nam 1835, nha khoa hoc
Berzelius ¢6 quan diém cho rang ting toc do phan ung la hién tuong xuc
tac. Dy 1a mot quan diém dung. Song that dang tiéc 1a nha khoa hoc nay
da coi cac chit xtic tac nay hoat dong duogc 1a do " luc sdng" khong theo
su diéu khién cua con ngudi. Pay 1a quan diém duy tam, siéu hinh da lam
tri tré su phét trién cua khoa hoc nhat 1a anh hudng sau sic dén suh phat
trién ctia nganh enzyme hoc.

1.2.3. Giai doan 3

Giai doan tir giira thé ky XIX dén 30 nim dau cua thé ky XX. O
giai doan nay mot sO lugng rat 16n cadc enzyme & dang hoa tan da
duoc tach chiét.

Trong thoi ky nay, c6 hai truong phdi dau tranh voi nhau: do la
truong phai Pasteur - nha bac hoc vi dai nguoi Phap va truong phéi Liebig
- nha bac hoc ndi tieng nguoi Dirc.

* Trudong phai Pasteur:

Nam 1856 Pasteur da dé cap dén ban chit cua qua trinh 1én men.
Ong cho rang khong thé tach cac enzyme khoi té bao. Tac dung va tinh
chat cia enzyme gin hen voi su song cua té bao va qua trinh 1én men ruou
1a két qua hoat dong song cua té bao nam men cht khong phai 1a két qua
ctia tac dung ctia enzyme. Ong da tién hanh thi nghiém va nhan thiy néu
mot dung dich hitu co, vi du dung dich glucose dé trong binh da khir trung
thi khéng xay ra qua trinh 1én men rugu. Chinh vi suy nghi 4y, Pasteur da
chia cac enzyme thanh 2 loai: "enzyme c6 to chirc" va "enzyme khong ¢
t6 chirc".

Theo 6ng, cac "enzyme cé td chirc" 1a nhitng enzyme khong thé tach
khoi té bao, khi tach chiing s& bi mat tac dung xuc tac nhu cac enzyme ciia
cac t& bao nAm men thuc hién qué trinh 1én men rugu; con cac "enzyme
khong c6 to chuc" 1a cac enzyme c6 thé thuc hién tinh xtc tac cia nd
ngoai co thé nhu cic enzyme c6 trong dich tiéu hoa (vi du Pepsin & trong
da day, amylase ¢ trong tuyén nudc bot, trong mam théc...)

Quan diém sai 1dm nay ciia Pasteur da thdng tri nganh enzyme hoc
trong mot thoi gian dai. Nam 1878 Kuhne di dé nghi dung danh tir
"ferment" (tir tiéng Latinh: fermentatio = 1én men) dé goi cac "enzyme c&



t6 chuc" va da goi cac chat chiét ¢ tac dung xuc tac cho phan tng hoa
hoc 1a cac enzyme (tr chtr Hy Lap: en = bén trong, zyme = men ruqu, tirc
la "¢ trong nam men" dé goi cac enzyme "khong c6 to chiic". Danh tir
enzyme duoc xuat phat tir ddy.

* Truong phai Liebig:

Chéng lai quan diém trén cua Pasteur, Liebig (trudc d6 co ca
Berzelius) cho riang c6 thé khong co hoat dong cia cac té bao vi sinh vat
cling c6 qua trinh 1én men. Diéu d6 c6 nghia 1a ong coi enzyme nhu la mot
chat hoa hoc gy nén hi€u qua twong tu nhu cac chat xuc tac, tac dung ca &
trong va ngoai té bao, khong phy thudc vao hoat dong sdng cua vi sinh vat.

Nhung nam 1871 Liebig thét bai vi thuc nghiém khong chirng minh
dugc quan diém trén cua minh . Cac thi nghiém dugc tién hanh bang cach
liy dich chiét tir t& bao ndm men da nghién nat déu khong co6 tac dung giy
1én men rugu. Cling vao ndam1871 Manatxein 1a mot bac si ngudi Nga da
ding cat thach anh nghién cac té bao ndm men va thu dugc dich chiét
khong chira té bao c6 kha ning bién doi duong thanh rugu. Nhung nhiing
quan sat nay da khong dugc ai chi y t6i. Chinh vi vay, quan diém siéu
hinh ciia Pasteur dd han ché kha nhiéu su phat trién cta nganh enzyme
hoc. Pén nam 1897, H. Biichner - mét nha khoa hoc nguoi e da nhan
dugc dich chiét nAm men bang cach phan huy té bao hoan thién hon.
Trong thi nghiém nay, cac té bao nim men duoc nghlen nat hoan toan
cung v6i bot thity tinh, sau d6 dwoc ép bang ap suat cao. Dich chiét thu
dugc khong chira té bao van c6 kha ning giy ra qua trinh 1én men (chuyén
hoa glucose thanh ruou). Piéu do chimg t0 qua trinh 1én men rugu khéng
phai 13 két qua cua hoat dong séng cua te bao nAim men ma 1a két qua tac
dung cua cac enzyme von c0 trong cac té bao. Do d6, quan diém sai lam
vé enzyme "co t6 chirc" va enzyme "khong co to chirc" ma thuc chit 1a vé
ban chét cua enzyme dén luc nay mai hoan toan bi danh dd, m& ra mot
thoi ky phat trién méi ctia nganh enzyme hoc. Ciing tir d6 da khong c6 sy
phan biét vé noi dung giita thuat ngir "ferment" va "enzyme". C6 thé noi
rang, cong trinh ciia Bichner di danh dau mot budc ngodt quan trong
trong lich sir phét trién ctia enzyme hoc. Sau d6, nhiéu loai enzyme trong
co thé séng da dugc tim ra. Vi vdy viéc phan loai va goi tén cic enzyme
mat cach thong nhit cang can thiét. Nam 1883, Duyclo, nha bac hoc Phap
da dé ra nguyén tic phan loai enzyme theo co chat (substrate) do chiing
bién d6i va thém dudi tan cung "ase" vao. Vi du enzyme phan giai tinh bt
(amilun) 12 amylase. Tuy vay, trong thyuc té con ton tai nhidu ngoai 1¢ vé
thuat ngir, vi du nhiing tén goi enzyme pepsin, trypsin, catalase trudc day
van duoc dung.



O thoi ky nay, dua vao thanh twu ctia héa hoc, dic biét 1a hoa Iy va
hoa keo, cac nha khoa hoc da hudng vao viéc nghién ctru cac tinh chit hoa
va 1y hoc ciia enzyme ciing nhu hoan thién cac phwong phap lam thuan
khiét enzyme.

Giai doan quan trong nhat trong thoi ky nay 1a cac cong trinh cua
nha bac hoc vi dai nguoi bic E. Fisher. Ong da dat nen moéng cho nhiing
khai niém hién dai vé tinh dic hiéu cua enzyme, vé su tuong tac khong
gian giita enzyme va co chat. Gia thuyét ndi tiéng clia ong 1a giita enzyme
va co chat két hop v6i nhau nhu "6 khéa véi chia khéa". Roi nhimng
nghién ctru cta Bach va Palladin vé cac enzyme 6xy hoa khir da tao nén
co s& cho viée xay dung hoc thuyét 6xy hoa khir sinh hoc. Trong thoi gian
nay nguoi ta cling da phat hién ra dugc tinh tdc dung thuan nghich cua
enzyme (Panilepski, 1894), cac coenzyme ciing da dugc phat hién
(Harden va Young, 1906). Ho 13 nhiing ngudi da kham phé ra rang, dich
chiét t& bao nam men chira hai loai chét can thiét cho qua trinh 1én men 13
"zymase" va "cozymase". Ho nhdn thay dich chiét t& bao ndm men mat
hoat tinh xtic tac néu bi tham tich hodc bi dun 1én dén 50°C. Nhung dich
chiét da bi tham tich khong hoat dong s& hoat dong khi dugc tron véi dich
da bi dun nong khong hoat dong. Nhu vay hoat d6 phu thudc vao sy céd
mit cua hai loai chit: thanh phén khong bén v6i nhiét (heat - labile);
khong c6 thé tham tich duoc (duge goi la zymase) va mot phan doan bén
vol nhiét (heat - stable), co thé tham tlch dugc (duoc goi la cozymase).
Ngay nay chung ta biét ring "zymase" bao gdm tit ca enzyme, con

"cozymase" bao gdm céc ion kim loai, ATP, ADP va cic coenzyme nhu
NAD". Thoi gian nay ngudi ta cling da hiéu biét duogc tac dung kim hdm
va hoat hoa ctia mot sé enzyme (Sorensen 1909). Viao dau thé ky XX, da
phat sinh ra co sé& dong hoc trong tac dong cua enzyme dua vao nhiing
nghién ctru cua nha bac hoc Anh 1a Brown va nha bac hoc Phap 1a Henri.
Pén nim 1913, Michaelis vd Menten da phat trién cac cong trinh trén va
néu 1én thuyét dong hoc cua su xuc tic enzyme.

Sau dai chién thé giéi lan thir nhat nha bac hoc ndi tiéng ngudi Puc
1a Willstatter di c6 rat nhiéu cong hién trong viéc tim hiéu ban chit hoa
hoc cua enzyme. D6 1a cong trinh khoa hoc 5 ndm cia 6ng va cac cong su
(1922) nham lam thudn khiét enzyme béang phuong phap hap thu chon loc.
Qua do tir nhan xét thay 1a ¢ nhimg giai doan cu6i cua qua trinh lam thuan
khiét enzyme, thuong bi mat di nhimg chét chua duogc biét nao d6 do, do
enzyme bi mat tinh xuc tac, da cho phép Willstatter néu 1én lan dau tién
gia thuyét vé enzyme hai cdu tir (enzyme hai thanh phan). Nhom hoat
dong (coenzyme, coferment, agon) chi c6 kha ning xuc tac khi két hop véi



phan protein ddc hiéu (apoferment, apoenzyme, feron = protein) nd xéac
dinh céc dac tinh ctia enzyme va dong vai tro chu dao trong viéc thé hién
tac dung xuc tac cta enzyme. Willstatter da coi feron (protein) 1a chét tro
cha co tac dung gi. Agon 1a chit dwoc hap phu trén chit ndy. Va vao nim
1926, trong mot dip thuyét trinh, 6ng da cho rang enzyme khong thudc
mot trong cac hop chat di biét, tic 1a enzyme khong phai 1a protein,
khong phai 1a glucid, ma chung 13 nhimng "chét ddc biét". D6 chinh 1a quan
niém sai 1am cta Willstatter. Ong 1a nguoi da tim ra dwgc nhiéu phuong
phap 1am sach enzyme ciing nhu lam sang t6 nhiéu tinh chat dic hiéu
enzyme. Nhung muyc dich chinh 13 1am sang to ban chéat hoa hoc cua
enzyme thi dng lai khong dat duoc.

Ngay nay nguoi ta quan niém néu 1a enzyme hai thanh phén thi phan
coenzyme quy dinh kiéu phan tng va chiu trach nhiém lam bén. Con
apoenzyme quy dinh tinh dic hiéu cia enzyme ciing nhu ting hiéu sut
Xuc tac.

Coenzyme + apoenzyme = (holo) enzyme = (enzyme hoan chinh)
Coferment + apoferment = (holo) ferment

Coenzyme chi ding dé chi phan khong phai protein clia enzyme
trong truong hop khi nd dé tach khoi phan apoenzyme khi cho tham tich
qua mang ban tham va co thé ton tai doc 1ap. Phan khong phai protein cta
enzyme duoc goi 1a nhom ngoai hay nhém "prostetic" khi no lién két chit
ché v6i phan protein ciia enzyme.

1.2.4. Giai doan 4

Ban chat hoa hoc cua enzyme chi dugc xac dinh ding dén tir sau khi
két tinh dugc enzyme. Nam 1926 nha hoa sinh My tré tudi Sumner (39
tudi) da thanh cong trong viéc chimg minh protein duoc két tinh tir hat dau
tuong 1a chat gidng enzyme xic tac cho phan tng thiy phan uré. Pay
cling chinh 13 enzyme dau tién dugc két tinh. Bén nim sau (1930) & My
Northrop da tach duoc pepsin ¢ dang tinh thé, va vao nim 1931 Northrop
va Kunitz cling di tach dugc trypsin & dang tinh thé.

Trong thoi ky nay J.B.S Hardane da viét quyén "Enzymes". Mic du
lac d6 ban chat phan tir ciia Enzyme hau nhu van con 1a bi mat, nhung tac
gia da dua ra dy doan tuy€t voi ve vai tro cua cac tuong tac va lién két yeu
giita enzyme va co chét trong co ché hoat dong ctia enzyme. Diéu nay van
gilt nguyén tinh thoi su trong thoi dai cua chung ta.



Céc cong trinh cia Sumner va Northrop dd mé ra mét chuong maéi
trong lich sur phat trién cta enzyme hoc hién dai. Nhiing két qua dat duoc
da cho phép xac dinh duoc mét cach dut khoat ban chat hoa hoc cia
enzyme la protein. Phai néi rang ban chat hoa hoc ctia phan 16n enzyme la
protein va dinh nghia c6 tinh chat kinh dién vé Enzyme phai xem lai tir
sau phat hién cia T. R. Cech nam 1981. Cech da phat hién mot RNA c6
hoat tinh xuc tic nhu enzyme va goi 1a ribozyme (xudt phat tir cac tén
ribose va enzyme). Ribozyme xtc tic cho qua trinh chuyén hoa tién chat.
RNA thong tin (pre - m RNA) thanh m-RNA. Do d6 enzyme khong nhat
thiét phai 1a protein! DAy 1a mot phat minh co y nghia rat 16n. Téac gia cla
phat minh nay dugc giai Nobel nim 1989. Cho dén nay khoang 100
ribozyme da duoc biét. Co thé noi rang, nhimg cong trinh da néi & trén da
mo& man cho giai doan thtr tu cua lich sir phat trién enzyme hoc kéo dai
cho dén hién nay.

Tir gitra thé ky tha XX, nhat 1a thoi gian gin ddy enzyme hoc phat
trién rAt manh. Nho ung dung cac phuong phdp mai, hién dai nhu: dién di,
sic ky, quang pho, dong vi phong xa... dd cho phép nghién ctru cau tric
cling nhu co ché tic dung cua nhiéu enzyme, co ché cua qua trinh sinh
téng hop enzyme va su diéu hoa hoat dong ciia enzyme trong té bao.

Nguoi ta da xac dinh dugc cAu tao cua coenzyme. Da x4c dinh duogc
mdi lién hé cta enzyme va cac vitamin (nhiéu vitamin 14 thanh phan cau
tao clia coenzyme va phan 10n cic vitamin tan trong nudc 1a thanh phan
ciu tao cua cac coenzyme).

Nguoi ta ciing da xac dinh dugc cic enzyme xlc tac cho cac qua
trinh trao d6i chit nhu: hé théng enzyme duong phan, Embden -
Meyerhof - Parnas nim 1933, hé thdng enzyme cua chu trinh Kreps -
Szent Gyorgy nam 1937 (chu trinh citric acid), chu trinh ornithrin trong
trao doi chat cia protein nim 1932 (Krebs - Henseleit). Nho nhiing
phuong phap mdi trong viéc tdch va lam sach enzyme, nguoi ta da xac
dinh duoc vai tro rat quan trong cua kim loai trong su xuc tac cia enzyme
va tac dung hoat hoa cua ching. Pa xac dinh dugc sy phan bd cua cac
enzyme trong té bao. Pa nghién ctru co ché tac dung ciing nhu cau tao cic
protein enzyme. Bang phuong phap Rhengen, ngudi ta dd nghién ciru ciu
tric cta ctia phan tir enzyme, nhu cau tric cua ribonuclease (1960, Stein).

Trong vong hon 40 nam trd lai day da nghién clru cac enzyme sinh
tong hop nhu nucleotide phosphorylase (Greenberg Marago, 1955), DNA
- polymesase ( Kornberg,1956), RNA - polymesase (Spieglman, Hurwist,



1958 - 1961) va cac nghién ciru vé diéu hoa sinh tong hop protein -
enzyme cua Jacob, Monod (1961).

Tir nim 1961 d3 phat hién ra isoenzyme trong co thé 1a enzyme xtic
tac co thé ton tai dudi nhiéu dang khac nhau, xtc tac trong cung mot co thé,
cho mot phan ng, c¢6 sai khac mét s6 tinh chat nhu d6 di dong dién di.

Nam 1969 ngudi ta dd tong hop duoc enzyme dau tién la ribonuclease
(Denkewalter va Hirschmann, Gutte va Merrifield). Day 1a enzyme gom 124
amino acid, bén véi nhiét, c6 thé dun nong 1én 80°C vai thoi gian ngéan.

C6 thé tong hop enzyme bang hai phuong phap khac nhau:
- Tong hop timg peptid riéng biét roi sau d6 ndi lai voi nhau.

- Dung chat gia (polymer): cim lén trén nay mot gbc amino acid, sau
d6 cam tlep 123 goc amino acid khac. Viée tong hop nay di thanh cong
trong 3 tudn bao gdbm 11931 giai doan, 369 phan ung. D néu lén dugc
mot phuong phap méi vé tong hop enzyme. O day nguoi ta da dung
phuong phap tu dong hoa, khi dugc 124 gbc amino acid thi chudi
polypepid tu tach ra. Diéu nay cho thdy mdi khi chu01 polypeptid da duoc
lya chon theo mot trét tu ding dan thi c¢6 thé ty udn cong trong khong
gian. Pay chinh 1a kha ning tu t6 chuc

Nhitng thanh tyu nghién ctru co ban vé enzyme la co sé dé phat trién
cac nghién ctru ng dung enzyme trong thuc te.

Trong may chuc nim cudi cua thé ky XX va dau thé ky XXI, ngudi
ta da chu ¥ nghién ctru viéc ing dung enzyme. Nguoi ta da tdn dung cac
nguyén liéu giau enzyme dé tach enzyme, dung ché phim enzyme nay dé
ché bién cac nguyén liéu khac nhau hodc sir dung vao muyc dich khac
nhau. O nhiéu nude da hinh thanh nganh cng nghé enzyme, hang nam da
san xuat hang trim tin ché phdm enzyme dé phuc vu cho cac nganh san
xuat khac nhau va cho y hoc.

1.3. Phuwong hwéng nghién ciru enzyme

Nganh enzyme hoc da trai qua mot thoi ky phat trién kha dai. Nho
nhirng phuong phap vat 1y, héa hoc, con nguoi da dat dugc nhiing thanh
tuu ruc rd trong viéc nghién ctru ban chét cua enzyme. K& tir khi cac nha
khoa hoc d6 x6 vao viéc tim kiém ban chat clia enzyme; tir suy nghi cho
rang su xuc tac I do "lyc song" (Berzelius, 1835) qua viéc coi enzyme chi
hoat dong dugc khi con ¢ trong co thé séng (Pasteur, 1856) dén viéc
khang dinh mot cach dut khoat ban chat hoa hoc ciia enzyme 1a protein
(Sumner, Northrop (1926, 1930) va dén gan ddy v6i phat hién RNA c6



hoat tinh xuc tac cia enzyme va dugc goi la ribosyme (Cech, 1981) va
xem enzyme khong nhat thiét phai 1a protein, ching t6 su phat trién day
s0i dong ctia nganh enzyme hoc. C6 thé néi enzyme hoc 1a mot mén hoc
c6 vi tri then chdt trong hoa sinh. Mén hoc ndy dang phat trién manh mé
va xam nhap vao rat nhidu nganh khoa hoc, no dang 1a ddi twong nghién
ctru cua cac nha hoéa ly, hoa sinh, ly sinh... va dac biét thu hat sy cha ¥ cia
cac nha sinh hoc va sinh y hoc vi nhiing hiéu biét co ban vé enzyme ciing
nhu vé sy xtc tac sinh hoc ¢6 lién quan mat thiét voi sinh hoc phantrvay
hoc phén tir 1a nhitng kién thirc co ban rat quan trong ctia sinh hoc va sinh
y hoc.

Bai vay, hién nay hudng nghién ctru va pham vi ctia nhiing van dé
enzyme hoc c6 thé dugc tém tat nhu sau:

1) V&i muc dich xac dinh cdu trac phén tir cia chung, nguoi ta dang
cb gang hoan thién nhiing phuong phap tach va tinh ché enzyme. Nho vay
¢6 thé nhan duoc cac ché pham enzyme c6 do tinh khiét cao dé c6 thé ding
cho viéc nghién ctru nhimg tinh chat co ban va c6 thé sir dung trong y hoc.

Céc phuong phép c6 thé tién hanh la:

- Séc ky 4i lyc: Dé giit lai chat can thiét va cho sang qué trinh phan
hap phu.

- Sic ky hép phu lya chon: Pugc tién hanh & trén cellulose, sephadex.

2) Nghién ctru dicu kién va toc do tdc dong cua cac enzyme ciing nhu
anh hudng cta céc yeu to vat Iy va hoa hoc doi véi hoat dong cua enzyme.

3) Lam sang to ban chat cua qua trinh xdc tac cua enzyme va co ché
tac dung ctia n6. O day can xem xét mbi lién quan gifta cau tric va chue
ning ciia protein enzyme cé kha ning xuc tac (vi du trong mot sé truong
hop xem trung tdm hoat dong ctia enzyme & chd nao dé tong hop & phan
dam bao chirc nang cua nd: papain ¢ trung tam hoat dong cua enzyme co
nhém SH & 1/3 phén tir, vi vy chi can tong hop 1/3 phan tir enzyme 1a du
cho muc dich ctia minh.

4) Nghién ctru sinh hoc enzyme. Piéu d6 co nghia 13 phai tim hiéu
su tao thanh enzyme trong té bao séng, tac dung diéu chinh hoat dong cia
enzyme, vai tro cua chung trong viée thyc hién cac chirc nang sinh 1y khac
nhau & co thé sdng. Can phai xem su phan b cua enzyme trong té bao,
qua do thiy dwoc mdi lién h¢ gitra chirc nang va cau tao gitra cac thanh
phan té bao. Ngoai ra ciing can nghién ciru mdi quan hé hop tac giira cac
enzyme trong té bao dé xem quy luat tac dung ciia enzyme. Pong thoi



cling can nghién ctru su tién hoa ctia enzyme li€n quan véi sy phat sinh va
tién hoa cua su song.

5) Nghién ctru tinh déc hiéu cta cac enzyme.

6) Nghién ciru cai tién phuong phap va k¥ thuat thuc nghiém mai
cua hoa ly, sinh hoc vao nghién ctru enzyme dé thuc day sy phat trién cua
enzyme hoc.

7) Nghién ctru enzyme (mg dung trong thuc t& nham muc dich ha gia
thanh, tang d bén cua ché pham. Do chinh 1a muc dich cudi cung cla enzyme
hoc. B¢ thuc hién duge muc dich nay, can phai c6 hudng giai quyet:

- Cai tao nguén nguyén lidu vi sinh vét 1a ngudn nguyén liéu tét.
- Chon phuong phép tach.
- Dung lap lai (enzyme khong tan)

Tt ndm 1950 d c6 nhiéu cong trinh nghién ctru tao cac ché pham
enzyme khong tan bang cach gin enzyme vao cac chat khong hoa tan nhu
thity tinh, cellulose, nilon... Nh¢ & dang khong tan nén c6 thé sir dung lap
lai nhiéu 1an mot luong enzyme x4c dinh, vi vdy nang cao hiéu qua st
dung enzyme. (Vi du trong cong nghiép dét ché pham amylase cua cac vi
khudn Bac. subtilis, Bac. mesentericus, Bac. diastaticus, Bac.
amylosolvens... co tinh wu viét 1 chiu nhiét d6 cao, dung trong rii hd vai
(téy 16p hd bt trén vai, tao diéu kién tdt, dé dang khi nhu¢m, téy vai sau
nay, nhung dé tan dung tiép thi nguoi ta lién két v6i bot thuy tinh dé tao
thanh cac ché pham enzyme khong tan).

Vi¢c ung dung enzyme amylase (0 - amylase va glucoamylase) da
dem lai nhitng thay d6i co ban trong k¥ thuat san xuét duong tinh bot. So
v6i phuong phap acid, phuong phap thity phan bang enzyme ¢ nhimng uu
diém hon han, lugng glucose thu dugc cao hon (5 - 10%), cho phép loai trir
kha nang tao thanh cac san phim phu c6 vi déng, yéu cau vé thiét bi don gian,
két qua cho phép thu dugc glucose v6i hidu suat cao, chat lugng t6t va gia
thanh ré hon.

1.4. Nhirng van dé can dé cap khi nghién ctru enzyme

Thong thuong khi nghién ctru enzyme nguoi ta thuong xac dinh do
bén cuia ché phdm enzyme. Mudn vy, can xem xét nhitng diém sau day:

1) Tinh chat phan tir protein enzyme

Trude hét phai xem dén tinh chat 1i hoc. D6 14 hinh dang phén tir
diém dang dién, do bén cua enzyme voi pH, nhiét do.



Ké dén phai xem tinh chét hoa hoc cuia phan tir enzyme. D6 chinh 1a
cau tric phan tr enzyme.

2) Tinh chét xtc tac cta phan tir enzyme. O day phai xem ban chét
ctua phan ng, tinh dac hi¢u cua enzyme.

Phai chi y dén cau tao cua trung tdm hoat dong cling nhu moi li€n
quan gifra cau trac va chirc nang cta no.

Tinh chét ctia enzyme: do6 chinh 14 cac tinh chat dong hoc cta enzyme.
3) Tinh chat sinh hoc ctia enzyme

D6 chinh 1a sy phan bd cua enzyme trong té bao, sy sinh tong hop
protein enzyme cling nhu anh hudng cta sy thiéu hut enzyme & trong co
thé sbng.

Ngoai ra ¢ day can chil y dén ,mdi lién hé gitta enzyme nghién ctru
va cac enzyme khac, cac tinh chat mién dich cling nhu tao thanh hién
tuong cam Ung enzyme.

1.5. Van dé nghién ctru enzyme & nudc ta

Hau nhu moi phan tng hoa hoc trong co thé sdng déu can phai co
vai tro xUc tdc clia enzyme - chit xtc tac sinh hoc. Chinh vi vay, céc
nghién ctru vé enzyme d thu hit sy quan tdm cua cac can bd hod sinh
hoc, sinh hoc thuc nghi¢m va nhiéu nha nghién ctu ¢ cac linh vuc lién
quan khac. Cac nghién ctru nham theo huéng tach, tinh sach enzyme, tao
cac ché pham c6 d6 sach khic nhau, nghién ciru cu trac, mdi lién quan
gitta cdu tric va hoat tinh sinh hoc cua enzyme, kha nang Ung dung
enzyme trong thuc té. Nghién ctru vé cong nghé enzyme da dugc tién hanh
boi nhiéu tac gia nhu st dung phu tang cua 16 mé6 dé san xuit pancrease,
pepsin, trypsin... sir dung mam ma dé san xuat amylase. Da c6 nhimg thur
nghiém cong ngh¢ nhu san Xudt amino acid tir nhong tam bang protease,
bot protein thit bing bromelain tir dot dira, 1én men rugu bang enzyme cd
dinh trén cot. Cling da c6 nhitng nghién ctru st dung peroxydase, cyt-Paso
trong ché tao biosensor va thube phat hi¢n chét ddc... Trong linh vuc y
duoc, viéc nghién ctru sau vé co ché tac dung ctia mot ) enzyme nham
muc dich kién tao nén mét s thude dung diéu tri mot sé bénh dic biét 1a
tao ra mot s6 ché pham thudc chéng suy dinh dudng & tré em, dong thoi
da tién hanh san xuét dai tra. Day 1a mot dong gop rat thiét thuc va kip
thoi trong viéc phong chdng suy dinh dudng & nudc ta.
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Chuong 2
Phwong phap nghién ctru enzyme

C6 hai loai phuong phap dung dé nghién ctu cac phan ung
enzyme. Mot trong hai phuong phap d6 la lva chon cac mau sau nhitng
thoi gian nhét dinh va do sy bién ddi ctia phan tng enzyme. Qua hang loat
diém riéng biét nhan dugc s& xay dung dugc duong biéu dién cua cac
budc phan tmg. Phuong phap khac 1a tién hanh quan sat ban than hon hop
phan tng theo tién trinh xay ra va c6 thé xdy dung dugc mot s 16n
nhitng thay d6i, hodc dwa vao cac phwong phap ty dong dé ghi lai.
Chung ta s& nhan duoc nhitng dudng biéu dién lién tyc cac budc phat
trién ctia phan ng enzyme.

O phuong phap dau, ngudi ta thuong do ndng do co chét hodc
nong do san pham cua phan tmg. Néu phan ing tang thi ca hai cach vira
néu ¢ trén cd theé dugc st dung dé€ do hoat dong cua enzyme.

Trong mdi trudng hop xac dinh téc d, ngudi ta phai nhan dugc it
nhét 1a 3 diém: mot diém & thoi diém khong, diém thir hai ¢ khoang thoi
gian nhat dinh di troi qua, diém thir 3 ¢ khoang thoi gian 16n gip hai lan
khoang trugc. Tir d6 c6 thé kiém tra dwoc sy dung dén cua phan tmg
enzyme trong khoang thoi gian quan sat.

N6i chung, phan 16n cac phuong phap duoc sir dung dé nghién ciru
cac phan tng enzyme la loai phuong phap nghién ctru lién tuc vi né dugc
moi nguoi ua dung hon.

2.1. Nhitng nguyén tic chung khi nghién ctru enzyme

Nhu phan dau di néi dén, enzyme 1a nhitng chat xitic tac sinh hoc
¢ ban chat protein va rat khong 6n dinh. Trong nhiing diéu kién bat loi,
chung rat khong bén, co thé dé dang bi bién tinh (denaturation) va bi mat
hoat 9. Do do, khi 1am vi¢c vdi enzyme, phdi luén ludén chu y tranh
nhitng diéu kién d& lam mét hoat do cta nd. Thong thudong phan 16n cac
enzyme hoat dong duoc ¢ ving pH trung tinh hodc gan nhu trung
tinh (pH = 7 % 2). Vi vay cac yéu td acid manh, kiém manh d& gay
bién tinh enzyme.

Nhitng ion kim loai ning nhu chi, dong, thuy ngén... va cac diéu
kién vé nhiét do cao cling thuong lam mét hoat do enzyme. Pac biét 1a khi
tach va 1am sach enzyme, can tién hanh & nhiét do thap. Nhiét d6 thuong
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ding cho cic cong viéc nay thong thuong tir 0°C dén 5°C. Péi voi cac
enzyme khong bén, cac cong doan lam sach c6 thé duoc tién hanh & nhiét
d6 thap hon (tir - SOC dén - 20°C). Trong céc truong hop nay, ngudi ta hay
sit dung cac hon hgp lanh nhu nuée da véi CO, hodc nude da véi mudi
NaCl, hoic thim chi ngudi ta dung ca hon hop nuée da véi sulfuric acid
dam dic... Vi du vé mot s6 hon hop lam lanh da duogc trinh bay trén bang 2.1.

Bing 2.1. Hon hep 1am lanh

Thanh phén hén hop Ty 1€ Nhiét do dat dwoc
Nuéc da: mudi 100:33 (3:1) -21,3°C
Nudc da: H,SO, dam déc 100: 25 (4:1) -20,0°C

Nhu trén d3 noi, nhiéu enzyme bi mét hoat tinh & cc dung dich c6
pH < 5 hodc pH > 9, tuy ring c6 mot s6 ngoai 1& nhu pepsin bén trong
acid. Do @6, tiy thudc mdi loai enzyme, song nén chu y tranh pH qua acid
hoic qua kiém. Khi diéu chinh pH cta dung dich dém c6 chira enzyme can
phai thém tur tir va rat than trong céc acid hodc kiém. Va khi thém hoa chit
dé diéu chinh pH thi nén tién hanh & 0°C. Khi lam viéc véi enzyme ciing
can chu ¥ tranh tao bot vi nhiéu enzyme bi bién tinh (mét hoat tinh) & mat
phan cach hai pha nudc va khi. Dé tranh viéc tao bot c6 thé xay ra, ngudi
ta thuong rét dung dich enzyme theo thanh 6ng thuy tinh va khong duoc
lic. Co khi viéc tach timg phan enzyme bang bot d& lam mat hoat tinh
enzyme. Vi vdy, dé khic phuc tinh trang ndy, nguoi ta thuong thém
ammonium sulfate du6i dang dung dich bao hoa cua no.

Trong khi xtr Iy cic miu thi nghiém nhu cat, thai, xay nho cac
mau thuc vat va dong vat (vi du 14 cay, thit, cac co quan ndi tang...) khong
dung cac dung cu dao kéo dung cu xay da han ri dé tranh tac dung cua céac
ion kim loai nang nhu (Cu, Pb, Fe...) ma dung dung cu inox..

Khi dung cic dung méi hitu co nhu aceton, alcol dé két tua
enzyme cén tién hanh ¢ nhiét do thip. Tach két tia enzyme bang cach ly
tam lanh t6t hon loc lanh vi tién hanh nhanh hon. G mét s truong hop,
khi tach va lam sach enzyme c6 hién tuong giam dan hoat do, vi viy can
phai 1am thi nghi€ém nhanh. Tbt nhit 1a thuc hién thi nghiém lién tuc,
khong ngit quang. Vi du tach chiét cic enzyme chdéng oxy hoa
(antioxidant enzyme) & ty thé trong vong 6h va do ludn néu khong thi mét
hoat tinh. Con & microsome thi tién trinh c6 thé kéo dai hon van
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khong anh hudng dén hoat do cac enzyme chdéng oxy héda va cac
enzyme oxy héa khu.

Mot diéu can chu ¥ nita 13 trong khi tién hanh xac dinh hoat do cua
cac enzyme, néu di xac dinh trong khoang nhiét do nao thi tit ca cac thanh
phan cua hdn hop phan Gng phai duoc giit ¢ nhiét do ay. Lac nay nhat
thiét phai dung may On nhiét ( thermostate). Khi hon hop phan ung da dat
dugc nhiét do can thiét thi mai tién hanh do. pH trong qua trinh ndy ciing
phai duoc gilr on dinh bfmg dung dich dém va phai ddm bdo d¢ chinh xéc
ctia pH: nhimg phan tng tao acid thi phai thém kiém vao va nguoc lai. Dé
dam bao két qua tin cdy, tranh sai s6 nhiéu, phai 1y that chinh xac luong
dich enzyme. Nguoi ta thuong dung loai pipette khong chia d hodc sau
nay dung céac loai micropipette. Trong khi thi nghiém can chu ¥ tranh danh
roi enzyme vao dung dich nghién ctu. Vi du dang lam thi nghi¢ém véi
amylase chang han thi khong noéi chuyén nhiéu. Khi di c6 ché pham
enzyme, can bao quan chung & nhiét do thip. Mot s enzyme 6n dinh &
dung dich dam dac cua ammonium sulfate. Trong truong hop nay, nguoi
ta giit cac két tiia & dang huyén phu trong dung dich ammoni sulphate béo
hoa va lay ché pham ra bang cach ly tim. Trong diéu kién phong thi
nghiém, viéc siy kho ché pham enzyme s& 1am mat hoat d6 enzyme hoan
toan. Nhung & diéu kién chan khong néu sdy khd & nhiét do thap hoic
dung phuong phap dong kho (lyophilization) thi ¢ thé duy tri dugc hoat
dong binh thuong cta ching.

2.2. Tach va lam sach (tinh ché) enzyme
2.2.1. Chon nguén nguyén liéu

Enzyme la nhitng chit xuc tic sinh hoc, c¢6 nhiéu trong co thé
song. Viéc diéu ché chung bang phuong phap hoa hoc véi sé lugng 16n 1a
viéc lam rat kho khin va day tén kém néu khong mudn noéi 1a diéu khong
tudng, nén nguoi ta thuong thu nhan chang tir cac ngudn sinh hoc. Mic du
enzyme c6 trong tat ca cac co quan, mo cua dong vat thuc vat cling nhu
trong t& bao vi sinh vat, song viéc tach enzyme dép tmg yéu cau vé mat
kinh té chi c¢6 thé tién hanh khi nguyén liéu c6 chira mot lugng 16n enzyme
cling nhu cho phép thu duoc enzyme véi hidu suat cao va d& dang tinh ché
ching. Viéc phan b ctia enzyme trong té bao ciing khong dong déu, trong
mot loai t& bao ciing ¢ thé c6 nhidu enzyme nay song khong cd enzyme
khac. Luong enzyme lai thay d6i tiry theo giai doan sinh trudng phat trién
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ctia sinh vat va tuy theo loai nén ching ta phai chon ngudn nguyén liéu
thich hop cho viéc chiét rat va tinh ché enzyme. C6 ba ngudén nguyén liéu
sinh hoc co ban: cdc md va co quan dong vat, mo va co quan thuc vat, té
bao vi sinh vat.

Trong tat ca cac nguyén lidu c6 ngudn gdc dong vat thi tuyén tuy,
mang nhay da day, tim... dung d¢ tach enzyme rat thuan lgi. Dich tuy tang
c6 chtra amylase, lipase, protease, ribonuclease va mt s6 enzyme khac.

Tir ngdn tu cua da day bé nghé nguoi ta c6 thé thu nhan ché pham
renin dé lam dong sita trong san xuit fomat. Ngudi ta cing san xudt
pepsin tir da day dong vét. Nhung khac voi pepsin, renin c6 kha nang dong
tu sita cao ma khong thily phan sau sic casein. Renin 14 ché pham enzyme
c6 gia tri lon trong cong nghiép.

O thyc vat: thong thuong enzyme hay c6 mat ¢ cac co quan dy trir
nhu hat, cu, qua. Co quan du trir giau chat gi thi nhiéu enzyme chuyén hoa
chit 4 ay Vi du trong hat ciy thau dau cé nhiéu lipase, trong hat d4u tuong
c¢6 nhiéu enzyme urease.

Théc nay mam chira nhidu a - amylase, & ca khoai lang lai c6
nhiéu B - amylase. Ngudi ta da thu dugc mot sb ché pham enzyme thuy
phan nhu papain, bromelain, fixin ttr thyc vat bac cao. Papain thu dugc tir
mau nhya du du xanh, bromelain thu dugc tir cac bd phén (14, than, qua)
cay dua, con fixin dugc tach tir dich €p than va 14 cay Ficus.

Qua cac ngué)n nguyén li¢u dong, thuc vat chinh co thé tir d6 chiét
xudt cac ché pham enzyme, chung ta thay rang hai ngudn nguyén liéu nay
khong thé dung dé san xudt cac ché pham enzyme voi quy mé 16n boi cac
nhuoc diém sau day:

- Chu ky sinh trudng cia ching dai
- Nguén nguyén liéu nay khong cai tao duoc.

- Nhiéu nguyén liéu dung lam thyc pham (dung dé an) khong thé
dung lam nguyén liu dé san Xuat v6i quy mo lon cac ché pham enzyme
nham thoa man cac nhu cau cia nen kinh té quoc dan. Dung vi sinh vat
lam nguon nguyén liéu dé san xuat cac ché pham enzyme c0 nhiéu uu
diém ndi bat va co tinh chat doc dao vuot xa so vdi ngudn nguyén lidu
tr dong vat, thuc vat, ciing nhu sé& khac phuc duge moi kho khin va
han ché & trén.

Truéde het vi sinh vat 1a ngudn nguyén liéu vo tan dé san xuét
enzyme v6i sd lugng 16n. Pay ciing 1a ngudn nguyén liéu ma con ngudi
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chu dong tao ra duoc. Chu ky sinh truong cua vi sinh vat ngan (tir 16 - 100
gi0) vi vay c6 thé nudi cay hang tram lan trong nam.

Enzyme vi sinh vat c6 hoat tinh rdt manh, vuot xa cac sinh vat
khac. Vi vay chi can mot lugng nhod enzyme c6 thé chuyén héa mot luong
16n co chat. S6 liéu tinh toan cho biét, trong vong 24 gid, vi sinh vét co
kha ning chuyén hoa mot lwong thirc dn gap 30 - 40 1an so véi trong lugng
co thé chung. Trong khi d6, hé enzyme ctia con lon trén 50 kg chi c6 thé
chuyén hoa dugc vai kg thirc an trong ngay.

H¢ enzyme vi sinh vat vo cung phong phu. Vi sinh vat c6 kha nang
téng hop nhiéu loai enzyme khéac nhau, trong d6 c6 nhitng enzyme & dong,
thuc vat khong tong hop duogc. Vi du cellulase, raxemase...Phan 16n céc
thirc &n dé nudi vi sinh vat lai d& kiém va gia ré. Nhiéu vi sinh vat cho
enzyme thuong c6 kha nang phat trién trén céac moi truong don gian, gia
ré, dé kiém nhu cac phé liéu cua cac nganh san xuat. Hon nita, co thé dung
nhitng nguyén liéu khong phai thuc pham, nhitng dung dich mudi vo co dé
nudi vi sinh vat. Vi vay ding vi sinh vat lam nguon thu enzyme s& mang
lai gia thanh ré, thoi gian nhanh va hiéu qua kinh té cao.

Vi sinh vat sinh san phat trién voi toc do cuc ky nhanh chéng, khdi
luong lai nho, kich thudc bé, nhung ty 16 enzyme trong té bao twong dbi
16n nén quy trinh san xuit ché pham enzyme kha dé dang, hiéu suit thu
hdi cao. Lugng enzyme c6 thé duoc san xuat ra trong mot thdi gian ngan.
D6i v6i mot s6 truong hop ¢ thé ding 100% sinh khdi vi sinh vat lam
ngudn enzyme.

Vi sinh vat rat nhay cam dbi véi tac dong cua moi truong, thanh
phan dinh dudng nudi chung ciing nhu mot sd tic nhan 1y héa, co hoc
khac. Do d6 c6 thé thay d6i nhitng diéu kién nudi cdy dé chon giéng tao
nhitng ching dot blen cho ta ham lugng enzyme dang ké véi hoat tinh xuc
tac cao. Co thé ndi rang, nho ngudn enzyme vi sinh vat, nguoi ta c6 thé
diéu khién su tong hop enzyme dé dang hon cac ngudn nguyén liéu khac
dé tang luong enzyme duoc tong hop hodc tong hop dinh hudng enzyme.
Tuy vay trong qua trinh chon ngudn nguyén li€u tur vi sinh vét, can luu y
mot s6 vi sinh vat ¢6 kha nang sinh doc t6 dé c6 bién phap xur Iy thich hop.
Noi chung céc vi sinh vit mudn duge s dung lam ngudn nguyén ligu tach
enzyme can phai thoa mén cac diéu kién sau:

- Kha ning tong hop enzyme manh trong mét thodi gian ngin.

- D& tach enzyme va khong sinh doc td.
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C6 mét diéu 1i tha 1a: trong diéu kién binh thudng, vi sinh vat chi
tong hop ra mot lugng enzyme vira du cho hoat dong sinh 1y co thé cua
chung ( thudng dugc goi 1a su tong hop enzyme "ban thé"). Néu khi ting
ham luong mot s6 chat hodc thém mot sd chit méi vao moi truong nudi
cdy, dic biét 1a co chét ciia enzyme, thi su tong hop enzyme tuong tng
tang 1én mot cach dang ké, khac thuong c6 khi con téng hop enzyme méi:
hién tugng trén goi 1a sy cam tmg sinh téng hop enzyme. Chét gay nén sy
cam Ung sinh tong hop goi 14 chat cam tmg. Su tong hop mot lugng dang
ké enzyme goi 1 siéu téng hop enzyme.

Pé thu dugc ngudn enzyme doi dao tir vi sinh vat, can phai nuoi
cdy chang. C6 hai phuong phap nudi cdy vi sinh vat dé thu enzyme:
phuong phap nudi cdy bé mit va phuong phap nudi ciy bé sau hay 1a
phuong phap ndi va phuong phap chim.

Trong phuong phap nudi cdy bé mit, nguoi ta cho vi sinh vét phat
trién va bao phu trén bé mat cac hoat chét dinh dudng ran, di dugc lam
am, dung 1am moi truong (cam gao, cam nép, cam mi, bap xay nho...). Bé
moi trudng xOp ngudi ta tron thém maot luong nhoé mat cua... Sau khi nudi
du thoi gian dé vi sinh vat tong hop enzyme méi truong duoc siy nhe,
nghién nho. Ché pham thu dugc & dang rén - thd. Mudn c6 ché pham tinh
khiét phai qua giai doan tach va tinh ché enzyme.

Khac v6i phuong phap nudi cdy bé mat, trong phwong phap nudi
cdy bé sau nguoi ta cho vi sinh vat phat trién trong méi truong 1ong.
Nguyén liéu chinh va phé bién 1a dich duong glucose, fructose, maltose,
saccharose... dich thuy phan cellulose, tinh bot... Ngudn nito hiru co
thuong dung 1a nudce chiét bap, chiét malt, dich tu phan nim men. Can
chon pH phti hop véi chung vi sinh vat va sy tong hop enzyme theo mong
mudn. Sau khi nudi, ta thu duoc canh truong 1ong - dang tho.

Pé lam ting luong enzyme & vi sinh vat chung ta can chu y tuyén
lwa va chon gidng cac ching vi sinh vat c6 hoat tinh enzyme cao, tong hop
duoc enzyme can thiét va véi sb luong nhiéu. Cac chung dugc phan lap
theo phuong phap thong thudng chi tong hop mét lugng nhd enzyme
(enzyme ban thé), do d6 can tién hanh gay dot bién bang cac phuong phap
sinh hoc, 1y, hoa hoc... dé tao chung cé kha nang siéu téng hop enzyme. Vi
sinh vét sau khi dugc tuyén chon, can dugc nhan gidng va nudi trong diéu
kién t6i wu dé chung sinh trudng tdt, tong hop nhiéu enzyme.
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Ngoai ra can phai chon méi trudng vi thanh phan méi trudng dinh
dudng c6 anh hudng truc tiép dén sy sinh trudng va tong hop enzyme cua
vi sinh vat. Trong thanh phan méi truong phai c6 du cic chat dam bao
duogc sy sinh truong binh thuong cta vi sinh vat va tong hop enzyme.

Dic biét luu y 1 dé ting sy tong hop enzyme nguoi ta thuong dira
vao hién tugng cam 1’rng Vi néu nhu trong thanh phin méi trudng c6 cic
chat cam g thi chit d6 hay san pham phan g1a1 cua nod s€ kim ham hoac
lam yéu tac dung kim toa ctia chat kim ham nham bao dam kha nang sinh
tong hop enzyme da cho khong bi can tré. Chit cam tmg tong hop enzyme
cho thém vao méi truong nudi thuong 1a co chat twong tmg ctia enzyme
can tong hop.

Vi dy: Mudn tach a - amylase & ndm mdc (Asp. Oryzae), nguoi ta
cho vao moi truong nudi céy tinh bot, maltose, isomaltose,
oligosaccharid... c6 chua lién két a - 1,6 glucozid. Muén tach pectinase &
Asp. Niger, nguoi ta cho thém vao mdi truong pectin. D6 voi
hemicellulase thi chit cam ung 14 hemicellulose; con d6i véi proteinase
chéat cam ung c6 hi¢u lyc 1a protein, bot dau nanh, 16ng, strng nghién nho
(6 Actinomyces fradiae). Chat cam tng ciing c6 thé 1 nhitng chit giéng
co chét va nhitng san pham thuy phan cua ching. Vi du: thay cho protein
thi peptid va thay cho tinh bot thi erithrodextrin déu c6 tic dung cam {ng.

C6 nhiéu yéu té anh huéng d6i voi moi truong nudi cay. Nhiét do
nudi cay thong thuong tir 25 - 30°C. Tri s6 pH ban dau cua moi trudng
(cht yéu ¢ mdi trudng nudce) ciing c6 thé gay anh huong nao d6 dén sy tao
thanh enzyme, nhung khi do6 ciing can tinh dén kha ning bién d6i nhanh
chong chi s6 d6 bai vi sinh vat. Thong thudng ddi véi o - amylase, pH tdi
vu cho sy sinh tong hop (pH = 7 - 8) khac vé6i pH tdi uu cho hoat dong cua
n6 (pH = 4,7 - 4,9). Cac enzyme duong héa khac ciia nim mdc nhu
glucoamylase thi pH téi uu cho su sinh téng hop va cho hoat déng la
chung nhau (4,5 - 5,0). D6 thong khi ciing rt can thiét cho viéc sinh tong
hop enzyme. Vi vay & moi tru:ong bé mit nguoi ta thu’ong thém chat x5p
nhu trdu vao, con & mdi truong bé sau (mdi truong dich thé) , thi nguoi ta
thudng lic (néu enzyme can lic thi viéc nay cyc ky quan trong). Do am
cling rat quan trong (chi c¢6 tac dung & nudi cdy bé mat), phu thudc vao
thanh phan méi trudng bé mat.

Mot di€u can ndi thém nita 1a enzyme thuong chira & cac té bao
sinh vat goi la cdc enzyme trong té bao (intracellular), nhung né ciing c6
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thé dugc cac sinh vat tiét ra moi trudng séng. PO 13 cac enzyme ngoai té
bao (extracellular). Enzyme vi sinh vat thuong chi€t 1a enzyme ngoai bao.
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2.2.2. Chiét rit enzyme

Mudn tim hiéu toan bd hoat dong séng ctia co thé sinh vat, ching
ta phai biét ban chat cua nhimng bién d6i hoa hoc xay ra trong timg mo té
bao. Piéu d6 chi thyc hién duoc khi chung ta tach duge cac té bao ra khoi
cac mo va chiét rat cling nhu 1am sach cac enzyme chta trong ching. Tir
cac dang enzyme tinh khiét thu duoc chung ta co thé nghién ctru siu sic
co ché tac dung, tinh dic hiéu trong hoat dong xtc tac cua ching. Tuy
theo nhiing dac tinh riéng biét cua timg loai enzyme ma lya chon phuong
phap lam sach cho thich hop. Trong qué trinh tinh ché enzyme, mdc dau
trinh ty va cac thu thuat ¢ cac budce co thé thay doi , song van c6 nhiing
nguyén tic chung.

Nhu ching ta di biét, trong co thé sinh vat, enzyme c6 trong té
bao chit va cac céu tir (nhan, microsome, ty thé, lysosome...) cua té bao.
Té bao duge bao boc bang mot 16p mang. Lop mang nay ¢ vi khuan doi
khi rat ben va day. Nguoi ta con thdy nhiéu enzyme lién két rat chat ché
Vv6i cac cau tir clia té bao.

Céc phan tir enzyme khong c6 kha nang di qua mang cua té bao va
mang cua cac cu tir cua té bao. Do d6 dé cé thé chiét rut cac enzyme noi
bao, budc dau tién 1a phai pha v& ciu tric ciia cac té bao c6 chita enzyme
va chuyén ching vao dung dich.

C6 thé phd v& céu triic clia cac té bao bang cac bién phap co hoc
nhu ngh1en voi bot thuy tinh hodc cat thach anh, 1am dong hoa bang thiét
bj déng hoa (homogenizator). Thlet bi ¢6 chay thuy tinh gan v6i mét méto
quay va c6 thé diéu chinh dugc tc d6 quay theo yéu cau. Cac té bao giita
chay thuy tinh va thanh cbi s& bi pha huy. Dé viéc pha v& c6 hiéu qua o
mo thyc vat, trude khi nghién nguoi ta thudng thai nhé mau dé vao ngin
da hodc cho truong nude (vi du nhu ddi voi mau hat kho). Con & cac mo
ctia dong vat nhu gan hodc than, khi chiét enzyme nguoi ta can cit bo cac
mo lién két.

Mudn tach duoc cac enzyme trong cac ciu tir cia té bao, ngudi ta
con phai dung cac yéu t6 vat 1y va hoa hoc khac nhau nhu soéng siéu am,
dung cac dung mdi hitu co nhu butanol, aceton, glycerin, ethyl acetate...
va chat detergent. Cac hoa chat c6 tac dung tot cho viéc pha v cac cau tir
ctia té bao vi trong cc co quan ndy thudng chira md.

Sau khi di pha v& cac cdu tric cia té bao, enzyme dugc chiét
bang nudc cat, bang cac dung dich dém thich hop hodc cic dung dich
muoi trung tinh.
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C6 mot sd yéu td anh hudng dén qua trinh chiét rat can luu .
Trude hét d6 1a nhiét d6. Dé tranh mat hoat tinh hodc tham chi vo hoat,
can chiét rat va tién hanh két tha enzyme & nhiét do thap (tir 3 dén 5°C).
Céc thao tac phai nhanh. Mot sb chét dién ly 1am ting qua trinh chiét rat
enzyme nhu NaCl, ZnCl, CaCl,. Tac dung cua ching con phy thuge vao
phuong phap dung khi chiét rat. Vi du nhu néu ding may nung thi ca ba
chat trén déu co tac dung. Néu chi dé ling thi chi NaCl co tac dung. Vi
vay can dung chit dién ly thich hop. Vi du khi chiét rat amylase, néu cho
thém NaCl 0,1 - 0,2 % vao dung dich chiét rit thi hi¢u suat chiét rat ting
1én 30%. Nguoi ta con nhan théy, néu thém vao dich chiét CaCl, 0,2% s&
lam cho két tiia enzyme tot hon va céu trac cia két tia ciing tot hon.

Trong qua trinh chiét rat enzyme & Cac ddi tuong dong, thuc vat,
c6 truong hop con co mat chat mau 1am anh hudng dén viéc 1am sach hoic
xac dinh hoat d enzyme. Trong truong hgp ndy nguoi ta con cho thém
vao chat khir dé loai mau. Mau cua hemoglobin & hong cau hodc cua
chlorophyll va mét s6 chat mau khac ¢ 14 ¢ thé bi loai trir boi hdn hop
ethanol, chloroform véi ty 1€ thich hgp. Hoat d0 enzyme superoxide
dismutase (SOD) - m{t enzyme chong 0xy hoa co thé xac dinh sau khi da
loai mau khoi dich chiét enzyme. O cac mau tir dong vat c6 sac té melanin
mau nau. Nguoi ta thuong loai mau trén cot nhua trao ddi ion bang cach
cho dich enzyme qua cot hodc lic. Khi qua cot, chat mau bi gitr lai va
enzyme khong bi gitt. Vi du nguoi ta hay dung DEAE - cellulose
(Diethylamino ethyl - cellulose) hodc than hoat tinh. Trong qua trinh nay
phai chu y kiém tra pH. Sau khi loai mau can kiém tra lai hoat d6 cua
enzyme.

Trong dich chiét, ngoai enzyme con co cac protein ciu tric, cac
chat cao phan tr khac nhau nhu polysaccharid nucleic acid, cac chat co
phan tir nho nhu dudng monose, cac chat lipid, mudi khoang...Dé loai
chung phai sir dung phdi hop nhiéu bién phap khac nhau.

Pé loai bd mudi khoang va cac loai duong... 13 cac tap chat co
phan tr lugng thap, nguoi ta thuong dung phuong phap tham tich
(dialysis) d6i nudc hay ddi cac dung dich dém lodng hodc bang cach loc
qua gel sephadex. Cach lam tham tich nhu sau: cho dung dich enzyme vao
tai colodion hodc cellophane (théng thuong nguoi ta ding cellophane t6t
hon), sau d6 dit ca tai vao nudc cat hodc dung dich dém pha lodng (nhu
dém phosphate c6 pH = 7, ndng d 0,01M ching han). Mang cellophane 14
mang ban tham, ¢ kich thudc 16 cho cac chat co phan tr nho xuyén va di
qua vao cac dung dich dém loang theo dinh luat khuéch tan. Con lai trong
mang 13 cic chét protein ¢ phan tir 1on. (Hinh 2.1)
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Hinh 2.1. Tham tich dé loai mudi (NH,),SO, trong két tiia protein

Pé loai bo cac protein tap (protein ciu triic, protein tro) va cic chat
c6 phan tir lugng cao khac nguoi ta hay dung két hop cac phuong phap
khéc nhau: phuong phép bién tich chon lgc nho tac dung cua nhiét d6 hodc
pH cua moéi trudng, phuong phap ket tia phan doan bang mudi trung tinh
hodc cac dung moi hitu co, cdc phuong phép sac ky (sac ky hap phuy, sac
ky trao doi ion), dién di, phuong phap loc gel.

Phuong phép bién tich chon loc nho tac dung cia nhiét hodc pH
ciia moi truong chi ding doi voi truong hop cac enzyme bén véi nhiét
hodc bén vai acid.

Thu thuat duoc tién hanh nhu sau: dich enzyme dugc gitt ¢ 50 -
70°C hay & pH = 5 trong mdt thoi gian xac dinh. Protein bi bién tinh dugc
loai bo bang cach loc hodc ly tam
2.2.3. Cdc phwong phdp tach timg phan protein enzyme

Protein 1a cac chét ludng tinh,vi vy trong cac dung dich acid va
kiém chung sé€ bi phan ly nhu sau:
kiém
Protein - COOH 4” protein - COO" + H"
acid
acid
. — > .
Protein - NH, ¢—= protein - NH;
kiém
O mot chi s6 pH xac dinh, mdi phéan tir protein c6 mdt dién tich
téng s6 nao ddy ma do 16n cua nd phu thudc vao sb lwong cac nhém tich
dién duong va tich dién am. Két qua 1a & chi s nong do ion hydro cb
dinh, cac protein khac nhau trong hdn hop s& ¢6 tong dién tich khac nhau.
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Nhiéu phuong phap dung dé tich cac hdn hop protein déu dwa vao dic
tinh ndy. Cac phan tir protein mang dién tich tong sé (duong hoic am)
cung ddu day nhau ra xa nén d& tan vao dung dich. M&i mét protein co
mot tri s& pH nhat dinh ma ¢ d6 tong sd dién tich 4am va dién tich duong
trong phéan tir bang khong. Tri s6 pH d6 goi la diém dang dién. O diém
d.’fmg dién, do hoa tan cua protein la thép nhét, protein rat d& bj két tha.Dya
vao tinh chét nay, ngudi ta ¢ thé tach timg phan cac protein enzyme trong
hon hop...

O cac phuong phap tach timg phan nay, nguoi ta c6 thé st dung
phuong phap keét tia thuén nghich bang mudi hodc cac dung moéi hitu co,
phuong phép sac ky cot.

N6i chung dé dat két qua tét, nguoi ta thuong phdi hop hai phuong
phép v&i nhau.

2.2.3.1. Ding mudi (NH,), SO, dé tach enzyme

Phuong phap két tia phan doan bang (NH,), SO, dya trén O SO sur
khac nhau vé kha nang ket tua cua cac protein enzyme ¢ mot nong do
mudi (tinh theo phan % ndng d6 bao hoa) xac dinh dugc ding pho bién dé
loai bo bude dau protein tap cua cac dich enzyme. Cac loai mubi co the
dugc dung 1a (NH,), SO, Na, SO4, MgSO, ... ngudi ta di nhan thdy mubdi
(NH,), SO, 12 tét nhat vi n6 khong lam hai ma lam 6n dinh (1am bén) hau
hét cac loai enzyme. Loai mudi nay lai ré va phé bién. D6 hoa tan cla nd
lai rat 16n (bdo hoa 767g/1 & 25°C). Ngoai ra nong d6 (NH4).SO,4 can thlet
dé ket tua enzyme khac nhau thi khac nhau nhiéu. Vi du: Protease ctia nam
mdc dé bi két tia & 70% cua (NH,), SO4 bio hoa hoan toan, con amylase
ctia mam lta bi két tia & 50% do6 bio hoa cta dung dich mubi nay. Diéu d6
noi 1én tinh két tua Iya chon cia (NH,4),SO, cao hon cac mudi khéc.

Thuong dung hai dang bot hoac bao hoa
- Khi dung bot:
Nguoi ta cho timg it mot vao dich chiét enzyme. Cach cho ciing anh

hudng 16n dén lugng két tua ban dau cua enzyme. Khi cho muodi vao dich
chiét can phai c6 may khuay tir ¢ dam bdo sy hoa tan ciia muoi.

- Khi dung dung dich bdo hoa:
Trong nhiéu sach vé phuong phap nghién ciru ngudi ta dua ra bang
tinh s6 lwong mudi can thiét dé pha cac dung dich c6 do bido hoa khac
nhau ¢ nhiing nhiét do nhét dinh. Khai niém vé sb phén tram cua do bao
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hoa hoan toan da duoc dé cap dén. Nhu vi dy trén di noi, enzyme c6 thé bi
két tha & 50% (0,5) hodc 70% (0,7) ctia d6 bdo hoa hoan toan ctia (NH,),
SO.. Khi cho dung dich (NH4), SO, vao dich chiét enzyme thi nong do
(NH,4), SO4 khong tang dot ngot.

Sau khi két tiia xong nguoi ta thuong dé ling khoang 2h hoic dé
qua dém, muyc dich 1a tao két tia hoan toan (& phwong phap dung dung
mdi hitu co thi khong can dé 1au). Két tia duoc ldy ra bang cach ly tim
hoic loc qua phéu Buckner. Khi hoa tan két tia lai ngudi ta thuong thém
ion Ca™ lam bén (CaCl, hoic Ca(COOH),).

O giai doan loai mudi, ngudi ta dung phuong phap tham tich nhu da
dugc trinh bay & phan trudc. Thoi gian thim tich thuong 1a 24 - 28h, nudc
thay cang nhiéu cang nhanh cang t6t.

C6 thé loai mubi bang cach loc qua gel sephadex G25 1a dan suat
ctia dextran. Uu thé cia phuong phéap nay 1a tién hanh véi thoi gian ngan
(khoang 30 '), nén khong 1am mét hoat do enzyme. Mubi ¢o trong lugng
phan tir bé bi giit lai, cac enzyme c6 trong luong phén tir 16n xudng trudc
(xem phuong phap loc gel 2.2.3.4.a)

Giai doan tiép theo 1a 1am dong kho thanh bot tring. Chuyén trang
thai tir dich nudc da sang trang thai khi ma khong qua trang thai long.

Pé tién loi nguoi ta dua ra cong thic cach tinh luong (NH,), SO,
cho vao dung dich da c6 do bao hoa cho trudce (S,) dé dat dén mot do bio
hoa can thiét (S,)

Tuy theo trang thai (NH,), SO, cho thém vao dung dich chiét
enzyme, ma c6 cong thirc tinh toan khéac nhau.

- Déi voi (NHy), SOs & dang bot
0,515x V (S2-S))

x(g)=
1-0272S,

Trong d6 V la thé tich dung dich S;, S, 1a d§ bao hoa cho trude va
dd bio hoa can dat vi du S;=0,5 va S»=0,7 chfmg han.

Nguoi ta ciing c¢6 thé ding ban dd toan (nomogram) dé chiéu va
xac dinh duoc luong (NH,), SO, thém vao dé dung dich enzyme dat dugc
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mot d6 bao hoa nhét dinh. Hodc co thé dbi chiéu & bang c6 sin. Luong
(NH,), SO, dua vao dé dung dich c6 do bao hoa nhét dinh c6 khac nhau
tuy thudc nhiét do thi nghiém.

- Péi voi (NH,), SO; ¢ dang dung dich bdo hoa. Thé tich (tinh
theo ml) cua dung dich bao hoa can cho vao 100ml dung dich c6 d¢ bao
hoa ban dau S, dé dat dén mot d6 bao hoa S, can thiét duoc tinh theo cong
thirc sau:

100 (S2 - Sy)
V (ml) =
1-S,
2.2.3.2. Dung dung moi hiru co
Phuong phép nay duoc tién hanh dua trén co so: do hoa tan cia

protein phu thudc vao su tuong tac cua cadc nhom tich dién trong phan tu
protein vdi cac phan tir nudce.

Su twong tac d6 (con goi 1a su hydrate hoa) s& bi giam xudng khi
thém vao dung dich enzyme cic dung mdi hitu co. Dung moi hitu co
thuong dung 1a ethanol, isopropanol, acetone hozic hdn hop céc loai rugu.

O phuong phap nay ciing chi ¥ tién hanh & nhiét d6 thap (tir 5°C
tré xudng). Dung dung méi hitu co c6 thé tién hanh tach phan doan dudi
0°C va c6 thé dén - 20°C, nhu vy nd co tac dung t6t dén d6 on dinh cua
protein enzyme.

Khi di c6 két tia, chu y 1ay nhanh két taa ra khoi dung moi bang
cach dung may li tim. Phuong phéap nay c6 loi thé 1 khong can loai mudi,
nhung c6 nhuge diém 13 hay ¢6 mau.

2.2.3.3. Dung nhiét

Ciing c¢6 thé dung nhiét dé loai bo cac protein enzyme tap ra khoi
dich chiét enzyme. Tuy vdy phuong phap nay it duoc dung vi hiém
enzyme bén véi nhiét.
2.2.3.4. Céc k¥ thuat sic ky cot

Dich chiét enzyme dd duoc loai bé phan 16n cac protein tap nhung
van chua dam bao d6 ddng nhét can thiét. Do d6 dich chiét enzyme duoc
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tiép tuc lam sach bang phuong phap sic ky cot. Phuong phéap sic ky
(chromatography) 1a do hai chit "chroma" 1a mau sic va " grapho" 1a viét,
nghia 1a "viét bang mau". Thud ban dau, nguoi ta dd sir dung phuong phap
sic ky dé tach cac chdt mau va chi sau nay nguoi ta méi ap dung cho viée
tach cac chat khong mau.

a. Phuong phap dung chat rdy phan tir (loc gel - gel filtration)

Co so cua phuwong phap loc gel 1a dya vao sy khac nhau vé kich
thuéc hinh dang va phan tir lugng clia enzyme c6 trong hdn hop dé tach
chung ra.

Dé dam bao cho viéc tach enzyme dugc tot, chat ry phan tir phai 1a
chat tro, khong phan tmg voi protein enzyme. Chét ndy ciing khong hoa
tan va tuong ddi bén voi cac yéu td vé co hoc ciing nhu sinh hoc. Ngoai ra
chat duoc sir dung cho muc dich loc phan tir phai 1a chat khong cé tinh
dan hdi (khong co) va phai 1a chat wa nuée (hydrophyl).

Gel sephadex 1a chét thoa man cac yéu t6 trén. Sephadex 1a ché
phém dextran do cac loai vi sinh vat khac nhau la Leuconostoc tao ra khi
chiung duoc nudi cay trén moi truong chira saccharose. Trong lwong phan
tir ctia dextran c6 thé dat t&i hang triéu va 16n hon. Phan tir dextran bao
gdm cac chudi do cac gbc glucose tao thanh cac lién két glucsid 1,6.
Sephadex nhan tir dextran bang cach xir 1y hoa hoc (do tac dung cia
epichlohidrin) dé tao ra cac ludi phan nhanh c6 lién két ngang goi la "sang
phan tir" va chat nay tro thanh khong tan trong nude. SO lién két ngang tao
ra cang nhiéu, kich thudc cua 16 sang phan tir cang nho.

Phuong phap loc trén sephadex dugc tién hanh nhu sau: cho
sephadex vao cot thuy tinh dai va can bang bang dung dich dém c6 pH
nhat dinh. Sau d6 cho dung dich enzyme 1én cot. Khi loc va chiét bang
dung moéi thich hop, cac phan tir c6 trong lugng phan tir nhé (¢ day la céac
mudi) s& khuyéch tan cham chap qua cac 16 nho cua cac hat Sephadex bi
truong phong, con chét c6 trong lwong phan tir 16n hon (¢ trudng hop nay
la protein enzyme ) khong c6 kha nidng di vao ma lach nhanh qua céc hat
sephadex va s& roi xudng trudc, s& duoc chiét nhanh ra khoi cot (Hinh 2.2.
va hinh 2.3.). Vi viy ta c¢6 thé tach duoc chit c¢6 trong lugng phan tir cao
hon ra khoi chat c6 phan tir lugng nho. Hang Sephadex (Pharmacia) cua
Thuy Dién da tung ra thi truong cac loai sephadex c6 kich thudc khac
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nhau c6 ky hiéu tir G10 dén G200. S6 ky hiéu nham chi ra mirc do nhan
(hat) nude cia chung. Vi du G10 dé chi khi truong phong thi 1g gel kho
nhan 1ml nudc (1ml/g)

o muai 959 4®
bl ] '@

@ protein O O O

Hinh 2.2. Hoat dong ciia loc phan tir sephadex

Cac sephadex c6 ky hiéu khac nhau tir G10 dén G200 phuc vy trong
viéc loc phan tir cho phép cac chat co trong lugng phan tir khac nhau lot
vao ¢ cac ngudng sau day:

Cac loai sephadex Trong lwgng phan tir
G. 10 0-700
G. 15 0-1.500
G.25 hattinh (F) 100 - 5000

hat tho (C)
G. 50 hat tinh (F) 1500 - 30.000
hat tho (C)
G.75 3.000 - 70.000
G. 100 4.000 - 150.000
G. 150 5.000 - 400.000

G. 200 5.000 - 800.000
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Céc gel loc phan tir dugc san xuat trong 4 ¢& hat cling trong mot
vong loc phan ti: hat tho (coarse), hat trung binh (medium), hat min
(fine), hat si€u min, rat min (superfine).

Caic phan teei lain khang thae ai
vaio caic halt Sephadex

Hadt Sephadex Caic phan teei nhoi ai vaio béan

trong caic halt Sephadex

Hinh 2.3. Tach céc phén tir theo kich thuéc bang sic ky loc gel

Su chénh léch nhiéu vi phéan tir lugng cua cac enzyme (12700 -
1.000.000) cho phép nghi rang dé tach va lam sach enzyme, phuong phap
loc gel sephadex 1a phwong phap c6 nhiéu trién vong. Noi c6 it lién két
ngang tach chat co trong lwong phan tir 16n va nguoc lai. Ngudi ta con st
dung sephadex dé loai mubi thay cho qua trinh tham tich.

Cung nhém chat rdy phan tir c6 ngudn goc polysaccharid, 1a ché
pham dextran nhu sephadex (pharmacia) con c6 Molselect (Reanal) - 1a
san pham ctia Hungary dugc ung dung nhic€u trong nghién ctru.

C6 thé dung dé 1am c6 dic cac chit c6 trong luong phan tir 16n nhu
protein, peptid, loai mudi khoi protein enzyme (ding nhanh hon so véi
thdm tich), loc gel tach theo trong lwong phan tir (nhu protein huyét thanh)
hodc tach cic san pham protein dugc hinh thanh duéi tic dung cua
enzyme phan cat (nhu y - G - globulin bi ct bai papain).
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Céac Molselect ciing c6 ky hiéu tir G10 d¢én G200 phuc vu trong viéc
loc phén tir cho phép cac chat c6 trong lugng phan tir khac nhau lot vao &
cac ngudng sau day:

Cac loai Molselect Trong lwgng phan ti
G-10 <700
G-15 <1500
G-25 100 - 5000
G-50 500 - 10.000
G-75 1.000 - 50.000
G- 100 1.000 - 100.000
G-200 1.000 - 200.000

Ngoai nhom chat riy phan tir 1a ché pham dextran con c¢6 nhom chat
rdy phan tir 13 ché pham gel acrylamide bao gém Biogel (Bio - Rad) va
Acrilex (Reanal). Acrilex gel 1a loai copolime, san pham cua Hungary
dugc tao ra tir acrylamide va N, N' - methylen — bis - acrylamide. Céc
acrilex gel ¢6 ky hiéu tir P - 2 dén P -300 dung dé tach cac chét c6 trong
lwong phan tir trong ngudng tir 100 dén 300.000. C6 thé sir dung & ving
pH tir 2 — 11. Chat thir ba 13 agarose loai sulphate. Hay pho bién 1a loai
sepharose (pharmacia). Nguoi ta thuong ding chat nay dé tach cac phan tir
co trong luwong 16n hon 10°.

Tom lai bang phuong phép loc phan tir nguoi ta co thé tach cac chat
c6 trong lugng phan tir khac nhau cé trong hén hop (nhu polymer,
polysaccharid, nucleic acid , protein) ra. Ngudi ta c¢6 thé dung k¥ thuat nay
dé loai mudi thay cho qué trinh tham tich. Va hon thé nira, trong qua trinh
tinh ché protein enzyme, ching con dugc st dung dé co dic dung dich
protein enzyme.Viéc sic ky, loc phan tir protein hodc chiét xuit protein
thudng thu duoc dung dich lodng, néu khong c6 dic dung dich dé cho phu
hop d6i véi cac nghién ctru tiép theo thi khong dung dugc. Molselect G -
25 rét thich hop cho viéc ¢o dic cac dung dich lodng clia cac chat co trong
luong phan tir 16n nhu protein, peptid. Bang cach tron véi dung dich
protein lodng, Moltelect s& nhan nudc va chat ¢ trong lwong phan tir nho,
nhu vdy dung dich protein duoc c6 dic ma khong co sy thay ddi vé pH va luc
ion cta no.

b. Phuong phap sic ky trao doi ion
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Phuong phap sac ky trao ddi ion dya vao sy khac nhau vé dién tich
téng sd cla cac protein enzyme. Hay noi cach khac, phuwong phap nay
duogc dua trén co so ctia phan Gmg trao d6i ion gifta protein dugc tan trong
nude hodc dung dich dém lodng va cac tic nhan trao doi ion. Tac nhan
(hay nguyén li¢u) trao d6i ion c6 thé 1a chat nhya c6 tich nhom sinh ion
hodc 13 chét ionit. Pay la nhimg chat gia tro, khong tan trong nudc, co ban
chat 13 cellulose hodc chat gel dextran c6 ludi phan nhanh (Sephadex,
Molselect) hodc 1a chat nhwa polystirol. Chéat gia thé nay thuong két hop
v6i cac nhom ion hoa. Cac chat trao d6i ion c6 chat gia 1a cellulose,
sephadex, molselect thong thudng duoc ding dé tach protein enzyme, con
cac chat trao dbi ion c6 chat gia 1a polystirol (vi du nhu Dowex,
Amberlite) chi dung dé tach cac peptid co trong lwong phan tir nhé hon.

* Céc chat trao doi ion c6 chat gia cellulose

Cationit CM - cellulose (carboxylmetyl - cellulose) - 1a mot dan xuét
este cua cellulose. Cellulose - O - CH, — COOH. Khi phan li cho ra COO".
Pay 1a chat trao doi cation. Trén nhitng cationit, thi cac protein kiém c6
thira nhitng nhdm amin va nhitng nhém kiém khac duoc hap phu. Su hap
phu trén céc cationit duoc tién hanh véi nhitng dung dich lodng & pH 1,5 -
6,5. (Cac protein kiém c6 chita cac amino acid diamino - mono carboxylic
nhu lys, Arg, His)

~Anionit DEAE - cellulose (diethylamino - ethyl - cellulose) la dan
xuat este cua cellulose.) C,H;s
Cellulose - O - CH, - CH, - N
™ CH
Trong H,O né dugc phan ly:

Cellulose - O - CoHs- N - (C,Hs), + H,O —>|

C,H;s
~
Cellulose - O - C,H, - I\|I+ \ + OH-
H C,H;s
Pay la chit trao d6i anion

Céc anionit dugc 4p dung dé phan tich cic protein acid c6 thira
nhitng nhém carboxyl tu do. Sy hap phu protein trén nhiing ionit nhu vay
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dugc tién hanh vé&i nhitng dung dich dém c6 luc ion thap (0,005 - 0,1M) &
pH 7,5 - 8.5, (cac protein acid c6 chira cdc amino acid monoamin).

Trong hdn hop chét ionit voi dung dich dém c6 do pH tuong tng,
cac chit ionit dd noi ¢ trén trd nén tich dién,. Vi vay trén bé mat 16p chat
gia s& hinh thanh mot 16p dién tich ¢ dau phu thudc vao kiéu nhém chirc
hoa hoc ciia nd. Néu thém protein - enzyme vao dung dich dém thi cac
phan tir enzyme mang dién tich s& bi cic nhom tich dién trai ddu cua chat
trao ddi ion kéo lai. Khi dung mot dung dich dém dé phan hp phu c6 pH
khéac hodc khi thém mdt loai ion khac c6 lyc ion 16n hon thi phan ti
protein enzyme sé& bi day ra khoi chét trao ddi ion. Khi tién hanh phan hip
phu, thudng ngudi ta thém vao cac ion Na* va CI trong NaCl c¢6 nong do
tang dan theo bac thang hay theo gradient.

Céc phan tir protein enzyme nao c6 dién tich tong sé nho thi sé bj
day ra trude do lyc lién két voi chat trao doi ion yéu. Con nhitng protein
enzyme nao c6 lién két voi ionit 16n hon thi s& bi dy ra bang mét luc ion
ciia mudi 16n hon. Nhu vay, bang cach nay, chung ta c6 thé tach duoc
timg phan céac loai protein enzyme. Viéc tach timg phan c6 lwa chon tot
nhit 1a khi ting dan ndng d6 cac ion thay thé. Nho nong do ion ctua mudi
taing dan (gradient) ngudi ta c6 thé rat ra tir cot cac loai protein enzyme
khac nhau. Co thé thu nhan dich chiét enzyme protein sau khi qua cot
bang may thu phan doan tu dong. Theo tht tu ting phan dich thu duoc,
ngudi ta tién hanh dinh luong protein theo cac phuong phap Lowry hay
phuong phap do quang phé va x4c dinh hoat d¢ cia enzyme. Ngoai viéc
diung mudi NaCl cho cac ion Na® va CI, nguoi ta ¢ thé dung cac loai
muoi khac nhu KC1, NasPO,.

Néu chit gi4 1a sephadex thi chiing ta co chat trao doi ion sephadex.
D6 1a cac loai DEAE - sephadex va CM - sephadex. Uu diém cta loai ndy
1a vira tich duoc protein enzyme vé kich thudc va vé dién tich tong s cua
cac protein enzyme. Trudng hop CM - sephadex trén chat gia sephadex co
gin nhom COO"

-0 - CH,- COOH

i phan ly

COO " (mang dién tich am)
Pay 1a chat trao ddi cation.

c. Phuong phép ding chat hap phu
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Nhiéu protein va enzyme gin mdt cach chon loc vao cac chat hip
phu nhat dinh nhu silicagel, bentonite, y - aluminium hydroxid,
hydroxyapatite va nho vay, ching c¢6 thé dugc lam sach véi hiu suat cao.

Phuong phap hép phu chon loc - hap phu trong thé tich (thém chat
hap phu truc tiép vao dich enzyme) hodc trén cot (sic ky hap phu) dugce
ding phd bién trong viée tach va lam sach enzyme. Chét hip phu chu yéu
thuong duoc dung 1a hydroxyapatite cho hiéu qua phén tach dac biét cao.
Hap phu chon loc enzyme c6 thé thuc hién bang mot trong hai cach : chat
hap phu hodc hap phu protein tap hodc hip phu enzyme. Qué trinh hap
phu thuong duoc tién hanh & 0°C. Bang cach thay doi do pH hoic luc ion
ctia dung mdi thich hop, cac enzyme duoc hip phu co thé dugc chiét khoi
chat hap phu.

d. Phuong phap dung chat hap phu ddc hiéu sinh hoc hay la phuong
phap sac ky ai luc (affinity chromatography)

Co s¢ cua phuong phap nay 1a nguoi ta gin nhitng phan tir (chat)
vao chat mang (chét gid) ran bang lién két cong hoa trji ma protein enzyme
can tach sé tuong tac dac hi¢u vdi nod. Nhitng chit d6 co thé 1a co chét
(Substrate) hodc chat trc ché (inhibitor) canh tranh. Hay noi cach khac
dung chét chi c6 kha nang lién két ddc hiéu v6i mot enzyme hodc protein
ma nguoi ta nghién ctru.

Chat mang thé rén c6 thé 1a bat ky mdt loai nao phuc vu cho loc
gel nhu sephadex, nhung ngudi ta hay st dung nhét 1a gel sepharose.

O trén cot chita co chat ¢ dinh & pH va luc ion phu hop, chi co
enzyme nao cO kha nang chuyen hoa co chat méi gin vao, cac protein
khac thi chay xudng cot. Bang cach thay doi pH va luc ion phii hop hodc
6 thé bﬁng cach thém co chit da duge hoa tan vao thi c¢6 thé tach duge
enzyme khdi ct ¢ trang thai sach.

2.2.4. Két tinh protein enzyme

bay la phuong phap déc hiéu t6t nhat dé tach timg phan protein
enzyme & giai doan tinh ché cubi cung.

Khi protein enzyme di duoc lam tinh khiét hoan toan, trong nhimng
truong hop riéng biét, nguoi ta c6 thé tién hanh két tinh chung. Mot diéu
can cha y 1a protein enzyme ¢ trang thai tinh thé khong thé dugc coi 1a
bang chimg vé su tinh khiét. Céc tinh thé protein enzyme két tinh 1an dau
do6i khi c6 d6 sach khong vuot qua 50% va céd thé chura cac protein enzyme
khac. Nguoi ta thuong tién hanh két tinh protein enzyme trong dung dich
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(NH4).S0O4. Qua trinh ket tinh c6 thé tién hanh tur tur keo dai vai ngay tham
chi hang tuan néu mudn nhan duoc cac tinh thé t6t. Thong thuong 13 thém
mudi (NH4),SO, vao dung dich protein enzyme kha dam déc cho dén khi
lam van duc nhe nhang dung dich. Sau d6 dét dung dich vao mét noi, dong
thot tang rat tr tir nong do mudi trong dung dich. Co thé tién hanh ting
noéng d6 mudi theo nhiu cach, thém dung dich mu01 dam dac hon vao
dung dich protein enzyme theo ting giot, thém mudi qua mang ban tham
hodc ¢ thé cho bay hoi cham chap dung dich protein enzyme. Trong qua
trinh két tinh co thé thay d6i chi s6 pH hodc nhiét do. Pé két tinh protein
enzyme duoc dé dang, & nhiing giai doan trudc do, nguoi ta thuong tach
timg phan céc protein enzyme bang céc 'dung mdi hitu co. Piéu nay co 1&
lién quan dén viéc cac chit ¢ ban chat lipid bi loai ra khoi dung dich
protein enzyme tao diéu kién tt cho qua trinh két tinh.

2.2.5. Pdnh gid tinh dong thé ciia protein enzyme

Khi d3 nhin dugc mot protein enzyme & trang thai két tinh, nguoi ta
phai thir lai mirc d6 tinh khiét hay tinh dong thé cua né. Do dong thé cua
ché pham protein enzyme phai dugc kiém tra bang mot s phuong phap
dwa trén nhitng nguyén ly khac nhau. Trong mét 5O truong hop protein
enzyme dugc coi la dong thé khi ly tAm, nhung lai ¢6 thé phan chia thanh
mot sO isoenzyme bang phuong phap dién di trén gel. Chinh vi vay, néu
dung nhiéu loai phwong phap khac nhau dé kiém tra d6 sach cta protein
ma két qua déu cho 1a dong thé thi protein d6 co thé dugc cong nhan la
tinh khiét. Nhiing phuong phap dé kiém tra tinh dong thé hay diung 1a xay
dung d thi vé do hoa tan, dién di va siéu ly tam.

- Phuong phép kiém tra tinh dong thé (hodc con goi 1a tinh dong
nhit) ciia protein don gian va nhay nhat 14 xdy dung duong biéu dién vé
do hoa tan.

Céch 1am nhu sau: Trong hang loat miu dung mot thé tich khéng d6i
mot loai dung méi (nuéc hodc dung dich mubi) lic voi nhitng sb lugng
enzyme khac nhau. Sau d6 loc va xac dinh s6 protein trong dich loc. Cudi
cung xay dung dudng do thi.

Trong nhitng loai mau dau, tt ca cac protein thém vao bi hoa tan va
s6 luong protein thém vao bang sé lugng protein c6 trong dich loc hay
dich ly tam. Két qua nhan duoc biéu dién 1a mot duong thang. Sau do
dung dich dat dugc bao hoa. Néu protein dem hoa tan 1a tinh khiét nghia 1a
dong nhat thi khi thém protein trong dich loc s& khong tang 1én va duong
biéu dién c6 mot diém udn.
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Néu trong mau c6 mot protein thtr hai thi sau khi dat duoc do bio
hoa do6i vdi protein it hoa tan hon, loai protein thir hai con c6 thé hoa tan
duoc nira.

>

S6 lugng protein trong dich loc

Két qua la 0 mot diém bao hoa thr hai va dudng biéu dién co hai
diém udn Néu /d fich chiét (hdn hop) co nhiéu protein enzyme thi s€ co
nhiéu diéi . Phuong phap nay duoc Néthropivaidauhétz sir dung rét
c6 két qud. Ny van con tng dung nhiéu.  B: Hon hop 2 protein

- Phuo ng phap thu hai dé xac dlnh do dong thé cuia protein enzyme
1a phuonglp : P S atinggdung tinh chat ludng
tinh cua proteln duasgﬁpoﬁg ﬁ%tg}ﬁ}eﬁal{%% clia cac tiéu phan ché pham
protein enzyme mang dién trong dién truong. Dem ché pham protein
enzyme dién di & pH va lyc ion nhat dinh. Néu trén dién di d6 c6 mot dinh
thi chling to protein enzyme dé 1a don thé. Néu c6 hai dinh chimg to ¢o
hai protein enzyme trong ché pham do.

- Phuong phap si€u ly tdm:

Pay ciing 1a phuong phép rat quan trong dé xac dinh tinh dong thé
cua protein enzyme. Phuong phap dugc thyuc hién nhu sau:

Dung lyc ly tdm rat 16n bang cach ting s6 vong quay ly tam Ién
hang nghin, hang van vong trong mot phat. Voi tbc do ly tam rat 16m,
nguoi ta co thé tach ra dugc cac phan tir enzyme co trong lwong phan tir
khac nhau.



42

Tbc d6 két tua cla protein enzyme trong may siéu ly tim duogc xac
dinh bang trong lugng phan tr cia nd. Khi dimg quay thi cic phan tir
protein lai khuyéch tan vao dung dich. Béi vy, can phai quan sat toc do
ling trong qué trinh siéu ly tim. Chinh vi vay, trong cdc siéu ly tim, nguoi
ta gan mot thiét bi quang hoc dic biét, v& cac dudng anh sang cta két qua
phan tich 1én mot man. Néu trong dung dich c6 mét loai protein enzyme
(c6 mot trong lugng phan tir) thi trén man séang s& cho dudng do thi c6 mot
dinh. Néu lam viéc voi hai protein enzyme thi s& ¢6 hai dinh v.v...

2.3. Hoat d enzyme
2.3.1. Phuwong phap xac dinh hoat do enzyme

Khac voi trong hoa hoc phan tich binh thudng, trong enzyme hoc,
nguoi ta khong dinh luong enzyme mot cach truc tiép ma thuong xac dinh
gian tiép théng qua xac dinh do hoat dong (con goi la hoat do) cia
enzyme. Trong phan ung c6 enzyme xuc tac, sy hoat dong cua enzyme
dugc biéu hién bang cach 1am thay doi cac tinh chat vat 1y, hoa ly cling
nhu tinh chat hoa hoc ctia hdn hop phan tmg. Theo ddi nhitng bién doi d6
c6 thé biét duwoc chinh xac muic d6 hoat dong cta enzyme thong qua xac
dinh co chét bj mat di hay luong san pham duogc tao thanh trong phan tmg.

DPé xac dinh hoat do cua enzyme ¢ cac dich chiét hodc & ché phérn
nguoi ta thuong dung cac phuong phép vat 1y hoac hoa hoc. Cac phuong
phap, so mau, do khi, do d§ phan cyc, do d§ nhdt, chuan d9... dugc dung
pho bién trong nghién ctru dinh lugng cac phan mg enzyme.

C6 thé chia ra ba nhém phuong phép sau:

1. Po luong co chit bi mat di hay luong san pham dugc tao thanh
trong mot thoi gian nhat dinh ing v6i mot ndng do enzyme xéac dinh.

2. Po thoi gian can thiét dé thu duoc mot luong bién thién nhat dinh
cta co chat hay san pham v4i mot nong d¢ enzyme nhat dinh.

3. Chon nong d6 enzyme nhu thé nao dé trong mot thoi gian nhat
dinh thu dugc su bién thién nhat dinh vé co chat hay san pham.
2.3.2. Don vi hoat do enzyme

Hoi nghi qudc t& vé hoa sinh enzyme dd dua ra khai niém don vi
enzyme quoc t€ (hoac don vi enzyme ti€u chuan) vao nam 1961.

Bon vi hoat d6 enzyme (U) 1a luong enzyme c6 kha nang xuc tac
lam chuyén hoa 1 micromole (1umol) co chat sau mot phut ¢ diéu kién
tiéu chuan.
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1 U = lumol co chit (10 mol)/ phut.
Tu nam 1972 nguoi ta lai dua thém khai niém Katal (Kat)

- Katal (Kat) la lugng enzyme c6 kha néang xuc tac lam chuyén hoa 1
mol co chat sau mot gidy ¢ diéu kién tiéu chuan

1 Kat = 6.10'U
1
Va 1U = — microkatal
60

Doi1 v6i ché pham enzyme, ngoai viéc xac dinh mic do hoat dong
con can phai danh gid d6 sach cua né. Pai lugng dac trung cho d6 sach
cua ché pham enzyme la hoat do riéng.

- Hoat d6 riéng ciia mot ché pham enzyme 1a s6 don vi enzyme/ 1mg
protein (U/mg) ciing c6 thé 1g ché pham hodc 1 ml dung dich enzyme.
Thong thudng ham luong protein dugc xac dinh bang phuong phap
Lowry. Khi di biét khéi luong phan tir cia enzyme thi c6 thé tinh hoat do
phén tu.

- Hoat d6 phan tu 1a $6 phan tr co chit duoc chuyén hoa b1 mot
phan tir enzyme trong mét don vi thoi gian.

Hoat d6 phan tr 16n (con goi 1a con sb chuyén héa hodc con sb
vong: turnover number) c¢6 nghia 13 phan Ung duoc xac tic xay ra rat
nhanh. Nhu vay, hoat d§ phan tir chinh 1a kha nang xuc tac: hoat d§ phan
tor cang cao thi kha nang xuc tac cang l6n. Vi du nguoi ta da xac dinh
dugc hoat do phén tir cao ctia mot s6 enzyme tinh khiét nhu catalase (5,6 x
10°) acetyl - cholinesterase (3,0 x 10°), B-amylase (1,2 x 10°).

Ciing can chua y rang trong mot s6 truong hop dinh nghia vé don vi
hoat d6 enzyme ¢ trén khong thé ap dung duoc. Néu can thiét chung ta s&
dua ra cac diéu kién thi nghiém twong d6i hodc dinh nghia cta cac don vi
khac. O noi ¢6 nhidu hon mot mbi lién két cuia phén tir co chit bi tan cong
thi mot don vi hoat d§ enzyme la lugng enzyme c6 kha nang xtc tdc lam
chuyén hoa mét micro - duong lugng ciia nhom lién quan sau 1 phit &
diéu kién xac dinh. O noi ¢6 hai phan tir giéng nhau phan tng véi nhau thi
1 don vi hoat d6 1a luong enzyme xuc tic cho sy chuyén hoa cua 2 pmol
co chit sau 1 phit.
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Chuong 3
Cach goi tén va phan loai enzyme

3.1. Cach goi tén enzyme

Trong thoi gian ddu khi nganh enzyme hoc chua phat trién, ngudi
ta thuong goi tén enzyme mot cach tuy ti¢n, tuy theo tic gid. Vi du nhu cac
tén pepsin, trypsin, chimotrypsin hién nay van dugc dung goi 1a tén thuong
dung.

Sau do, nguoi ta thuong goi tén enzyme bang céch lay tén co chat
dac hi€u cua enzyme cong thém duoi tir “ase”.

Vi du urease 1a enzyme tac dung vao ure, proteinase la enzyme tac
dung vao protein, lipase 1a enzyme tac dung vao lipid, amylase 1a enzyme
tac dung vao tinh bot (amidon).

Déi v6i cac nhoém enzyme cung xuc tic mot loai phan Gmg, ngudi
ta lay tén ctia phan rng enzyme thém duoi tir “ase”, vi du nhiing enzyme
xuc tac sy oxy hoda duogc goi 1a oxydase, nhiing enzyme khtr hydrogen
duogc goi la dehydrogenase ...

Tén goi diy du, chinh xac theo quy udc qudc té - tén goi hé thong
cua enzyme dugc goi theo tén co chat dac hi€u ctia n6 cung véi tén cia
kiéu phan rng ma noé xuc tac, cong thém dudi “ase”, vi du enzyme xtic tac
cho sy thuy phan ure (carbamid):

HoN - C - NH, + H,O - CO, +2NH;

Il
(0]

c6 tén hé thong 1a Carbamid - amidohydrodase (Tén thuong ding

la urease)

3.2. Phén loai enzyme

Muc dich cua phan loai enzyme la dé nhan manh mot cach chinh
xac va tong quat, mdi quan hé va nhimg diéu gidng nhau ciua mot loai
enzyme.

3.2.1. Cac Iop enzyme

Tiéu ban vé enzyme (The enzyme Commission. EC) duoc t6 chirc
boi Hoi hoa sinh qudce té (The internationl Union of Biochemistry, IUB)
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da dua ra cach phan loai thong nhét dua trén cac loai phan tmg va co ché
phan tng. Theo cach phan loai nay thi enzyme dugc chia ra lam sau 16p
16n danh so tir 1 dén 6. Cac so thi tu nay 1a co dinh cho moi 16p.

Sau 16p enzyme theo phan loai qudc té gém co:
1. Oxydoreductase: Cac enzyme xUc tac cho phan ting oxy hoa - khr.

Trong nhom ndy co tit ca cic enzyme c6 cic tén thong thudng di
biét nhu dehydrogenase, oxydase, cytochromreductase va peroxydase.
Trong cac phan tng do chiing xuc tac xdy ta sy van chuyén hydrogen, su
chuyén electron, su oxy hoa bai oxy phan tir, boi hydrogen peroxide hodc
boi cac chit oxy hoa khac.

2. Transferase: Cac enzyme xuc tac cho phan rng chuyén vi.

Céc transferase do ban chit ciia nhitng gbc ma ching van chuyén
c6 thé tham gia vao cac qua trinh trao doi chat rat khac nhau. Trong 16p
transferase bén canh transaminase va methyltransferase con c6 cac kinase
khac nhau (xuc tac chii yéu cho sy van chuyén ctia gdc phosphate tir hop
chit cao nang tdi chit khac, mot phan 16n céc enzyme trude kia goi 1a mutase
va mot vai loai synthetase, vi du cic enzyme tong hop DNA va RNA).

3. Hydrolase: Cac enzyme xuc tac cho phan ing thuy phan.

Trong 16p nay c6 cac enzyme phan giai este (vi du lipid), glucozid,
amid, peptid, protein.

4. Lyase: Cac enzyme xuc tac cho phan ng phan cit khong can
nudc, loai nude tao thanh ndi doi hodc két hop phan tir nude vao nbi doi.

Thude vao 16p nay c6 cac enzyme dugc goi 1a hydratase, aldolase,
decarboxylase cling nhu mot s6 desaminase.

5. Isomerase: Céc enzyme xuc tac cho phan tng déng phan hoéa.

Tinh cho dén cung thi ching xtc tac cho nhimg phan tmg chuyén
cac nhom khac nhau bén trong phan tir. Trong 16p nay khong nhitng c6
nhitng enzyme chuyén hoa cac dong phan hinh hoc va dong phan quang
hoc (nhu alaninracemase) ma ca cac enzyme xtic tac cho cac phan tng vi
du su chuyén hoa aldose thanh cetose (glucosophosphate isomerase, trudc
kia goi 1a phosphohexoisomerase) hodc bién doi vi tri cua lién két este bén
trong phan tr (vi du phosphoglucomutase)

6. Ligase: Cac enzyme xuc tac cho phan tmg tong hop co st dung
lién két giau nang lugng ATP. v.v...
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O day can cha y thém 1a cic enzyme phén cit duoc phan loai véi
tén “lyase”. Néu can bang chuyén dich vé phia tong hop thi enzyme d6
cling co thé duoc goi 1a “synthase”. Nguoc lai chiing ta goi cac enzyme
xuc tac cho phan tng két hop 2 phan tir c6 su tham gia cia ATP hoic cac
nucleotide triphosphate tuong tu hodc ¢ sir dung mdi lién két gidu nang
luong 1a synthetase. Tén goi theo hé théng phan loai cua 16p nay la
“ligase” dé tranh sy doi trao véi tén “synthase” di noi o trén.

M&i 16p (class) lai duoc chia thanh nhiéu 16p phu (sub-class) va
phan 16p phu (sub-sub-class), i sau d6 thir tw ctia enzyme trong phan 16p
phu (cling c¢6 tai liéu phan chia theo: loai (16p), t6, nhém va thu ty
enzyme).

Nhu vay, mdi enzyme trong hé théng dugc phan loai va dat tén
theo ma 4 chit sé biéu thi phan tmg xtc tac: con s dau chi 16p, sd thir hai
chi 16p phu, s6 thtr ba chi phan 16p phu, s6 thtr tu chi rd sb bac tha tu cla
enzyme.

Vi dy, enzyme xtuc tic cho phan rng:
Ethanol + NAD" - acetaldehyde + NADH + H"

c6 tén goi 1a alcohol dehydrogenase (ADH), tén qudc té theo khoa
phan loai la: Alcohol: NAD oxydoreductase, EC 1.1.1.1

Trong d6, mid s6 1 dau tién biéu thi tén 16p enzyme la
oxydoreductase (16p 1); ma s 1 thir hai biéu thi 16p phu 1: tac dung lén
nhém CH - OH cua cac chit cho; ma s6 1 thir ba biéu thi phan 16p phu 1:
chat nhan 13 NAD hay NADP va mi s6 1 cudi cing chi sb tht ty cua
enzyme.

Nhu vy, trong cach goi hé thong ctia enzyme ADH trén c6 tén cia
co chét va ctia coenzyme ciing nhu tén ctia qua trinh chuyén héa hoa hoc
duogc xuc tac voi tan cliing “ase”. Sau tén cua enzyme 14 s6 cua nd theo danh
sach cac enzyme do tiéu ban vé enzyme dé ra (enzyme commission, EC).

3.2.2. Cdc phan ung enzyme
3.2.2.1. Lép enzyme oxydoreductase

Lép enzyme nay gom 14 16p phu, xuc tac cho cac phan ung oxy
hoa khtr. Phan tng oxy hoa twong tng véi su tach dién tir ra khoi co chat,
phan tng khtr 1a phén Gng thu nhan dién tir va thuong di kém véi nhau.

Qua trinh tong quat c6 thé biéu thi nhu sau:
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Axn = Aox+te
BOX +e = Bkh
A + Box = Aox + By

Trong d6 Axy 12 co chat A ¢ dang khtr, Aox la co chat A ¢ dang
oxy hoa, e 1a dién tir, Box 1a co chat B ¢ dang oxy hoa, By 1a co chat B ¢
dang khur.

Céc enzyme thudc 16p ndy la nhiing enzyme 2 thanh phan c6 cac
coenzyme nhu NAD*, NADP*, FMN, FAD, hem... Ngoai kiéu phan loai
chinh thtc theo quy udc qudc té, thong thudng ngudi ta phan biét cac
enzyme 16p nay thanh cic l6p phu nhu dehydrogenase, oxydase,
oxygenase va peroxydase.

- Dehydrogenase: xuc tac cho phan tng tach H truc tiép tir co chat
va chuyén dén NAD'. NADP', FMN, FAD.

- Oxydase: Xuc tac cho qua trinh chuyén dién tir dén oxy do d6 hoat
hoa oxy lam cho nd ¢6 kha nang két hgp véi proton co trong moi truong.

- Oxygenase: xuc tac cho phan tng két hop truc tiép oxy vao phan
tir ciia hop chat hitu co (thuong 1 cac chit co vong thom). C6 thé phan
biét hai loai: oxygenase va hydroxylase. Oxygenase xtic tdc cho phan ung
két hop toan bo phén tir oxy con hydroxylase chi két hgp mot nira phan tir
oxy (thuong & dang OH) vao hop chat hiru co.

- Peroxydase: cac peroxydase dién hinh va catalase co coenzyme 13
hem, xtic tac cho phan tng oxy hoa cac chat hiru co khi c6 H,O..
3.2.2.2. Lop enzyme transferase

Lép nay gom tam 16p phu. Cac enzyme 16p nay cung la nhimg
protein phurc tap, ban chat hoa hoc ciia cac coenzyme rat khac nhau, tuy
theo ban chét ciia nhém dugc chuyén vi. Day la lop cac enzyme chuyen
nhém (khong phai hydrogen) gitra hai co cht, tir co cht A sang co chat B.

A-R+B = B-R+A

Trong d6 A - R 1a co chit A ¢c6 mang nhém R, B - R 14 co chat B
c6 mang nhém R.

Céac enzyme nay xtc tac sy van chuyén cic nhom monocarbon, nhém
alkyl, nhom glucosyl, cac nhdm c6 phosphore, cdc nhém chira luu huynh.
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- Acyltransferase: Cac enzyme ndy xic tac cho phan tng chuyén
nhom acyl thuong 1a thong qua coenzyme A, tao thanh phirc CoAS ~ acyl.

- Glucosyltransferase: xtuc tac cho phan tng van chuyén gc dudng
(hexose, pentose) tir chit cho dén cac chit nhan khac nhau, thudng gip
nhat 12 nhom OH cta mot gdc saccharide khac hodc cac gdc phosphate,
nguyén tir N cua nhan di vong.

Thudc 16p phu ndy con cé cac enzyme phosphorylase, la cac
enzyme véan chuyén glucosyl dén gdc phosphate hoic tir géc phosphate di.

Aminotransferase: cac enzyme nay c6 coenzyme la pyridoxal
phosphate xuc tac cho phan ung chuyén vi nhom amin. Cac phan g quan
trong nhu chuyén thuan nghich nhém amin ctia amino acid dén o - cetoacid.

- Phosphotransferase: Hau hét cac phan {ng chuyen goc
phosphoryl thuong c6 ATP tham gia voi tinh chat 1a chéat cho, gbc
phosphate dugc chuyén tr ATP (hodc c¢6 thé 1a NTP khac) dén nhom
hydroxyl cta alcol hodc saccharide. Cac enzyme ndy thuong co liép vi
“Kinase” (vi du nhu hexokinase)

Thudc phosphotransferase con c6 phosphomutase, xtc tac cho
phan ung chuyén phosphate ndi phan tu.

3.2.2.3. L6p enzyme hydrolase

Lép enzyme ndy bao gébm 10 16p phu, xtic tac cho phan tng thuy
phén, phan Ung nay lam dut lién két ddng hoa tri giita hai nguyén tir ciia
phan tir co chét gin cac phan tr cua phan tir H>O vao cac hoa tri dugce tao
nén do su dut lién két ké trén. Co thé dugc biéu thi nhu sau:

A-B+H,O=A-H+B-0OH
Trong d6 A - B 1a phén tir co chét.

Céc phan tng do enzyme 16p nay xuc tac luén cé nudc tham gia.
Pic diém khac 1a cac hydrolase thuong khong can coenzyme cho hoat
dong xuc tac cua chung. Mot s hydrolase phd bién c6 vai tro quan trong
d6i v6i qua trinh tiéu hoa nhu amylase, peptide hydrolase, lipase...

- Amylase xtc tac cho qué trinh thuy phan tinh bdt, glycogen va
cac polysaccharide tuong tu. C6 3 loai amylase khac nhau vé tinh dic hiéu
tac dung d6i voi lién két glucoside va mot sb tinh chit khac.

a - amylase phan giai cac lién két 1.4 - glucoside ¢ giita chudi
mach polysaccharide, vi vay cling goi l1a “endo - amylase” tao thanh céc
dextrin phén tir thap.
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B - amylase xtc tic phan tng thuty phan lién két 1,4 - glucoside ké
tor dau khong khir tao thanh chu yéu 1a maltose va dextrin phan tu 16n.

Glucoamylase xuc tac cho phan tng thity phan cac lién két 1,4 -
1,6 -glucoside bat dau tir dau khong khir ciia chudi polysaccharide. San pham
chu yéu dugc tao thanh dudi tic dung ctiia enzyme nay la glucose va dextrin.

- Peptide hydrolase xtic tac cho phan tng thuy phan lién két
peptide tao thanh peptide phén tir thap, amino acid. Cac peptide hydrolase
khac nhau c6 tinh dic hiéu khac nhau d6i voi lién két peptide. Mot sb
enzyme phan giai cac lién két peptide & giita chudi mach polypeptide goi
la endo peptide hydrolase hay proteinase (pepsine,  trypsin,
chlmotrypsm ); mot sd khac lai thuy phan cac lién két & dau mut cta
chudi mach, goi 1 exo peptide hydrolase hay peptidase.

- Lipase xtic tac cho phan tng thuy phan triglycerid tao thanh céac
acid béo tu do va glycerol (thiy phan lan lugt ting lién két este)

3.2.2.4. Lop enzyme lyase

Lép enzyme nay gém 5 16p phu, xtc tac cho viéc phan giai tach ra
khéi co chat mgt nhém nao d6 cung voéi viée tao thanh lién két doi1 hoac
két hop vai cac noi doi. Co thé biéu thi nhu sau:

Tl
A—B = A=B + X-Y

Lép nay c6 nhitng enzyme tac dong vao céac lién két C - C, C - O,
C-N,C-S,C - Halogen

Pyruvat decarboxylase xuc tac cho phan g loai CO, khoi phén tir
pyruvic acid, tao thanh aldehyde tuong Umng la acetaldehyde. Coenzyme
ctia n6 1a thiamine pyrophosphase. Enzyme nay c6 mdi quan hé chit ché
véi pyruvat dehydrogenase.

Fumarathydratase xuc tac cho phan tng tach thuan nghich phan t
H,O khoi malic acid, tao thanh fumaric acid (c6 mgt néi do1)
3.2.2.5. Lop enzyme isomerase

Lé’p enzyme gdm 5 16p phu xuc tac cho su bién ddi 1an nhau cta
cac loai ddng phan quang hoc dong phan hinh hoc hay dong phan vi tri.

Trong qué trinh ndy co sy sip xép lai trong phan tir co chat. Co thé biéu
thi nhu sau:
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Pl =
A— B A—B
UDP - glucose - 4 - epimerase xtc tac cho sy chuyén hoa tuong hd
phure tap gitra galactose va glucose, tirc 1a lam xoay nhom OH xung quanh
nguyén tor carbon & vi tri th tu cua duong galactose. Enzyme co
coenzyme NAD", xtc tac cho phan ng:

UDP - galactose == UDP - glucose.

D - glucose - 6 - phosphate - cetoigamerase xuc tac chg phan g
chuyén hoa lan nhau gitra D - glucose - 6 —@Vé fructose - 6 - @

3.2.2.6. Lép enzyme ligase

Lop enzyme nay xitc tac cho nhiing phan tng két hop hai phan tir
v6i nhau nho nang lugng ctia mot lién két giau ning luong trong ATP hay
mot hop chat tuong tu va thuong kém theo su loai bo cac phan tir ciia mot
phan tr nudc. Thude vé 16p enzyme ndy c6 4 16p phu va chung thudng tao
nén céc lienkét C-0,C-S,C-N, C-C.

Céc enzyme ligase xuc tac cho viéc tao thanh aminoacyl - tRNA tir
amino acid va tRNA ¢ giai doan dau tién trong sy sinh tong hop protein.
Ngoai ra chung con xuc tac cho sy sinh tong hgp amiono acid, tao ra
nhirng dan chat acyl - CoA...

Pyruvatcarboxylase xuc tac cho phan tUng carboxyl hoa acid

pyruvic acid tao thanh oxaloacetic acid. Enzyme nay c6 chira nhom phu la
biotin, can acetyl - CoA va Mg"™ cho phan trng xtc tac.



51

TAI LIEU THAM KHAO

Tai liéu tiéng Viét

1. Nguyén Hiru Chén, 1983. Enzyme va xuc tic Sinh hoc. Nxb Y hoc, Ha Noi.
2. Pham Thj Trén Chau, Trin Thi Ang, 2000. Hoa sinh hoc. Nxb Giao duc, Ha Noi.
3.D6 Ngoc Lién, Pham Thi Tran Chau, 1972. Enzyme I, II. Pai hoc Téng
hop, Ha Noi.

4. Nguyén Tién Thang, Nguyén Dinh Huyén, 1998. Giao trinh sinh hoa
hién dai. Nxb Giao duc, Ha Noi.

5 .‘Nguyén Xuan Thing, Pao Kim Chi, Pham Quang Tung, Nguyén Vin
bong, 2004. Hoa sinh hoc. Nxb Y hoc, Ha Noi.

6. Lé Ngoc Tu, La Van Chtr, Pham Tran Chau, Nguyén Lan Diing, 1982.
Enzyme vi sinh vat. Nxb KH&KT, Ha Noi.

7. Lé Ngoc Ta (cha bién), Lé Van Ch, Pang Thi Thu| Pham Qudc Thing
Nguyén Thi Thinh, Bui Pic Hoi, Luu Duan, Lé Doan Dién, 2000. Hoa sinh
Cong nghiép, Nxb KH&KT, Ha Noi.

Tai liéu tiéng nwéc ngoai
1. Bermeyer H. U, Bermeyer J. and Grasel M. (editors). 1983. Methods of
enzymatic analysis. Vol II. Verlag chemie Weinheim.

2. Lehringer A. L., 2004. Principle of Biochemistry, 4th Edition. W.H
Freeman, 2004.

3. Pelmont J., 1993. Enzymes. Presses universitaires de grenobe.

4. Stryer L., 1981. Biochemistry. W.H.Freeman and company. San
Francisco.

5. Biochemical information, 1973. Boehringer Mannheim GmbH.
Biochemica.



52

Chuong 4
Cau truc phan tir enzyme

Enzyme c6 kha nang va hi¢u luc xuc tac rat 1on, c6 tinh dac hiu rat
cao. B¢ dam bdo cho chuc nang cua enzyme la chat xuc tac sinh hoc, cau
tric cia enzyme phai rat tinh vi va phuec tap.

4.1. Ban chit hoa hoc cilia enzyme

Tir gan mot thé ky trudc ddy, cac nha khoa hoc da do x6 vao viée
xac dinh ban chét hoa hoc cua enzyme. Cho dén nay, co thé noi rﬁng,
ngoai nhém nho phéan tir RNA c6 hoat tinh xuc tac, tuyét dai da s6 enzyme
¢ ban chét 1a protein va su thé hién hoat tinh xuc tac phu thudc vao cAu
triic bac 1, 2, 3 va 4 cta phan tir protein va trang thai ty nhién cua chung.
Thuc té 1a ban chit hoa hoc cua enzyme chi dugc xac dinh diung dén tir
sau khi két tinh dugc enzyme. enzyme dau tién nhan duoc ¢ dang tinh thé
1a urease ctia dau twong (Sumner, 1926), tiép theo 1a pepsin va trypsin
(Northrop va Kunitz, 1930, 1931). Sau d6 nhing tac gia khac cling da két
tinh duoc mot s6 enzyme khac va co da bang ching xac nhan cac tinh thé
protein nhan dugc chinh 1a cac enzyme.

Két qua nghién ctru tinh chét hoa 1y cua enzyme dé cho thiy enzyme
cod tat ca cac thugc tinh hoa hoc cua cac chat protein vé hinh dang phan tu:
da s enzyme c6 dang hinh cau (dang hat). Ty 1é giita truc dai va truc ngin
cua phan tir vao khoang 1 - 2 hoac 4 - 6.

i ’Vé khéi lwong phan tu: cac enzyme co khéi lwong phan tir 16n, thay
doi rat rong tir 12000 dalton dén 1.000.000 dalton hodc 16mn hon.

Vi du ribonuclrease c6 khbi luong phan tr la ’12700, glutama}t
dehydrogenase c6 khoi lugng phan tir 1a 1.000.000. Da s6 enzyme c6 khoi
luong phan tu tir 20.000 dén 90.000 hodc vai tram nghin.

Do kich thudc phan tr 16n, cac enzyme khong di qua dugc mang
ban tham. Enzyme tan trong nudc, khi tan tao thanh dung dich keo; chung
cling tan trong dung dich mudi lodng, glycerin va cac dung méi hitu co ¢o
cuc khac. Enzyme khong bén va dé dang bi bién tinh dudi tic dung cua
nhiét 46 cao. Enzyme bi bién tinh thi mat kha ning xtc tac. Muc do giam
hoat tinh ctia enzyme twong tng voi muc d6 bién tinh cua protein trong
ché pham. Kiém, acid manh, kim loai ning ciing lam cho enzyme bién
tinh. Ciing nhu protein, enzyme ciing c6 tinh chit ludng tinh.
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4.2. Thanh phan ciu tao ciia enzyme

Ciing nhu protein, enzyme c6 thé 1a protein don gian hodc protein
phuc tap. Trén co s& do, nguoi ta thuong phan enzyme thanh hai nhoém:
enzyme mot thanh phan (enzyme mot cu tir) va enzyme hai thanh phan
(enzyme hai ciu tir). Truong hop enzyme 1a mot protein don gian goi 1a
enzyme mot thanh phan. Trudng hop enzyme 13 mot protein phirc tap
nghia la ngoai protein don gian con c6 mdt nhoém ngoai nao d6 khong phai
protein goi la enzyme hai thanh phan.

Phan protein ctia enzyme hai thanh phan dugc goi 1a apoprotein hay
apoenzyme, con phan khong phai protein goi la nhém ngoai hoic
coenzyme. Phan khong phai protein thudng 1a nhing chat hitu co dac higu
c6 thé gin chit vao phan protein hodc c6 thé chi lién két 16ng 1o va co thé
tach khoi phan protein khi cho tham tich qua mang. Coenzyme la phan
khong phai protein ctia enzyme trong truong hop khi né dé tach khoi phan
apoenzyme khi cho tham tich qua mang ban thdm va c6 thé ton tai doc lap.
Phan khong phai protein ciia enzyme dugc goi 1a nhom ngoai hay nhom
prosthetic, khi n6 lién két chit ché véi phan protein ctia enzyme bang lién
két dong hoa tri. Mot phirc hop hoan chinh gém ca apoenzyme va
coenzyme duoc goi 1a holoenzyme. Mot coenzyme khi két hop véi céac
apoenzyme tao thanh cic holoenzyme khac nhau xtc tdc cho qué trinh
chuyén héa cac chat khac nhau nhung gidng nhau vé kiéu phan tng.
Coenzyme tryc tiép tham gia phan mg xuc tac, giit vai trd quyét dinh kiéu
phan ng ma enzyme xuc tac va lam ting do bén cua apoenzyme ddi voi
cac yéu td gy bién tinh. Con apoenzyme c6 tic dung nang cao hoat tinh
XUc tic cua coenzyme va quyét dinh tinh dic hiéu cia enzyme. Céc
coenzyme thudng 1 cac dan xudt ctia cac vitamin hoa tan trong nuée. Can
chu y 1a sy phan biét coenzyme va nhom ngoai chi 13 twong ddi, vi kho c6
thé c6 mot tiéu chudn that ranh mach dé phan biét “lién két chit ch&” va
“lién két khong chit ch&”, nhét 1 trong nhitng ndm gan dy, ngudi ta da
ching minh rang, nhiéu coenzyme ciing két hop vao apoenzyme cua
ching bang lién két dong hoa tri. Do d6, ngay nay ngudi ta it chu y dén su
phan biét coenzyme va nhom ngoai. Ngoai ra, trong thanh phan céu tao,
rat nhidu enzyme cé chira kim loai. Thudc loai enzyme hai thanh phan
gdm c6 hau hét cac enzyme cua cac 10p 1, 2, 4, 5, 6. Cac enzyme thiy
phan (16p 3) thuong 1a enzyme mot thanh phan c6 chira ion kim loai hodc
doi hoi ion kim loai 1am cofactor (ddng yéu td).



54

4.3. Céu tric béc 4 ciia enzyme

Trong nhiéu trudng hop, cac chudi polypeptide c6 ciu triic bac ba co
thé két hop voi nhau tao thanh phan tir enzyme c6 ciu truc bac bén. Nhu
vay cau triic bac bdn 13 cach sap xép dic trung trong khong gian cua cac
chudi polypeptide riéng biét trong phan tir enzyme. Ben nay nguoi ta da
xac dinh rang so 16n cac enzyme trong té bao déu co cau triic bac bon. Cac
enzyme c6 cau tric bac bdn 13 enzyme olygomer va polymer do nhiéu don
vi nho cdu tao nén, mdi don vi nho 1a do mot chudi polypeptide. Cac don
vi nho trong mot phan tir enzyme ¢6 thé giéng nhau, nhung cling ¢o the
khac nhau Ve ciu tao va chirc ning, hoic cing ¢ thé mot sb glong
nhau, mot sé khac nhau. Nhirng enzyme do nhiéu don vi nhé ciu tao
nén con dugc goi la cac enzyme polymer va cac don vi nhé dugce goi la
protomer (cac don vi nho con duoc goi 1a cac manh hodc tiéu phan dudi
don vi)

So v&i cadc enzyme monomer, cac enzyme cO cau truc bac bon co
nhirng diém sai khac sau day:

- C6 trong luwong phan tir twong d6i 16n, vao khoang hon 100.000

- Phan tr thuong chira mgt vai trung tdm hoat dong, c6 khi co dén
3,4 trung tam hoat dong.

- Kha nang tuong tac ctia mot trung tim hoat dong véi co chat s&
phu thudc vao trang thai chirc nang cua cac trung tam hoat dong khac.
Trong mot so truong hop, m01 tiéu phan c6 mot trung tdm hoat dong
nhung sy tuong tac giita cac tiéu phan s€ anh huong dén céu hinh khong
gian cia trung tdm hoat dong trén mdi tiéu phan, do d6 anh huéng dén
hoat dong xtic tac cuia enzyme. Trong mot ) truong hop khéc, cac nhoém
dinh chtrc cua trung tdm hoat dong lai nam trén cac tiéu phén khac nhau,
do d6 hoat dong ctia enzyme chi thé hién khi c6 su két hop dung dan giira
cac tiéu phan. Nhu vay, enzyme c6 ciu tric bac bdn cé tinh t chirc cua
mot hé thong hop tac cao.

- La diéu kién can thiét dé xuét hién tinh chét allosteric ctia enzyme.
Can néi thém rang, enzyme allosteric (enzyme di lap thé, di khong gian) 1a
enzyme ma chit trao d6i c6 thé 1am anh hudng (e ché hodc hoat hoa) 1én
tac dung cua ching. Hinh nhu hién tuong di lap thé (allosteric) bt dau
xay ra trudc hét & cac enzyme dugc xay dung nén tir mot s6 tiéu don vi vi
hiéu tng di 1ap thé c6 anh hudng dén d6 bén cua lién két gitra cac tiéu don
vi ndy (xem thém & phan enzyme di 1ap thé).
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- GOm cac tiéu phan duéi don vi: Pa sd cac enzyme co ciu tric bac
bdn chira tir 2 - 4 protomer, mot s6 enzyme khac chia tir 6 - 8 protomer.
Vi du enzyme catalase co6 trong Iugng phan tir 252.000, chira 6 manh dudi
don vi, mdi manh c6 phan tir luong 1a 42.000.

Mot s0 enzyme chira dén 12 protomer vi du nhu arginine
carboxylase, oxaloacetate carboxylase.

- Su sap xep cia cdc manh dud¢i don vi trong phan tr enzyme
thudng cé tinh chat dbi xtimg cao.

C6 4 kiéu chinh, duoc biéu thi ¢ hinh dudi day.

D &

Hinh 4.1. Su sap xép cia cac tiéu phan trong enzyme c6 cau tric bac bon

- Céc tiéu phan tuong tic véi nhau bang cac kiéu lién két khac nhau.
Trong da s6 trudng hop nho twong tac ky nudc, lién két hydrogen, moi sb
truong hop khac nho lién két disulfide (vi du glucoseoxydase cua
Asp.niger) hodc cdu polypeptide (vi du nhu ¢ enzyme leucin-s-RNA-
synthetase). Cau polypeptide nay c6 vai tro quan trong voi tinh dac hiéu
ctia enzyme, khi mat no s& thay doi tinh chat phan tng.

Can luu v 13 d6 bén cua twong tac giita cac tiéu phan phu thudc vao
kiéu lién két giita chung. Vi vay, dudi tac dung cua cic hoa chét khac
nhau, cac enzyme c6 thé bi phan ly thuan nghich thanh cic manh dudi don
vi. Vi du lién két ‘hydrogen bi pha v6 dudi tac dung cua uré, clorua
guanidin chloride ndng do cao; twong tac ky nudc bi pha v& dudi tac dung
ctia mot s6 dung mo6i hitu co nhu dioxan, ethylen clorhydrin v.v... va muodi
trung hoa & ndng do rat cao.

bo bén cdu tric béc bén ctia phéan tr enzyme phy thude vao ty 1¢
gila tong sb thé tich cac gdc acid ky nudc (Vi) véi tong s6 thé tich cac
goc amino acid wa nude (Vu) trong phan tir enzyme. Néu Vi/Vu > 1, cau
tao bac bon cua phan tir kha bén vimg; nguoc lai néu Vi/Vu < 1, khong
tao thanh céu tric bac bén hodc néu co thi cling khong bén virng. Vi du,
cytochrome C, ribonuclease dé dang tao thanh ciu triic olygomer, nhiing
cau trac ndy dé dang bi phan ly ngay ca khi loc qua gel sephadex. Tuy
nhién ty 18 Vi/Vu cta cic enzyme co cdu tric bac bén khong phai luén
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ludn 16n hon ty s Vi/Vu cua cac enzyme monomer, tri lai trong mot sd
truong hop c6 thé bang hoic bé hon. Vi du enzyme polymer
phosphorylase b ¢6 ty 1& Vi/Vu gibng v6i o - chymotrypsine (1,04) va
nho hon ty 1€ Vi/Vu cua lysozyme. (1,08)

Su hinh thanh cAu tric bac bdn 12 bude dau tién trén con duong hinh
thanh cac hé thong t6 chuc cau tric dudi té bao.

4.4. Trung tam hoat dfong ciia enzyme

Toan bo cdu tric khong gian ciia phan tir enzyme c6 vai trd quan
trong dbi véi hoat tinh xtc tac cua enzyme. Tuy nhién, hoat dong cua
enzyme lién hé tryc tiép voi mot phan xac dinh trong phén tir enzyme.
Trung tdm hoat dong cua enzyme la phan ctia phan tir enzyme truc tlep két
hop voi co chat, tham gia tryc tiép trong viéc tao thanh va chuyen hoa
phtc chét trung gian giita enzyme va co chat dé tao thanh san pham phan
mg. Trung tdm hoat dong bao gdm nhiéu nhém chirc nang khac nhau cta
amino acid, phan tir nudc lién két va nhidu khi co ca cofactor hitu co
(coenzyme) va vo co.

O céc enzyme mot thanh phan, trung tim hoat dong thuong bao gdm
mdt t6 hop cac nhom chirc ning ctia amino acid khong tham gia tao thanh
truc chinh cta soi polypeptide. Vi du nhom - SH cua cysteine - OH cua
serine, threonine va tyrosine, € - NH, cua lysine, -COOH cua glutamic
acid, aspartic, vong imidazol cua histidine, indol ctua tryptophan, nhém
guanidin cia arginine.

Céac nhém nay c6 thé ¢ xa nhau trong mach polypeptide nhung lai
gan nhau trong khong gian, dugc dinh huéng xac dinh trong khong gian
cach nhau nhitng khoang cach nhit dinh sao cho chung c6 thé twong tac
v6i nhau trong qua trinh xtc tac.

Vi du: trung tdm hoat dong ciia o - chymotrypsin bao gdm nhém
hydroxyl cua Ser - 195, imidazol ctia His - 57 va nhém carboxyl ctia Asp -
102. Cac gbc ndy & kha xa nhau trong chudi polypetide nhung giira cac
nhom chtrc ning cua chiing chi cach nhau tir 2,8 - 3,0 A.

Trung tim hoat dong cta cic enzyme hai thanh phin thudng bao
gdm nhom ngoai (vitamin, ion kim loai ...) va cac nhoém chirc ning cia cac
amino acid & phan apoenzyme.

Sy tuwong ng vé cdu hinh khéng gian giita trung tam hoat dong va
co chat duoc hinh thanh trong qué trinh enzyme tiép xtc véi co chat.
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Theo quan ni¢m cua Fisher thi trung tdm hoat dong cua enzyme da
duoc hinh thanh sin véi mot ciu tao nhét dinh chi cho phép co chét c6 ciu
tao twong ung két hop vao. Do d6 c6 thé vi sy twong tng d6 nhu “6 khoa
v6i chia khéa”(Hinh 4.2.a).

Co chat
Co chat
Vung hoat dong %
Enzyme

a b Phtic hop ES
Phtre hop ES

Enzyme
a. b.
Hinh 4.2 Mo hinh Fisher (a) va m6 hinh Koshland (b)

Thuyét nay tuy ciing giai thich duoc mot sé hién twong nhung khong
giai thich thoa dang duoc nhiéu két qua thu dugc trong thuc nghiém. Vi
vay, Koshland dd dua ra mot gia thuyét khac hap din va té nhi hon. Theo
thuyét nay thi dic diém cta vung trung tdm hoat dong 1 rat mém déo va
linh hoat, cdc nhom chirc ndng cta trung tam hoat dong cuia enzyme tu do
chua & tu thé sin sang hoat dong, khi tiép xtc voi co chit, cac nhém chirc
ning & trong phan trung tdm hoat dong ctia phan tir enzyme thay doi vi tri
trong khong gian, tao thanh hinh thé khép voi hinh thé ciia co chat (Hinh
4.2.b). Ciing vi vdy, ngudi ta goi mo hinh nay 1a mo hinh “tiép xtic cam
ung” hodc “khép cdm ung”.

Giita co chat va trung tdm hoat dong tao thanh nhiéu tuong tac yéu,
do d6 co thé dé dang bi cit dut trong qua trinh phan tng dé giai phong
enzyme va san pham phan mg.

Trung tdm hoat dong cua cac enzyme cd ciu trac bac 4 ¢ thé nim

trén mot phan dudi don vi hodc bao gdm céc nhom chirc ning thudce cac
phan dudi don vi khic nhau.

4.5. Phwong phap thim do va phat hién cic nhom chirc niang
trong trung tim hoat dong ciia enzyme
Day 1a viéc kho khan va phuc tap, phai st dung hang loat phuong

phép khac nhau. Khi xac dinh dugc vai tro quan trong cua mgt nhoém nao
do6 doi véi hoat tinh enzyme, chua c6 nghia 1a nhom do6 thudc trung tam
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hoat dong ctia enzyme, bédi vi ¢6 nhi€u nhém chirc nang chi lam nhi€ém vu
duy tri cau triic khong gian hoat dong cho phéan tir enzyme.

Mubn tham do, phét hién va xac dinh cac nhém chirc ning ciia phan
tr enzyme, nguoi ta thuong dung cac phuong phap vat 1y, hoa hoc, xac
dinh hang sb ion hoa cua cac nhom chirc nang va t6t nhat 1a két hop vai viée
nghién ctru cu tric phan tir ctia enzyme va ciia trung tim hoat dong.

Céc phuong phap vat 1y ¢6 kha nung pha huy mot cach dac hi¢u cac
nhom chirc ning cta enzyme thuong khong nhiéu, vi kho co thé chon
dugc cac tac nhan chi pha huy mot s6 nhém héa hoc nhat dinh ma lai
khong lam anh huéng dén toan bg cu tric ciia phéan tir enzyme. Chinh vi
véy, thong thuong nguoi ta khoa, pha huy, hoac danh dau cac nhom chirc
ning d6 bang cac thude thir hda hoc nhu chit e ché dic hiéu, co chit
hodc coenzyme .

4.5.1. Phirong phdp ding chdt irc ché
Tuy trudng hop 6 thé dung cac chat tic ché dic hiéu khac nhau, vi du:

- Péi véi mot s6 enzyme oxy hoa khir c6 nhoém hoat dong 13 ion sit
ngudi ta dung xyanua (cyanide CN) dé phat hién vai tro cta ion sit ddi véi
hoat tinh ctia enzyme vi CN két hop véi ion sat 1am cho enzyme mat kha
nang van chuyén dién tir. Vi du CN e ché enzyme cytochromoxydase.

- Mot s6 enzyme can c6 ion kim loai tham gia vao qua trinh xtc tac
hodc dé git on dinh ciu tric phan tir enzyme. Pé thim do phat hién dic
tinh can kim loai cta chung, ngudi ta dung chéat két hop kim loai nhu
EDTA (Ethylen diamino tetraacetate) hodc orthophenantrolin... Néu 1a
enzyme can kim loai thi s& mat hoat tinh.

- Dé tham do vai trdo nhom - S - CH; ctiia methionine ddi vai hoat
tinh ctia enzyme thi oxy hda nhom nay thanh sunfoxit twong tmg: - S - CH
va enzyme s& mat kha ning xuc tac. "o

3

- Vai trd ctia nhém - SH cuia Cysteine ddi voi hoat dong ciia enzyme
dugc xac dinh bang cach cho phan tmg v6i mudi kim loai ning hodc din
chit cua ching vi du PCMB (parachloromercuri - benzoate) hodc cho
phan ing v6i iodoacetate.

Dudi tac dung cua céac chit d3 néu, nhém SH cua enzyme s€ bi khoa
va enzyme mat hoat dong.

- Pé phat hién nhom imidazol ctia Histidine ddi voi hoat tinh cta
enzyme nguoi ta phd huy nhém nay bang phuong phép oxy héa quang hoc
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v6i sy ¢6 mat cua xanh metylen hodc cho phan ng v6i iodoacetate. Khi
nhom chirc nay bi pha huy hoac bi khoa thi enzyme déu mat hoat tinh.

- Pé tim hiéu vai tro ctia nhom € - NH, cuaa lysine c6 thé cho phan
tmg v6i fluordinitro benzen (FDNB) dé tao thanh dinitrophenyl (DNP)
mau vang. FDNB phan tng v&i cac nhanh bén ctia amino acid khac nhu
imidazol, phenol, thiol thi tao ra dan chat DNP khong mau.

Ciing c6 thé tc ché nhom € - NH, bang cich cho phan tmg voi
nhirng y€u to oxy hoa.

- Vai tro ctia nhém - OH cua serine d6i v6i hoat tinh ctia enzyme
dugc tham do bang cach cho tic dung v&i chdt e ché dic hiéu la
diisopropylfluor-phosphate (DFP). DFP s¢ khoa nhom - OH cua serine va
enzyme mat hoat tinh.

Trong mdt s trudng hop cac nhom chirc ning tham gia vao co ché
xuc tac c6 thé dugc phat hién dé dang hon so v6i cac nhom héa hoc khac
cung loai, do 1a nho kha ndng phan ing da tang I1én do vi tri dac biét cua
chung trong phan tir enzyme.

4.5.2. Phirong phdp danh dau bang co chdt ddc hiéu hodc coenzyme

- Nhiéu ngudi cho rang dung co chit dic hiéu dé danh diu cac nhom
chirc ning 13 hop 1y nhét song ciing gap nhiéu kho khin va phirc hop duoc
tao thanh thuong khong vimg bén (phirc hop enzyme - co chat dé dang bi
phan ly nguoc chiéu, phirc hop enzyme - san pham cua phan tng ciing
phan ly véi téc do cao). Tuy vay, bang phuong phép thuc nghiém khén
khéo nguoi ta di tach dugc cac san pham trung gian cua phan tng két hop
v6i enzyme bang lién két dong hoa tri ving bén. Vi dy nhu nguoi ta da
tach dwoc phosphoserine danh dau trong truong hop cua
phosphoglucosemutase & qué trinh phan tmg van chuyén phosphore, hoic
phic hop enzyme v&i san pham trung gian cia triosephosphate
dehydrogenase.

- Phuong phéap danh déu bang coenzyme ciing dugc sir dung va cé
gia tri trong mot sé trudng hop. Nhu nguoi ta da nghién ctru trung tim
hoat dong cua cytochrome C bang cach dung coenzyme heme lam chat
danh dau cting nhu dung pyridoxal phosphate lam chat danh dau dé nghién
ctru mot s6 enzyme can coenzyme nay lam yéu t6 phdi hop.

Can luu ¥ 1a chi c6 thé dung coenzyme, co chat hay chat gidng co
chat d¢ danh dau nhirng nhém chirc nang trong trung tdm hoat dong cua
enzyme khi nao lién két hoa hoc gitra chat ddnh dau véi nhitng nhom nay
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du vitng bén hodc duoc bién thanh nhiing lién két viing bén bang phuong
phap thich hgp. Mit khac, khi co chit hodc coenzyme két hop véi enzyme
da lam cho enzyme khong bi trc ché boi cac thude thtr dic hiéu co thé do
enzyme hodc co chit di két hop voi cac nhém chirc ning, hodc ciing c6
thé 1am ngin cach mot cach dic hiéu giira cac nhém chirc ning cia
enzyme va thudc thir. Nhu vay, & cac trudng hop dd néu, cac nhom chirc
ning déu duoc két luan bang cach suy luan gian tiép chu khong phai bang
cac két qua thuc nghiém truc tiép.

4.5.3. Xac dinh tri sépK cua cac nhom hoat dong

Enzyme 12 mot phén tir protein ddc hiéu c¢6 nhidu nhém héa hoc c6
thé bi ion héa, nén enzyme c6 thé ton tai dudi nhidu trang thai ion hoa
khac nhau; nhung thuong chi c6 mot dang ion ctia phan tir enzyme c6 kha
nang thé hién hoat tinh xtc tac, trong d6 chinh trang théi ion hoa cua cac
nhom hoat dong ciia enzyme c6 lién quan tryc tiép dén qua trinh xuc tac.

Trang thai ion héa ctia cac nhom khac khong co lién quan truc tiép
dén co ché xuc tac cia enzyme thuong khong anh hudong dén hoat tinh cua
enzyme.

Trang thai ion hoda cua enzyme, ctia co chit va cua phirc hop
enzyme-co chét chiu anh hudng truc tiép cia pH cta méi truong phan
mg. Do d6 nghién ctru anh hudng ciia pH dbi véi hoat tinh enzyme c6 thé
tim duoc trj s6 pK ctia nhom hoat dong ciia enzyme (K = hang s ion hoa,
pK = - logK), Vi tri s6 ctia pK c6 thé suy doan cac nhom hoat dong ctia
enzyme.

Ciing can chi y rang, phuong phap xac dinh tri s6 pK chi 1a nhimng
chi dan so bd va can phai phdi hop véi nhiéu phuong phap khac.

4.5.4. Nghién ciru cdu triic phdn tiv

Céc phuong phap hda hoc dac hiéu hoac xac dinh tri $6 pK chi la
nhing thong tin can thiét dé suy doan va chua du dé chimg minh vé vai trd
cua cac nhom hoat dong. Vi vay can phai nghién ctru cAu tao hoa hoc va
ciu tric khong gian cua phan tir enzyme va dic biét 13 cua trung tim hoat
dong. Bang cach cit bo dan cac gbe amino acid ctiia phan tir enzyme ngudi
ta da chung minh hoat do enzyme chi phu thudc vao mot s6 bo phan nhét
dinh cua phan tr enzyme.Vi du papain la enzyme thily phan protein, khi bi
cit bo 2/3 sb géc amino acid van con hoat dong, trung tim hoat dong nam
& dau nhém - COOH.



61

4.6. Cac dang phan tir ciia enzyme

Trong ciu trac phan tir ciia enzyme, tinh chit tinh vi va phuc tap
khong chi gidi han ¢ pham vi timg phén tir, tir thinh phan ciu tao va cac
bac ciu tric cho dén ciu tao cua trung tdm hoat dong cung véi vai tro cua
cac nhom chic ning ma con thé hién ¢ tinh da dang cia cac phan tir
enzyme. Tinh da dang cta nhiéu enzyme khac nhau da duoc phat hién &
cac co thé séng khac nhau tir ngudi, dong vat, thuc vat dén vi sinh vat.
Nguoi ta thay rang c6 nhimng enzyme xuc tac cung mot phan ung hoa hoc
va c6 cung tinh dac hiéu co chat nhung c6 ngudn goc khac nhau nén thé
hién nhiéu tinh chat khac nhau. Aldolase c6 ngudn gdc tir nAm men c6
nhidu tinh chat khac véi aldolase ciia md dong vat; pepsin, trypsin,
chymotrypsin, xanthin - oxydase va lysozyme cling c6 nhitng dang phéin
tr khac nhau. Nhiéu enzyme tuong ty nhau thu dugc tir cung mét loai mo
nhung cta nhiing loai khac nhau ciing c¢6 nhing tinh chat khac biét nhau:
o - amylase cua dich nudc bot va dich tuy cta nguoi thi giéng nhau
nhung chung khac voi a - amylase thu dugc tur tuy lon vé do hoa tan, vé
pH thich hop va mot sé tinh chat khac. Nhiing enzyme ¢6 ngudn goc tir
nhiting m6 khéc nhau cia cung mot loai, tuy xuc tac cung mdt loai phan
mg héa hoc, nhung khac nhau rat rd rét vé tinh dic hiéu co chat nhu
truong hop cua nhimg cholinesterase. Cac enzyme xuc tac nhimg phan
ung chuyen hoa gidng nhau trong cac té bao ciia nhiéu moé khac nhau co
tinh chat dic hiéu co quan, vi du lactat dehydrogenase cua co tim va co
xuong khic nhau 16 rét vé tdc do di chuyén dién di va nhiéu tinh chét
khac. Ngay trong mot md hay mot co quan, ciing ton tai nhimg dang phan
tr khac nhau: trong co tim it nhat ciing c¢6 hai dang phan tir cia lactat
dehydrogenase c6 toc do di chuyén dién di khac nhau, tir nAm men c6 thé
tach ra duoc bdn dang phédn to cua phosphoglyceraldehyde
dehydrogenase. Trong mot té bao, mét enzyme nao dé cling co thé co
nhiing dang phén tir khac nhau ton tai trong cac bd phan khac nhau cuia té
bao, vi du aspartat aminotransferase c6 dang phén tir trong ty lap thé khac
vo1 dang phan tir ciia enzyme nay & bao tuong.

Nhu vay, tinh da dang ciia cac phéan tr enzyme c6 thé thé hién &
nhiéu muc do, tir cac loai khac nhau dén cac mé hay co quan khac nhau
clia cing mdt co thé va ngay ca cac bd phan khac nhau ciia ciing mot té
bao. Cac dang phén tir khac nhau ctua cung mot enzyme, tuy cung c6 chirc
nang xuc tac mot phan ng hoa hoc giong nhau nhung vi cau trac phan tur
ctia chiing déu it nhiéu c6 khac nhau, do d6 chiing c6 nhiing tinh chét khac
nhau vé héa hoc, vat ly, mién dich ... thAm chi ngay ca dong hoc va tinh
dac hiéu cua phan g enzyme.
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Theo kién nghi chinh thirc ctia iy ban thudng truc vé enzyme cia
Ho6i Hoa sinh Qudc té, danh tir isoenzyme duoc dung dé chi nhitng dang
phan tir khac nhau cta mot enzyme ton tai trong mot loai; ngoai danh tir
nay, danh tir isozyme ciling dugc quen dung.

Theo mot s tac gia, khi phan loai cac dang phan tir khac nhau cta
enzyme, phai phan bi¢t gilta isoenzyme va heteroenzyme. Danh tu
isoenzyme chi danh cho nhiing dang phan tir cia mot enzyme c6 ngudn
gbc tir cting mot co quan va mo ciing nhu phai ¢6 cing hoat dong xtc tac
nhu nhau; danh tir heteroenzyme danh cho nhiing dang phén tr cung c6
hoat dong xuc tac giéng nhau nhung c6 thé c6 ngudn gbe tir cac co quan
hoac loai khac nhau.

Trong cic enzyme da dang da trinh bay, cic isoenzyme lactat
dehydrogenase dugc nghién ctru dic diét ki do ching c6 ¥ nghia vé mit
chan doan bénh. Chiing c6 5 dang phéan tir tetrame c6 cung trong luong
phan tir nhu nhau c6 thé phan chia duoc riéng r& bang dién di thanh cac
c4u tir rat khac nhau.

4.7. Phirc hgp multienzyme

Trong co thé song, ngoai cac enzyme polyme - nhiing enzyme c
cau triic bac bon, do nhidu don vi nhé céu tao nén; con ton tai hé thong
nhleu enzyme hay con goi 1a hé thdng multienzyme. D6 1a nhing h¢ thong
gdm céc enzyme c6 lién quan voi nhau, xuc tac cho day chuyén phan ting
clia mdt qué trinh trao ddi xac dinh, trong d6 san pham cta phan ng do
enzyme trudc xuc tic 1a co chit ciia enzyme xiic tic cho phan tng tiép
theo.

C6 thé minh hoa h¢ théng gém 3 enzyme E,, E,, E; xuc tac cho day
chuyén phan img nhu sau:

E, E, E;
A-B-C->D

Trong so dd nay, A 1a co chét cia E;, B 1a san phdm cua phan tng
do E, xuc tac nhung lai la co chat cia E; v.v...

Céc hé thdng nhiéu enzyme trong té bao c6 mirc do t6 chirc phirc tap
khac nhau. Cac enzyme trong hé thong nhiéu enzyme c6 thé ton tai riéng
ré ¢ dang hoa tan, khong lién két v&i nhau hodc c6 thé két tu voi nhau, lién
két véi nhau kha bén tao thanh phirc hop nhidu enzyme khi tach riéng khoi
phtc hop enzyme, s& mat hoat tinh xtc tic. Ngoai ra, mot s6 hé thong
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enzyme c6 thé lién két véi thanh phan ciu tao cua té biao nhu mang
ribosome. Céc enzyme ctia chudi hd hap xuc tac cho qua trinh chuyén dién
tir tir co chat dén oxy, dugc gdn chit vao mang trong cia ty thé va thuc
chat 13 mot phan cdu trac cua ty thé. Nguoi ta da gap cac phic hop
multienzyme trong nhiéu qua trinh chuyén hoéa: qua trinh khir carboxyl
oxy hoa ctia pyruvic acid tao thanh acetyl coenzyme A, qua trinh tong hop
acid béo ngoai ty lap thé & nim men, loai c¢6 vi, lodi chim..., qua trinh
tong hop nhitng peptide co6 hoat tinh khang sinh nhu gramicidine va
tyrocidin, qua trinh tong hop tryptophan v.v...
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Chuong 5
Tinh dac hiéu cua enzyme

5.1. Khai niém chung

Do céu tric Iy hoa dac biét cua phan tir enzyme va dac biét la cua
trung tdm hoat dong ma enzyme c6 tinh dic hiéu rat cao so voi nhimng chat
xtc tac thong thuong khac. Moi enzyme chi co kha ning xuc tac cho sy
chuyén hoa mot hay mot s chat nhat dinh theo mot kiéu phan tng nhat
dinh. Pac tinh tadc dung lya chon cao nay goi la tinh ddc hiéu hodc tinh
chuyén hoa ctia enzyme. Tinh dac hi€u 1a mét trong nhirng ddc tinh co ban
quan trong nhat cia enzyme.

5.2. Cac hinh thirc dic hiéu

C6 thé phan biét hai kicu ddc hidu: ddc hiéu kiéu phan tmg va ddc
hiéu co chat.
5.2.1. Péc hiéu kiéu phan iing

Phan nhiéu mdi enzyme déu co tinh dic hiéu véi mot loai phan ung
nhat dinh. Nhimng chat c6 kha ning xay ra nhiéu loai phan tng hoa hoc thi
mdi loai phan ng 4y phai do mot enzyme dic hiéu xtc tac. Vi du, amino
acid c6 kha nang xay ra phan ing khu carboxyl, phan (mg khur amin bang
cach oxy hoa va phan img van chuyén nhom amin, vi vdy mdi phan tng
ay can c6 mot enzyme dic hiéu twong Ung xuc tac theo thu tu 1a
decarboxylase, aminoacid oxydase va aminotransferase.

5.2.2. Bdc hiéu co chdt

Mai enzyme chi xtc tac cho su chuyén hoa mot hodc mot sb6 cht
nhat dinh. Mrc d¢ dac hiéu co chat cua cac enzyme khac nhau khong
gidng nhau, nguoi ta thuong phan biét thanh cdc mirc nhu sau:

- Biac hiéu tuyét doi

Mot s6 enzyme hau nhu chi xtc tac cho phan tng chuyén hoéa mot
co chat xac dinh va chi xtc tac cho phan tng ay ma thoi.

Vi du: Urease, arginase, glucoseoxydase v.v... Dbi véi cac enzyme
nay, ngoai cac co chat dac hi¢u cua chiing 1a ure, arginine, 3 - D - Glucose
(theo thur ty twong Gmg) ching ciing co thé phan giai mot vai chat khac
nhung voi véan toc thap hon nhidu. Chang han nhu urease, ngoai ure n6
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con ¢6 thé phan giai hydroxyure nhung voi téc do thip hon 120 1an. Nhu
vay urease c6 thé xuc tac cho hai phan tng sau:

H:N
\
C=0 + H,O i CO, + 2NH;
/
HN  ure
HOHN
\
C=0 +HO 0 7. NH,OH + NH; +CO,
/ hydroxyamin

H,N  hydroxyure

Dbi v6i truong hop glucose oxydase: enzyme nay cé trong cac loai
nam moc, c¢6 kha nang oxy hoa dac hiéu B-D-glucose thanh gluconic acid

Glucose oxydase

B-D-glucose —— P gluconic acid

Enzyme niy c6 kha ning phan giai 10 co chit song véi kha niang
nhd hon nhiéu.

Vi du: néu coi toc do oxy hoa twong ddi acid B-D-glucose 1a 100%
thi a.D.glucose chi bang 0,64 % (ngoai ra maltose 0,19%, D.galactose
0,14%).

Hinh nhu trong truong hop dic hiéu tuyét ddi, cdu trac trung tim
hoat dong cua enzyme tuong ing rat chat ché vdi cau triic cia co chat dén
muc chi mdt sai khac nho ve cau tric cua co chat cling du lam cho enzyme
khong xuc tac duogc.

Nhitng enzyme c6 tinh dic hiéu tuyét d6i thuong duoc dung dé dinh
lugng chinh xac co chat cua no.

- Bac hiéu nhom tuyét ddi

Céc enzyme ndy chi tac dung 1én nhitng chét c6 cung mot kiéu cdu
tric phan tr, mot kiéu lién két va co nhiing yéu cau xac dinh ddi v6i nhom
nguyén tr & phan lién két chiu tac dung. Vi du: maltase thuéc nhom a -
glucosidase chi xtic tic cho phan ng thiy phan lién két glucoside dugc
tao thanh tor nhém OH glucoside cua a - glucose v&i nhom OH cua mét
monose khac.
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- bac hiéu nhom tuong ddi

Mtc d§ dac hi€u cia cac enzyme thudc nhom nay kém hon nhém
trén. Enzyme c6 kha niang tac dung 1én mot kiéu lién két hoa hoc nhat dinh
trong phan tir co chit ma khong phu thudc vao cau tao cia cic phan tham
gia tao thanh mbi lién két d6. Vi du lipase c6 kha niang thiy phan duoc tat
ca cac mdi lién két este. Aminopeptidase ¢ thé xtic tac thuy phan nhiéu
peptid

- bBéc hiéu quang hoc (dac hi¢u lap thé)

Hau nhu tat ca cac enzyme déu c6 tinh dic hiéu khong gian rat chat
ché, nghia 1a enzyme chi tac dung véi mot trong hai dang dong phén
khong gian cua co chat.

Enzyme chi tac dung véi mot trong hai dang ddng phan quang hoc
ciia cac chat. Vi du phan ung khir nuéc cua malic acid dé tao thanh
fumaric acid dudi tac dung ctia fumarathydratase chi xay ra d6i voi L -
malic acid ma khong tac dung 1én D - malic acid :

COOH CH - COOH
| 1
HO- CH 0 fimeEe,  HOOC - CH
| hydratase
CH,
|
COOH
L-malic acid Fumaric acid

Enzyme cling thé hién tinh dic hiéu 1én mot dang dé)ng phan hinh
hoc cis hodc trans. Vi du: enzyme fumarathydratase chi tdc dung 1é€n dang
trans cta fumaric acid ma khong tac dung 1én dang cis dé tao thanh L —
malic acid :

COOH
|
HOOC - CH 0 fymepe HO - CH
I hydratase |
CH - COOH CH,
|
COOH

fumaric acid (dang trans) L-malic acid
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Trong ty nhién ciing c6 cac enzyme xuc tac cho phan mg chuyén
hoa twong hd giita cac cap dong phan khong gian teong Ung. Vi du,
lactatracemase cua vi khuan xuc tac cho phan mg chuyén hoa 1in nhau
gitta D va L — lactic acid, aldo - 1 - epimerase xuc tic cho phan tmg dong
phan héa a - D - glucose thanh B - D - Glucose, maleinat cis - trans
isomerase ctia vi khuan xtc tac cho phan tmg déng phan héa giita maleic
acid (dang cis) va fumaric acid (dang trans)v.v... Cac enzyme nay co6 vai
trd quan trong khi san xuat cic chat dinh duong bang phuong phap hoa
hoc, vi chung c6 thé chuyen cac chit tir dang co thé khong thé s dung
duoc thanh dang c6 thé hap thu.

Enzyme con c¢6 kha ning phan biét dugc 2 gdc ddi xtmg trong phan
tr giéng nhau hoan toan vé mat hoa hoc. Vi du, hai nhém - CH,OH trong
phan tir glycerin, glycerophosphatkinase xuc tac cho phan tng chuyén vi
gbc phosphate tir ATP dén C; cua glycerin (chir khong phai C)).
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Chuong 6
Co ché tac dung ciia enzyme

6.1. Co ché ciia phan {ng c6 xic tic néi chung

Van toc phan g hoéa hoc dugc xac dinh boi gia tri nang luong hoat
hoa tirc 12 muc nang luong cac chat tham gia phan tng phai dat dugc dé
cit dut lién két can thiét va hinh thanh céc lién két méi. Nang luong hoat
hoa cang 16n thi van tdc phan tmg cang chdm va nguoc lai. Do 1am giam
nang luong hoat hoa phan tmg, cac chit xiic tic co tac dung thuc day van
téc phan tng hoa hoc.

Vi duy, bot platin 1a mot chat xtc tac hoa hoc duoc sir dung rong rii.
Vi cac chat tham gia phan Gng trén bé mit platin déu duoc chuyén sang
trang thai c6 kha ndng phan tng cao hon. Do vdy nang lugng hoat hoa sé€
nho hon va tdc dd phan tng s& cao hon.

Nhu vdy, trong cac phan ing c6 xuc tac, chat xuc tac lam giam ning
luong hoat hda ctia phan img hoa hoc, c6 nghia 1a n6 chi tham gia vao cac
phan tmg trung gian ma khong dong vai tro 13 chat tham gia phan Gmg. Sau
phan tg, chat xuc tac lai phuc hdi vé trang thai ban dau dé tiép tuc xuc tac.

6.2. Co che caa xuc tac enzyme

Hau nhu tat ca cac bién ddi hoa sinh trong té bao va co thé séng déu
dugc xuc tac boi enzyme & pH trung tinh, nhiét do va ap sut binh thuong
trong khi da sb cac chat xtc tac hoa hoc khac lai chi xtc tac & nhigt do va
ap suét cao.

Chinh nho viéc tao dugc moi truong dac hi¢u (boi trung tam hoat
dong cua enzyme lién két voi co chat) co6 lgi nhat vé mat nang luong dé thuc
hi¢n phan trng ma enzyme c6 dugc nhitng kha nang dac bi¢t da néu trén.

Trong phan ng c6 sy xUc tac cua enzyme, nho sy tao thanh phuc
hop trung gian enzyme - co chit ma co chit duoc hoat hoa. Khi co chét
két hop vao enzyme, do két qua cua sy cuc hoa, su chuyén dich cua cac
electron va sy bién dang cua cac lién két tham gia tryc tiép vao phan tng
dan t6i lam thay ddi dong ning cling nhu thé ning, két qua 1a lam cho
phan tir co chat tré nén hoat dong hon, nhd d6 tham gia phan tng dé dang.
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Nang lugng hoat hoa khi c6 xuc tac enzyme khong nhiing nho hon
rat nhiéu so vdi truong hop khong cd xtic tdic ma cling nhdé hon so véi ca
treong hop c6 chat xuc tac thong thuong.

Vi du trong phan tmg phan hity H,O, thanh H,O va O, néu khéng ¢
chat xuc tac thi ning luong hoat hoa 1a 18 Kcal/mol, néu ¢ chat xuc tac 1a
platin thi ning lugng hoat héa 1a 11,7 Kcal/mol, con néu c6 enzyme
catalase xuc tac thi nang luwgng hoat héa chi con 5,5 Kcal/mol.

Nhiéu dan liéu thuc nghiém da cho thdy qué trinh tao thanh phuc
hop enzyme co chat va sy bién doi phirc hop ndy thanh san pham, giai
phong enzyme tu do thudng trai qua ba giai doan theo so do sau.

E+S - ES - P+E

[Trong do E 1a enzyme, S la co chat (Substrate), ES 1a phirc hop
enzyme - co chat, P 1a san pham (Product)

- Giai dogn thir nhat: enzyme két hop voi co chét bang lién két yéu
tao thanh phirc hop enzyme - co chat (ES) khong bén, phan ing nay xay ra
rat nhanh va doi hoi nang luong hoat hoa thap;

- Giai doan thir hai: xay ra su bién ddi co chét dan t6i su kéo cang
va pha v& cac lién két dong hoa tri tham gia phan ung.

- Giai dogn thir ba: tao thanh san pham, con enzyme dugc giai
phéng ra dudi dang tu do.

Cac loai lién két chu yéu duoc tao thanh giita E va S trong phirc hop
ES la: twong tac tinh dién, lién két hydrogen, twong tic Van der Waals.
M@i loai lién két doi hoi nhimng diéu kién khac nhau va chju anh huéng
khéc nhau khi c¢6 nudc.

Vi phuong phap nghién ctru bang tia X va phuong phap hoa hoc
nguoi ta dd lam sang t6 cach thirc gin co chét va co ché hoat dong cua
mot s6 enzyme nhu lysozyme, chymotrypsin, carboxypeptidase A v.v...
Sau day sé& gidi thiéu chi tiét hon co ché phan ting ctia carboxypeptidase A.

Carboxypeptidase A (EC 3.4.17.1) thuéc nhom peptidhydrolase, xuc
tac cho su thuy phéan lién két peptid, phan tng xay ra véi van tdc 16n
néu amino acid dau C 1a amino acid thom. enzyme nay ciing thy phan
lién két este.

Carboxypeptidase A c¢6 khéi lugng phan tir 34,3. KDa chira 1 mol
Zn/1 mol E. Zn tham gia trong hoat dong xuc tac cua enzyme. Khi thay
thé Zn bang cac kim loai hoa tri hai khac lam thay ddi hoat d va c6 thé ca
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tinh dic hiéu clia enzyme. Trong phan tir enzyme, Zn & gan bé mit phan
tu, twong tac voi goc His - 69, His - 196 va Glu - 72.

Céc gbc amino acid c6 vai tro xtc tac trong trung tim hoat dong cta
enzyme la: Arg - 145, Tyr - 248 va Glu - 270.

Co ché phan tmg xuc tac cia Carboxypeptidase A duoc xac dinh
trén co so két qua nghién ctru phan tng cua no6 voi dipeptid glycyltyrosine.
Qua trinh phan giai lién két peptid co6 thé dugc phan thanh cac budce sau:

- Tao thanh phtrc ES: Khi tiép xtic voi co chit, cac nhom trong trung
tam hoat dong ciia enzyme thay doi vi tri trong khong gian. Nhom
guanidin cia Arg - 145 cling nhu nhom carboxyl cua Glu - 270 dich
chuyen 2A, nhém hydroxyl cia Tyr - 248 dich chuyen 12A tir chd gan
trén bé mat phan tir chuyén vao trong dén ving gan vai lién két peptid cua
co chét.

Tuong tac gita cdc nhom chic cua trung tdm hoat dong voi
glycyltyrosine nhu sau: (Hinh 6.1)

Vung khong phan cuc
OH O trong phén tr enzyme

— 21— CH, g
e
. HC—C% ———- _NH— |Ars-
S N HeN=C=NH- 45
O§c ‘\*H—O[- Tyr.
Glu- 0 | H 248
270 —-CZ HyC-N~

Hinh 6.1. So' dd biéu dién twong tac giira glycyltyrosine véi cac nhém
chirc ning trong trung tam hoat dong ciia carboxypeptidase A

(co chat viét nét dam)

- Nhém carboxyl tu do ctia co chit két hop véi nhom tich dién
duong cua Arg - 145 cua enzyme qua lién két ion.

- Nhém NH trong lién két peptide ciia co chat tao thanh lién két
hydrogen véi nhém - OH cua Tyr - 248.



72

- Oxy trong nhom - CO - cua lién két peptide twong tac v6i Zn, con
carbon trong nhom - CO - nay tuong tdc v4i nhom carboxyl cia Glu - 270
qua phan tu nudc.

- Cit dut lién két giai phong san pham.
Nguyén tir Zn phan cuc lién két - CO, ting tinh i dién tir cua

nguyén tur carbon, do do lam ting tuong tac cua nd véi nudc hodc voi
nhom ai nhan cua phan tir protein enzyme.

Gbc Glu - 270 hoat hoa phén tir nudc, nhém - OH dugce tao thanh
tan cong truc tiép vao nguyén tir cacbon cua - CO - (trong lién két
peptide ctia co chat), lién két peptid bi kéo cing ra va bi dit. Goc Tyr
- 248 nhuong hydrogen cho nhom NH trong lién két peptié cho co
chét, giai phong san pham dau tién 1a tyrosine cia co chat va acyl -
enzyme (hinh 6.2).

o) o~ o (ol
\_
|
HO — — CH— (IZ——H HO—@—CHZ—(IZH ’
N—H NT
pd I AN
....o=<l; H ~g ,
O= [
H\O/CHZ n C' o
HO C
LW N—H - rl\l”zH
— O o -
N - LA |

el [ouam
G d (o127

Hinh 6.2. Co ché phan g xiic tic ciia carboxypeptidase A

Sau khi lién két peptide bi cit dit, trang thai ion hoa cua cic nhom
acid va base bi bién d6i twong Gng v6i pH moi truong, Tyr - 248 ket hop
vOi proton, trd vé trang thai ban dau.
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Chuong 7
Dbong hoc Enzyme

7.1. Y nghia ciia viéc nghién ctru dong hoc enzyme

Nghién ctru dodng hoc enzyme la nghién ctru anh hudéng cua cac
yéu td: néng do co chét, enzyme, pH mdi truong, nhiét dd, cac chat
kim ham... dén toc d6 phan ung do enzyme xtc tac. Viéc nghién ciru
dong hoc enzyme sé& cho ta biét duoc cac van dé sau day:

- Co the biét duogc co ché phan tir cua su tac dong cua enzyme.

- Cho phép ta hiéu biét duoc mbi quan hé vé mit lugng cua qua trinh
enzyme.

- Théy duogc vai tro quan trong ca vé mat ly ludn lan thuc tién: khi
lya chon céc don vi hoat dong enzyme nguoi ta can phai biét nhiing dicu
kién tot nhat doi vdéi hoat dong cua enzyme, cling nhu can phai biét dugc
cac y€u to anh hudng dén hoat dong ctia ching.

- La diéu kién can thiét dé thuc hién tét cac budc tinh ché enzyme,
vi nguoi ta can phai ki€ém tra v€ mat lugng bang cach xac dinh ¢6 h¢ thong
hoat dong ctia ché pham enzyme trong cac giai doan tinh che.

7.2. Pong hoc cac phan &rng enzyme
7.2.1. Anh hieong ciia nong dé enzyme

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

C6 nhiéu trudng hop trong méi truong cd chira chit kim ham hay
hoat hoa thi van toc phan tng do enzyme xtc tac khong phu thudc tuyén
tinh voi [E] do.

]

Hinh 7.1. Sy phu thudc ciia vin toc phan ing vao [E]
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7.2.2. Anh huwong ciia nong dé co chat [S]

Ta khao sat trudng hop don gian nhat: chi mot co chét

ki ks
E +S & ES—P E + P()
k.,

Goi v, 1a van tdc cua phan ng tao thanh phuc chit ES.

Goi v.; 1a van tdc cua phan ng tao phan ly phirc chat ES tao
thanh E va S.

Goi v, 1a van toc ctia phan tng tao thanh E va P (san pham).

vi= ki[E][S]
V= k.l[ES]
V) = kz[ES]

Khi hé thong dat trang thai can bang ta cé:
k. [ES]+k,[ES] = k[E][S]
(k.+ko)[ES] =k [E][S] (2)

GoiEy, 1la néng d% ban dau:
[Eo=[E+[ESI=>[E]-[Eo}-[ES] (3)

Thay trj s6 [E] tir (3) vao (2) ta c6:

(k1 tka)[ES] = ki([Eo]-[ES]) [S]
ki [Eo] [S]

k+ kot+ki[S]
Néu dit Km=k-1+k2/ k1
(Km: goi 12 hing s6 Michalis Menten)
Ta co: [ES] = [EO][S]/ Km+[S]
Mit khac vén tbc phan Gng tao thanh san pham P 1a:

V = ky[ES]
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Thay [ES] bang gié tri & trén ta thu dugc:
Kko[Eo] [S]
V = s (4)
Kun +[S]

Qua dédy ta thdy ndng do enzyme cang cao thi van tdc phan tmg

enzyme cang 1én. Van tdc dat cuc dai khi toan bd enzyme lién két voi co
chit, nghia la:

Vmax: kZ[EO]
Thay vao phuong trinh (4) ta dugc:
[S]

Kt [S]
Phuong trinh (5) goi l1a phuong trinh Michelis Menten

Km goi 12 hing s Michelis Menten dic trung cho mdi enzyme.
Km dic trung cho 4i lyc ciia enzyme voi co chit, Km c6 tri s6 cang nho
thi 4i lyc ctia enzyme véi co chat cang 1on, nghia 1a van tc clia phan tng
do enzyme xuc tac cang 16n.

| -:|1:|:|J: [S] W
= Ko

=

Vo (UM min)

.'.'-\.-n-l
[=] (roni
Hinh 7.2. Bién thién van toc phan wng theo nong d¢ co chat
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Khi tang [S] thi v phan Gng tang, ting [S] den mot gia tri nao do thi
v dat dén gia tri vimax va s& khong ting nita néu ta van tiép tuc tang [S].

Khi Km = [S] thi v, =1/2 Vmax

Nam 1934. Lineweaver va Burk, trén co s¢ cua phuong trinh (5) da
nghich ddo dé bién thanh dang duong thing y = ax+b, nd ¢ ¥ nghia 1én
d6i v6i viée nghién ciru kim ham enzyme.

1 K 1 1

v v [S] V¥

Iax

max

1vA

1/V max

>
/K 1/[S]

Hinh 7.3. Sw phu thudc ciia toc dd phian &ng vao ndng dd co chit theo
Lineweaver-Burk

Trong nhi¢u phan tng do enzyme xtc tac c6 2 hay nhicu co chat, vi
du hexokinase xuc tdc phan ng:

ATP + glucose  hexokinase ~ADP + glucose 6 phosphate
Co che enzyme xtc tac cho phan ung 2 co chat ¢6 thé nhu sau:
a/ Co ché tao phtrc 3 thanh phan

S>

E+5; -:'E511!'; ES5S5: —— E+P+ B
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2 S Ry
E ES5:
R T

E + P; + Pa

b/ Co ché khong tao phtc 3 thanh phan

P, 8,
E+5; = B3, E'Py == EFE =—E'S

E+E

Pay 14 truong hop co chét th 2 (S,) chi két hop vao enzyme ( &
trang thai E”) sau khi P, dugc tao thanh.

Van tdc clia phan g trong truong hop nay cé thé dugc phan biét
qua hang s6 Michalis-Menten d6i v&i moi co chat. Qua nghién ctiu dong
hoc cho thay:

Enzyme Co chét Km(mM)
Hexokinase (N@o) ATP 0.4
o-GlUCoSS .05
c-Fructose 1.5
Carbonic anhydrase HCOs 26
Chymotrypsin Glycyirosinylgiycins 108
N-Benzogityresina mide 2.5
B-Galactosidass o-Lactose 4.0
Threonine dahvdratase L-Thirgonine 5.0

Phan tng 2 co chat (bisubstrate) thuong van chuyén 1 nguyén tir
hay 1 nhém chuc tir co chat nay dén co chat khac.

Khi cho S, khong ddi, duong biéu dién téc do trong ca hai
truong hop
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e %
i IEIII Irn;-lm:l

)

1 /1]

() A |~ﬁ.-

(a): tao phirc 3 thanh phan  (b): khong tao phtrc 3 thanh phan
7.2.3. Anh huong cia chdt kim hdam (inhibitior)

La chat c6 tic dung lam giam hoat d6 hay 1am enzyme khong con

kha nang xuc tac bién co chit thanh san pham. N6 ¢o thé 1a chit kim ham
thudn nghich hay bét thuan nghich.

Kim ham thudn nghich (reversible inhibition) co thé la canh tranh
(competitive), phi canh tranh (uncompetitive) hay hén tap (mixed).
* Céch 1: Kim ham canh tranh (Competitive inhibition)

Trong truong hop kim hdm canh tranh 13 co chat va chat kim him

déu tac dung 1én trung tam hoat dong cua enzyme, Chat kim ham choéan
ché ctia co chat & enzyme.
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E+5S —m EE —* E+ F

1- 3 g

Hinh 7.4. Kiéu kim him canh tranh (competitive inhibition)

Khi co chit du thua, ndng d6 chit kim ham thip thi c6 thé loai bo
tac dung cua chat kim ham, con nong dd co chat thap va nong d chat kim
ham cao thi lai c6 tdc dung kim ham hoan toan.

1/v= (0K/ Vi) 1/S +1/ Vi 0 = 1H[IJK;

A
1/v

[1]

A khong c6 chat kim ham

7 .

1 / Vmax

1/[S]

Hinh 7.5. Sy phu thudc ciia tdc dd phan wng vao nong d co chit theo
Lineweaver - Burk khi c¢6 kim ham canh tranh
Ngudi ta thdy kim hdm nhu vay phan 16n giita chat kim him va co
chat c6 su twong dong vé mat hoa hoc. vi dyu: malic acid c¢6 ciu tric gan
gidng v6i succinic acid nén kim hdm canh tranh enzyme
succinatdehydrogenase, 13 enzyme xtic tac cho su bién ddi succinic acid
thanh fumaric acid.
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Truong hop dic biét cta kim him canh tranh 13 kim ham bang san
pham. Truong hop nay xdy ra khi mQt sdén pham phan Ung tac dung tré lai
enzyme va choan vi tri hoat dong & phan tir enzyme.

Puong thing co chat kim hidm thi ¢c6 do xién 16n hon va cit tryc
tung & mot diém 1a 1/Vmax

* Cach 2: Kim ham phi canh tranh (Uncompetitive inhibition)

Dic trung ciia kiéu kim ham nay 1a chat kim ham chi lién két voi
phuc hop ES, ma khong lién két voi enzyme tu do.

E+ 5 ES — E+P
+

I

I3
=

lo

&

1/V=(Km/Vmax)1/[S] + a’/Vmax

A / ’

1/Kim N khong ¢ chat kim him

Z .




82

1/[S]

Hinh 7.6. Su phu thudc ciia tbc do phén ing vao ndng dd co chit theo
Lineweaver - Burk khi c6 kim ham phi canh tranh

[1] - [E=]11]
y g A = :

o’ = 1 +

* Cach 3: Kim ham hon tap (Mixed inhibition)

P P S
Sy lo
Ch—C»

Trong d6, chit kim ham khong nhiing lién két v6i enzyme tu do ma
con lién két voi ca phirc hop ES tao thanh phirc hop EIS khong tao duoc
san pham P. Hién twong kim ham chi phu thudc vao ndng do chat kim
ham. Tdc d6 cuc dai do duoc khi khong c6 mit chit kim ham 1a cao hon
khi c6 mit chit kim ham. Gia tri Km thay doi khong gidng nhu trong
truong hop canh tranh.

Tuong tuy nhu trén ta c6 phuong trinh :

1/v= (aKm/Vmax)l/[S] +a ,/Vmax
1/v A T
| ¢

khong c6 chat kim ham
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1/[S]

Hinh 7.7. Sy phu thudc ciia téc dd phan wng vao nong dé co chit theo
Lineweaver - Burk khi c6 kim ham hon tap

Céc gid tri o , o’ dugc dinh nghia nhu trén. Trudong hop a = A’ goi
la khong canh tranh (noncompetitive).

Béang 7.1. Anh hwéng cia kiéu kim hdam 1én Vmax va Km

Canh tranh Phi canh tranh Hoén tap Khong canh tranh
(Competitive)  (Uncompetitive) (Mixed) (Noncompetitive)
Vmax khong anh huong giam giam giam
Km tang giam tang khong anh hudng

Truong hop kim him enzyme bang ndng do cao ciia co chat goi la
“kim ham co chat” nhu kim him urease khi ndng do ure cao, ngoai ra con
c6 cac enzyme khac nhu lactatdehydrogenase, carbonxypeptidase, lipase,
pyrophotphatase, photphofructokinase (d6i vi ATP). Nguyén nhan cua
nhitng hién twong nay con chua dugc biét r5. D6 6 thé 1a:

+ Tbn tai nhiéu trung tam lién két v6i co chat bang cac ai luc khac
nhau. Khi ndng do co chit thip thi enzyme c6 thé chi lién két véi mot
phan tir co chat, con khi & néng d6 co chat cao né lién két véi nhiéu co
chat din dén hinh thanh phirc hop ES khong hoat dong.

+ Co chat cling co thé duoc lién két nho nhitng vi tri dac biét cia
enzyme. P06 1a mdt nhém enzyme quan trong (enzyme di 1ap the) bén canh
trung tdm xuc tac con co trung tam di€u chinh.

+ Co chat c6 thé lién két véi mot chat hoat hoa va bang cach nay nd
tach khoi E.

+ Co chat c6 thé choan chd (ngin can) mot cofactor hay mot
coenzyme.

+ Co chét ¢ thé anh huéng dén ion luc ctia méi trudng va qua do
lam mat di tinh chuyén héa ctia enzyme.

Kim hdm bat thudn nghich (irreversible inhibition)

Nhi?{u truong hop, chat kim ham c6 tac dung bat thuan nghich. D61
khi kho dé phan biét gitra thuan nghich va bat thuan nghich vi chat kim
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ham bét thuan nghich c6 thé hiéu nhu chat kim hiam thuan nghich khong
canh tranh (noncompetitive).

Nhin chung hiéu qua kim hdm phu thudc cic yéu t6: nong do chit
kim hdm, nong d§ enzyme , thoi gian tdc dung. Sau day ta xét cac co ché
tuong tac bat thuan nghich trong dicu ki¢n nong do [[]>>[E].

1/ Truong hop 1

E+1—- EI*

od [ET*]
o i

[Er] = [E] + [ET*] 2)

= & [T1[E] (1)

Tir (2) suy ra [E] thé vao (1), ddng thoi thay [I] bang [Io] :

9IEVT _ o lEr — EI*] = ' [Er — EI*]
dr
Trong do K= killo]
Lay tich phan ta duoc

EI* * r
1[EI
f _dIEF k’f 2e
0 [Er — EI*] 0

Bang cach ldy tich phan phuong trinh téc d0, co thé nhan duoc biéu
thirc mo ta sy bién doi nong do chat phan tmg hay san pham theo thoi gian. Dicu
nay cuc ki hiru dung trong viéc xac dinh hang s6 toc do va bac phan tmg.

2/ Trudng hop 2

ky
E+1— EI*

Ky
E4+S—=—=ES

d[EI*]
—— = GIEI[]
. [EI[S]
K+ = Es]

[Er] = [E] + [EI*] + [ES]
Mat khac:
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[ES] - K
[5]

Nong d6 enzyme tir do sé la:

[E] =

[Er — EI"] - K,

[E] = K. + [S]

Thay vao trén va dong thoi thay [I] bang [Io] :

d[EI*] [Er — EI*] - K¢

— - I _ *
a7 = ki [1n] K. 7S] = k'[Er — EI']
Trong d6
ki K
o= ]
K, + 510

Tuong tu nhu trén ta co:

fEI* {J’[EI*] _ f: "
o [Er —EI*]  — Jo

3/ Truong hop 3

Enzyme va I nhanh chong tuong tac tao phtrc thuan nghich ES, sau
d6 tiép tuc tao phirc bat thuan nghich

Ky

ki
E+1—= El — EI*

dIE*]
odr = kilEL]
[EIlT
i = e

[Exr]1 = [E] + [EI] + [ET*]
Thay [E] vao trén ta duoc

[Er — EI*]

B = &% /o]

Va
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dIEF] _, [Br —EF1 o
dr 14 Ki/[lo] T

ki Ae[l'ﬂ]

1+ K /el K+ [1o]

EI* ITEI* 3
J AL Wy
0 [Er — EI*] 0

4/ Truong hop 4

r

Ky ki

E+1 El EI*

L
E+ 5 ——ES

@ — & [EI]
dar
K, — EID . [ENS]
[EI] [ES]

[Er] = [E] + [EIl + [ET"] + [ES]

Er — LENN _ [Er — EI — EI* — ESJII] _ [Er — EI* — ES]
[EL = K, K; _ 1 + K /o]
K. K;
[E] = [ES]— = [EI]
[S] [1]
K;[5]
ES] = [EI
[ES] [EI] K.
E+r — EI*
(EI] — [Er 1 |
1 + K;/[1al(1 4+ [S]/Ks)
d [ET*] [

— i [EI] — Ey — EI*] = K'[Ey — EI*
dr B = TR o1 + SR 7 ! [Er !
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. k; . ki [1o]

1 + K:/[Iol{l + [S]/K=s) Ki(l + [S5]/K5) + [1o]

/-E.[* (-"'[EI*] I{!fr ’s
R E— P
Jo [Er — EI*] 0

7.2.4. Anh hieong cia chat hoat héa (activator)

La chit 1am ting kha ning xtc tac chuyén héa co chit thanh san
pham. Thong thuong l1a nhitng cation kim loai hay nhiing hop chat hitu co
nhu cic vitamin tan trong nudc.

Vi du: Mg™ hoat héa cac enzyme ma co chit da duoc phosphoryl
héa nhu  pyrophosphatase  (co  chit 1a  pyrophosphate),
adenosintriphosphatase (co chit 14 ATP). Cac cation kim loai ¢ thé co
tinh dic hiéu, tinh d6i khang va tic dung con tuy thudc vao ndng do.

Tinh chit hoat hoa cta céc cation kim loai:
+ MOi cation kim loai hoat hoa cho mét kiéu phan tmg nhét dinh.
+ Cation kim loai c6 tinh dac hi€u tuong ddi hay tuyét ddi.
+ Cation kim loai ¢6 thé c¢6 su ddi khang ion.
+ Phu thudc néng d0 cation kim loai .
+ Cation kim loai 1am thay d6i pH t6i thich.
+ Phu thudc ban chét cation kim loai.
7.2.5. Anh hirong ciia nhiét do

Ta c6 thé ting van toc ciia mot phan tng héa hoc bang cach ting
nhi¢t d0 moi trudng, hién tugng nay tudn theo quy luat Vant -Hoff. Bicu
nay c6 nghia khi tang nhiét d6 1én 10°C thi toc d6 phan ng ting 1én 2 lan.

Hoat do 120
100 ]
80 ]
&0 ]
40
20 ]

':' T T T T T T T T T T T
4] 20 40 60 80 100 120
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Nhiét do(C)
Hinh 7.8. Anh huéng ciia nhiét d9 1én hoat do enzyme

Dbi voi phan tmg do enzyme xtic tic cling c6 thé ap dung duoc quy
luat nay nhung chi trong mot pham vi nhit dinh,vi ban chéat enzyme la
protein.Khi ta tdng nhiét do 1én trén 40-50°C xay ra qua trinh pha huy
chat xtic tac. Sau nhiét d6 tdi thich téc dd phan tng do enzyme xtc tac sé
giam. Nho tdn tai nhiét do tdi uu nguoi ta phan bi¢t phan trng hda sinh véi
cac phan tng v6 co thong thuong.

Mobi enzyme c6 mot nhiét do t6i thich khac nhau, phan 16n phy thudc
ngudn cung cip enzyme, thong thuong ¢ trong khoang tur 40- 60°C, ciling
c6 enzyme c6 nhiét do tdi thich rit cao nhu nhiing enzyme cua nhiing
chung wa nhiét.

7.2.6. Anh hieong ciia pH

Su phan li khac nhau cua mot phan tir protein & céac gia tri pH khéc
nhau lam thay ddi tinh chét cua trung tam lién két co chat va hoat dong &
phan tir enzyme, dan dén gia tri xuc tac khac nhau phu thudc vao gia tri
pH. Nhu di biét mdi enzyme c6 mot pH tbi thich, mdi enzyme c6 duong
biéu dién anh hudéng pH 1én van tc cua phan tng do enzyme xac tac c6
dang nhu hinh 7.9:

1000

50

Hinh 7.9. Anh huéng pH Ién hoat d) enzyme
Anh huong cta gia tri pH dén tac dung enzyme c6 thé do cac co so sau:
a/ Enzyme c6 su thay d6i khong thuén nghich & pham vi pH cuc hep.
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b/ O hai sudon cua pH tdi thich c6 thé xay ra sy phan ly nhém
prosthetic hay coenzyme.

¢/ Lam thay d6i muc ion hoa hay phan ly co chat.

d/ Lam thay d6i mirc ion héa nhom chirc nhat dinh trén phén tir
enzyme dan dén lam thay doi ai luc lién ket cia enzyme voi co chat va
thay doi hoat tinh cuc dai.

Nho xac dinh Vmax va Km phu thugc gia tri pH cho phép nhan dinh lai
ban chat cta cac nhom tham gia vao lién két co chat va qua trinh tu xtc tac.

7.2.7. Céc yéu t6 khdc

+ Anh sang: C6 anh huong khac nhau dén timg loai enzyme, cac
budc song khac nhau c¢6 anh huong khac nhau, thuong anh sang trang cé
tdc dong manh nhat, anh sdng dé c6 tdc dong yéu nhat.

Anh sang ving tir ngoai cling c6 thé gy nén nhiing bét loi, enzyme
& trang thai dung dich bén hon khi duoc két tinh & dang tinh thé, ndng do
enzyme trong dung dich cang thap thi cang kém bén, tac dong ciia tia tir
ngoai s€ tang lén khi nhiét d§. Vi du: dudi tdc dong cuia tia tir ngoai &
nhiét do cao, enzyme amylase nhanh chong mat hoat tinh.

+ Su chiéu dién: Pién chiéu vai cuong do cang cao thi tac dong pha
hiy cang manh. Tac dong s€ manh hon doi véi dich enzyme c6 nong do
thap. Co thé do tao thanh nhiing goc tu do, tir d6 tan cong vao phan Uing
enzyme.

+ Song siéu am: Tac dong rat khac nhau dbi véi ting loai enzyme,
c6 enzyme bi mat hoat tinh, c6 enzyme lai khong chiu anh hudng.

* Nhan xét chung:

D6 bén phu thudc vao trang thai ctia ton tai enzyme, cang tinh khiét
thi enzyme cang kém bén, dich cang loang thi d bén cang kém, tac dong
cua mot so ion kim loai trong dich v&i nong do khoang 10°M nhu Ca™
lam tang tinh bén.

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

Cho dén nay, ngudi ta mo ta enzyme ma hoat tinh enzyme phu thudc

nong do co chat khong c6 dang hyperbol ma c6 dang sigmoid 14 enzyme
di 1ap thé (hinh 7.10).
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Pbi voi enzyme nay, khi nong do co chat thap thi téc do phan tng
tang cham, sau do tiép tuc ting nong d6 thi tdc 6 nhanh chong dat gia tri
cuc dai.

Nhu ta dd biét, enzyme tudn theo dong hoc Michalis-Menten thi 1
hay nhiéu co chét ciing chi lién két vao 1 vi tri trén phan tir enzyme, dleu
nay sé dan dén enzyme béo hoa co chit. Con enzyme c6 dudng cong toc
do sigmoid chi xuét hién khi enzyme la mot oligomer, nén co thé lién két
v6i nhiéu phan tir co chat. Piéu nay c6 nghia 1a trén enzyme di lap thé c6
nhiéu trung tam lién két, m6i monomer c6 1 trung tim lién két.

1
E'm:u:

Hinh 7.10. Bién thién vén téc phan ng theo ndng dd co chit

Nguoi ta cho rang, trong trudng hop nay c6 tinh hop tac giita cac vi
tri lién két co chat trong phan tir enzyme oligomer.

Cac enzyme oligomer nay duoc Monod goi 1a enzyme di 1ap thé
(allosteric). Puong cong téc do sigmoid c6 thé bi chit didu hoa
(modulator) dy vé phia trai hay phai. Chat diéu hoa duong tirc 1am ting ai
luc cua enzyme allosteric vdi co chét, nguoc lai la chét diéu hoa am. Cac
chat diéu hoa co thé 1am anh huong khac nhau dén cac thong sé dong hoc,
lam thay ddi gia tri riéng 1¢ mot trong hai gia tri Km hay Vmax .
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Hinh 7.11. Minh hoa Kkhi ¢6 modulator
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Chuong 8
Sinh hoc enzyme

8.1. S phan b enzyme trong té bao

Nhu di trinh bay & phan trude, enzyme co trong tat ca cac co thé
dong vét, thuc vat va vi sinh vét. Tuy vay, sy phéan bb enzyme khong dong
déu gitra cac loai, cac té biao mo va co quan khac nhau. Nguoi ta thdy co
nhitng enzyme ton tai hau hét & moi mé moi té bao: Nhu cac enzyme xiic
tac cho qua trinh dudng phan, sinh tong hop protein, nucleic acid. Mot sd
enzyme khac chi c6 trong mot sd co quan riéng biét, vi du nhu pepsin chi
co trong da day. B¢ 1a enzyme dac biét, dac trung cho mot mé. Mat khac,
cung mot enzyme c6 trong cac mo khac nhau hodc tham chi & cac bd phan
khac nhau ciia cing mét loai té bao ciing c¢6 thé khac nhau vé lugng va ¢
khi ca vé chat.

Ham lugng enzyme trong mot m6 hodc mdt co quan nhét dinh con
phu thudc vao nhiéu yéu to khac nhu: Giai doan sinh trudng va phat trién,
trang thai sinh 1y cta té bao, cac y€u to bén ngoai v.v...

Mdi loai cau triic dudi té bao ciia co thé bac cao nhu nhan té bao, ty
lap thé, lysosome, hé théng luéi ndi chét nguyén sinh véi cac hat
ribosome... déu ¢ ciu tric va chirc ning riéng véi nhitng hé enzyme dic
hiéu. Nhitng enzyme nay hodc hoa tan trong dich 16ng, hoac gén chit vao
c4c mang cua cac ciu tric do. Do ciu trac dic biét nhu vay cia té bao,
enzyme dugc phan b thanh timg ngan dic hiéu. Su khu tra va sap dit cac
enzyme mét cach hop 1y trong cac cAu tric cua té bao da lam cho cic phan
g enzyme c6 tinh chat dinh hudng, c6 phdi hop tac dung véi nhau va tao
ra nhitng hé thong phan tGng day chuyén lién tuc, nhip nhang va in khép
v6i nhau.

Trong nhan té bao co thé thiy cic enzyme thudc cac nhom khac
nhau xuc tac cho cac qua trinh khac nhau. D6 1a cac enzyme nicotinic-
mono-nucleotide  adenylyl transferase, 5’-nucleotidase, NAD(P)
nucleosidase, arginase, ATP-ase va mot s6 enzyme khac. N6i chung trong
nhan chira nhiéu enzyme lién quan dén qué trinh trao d6i nucleotide, trong
d6 cac enzyme tham gia cac qua trinh trao d6i cac hop chét co tinh chat
“chia khoa”. Nhiing enzyme trong nhan té bao thudng c6 mit véi luong
rat nho. Viéc nghién cru nhimg enzyme nay thuong gip nhiéu kho khan vi
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trong qua trinh thao tac, mot s6 enzyme cé thé thoat ra hodc hap thu vao
nhan té bao.

Trong ty lap thé c6 chira hau hét cac hé enzyme c6 lién quan dén qua
trinh chuyén héa ning luong va ciing duoc coi 1a nhimg “nha may cung
cap nang luong”. Trong cac hé enzyme cua ty lap thé, trudc hét phai ké
dén hé enzyme ctia chudi ho hip té bao va cta qué trinh phosphoryl hoa
tao ATP. Mic dau nguoi ta c¢6 phat hién cytochrome ¢ ngoai ty lap the,
nhung oxydase thi chi thiy trong ty lap thé. Ngoai nhimng enzyme ké trén,
trong ty lap thé con co hé enzyme cyclophorase bao gém toan bd cac
enzyme ctia chu trinh Krebs. Ciing ¢6 thé tim thdy mot s6 enzyme ctia chu
trinh nay trong bao tuong nhu isocitrate dehydrogenase, malate
dehydrogenase... nhung hé théng enzyme hoan chinh cta chu trinh nay thi
chi tim thay trong ty lap thé. Ngoai ra, nguoi ta cling tim thay cac hé
enzyme kéo dai acid béo, cic hé enzyme phan giai acid béo va nhiéu
enzyme khac trong ty lap thé. Cach sap dit cac hé enzyme ké trén trong ty
lap thé c6 lién quan chit ch& véi nhau dé dam bao cho cac qua trinh
chuyén héa phéi hop nhip nhang véi nhau.

Trong lysosome c6 thé phat hién nhiéu enzyme loai thuy phan
(hydrolase) c6 tac dung pha v& nhiéu loai phan tir 16n nhu nucleic acid,
protein, chat béo va nhiéu loai phan t& 16n khac nhu
mucopolysaccharide... thanh nhitng phan tir nho c6 kha ning duoc chuyén
hoa dudi tac dung cta cic enzyme cia ty lap thé. Binh thuong enzyme
dugc boc kin trong mang lipoprotein cta lysosome va do d6 khong c6 tac dung
voi cac chat trong bao tuong. Khi mang lysosome bi v hodc bj ton thuong,
cac hé enzyme ctia né duoc giai phong ra, s& lam tiéu hay ca té bao.

Cac hat ribosome dinh trén hé théng lu6i ndi chat nguyén sinh, 1a
noi xdy ra qua trinh sinh tong hop protein, do d6 c6 cac hé enzyme cua
qua trinh sinh tong hop protein.

Bio twong 13 phan 16ng ciia té bao cé chira rat nhiéu loai enzyme, co
tit ca cac enzyme xuc tac cho qué trinh duong phan hay cho cac qua trinh
phan giai glucose. Nhiéu cong trinh nghién ctru da chimg minh rang qua
trinh duong phén xay ra chu yéu ¢ bao tuong. Nhiéu enzyme cua qua trinh
nay co thé dinh 0 mang ngoai cua h¢ thong ludi noi chét nguyén sinh, c6
nhiing enzyme gin sdu vao mang cia hé thong nay. San pham pyruvate
clia qua trinh duong phan dugc vén chuyén qua mang vao ty lap thé dé
tiép tuc khir cacboxyl bang cach oxy hoa thanh acetyl CoA tham gia vao
chu trinh Krebs.
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Céac ciu trac mang trong t& bao ¢ tinh thAm chon loc, nhiéu chét
chuyén hoa khong qua duge mang cua ty lap thé, vi du nhu oxaloacetate,
isocitrate, NADH + H, NADPH + H*. Chinh tinh tham chon loc nay da
lam tang thém tinh déc hiu cua cac ngan trong té bao. Ciing can luu ¥
rang, trong té bao song nguyén ven, enzyme thuong chua hoat dong toi
mirc ti da va nhimg diéu kién trong co thé ciing chua phai 1a nhimng diéu
kién thich hop nhat cho su hoat dong ctia enzyme. Pay chinh 13 nhiing
diéu kién quan trong gitp cho co thé diéu hoa cac qua trinh chuyén hoa.

8.2. Pi¢u hoa hoat @9 va s6 hrong ciia enzyme trong té bao

Nhu ching ta d3 biét, cic bo phan cua té bao hoat dong rat nhip
nhang, biao dam hoat dong sdng binh thudng cua té bao. Trong té bao co
hang nghin phan tng khac nhau tao nén toan bd qué trinh chuyén héa cua
mot chét cu thé (dé tao nén mot san phém nao do) gém mot chudi cac
phan Gng do nhiéu enzyme (mot hé théng enzyme) xtc tac:

A-B-C- ... Z

E E. E;

Theo so d6 cua chudi phan tng trén thi dé chat A c6 thé bién thanh
san pham cudi cung la chat Z phai nho hé thdng nhiéu enzyme E,, Es, Es...
xuc tac cac phan tng ké tlep nhau. Chat Z ludn ludn duoc san xuét véi sb
lwong phi hop voi nhu cau cua té bao: khi thiéu, day chuyén phan ung
tang 1én, khi thira, day chuyén phan tmg tu dong giam. Thyc té mbi mot
qué trinh xay ra theo ding nhu cau cua t& bao khong qua thira ngay ca
trong diéu kién dinh dudng diy du. Nhitng hién tuong d6 c6 thé duoc giai
thich bang hai co ché: diéu hoa hoat d6 cuia chinh phén tir enzyme trong
chudi phan tng (ban than enzyme d6 hoat dong binh thudng hay giam
hoat dong do bi wc ché) va diéu hoa sinh téng hop cic enzyme (s6 lugng
cac enzyme duoc san xuét ra it hay nhiéu)

Nhitng qué trinh ndy c6 lién quan mét thiét voi nhau va diéu chinh
lan nhau.

8.2.1. Piéu hoa hoat dé enzyme

Trong té bao, nhiéu loai enzyme thudng khong su dung hét kha ning
xuc tac cua chiing. Cac diéu kién binh thuong trong té bao khong phai la
nhirng diéu kién dé enzyme c6 thé biéu hién hoat dong ti da, vi can phai
duy tri mot dy trit ning luc cia enzyme dé lam ting toc d6 cia qua trinh
chuyén héa khi c6 nhu cdu can thiét cua t& bao. Nhu vay trong t& bao co
nhitng tic nhan diéu hoa hoat d cua enzyme va tao ra kha ning bién ddi
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thich ing ctia cac qua trinh chuyén cac enzyme trong mot chudi phan tng
khong c6 su déng déu vé tri s6 hoat do.

Nhiing tic nhan hodc yéu t6 anh huéng ctia méi truong ndi bao co thé
chia thanh ba loai chinh. Loai thir nhét 1a cac yéu t6 khong dic hiéu cua moi
truong phan ing nhu pH, thé ndng oxy hoa khtr, lyc ion, nhiét do... Loai thu
hai la céc hop chit co tac dung ddc hiéu véi trung tim hoat dong do sy phu
hop vé cAu tri khong glan D6 14 cac chit tham gia phan tmg enzyme nhu co
chét, coenzyme, cac chat van chuyén trung glan hoic 14 cac chét hoat hoa hay
chit trc ché enzyme. Loai thir ba 14 cac hop chét c6 tac dung dic hiéu nhung
khong tham gia vé mat hoa hoc vao phan tng do enzyme d6 xuc tac va
thuong khong gidng vé mit khong gian véi cac chat tham gia phan tng. D6
14 cac chat ¢6 tac dung di lap thé thudc vé nhom nay, bao gdm cac san phim
cudi ciing ctia mot sd chudi chuyén hoa (dic biét 1a hé théng dong hoa) mot
sO chat chuyén hoa khac va ciing c6 thé ca mot s hormone.

O day ta xét dén su diéu hoa hoat d6 enzyme theo cac co ché di lap
thé (allosteric) va co ché thay dbi can bang giita hai dang hoat dong va
khong hoat dong cua enzyme. Diéu hoa theo co ché di 1ap thé duoc thuc
hién khi san pham chuyén hoa cudi cung ctia mot diy phan Gng hoa hoc
xuc tac bai nhidu enzyme c6 thé tic dung hoat hoa hay e ché 1én enzyme
xuc tac phan tmg dau tién 1a mot enzyme di 1ap thé.

Enzyme di lap thé (allosteric enzyme) cé tén goi tir tiéng Hi Lap 1a
allos co nghia 1a khac va stereos c6 nghia 1ap thé, khong gian. D6 14 nhiing
enzyme cO tac dung diéu chinh dic hiéu trén nhiing vi tri then chdt cua
mang lu6i chuyén hoa, dic biét 1a nhitng qua trinh sinh tong hop. Trong
phén tir cua enzyme d1 lap thé ngoai trung tdm hoat dong lam chirc nang
XUc tac, con cd mot sb vi tri khac co thé tuong tac voi cac chat khac goi 1a
trung tim allosteric (trung tim diéu hoa, trung tim di lap thé, trung tam di
trung gian). Cac chat két hop vao cac trung tim nay goi la cac chat diéu
hoa allosteric (chat diéu hoa di lap thé). Enzyme di lap thé thay d6i hoat
d6 xuc tac thong qua sy hay d6i ciu hinh khong gian ctia phan tir enzyme,
ctia trung tim hoat dong khi gin vé6i cac chat diéu hoa di 1ap thé. Néu lam
tang hoat do goi la chét diéu hoa duong; néu lam giam hoat d¢ goi 1a cac
chat diéu hoa am. Céc chét diéu hoa nay két hop voi enzyme nhung khong
bi chuyén hoéa duéi tac dung ciia enzyme ma né két hop.

Enzyme di lap thé thuong 1a nhiing enzyme c6 cau tric bac bon do

cac don vi nho cau tao nén; trong phan tir thu’orng ¢6 2 hay mot s6 trung
tam hoat dong, c6 thé két hop v6i 2 hay mot s6 phan tir co chat. Co chat
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c6 thé thuc hién chic ning cua chat diéu hoa - diéu hoa homotropic (d6ng
hop, ddng huéng). Cac chat diéu hoa co ciu tric khac co chit - diéu hoa
heterotropic (di hop, di hudng). Tuy nhién phan 16n cac enzyme di lap thé
thudc kiéu hdn hop ddng va di hop nghia 1a hoat dong ciia chiing c6 thé
duoc diéu hoa nho co chit va cac chit trao d6i khac.

Trong co ché diéu hoa enzyme thuong néi dén hién tuong trc ché
nguoc (feed back inhibition). Co ché cua sy trc ché nguoc chinh 1a mét loai
co ché diéu hoa di 1ap thé ma thong thudng san pham cubi ciing ctia qua trinh
phén tmg 1a chat diéu hoa di 1ap thé am. Do d6 hién tuong tic ché nguoc dugc
goi la tic ché di lap thé. Khi enzyme can c6 tac dung hoat héa ciia mot chét
diéu hoa duong dé chuyén thanh dang enzyme hoat dong thi hién tuong do
duoc goi 1a sy hoat hoa di 1ap thé. Uc ché di 1ap thé 1a nguyén tic rat phd bién
d6i voi cac qua trinh chuyén héa va co cac dic diém sau day:

- Co ché trc ché ngugc xay ra & cac chudi phan ung dan dén sy tong
hop mét chat nao dé (chat nay duge dung dé tong hop cac dai phan tir: vi
du cac amino acid isoleucine va histidine dugc dung dé tong hop protein,
nucleotide duoc ding dé tong hop nucleic acid)

- San pham cubi ciing c6 tac dung wre ché di 1ap thé.

- San phém cudi cung thuong chi tdc dung dac hi¢u va truc tiép Ién
enzyme dau tién 1 enzyme di 1ap thé.

- San pham cubi cung (cht trc ché nguoc) cé cau tric hoa hoc khac
v6i co chat ciia phan tng ma noé tc ché, vi vay tac dung trc ché cua no
khong phai do canh tranh véi co chat d6, ma do no6 lam thay ddi ciu dang
khong gian cua enzyme khién enzyme khong tiép nhan dugc co chat.

(Hinh 8.1)
4] A
RT3 %
T! s

Hinh 8.1. Hiéu trng di 1ap thé Am

a. Enzyme (E) tiép nhin co chit (S)

b. Yéu to di lap thé A gin vao trung tim di lap thé, cAu tric enzyme
(trung tim hoat dfng cia enzyme) thay d6i va khéng tiép nhin dugc co
chat; hoat d¢ giam.
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Co che uc ché ngugc cé the duoc biéu thi theo so do sau:

E E E
*(_’)p B—p' C—p 7Pz

Nhu vdy, mdi khi san pham cudi cing Z dwoc tong hop ting 1én
vuot qua nhu cu cua té bao thi nd tc ché enzyme dau tién E, khién cho
phan tng dau tién A — B giam di va do d6, mic du cac enzyme sau 13 E,
Es... khong bi trc ché (vin c6 kha ning hoat dong binh thuong), nhung
chung khoéng c6 cac co chét B, C... dé chuyén hoa, két qua 1a toan chu6i
phan tng bi giam sit, sy tong hop san pham cudi cing Z giam di. Khi té
bao thiéu chat Z, enzyme E; khong bi trc ché nén phan tng dau tién lai xay
ra va ca chudi phan mg ciing vay: két qua la su tong hop cic chét Z ting
1én dap ng nhu cau cua té bao.

Vi du, & E.Coli isoleucine 13 san phdm chuyén héa cudi cing cta
chudi phan tmg chuyén hoa cia threonine; phan tng dau tién cta chudi
phan tmg do enzyme di lap thé threonine dehydratase xtic tac, khi luong
isoleucine ting cao (do duoc tong hop nhiéu) thi né Gc ché enzyme cua
phan tmg dau tién d6 theo co ché di 1ap thé (hinh 8.2)

L- Threonine
4(_> | Threonine dehydratase

‘a - ketobutyrate
l
O - aceto oxybutyrate
l
O - B - dihydroxy - B methyl valerale
!
—— L. Isoleucine

Hinh 8.2: Sy trc ché threonine dehydratase béi Isoleucine theo co ché
tre ché nguoe, (-): tc ché.

O qua trinh sinh tong luong amino acid thuong xay ra co ché nay. O
truong hop sinh tong hop nucleotide pyrimidine cytidin triphosphate (CTP)
cling twong tyr nhu trén. Aspartate transcarbamoylase (thuong duoc viét tit 1
ATC - ase va c6 tén quoc té 13 aspartate carbamoyltransferase) cta E.Coli xtc
tac cho phan tmg chuyén vi carbamoyl tir carbamoylphosphate dén aspartic
acid 13 phan tng dau tién trong qué trinh tong hop CTP. Chinh CTP 1a san
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pham cudi ciing ciia qué trinh sinh tong hop, 14 chat diéu hoa am dic hiéu cua
ATC - ase, CDP va CMP khong c6 tic dung véi enzyme ndy. ATC c6 chét
diéu hoa duong 1a ATP hodc AMP, chit nay lam dao nguoc tic dung tc ché
cia CTP. Két qua nghién ciru cho thdy enzyme cé trong lugng phan tir
(TLPT) 1a 300.000 nhung c6 thé phan ly thanh hai don vi xtic tic nhu nhau
va ba don vi diéu hoa nhu nhau. Mdi mot don vi xtc tac ¢c6 TLPT khoang
100.000 va do ba chudi polypeptide tao nén, mdi chudi cé6 TLPL 33.000 dugc
goi la chudi C. Mdi don vi xtc tic co ba trung tdm xuc tac, mdi don vi diéu
hoa c6 hai chudi polypeptide durge goi 1a chudi R ¢6 TLPT 17.000 va c6 mot
nguyén tir Zn** két hop vao mdi chudi R. Mdi don vi diéu hoa co thé két hop
hai phan tir chat diéu hoa CTP, mdi chudi mot R.

Khi phan tir enzyme bi phan ly, cadc don vi xtic tac tach khoi cac don
vi diéu hoa, hoat d6 xuc tac clia enzyme van con nhung enzyme khong bi
kim ham bo1 CTP. CTP chi c6 tac dung kim ham phén Gmg enzyme khi
nao c6 su két hop gitra cac don vi xuc tac véi cac don vi diéu hoa thanh
phan tir enzyme day du.

Hién twong nay duoc giai thich 1a do luc Ay su két hop ciia CTP vao
don vi diéu hoa sé& kéo theo su bién doi dang khong gian cua don vi xtc
tac cling nhu cua toan bd phan tir enzyme theo hudng khong cé lgi cho
hoat d xuc tac, do d6 lam gidm hoat d¢ enzyme. Nhu vay, su téng hop
nén san pham cudi ciing dugc diéu hoa mot cach hoan toan tu dong dwa
trén sy e ché hodc giai e ché dbi voi enzyme c6 san trong té bao. Do 1a
co ché diéu hoa nhanh vi n6 tac dong truc tiép trén hoat d6 cua enzyme.
Co che diéu hoa trc ché nguoc | rat c6 loi ddi Vol té bao vi n6 1am ngimg su
san xudt thira cac san pham cudi cung, do d6 tiét kiém dugc nang luong va
cac nguyén liéu dung dé tong hop nén san pham do.

. Trong viée diéu hoa hoat dong enzyme theo co ché thay déi can
bang gira hai dang enzyme hoat dong va khong hoat dong, trudc hét phai
ké dén qua trinh hoat héa zymogen.

Phan 16n cac enzyme duogc tong hop trong co thé thanh nhimg phan
tor enzyme c6 hoat tinh, nhung c6 nhiing enzyme nhu cac protease cia tuy
tang, da day cling nhu cac protease xuc tac cho qua trinh dong méu thuong
dugc tong hop nén qua mot dang trung gian chua ¢ hoat tinh xuc tac goi
1a zymogen hodc proenzyme. Do 13 nhitng tién chéat dé tao thanh enzyme,
chir khong phai la enzyme thyc sy. Nhimg chat nay khong c6 hoat tinh,
phai trai qua mot qua trinh bién ddi, sip xép lai cu truc phan tir méi tro
thanh enzyme hoat dong dugc. Qua trinh chuyén hoa pro-enzyme thanh
enzyme goi 1a qué trinh hoat héa, dugc thuc hién nho sy tu xtc tdc hoac
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do cac enzyme khac xuc tac. Qua trinh hoat hdéa zymigen c6 mot so dac
diém chung nhu sau:

- La qua trinh thuy phan gidi han protein (limited proteolysis), cit
duat mot sb lién két peptide ¢ gén dau N cia phan tor zymogen. Doan
peptide duoc tao thanh c6 thé bi loai ra hodc van gin v&i phan con lai cta
phan tir nho cac cau disulfide.

- Khi lién két peptide bi cat dut thuong 1am thay d6i cau hinh khong
gian cua phan tir theo hudng co6 1¢i cho hoat dong xtc tac, tao thanh phan
tor enzyme.

- Hiéu suét hoat hoa zymogen phu thudc vao diéu kién hoat hoa,
ndéng do zymogen, ban chat va ndéng d cia enzyme xiic tic cho qua trinh
hoat héa, nhiét 6, pH va mot sé yéu tb khac.

O nguoi va nhiéu loai dong vat c6 vi, cac enzyme thuy phéan protein
(protease) trong 6ng tiéu hoa déu duoc tong hop ra dudi dang tién cht cua
enzyme. Vi du pepsinogen do nhiing té bao chinh cua tuyén da day tong
hop nén va la tién chat cua pepsin, chymotrysinogen va trypsinogen cua
tuyen tuy theo thir tu 13 tién chit ctia chymotrysin va trypsin. Céac chat nay
déu chi dugc hoat hoa thanh dang enzyme hoat dong sau khi da tiét vao
1ong 6ng tiéu hoa. Pepsinogen dugc hoat hoa thanh trypsin dudi tac dung
cua chinh trypsin hodc enterokinase, con chymotrypsinogen dugc hoat héa
dudi tac dung cua trypsin va chymotrysin.

Hién tuong tong hop ra cac zymogen c6 mot y nghia sinh hoc quan
trong. C6 thé ndi rang, cac protease trong dng tiéu hoa dugc tong hop qua
giai doan trung gian nhu vay chinh 1a mot co ché tu bao vé cua co thé. Vi
néu khong nhu vy thi chinh cac tuyén da tong hop nén céc loai enzyme
nay s& bi tiéu huy boi chinh nhimg enzyme do chiing tong hop nén.

Hoat d0 enzyme ciing duoc diéu hoa nho su bién dc;)iq la:m‘ nhau gitra
cac dang hoat dong va khong hoat dong qua nhimng thay d6i déng hoa tri
v€ cau trac phan tir cua ching.

Vi du enzyme glycogen phosphorylase & mé co va gan dugc didu
hoa hoat d9 bang cach gan thém (hoic liy di) nhom phosphate. Enzyme

nay xuc tac phan g bé gay phan tir polysacharide glycogen thanh nhiing
glucose-1 - phosphate.

(Glucose), + Pi = (glucose),.; + Glucose-1 - P

Enzyme nay ton tai dudi hai hang 1a phosphorylase a (dang hoat
dong) va phosphorylase b (dang khong hoat dong). Phosphorylase a la mdt
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protein olygomer vé&i hai don vi cdu tao, mdi don vi c6 mot goc serine
duoc phosphoryl hoa ¢ nhom hydroxyl Nhu’ng nhom phosphate nay la
can thiét cho hoat dong xuc tic cta enzyme va c6 thé chiu phan tng thuy
phan boi enzyme phosphorylase - phosphatase.

hosphorylas
ALL didsd ()} phosphorylase b + 2Pi.

J’_
Phosphorylase a + 2H,0 phosphatase

Cac nhom phosphate bi loai b6 da 1am cho phosphorylase a tr¢ thanh
phosphorylase b. Cac phan tr enzyme nay hoat dong rat kém hoac khong
hoat dong trong qua trinh cat glycogen so v6i phosphorylase a. Nhing
phén tir phosphorylase b kh()ng hoat dong nay c6 thé dugc tai hoat hoa tré
thanh phosphorylase a c6 hoat tinh cao, dudi tac dung cua phosphorylase-
kinase. Phan tng enzyme nay xuc tac su phosphoryl hda cac goc serine
cua phosphorylase nho cac phan tir ATP.

hosphoryl
2ATP + phosphorylase b P Oslf_ oryrase > 2ADP + phosphorylase a
inase

Nhu vay, qua trinh dleu hoa hoat ¢ cua glycogen phosphorylase
duogc thuc hién bang cach bién d6i dong hoéa tri. (Hinh 8.3)
Mach bén Ser

B — T~ OH
EHz }H)

e

| Phosphorylase b
[ (dang khdng hoat déng)

28TP

) Phosphorylase

2P ¢ iGna se

Phosphorylz se
phosphatz s=

i\ 2H20

@ g
. H/{@
CH?2 CH?2
Phosphorylase a
(dang hoat déng)

Hinh: 8.3. Diéu hoa enzyme phosphorylase nhd qua trinh phosphoryl héa

Cung voi kiéu diéu hoa di 1ap thé boi cac enzyme di 1ap thé, cac
enzyme diéu hoa dong hoéa tri dap tng véi nhitng su bién doi vé trang thai
chuyén hoa ctia mot té bao hodc mé trong nhiing thoi gian twong ddi ngén:
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nhimg enzyme di lép thé3 tinh bang gidy, con nhiing enzyme diéu hoa
dong hoa tri thuong tinh bang phut.

8.2.2. Piéu hoa sinh tong hop enzyme

Nhu trén da noi, hi¢u ung di lap thé 4m (tc ché nguoc) va hi¢u ung
di 1ap thé duong (hoat hoa enzyme di lap thé) c6 tac dung to 16n trong viéc
diéu hoa nhanh chong cac qua trinh chuyén hoéa trong té bao va co thé.
Nhung khi ¢6 sy thay 601 16n vé sb lwong va chat chuyén hoa (vi du mot
chat nao d6 dugc san xuit hodc giam sit qua nhiéu, su ting thém hay rat
b6t 16 rét chat dinh dudng ¢ mdi trudng nudi cdy...) thi hiéu tmg di 1ap thé
khong dii dap ing. C6 co ché thir hai phdi hop: co ché diéu hoa sinh tong
hop enzyme. Pay 1a co ché cham vi phai qua nhiéu khau trung gian (tac
dong 1én hoat dong ciia gen va qua dé 1én su tong hop protein - enzyme).
Co ché nay cham song rat kinh té: tiét kiém duoc nguyén liéu dé tong hop
protein - enzyme. Trong co thé thudng ton tai hai loai enzyme, loai thir
nhit 12 enzyme thuong truc hay enzyme co ciu (constitutive enzymes), la
nhiing enzyme tham gia thanh phan co ban cua hoat dong té bao, gom tat
ca cac loai enzyme xtc tic qua trinh chuyén hoa cia té bao va lac nao
ciing co trong té bao, loai thir hai 1a enzyme cam ung (inductive - enzyme)
binh thudng c6 luong rat it, khong dang ké, chung s& duoc ting 1én nhanh
chong khi dua vao méi trudng chat xac dinh.

Piéu hoa sinh tong hop enzyme duoc thyc hién theo kiéu cam tng
va kim ham va duoc biét nhiéu & hé thdng procaryote (t& bao vi khuan va
thyc khuan thé). B6 gen ctia mot vi khuan bao gém nhiém sac thé doc nhat
gdm 3.8 triéu d6i nucleotide co kha niang ma hoéa hon 3000 protein khac
nhau trong truong hop cua E.Coli.

Céc vi sinh vAt thuong thich nghi d& dang déi v6i nhimg bién doi
trong thanh phan ciia moi truong dinh dudng nho hién tuong tong hop
cam Ung cia enzyme. Khi xuat hién trong méi truong mot co chit méi
(d6i voi nhitng méi trudng twong d6i nghéo), khong chira nhirng chat dinh
dudng thong thuong, (vi du nhu glucose) thi su tinh tong hop enzyme
trong té bao ting 1én nhanh chong dot ngdt do hién tugng cam tng, (goi la
su tong hop cam ung). Voi sb luong enzyme dugc ting 1én, co chat mai
nay sé duoc bién hoa nhanh chong thanh mot dang dé dong hoa hon.
Chang han khi cho thém tryptophan vao méi truong nudi cdy E.Coli thi
enzyme D-serindeaminase duoc tong hop ting 1én 200 lan, trong khi d6
ham luong cua L-serindeaminase chi ting 4 1an, con L-threonindeaminase
thi khong thay d6i. Khi thém L.threonine ciing vao mdi truong Ay, sy tong
hop L-threonindeaminase chiém wu thé. Can chi ¥, cac enzyme cé chirc
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nang phan giai (di hoa) thuong 1a cac enzyme cam ung. Su cam tng chi
thdy & cac moi truong khong chira nguon carbon d& dong hoa hon: ngay ca
khi sy cam (mg d3 bat dau, ta van c6 thé ngan can hién tugng nay bang cach
cho thém glucose vao moi trudng, ngudi ta goi 1a hiéu timg glucose. Nhu vay,
su cam mg ctia cac enzyme 1a mot co ché dy bi dé bao dam cho su chuyén
hoa cta té bao c6 thé thuc hién dugc mot cach binh thuong khi c6 nhirng thay
d6i khong thuan loi trong thanh phan ctia méi trudng. Su cam tng co tinh da
hudng va tinh hop dong, dic diém nay duogc thé hién & chd: mot chat cam
{mg co6 thé cing mot lac gy ra su tong hop cam tng ctia mot vai enzyme.
Chang han chat cam tng p- galactosidlactose hodic cac cht tuong tu ciia nd)
ngoai kha nang gdy ra sy tong hop cam mg enzyme [3 -galactosidase con
dong thoi gdy ra su tong hop cam Ung hai chit xuc tac nira la
galactosidpermease (co tic dung chuyén co chit qua mang t& bao) va
galactosidtransferase; ca ba loai protein-enzyme nay dugc tong hop cam ting
song song, véi ty 18 khong thay doi. Noi cach khac, sur tong hop cam tmg ba
protein-enzyme nay dugc thuc hién co tinh chat hop dong vé so luong.

Ngoai hién tugng cam tmg vira noi trén, nguoi ta con phat hién ra hién
tuong kim ham sy tong hop enzyme khi thém cac chat chuyén hoa nhét dinh
vao moi trudng nudi ciy vi khuan. Khi cho thém vao méi trudng mot nong
d6 valine twong ddi cao, s& lam ngimg sy tong hop cic enzyme tham gia vao
qua trinh sinh tong hop amino acid nay. Nong do cac enzyme hién c6 s& giam
di vi chiing bi pha lodng va bi thodi hoa dan trong quéan thé cac té bao dang
moc. Néu thém cac amino acid khac nhu methionine, tryptophan, arginine...
cling nhu mét s6 bazo nito nhu uracyl, cytosin, adenin, guanin ciing gdy ra sy
kim ham chon loc nhur trén. Nhu vay cac enzyme lam chirc nang tong hop
(d0ng hoa) thuong bi kim ham, mdc di c6 mét s trudng hop enzyme phan
gidi (di hoa), vi du nhu phosphatase kiém cling bi kim ham nhu trén. Hién
twong kim ham ciing c6 tinh chat da huéng, khi cho thém vao méi truong
mot chét chuyén hoa gay kim ham, thi sy tong hop tit ca cac enzyme trong hé
thong tong hop tuong tmg déu bi ngimg lai dong thoi muc do kim ham sy
tong hop cia tit ca cic enzyme sinh tong hop ra no, bat dau tir N-
acetylglutamatreductase: histidine kim him tat ca cac enzyme tong hop ra nd
tir phosphoribosyl-ATP-pyrophosphorylase: uracil va cytosine kim ham tat ca
hé théng enzyme tong hop ra chung bat dau tir aspartat carbamyl transferase.
Do d6 ta thay rang, nhitng gi6i han cia mot don vi diéu hoa di truyén thuong
tring voi cac gioi han cua hé thong enzyme. Diéu d6 xac nhan lai mot lan
nita vé quan niém cho ring hé théng enzyme 13 mot don vi chirc ning cia sur
chuyén hoa.
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Hién twong kim ham chi xay ra voi ndng do kha cao ctia cac chat kim
ham, khi ndng d6 giam xudng thi sy tong hop cc enzyme twong tmg lai duoc
phuc hoi, d6 13 su giai kim ham. Ta c6 thé noi rang, sd luong cua cac enzyme
trong hé thong duoc kiém tra mot cach thudn nghich bang nong do ciia san
pham cudi cing ctia chung, dong thoi ddc diém cua su diéu chinh nay la sy
lién hé nguoc am tinh. Sy ting ndng d6 san pham s& kim ham sy tong hop
cac enzyme nay. Nho co co ché nay, cac té bao tranh duoc sy tiéu phi cac
nguyén liéu tao ning luong va tao hinh ding cho sy tong hop cac enzyme,
khi ma cac san pham twong tng da c6 du trong mdi truong.

Hién tuong giai kim ham, gidng nhu hién twong cam tng. Mic du
bé ngoai ddi lap nhau, nhung hién tuong kim ham va hi¢n tugng cam tng
co lién quan sau sic voi nhau. Anh huong d6i khing cua ornithine va
arginine d6i v6i su tong hop ornithincarbamyltransferase thugc hé théng
arginine 1 mot chimg minh rd rang vé tinh dong nhat nay. San pham cudi
cung ciia hé thong 13 arginine co tac dung kim him sy tong hop enzyme
nay, con co chit ciia enzyme 1a ornithine thi canh tranh véi arginine, 1am
giam tac dung cua arginine, do d6 tao ra hién tuong giai kim hdm hodac
hién tuong tong hop cam ng enzyme. Két qua la s6 lugng enzyme trong
té bao dugc quyét dinh boi twong quan cic ndong do ndi bio clia co chit va
ctia san pham cua hé thong. Trén co s nhimng hiéu biét hién dai vé co ché
téng hop protein ciing véi nhimng két qua nghién ctru vé hién tugng cam
mg va kim ham trong su tong hop enzyme, ngudi ta da xay dung duoc
mot hé thong quan niém vé co ché diéu hoa tong hop enzyme.

Su téng hop enzyme, nhu ta da biét, duoc thuc hién trén céc hat
ribosome, ciu triic dic hiéu cta phan tir enzyme 1a do nhiing mi hiéu di
truyén ciia RNA thong tin (m-RNA) quyét dinh. Cac ma hiéu di truyén trén
m.RNA duoc sao chép tir phan DNA nhiém sic thé tuong ung (nhiing gen
cau tric hay cistron). Su truyén dat thong tin c4u triic tir DNA dén RNA duoc
thye hién nho vai trd cia DNA-RNA polymerase va chiu su kiém tra ctia cac
"gen didu hoa" (regulator,R). San pham ciia cac gen nay dugc goi la chat kim
ham, (repressor, R*), c6 kha niang khoa sy truyén dat thong tin cu tric tir
DNA dén m.RNA. Trong sy diéu hoa tong hop mot hé thdng enzyme toan
ven do mot nhom gen cu tric chi phéi, chat kim ham khong phan tng véi
timg gen cu tric noi trén ma chi phan tmg voi mot bd phan c6 vai tro quyét
dinh trong viéc truyén dat thong tin dugc goi 1a "gen tac dong (operator, O).
Gen nay thuong ndm & chd bat dau cia nh(')m "gen chu tric" (Structural gene,
cistron,S) cung véi cac "gen ciu tric", "gen didu hoa" va "khoi dong”
(promotor, P) tao thanh mét don vi diéu hoa doc 1ap goi 1a operon. Nguoi ta
cho ring, gen tac dong 1a diém mé dau cho "viée doc" thong tin cAu tric cia
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toan operon: vi vy khi chat kim ham duoc két hop vao gen nay s€ co tac
dung khoa su truyén dat thong tin cta ca operon va tc ché sy tong hop toan
bd bo hé thdng enzyme twong tng.

Tac dung qua lai giita chat kim hiam véi gen tic dong 1a tuy thudc
vao noéng do ndi bao cua cac chit chuyén hoa c6 lién quan. Trong cac hé
thdng enzyme cam tng, khi khong c6 co chat, chit kim ham s& tro thanh
hoat dong va c6 tac dung khoa gen tac dong, tc ché su tong hop enzyme,
nhung khi c6 mit co chat thi chit nay c6 tic dung lam mat hoat tinh cia
chat kim ham, lam cho né khong con tac dung khoa gen tac dong nita va
nhu vay su téng hop enzyme s€ dugc thuc hién tirc thoi manh mé. Nguoi
ta goi d6 1a su tong hop cam Gmg cua enzyme, hién tuong nay co thé duge
coi 1a mdt hinh thure ddc biét cia sy giai kim ham. (Hinh 8.4)

a. Khong co6 chat cam ung

R P o S S S DNA

v

MRNA A~~~

repressor, R’

b. C6 chét cam tng

R P o S

DNA

mRNA ,\A\IIM AP \I/ \} \9 mRNA
VvV

\I/ ZZ e«
>

A
2N
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& 9

\/
<1
= >
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Hinh 8.4. Co ché diéu hoa cam ng sinh tong hop enzyme
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Ghi cha: A, B, C, D co chit va cac san phdm cua chudi phan tmg do
enzyme Ei, E,, E; xtc tac; AP: RNA polymerase. Cac ky hi€u khac dugc giai
thich & trong bai.

Trong céc h¢ thong enzyme bi kim him chét kim ham (san pham cua
gen déu hoa) chi ¢6 kha nang khoa gen tac dong khi san pham cudi cung
cia hé théng cac phan Ung enzyme tang lén dén mirc qua thura, trong

truong hop ndy san pham cudi cing c6 vai trd nhu mot chat dong kim ham
(corepressor) (hinh 8.5)

a. Khong c6 chat dong kim ham (corepressor)

R P o S DNA

@ Il SI2 I
mRNA ¢ AP Y Y v
| vy

mRNA

v o

1

v
it
>

A_> _>n_ C

repressor, R'

Chét dong kim him

b. C6 chit dong kim ham (corepressor)

R P o S S S DNA

_/7 NANA
repressor, R’ K_/ L
|:I Chat dong kim ham

Hinh 8.5: Co ché kim him sinh tong hop enzyme béi sin phim cubi
cung. (ghi chi nhu hinh 8.4)
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Khi néng d6 san pham giam xudng thap, chat kim him trd nén mét
hoat tinh va tach ra khoi gen tac dong, 1am cho su truyén dat nhiing thong
tin cdu tric tro lai hoat dong binh thuong, va nhu vay sy tong hop enzyme
duogc gidi kim ham.

Nguoi ta goi diéu hoa sinh tong hop enzyme theo kiéu cam tng va
kim ham & trén thudc loai diéu hoa m tinh.

Nhiéu dan lidu thyc nghiém cho thiy cac gen bao dam sinh tong hop
mot s6 enzyme cam Ung xuc tac cho qua trinh phan giai khong chi chiu sy
kiém tra theo co ché cam tmg ma con chiu sy kiém tra theo co ché khac
nho tadc dung cua AMP vong (AMPv, cycle-AMP, c-AMP), goi 1a kim
"ham phan giai" (catabolic repression) AMPv ¢6 tac dung kich thich qua
trinh sao chép ma cua céc operon phan gidi. Hién tugng nay da dugc
nghién ctru nhiéu ddi véi operon lactose. Theo nhiéu tac gia, tac dung kich
thich cia AMPv ddi voi qué trinh sao chép ma dugc thuc hién nho mat
protein dic biét lam trung gian goi la protein nhan AMPv hay con goi la
protein hoat héa gen phan gidi (catabolite gene activator protein CAP).
Khi AMPv két hop v6i CAP tao thanh phic hop co tac dung hoat hoa
promotor 1am cho RNA-polymerase dé dang két hop véi no dé bat dau qua
trinh sao chép ma, nhu vay AMPv ¢6 tdc dung lam tdng cudong qua trinh
sao chép.

Kiéu diéu hoa operon phan giai theo co ché nay ciing dugc goi la
kiéu diéu hoa duong tinh. Nhu vay, operon lactose chiu su diéu hoa di
truyén kép: diéu hoa 4m tinh thyc hién nho chat cam ung thong qua
repressor (tinh chat 4m thé hién & chd su diéu hoa xay ra khi khong c6
chat cam ung, repressor két hop véi operator ngan can qua trinh sao chép);
diéu hoa duong tinh thyc hién bang con duong diéu hoa xac dinh su tong
hop CAP can thiét dé dam bao qua trinh sao chép.

Trong su diéu hoa 4m tinh, mot chat e ché kién két véi phan tu
DNA phai bi loai ra trudc khi phién ma c6 thé xdy ra. Trong diéu hoa
duong tinh, mot phan tu chét tac dong phai lién két vé6i DNA. Mot hé
thdng ciing c6 thé dugc diéu hoa br:fmg ca hai cach duong tinh va am tinh,
trong truong hop do, hé thdng 12 "md" khi chét diéu hoa duong tinh dugc
gan v6i DNA va chét diéu hoa am t1nh khong dugc lién két véi DNA.

Trong hé thong diéu hoa 4m tinh, mot chat (rc ché c6 mat trong té bao
va can tré sy phién ma. Mot chat d6i 1ap voi chat e ché phién ma goi 1a
chit cam tmg cho phép mé dau sy phién mi. Trong hé thong diéu hoa
duong tinh, mot phan tir chat tic dong (co thé 1a protein, phan tir nho hay
phirc hop phén tir) hoat héa mot diém mo dau. Su diéu hoa dwong tinh va
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am tinh khong loai trir 13n nhau, vi thé & mot hé thdng, ca co ché diéu hoa
dwong tinh va am tinh déu duoc st dung; hai loai chéat didu hoa dap ung
dugc nhimg diéu kién khac nhau c6 trong té bao. Sy diéu hoa duong tinh va
am tinh duoc ap dung cho hé thong phan giai va cho ca chu trinh tong hop.

Trén day 1a co ché diéu chinh & nhitng t& bao vi khuan: ¢ nhimg co
thé bac cao, co ché co nhitng diém khac va c¢6 phan phirc tap hon. Mot sb
cong trinh thyc nghiém da chi r6 ra rang, & nhimg té bao ctia co thé bac
cao, nhiing protein két hop véi DNA trong nhiém sic thé ¢ vai trd trong
su diéu chinh nay. Trén thuc té trong phong thi nghiém ngudi ta thay
histon dong vai trd chét trc ché trong viéc sao chép thong tin di truyén. C6
thé loai trir sy e ché nay bang cach phosphoryl hoa cac histon dudi tac
dung cua hai loai protein-kinase, mot loai dugc diéu chinh va mét loai
khong duoc diéu chinh bdi AMP vong. Nguoi ta ciing dd ké dén vai tro
clia cac protein acid ctia chromatin, cac chat nay hoat hoa sy sao chép. Cac
hormon steroid ciing c6 vai tro diéu hoa trén hé gen, vi du cortison lam
ting cuong tong hop mot sé enzyme bang cach ting sy tong hop nhimng
mRNA tuong Uing.

Su diéu chinh ciing xay ra trong qua trinh dich ma. Sy diéu chinh
nay tac dong dén nhiing bién d6i trén mRNA (nhu cong thém poly A, loai
b6 nhitg manh khong mang ma di truyén) va dén su két hop mRNA trén
ribosom ciing nhu nhing giai doan khac nhau cta sy dich ma di truyén tir
mRNA sang cac phan tir enzyme.

Cé ché phan tu cua cdc tac dung diéu hoa ké trén cang ngay cang
dugc bd sung chi tiét hon. Ta co thé rut ra két luan 1a: trong té bao c6
nhimg co ché diéu chinh rat phic tap va rat co hi¢u qua, dam bao cho su
lién hé thong tin chat ché gitta by may di truyén cua té bao va cac qua
trinh chuyén hoa vét chit trong té bao. Nho cac co ché ndy ma nong do
ndi bao cua cac phan tir nho co thé kiém tra sy tong hop cac phan tir
enzyme. Noi mot cach khéc, cac phan tir nho nay (co chat va chat chuyén
hoa) c6 thé diéu khién ca s6 luong va chit luong ciia cac hé thong enzyme
trong té bao va do d6 diéu khién ca dic tinh cua nhitng bién doi chuyén
hoéa riéng cia chung.
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Chuong 9
Céng nghé enzyme va trng dung

9.1. Cong nghé enzyme
9.1.1. Enzyme voi cong nghé sinh hoc

Enzyme dugc xem nhu 1a mét ky thudt quan trong cua cong nghé
sinh hoc do c6 cac chuc nang sau:

- Enzyme 1a chit xtc tac cho moi bién ddi vat chat trong cong nghé
sinh hoc.

- Enzyme va nhiéu hoat chét sinh hoc khéac 1 sin pham ciia cong
ngh¢ sinh hoc. Chiing c6 thé dung lam cong cu mdéi cua cong nghé sinh
hoc, hay sir dung trong cac 1anh vuc khac .

- Enzyme duoc xem 13 thudc thir ¢6 tinh chuyén héa cao ma khong
c6 enzyme thi cac qua trinh cong nghé sinh hoc khong thé t61 uu hoa dugce

9.1.2. Céng nghé san xudt enzyme
Trong san xuat ché phdm enzyme, can cha y dén nhimng yéu té:
9.1.2.1. Ngudn enzyme

C6 thé thu nhan enzyme tir dong vat nhu trypsin, chimotrypsin, tir
thuc vat nhu papain cua du du, amylase ctia dai mach. Nhung enzyme vi
sinh vat 1a ngudn pho bién va gia thanh c6 ¥ nghia kinh té nhat.

9.1.2.2. Cach thu nhan

+ Chon dbi tuong: Phai dya vao dac rung sinh hoc cua ddi
tugng.Do1 vai vi sinh vat can cha y dén khau chon giong , van dé di truyén
giong , kha nang sinh trudng va phat trién ciia giong , dic tinh sinh li hoa
sinh cua giong.

+ Céc phuong phap nudi cay:

- Mbi truong nudi cdy: Tuy ching dé chon moi tru?Ung thich hop,
thanh phan dmh duong phai phu hop véi sinh trudng phat trlen dac biét la

cac yeu t6 can thiét cho qua trinh sinh tong hop protein. Can nim vimg co
ché didu hoa dé c6 nhiing thay ddi thich nghi.
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- Phuong phép nubi cay bé mat; 1 nu6i céy‘ trén gia thé ran voi ham
luong nude thap khoang 15-20%. Ngoai thanh phan dinh dudng la protein,
tinh bot, khoang ...c6 thé trdn cac chat lam xop dé thoang khi.

Tuay chung dé khéng ché nhiét d6 , pH mai truong , do & am, thoi gian
nudi cdy...cho dat hiéu qua sinh tong h0’p enzyme cao nhat.

- Phuwong phap nudi cdy chim: 13 nudi cdy trong méi trudong dich thé,
ham luong chat kho tbi da tir 25-30%, thudng tir 10-15%. Ngoai protein,
tinh bot, khoang...con ¢ thé bo sung kich thich t6. Ciing nhu trén, tuy
chung dé khéng ché nhiét do , pH moi truong, do am, thoi gian nudi cdy..
cho dat hiéu qua sinh tong hop enzyme cao nhét.

Véi hai phuong phap trén, mdi loai c¢6 uu khuyét diém riéng. Nubi
cdy bé mat thuong cho hiéu suat cao, d& go bo timg phan néu bi nhiém ,
nhuoc diém 13 ton mit bang nhiéu, kho ty dong hoa. Phuong phap nudi
céy chim dé tu dong hoa, phai loai bé hoan tdan khi bi nhiém.

+ Thu nhan ché pham enzyme:

Ddi v6i canh truong bé mat hay céc ddi tugng thuc vat, co thé déng
héa néu can, sau d6 dung dung dich dém hay nudc cat dé chiét rut enzyme
ra khoi canh trudng bé mit ta co dich chiét enzyme . P6i v6i canh truong
bé sau chi can loc bo sinh khéi 1a ¢6 dich chiét tuong tu trén.

Sau d6 c6 thé dung céc tdc nhan két tia thuan nghich nhu aceton,
ethanol, muoi trung tinh d¢ c6 ché pham enzyme & dang sach hon.

Tu ché‘ ph§7rn sach nay, ba‘ing kS/’ thudt dién di, loc gel... ta c6 :[hé
tach ting phan dé c6 enzyme tinh khiét hon.Tuy muc dich sir dung dé ta
tao ra ché pham thich hgp.

Pé nang cao gia tri st dung, hién nay nguoi ta thudng tao ra ché
pham enzyme goi la enzyme khong tan.

Enzyme khong tan

Hau hét cic enzyme trong co thé déu ¢ dang lién két véi mang con
co chat di qua mang dé enzyme chuyén hoa né thanh san phim. Trong
cong nghi€p thuong sir dung enzyme ¢ dang hoa tan, thuong chi sir dung
dugc mot 1an va d6 13 1i do dé nguoi ta tao ra enzyme khong tan.

Pé tao ra enzyme khong tan c6 nhiéu phuong phap khac nhau nhu
phuong phéap hap phu vat li, phuong phap dua enzyme vao khuon gel,
phuong phap cong héa tri ciia enzyme va chat mang.
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Phuong phap hap phu vat 1i: 1a phuong phap hap phu 1én bé mit chat
mang. Chit mang nhu cam, than hoat tinh, bot thuy tinh...Nhugc diém
ctia phuong phép 1a enzyme dé hoa tan tro lai, do lién két 1ong 1éo, khi
chiu tadc dong luc ion 16n dé bi nha ra.

Phuong phap dua enzyme vao khuén gel: enzyme dé dinh vi trong
gel, mang ludi chat tring hop cang nho enzyme s€ dugc gitr chat hon. bay
la cach dugc dung khé phd bién.

Phuong phap cong hoa tri ciia enzyme va chat mang: dya vao ai lyc
gilta enzyme va chat mang dé tao phuc gitta enzyme - cht mang bang lién
két cong hoa tri. Pay ciing 1a phuong phap duoc ding phd bién.

9.2. Ung dung

Hién nay, viéc san xudt ché pham enzyme cac loai da va dang phat
trién manh mé& trén qui md cong nghiép. Thuc té da co hang nghin ché
pham enzyme ban trén thi trudng thé gidi, cac ché pham nay da dugc khai
thac va tinh ché c6 muc do tinh khiét theo tiéu chuan cong nghiép va tmg
dung. Céc ché pham enzyme phd bién nhu amylase, protease, catalase,
cellulase, lipase, glucoseoxydase...

Ché pham enzyme khong chi dugc ing dung trong y hoc ma con
duogc ung dung trong nhiéu lanh vuc cong nghiép khac nhau, trong nong
nghiép, trong héa hoc... "y nghia ctia viéc sir dung enzyme trong cac
linh vue thye té khong kém so v6i y nghia cia viée sir dung niing
lwgng nguyén ti'".

9.2.1. Ung dung trong y duoc

Enzyme c6 mdt vi tri quan trong trong y hoc. Pac biét 1a cac phuong
phép dinh lugng va dinh tinh enzyme trong hoa hoc lam sang va phong thi
nghiém chan doan. Do d6, hién nay trong y hoc da xuét hién lanh vuc méi
goi la chan doan enzyme, c6 nhiém vuy:

- Phan tich xac dinh nong dd co chat nhu glucose, ure, cholesterol...
v6i su ho trg ciia enzyme .

- Xac dinh hoat tinh xtic tac cia enzyme trong mau sinh vét.

- Xac dinh néng do co chét voi su hd tro cua thude thir enzyme danh
dau.

Dung enzyme dé dinh luong cac chat, phuc vu cong viée xét nghiém
chan doan bénh, vi du dung dé kiém tra glucose nudc tiéu rat nhay.
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ghicoss ooridass
D-Glucnse + O S pGlucono--lactone + Hy{,

Urease dé dinh luong ure. ..

Dung enzyme lam thudc vi du protease lam thudc tic nghén tim
mach, tiéu mi vét thwong, lam théng duong ho hap, chdng viém, lam
thudc ting tiéu hoa protein, thanh phan cta cac loai thuc dung trong da
liéu va my pham...

Trong y hoc cac protease cling duoc dung dé san xuit moi truong
dinh dudng dé nudi cdy vi sinh vat san xuét ra khang sinh, chat khang
doc... Ngoai ra ngudi ta con dung enzyme protease dé c6 dic va tinh ché
cac huyét thanh khang doc dé chira bénh.

Amylase dugc su dung phéi hop v&i coenzyme A, cytocrom C,
ATP, carboxylase dé ché thudc dicu tri bénh tim mach, bénh than kinh,
phoi hop voi enzyme thiy phan dé chira bénh thi€u enzyme ti€u hoa.

9.2.2. Ung dung trong héa hoc

Cho dén nay, viéc tmg dung enzyme trong hoa hoc 1a do enzyme co
cam tng cao d6i v6i nhiét do, pH va nhiing thay ddi khac ctia méi truong.

Mot trong nhiing tng dung ché pham enzyme dang duoc chu y nhét
trong thoi gian gan day la dung chat mang dé gin phic enzyme xuc tac
cho phan tng nhiéu budc. Vi du téng hop glutathion, acid béo, alcaloid,
san xudt hormone...Ciing biang cach tao phirc, nguoi ta gan vi sinh vat dé
str dung trong cong nghé xir Iy nude thai, san xuét alcohol, amino acid...

Trong nghién ctru cau trac hoa hoc, nguoi ta cling st dung enzyme,
vi du dung protease dé€ nghién ctru cau tric protein, dung endonuclease dé
nghién clru cau truc nucleic acid ...

Dung lam thudc thir trong héa phan tich.
9.2.3. Ung dung trong céng nghiép

Viée su dung enzyme trong cong nghiép la da dang, phong phu va
d3 dat duoc nhiéu két qua to 16n. Thir nhin thong ké so bo sau ddy vé cac
lanh vuc di dung protease ta c6 thé thay duoc su da dang: cong nghiép
thit, cong nghiép ché bién ca,cong nghiép ché bién sita, cong nghiép banh
mi, banh keo, cong nghiép bia, cong nghiép san xuat sira kho va bot trang,
cong nghiép hwong pham va my pham, cong nghiép dét, cong nghiép da,
cong nghi¢p phim anh, cong nghiép y hoc...Voi amylase, da dugc dung
trong san xuat banh mi, c6ng nghiép banh keo, cong nghiép rugu, san Xudt
bia, san xuit mat,glucose, san xut cac san pham rau, ché bién thirc an cho
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tré con, san xuat cac mat hang tir qua, san xuat nudc ngot, cong nghiép
dét, cong nghiép glay .Trong pham vi gido trinh nay ching ta chi dé cap
dén viéc tmg dung ché pham enzyme trong mat s6 lanh vuc.

9.2.3.1. Ung dung trong cong nghiép thyc pham

Protease véi cong nghiép thwe phdm: Viéc st dung trong ché bién
lam mém thit 1a ung dung co tinh truyén thong. Nhan dan ta tur rat lau da
dung thom d€ nau canh thit bo; dung rau song 1a chudi chat, va két hop
thirc dn nhiéu thit; du da trong chong tdo bon...ma thuc chat 1a sir dung
papain, bromelain, fixin. Nguoi Nga con dung protease tir hat ddu tuong
nay mam dé 1am mém thit.

Ngoai kha ning phan giai dé 1am mém thit, tao thirc an dé tiéu hoa,
cong ngh¢ san xuat cac loai dich thuy phan giau protein da dugc ap dung
mot cach co6 hiéu qua tinh nang cia protease.

Enzyme 13 mot cong cu dé ché bién cac phé liéu cia cong nghiép
thuc pham thanh thuce an cho nguoi va vat nudi.

Nguoi ta con khai thac tinh dong tu nhu cta renin, pepsin vao cong
nghi¢p thuc pham nhu trong san xuat phomat.

Pectinase voi cong nghiép thuc pham: Pectinase da duoc diung trong
mot s6 nganh céng nghiép thuc pham sau:

- San xudt rugu vang.

- San xuét nudc qua va nudc udng khong co ruou.

- San xudt cac mat hang tir qua: qua co dic, mut.

- San xudt nude giai khat.

- San xuat ca phé.

Ché pham pectinase duoc sir dung trong san xuat nudc qua tir cic
nguyén li€u qua nghién hay dé lam trong nudc qua ép. Béi vi khi c6 pectin
thi khoi qua nghién s€ co trang thai keo, do do6 khi ép dich qua khong thoat
ra dugc. Nho pectinase ma nude qua trong suot, dé loc, hi¢u suat tang.

Pectinase con gop phan chiét riit cic chat mau, tanin va cac chat hoa
tan khac, do do 1am tang chat lugng cua thanh pham.

Nhitng nghién ciru khi ép nho c6 xir Iy bang pectinase khong nhing
lam tdng hi€u suat ma con lam tdng mau sac.



114

Trong san xuat mat nhir, mirt dong... nho pectinase ma dich qua co
nong do dam dac hon.

Cellulase véi cong nghiép thwc phiam: Cellulose la thanh phan co
ban cta té bao thuc vat, vi vady n6 c6 mat trong moi loai rau qua cling nhu
trong cac nguyén liéu,phé li¢u cua cac nganh trong trot va lam nghiép.
Nhung nguoi va dong vat khong cé kha nang phan giai cellulose. N6 chi
c6 gia tri lam tang ti€u hoa, nhung véi luong 16n nd trd nén vo ich hay can
trd ti€u hoa.

Ché pham cellulase thuong ding dé:

- Tang chat luong thuc pham va thic an gia sic.

- Tang hiéu suat trich ly cac chat tir nguyén liéu thuc vat.

Ung dung trude tién cua cellulase dbi voi ché bién thuyc pham la
ding no dé ting d6 hap thu, nang cao pham chat vé vi va 1am mém nhiéu
loai thuc phém thuc vat. Pic biét 1a ddi véi thire dn cho tré con va nobi
chung chit luong thuc phdm duoc ting 1én.

Mot s6 nude da dung cellulase dé xur 1y cac loai rau qua nhu bap cai,
hanh, ca rot, khoai tay, tao va luong thuc nhu gao. Nguoi ta con xur Iy ca
ché, cac loai tao bién...

Trong san xuét bia, dudi tac dung cia cellulase hay phirc hé citase
trong d6 co cellulase, thanh t€ bao ctia hat dai mach bi phéd huy tao dicu
kién tot cho tac dong cua protease va duong hoa.

Trong san xuit agar-agar, tic dung ctia ché pham cellulase s& lam ting
chit luong agar-agar hon so v6i phuong phap ding acid dé pha vo thanh té
bao. bat biét 1a viéc str dung ché phém cellulase dé tan thu cac phé liéu thuc
vat dem thily phan, dung 1am thirc an gia stc va cong ngh¢ 1én men.

Nhimg tmg dung cia cellulase trong cong nghiép thuc pham da co
ket qua rat tot. Tuy nhién han ché 16n nhat 1a rat khé thu duwoc ché pham
c6 cellulase hoat d¢ cao.

Amylase vdi cong nghiép thuc pham: Ché pham amylase da dugc
dung pho bién trong mot s6 lanh vuc ciia cong nghiép thuc pham nhu san
xut banh mi, glucose, ruou , bia...

Trong san xudt banh mi, ché phdm amylase da lam thay d6i hoan
toan chat lugng cta banh mi ca huong vi, mau sic, do xdp...Ché pham
amylase sach cho chat luong banh mi tt hon & dang phuc hop voi
protease.
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Trong san xudt banh keo nguoi ta thudng dung maltose la san pham
thuy phén tinh bot bang amylase va glucose bang glucoamylase. Chinh
glucoamylase, 13 yéu t6 1am ting hiéu suét trong san xut rugu.

Trong san xuét bia, viéc sir dung amylase c6 trong cac hat ndy mam
thay thé malt da gop phan dang ké trong vi¢c giam gia thanh.

9.2.3.2. Ung dung trong cong nghiép dét

Trong cong nghiép dét, ché pham amylase dugc dung de rii ho vai
truge khi tay tring va nhuom. Amylase c6 tac dung lam vai mém, ¢ kha
ning nhing udt, tdy tring va bat mau tot. Ra hd biang enzyme khong
nhiing nhanh, khong hai vai, d0 mao dan t8t ma con dam bao vé sinh, do
d6 tang dugc ning suat lao dong.

Trong san xuit to tim, nguoi ta dung protease dé lam sach soi to. Voi
cong doan xur Iy bang enzyme sau khi xir ly bang dung dich xa phong s€ giup
lua co tinh dan hoi tot, bat mau dong déu va de trang tri trén lya.

9.2.3.3. Ung dung trong cong nghiép thudc da

Trong cong nghiép da, enzyme protease dugc dung dé 1am mém da,
lam sach da, rat ngén thoi gian, tranh 6 nhiém mai truong. Viée xir ly da
dugc tién hanh bang cach ngam da trong dung dich enzyme, hay phét dich
enzyme 1én bé mit da. Enzyme s& tach cac chat nhon va lam dut mot sb
lién két trong phan tir collagen 1am cho da mém hon.

Thuec té cho thay khi xu Iy da bang ché pham protease tur vi sinh vat
c6 thé rat ngan thoi gian lam mem va tach 16ng xudng nhiéu 1an. Piéu
quan trong 1a chat luong 16ng tot hon khi cit. So v6i phuong phap héa hoc
thi viée xu ly bang enzyme c6 s luong 1ong ting 20-30%. Long khong
can xur 1y thém sau khi ngam trong dich enzyme.

9.2.4. Ung dung trong néng nghiép

C6 thé sir dung cac loai ché pham enzyme khac nhau dé chuyén hoa
cac phé liéu, dac biét 1a cac phé liéu ndng nghiép cai tao dat phuc vu ndong
nghi¢p.

Q Nhat hing nim d3 san xuat hang van tAn Vché pham cellulase cac
loai d¢ dung trong ndng nghiép. C6 ché pham chua ca cellulase,
hemicellulase, protease va amylase.

Cong nghé nay kha pho bién ¢ nhiéu quoc gia. O nudc ta viéc dung

enzyme Vvi sinh vat gop phan trong san xuét phan hiru co dang duoc khai
thac dé thay thé cho phan hoa hoc.
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Tom lai, c6 thé néi rang, viéc nghién ctru tmg dung cic ché pham
enzyme ngay cang dugc chi trong & cac linh vuc khiac nhau. Trong 20
nam cudi thé ky XX va cac nam dau cua thé ky XXI cac enzyme khac
nhau da duge tmg dung. O Viét Nam budc dau da co nhidu nghién ciru
mg dung cac enzyme trong ché bién nong san, thyc pham, nhat 1a trong
linh vuc san xuit bia, ruou, ché bién tinh bot (Vién «cong nghiép thuc
pham Vién cong nghé sinh hoc — cong nghé thuc pham Pai hoc Bach
khoa Ha Noi...). Viéc nghién ctru cac enzyme phuc vu nong nghiép, cong
nghi¢p ciing dugc quan tam va co cac két qua dang khich 1&. Vi du, ché
pham enzyme mdi ra doi phuc vu nong nghiép E2001 c6 tac dung tang do
phi nhiéu dét, ting nang sut ciy trong b c6 cac nghién clru ing dung
protease trong san xuét rugu bia, rat ngdn thoi ky 1én men ciing nhu san xuét
nudc mam ngan ngdy bang cong nghé enzyme protease. Enzyme amylase
ciing duwoc nghién ciu tmg dung rong rii trong san xudt dudng bot,
maltodextrin, nha glucose, siro, glucose — fructose & quy mo cong nghiép.
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