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LOI NOI PAU

Cong nghé enzyme la mdt trong nhiing linh vuc ctiia cong nghé sinh hoc hién dai, do
12 mot nganh san xuat ra cac ché pham enzyme. Enzyme 13 chét xtc tac sinh hoc khong doc
hai, c6 hoat luc x{ic tic manh va c6 ban chét 1a protein, enzyme rat phé bién trong ty nhién,
rat can thiét cho rat nhiéu qua trinh héa hoc trong t& bao va sinh vat sdng. Sy hiéu biét vé
vai tro cua enzyme trong tat ca co thé sinh vat séng trén Trai Dat, 1a tién dé co ban cho su
phat trién khoa hoc vé enzyme va cong nghiép san xuét cac ché phim enzyme.

San xuét ché phdm enzyme 1a mot trong nhiing phuwong hudng chinh trong dinh
huéng phét trién céng nghiép vi sinh. Trong nhitng nim qua san luong enzyme ludn ting
vé khdi lugng, ching loai va linh vuc Gmg dung. Cac ché pham enzyme dugc sir dung trong
cac nganh nhu cong nghiép thuc pham va cong nghiép nhe, my pham, cong nghiép tay rira,
nong nghiép, cac nghién ctru phén tich, dugc phim va bao vé strc khoe. Hau nhu tat ca cac
nha may vi sinh déu xay dung trén co sd san xuat cac ché pham enzyme, do vay nhu cau vé
chuyén gia k¥ thuat nam bat cong nghé san xuit enzyme ngay cang ting. Cong nghiép
enzyme phat trién phu thudc rat nhiéu khong chi vé kién thirc chuy@én sau va nhitng nghién
clru trong san xuat, ma con phu thudc vao sy hiéu biét va van dung khi giai quyét nhiing
van dé nghién ctru cong nghé va phat trién san phim méi trong cac linh vuc vi sinh vat,
hoa sinh, hoa 1y va hoa keo, di truyén va dac biét 1a enzyme hoc — day Ia khoa hoc, 1a tri
thitc co ban c6 tinh nén moéng trong san xuat ché pham enzyme.

Uu diém cua enzyme so v&i cac chét xuc tac hoa hoc 1a kha nang hoat dong manh &
ap suat thuong, & nhiét d6 20 dén 70°C va ving pH tir 1-12. Phén 16n enzyme c6 tinh dic
hiéu co chat rit manh, diéu d6 cho phép enzyme chi xtc tac vi mot co chat xac dinh trong
mot hdn hop co nhiéu tap chét, hay noi cach khac tinh chon loc xtc tac véi chi mot loai
polymer sinh hoc. Nhiing diéu néi trén, chimg minh cong nghiép san xuit enzyme 1a mot
trong nhitng wu thé trong cong nghé sinh hoc.

Muc dich co ban cua gido trinh Cong nghé enzyme la gitp sinh vién, hoc vién cao
hoc 1am quen véi cong nghé, k¥ thuat san xuit ché phim enzyme tir nguyén liéu c6 ngudn
géc vi sinh vat, thyc vat va dong vat. Trong cong ngh¢ san xuét enzyme su dung rat nhiéu

may moc va thiét bj cong nghé sinh hoc nén dé nim bét tt kién thirc sinh vién can hiéu rd
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cac qua trinh va thiét bi cong nghé sinh hoc.

Trong gido trinh nay, sinh vién ciing dugc nhic lai mot sé kién thie vé ciu tric va
dong luc hoc enzyme. Phan cot 16 ctia gido trinh nim & cic qua trinh cong nghé tach, tinh
sach, tao ché pham va bao quan enzyme, bén canh d6 tic gia cling nhdn manh t6i mot sd
loai enzyme phd bién va phuwong hudng khai thac trong cac linh vuc khac nhau.

Tac gia rat biét on va tran trong tiép thu nhitng déng gop ¥ kién co tinh phan bién
ciia quy vi ddng nghiép doc gia vé ndi dung dé gido trinh ngay cang trd nén hoan thién
hon!

TAC GIA

Trang 7

TS. BUI XUAN PONG — TRUONG DAI HOC BACH KHOA PA NANG



GIAO TRINH CONG NGHE ENZYME

CHUONG 1. CAU TAO VA BAN CHAT HOA HQC CUA ENZYME

1.1. BAN CHAT HOA HQC CUA ENZYME

Chir «enzyme» bat nguén tir tiéng Hy Lap c6 nghia 14 chat trong nAm men.

Enzyme duoc cac co thé sinh vat sinh tong hop nén va tham gia cac phan tng hoa
hoc trong co thé. Enzyme 1a mét chat hitu co, trong khi d6 cac chat xuc tac khac thuong la
vO co. Sau nay cac nha khoa hoc khac da xac dinh dugc ching la protein.

Nhu vay, enzyme la mét protein c6 kha nang tham gia xtc tac cac phan tng trong va
ngoai co thé.

Diém rat dic biét cua cua enzyme la ching hoat dong trong diéu kién nhiét do on
hoa giéng nhiét do 6n hoa cua co thé sinh vat. Trong khi d6, cac chat hoa hoc can cé nhiét
d6 can thiét cho phan tng. Nhiét do cang cao, téc do phan wng xtc tac héa hoc cang lon.
Uu diém co ban ciia enzyme khi tham gia cac phan (ng sinh hoac c6 thé tém tat nhu sau:

+ Enzyme c6 thé tham gia hang loat phan @ng trong chudi phan tng sinh héa dé giai
phong hoan toan ning luong hda hoc cd trong vat chat.

+ Enzyme c6 thé tham gia nhitng phan tng doc lap nho kha ning chuyén héa rat
cao.

+ Enzyme c6 thé tao ra nhitng phan ¢ng day chuyén. Khi d6 san pham phan tmg dau
s& la nguyén liéu hay co chat cho nhiing phan tng tiép theo.

+ Trong cac phan &ing enzyme, su tiéu hao ning luong thudng rat it.

+ Enzyme ludn duoc tong hop trong té bao sinh vat. S6 luong enzyme rat 16n va
ludn ludn twong Gng Vai s lwong cac phan (ng xay ra trong co thé. Cac phan ung xay ra
trong co thé luén ludn ¢ su tham gia xdc tac bai enzyme.

+ CO nhiéu enzyme khong bi mat di sau phan tng. Ngay nay, cac nha khoa hoc da
tim ra trén 1000 loai enzyme khac nhau c6 trong té bao sinh vat, s6 luong nay rat nho so
Vi s6 luong co that trong mdi té bao. Trong hon 1000 loai enzyme da biét, loai ngudi moi
thu nhan va két tinh dugc khoang 200 loai.

1.1.1.Ban chit protein clia enzyme

Kich thuéc phan ti I6n (20000 — 1000 000 dalton) nén enzyme khong di qua mang

ban thim (gidng dic diém cua protein).
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Enzyme hoa tan dugc trong cac dung méi ¢ cuc (nuéc, mudi lodng), khong hoa tan
trong dung moi khéng phan cuc

Dung dich enzyme c6 tinh chat cua dung dich keo wa nuéc.

Khi hoa tan enzyme vao nudc, cac phan tir nuée ludng cuc s& két hop voi cac nhom
ion hoac cac nhom phan cuc trong phan tir enzyme tao thanh 16p vo hydrate

Enzyme khong bén ddi véi tac dung nhiét (mat hoat tinh ¢ nhiét do cao): Enzyme
mét kha ning hoat dong duéi tdc dung cua tac nhan gay bién tinh protein nhu acid manh,
kiém manh, mudi kim loai nang.

Enzyme c6 tinh chat ludng tinh (trong diéu kién dién ly cia méi trudng c6 thé ton tai
¢ dang cation, anion hoac trung hoa dién. Pay la co s khoa hoc cua phuong phap di¢n di
xéac dinh d6 thuan khiét va tién hanh phan tach enzyme)

Két luan: Tir nhitng luan giai trén c6 thé di dén két luan: Ban chat hoa hoc cua
enzyme la protein.

1.1.2. Lich sir nghién ctru chirng minh enzyme la protein

Ban dau ngudi ta cho rang chit xuc tac sinh hoc (enzyme) 1a mot t6 chirc co su séng
nhu nhimg vi sinh vat; vé sau nhan thiy nhiing trich ly tir sy nghién nat “con men” thu
dugc chat trich ly ciing c6 kha ning xtc tic nhu ban than “con men” séng. Tir d6 phan biét
duoc hai khai niém: fecment (con men) va enzyme (chat trich ly tir con men)

Nam 1026 Summer thu nhan dugc ureaza cua dau trong dudi dang tinh thé.

Néam 1930, 1931 North va Kunitz da tdch dugc pepsin va tripxin

Trén day 1a nhiing bang chimg xac nhan cac tinh thé protein thu dugc chinh la
enzyme

1.2. THANH PHAN CAU TAO CUA ENZYME

Enzyme duoC Cau tao tir cac L — axit amin két hop véi nhau bang lién két peptide.
Khi thay phan protein-enzyme, ta s& thu dugc cac axit amin. Trong mét sd trudng hop,
ngoai axit amin ra ngudi ta con thu dwoc nhirng thanh phan khéc.

- Néu mot enzyme, khi bi thary phan, ta chi thu dugc cac axit amin thi enzyme nay
duoc goi 12 enzyme don cdu tir hay con goi 1a enzyme don gidn.

- Néu 1 enzyme, khi bi thiry phan, ta thu duoc ngoai axit amin con céc thanh phan
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khéc thi enzyme nay goi 12 enzyme da cdu tir hay con goi la enzyme phizc tap.

Céac enzyme phuc tap, ngoai protein ra con c6 cac thanh khac nhu ion kim loali,
vitamin, glutation dang khtr...da s6 c4c enzyme trong co thé 1a enzyme da ciu tir. Trong
thanh phan enzyme da cau tir ngudi ta phan biét rd cac phan nhu sau:

+ Phan protein duoc goi 1a feron hay apoenzyme

+ Phan khong phai protein goi 1a nhém ngoai “agon”. Phan nay thuong la nhiing
chat hitu co dic hiéu c6 nhiém vu lam cofacto két hop véi enzyme trong qua trinh x(c tac.

Chét hitu co dic hiéu c6 thé gan chat vao phan apoenzyme, hoic chi lién két long 1éo
va ¢ thé tach khoi phan apoenzyme khi cho tham tich qua mang. Chat hiru co dic hiéu gén
chat vao phan apoenzyme va dic biét 1a nhitng truong hop duoc gan bang lién két cong hoa
tri, goi la nhdm ngoai (prothetic). Con trudng hop chat hitu co dac hiéu dé c6 thé tach dé
dang va xéac dinh duoc hang sé phan ly cua ching thi chat hiru co dac hiéu goi 1a coenzyme.
Coenzyme thudng 12 din xuét cia cac vitamin hoa tan trong nuéc. Vi vay, khi thiéu mot
vitamin ndo d6 s& anh huéng dén hoat d6 cta enzyme twong tng trong té bao, vi pham qua
trinh trao d6i chat trong co thé, gay nén nhitng bénh dic trung.

Mot phirc hgp hoan chinh gom ca apoenzyme va coenzyme duoc goi 1a holoenzyme.

Tuy nhién sy phan biét coenzyme va nhdm ngoai chi 1a twong dbi, vi kho c6 thé c6
mot tiéu chuan that rd rang nao dé phan biét gan chat hay khong gan chit, hon nita nhiing
nghién ctu gan day da thay rang, nhiéu coenzyme ciing két hop véi apoenzyme bang lién
két cong hoa tri.

Luu y: mot s6 enzyme duoc coi 1a protein don gian nhu trypsin, chymotrypsin...ciing
c6 chtra kim loai. C6 ion kim loai lai 1a thanh phan cua chat hitu co dac hiéu (coenzyme)
nhu sat (Fe) gan véi nhan porphyrin trong enzyme hé xytocrom, catalaza, peroxidaza...C6
nhitng kim loai tuy 1a thanh phan ciu tao caa phan tir enzyme, nhung c6 thé dé dang tach
khoi phan tir enzyme, vi du: polyphenolozidaza c6 chira dong (Cu), cacbonic anhydraza c6
chira kém (Zn)....nhitng trudng hop nay néu mat kim loai, enzyme s& mat hoat tinh va hoat
tinh enzyme c6 thé duoc phuc hdi néu tra lai kim loai vén c6 cho enzyme d6, hoic cung
cap cho enzyme mot cation khac tuong tu.

Nhu vay kim loai c6 thé Ia thanh phan ciu tao phan tir enzyme, hoic phuc hop
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enzyme — co chat, hoac c6 thé 1a chat cong hop (cofacto) trong hoat dong xuc tac cua
enzyme, hoic ciing c6 thé vira 1a thanh phan cu tao, vira la chat cong hop.

1.3. TRUNG TAM HOAT PONG CUA ENZYME

Trong khi tham gia xdc tac, khong phai toan bo tat ca cac phan trong cdu tric cua
enzyme tham gia ma chi c6 mot phan gi6i han cia phan tir enzyme tham gia phan tng.
Phén gi6i han tham gia phan tng duoc goi 13 trung tim hoat dpng (TTHD).

Két qua nghién ctru TTHD cta nhiu enzyme c6 thé dua ra mot s6 nhan xét nhu sau:

- TTHD chi chiém mot ty 1& thé tich twong dbi bé trong phan tir enzyme, nam trong
“t0i” hodc trong “khe”, & gan hoic trén bé mit phan tu.

- TTHD bao gém nhiéu nhom chirc khac nhau cua axit amin, phan to nudce lién két,
trong nhiéu trudng hop c6 ca ion kim loai, cdc nhom chirc cta coenzyme (enzyme da cau
tu).

Céc nhom chtrc cua axit amin thuong gap trong TTHD la

+ Nhom sulthydryl (-SH) cua xystein

+ Nhoém amin (-NH,) dau N hoic e-amin cua lysine

+ Nhém cacboxyl (-COOH) cua axit aspartic va glutamic

+ Nhém hydroxyl (-OH) cua serin, treonin va tyrosin

+ Vung indol cia tryptophan, vung imidazol ctua histidin va nhém guanilic cua
arginin

- TTHP c¢6 céu tric khong gian xac dinh. Cac nhom chirc cia axit amin trong TTHD
c¢6 thé & xa nhau trong chudi polypeptid, cach nhau vai chuc gdc axit amin nhung lai gan
nhau trong khong gian. Gilta cac nhom chuc nay (va hodc la ion kim loai, hodc 1a
coenzyme) dugc dinh hudng x4c dinh trong khong gian, cach nhau nhiing khoang cach
nhit dinh (thudng bé hon 0,3 nm), tao thanh cu hinh khong gian xac dinh, duogc giir viing
nhd mang ludi lién két hydrogen. Mang 1udi nay du linh dong dé c6 thé dé dang thay doi
c4u hinh khong gian cia TTHD dudi tac dung cua cac yéu té bén ngoai khi twong tac véi
co chit, hodc cac chit khac.

- Sy turong tac vé cAu hinh khong gian giita TTHD va co chét duoc hinh thanh trong

qué trinh enzyme ti€p xuc vdi co chat.
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- Giita co chat va TTHD tao thanh nhiéu tuong tic yéu, do d6 co thé dé dang bi cit
dut trong qué trinh phan Gmg dé giai phong enzyme va san pham phan tGng.

- TTHD cua enzyme c6 cAu truc bac IV ¢6 thé ndm trén mot phén dudi don vi, hoac
bao gém cac nhoém chirc thude cac phan tiéu don vi khac nhau. Trong trudong hop tht hai
khi enzyme bi phan ly, cdu trac khong gian cia TTHD bi pha huy lam mat hoat tinh xuc
tac cua no.

Duéi day 1a mot sé mé hinh TTHD cua enzyme

1.3.1.M6 hinh TTHD ciia enzyme theo Emil Fisher (1894) — mé hinh c6 dién

TTHD ciia enzyme cé cau triic khong gian twong vmg véi cau triic ciia phén tir co

chit cing giéng nhw sw twong irng gsita d khéa va chia khéa.

Mo hinh nay dugc cac nha khoa hoc thira nhan trong thoi gian dai (hinh 1.1).

Co chat N L
+ . , A B

( \ " Ving hoat dong \.

\ AUAN! }
a p ¢ /
\ P Phirc hgp ES

) Enzyme

Hinh 1.1: M6 hinh TTHD cia enzyme E. Fisher

1.3.2. M6 hinh Koshland — M hinh hién dai

- Ngay nay di c6 nhiéu din liéu thyc nghiém chimg minh ciu triic khong gian cia
enzyme ciing nhu protein khong ctirng ma mém déo, linh dong (hinh 1.2).

- Theo quan niém hién nay, khi enzyme tuong tac voi co chit cac nhom chirc & phan
TTHD cua phan tr enzyme thay doi vi tri trong khong gian tao thanh hinh thé khép véi
hinh thé ctia co chét, vi vay goi la sy “khdp cam ung”.

Giira co chét va trung tdm hoat dong ciia enzyme tao ra nhiéu twong tac yéu do dé ¢o
thé d& dang bi cit dut trong qué trinh phan tng dé giai phong enzyme va cac san pham cta
phan ung.

*Chuy:
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+ Mot s6 enzyme c6 trung tim hoat dong ton tai dudi dang chua duoc hoat hoa goi
1a “zimogon” hay proenzyme. Nhu vay nhitng enzyme nay can phai dugc hoat hda bang co

ché tu xuc tac hodc bang enzyme khéc...

L2

Co chit VY
o W
/) /\Jr\' |
i  ®®° 4
LN S
\ ) Phitc hop ES

N Enzyme ~
Hinh 1.2: M6 hinh TTHD ciia enzyme theo KoshIADN

+ Enzyme allosteric (enzyme lap thé, enzyme diéu hoa) trong phan tir ciia ching
ngoai trung tim hoat dong con c6 mot sb vi tri khac co thé twong tac voi cac chat khac goi
1a “trung tam allosteric”. Cac chat két hop vao cac trung tm nay goi 1 “cac chat diéu hoa
allosteric” (chat diéu hoa di lap thé)

O day, cac enzyme allosteric 1a cac protein co cau tric bac 4; cac enzyme allosteric
duogc diéu hoa theo kiéu hdn hop, vira 13 homotropic va heterotropic.

1.4. TINH PAC HIEU CUA ENZYME

- Tinh dic hiéu cta enzyme 13 mot trong nhitng khac biét chi yéu giita enzyme véi
cac chat xac tac khac.

- Mdi enzyme chi c6 kha ning xuc tac cho mot hay mot s6 chat nhat dinh theo mot
kiéu phan ung nhét dinh. Sy tac dung c6 tinh lya chon cao nay goi la tinh dac hiéu hoac
tinh chuyén mén hda cuia enzyme.

1.4.1. Pic hiéu co chat

Co chét 13 chét c6 kha niang két hop vao TTHP cila enzyme va bi chuyén hoa dudi
tac dung cta enzyme. Mirc do dic hiéu cia enzyme khong gidng nhau nguoi ta phan biét
thanh cac murc sau:

1.4.1.1. Déc hiéu tuyét doi:

Enzyme chi tac dung trén 1 co chat nhat dinh va hau nhu khong c6 tac dung véi chét
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nao khac.

Vi du: ureaza hau nhu chi c¢6 tac dung véi ure, thuy phan no thanh khi cacbonic va
ammoniac:

ureasea
HzN'CO'NHz + Hzo — C02 + 2NH3

Tuy nhién, sau ndy ngudi ta phat hién ring ureaza ciing tac dung duoc voi cac chat
khac ¢ cdu triic gan gidng ure (hydroxyl ure) nhung véi van tbc nho hon 120 lan.

Ung dung: Enzyme c6 tinh dic hiéu tuyét d6i dung dé dinh luong co chat.

1.4.1.2 Dic hiéu twong dbi:

Enzyme c6 kha ning tac dung 1én mot kiéu lién két hoa hoc nhit dinh trong phén tir
co chit ma khong phu thudc vao cau tao ctia cic phan tham gia tao thanh lién két do.

Vi du: lipase c6 kha nang thily phan dugc tat ca cic méi lien két este;
Aminopeptitaza c6 thé xuc tac thuy phan nhiéu peptite.

a) Ddac hiéu nhom

Enzyme c6 kha nang tac dung lén 1 kiéu lién két hoéa hoc nhit dinh véi diéu kién
mdt trong hai phan tham gia tao thanh lién két phai c6 ciu tao xac dinh.

Vi du: Cacboxypeptitaza c6 kha ning phan cat lién két peptite gan nhém cacboxyl tu
do.

Maltase chi tac dung cho phan tng thiiy phan lién két glucoside dugc tao thanh tir
nhom —OH glucoside cta a-D-glucose véi nhom —OH cuia mdt monose khac

b) Ddc hiéu lién két

Muc d6 dic hiéu twong ddi thap, chi co tinh dic hiéu ddi voi lién két bi cat dut nén
goi la dac hi¢u lién két. Vi du: mot sb esterase xtc tac cho phan Ung lién két ester, mot sb
peptidase thity phan lién két peptide...Cac enzyme niy c6 thé tic dung d6i voi nhiéu co
chat khac nhau, chi can chira cac lién két twong tng.

1.4.2. Pac hi¢u quang hoc

Enzyme chi ¢ tac dung voi mot trong hai dang dong phan quang hoc ctia co chét.

-Theo thuyét da 4i luc cua Berman va Fruton (1941) trong co ché dic hiéu quang
hoc, co chat phai két hop v6i enzyme it nhat & ba diém. Diéu d6 cho phép giai thich rd vi

sao enzyme chi tic dung 1én mot dang dong phan quang hoc ma khong tac dung 1én cac
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dang khac.

-Enzyme cling thé hién dic hiéu lén 1 dang déng phan hinh hoc cis hoac trans.

-Trong tu nhién ciing c6 cac enzyme xdc tac cho cic phan tmg chuyén héa twong hd
giita cac cip dong phan khéng gian twong tGng.

-Enzyme con c6 kha ning phan biét dugc 2 gbc dbi xtng trong phan tir gidng nhau
hoan toan vé mit héa hoc.

1.4.3. Pac hi¢éu phan ing

M&i enzyme chi c6 thé xtic tac cho mét trong cac kiéu phan tng chuyén hoa mot co
chét nhét dinh.

Vi du: phan tmg oxy hoa khir, chuyén vi, thay phan,...

1.5. CO CHE TAC DUNG CUA ENZYME

1.5.1. Enzyme lam gidm ning lwong hoat h6a ciia phan rng

Enzyme 13 chat xtc tac sinh hoc, do d6 trudc tién chung mang day du cac dic diém

cua chat xuc tac no6i chung.

N Miang [vgng hoat hda
4 /“clia phdn ing khdng cd xic tdc
1 T
I PN Y
o ! Y
g Miang lvong { ;, A 'i\
\
t hoat hda . NN
L'r Ll I o n / ""I ‘I"' "“"
4 | cuaphaning f" N\
o cd xc tdc y ‘u.,“"'-\
Trang thdi ban ddu “%y, | Bién thién ning lugng
" | tw'do cva phin vug
Trang thdi cudl

Tidn temh phan fug
Hinh 1.3. Bién thién ning lwong tw do trong cic phén wng hoa hoc
Van tdc phan trng hoa hoc dugc xac dinh boi gia tri ndng lugng hoat héa tirc 1a muc
ning lugng cic chat tham gia phan tng phai dat dugc dé cat dut lién két can thiét va hinh
thanh cac lién két méi. Ning luong hoat hoa cang 16n thi van tdc phan tmg cang cham va

nguoc lai. Do lam giam ning luong hoat hoa phan ung, cac chat xic tac c¢6 tic dung thuc
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day van tbc phan tmg hoa hoc.

Nhu vy, trong cac phan tmg c6 xuc tac, chit xuc tac lam gidm ndang heong hoat héa
cua phan trng hoa hoc, c6 nghia la n6 chi tham gia vao cac phan trng trung gian ma khong
dong vai tro 1a chét tham gia phan tng. Sau phan tmg, chit xtc tac lai phuc hdi vé trang
thai ban dau dé tiép tuc xuc tac (hinh 1.3).

Hau nhu tit ca cac bién doi hoa sinh trong té bao va co thé séng déu duoc xtc tac
bdi enzyme & pH trung tinh, nhiét d6 va ap suét binh thuong trong khi da sb cac chat xuc
tac hoa hoc khac lai chi xtic tic ¢ nhiét 4o va ap suét cao.

Chinh nh¢ viéc tao dugc moi truong dac hi€u (bdi trung tdim hoat dong cua enzyme
lién két v6i co chat) c6 loi nhat vé mat ning luong dé thuc hién phan tmg ma enzyme c6
dugc nhitng kha nang dac biét da néu trén.

Trong phéan ing c6 su xUc tac cua enzyme, nho su tao thanh phuc hop trung gian
“enzyme - co chat” ma co chat duoc hoat hoa. Khi co chit két hop vao enzyme, do két qua
cua su cuc hoa, su chuyén dich cta cac electron va sy bién dang cua cac lién két tham gia
tryc tiép vao phan tng dan t6i lam thay doi dong ning ciing nhu thé ning, két qua 1a 1am
cho phan tir co chat tré nén hoat dong hon, nho d6 tham gia phan tng dé dang.

Ning luong hoat hoa khi c6 xtc tac enzyme khong nhitng nho hon rat nhiéu so véi
truong hop khong c6 xilic tic ma cling nho hon so véi ca trudng hop cd chét xuc tac thong
thuong.

Vi dy: trong phan tng phan hay H,O, thanh H,O va O, néu khong c6 chat xic tac
thi nang lugng hoat hoa 1a 18kcal/mol, néu c6 chat xuc tac 14 platin thi nang luong 13 11,7
kcal/mol, con néu cd enzyme catalaza xtc tac thi ning luong chi con 5kcal/mol

Pic diém lam giam ning lugng hoat héa cia phan ing enzyme cé ¥ nghia rat 16n
trong sinh 1y cta sinh vat. Pic diém nay gin lién véi qua trinh tién hoa cua sinh vat, néu
nhiét do co thé ting s& 1am rdi loan toan bo qué trinh sinh 1y cua té bao. Khi d6 co thé s&
chuyén tir trang thai sinh 1y binh thuong sang trang thai bénh 1y. Co thé & trang thai bénh 1y
1a két qua cua sy rdi loan cac phan tng enzyme. Chinh vi thé, viéc duy tri trang thai sinh Iy
binh thudng cta té bao hay cia co thé dong nghia voi viéc duy tri hoat dong hai hoa cua

cac phan img enzyme.
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1.5.2. Enzyme tham gia vao cAc phan @ng sinh héa thwdong lam ting tbc dé
phan irng

Téc d6 phan ung ting s& lam ting muc do chuyén hoa co chat. Nhu vdy qué trinh
trao doi chét cua té bao sé& ting. Két qua 1a té bao s& ting nhanh vé s6 lwong va khéi lugng.
Nhu vay, enzyme khong chi dong vai trd duy tri trang thai sinh Iy cta té bao ma con dong
vai trd quan trong trong su phat trién va sinh san cia té bao, duy tri sy chuyén héa vat chat
trong cic chu trinh chuyén héa trong thién nhién. Nho c6 hoat dong ctiia enzyme ma khoi
luong co chat dugc chuyén héa trong mot don vi thoi gian trong té bao 16n gip hang ngan
1an khéi luong té bao.

Ban chit cta cac phan ung enzyme 13 khi c6 sy tham gia x@ic tac cla cac enzyme,
cac co chét s& dugc hoat hoa manh, tir d6 lam thay ddi tinh chat hoa hoc cua co chat, két
qua sau phan Ung sé& tao ra nhiing san pham cta phan tng. Dudi tac dung ciia enzyme, co
chat co thé c6 nhitng thay doi khong chi vé cdu tric hoa hoc, ma con thay dbi tinh chat hoa
hoc. Qua trinh xtc tac clia enzyme xay ra qua 3 giai doan theo so d6 sau:

E+S—>ES—P+E

Trong d6: E 1 enzyme, S 1a co chat (Substrate), ES 1a phitc hop “enzyme - co
chat”, P 1 san pham (Product).

- Giai doan thir nhat: enzyme két hop véi co chit bang lién két yéu tao thanh phirc
hop enzyme - co chat (ES) khong bén, phan (mg ndy xay ra rat nhanh va doi hoi ning
luong hoat hoa thép;

- Giai doan thir hai: xay ra su bién ddi co chat dan t6i su kéo cing va pha v& cac
lién két ddng hoa tri tham gia phan Gng. Két qua 13 1am cho co chat dugc hoat hoa va d&
dang tham gia phan tng hon

- Giai doan thir ba: tao thanh san pham, con enzyme duoc giai phong ra dudi dang
tu do.

Céc loai lién két chu yéu dugc tao thanh giita E va S trong phuc hop ES 1a: twong tac
tinh dién, lién két hydrogen, tuong tic Van der Waals. Mdi loai lién két doi hoi nhiing diéu
kién khéac nhau va chiu anh huéng khac nhau khi ¢6 nudec.

Véi phuong phap nghién ciru bang tia X va phuong phap héa hoc nguoi ta da 1am
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sang to cach thirc gan co chat va co ché hoat dong ctia mot sé enzyme nhu lysozyme,
chymotrypsin, carboxypeptidase A v.v... Sau ddy s& gi6i thiéu chi tiét hon co ché phan tng
cua carboxypeptidase A.

Carboxypeptidase A (EC 3.4.17.1) thudéc nhom peptidhydrolase, xtuc tac cho su thuy
phan lién két peptid, phan ng xay ra véi van tde 16n néu amino acid dau C 1a amino acid
thom, enzyme nay ciing thity phén lién két este.

Carboxypeptidase A c6 khdi lugng phan tir 34,3 KDa chira 1 mol Zn/1 mol E. Zn
tham gia trong hoat ddng xuc tac cia enzyme. Khi thay thé Zn bang céac kim loai hoa trj hai
khac 1am thay ddi hoat d6 va c6 thé ca tinh dic hiéu cia enzyme. Trong phin tir enzyme,
Zn & gan bé mat phan tir, twong tac voi gde His - 69, His - 196 va Glu - 72.

Céac gdc amino acid ¢ vai tro xic tic trong trung tim hoat dong cua 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
c6 thé duoc phan thanh cac budc sau:

- Tao thanh phuc ES: Khi tiép xtic v6i co chit, cac nhom trong trung tam hoat dong
ctia enzyme thay doi vi tri trong khong gian. Nhém guanidin cta Arg - 145 ciing nhu nhém
carboxyl ctia Glu - 270 dich chuyén 2A, nhém hydroxyl ciia Tyr - 248 dich chuyén 12A tir

chd gan trén bé mat phan tir chuyén vao trong dén viing gan véi lién két peptid ctia co chat.

WVing khing phin cuc
— trong phin t enzyme

oH
r CH i
| £ ] 2 |II A
- HE=CF —eee i p— L |V
= li!IH & gN=C=NH= |
RC' I, [Tur
i R SN0 TY™|
Glu- g | H Li48
| 279 |- Hy C~N~

Hinh 1.4. So' d6 biéu dién twong tac giira glycyltyrosine véi cac nhém chirc niing

trong trung tim hoat dong ciia carboxypeptidase A (co' chit viét nét dam)
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Tuong tac gitta cac nhom chire cta trung tdm hoat dong vai glycyltyrosine nhu hinh
1.4:

- Nhom carboxyl tu do cia co chat két hop véi nhom tich dién duong cta Arg - 145
clia enzyme qua lién két ion.

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

- Oxy trong nhém - CO - cua lién két peptide twong tic v6i Zn, con carbon trong
nhom - CO - nay tuong tac véi nhém carboxyl cia Glu - 270 qua phan tir nudce.

- Cit dut lién két giai phong san pham.

) Q- Q o
|
HO —@— CH—C—H HO— —CHCH
N—H NT
Zn.. | ™~ H
o5t TS 2 o
H\Q/T'Hl n =£l: Q
Hr‘ MN=—H H +H E;Hil @
o ; o\ P
Ne ] ¢ E 1
—L Tyr. 248 ; r
leig-270l = m"zm[
I |

Hinh 1.5. Co ché phan ng xiic tic ciia carpoxypeptidase A

Nguyeén tir Zn phéan cuc lién két - CO, ting tinh 4i dién tir ciia nguyén tir carbon, do
dé lam tang tuong tac ciia nd voi nude hodc véi nhdm ai nhan cua phan tir protein enzyme.

Gbc Glu - 270 hoat hoa phan tir nuée, nhom - OH duoc tao thanh tin cong truc tiép
Va0 nguyén tir cacbon ciia - CO - (trong lién két peptide ctia co chit), lién két peptid bi kéo
cing ra va bi dit. Goc Tyr - 248 nhuong hydrogen cho nhém NH trong lién két peptié cho
co chit, giai phong san pham dau tién 1a tyrosine ctia co chat va acyl - enzyme (hinh 1.5).

Sau khi lién két peptide bi cét dut, trang thai ion hoa ctia cic nhom acid va base bi
bién d6i twong ung v&i pH moi trudng, Tyr - 248 két hop véi proton, try vé trang thai ban
dau.

1.6. CACH GOI TEN VA PHAN LOAI ENZYME

1.6.1. Cach goi tén enzyme
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1.6.1.1. Tén thong dung

- Trudce kia nguoi ta thuong goi tén enzyme mot cach tuy tién, tuy theo tac gia.

- Céc tén goi quen dlng nhur pepsin, tripsin, kimotripsin,... hién nay van dung goi 1a
tén thong dung

1.6.1.2. Tén hé thong

Theo quy udc quéc té tén goi hé théng cua enzyme dugc goi theo tén co chit dic
hiéu ctia nd, cing véi tén cua kiéu phan Gmg ma né xuc tac, cong thém dudi “aza” (ase).

Tén goi hé thong thieong gom hai phan:

+ Phan tht nhét 13 tén goi co chat (néu phan tng ludng phan thi phan thi nhat 13 tén
goi ctia hai co chat viét cach nhau bang hai chdm).

+ Phan thir hai: chi mot cach khai quat ban chat ciia phan tg xuc tac.

Vi du: tén thong dung: ureaza; tén hé thong sé 1a: cacbamit-amido-hydrolaza

1.6.2. Cach phan loai enzyme

Duya vao tinh dic hiéu ciia phan (mg enzyme, tir nam 1960 Hoi hoa sinh qubc té
(IUB) di thdng nhét phan loai enzyme thanh 6 16p, danh sb tir 1-6. Cac s6 thir ti ndy 1a ¢b
dinh cho méi 16p:

1.6.2.1. Oxydoreductases — lop 1

La cac enzyme xuc tadc cho phan ing oxy héa khur

Nhu viy, trong cac phan tng do chiing xtic tdc xay ra su chuyén electron, sy van
chuyén hydro, su oxy hoa béi oxy phan tir, boi peroxythyclo hodc bdi cac chat oxy hoa
khéac

1.6.2.2. Transpherases — lgp 2

Cac enzyme xuc tic cho phan ung chuyén vi chung thuc hién cic phan ng van
chuyén mot nhom nao d6 tir chit nay sang chat khac. Céac transpherase do ban chat cua
nhitng gdc ma chung van chuyén cé thé tham gia vao cac qua trinh trao doi chat rat khac
nhau.

Phan trng do enzyme xuc tac c6 dang:

AB +CD <~ AC + BD

1.6.2.3. Hydrolases — lép 3
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Cac enzyme xtc tac cho phan tng thily phan. Trong nhém nay cac enzyme phan giai
este (md), glucosit, amit, peptite, protein

Phan tng c6 dang:

AB +H,O — AOH +BH
1.6.2.4. Lyases — lop 4

Céac enzyme xuc tac cho phan Gng cit khong can nuéc, loai nude tao thanh lién két
d6i hodc két hop v6i phan tir nudc tao thanh lién két doi.

Tuc 13, enzyme xuc tac qué trinh phan cach 1 nhém nao d6 ra khoi hop chit ma
khong c6 sy tham gia cuia nudc, tuc 1a khong xay ra sy thuy phan.

Thudc nhém nay cé cac enzyme: aldolases, dehydratases, decacboxylases.

Phan trng xtc tac c6 dang:

AB— B+A

1.6.2.5. Isomerases — lop 5

Céc enzyme xuc tac cho phan ing dong phan hoa

Nhom enzyme xtc tac phan tng chuyén hoa giita hai dang dong phan ctia mot chat
(nhu dang dong phan quang hoc L, D, d6ng phan hinh hoc cis, trans hay tir dang aldo sang
xeto.

1.6.2.6. Ligases — lép 6

Céac enzyme xtc tac cho phan tng tong hop c6 st dung lién két giau ning lugng cia
ATP,v.v...

Tham gia trong cac phan tng gan hai phan tir (néi cach khac di 1a trong qué trinh
téng hop) co6 kém theo sy phan giai cac lién két cao ning luong cua ATP dé giai phong
AMP hoac ADP

Sau do, tir 6 16p, mdi 16p chia thanh nhiéu t6

MB3;i t0 lai chia thanh nhiéu nhém

Do d6, trong bang phén loai, dimg trudc tén enzyme thuong cé 4 con sb:

+84 tht nhat chi 16p

+S6 thtr 2 chi to
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+S6 thir 3 chi nhom

+S6 thir 4 chi enzyme

Vidu: 2.6.1.1. L-aspartat

1.7. CAC DANG PHAN TU CUA ENZYME (ISOZYM).

Enzyme cing xuc tic modt loai phan tmg héa hoc nhung cé thé ton tai nhiéu
dang phan tir khic nhau va c6 mot sd tinh chat 1y, héa, mién dich khac nhau. Céc
dang phan tr khac nhau cua mot enzyme thuong dugc goi la isozym. Lactat
dehydrogenat c¢6 phan tir luong khoang 130.000 do 4 don vi nhd tao nén, méi don
vi nho 1a mot chudi polypeptit co6 trong luong phan tir khoang 35.000. Cac chudi
polypeptit nay duoc sinh tong hop do 2 gen khac nhau ky hiéu H va M, c6 ngudn
gbc ¢ tim (H) va co (M), dugc xép thanh 5 dang phén tu:

LDH1: HHHH

LDH2: HHHM

LDH3: HHMM

LDH4: HMMM

LDH5: MMMM

Ty 18 cta cac dang phan tir con cé thé thay d6i tuy theo tudi tac, trang thai
sinh ly va bénh 1y.

1.8. PHU'C HQP ENZYME (MULTIENZYME)

Trong co thé con gip phiic hop da enzyme gdm nhiéu phan tir enzyme co lién
quan voi nhau trong mot qua trinh chuyén héa, vi du: quéa trinh khir carboxyl-oxy
hoéa acid pyruvic thanh acetyl coenzyme A. Phtrc hop enzyme ctia qua trinh ndy gom 3 loai
enzyme la pyruvat dehydrogenase, transacetylase, dihydrolipoat dehydrogenase tao thanh
phtic hgp chira 24 phan tir cia mdi loai enzyme.

Hé thong ké trén 1a ciia E.coli, con ¢ co thé bac cao thi phirc hop ndy con phirc tap
hon nhiéu. Ngoai 3 enzyme ké trén, trong E.coli con thém pyruvat dehydrogenase
phosphatase va pyruvat dehydragenase kinase lam nhiém vu diéu chinh hoat dong cua hé
thong phirc hop enzyme. Khi ndng d6 ATP cao, pyruvat hydrogenase kinase sé gan hai

nhom este phosphoric vao phén tir pyruvat dehydrogenase lam cho enzyme mat hoat tinh,
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ngimg qua trinh khir carboxyl oxy héa acid pyruvic thanh acetyl coenzyme A. Khi thiéu
ATP, enzyme pyruvat dehydrogenase phosphatase s& thuy phan cac lién két este
phosphoric, khdi phuc hoat tinh phirc hop multienzyme va tang cuong qua trinh duong
phan 4i khi. Ngoai phtrc hop multienzyme ké trén con nhiéu phic hop multienzyme trong
nhiéu qué trinh chuyén héa khac nhu qua trinh khir carboxyl oxy hoa acid a-cetoglutaric,
qué trinh t6ng hop acid béo ngoai ty lap thé, qua trinh tong hop peptit c6 hoat tinh khang
nhu gramixidin, tyroxidin.

1.9. CAC COENZYME THUONG GAP

Nhiéu loai enzyme hoat dong yéu clu co su cong tac cua chét hitu co dic hiéu goi la
coenzyme hay nhom phy, song nhiéu truong hop lai yéu cu ion kim loai, nhitng chat nay
c6 vai tro cong tac vdi enzyme duge goi 1a cofactor. Cofactor c6 thé gan chit vao phan tir
enzyme hay 1ong 1éo co thé tach ra duoc goi 1a coenzyme. Ngiy nay ngudi ta goi chung
nhitg chit cong tic véi enzyme 1a coenzyme, thudng hoat dong voi sé luong rat nho so
v6i s6 lugng cta co chat. Sau phan tng nho tic dong cua hé thong enzyme khac, coenzyme
tré lai trang thai ban dau dé tiép tuc tham gia phan tng. Coenzyme con c6 tac dung giup
cho su duy tri, 6n dinh hinh dang va cau tric polyme dic hiéu cua enzyme. Mot enzyme ¢6
thé cong tac v6i nhidu enzyme nhu NAD', NADP" ¢6 thé phdi hop véi nhidu enzyme khir
hydro. Ngoai cac coenzyme quen thudc, nhiéu chat chuyén hoéa dong vai tro trung gian
trong cac qua trinh chuyén hoda cling mang nhimg dic tinh cia coenzyme; thi du acid
ascorbic, glucose 1-6 diphosphat.

CAu tric ciia coenzyme thuong 13 nucleotid don hay d6i hodc mot phan ciu tao phan
tir 1a cdu trac nucleotid, mot s6 coenzyme c6 nhém hem. Coenzyme c6 lién quan dén nhiéu
loai vitamin, vitamin 1a thanh phan cau tao cila coenzyme. Coenzyme thudng gip nhiéu 13
nhiing coenzyme oxy hoa khir va van chuyén nhém nhu bang bang 1.1

Cic coenzyme oxy hoéa khar géom 5 nhom: nicotinamid, flavin, quinon,
metaloporphyrin va nhom sit khong gin vao porphyrin. Cac nhom nay khac nhau vé thé
ning oxy hoa khur, vé& sé dién tir dugc van chuyén trong qué trinh chuyén dang khir sang
dang oxy hoa. Ba nhom dau trao d6i ion hydro va cic phan tg do ching xuc tac déu thudc

loai van chuyén hydro. Hai nhém sau chi trao do6i dién tir va cac phan iing do chung xtc tac
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thudc nhiéu loai khac nhau. Thé ning oxy hoa khtr cta loai ndy thay ddi rat nhiéu, tuy
thudc phén tir protein va chat cong tac gin vao.

Bdng 1.1: Moi lién quan giita mgt so vitamin voi coenzyme

Loai enzyme Coenzyme Vitamin
Oxydareductose Nicotinamid Vitamin PP
(NAD+, NADP+)
“Flavin Vitamin B,
(FADH2,FMNH?2)
Quinon
Sit hem
Sat khong hem
Transferase Coenzyme A Acid pantothenic (Bs)
S. Adenosyl methionin
Acid lipoic
Glutation
Acid tetrahydrofolic Acid folic
Pyridoxal phosphat Vitamin Bg
Thiamin pyrophosphat Viamin B,
Biotin Vitamin H
Nucleosid triphosphat
Methyl cobalamin Vitamin B,
Hydrolase Thyamin pyrophosphat
Lyase Vitamin B,
Isomease Cobamid Vitamin By,
Ligase

Céc coenzyme van chuyén nhom chia lam hai nhém chinh. Nhom tht nhat gom c6
coenzyme A, glutathion, acid lipoic va S — adenosyl — methionin. Phan hoat dong chinh
cua cac phan tir nhom nay 1a mot nguyén tr luu huynh (S), nguyén t&r luu huynh nay co
kha ndng chtra muo1 dién tir & 16p dién tir ngoai cung, c6 vai tro nhu cai tui hit dién tir, do
d6 1am tang kha niang ion hoa ciia nguyén tir carbon (C) lién két v&i nd, nhom thir hai gom
co biotin, thiamin pyrophosphat, pyridoxal phosphat va acid folic. Tac dung ctia nhitng
chat nay chil yéu 12 nhd mot hé théng lién hiép, bao gdbm mot di nguyén tir. Véi tac dung
cua di nguyén tu, by phan phan ing cia coenzyme dugc ion hoa thanh anion. Sy ion hoa
nay da tao ra giai doan mo dau ciia qua trinh phan tng.

Sau ddy 1a mot s6 coenzyme quen thudc:

1.9.1. Coenzyme nicotinamid:

Trong loai ndy thudng gip hai chat chinh 14 nicotinamid adenin dinucleotid, viét tat

la NAD" va nicotinamid adenin dinucleotid phosphat viét tit 1a NADP®*. Thanh phan ciu
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tao phan tir ctia chiing déu c6: mot phan tir adenin, hai phan tir ribose va hai phéan tir acid
phosphoric (hinh 1.6). Riéng NADP* ¢6 thé c6 mot gdc phosphat thir ba. Hai coenzyme c6

trong tt ca moi té bao; NAD" thuong c6 s6 luong nhiéu hon NADP* khoang mudi 1an.

Oxidized form Reduced form

[= H 0 H HO
o \ |
r NH “ “NH
Nicotinamide \
mononucicotide ( H,
(NMN) l ‘
(’()—PZ() K H H
\ ' H \ H
L. “’ OH OH NH.
[ ! | :
“0—P=0 N A
AR N
| al
Adenosine 0 CH N —"L\\ Z
monophosphate S O\ |
(AMP) / \w‘
N H H /|
H /' H
i OH OH(0PO®) OH OH(0PO®)
NAD® (NADP®) NADH (NADPH)

Hinh 1.6: Céu triic coenzyme nicotinamid

Hai coenzyme nay tham gia vao nhitng phan tmg oxy hoa — khir do cac enzyme
dehydrogenase xuc tac. Cac enzyme nay rat dic hiéu vdi NAD" hoic NADP'. Mot sb
enzyme c6 thé hoat dong voi ca hai coenzyme nhung thudng dic hiéu véi coenzyme nay
nhiéu hon so véi coenzyme kia. Noi chung NAD" thudng tham gia vao nhitng phan tng
oxy hoa — khir dé cung cip niang luong cho co thé, con NADP" thuong tham gia vao nhiing
phan tng sinh tong hop. Cac phan tng c6 sy tham gia ciia cac coenzyme nay thuong 1a
nhitng phan tng lién quan dén lién két doi gitta carbon va oxy, giita carbon va nito, va
trong mot sé trudng hop giita carbon va carbon.

Co ché hoat dong cta hai coenzyme giéng nhau. Trong qué trinh oxy hoéa khir, nhan
nicotinamid truc tiép tham gia phan Gmg, carbon & vi tri 4 ciia nhan nay cé kha ning
nhudng hoic nhan mot nguyén tir hydro, phan con lai ctia coenzyme 1a dé két hop vao
enzyme.

1.9..2. Coenzyme flavin:

Coenzyme flavin thuong gip hai chit quen thudc 1a flavin mono nucleotid (FMN)
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va flavin adenin dinucleotid (FAD).

R
I

5 NH D S
e N HO \
(@)
Flavoquinone R
(FMN or FAD) |
+H® : s _A_ _NH
o H,C \ \r
+H™ B
(@)

Flavosemiquinone
(FMNH* or FADH*)
R

| H
H,C N -N< 20
\f —H®.—c@

s NH
H,C N \”/
H

0]

Flavohydroquinone
(FMNH, or FADH,)

Hinh 1.7: Flavin mono nucleotid (FMN) va flavin adenin dinucleotid (FAD).

CAu tao phan tir ciia hai chat nay déu c6 nhan flavin. Chinh nhan nay ¢ bd phan truc
tiép tham gia vao phan (mg oxy hoa — khir. Cac enzyme két hop véi coenzyme flavin duoc
goi dudi tén chung 1a flavoprotein. Do bén virng va ban chét ctia coenzyme flavin véi cac
enzyme thuong rat khac nhau. Trong phan 16n truong hop, su két hop nay kha bén viing,
chi ¢6 thé tach rdi coenzyme ra trong méi trudng acid hodc qua phuwong phap két tiia bang
amoni sulfat. Ngoai lién két vao tac dung gitra carbon véi mdt di nguyén ti nhu S, O, N...
cac enzyme flavoprotein con co tic dung vao nhiéu loai lién két khac (hinh 1.7).

Vé co ché tac dung, céc tai liéu thuc nghiém chi ra rang cac phan Gng khir d3 xay ra
qua hai budc: bude thir nhat, mot nguyén tir hydro duoc gan 1én N1 cua flavin va lam giam
di mot lién két do6i, nhan nay mang mdt dién t&r doc than & NS5, dién tir nay dugc gil on
dinh 1a do dac tinh cong hudng cao cua nhan; budc thir hai, mot nguyén tir hydro nira dugc
két hop vao N5 va tao nén coenzyme dang khur.

1.9.3. Coenzyme quinon:
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Coenzyme nay duoc goi la coenzyme Q hay uquinon. Trén thuc té c6 hang loat
coenzyme quinon déu la dan xuat ctia benzo — quinon va déu c6 mach nhanh dai gom nhiéu
goc terpen. Mach nhanh nay ctia moi chat c6 chi€u dai khac nhau, nghia 1a c6 s6 lugng (n)

gbc terpen khac nhau (hinh 1.8).

CH;—0
| CH, CH,

| - .
CH,~CH=C—CH
CH,—0 S 2)n

0
Hinh 1.8: Coenzyme quinon

Coenzyme Q & loai dong vét ¢ vi thuong c6 mach nhanh dai téi 10 goc terpen, goi
1a coenzyme Q10 (n = 10). T4t ca nhitng chit nay déu 1a nhitng coenzyme oxy hoa khur.
Nho ¢6 kha niang bién d6i thuan nghich giita dang quinon va dang quinol, cic chat nay
tham gia vao qua trinh oxy hoa khir giita nhitng dehydrogenase va cytocrom b trong chudi
ho hap té bao cua ty thé. Vitamin K va vitamin E ciing dugc xép vao loai chit nay.

1.9.4. Coenzyme hem:

C6 nhiéu enzyme can chat cong tac la nhém Hem. Thi dy nhu hé théng cytocrom,
catalase, peroxydase va mot s6 oxydase. Vai trd cha yéu ciia cac enzyme nay 1a van chuyén
dién tr nhd kha ning bién doi thuan nghich cua sit (Fe) giita trang thai sat II (Fe?") va sét
I (Fe*):

© Fe3*

Fez+
+e

Dang khwr Dang oxy hoa

1.9.5. Coenzyme A (CoASH):

Céu tao cua coenzyme ndy gom c6 mot gdc 3°, 5° diphosphoadenosin lién két voi
mdt phan tir 4 — phosphopantethein. Phan pantethein c6 nhém thiol (- SH) hoat dong.
Coenzyme ndy lam nhiém vu van chuyén nhém acyl (gdc acid) va tham gia vao phan 16n
cac phan (mg ngung tu giita cdc phan tir acetat hodc acid béo khac dé tao ra nhiing chudi

carbon dai hon (hinh 1.9). Dé cho cac phan tng nay c6 thé xdy ra, acid béo phai duoc gan
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vao coenzyme A qua lién két thieste giita nhom carboxyl ciia acid béo va nhom thiol ctia
coenzyme A. Trong dan chit ddng héa tri nay do tac dung cua nguyén tir luu huynh (S),
cac dién tir duoc phan bd lai va do d6 cac nguyén tir bén canh d& dang ion hoa va tao cho
gbc acyl mot hoat tinh méi, nghia 1a gbc acyl dugc hoat héa. Sy hoat héa nay c6 thé xay ra
& nhom carbonyl (hoat héa dau) hodc & nhém metyl cudi cing cua goc acid (hoat hoa

duoi).

Acid pantothenic
/ Acid pantoic f3 - alanin \ Thioetanolamin
A A A
r N N N\
CH;, (I)H O 0]

I
- CH,—C—CH—C—NH—CH,—CH,—C—NH—CH,—CH,—SH

\(|3H3 Pantethein J

Phospho
pantethein< (l) \/NHz
O=P—OH
I SN
T e T
3,5~ diphospho | n_p__p,c—C—C—C—CN" 7
adenosin | | J—I
OH OPO;0 S
o Adenin
N J
Y

D- ribose - 3' - phosphat
Hinh 1.9: C4u tao phan tir Coenzyme A

Nguoi ta cling da chimg minh rang phosphopantethein (thanh phan hoat dong cua
coenzyme A) ciing 13 thanh phan hoat dong ctiia ACP (protein mang acyl) chat nay duoc
coi nhu moét coenzyme van chuyén nhom acyl. Trong qué trinh tong hop acid béo,
phosphopantethein dugc gin chit vao thanh phan protein qua lién két este gitta gbc acid
phosphoric ctia nd véi goe serin cua apoprotein.

1.9.6. S. adenosin methionin:

Trong hoa sinh, metyl hoa 1a mot phan tng rt quan trong va methionin 1 chét cung
cap nhom methyl quan trong nhat.

Nhom metyl trong methionin duoc két hop bang lién két thioeste c6 thé ning van
chuyén rat thap, vi viy qua trinh van chuyén nhém metyl phai qua mét giai doan hoat hoa
trung gian bang cach gan mot phan tir adenosin (cia ATP) vao methionin. Trong dang két

hop nay, nguyén tir luvu huynh (S) ciia methionin tr¢ thanh ion sulfonium c6 tac dung hoat
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hoa nhém metyl, chuan bi cho phan g van chuyén nhom metyl dén chat tiép nhan.
CO0r

CH —NH,

NH,
. AN
CH, & \”
| ™ T __-'.'"
HyC—S"-CH, _O._ f'|* N7

N
) |__{}H

Hinh 1.10: Céu tao phan tir ciia S. adenosin methionin
1.9.7. Coenzyme lipoic (acid lipoic):
CAu tao phan tir ctia acd lipoic:
/CHZ\ o o
H,C CH —CH, —CH, —CH, —CH, —COOH

\S /

Hinh 1.11: Céu tao phén tir ciia acd lipoic:

Chat nay tham gia vao phan Gng khir hydro cua acid pyruvic va mot sd it phan ung
cung loai. Acid lipoic dugc gin chit vao phan tir enzyme bang lién két amid gilta nhém
carboxyl ciia nd va nhém amin tin cing cta lysin ciia enzyme. Phan hoat dong cia
coenzyme nay 1a mot lién két disulfur (-S-S-). Lién két nay c6 thé mé ra hodc két hop voi
cac phan tir cia mot phan tir hitu co, mot nguyén tir luu huynh thtr hai lién két vé6i carbon.
Trong phtic hgp mutienzyme ctia qué trinh khir carboxyl oxy héa acid pyruvic, coenzyme
nay co vai tro phdi hop chit ché véi coenzyme thiamin pyrophosphat (TPP) nhom aldehyl
hoat dong (dwoc tao thanh sau khi tach CO2 ra khéi acid pyruvic) duoc chuyén tir TPP dén
coenzyme lipoic, mdt nguyén tir lvu huynh mang hydro va mét nguyén tir luvu huynh tha
hai mang nhom acetyl. Nhu vay, acid lipoic vira 1 coenzyme van chuyén nhom, vira 13
coenzyme oxy héa khir, n6 hoat dong nhu mot canh tay di dong ctia phirc hop da enzyme
nay.

1.9.8. Coenzyme thiamin pyrophosphat (TPP):

Thiamin pyrophosphat dong vai trd coenzyme trong mét loat nhitng phan ing phan

cat lién két carbon — carbon & sat nhém carbonyl, néi chung la cua acid o-cetonic. Vi tri
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xuc tac chu yéu ctiia coenzyme nay la carbon thir hai ctiia nhan thiazol.
CH,

N7 6 3y—CH, —N*
/|§ 3 4/"k )|\ /‘k (”) (ll)
CHj N S CH,—CH, —0 — 1|>—0—1|)—0H

HN, H
OH OH

Hinh 1.12: Céu tao phin tir ciia coenzyme thiamin pyrophosphat (TPP)
Vi tri nay duogc khu tru ¢ gitra nguyén tir luu huynh (S) va nguyén tir nito (N) co lién
két d6i va mang dién tich duong, nén rat d& ion héa thanh carbanion 4i nhan:
1.9.9. Coenzyme pyridoxal phosphat:
CAu tao phan tir ciia coenzyme pyridoxal phosphat:

| NH,
CH,OH CHO L'H
: CH,OH - B -
OH. : OH A CHsO OH CH—~0-POy
| PO, a8
S
cHy” N CH \Tl' CH; ‘“rld‘ I
H H H
b) (c)
R, ~CH-COOH R,-G-COOH
NH, ©
PLP PMP i
H
R;~C-COOH R,~G-COOH
NH, O

Hinh 1.13: Céu tao phén tir va co ché hoat ddng ciia coenzyme pyridoxal
phosphat
Pyridoxin = vitamin Bg
Pyridoxalphosphat, ky hi¢u PLP
Pyridoxaminphosphat, ky hicu PMP
Co ché van chuyén nhom amin cila pyridoxalphosphat.

Coenzyme nay la din xuat phosphoryl héa cua vitamin Bg, thanh phan cau tao c6
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nhan pyridin mang nhém aldehyd & vi tri para. Nhom nay 1a bd phan tryc tiép hoat dong
ctia coenzyme. Coenzyme tham gia vao nhiéu phan tng tac dong vao cdu tric phan tir cla
acid amin. Tuy theo timg diéu kién cu thé, coenzyme nay tham gia vao cac phan tmg van
chuyén nhém amin, phan tng khir carboxyl hay phan tng cit gc R cta acid amin.

1.9.10. Coenzyme biotin:

Thanh phan cau toa cua coenzyme nay gom mot nhan di hinh tetrahydrothiophen
gin lién v6i mot gbe ureido va mot mach bén 1a acid valeric. Biotin thudng dugc két hop
vao apoenzyme bang lién két giira nhém carboxyl ctia né va nhom —NH, cua lysine cua
apoenzyme. Mach bén ctia coenzyme cung voi lysine ciia apoenzyme tao nén mdt mach
thang dai 14A°, di dong rat dé dang trong qua trinh xtc tac.

Biotin 1a coenzyme tham gia vao cac phan ung van chuyén nhom carboxyl. Qué
trinh ndy gom hai budc: budc thir nhat nhom CO2 dugc gin vao N1 cua biotin tao nén
carboxybiotin; budc thir hai biotin chuyén nhom carvoxyl dén mot co chit khac va co chat
nay dugc carboxyl hoa.

Cic enzyme cong tac véi biotin cd thé chia 1am ba nhom: carboxylase,

decarboxylase , transcarboxylase.

0
Il
.
HNT
\ /
HC —CH
[ . _
H_.(.,\‘fu-[—u::- CH,— CH,— CH,—(
5 OH
Biotin

NH

)
ll
C
.
HN{  NH
\ f _
HC —CH 0
/ \ l
][:L\.,/'LH—(H_-—Cl-lj—CII:—(_H:—L N I
:.’ I
Enzyme-bound biotin
{ Biocytin)

Hinh 1.14: Coenzyme Biotin

1.10. PIEU HOA ENZYME
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Sy diéu hoa enzyme trong co thé dugc diéu hoa boi nhiéu yéu td. Su diéu hoa tdc do
xuc tac bang su thay d6i pH trong té bao. Toc do enzyme con duge diéu tiét bai ndng do co
chat va ion kim loai trong té bao. Su diéu hoa dic hiéu chi yéu 1a sy diéu hoa enzyme bai
hai cach co ban: thir nhat, enzyme di lap thé, hoat tinh cua chung duoc diéu chinh thong
qua su két hop voi mot chit chuyén hoa trén mot trung taim khac trung tim hoat dong goi 1a
trung tam di lap thé (allosteric), c6 kha ning diéu chinh 4m hay duong; thir hai enzyme
diéu chinh déng héa trj. Su bién doi hai dang hoat dong va khong hoat dong cua hai loai
enzyme nay la do tac dong cua mot enzyme khac.

Glycogen

(Glucose), + Pi » (Glucose),., + G1P
Photphorulase

Enzyme nay ton tai hai dang phosphorylase a c6 hoat tinh cao va phosphorylase b
dang ké hoat dong. Loai a la protein oligome v6i 4 don vi ciu tao, mdi don vi c6 mot géc
serin dugc phosphoryl héa & nhém hydroxyl, gbc phosphat can thiét cho hoat dong xtic tac

t6i da ctia enzyme va chiu anh hudng thity phan chiia phosphorylase photphatase.
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CHUONG 2: PONG HQC ENZYME

2.1. Y NGHIA CUA VIEC NGHIEN CUU PONG HOC ENZYME

Nghién ctru dong hoc enzyme 13 nghién ctru anh hudng cia cac yéu to: nong do co
chat, enzyme, pH méi trudng, nhiét do, cac chat kim hidm... dén tdc do phan tng do
enzyme xuUc tac. Viéc nghién ctru dong hoc enzyme sé& cho ta biét dugc cac van dé sau day:

- C6 thé biét duogc co ché phan tir cia sy tac dong clia enzyme.

- Cho phép ta hiéu biét dwoc mdi quan hé vé mit lrgng cta qué trinh enzyme.

- Thay duoc vai tro quan trong ca vé mat 1y ludn 1an thyc tién, vi nhu khi lwa chon
cac don vi hoat dong enzyme ngudi ta can phai biét nhirg diéu kién t6t nhat ddi voi hoat
dong cua enzyme, ciing nhu can phai biét dugc cac yéu té anh huong dén hoat dong cua
chung.

- La diéu kién can thiét dé thuc hién t6t cac budc tinh ché enzyme, vi nguoi ta can
phai kiém tra vé mit luong bing cach xac dinh c6 hé théng hoat dong cia ché pham
enzyme trong cac giai doan tinh ché.

2.2. PONG HQC CAC PHAN UNG ENZYME

2.2.1. So luge chung vé dong hoc enzyme

Bit ky phan tng hoa hoc nao, vi du phan tng A — P, s¢ di xdy ra dugc 1a nho mdt
phan ning lugng trong sd cic phan tir A chita ning lugng 16n hon sé phan tir con lai, lam
cho chiing ton tai & trang thai hoat dong. O trang thai nay dé dang pha v& mot lién két hoa
hoc hoic tao ra mot lién két mai dé lam xuit hién san phém P. Nang lugng can dé chuyén
toan bo s phan tr cia mot mol vat chat & diéu kién nhat dinh sang trang thai kich dong
duoc goi 1a nang luong hoat hoa. Nang lwong nay can thiét dé chuyén cac phan tir tham gia
phan ing sang mot trang thai trung gian giau ning lugng twong tng voi dinh cua hang rao
hoat héa. Téc d6 ctia phan tng ti 1¢ véi ndng do clia phan tir ¢ trang thai trung gian ny.

Ning lugng hoat héa duoc do bang ning luong can thiét dé chuyén cac phan tir 1én
trang thai hoat dong. Chat xtic tac 1am giam ning luong hoat héa von can dé phan tng co
thé xay ra ti phat. Bang 2.1 cho biét ning luong hoat hoa dbi véi mot s6 phan tng.

Theo bang théng ké ta thdy phan tmg phan huy peroxide hydro doi hoi

18.000K Cal/mol nhung s& giam xudng con 11.700 khi co platin x@ic tac va con giam thap
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hon nira khi chat xuc tac 1a enzyme catalase. RS rang, catalase c¢6 hiéu qua hon nhiéu so
v6i chét xtic tic vo co ddi véi phan tmg nay. Trén thuc té catalase c6 hiéu qua dén murc chi
can mot gia tri nang lwong hoat hoa rat nho cho phan ting. Vi vy ma phén giai H,O, bang
catalase xay ra hiu nhu ngay tirc khic vé6i toe dd nhanh nhit trong sé cac phan tng enzyme
d3 biét. con cho thiy cac enzyme khic ciing giam ning luong hoat héa xudng muirc thip
hon dang ké so vdi cac chat xuc tac vo co. Vi 1y do d6 ma cac phan tng enzyme c6 thé xay
ra véi toc do cao & diéu kién nhiét do sinh ly.

Bang 2.1. Ning lwong hoat héa ddi véi cac phan ing c6 chit xdc tac khac nhau

Phan \rng Chit xic tac Ea (Kcal/mol)
Phan giai peroxide Khéng 18000
Platin 11700
Catalase <2000
Thiy phan ethyl ion hydro 16800
butyrate ion hydroxyl 10200
lipase tuyén tuy 4500
Thuy phan casein ion hydro 20600
trypsin 12 000
Thuy phan saccharose ion hydro 25000
invertase nAm men 8000 — 10000

Khi ting nhiét d6 ning luong chuyén dong nhiét cta phan tir ting 1én, 1am cho sb
phan tir c6 kha niang dat trang thai trung gian tang 1én. Vi thé khi tang nhiét d6 1én 10°C,
tdc do ctia phan tng hoa hoc tang 1én khoang hai 1an (Qqo = 2). Khéac véi tac dung cta nhiét
do6, chat xtic tac 1am ting téc do clia phan tng bang cach lam giam ning luong hoat hoa.

Su két hop giira chit phan ng va chit xtc tac 1am xuat hién trang thai trung gian
moi v6i mirc ning luong hoat hoa thap hon. Khi san pham hinh thanh, chét xtc tac lai
duoc gidi phong ¢ trang thai tu do.

Céac phan tmg enzyme cling tudn theo nhirng nguyén tic chung cua dong hoc cac
phan tng hoa hoc. Tuy nhién, ching con ¢6 nhitng dic diém riéng. Mot trong nhitng dic
diém d6 1a hién tuong bao hoa co chat. O néng dod co chat thép tbe do cua phan ung
enzyme ti 16 thuén véi nong do co chat.

Nhung néu tiép tuc ting ndng do co chét thi toc d6 phan tng ting cham dan, va khi
néng d6 co chat dat mot gia tri nao do, tbc do cua phan ung khong tang nita. Trong nhiing
diéu kién d6 nong do enzyme 13 yéu to quyét dinh toc do phan tng.

Maic du hién tugng bao hoa co chat dac trung cho moi enzyme, nhung gia tri cu thé
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cia nong d6 co chat 1a gid tri dac trung. Thong qua nghién cru van dé nay 6ng Leonor
Michaelis (1857-1949) va ba Maud Menten (1879-1960) di dé& xuét vao nim 1913 mét
phuong trinh dién ta téc d6 cac phan ung enzyme va néu 1én mot sb 1y thuyét chung vé

dong hoc cua qua trinh nay. Thuyét nay vé sau di duoc Briggs va Haldans phat trién thém.

N Ning lvdng hoat hda
g cua phan ng khdng cd xiic tdc
g
t
d j
n r
g Ning [v'dng
1'.f hoat hda
d cua phanng /
o cd xic tde V]
Trang th4i ban ddu \ Bién thién ning lucng
M | trdo cia phdn g
Trang thdi cudi
Tién trinh phan ng

Hinh 2.1. Bién thién ning lweng tw do trong phan trng héa hoc
Céc tac gia trén nhan thiy rang trong cic phan ng enzyme trude tién enzyme E tao
ra phtc hé ES véi co chat S. Sau d6 ES s& duoc phan giai thanh san pham P va enzyme E
tu do.
2.2.2. Céc yéu td anh hwong dén toc d phan vng

2.2.2.1. Anh hwong cua no”‘n,q do enzyme

Trong diéu kién du thira co chat, nghia 1a [S] >>[E] thi tbc d6 phan Gng phu thudc
vao [E], v= K[E] ¢6 dang y=ax. Nho d6 nguoi ta di do [E] bang cach do van téc phan tng
do enzyme do xuc tac.

C6 nhiéu truong hop trong moi truong co chira chat kim him hay hoat hoa thi van
téc phan tmg do enzyme xitic tic khong phu thudc tuyén tinh véi [E] do.

Trong trudng hop ndng do enzyme qua 16n, toc d6 phan tng ting cham (hinh 2.2)

Nong do enzyme quéa 16n, chi sau khoang thoi gian rat ngan, van téc phan tmg da
khong ddi theo thoi gian. Theo dd thi 2.2. nén chon néng do [E]s, s€ c6 dugc sy phu thude
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tuyén tinh gita v vao thoi gian trong khoang thoi gian dai hon, dé dang xac dinh vo. Do d6
thuong nén tién hanh lya chon néng do enzyme trudc khi xac dinh hoat d cling nhu

nghién ctru dong hoc phan trng enzyme.

VvV A [E]l

[E]2

[E]3

20 40 60 80 |
Thoi gian sau phan tng (giay)

.
Ll
~

Hinh 2.2. Anh hwéng ciia nong d6 enzyme dén toc dd phan ing [E,]>[E,]>[E;]
2.2.2. Anh hwéng ciia néng dé co chdt, md hinh Michaelis - Menten
- Néu ndng d6 enzyme duoc gitt cd dinh va chi thay d6i nong do co chat thi do thi

mo ta van téc phan tng enzyme duoc biéu dién nhu hinh gipebol (hinh 2.3).

Vv

Velocity

Substrate concentration
Hinh 2.3 — Su phu thudc ciia van toc phan trng (v) vao nong do co chat S
Trong d6: Vimax - tdc d6 phan tng max khi ¢ néng d6 E téi wu cho phan tmg xay ra;
Km — hang s Michaelis.
Khi ting luong co chét thi tbc d6 phan tng ban ddu ting. Khi enzyme tic dung hét
v6i co chét, nghia 13: xay ra sy tao thanh phirc enzyme-co chat & mirc 16n nhét c6 thé, dong

thoi quan sat thiy su tao thanh san phdm 16n nhat. Néu ting thém ndng do co chat ciing
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khong xay ra su tao thanh san pham, nghia 1a van toc phan tng khong ting. Trang thai d6
tuong tng v6i toc d6 phan ing cao nhat(Vimay).

Nhu vay, ndng do enzyme 13 yéu t6 gidi han tao ra san phadm phan (mg enzyme

Tinh chit dong hoc cta phan tng enzyme duoc nghién ctru bdi hai nha khoa hoc
Leonon Michaelis va Maud Menten nam 1913.

Qua trinh enzyme hoa c6 thé biéu dién bang phuong trinh sau:

kL k
E-S 1?' ES—E~-P

-1

O day, k; — 12 hiang s6 van tdc tao thanh phtrc enzyme — co chit
k4 — hang s6 van tdc phan Gmg nghich, phan giai phirc enzyme — co chét; k, — hang
s6 van toc phan tg tao ra san pham cua phan ng.

K — (k—l + kZ)
m kl

K — hang s6 Michaelis

Van tdc phan tng ti I¢ thudn véi néng do phtrc enzyme-co chét [ES], con van tdc tao
thanh [ES] phu thudc vao néng d6 co chat va néng doé enzyme tu do. Van tdc tao thanh va
phan giai [ES] anh huong dén nong do [ES]

Truong hop 1

Van tdc phan Gng enzyme 16n nhat trong trudng hop tat ca cac phan tr enzyme nam
trong phirc enzyme-co chit, tic 1a [E] = [ES]
Su phu thudc cua van téc phan Gng enzyme vao nong do co chat duge biéu dién
bang phuong trinh sau:
Vi X[S]
Ky +[S]
(Su riit gon toan hoc cta cong thirc nay co thé tham khéao trong gido trinh Hoa 1y).
Phuong trinh nay goi 1a phuong trinh Michaelis-Menten (1913)
Truwong hop 2

Khi van tbc phan tng bang nira van tdc cuc dai, Ky, = [S] (hinh 7.2). Khi d6 hing s6

Michaelis bang nong dd co chat, khi dé van toc phan ing bang nura van toc cuc dai.

Trang 37

TS. BUI XUAN PONG — TRUONG DAI HOC BACH KHOA PA NANG



GIAO TRINH CONG NGHE ENZYME

Phuong trinh Michaelis-Menten 1a phuong trinh dong hoc phan ing enzyme mo ta
su phu thudc véan tdc phan tmg enzyme vio ndng do co chét.

Trwong hop 3

Néu ndng do co chit vo cung 16n hon Ky, ([S] >> Ky,) thi sy ting ndng d6 co chét
1én bang K, khong anh huéng 1én tong (K+[S])= [S]. Khi d6 vén téc phan tng bing van
tde cuc dai. O diéu kién nhu vay phan Ung co thé biéu dién béng phuong trinh bac 1 —
nghia la khong phu thudc vao néng dd co chit. Co thé két luan: Van toc phan g cuc dai
la dai lugng khong doi, khong phu thudc vao néng dd co chat.

Truwong hop 4: [S] << K,

Khi @6 (K, + [S]) = Kiy nén v=v,[S]/K,. Nghia 1a, trong truong hop nay tbc do
phan tng ti 1& thuan v6i nong do co chat (phan tmg c6 phuong trinh bac 1)

Y nghia ciia mé hinh Michaelis-Menten

+Vmax Va K, mang dac diém dong luc hoc cua enzyme

+Vpmax — cho biét ddc diém hoat luc xtc tac cua enzyme va c¢6 don vi do van tbe phan
g enzyme 1a mol/lit. Nghia 13, xac dinh kha nang tao thanh san pham 16n nhat c6 thé khi
o néng do enzyme xac dinh va diéu kién thira co chat.

+Kpm — quy dinh ai lyc ctia enzyme véi co chét va 1a dai luong bat bién khong phu
thudc vao nong do enzyme.

Ko cang nho thi ai luc gitra enzyme va co chét cang 16n khi d6 van tdc phan tng ban

dau tang va nguoc lai, K, cang 16n thi van téc ban dau nho ai luc enzyme va co chat cang

hep

2.2.2.2. Anh hwéng ciia cdc chit kim him

- Hoat d6 cua enzyme c6 thé bi thay doi dudi tac dung ctiia mot sd chéat hoa hoc khac
nhau

- Céc chat lam giam hoat d6 enzyme nhung khong bi chuyén héa bai enzyme dugc
goi 14 cac chat kim ham hodc cac chat trc ché (inhibitor) — nén thuong ki hiéu 1a “I”

- Cac chit nay c6 thé 1a nhitng ion, cac phn tir v6 co, hitu co ké ca protein.

- C4c chat (tic nhan) giy bién tinh protein 1a nhimg chat kim hiam khong dic hi¢u

ctia enzyme (bién tinh khong dic hiéu protein) nén cic chat gy bién tinh khong duoc goi
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1a chat kim ham.
- Chét kim hidm dugc quan tdm nghién ctru dé giai thich nguyén 1y xtc tac enzyme,
gitip chung ta nhan biét vai tro ctia cic enzyme trong qua trinh chuyén hoa cua co thé. Vi
du, tdc dung cua thudc chira bénh va chat doc 1a cdc chat kim hdm hoat tinh cua céc
enzyme, nén khi biét dugc co ché chuyén hoa cua ching 13 yéu td quan trong trong nghién
cuu duoc liéu va doc hoc.
- Céc chat kim ham c¢6 thé kim him thuan nghich hoac khong thuan nghich enzyme.
Néu 1a kim ham thuan nghich, phan ung két hop giita enzyme va chat kim ham (I) nhanh
chong dat dén cin bang:
ki
E+I1—EI
-1
Trong truong hop kim hdm khong thuan nghich, k4 rat bé c6 thé xem nhu bang 0, I
két hop v6i E bang lién két dong hoa tri hodc két hop rat chit ché dén mutrc kho 10ng tach
khoi E, sy phan ly phuc EI 1a rat cham.

a) Kim hdam thudn nghich

I kim ham thuan nghich lién két véi E bang lién két dong hoa tri yéu va & nhiing
diéu kién xac dinh d& dang tach ra khoéi enzyme. I thuan nghich chia ra [am: I thuan nghich
canh tranh va I thuan nghich khong canh tranh

Kim ham thuan nghich canh tranh

Céc chit I thuan nghich lién két v6i E tai trung tam hoat dong cua E tao ra phuc
enzyme-co chat. N6 1am giam hoat tinh ciia enzyme thuan nghich. O day, ciu trac cia I
giéng voi cAu trac cua co chit do d6 xuét hién sy canh tranh gilta phan ti co chit va I vao
trung tdim hoay dong ctuia E. Nhu vay, enzyme c6 thé tao ra lién két v4i co chét tao ra phtic
ES hoidc véi I tao ra phirc EL. Khi tao ra phitc enzyme-co chat kim ham (EI) san pham
chinh cua phan rng khong dugc tao thanh (hinh 2.4).

So sanh sy kim hdm canh tranh thuan nghich bang phwong trinh:

E+S—ES—E+P
E+1+< EI
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Ny o/

witng lién két / wiing lign kit |
ving xUc tac

\ o

wing lign két / wiing lién két
wing xoc tac

wiing lign két
wling x0c tac

E

El

E+P

Hinh 2.4. So' @6 I thuin nghich an ngit trung tim hoat dong E

I canh tranh 13m giam van toc phan Gmg hoa hoc. I canh tranh lam ting hang s6
Michaelis K, ctia co chét trong phan ung dé (tic 13 giam 4i luc cia co chat véi enzyme).
Toc 13, sy ¢6 mat cta I canh tranh can luong 16n co chat dé téc do phan tng dat %5 Viax (téc
do phan tng cuc dai)

Sy gia ting ty 1& ndng d6 co chat va I giam muac d6 kim ham phan tng. Khi nong do
co chét rat cao thi sy kim him khong con cho nén TTHD cuia tat ca enzyme sé tao phirc v6i
co chat

Kim ham thuin nghich khong canh tranh

Su kim ham thuan nghich khong canh tranh la hi¢n tugong kim ham phan Ung
enzyme nhung chat kim ham lién két v6i enzyme & vi tri khong phai TTHD cua enzyme.

Chét kim ham khéng canh tranh c6 cu trac khong twong ty nhu co chit.
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- Chat kim ham khéng canh tranh c6 thé lién két dugc véi enzyme hodc véi phtic ES
tao ra phtrc khong linh hoat.

- Sy lién két giira I khong canh tranh v6i E 1am bién d6i cdu trac phan tr enzyme,
pha v& su twong tuong tac giita co chat voi TTHD cua E dan t6i lam giam tc d6 phan Gmg
enzyme.

- Loai kim him nay 1am giam vya ctia phan tmg enzyme va giam ai lyc cua co chat
v6i enzyme, nén K, ting (K > Kp)

b) Kim ham khong thudan nghich

Vv
-
Khéng cd swtham gia clal
khéng canh tranh
V"‘BX R S o ey
| Hg®' |
i o
Vinax
2
Cd sy tham gia clia |
khéng canh tranh

Hinh 2.5. Anh hwéng ciia I khong canh tranh Ién téc dd phan vimg enzyme.

- Sy kim ham khong thuan nghich xuat hién trong trudng hop tao thanh cac lién két
ddng hoa tri bén vimg giira I va E. Ma thudng xuat hién trong TTHD cta E. Két qua 1a E
khong thé thuc hién chirc nang xuc tac.

- C4c chét kim him khong thuan nghich thudng 1a cac ion kim loai nang nhu: Hg®,
Ag*, As®* chi v&i ndng do nho co thé khoa hét cac cdu sunfat cia cac nhém chirc & TTHD.
Co chét luc nay khong thé thyc hién phan tmg hoa hoc (hinh 2.5).

- Khi c6 mit cac thudc thir trong phan tmg chirc ning xuc tac dugc phuc hoi.

- Khi nong d¢ ion kim loai ning qua cao gdy bién tinh phan tir protein ciia enzyme
dan t6i lam ngung hoan toan tic dung cua enzyme.

Chiét kim hiam diic hiéu va khong dac hiéu
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- Str dung céc chat kim ham khong thuan nghich dé nghién ctru co ché hoat dong cua
enzyme thu hét nhiéu nha khoa hoc.

- Tir myc dich ndy nguoi ta di tng dung cac chat dé khoa cac nhom chire xac dinh
cua TTHD enzyme. Nhitng chit nhu vay goi la cac chit kim him dic hiéu. Vi dyu: Phan
tmg kim him TTHD cua Chimotripxin bang Diisopropilflofosfat tao ra phirc khong hoat
dong Diisopropylphosphofloridat (DIFF hoac DEP).

CH; CH; CH3; CH;
— Ry
CIIH (IZH
_ Q ?
LE;}CHE OH + F-P=0 - +@J CH;- O-P=0 +HF
chimochipxin i:.:II {?
CH CH
C-h; CH;1 CT'*J CHa

Diizopropinflofosfat . . .
Phorc khong hiost dong

Nguoc lai, cac chat kim ham phan tng lién két véi moi nhom SH, ngoai TTHD
enzyme thi goi 1a chat I khong dic hiéu
Vi du: chat kim ham khong dac hiéu

o o
Hi-SH + 1-CHp-C?_  — He- S-CHp-CZ . + HI
(E)-CH;-s = Cl (E)-CH,- S-CH; <y

ENZYIMe ioclaxetat

2.2.2.3.Cdc chit hoat hba

- Chét hoat héa lam tang hoat d§ xUc tac cua enzyme, thuong co6 ban chit hoa hoc
khac nhau:

+Cac ion, anion kim loai (6 11-15 ctia bang hé théng tuan hoan Mendeleev)

+Céac chat hitu co ¢6 ciu tao phirc tap

Nhiém vu ctia chit hoat héa 1a chuyén hydro hodc nhitng chit c6 kha ning pha v&
mdt s6 lién két trong phan tir tién enzyme hodc céc chat co tac dung phuc hdi nhitng nhém
chue trong TTHD cua enzyme.

Vi du:

+Téc dyng cua anion Cl, Br, I dén hoat do cua enzyme o-amylase dong vat
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+T4c dyng cta ion kim loai nhu Mn*?, Zn*?,... 1én hoat d6 enzyme protease
- Str dung vuot qua gidi han cac chét hoat héa c6 thé lam giam hoat d§ enzyme.

2.2.2.4. Nhiét do

- Van toc phan ing do enzyme xuc tac chi ting theo nhiét do trong mdt gidi han xac
dinh ma & d6 phan tir enzyme van con bén chua bi bién tinh.
- Puong cong biéu dién anh hudéng cia nhiét do dén van toc phan Umg ctia nhiéu

enzyme nhu hinh 2.6

vén tdc cuc dai

- £ L.
wan toc toi uu

enzyme hi bidn tinh

80 toc phan dng, %

0 38 100 °C

Wi
Hinh 2.6. Anh hwéng ciia nhiét do dén toc do phan ing enzyme

(1-van toc phan tng ting; 2 — van téc phan Gng giam)

- Nhi¢t d0 tng v6i hoat do enzyme cao nhat goi la nhiét do tdi wu cua enzyme
(40-45°C dbi v6i enzyme tir nguon gdc dong vat va 50-60°C dbi véi enzyme c6 ngudn goc
thuc vat)

- Nhié¢t d0 ma enzyme mat hoan toan hoat tinh xuc tac goi la nhiét do téi han, thuong
vao khoang 70°C. O nhiét d6 t6i han enzyme bj bién tinh, it khi c6 kha ning phuc hdi lai
duoc hoat do.

- O nhiét dd nho hon 0 hoat d6 enzyme tuy bi gidm nhung lai c6 thé tang 1€n khi dua
vé nhiét do binh thuong.

2.2.2.5. pH moi trwong

pH c6 anh huong 16n dén van tdc phan tmg enzyme, mdi enzyme chi hoat dong thich

hop & mot pH xac dinh goi 1a pH hoat dong tdi thich ciia enzyme.
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- Hoat d§ enzyme phu thudc vao pH cta dung dich méi truong xdy ra phan Ung

enzyme (hinh 2.7)
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Pepsin Trigzin Phozphataze
Hinh 2.7. Sw phu thugc vén téc phan (ng enzyme vao pH mdi truong
- Anh huéng cia pH 1én hoat do enzyme lién quan mat thiét ti su ion héa ctia nhom
chure trong acid amin, tham gia vao TTHD cua enzyme.
- Khi thay d6i pH khoi trang thai toi wu xay ra sy bién d6i mirc d6 ion héa nhom
chtic ctia phan tir protein. Nhu vay, mdi enzyme c6 1 gia tri pH t6i wu ma & d6 hoat do
enzyme la 16n nhat. Ngoai ving pH ti uu dan t6i giam hoat dd enzyme (bang 2.2).

Bang 2.2. Gia tri pH tdi wu cia mot sé enzyme

Enzyme pH toi wu
Pepsin 1,2-2,0
Piruvat-karbosidaza 4,8
Katalaza 6,8-7,0
Fumaraza 6,5
Ureaza 6,8-7,2
Tripsin 6,5-7,5
Arginaza 9,5-9,9

2.3. PHUONG PHAP XAC PINH HOAT PQ ENZYME
2.3.1. Nguyén ly phwong phap xac dinh hoat d¢ enzyme
-Trong enzyme hoc, nguoi ta khong dinh lwong enzyme mot cach tryc tiép ma
thuong xac dinh giam tiép thong qua xac dinh mirc do hoat dong (hoat d6) ctia enzyme.
-V& nguyén tic ¢ thé chia 1am 3 nhom phuong phap:
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Nhom 1: Do lugng co chat bi mat di hay luong san pham dugc tao thanh trong mot
thoi gian nhét dinh ing v6i mot ndng do enzyme xac dinh.

Bang 2.3. Bang phwong phap xac dinh hoat do enzyme

Nhém Cic thong s6 c6 dinh Cic théng so thay doi
1 Thoi gian Bién thién cua S va P
Nong do enzyme
2 Luong S mat di (hoac P tao thanh) Thoi gian
Nong do E
3 Thoi gian Nong do E
Luong S mét di (hodc P tao thanh)

Nhom 2: Do thoi gian can thiét dé thu duoc mot lugng bién thién nhét dinh cua co
chat hay san pham phan tng Gng véi mot nong do enzyme nhat dinh.

Nhém 3: Chon nong do enzyme nhu thé nao dé trong mot thoi gian nhat dinh thu
duoc su bién thién nhat dinh vé co chét hay san phém.

2.3.2. Don vi do hoat d§ enzyme.

2.3.2.1. Don vi Ul

Pon vi enzyme qudc té Ul: 1a lugng enzyme c6 kha nang xtc tic 1am chuyén hoa
dugc 1 micromol co chét sau 1 phut ¢ dktc.

1UI = 1pmol co chét (10 mol/phit)

2.3.2.2. Katal (Kat)

Katal 1a lwong enzyme c6 kha ning xuc tac 1am chuyén hoa duoc 1 mol co chit sau

1 giay ¢ dktc
1 Kat =1 mol co chét / gidy
1UI = 1/60x10° Kat = 16,67 nKat (nanokatal)
2.3.2.3. Hoat do riéng

Hoat d9 riéng ctia mot ché pham enzyme 1a s6 don vi UI (hodc s6 don vi Katal) Gmg
v6i 1 mililit dung dich (néu 14 dich) hodc 1 miligam protein (néu 1 bot kho) ciia ché pham.

Vi du:

+mot dung dich chtra 10 UI (hodc 166,7 nKat) trong 1 ml

+hoac bdt enzyme chira 10 UI (hodc 166,7 nKt) trong 1 mg protein

Néu ché phém enzyme da tinh sach, hoat d§ duoc biéu thi bﬁng s6 Ul (hodc Kat)
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trén 1 mg enzyme.
Ttc 1a UI/1 mgE hodc Kat/Img E.

2.3.2.4. Hoat do riéng phdn tir

Khi d3 biét khéi luong phan tir ctia enzyme thi c6 thé tinh hoat d6 riéng cua phan tu.
Hoat d6 riéng phén tir: tic 13 s6 phan tir co chit duoc chuyén hoa boi 1 phan tir enzyme
trong 1 don vi thoi gian.

5.6.3. Mot s diém can luu y khi xac dinh hoat d enzyme:

-Nong do co chit trong phan tmg phai ¢ trong mot gidi han thich hop du thira dé bio
hoa enzyme nhung khong qua cao dé dén muc kim hdm enzyme.

-V6i nhitng enzyme can c6 chat hoat héa hodc 1am chit bén thi phai cho chit nay
vao enzyme trudc khi cho co chat vao hon hop phan ung.

-Xac dinh hoat d6 can tién hanh ¢ pH thich hop va cb dinh. Nhung can cha y 1a pH
thich hop c6 thé thay d6i kha nhiéu tuy thuéc vao co chit va thanh phan dung dich dém,
luc ion cua dung dich dém (thuong trong pham vi 0,01-0,1).

-Nhiét d6 dung dé xac dinh hoat do can phai thap hon nhiét d6 t6i uu cua enzyme dé
phong tdc dung kim ham enzyme do nhiét do cao.

-Thoi gian x4c dinh hoat d6 enzyme thudng tir 5-30 phit. Trong 1 s trudng hop co
thé kéo dai 24 gio néu hoat dd enzyme qua thap. Trong nhiing trudng hop dé can phai cho
vao dung dich cac chat diét vi sinh vat va tranh dung nhitng dung dich dém thuan lgi cho

su phat trién vi sinh vat.
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CHUONG 3: CAC PHUONG PHAP TACH VA TINH SACH ENZYME

3.1. NHUNG PIEU CAN LUU Y KHI TACH CHIET VA TINH SACH
ENZYME

Enzyme la protein, vi vay rat d& mat hoat tinh sinh hoc khi bj tach khoi t& bao va co
thé. Viéc mat hoat tinh c6 thé do nhiét do cao, sy thity phan bdi cac enzyme proteolytic, tac
dung cta pH thip, cac chit oxy hoa hay chét khir, cic chat giy bién tinh, cic chat tc ché
thuan nghich, do mét cofactor hay coenzyme.... Tuy nhién, cac enzyme khac nhau c6 thé
nhay cam v&i nhiing tac nhan trén & cac mirc d6 rat khac nhau.

Trong san xuét cac ché phim enzyme thi viéc giit dugc hoat tinh enzyme 1a mot
trong nhitng yéu cau hang dau. Thong thuong qua mdi budc tinh sach thi mot phan enzyme
cling nhu hoat d6 cua ché phém bi méat di, gia thanh cao 1én do chi phi thiét bi, nguyén liéu,
cong stc va do mat di hoat do. Vi enzyme ding trong muc dich cong nghiép, khong phai
lac ndo ciing can ché pham co do tinh sach cao, trong mot s6 trudng hop c6 thé dung ché
pham ¢ dang tho.

Dé han ché t6i da sy giam hoat do enzyme trong qua trinh tinh sach thi thuong can
chon dung dich chiét rat enzyme thich hop, vira cho hiéu suét chiét xuat enzyme cao, vira
khong 1am bién tinh enzyme. Cac budc tinh sach thuong duoc tién hanh & nhiét d6 thip (<
4°C, tly theo yéu to két tiia) dé han ché su bién tinh enzyme ciing nhu tic dung phan giai
ctia cic enzyme proteolytic ¢6 mit trong dich chiét. Déi v6i nhiéu enzyme, c6 thé bd sung
cac chat e ché cua enzyme proteolytic vao dich chiét dé han ché su thuy phan ddi véi cac
enzyme quan tdm. Cac enzyme proteolytic dugc phan thanh 4 16p la:

+ protease serine

+ protease cystein

+ protease axit

+ protease chtra kim loai.

Trén co sé ciia 4 16p protease ndy, ngojdi ta ciing chia cic chat e ché cua céac
enzyme nay theo 4 16p twong tmg. Tuy vy, do su phd bién cua 2 loai protease serine va
protease cystein, nén viéc bo sung vao dich chiét protein enzyme céc chat trc ché cia hai

loai protease nay la pho bién. Trong mot s6 trudong hop, déi védi cdc enzyme nhay cam voi
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cac phan cit proteolytic, thi ca 4 loai chat rc ché déu duogc str dung.

B6 sung cac yéu td lam bén (nhu CaCl,, hay MgCl, & ndéng d6 2-5mM, glycerol 10-
20%...) chat chéng oxy hoa, xdy dung quy trinh tinh sach don gian it buéc nhit ciing 13
nhiing cach dé han ché su giam hoat dong ctuia enzyme. Pdi véi mot sd enzyme bén nhiét
thi c6 thé dung budc xir Iy nhiét ( 70-80°C, trong vong 15-30 phut) ¢ ngay giai doan dau dé
vira han ché tac dung phan cit proteolytic, vira loai bd mdt $6 protein khong mong mubn
khac. Tuong tu, c6 thé dung budc xtr Iy acid (dwa pH xudng 3 — 4) & giai doan ban dau déi
v6i cac enzyme bén ¢ pH thép.

3.2. CHON NGUON NGUYEN LIEU

Enzyme la nhitng chit xuc tac sinh hoc, ¢6 nhiéu trong co thé séng. Viéc diéu ché
chung bang phuong phéap héa hoc vai sé luong 16m 1a viéc 1am rat kho khin va day ton kém
néu khong muén noi 1a diéu khong tudng, nén nguoi ta thuong thu nhan chung tir cac
nguén sinh hoc. Mdc du enzyme co trong tat ca cac co quan, mo cua dong vat thuc vat
cling nhu trong té bao vi sinh vat, song viéc tach enzyme dap ung yéu cau vé mat kinh té
chi c6 thé tién hanh khi nguyén liéu c6 chira mot lugng 16n enzyme ciing nhu cho phép thu
dugc enzyme véi hiéu suat cao va dé dang tinh ché chung. Viéc phan b cua enzyme trong
té bao ciing khong dong déu, trong mot loai té bao ciing ¢ thé c6 nhiéu enzyme nay song
khong c6 enzyme khac. Luong enzyme lai thay doi tuy theo giai doan sinh trudng phat
trién cua sinh vat va tily theo loai nén ching ta phai chon ngudn nguyén liéu thich hop cho
viéc chiét rat va tinh ché enzyme. C6 ba ngudn nguyén liéu sinh hoc co ban: cic mé va co
quan dong vat, md va co quan thuc vat, t& bao vi sinh vat.

3.2.1. Tr m6 va co quan dong vat

Trong tit ca cac nguyén lidu c6 ngudn gc dong vat thi tuyén tuy, mang nhay da day,
tim... dung dé tach enzyme rat thuan loi. Dich tuy tang c6 chtra amylase, lipase, protease,
ribonuclease va mot sd enzyme khac.

Tir ngan tu cta da day bé nghé ngudi ta ¢6 thé thu nhan ché pham renin dé lam dong
sita trong san xudt fomat. Ngudi ta cling san xuat pepsin tir da day dong vat.

Nhung khac véi pepsin, renin cd kha nang dong tu sitta cao ma khong thuy phéan sau

sdc casein. Renin 1a ché pham enzyme c6 gia tri 16n trong cong nghiép.
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3.2.2.Twr thye vat

O thyc vat: thong thuong enzyme hay c6 mit & cac co quan dy trit nhu hat, ci, qua.
Co quan duy trit gidu chat gi thi nhiéu enzyme chuyén hoa chét ay. Vi du trong hat ciy thau
dau co6 nhiéu lipase, trong hat ddu twong c6 nhiéu enzyme urease. Thoc ndy mam chta
nhiéu a-amylase, ¢ ct khoai lang lai c6 nhiéu p-amylase.

Nguoi ta da thu duoc mot sd ché pham enzyme thuy phan nhu papain, bromelain,
fixin tr thyc vat bac cao. Papain thu dugc tir mau nhua du di xanh, bromelain thu dugc tir
cac bd phan (14, than, qua) cay dwra, con fixin dugc tach tir dich €ép than va 14 cay Ficus.

3.2.3. Ttr vi sinh vt

Qua céac nguén nguyén li€u dong, thyc vat chinh co thé tir d6 chiét xuat cac ché
pham enzyme, chung ta thdy rang hai nguon nguyén liéu nay khong thé dung dé san xuét
cac ché pham enzyme véi quy mo 16n béi cac nhuoc diém sau day:

- Chu ky sinh truéng ctia ching dai

- Nguon nguyén liéu nay khong cai tao dugc.

- Nhiéu nguyén liéu dung lam thuc pham (ding dé in) khong thé dung lam nguyén
lidu dé san xuét voi quy mo 16n cac ché pham enzyme nham thod min cac nhu cu cia nén
kinh té qudc dan.

Dung vi sinh vat 1am nguon nguyén liéu dé san xuat cac ché pham enzyme c6 nhiéu
wu diém ndi bat va co tinh chat doc ddo vuot xa so véi nguén nguyén li¢u tr dong vat, thuc
vat, cling nhu s¢€ khic phuc dugc moi kho khan va han ché & trén.

Trudce hét vi sinh vat 1a ngudén nguyén liéu vo tan dé san xuit enzyme vai s6 lugng
16n. Pay ciing 1a ngudn nguyén liéu ma con nguoi chi dong tao ra dugce. Chu ky sinh
truong cla vi sinh vat ngan (tir 16 - 100 gid) vi vay co thé nudi cay hang tram lan trong
nam.

Enzyme vi sinh vat c¢6 hoat tinh rdt manh, vuot xa cac sinh vat khac. Vi vay chi can
mot lwong nho enzyme c6 thé chuyén hoa mot lwgng 16n co chat. S6 lidu tinh toan cho biét,
trong vong 24 gio, vi sinh vat c6 kha ning chuyén hoa mét luong thirc dn gip 30 - 40 lan
so voi trong lugng co thé chung. Trong khi d6, hé enzyme ciia con lgn trén 50 kg chi ¢ thé

chuyén hoa duoc vai kg thirc in trong ngay.
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Hé enzyme vi sinh vat vo cting phong phil. Vi sinh vét c6 kha ning téng hop nhiéu
loai enzyme khac nhau, trong d6 c6 nhirng enzyme & dong, thuc vat khong tong hop duoc.
Vi du cellulase, raxemase...

Phan 16n cac thie dn dé nudi vi sinh vat lai dé kiém va gia ré. Nhiéu vi sinh vat cho
enzyme thuong c6 kha ning phat trién trén cac méi trudong don gian, gia ré, dé kiém nhu
cac phé liéu cua cac nganh san xuat. Hon nita, c6 thé dung nhitng nguyén liéu khong phai
thue phim, nhitng dung dich mudi v6 co dé nudi vi sinh vat. Vi vdy dung vi sinh vat 1am
ngudn thu enzyme s& mang lai gia thanh ré, thoi gian nhanh va hiéu qua kinh té cao.

Vi sinh vat sinh san phat trién vai toc do cuc ky nhanh choéng, khdi luong lai nho,
kich thuéc bé, nhung ty 1¢ enzyme trong té bao twong ddi 16n nén quy trinh san xuét ché
pham enzyme kha dé dang, hiéu suét thu hdi cao. Luong enzyme cé thé dugc san xuat ra
trong mot thoi gian ngin.

DPbi voi mot sb truong hop co thé dung 100% sinh khdi vi sinh vat 1am ngudn
enzyme.

Vi sinh vt rat nhay cam ddi véi tac dong ciia méi trojong, thanh phan dinh dudng
nudi chiing cling nhu mot sé tic nhan 1y hoa, co hoc khac. Do d6 cé thé thay d6i nhiing
diéu kién nuoi cdy dé chon gidng tao nhirng chung dot bién cho ta ham lugng enzyme dang
ké v6i hoat tinh xtc tac cao. Co thé néi rang, nhd ngudn enzyme vi sinh vat, ngudi ta co
thé diéu khién su tong hop enzyme dé& dang hon cac ngudn nguyén liéu khac dé tang luong
enzyme dugc tong hop hoic tong hop dinh hudng enzyme.

Tuy vay trong qua trinh chon nguén nguyén liéu tir vi sinh vat, can luu ¥ mot s6 vi
sinh vat c6 kha ning sinh doc t6 dé co bién phap xir 1y thich hop.

N6i chung céc vi sinh vat mubn duoc sir dung lam ngudn nguyén lidu tach enzyme
can phai thoa man cac diéu kién sau:

- Kha ning tong hop enzyme manh trong mét thoi gian ngan.

- Dé tach enzyme va khong sinh doc to.

C6 mot diéu i tha 1a: trong diéu kién binh thuong, vi sinh vat chi tong hop ra mot
lugng enzyme vira di cho hoat dong sinh 1y co thé cta chung (thudng duoc goi 13 su tong

hop enzyme "ban thé"). Néu khi ting ham luong mot sd chat hodc thém mot sd chat méi
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vao moi trudong nudi cdy, dic biét 1a co chit cua enzyme, thi su tong hop enzyme tuong
mg ting 1én mot cach dang ké, khac thojong ¢ khi con tong hop enzyme méi: hién tuong
trén goi 1a sy cam tng sinh tong hop enzyme. Chat giy nén sy cam Gng sinh tong hop goi
1a chat cam tng. Su téng hop mot luong dang ké enzyme goi 1a siéu tong hop enzyme.

Dé thu duoc ngudn enzyme doi dao tir vi sinh vat, cdn phai nudi cdy chang. C6 hai
phuong phap nudi cay vi sinh vat dé thu enzyme: phwong phdp nuéi ciy bé mdt va phwong
phdp nuéi cdy bé sau hay 1a phirong phdp néi va phwong phdp chim.

Trong phuong phap nudi cdy bé mit, ngudi ta cho vi sinh vat phat trién va bao phu
trén bé mit cac hoat chét dinh dudng rin, di dugc lam am, dung lam méi trudng (cam gao,
cam nép, cam mi, bap xay nho...). D& méi trudng xOp ngudi ta tron thém mot lwong nhod
mat cua... Sau khi nudi du thoi gian dé vi sinh vat tong hgp enzyme méi truong dugc say
nhe, nghién nho. Ché pham thu dugc & dang ran - thd. Mudén c6 ché pham tinh khiét phai
qua giai doan tach va tinh ché enzyme.

Khac voi phuong phap nudi cdy bé mit, trong phuong phap nudi cdy bé sau ngudi ta
cho vi sinh vat phat trién trong méi truong 1ong. Nguyén liéu chinh va phd bién 1a dich
duong glucose, fructose, maltose, saccharose...dich thily phan cellulose, tinh bot. Ngudn
nito httu co thuong dung la nude chiét bép, chiét malt, dich tu phan nidm men. Can chon
pH pht hop véi chung vi sinh vat va su tong hop enzyme theo mong mudn. Sau khi nudi,
ta thu dugc canh trrong 16ng - dang tho.

Pé lam tang lugng enzyme & vi sinh vét chiing ta can cha ¥ tuyén lya va chon giéng
cac ching vi sinh vat c6 hoat tinh enzyme cao, tong hop dugc enzyme can thiét va vai s6
lwong nhiéu. Cac chung duoc phén 1ap theo phuong phap thong thudng chi tong hop mot
lugng nhé enzyme (enzyme ban thé), do d6 can tién hanh gay dot bién bang cac phuong
phap sinh hoc, 1y, hoa hoc... dé tao chung c6 kha ning siéu tong hop enzyme. Vi sinh vét
sau khi duoc tuyén chon, can dugc nhan giéng va nuoi trong diéu kién tdi vu dé ching sinh
truong tot, tong hop nhicu enzyme.

Ngodi ra can phai chon méi truong vi thanh phan mai truong dinh dudng c6 anh
huéng tryc tiép dén sy sinh trudng va tong hop enzyme cia vi sinh vat. Trong thanh phan

moi trudng phai cd du cac chat ddm bao dugc su sinh trudng binh thuong ctia vi sinh vat
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va tong hop enzyme.

Pdc biét hwu y 13 dé ting sy tong hop enzyme ngudi ta thudng dwa vao hién tuong
cam Gng. Vi néu nhu trong thanh phan méi truong ¢ cac chat cam tng thi chat d6 hay san
pham phan giai cua né s& kim him hodc lam yéu tac dung kim hidm cua chat kim him
nhim bao dam kha ning sinh téng hop enzyme da cho khong bi can tré. Chat cam tng tong
hop enzyme cho thém vao méi trudng nudi thuong 14 co chat twong tmg ciia enzyme can
téng hop. Vi du: Mudn tach a-amylase & nAm mbc (Asp. Oryzae), ngudi ta cho vao moi
truong nudi céy tinh bot, maltose, isomaltose, oligosaccharid... c6 chtra lién két a-1,6
glucozid. Mubdn tach pectinase & Asp.Niger, ngudi ta cho thém vao mdi trudng pectin. Dbi
v6i hemicellulase thi chat cam mg 1a hemicellulose; con d6i vai proteinase chat cam tng
c6 hiéu luc 1a protein, bot dau nanh, 1ong, stmg nghién nho (¢ Actinomyces fradiae). Chat
cam ing ciing co thé 1a nhitng chat giong co chat va nhitng san pham thuy phan cta ching.
Vi du: thay cho protein thi peptid va thay cho tinh bt thi erithrodextrin déu c6 tac dung
cam Urng.

C6 nhiéu yéu t6 anh hudng d6i véi moi trudng nudi cdy. Nhiét do nudi cdy thong
thuong tir 25 — 30°C. Tri s6 pH ban dau ciia méi trudng (cht yéu & méi trudng nude) cling
c6 thé gay anh hojong nao d6 dén sy tao thanh enzyme, nhung khi d6 ciing can tinh dén
kha niang bién d6i nhanh chéng chi sé d6 bdi vi sinh vat. Théng thuong dbi véi a -
amylase, pH t6i wu cho su sinh tong hop (pH = 7 — 8) khac véi pH tdi uu cho hoat dong
ctia n6 (pH = 4.7 - 4,9). Cac enzyme dudng hoéa khac ctia nAm mdc nhu glucoamylase thi
pH t6i uu cho su sinh tong hop va cho hoat dong 14 chung nhau (4,5 - 5,0). Po thong khi
cling rat can thiét cho viéc sinh téng hop enzyme. Vi viy ¢ méi trudng bé mit ngudi ta
thuong thém chat x6p nhu trdu vao, con & mdi truong bé sau (mdi trudng dich thé), thi
ngudi ta thudng lic (néu enzyme can lic thi viéc nay cuc ky quan trong). P 4m ciing rét
quan trong (chi c6 tic dung & nudi cdy bé mit), phu thudc vao thanh phan moi truong bé
mat.

Mot diéu can noi thém nira 13 enzyme thojong chtra & bén trong mang té bao chat cua
sinh vat goi 1a cac enzyme ndi bao (intracellular), nhojng né ciing cé thé duoc cic sinh vat

ti€t ra moi1 truong song, goi la cdc enzyme ngoai bao (extracellular). Enzyme vi sinh vat
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thuong chiét 1a enzyme ngoai bio.

3.3. CHIET RUT ENZYME

Nhu ching ta da biét, trong co thé sinh vat, enzyme c6 trong té bao chat va cac ciu
tir (nhan, microsome, ty thé, lysosome...) cua té bao. Té bao duoc bao boc bing mot 16p
mang. Lop mang nay & vi khudn déi khi rat bén va day. Nguoi ta con thiy nhiéu enzyme
lién két rat chit ché véi cac ciu tir cua té bao.

Céc phan tir enzyme khong c6 kha ning di qua mang cua té bao va mang cua cic cu
tir ctia té bao. Do d6 dé c6 thé chiét rut cac enzyme ndi bao, budc dau tién 13 phai pha vo
ciu triic cua cac té bao ¢ chira enzyme va chuyén chung vao dung dich.

3.3.1.D6i voi md té bao thuc vat

Pé viéc pha v& ¢6 hiéu qua & mé thuc vat, trude khi nghién ngudi ta thudng thai nho
mau dé vao ngan d4 hodc cho truong nudc (vi du nhu dbi véi mau hat kho).

Thu nhan enzyme tir té bao thuc vat twong d6i kho khin do sy hién dién véach té bao,
khong bao (vacuole) va hop chat phenolic.

Viéc pha v& khong bao giai phong proteases, pH dich chiét thap. Viéc nay co thé
lam bién tinh enzyme. Vi vy phai chi ¥ sir dung cac chat rc ché protease trong sudt qué
trinh chiét rat.

Khi c¢6 oxygen, phenol oxidases xuc tac chuyén hop chat phenolic thanh dang

polymeric pigment c6 thé lam bat hoat (inactivate) enzyme trong dich chiét. C6 thé
khic phuc bing cach bd sung chiat khir 2-mercaptoethanol hodc bd sung
polyvinylpolypyrollidone gitip hdp thu hop chat phenolic.

3.3.2. Poi véi md té bao dong vat

Trojdc hét mo dong vat duoc cit nho (loai bo md va mo lién két)

- M6 mém dong hoa trong thiét bj dong hoa

- M6 cling can duoc xay nho trong may xay trudc khi cho vao thiét bi dong hoa. Sau
d6 tién hanh ly tdm dé loai bo cac thanh phan thira ciia té bao.

3.3.3. Poi véi té bao nAm men

Mot trong nhimg khoé khin cta té bao nam men 1a té bao cé chira vach té bao va

nhiéu protease. C6 thé khic phuc bang cach:
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+ Tao dot bién gay ra sy thiéu hut mot vai proteinase

+ Ngin chin sy tao protease bang cach nudi trén moi truong khoéng chia co chit
protein.

Dé pha v& té bao nAm men c6 thé sir dung 1 trong 2 phuong phap sau:

+ Phuong phdp 1: 1 banh men trong toluene (6% (v/w)) va 2 mercaptoethonol (0.2
% (v/w)) & 37°C trong 1 h tach thanh phan véch té bao, bd sung EDTA (15 mM) tai pH
7.0 con chira 5 mM 2 — mercaptoethanol, i qua dém dé pha v& vach té bao. Cudi cung ly
tdm 15 000 vong/phut trong 30 pht.

+ Phwong phdp 2: lic véi hat thay tinh (duong kinh 1 mm) bd sung thém 1ml dich
chiét va ly tam 2500 vong/phat & 10°C.

Nam men Pichia pastoris hién nay duoc dung nhu té bao chii trong san xuat enzyme
tai t6 hop. Vi nhd vao dic diém ciia nAm men nay 1a cac recombinant protein duogc tiét vao
moi truong cdy. Vi vay thuan loi hon cho qua trinh tinh sach.

3.3.4. Doi véi té bao vi khuan

Céc phuong phap phéd v& té bao thuong duoc sir dung dé pha v té bao nhu:

+ Phuong phap co hoc: Nghién bi, nghién c6 chat tro nghién nhu bot thuy tinh, cat
thach anh, dong hoa bing thiét bi dong hoa ¢ ap suit cao 55MPa

+ Phuong phap vat 1y nhu dung song siéu &m

+ Phuongng phdp hod hoc nhu dung cac loai dung méi, butylic, aceton, glycerol,
ethylacetate ... va chat detergent. Cac hoa chit co tac dung t6t cho viéc pha v& cac cdu tir
cta té bao vi trong cac co quan nay thuong chira md.

Phuong phap co hoc thuong anh hudng dén cac thanh phan té bao. Vi vy thuong
két hop cac phuong phap hoa hoc véi phuong phap vat 1y:

- Vi khuan gram duwong (Bacillus, Micrococcus, Steptococus): dung enzyme
lysozyme pha hily vach té bao, u vai lysozyme tir trimg ga (0.2 mg/ml) & 37°C trong 15
phat.

- Vi khuan gram am (E. coli, Klebsiella spp., Pseudomonas spp.) ria té bao véi
detergent (0.1%(v/v) N-lauroyl-sarcosine), xtr 1y vdi voi sucrose (0.7 M), Tris (0.2 M),
EDTA (0.04 M).
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DNA c¢6 trong dich chiét c6 c6 d6 nhot cao gay kho khin trong viéc tinh sach
enzyme. C6 thé xu ly bang deoxyribonuclease 1 (10 ug/ml) hoic véi protamine (protein
giau arginine trong cau tao) hoac xt Iy polymer tich dién duong (polyethyleneimine).

Dé chiét tach cac enzyme mang, mang té bao can dugc xir Iy voi non-ionicdetergent
nhu Triton hay Tween. Cac deetergent nay it gdy anh hudng 1én céu tric protein néi chung
va enzyme noi riéng. Quy tic str dung detergent: 2 mg detergent dung cho 1 mg mang té
bao.

C6 mdt s6 yéu té anh hudng dén qud trinh chiét rit can leu y:

- Truée hét d6 1a nhiét d6. Pé tranh mat hoat tinh hodc thAm chi vo hoat, can chiét
rat va tién hanh két tia enzyme & nhiét do thap (tir 3 dén 5°C).

- C4c thao tac phai nhanh.

- Mot s6 chat dién ly lam ting qua trinh chiét rit enzyme nhu NaCl, ZnCl,, CaCl,.
Tac dung ctia chung con phu thudc vao phuwong phap dung khi chiét rat. Vi du nhu néu
ding may nung thi ca ba chét trén déu c6 tac dung. Néu chi dé lang thi chi NaCl c6 tac
dung. Vi vay can dung chat dién ly thich hop. Vi du khi chiét rat amylase, néu cho thém
NaCl 0,1 - 0,2 % vao dung dich chiét rat thi hiéu suat chiét rat tang 1én 30%. Ngudi ta con
nhan théy, néu thém vao dich chiét CaCl, 0,2% sé& lam cho két taa enzyme tdt hon va ciu
trac ciia két tia cling tot hon.

- Trong qua trinh chiét rit enzyme & cac d6i tuong dong, thuc vat, co truong hop
con c¢6 mat chdt mau lam anh hojong dén viéc 1am sach hodc xac dinh hoat do enzyme.
Trong truong hop ndy ngudi ta con cho thém vao chat khir dé loai mau. Mau cia
hemoglobin & hong ciu hodc cua chlorophyll va mot s chit mau khac ¢ 14 c6 thé bi loai
trir béi hon hop ethanol, chloroform véi ty 1 thich hop.

3.4. TINH SACH ENZYME

3.4.1. Khai niém

Tinh sach enzyme la viéc loai protein khéng phdi la enzyme, nude, cdc thanh phdn
khdc cuia té bao khéi enzyme. Cong viéc ndy hoan toan khong dé dang. Do d6, viéc 1am
sach enzyme doi hoi ngudi lam nghién ctru vé enzyme, ngoai su hiéu biét vé enzyme ra

con phai ndm vitng rat nhiéu thao tac k¥ thuat khac nhau dé tranh gdy mat tinh hoat dong
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cua enzyme.

Trong dich chiét, ngoai enzyme con chira cac protein tap va nhiéu chat khac, dé loai
b6 chiing phai sir dung phdi hop nhiéu bién phap khac nhau.

Dé loai bo mubi va cac tap chat c6 phan tir lvong thip thudng dung cac bién phap
tham tich d6i véi nu6e hay ddi voi cac dung dich dém lodng hodc biang cach loc qua gel
sephadex.

Dé loai bod cac protein tap va cac tap chit co phéan tir lugng cao khac, thuong ding
két hop nhiéu bién phap khac nhau: phuong phap bién tinh chon loc nho tac dung cta nhiét
d6 hoic pH ctia mdi truong, phuong phap két tia phan doan bang mubi trung tinh hodc cac
dung moéi hitu co, cac phuong phap sic ky (sic ky hap phuy, sic ky trao ddi ion), dién di,
phuong phap loc gel.

Cho dén nay khong c6 phuong phép tach va lam sach chung cho cic enzyme. Dé
xay dung phuong phéap tach va 1am sach mot enzyme nao dé can biét lua chon va phdi hop
mot cach c6 hiéu qua nhét cac bién phap tach va lam sach khac nhau.

3.4.2. Cac phuong phap tinh sach enzyme

3.4.2.1. Phirong phdp bién tinh enzyme

Phuong phap ndy dua trén su tic dong cua nhiét d6, pH lam bién tinh cac loai
protein tap. Ngudi ta dua nhiét d6 ctua dung dich enzyme 1én 50-70°C va pH < 5. O diéu
kién nay nhitng enzyme khong bén nhiét va khong chiu duoc pH thap s& bi bién tinh. Sau
d6, bang phuong phap ly tim hodc phuong phap loc dé loai bo cac thanh phan khong phai
1 enzyme ma ta mong mudn.

Phuong phap nay it dugc sir dung vi n6 chi thich hgp véi cac enzyme chiu dugc axit
va bén nhiét. Ngoai ra, phwong phap nay c6 thé duoc chinh sira & pH > 11 voi nguyén 1y
tuong tu khi mudn tach enzyme chiu dugc moi truong bazo.

3.4.2.2. Phwong phap két tiia enzyme

Enzyme c6 thé dugc két tiia bang dung méi hitu co hodc mudi, hoic két tua tai diém
dang dién (pHj).
a) Két tiia bang dung méi hitu co

Da61 voi enzyme ¢6 ban chat la protein cling nhu cac protein khac, dé c6 thé thu duoc
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enzyme, diéu can thiét 1 phai pha v& 16p nudc lién két xung quanh phén tir ndy bang cach
bd sung vao dung dich protein, enzyme cac dung méi hoic cac hod chit ua nude co 4i luc
v6i nude manh hon protein dé 16i kéo nude ra khoi phan tir protein dé, gitp cho protein két
tia xubng. Ngoai ra kha ning két tua cua protein bang dung méi hiru co con duoc giai
thich nho vao viéc lam giam hing sé dién moéi cua dung dich chtra enzyme, vi vay ciing
lam giam luc day tinh dién giita cac protein mang dién tich cing ddu nén ching kha ning
dinh két lai v6i nhau (hinh 3.1).

Céac dung moi thudng dugce st dung dé két tiia enzyme 13 acetone va ethanol.

“111 Phan tir dung mdi hitu co

Hinh 3.1: Su hop thé ciia cac protein va dung méi hiru co trong dung dich

Heinicker va Gortner da dung acetone dé két tia bromelin tir than va trai dua.
Bromelin trong dung dich nudc rat nhay cam voi cac dung méi hitu co do d6 dé sy két tua
dat hiéu qua cao thuong tién hanh qué trinh két tda trong diéu kién lanh. Nhu vay, nudc ép
tor than va trai dira phai dugc lam lanh & 0-4°C va aceton tinh khiét & 20°C. Ethanol cling
duogc sir dung dé két tha protein va hdn hop bromelin-ethanol ciing phai giit ¢ diéu kién
nhiét do lanh. Sau khi thu duoc két tua, tua bromelin phai duoc rira béng aceton va lam kho
that nhanh dé bromelin khong bi bién tinh.

Tir nhitng luan giai khoa hoc trén cho thiy protein rat dé bi bién tinh dudi tac dong
cua nhiét do va dung méi hiru co. Co ché tac dong ctia nhiét do va dung méi hitru co 1én cAu
triic cua protein dugc mo ta trén hinh 3.2
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Hinh 3.2:Sy bién tinh ciia protein dwéi tic dong ciia dung méi hiru co va nhiét
do

b) Két tiia phdn doan bang muoi:

Phuong phap két tua phan doan béng (NH,),SO, dua trén co so sy khac nhau vé kha
ning két tiia clia cac enzyme & mot ndng d6 mudi xac dinh (tinh theo phan % ndng d6 bio
hoa) dugc dung phd bién dé loai bé budc dau protein tap ciia cac dich enzyme. Cac loai
mudi c6 thé duoc dung 1a (NH4),SO,, Na,SO, MgSO, ... ngudi ta d3 nhan thdy mudi
(NH,), SO, 1a tot nhat vi n6 khong l1am hai ma 1am 6n dinh (lam bén) hau hét cac loai
enzyme. Loai mudi nay lai ré va pho bién. Do hoa tan cta nd lai rat 16n (bdo hoa 767g/1 &
25°C). Ngoai ra nong d6 (NH,),SO, can thiét dé két tia enzyme khac nhau thi khac nhau
nhiéu. Vi du: protease ctia nim mdc dé b két tiia & 70% ctia (NH,),SO,4 bdo hoa hoan toan,
con amylase ctia mam lGa bi két tia & 50% d6 bio hoa cua dung dich mudi nay. Diéu d6

n6i Ién tinh két tia lya chon cua (NH,),SO, cao hon cac mudi khac.

coo®

e L Na®
%" “93*3"
- - Cl -]
ﬁ W3 c1®

5‘3 g & Mudi NaCl o o
Ma’

St mat vo nwéc

Q_0 i
wwﬁ o

Lop vo nwéc
Hinh 3.3: Sw canh tranh 16p 40 nwéc ciia protein béi mudi NaCl
Thuong dung hai dang bdt hodc bao hoa :
- Khi diing bot: ngudi ta cho it mot vao dung dich chiét enzyme. Cach cho ciing anh
huong 16n dén luong két tia ban dau cia enzyme. Khi cho mubi vao dich chiét can phai co

may khuay tir ¢ dam béao sy hoa tan cia muoi.
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- Khi ding dung dich bdo hoa: Trong nhiéu sach vé phwong phap nghién ciru ngudi
ta dwa ra bang tinh s6 luong mudi can thiét dé pha cac dung dich c6 d6 bdo hoa khac nhau
& nhitng nhiét do nhat dinh. Khai niém vé s6 phan trim ciia d6 bao hoa hoan toan di duogc
dé cap dén. Nhu vi du trén dd noi, enzyme c6 thé bi két tia & 50% (0,5) hodc 70% (0,7) cua
d6 bdo hoa hoan toan cia (NH4),SO,. Khi cho dung dich ((NH4),SO, vao dich chiét
enzyme thi nong d6 (NH,),SO, khong ting dot ngot.

Sau khi két tia xong ngudi ta thudng dé ling khoang 2h hodc dé qua dém, muc dich
1a tao két tia hoan toan. Két tia dugc 1iy ra bang cach ly tim hodc loc qua phéu Buckner.
Khi hoa tan két taa lai nguoi ta thudng thém ion Ca®* lam bén (CaCl, hoic Ca(COOH),).

O giai doan loai mudi, nguoi ta dung phuong phap tham tich. Thoi gian tham tich
thuong 1 24 - 28h, nudc thay cang nhiéu cang nhanh cang tot.

Pé giit cho enzyme khoi bi mat kha ning hoat dong, qua trinh két tia phai dugc thuc
hién ¢ nhiét d6 thap (-5°C).

Do hoa tan cua protein, enzyme trong dung dich mudi dugc biéu dién theo phuong
trinh Cohn

1gS =1gSg - Ksp

Trong d6: S, Sy : d hoa tan cua protein trong dung dich mudi va nuée; ks : hing sb

mudi thoat ra ngoai (salting out); p: luc ion ciia dung dich mudi

M

7))
2

Nong dé muéi
Hinh 3.4: Méi lién hé giira nong do muoi véi kha ning két tiia enzyme
Y nghia cta phuong trinh Cohn: Cho biét mbi quan hé gitta ndng d6 mudi véi kha
ning két tiia enzyme (hinh 3.4); khi ndng 6 mudi cao ching s& canh tranh, 1iy di 16p vo

nudc cua protein, cac phan tu P mét vo hydrat s€ tao két taa. Nhu vay, ¢ cung mot néng do
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mubi, cac protein khac nhau c6 d¢ hoa tan khac nhau.
Trong céng nghiép ngudi ta thuong st dung t6 hop thiét bi két tuae enzyme nhu trén
hinh 3.5.

Hinh 3.5: So' dd bd tri thiét bi két tiia enzyme lién tuc bing ethanol

1- Thing chtra dung dich enzyme; 2 — Thing chua ethanol; 3, 4 — Luu luong ké kiéu con
quay; 5 — Thiét bj tron ; 6 — may tach

c) Két tia enzyme ¢ diém dang dién (pH,)

Piém dang dién (pH;) 1a gia tri pH ma tai d6 tong s6 dién tich Am va dién tich duong
ctia phén tr enzyme bang 0.

Tai diém dang dién phén tir enzyme trung hoa dién s& khong chuyén dich trong dién
truong va phan tir enzyme s& kém bén nhat cho nén dé két tia. Mdi enzyme c6 mot gia tri
diém dang dién xac dinh, vi nhu pepsin c6 pHi= 1, amylase (pH;= 4,2-5,7), urease c6
pH;=5,1, lipase c6 pH;=17.,5,.... Biét pHj ctia enzyme quan tdm hoac protein tap cé thé thuc
hién két tua dfmg dién, sau do loc hoac ly tam dé thu enzyme hodc b protein tap.

Co6 thé sir dung cac dung dich dém dé dua pH dich chiét vé diém dang dién. Phuong
phap nay c6 uu diém 1a d& thuc hién, va c6 nhuge diém 1a chi thyc hién & quy mo nho, thoi
gian tao diém dang dién va thoi gian luu dé tao két tha bén vimng thudng 1am thay d6i hoat
tinh enzyme

3.4.2.3. Phwong phdp hip phu chon loc

Nguoi ta co thé cho chat hap phu tryc tiép vao dung dich enzyme, hodc cho dung
dich enzyme chdy qua mot cot, trong cot c6 chira chét hép phu. Chat hép thu duoc st dung
rong rii la hydrocyapatite. Nguoi ta ¢6 thé thyc hién mot trong hai cach sau: hodc 1a hap
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phu enzyme hodc 13 hip phu protein tap. Dé tranh 1am bién tinh enzyme, nguoi ta thuong
thuc hién qua trinh hép phu ¢ nhiét d6 0°C. Sau khi hép phu, nguoi ta lai tién hanh chiét
enzyme (qua trinh phan hap phu) bang cac dung méi thich hop.

Dé thyuc hién phuong phap nay ngooi ta cho dich enzyme chay tir tir qua cot chét
hap phy. Khi d6, tuy theo kha ning twong tic ctia chat hip phu véi ting loai enzyme, céc
enzyme khac nhau s& dugc hip phu trén chat hap phu véi kha nang khac nhau. Sau d6 dung
cac dung dich dém thich hop dé chiét rit enzyme ra khoi cot.

Phuong phap hip phu thuong ding dé 1am dic dung dich enzyme. C6 thé hap phu
chon loc cac enzyme theo 2 cach:

+ Hap phu am tinh: néu enzyme khong dugc hip phu, phuong phap xtr 1y nay co thé
xem nhu 13 dung chat hap phu dé tach nhiing hop chat tap ra khéi dung dich enzyme.

+ Hap phu dwong tinh: néu enzyme duoc hap phu, né s& duoc tach ra khoi nhing
ciu tir khac trong dung dich va sau d6 duogc rira giai khoi chat hip phu boi dung dich dém
pH kiém va cac dung dich dém khac c6 kha ning rira giai enzyme. Sau khi li tam dé loai
cac hop chat khong tan, dung dich enzyme c6 thé thim tach dé loai dich dém.

Mudn su hap phu enzyme tot nhat can phai tuan theo nhitng nguyén tic chung sau
day:

- Ham lugng protein trong dung dich khong vuot qua 1%.

- Ti 18 gel (trong luong kho) dbi vai protein thuong 14 10 :1

- Méi truong hoti axit pH =5 — 6.

- Nong d6 chat dién li (mubi) thap trong dung dich. Su ton tai ciia bat ki mot luong
mudi nao ciing déu anh huong dén qua trinh hap phu.

Qua trinh duoc tién hanh tuan ty nhu sau:

- Cho vao dung dich enzyme lién tiép nhiing luong thich hop gel.

- Tron déu.

- Quay lang.

- Thu hdi tirg phan gel trude khi cho phén tiép theo vao.

3.4.2.4. Phwong phap sic ky

Phurong phdp sdc ky trao déi ion
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Co sé cua phuong phap 13 phan tng trao d6i ion gitta protein dugc tan trong nudc
hodc dung dich dém loang va cac tac nhan trao ddi ion.

Téc nhan trao d6i ion c6 thé 1a nhya trao doi ion hodc cac dan xuit este cua xellulose
(cacbocylmetyl cellulose — cmc; dietylaminoetylxellulose — DEAE-cellulose). Uu diém cua
phuong phap ding DEAE 14 c6 thé ciing mot luc loai bo cac tap chét axit nucleic.

Co 2 loai sic ky trao ddi ion 4m va ion duong phu thudc vao loai dién tich cua
enzyme can lam sach. Céc hat nhua trong pha tinh ctua cot sdc ky tich dién trai dau véi
enzyme can tach.

Dé thu enzyme mong mudn tién hanh rira giai bang mudi, thuong st dung mudi
NaCl. Co thé rira giai bang gradient ndng d6 mudi hoic tai ndong d6 mudi xac dinh. Luc
nay, cc ion ciia dung dich rira s& ddy cac enzyme ra khoi nhya. Khi dé, enzym nao c6 ai
luc v6i nhua kém nhét s& dé bi déy ra khoi nhua nhat. Do d6, 1an luot cac enzyme khac
nhau s& duoc chiét ra khoi cot theo ting phan chiét khac nhau, trong d6 c6 phan chira
enzyme can thu vdi nong do cao nhat.

3.4.2.5. Phwrong phap sic ky loc gel

Co s& cua phuong phéap loc gel 1a dya vao sy khac nhau vé kich thudc hinh dang va
phan tir lwong ctia enzyme c6 trong hdn hop dé tach ching ra.

Phuong phap dung chat ray phan tir (loc gel - gel filtration). Pé dam bao cho viéc
tach enzyme duoc tot, chat rdy phan tir phai 1a chat tro, khong phan tng v&i protein
enzyme. Chat nay ciing khong hoa tan va twong ddi bén véi cac yéu td vé co hoc ciing nhu
sinh hoc. Ngoai ra chat duoc st dung cho muc dich loc phan tir phai 1 chat khong c6 tinh
dan hoéi (khong co) va phai 1a chat wa nudc (hydrophyl). Thuong st dung cac hat
Sephadex.

Sephadex 1a dan xuét cta polysaccharide dextran. Trong chit ndy, cic phan tir cia
chung thudng lién két véi nhau béi cac lién két ngang nho tac dung cua epiclohydrin, tao
thanh “sang phan tir”. S6 luong lién két ngang tao thanh cang nhiéu, kich thudc cua 16 sang
phan tir cang nho.Khi tién hanh loc, cac chat phén tir ¢6 khich thude nho s& khuéch tan vao
bén trong cac hat sephadex da dugc ngam trong dung dich dém, con cac phéan tir ¢6 kich

thudc 16n hon khong c6 kha nang di vao céc hat s€ dugc chiét nhanh ra khoi cot. Vay co sé
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ctia phojong phap loc gel sephadex dua vao sy khac nhau vé kich thudc, hinh dang va phan
tir lwong ctia cac chat ¢ trong hdn hop.
Phuong phap nay duogc ap dung rong rai trong k¥ thuat enzyme.

3.4.2.6. Phiwrong phap sic ky ky nweée

Dua vao cac amino acid ky nudc trong phan tir protein, cac protein khac nhau thi cé
d6 ky nudc khac nhau. Dung dich chtra enzyme mong mudn duogc hoa tan trong dung dich
co né)ng dd mubi cao duge cho vao cot co chira cac hat cellulose hodc Sephadex da duoc
gan cac nhoém ky nudce nhu phenyl hodc Octyl. Cot sic ky s& duge rira giai bang dung dich
mudi c6 ndng d6 giam dan.

3.4.2.7. Phwong phap tach hé hai pha nwoc

Co s& k¥ thuat nay dua vao su phan b6 khac nhau cta hdn hop trong dung dich hai
pha khong hoa tan vao nhau. Cac hé hai pha dic trwng bang cach tron cac hé dung mdi vao
nhau dé tao thanh hai pha riéng biét. Hé dung méi duoc sir dung trong phojong phap nay cé
thé 1a polymer/polymer nhw: polyethylene glycol (PEG) va dextran hodc polymer/mudi
nho] PEG va potassium phosphate, sodium sulphate, sodium phosphate,...

Céc protein va manh v té bao c6 kha nang hoa tan khac nhau giita hai pha, vi vay
phuong phéap nay co6 thé dugc dung cho ca hai trudng hop: phan tach protein khoi manh v
té bao va phan chia cac enzyme trong sudt qua trinh tinh sach protein. Hé hai pha nuéc
duoc xem 1a phuong phép tot cho viéc phan tach va tinh sach cac hdn hop, vi phan tach
chat 16ng c6 mat do khac nhau dé dang hon phan tach cac chat rin ra khoi cac chat 1ong.

So voi cac phuong phap tinh sach khac thi hé hai pha nuéc c6 mot sé6 wu diém hon
nhu: c6 do hoa tan trong nudc cua hai pha 16n (70-80%), dat do tinh sach cao, hi¢u suét
cao, dé dang str dung & quy md 16n va dic biét polymer duoc tai sit dung. Sy phan tach dat
hiéu qua cao tuy thudc vao cac thong sd nhu khéi lwong phén tir va dién tich cua ddi tuong
nghién ctru, n@)ng do va khoi luong phan tir cia cac polymer, nhiét do, pH, thoi gian, luc
ion ctia hon hop va su hién dién cia cac loai mubi da héa tri nhu phosphaste hoac
sulphate...

3.4.2.8. Cac phwong phap khac

- Phuong phap ding chat hap phu dic hiéu sinh hoc
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- Phuong phép sic ky 4i luc (affinity chromatography).

Hién nay, chua c6 mot phuong phap chuin nao that sy ¢6 hiéu qua trong viéc 1am
sach enzyme. Do do, viéc lam sach chi that su c6 hi¢u qua khi ta biét lua chon céc phuong
phap riéng, két hop véi nhau, tao ra hé thong phuwong phap ndi tiép véi nhau mot cach hai
hoa nhit.

3.5. PANH GIA PQ TINH SACH CUA ENZYME

Dé x4c dinh xem protein duoc chiét tich ra c6 phai 13 enzyme tinh khiét khong hay
con chira nhirng tap chat protein khéng hoat dong, nguoi ta sir dung mot sé phuong phap
chu yéu duya trén viéc nghién ctru nhirng tinh cht vat Iy cua protein.

- Lam lang (két tua) dung dich protein trong phan quay phan tich cia may siéu ly
tam: phat hién mot dinh cta protein thi do6 13 protein thuan nhat. Tuy nhién mét s6 protein
tuy khac nhau nhung c6 cung trong lugng phan tir va c6 hinh dang tiéu phan (hodc c6 khi
¢ su b phu cta cac anh huong cta khdi lugng va hinh dang) thi ¢6 hang sd lang tring
nhau. Vi thé khi siéu ly tim, ching c6 thé lang véi toc d6 nhu nhau va cho mot dinh chung.

- Pién di: 1a phuwong phap vt 1y c¢6 gia tri dé phan tach cac hdn hop protein, enzyme
va ciing 1a phuong phap dé xac dinh su tinh khiét ci cac ché pham protein. Gan day,
phuong phap nay dugc ap dung & nhiing giai doan tinh ché enzyme cudi cling.

Phuong phap nay rat hiéu qua. Tuy nhién khé ma phéan biét duoc nhitng protein
gidng nhau vé khdi luong phan tir. Dung dich enzyme khi dugc dién di chi thay xuét hién
vach can doi tai vi tri co khdi luong phan tir nhu du doan thi do la d4u hiéu caa enzyme
thuan nhat. Thé nhung khi ham luong nhiing protein tap nho (< 1%) thi kho phat hién ra
ding.

- Xac dinh hoat d0 riéng, mat do quang hoc riéng trong nhitng dinh quang phé dac
trung cung ham lugng cac nhoém ngoai dac hi¢u.

Bién phap kha nhay cam dé xac dinh mtc d6 thuan nhat cua enzyme (cling nhu
protein khac) 1 két hop sy phan tich dién di khong bién tinh va nhitng phan Gmg mién dich
hoa hoc dac hiéu, dac biét dién di trén thach.

Thudng dé xét do thuan nhét ciia enzyme, nguoi ta dua trén su so sanh nhiing két

qua thu dugc tir mdt vai phuong phéap khac nhau.
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Dic biét, nhitng ché pham enzyme cang tinh khiét thi cang dé hong va khi bao quan
trong cac dung dich & 4°C déu nhanh chéng mat hoat tinh. Vi thé, khi tai két tinh enzyme
lap lai ta thuong thdy c6 su giam hoat do riéng vi cac tinh thé da bi 6 nhiém boi phan
enzyme bi trc ché.

3.6. TAO CHE PHAM ENZYME

Sau khi enzyme da duogc tinh sach va c6 dac dén néng do thich hop, muc tiéu tiép
theo ciia cic nha san xudt 13 duy tri hoat dong ctia enzyme. Cac nha san xuét thuong s& dé
xuét diéu kién bao quan enzyme ciling nhu nhitng ghi chu ti I¢ hoat dong bi mét khi duogc
bao quan bang cac diéu kién nay. Van dé quan trong cua ca nha san xuat va ngudi st dung
13 hoat tinh ctia enzyme phai dugc duy tri trong sudt qua trinh bao quan va sir dung.

Mot vai enzyme duy tri duogc hoat tinh ctia chung trong mot vai tuan tham chi 1a vai
thang. Nhung hau hét thi né s& bi mat hoat tinh rat nhanh.

Pé dat dugc sy On dinh, cac nha san xuét sir dung cac chét tai ngay khu san Xuét ciia
ho. Cong thirc cta cac chét thuong dugc bao mat hodc chi dugc tiét 16 cho nguoi s dung
sau khi d co thoa thuan giit bi mat. Ching ta cin nh¢ rang hau hét cic enzyme cong
nghiép chtra kha it enzyme hoat héa (<10%w/w), phan con lai 13 cac protein bat hoat, cac
chit 6n dinh, chat bao quan, mudi va dung mai.

Chia khéa dé duy tri hoat 6 cila enzyme 14 sy duy tri hinh dang cta no, vi vay phai
ngin can su dan ra (unfold), sy ngung két va su thay doi trong cac cau triic c¢6 lién két cong
hoa tri. Dé 1am diéu nay chung ta c6 thé sir dung cac chat phu gia, chinh sira cac lién két
cong hoa tri hoac ¢6 dinh enzyme.

Nhin chung, protein dugc 6n dinh hoa bang cach ting ndng d6 cia ching va do
manh ion ctia dung dich. Mudi trung hoa sé& canh tranh véi protein dé danh nudc va lién két
v6i1 cdc nhom tich dién hoac phén cyec. Diéu nay din dén su tuong tac gitra cac khu vuc ky
nudc cia 1am cho cic phén tir enzyme bi nén lai va khién chung it bi din ra (unfolding) do
su thay d6i nhiét do.

Khong phai tit ca ciac mudi déu c6 anh huéng nhu nhau trong viéc on dinh cac
tuong tac ky nudc, mot vai loai mudi con 1am bién tinh protein bang cach lién két protein

va pha v& ciu tric cua chung. Tir d6 co thé thiy rang tai sao khi (NH,),SO, (ammonium
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sulphate) va KH,PO, (potassium hydrogen phosphate) 1a cac chat on dinh enzyme rat tot
trong khi Na,S,0; (sodium thiosulphate) va CaCl, (calcium chloride) 14 cac lam mét 6n
dinh enzyne.

Nhiéu enzyme la dugc on dinh tai né)ng do thép clia céc cation c6 thé hoac 1a khong
ciu tao nén trung tdm hoat dong, vi du nhu Ca?* lam 6n dinh a-amylases va Co*" 1am én
dinh glucose isomerase. Tai néng do cao (vi du 20% NaCl), mudi co thé e ché sy sinh
truéng cua vi sinh vt nhd vao ap suét thip thau. Cac ion thém vao cé thé bao vé enzyme
khoi bi oxy hoa cac nhom vi du nhu thiol bang cach day oxy hoa tan ra khoi dung dich.

Su anh hudng cua cac ion dén sy 6n dinh ctia enzyme:

B increased chaotropic effect
Cations AI*", Ca®", Mg™", Li", Na", K, NH,", (CH;),N"

Anions SCN-, I, Cl10,, Br, CI', SO,>, HPO,”, citrate™
increased stabilisation =

Hinh 3.6: Sw anh hwéng ciia cac ion dén sy 6n dinh ciia enzyme

Céc polyols ¢6 khéi lwgng phan tir thip (vi du: glycerol, sorbitol, va manitol) 1a cac
chét 6n dinh enzyme hiru dung, bﬁng cach wc ché sy sinh trojong cua vi sinh vat, do su khur
hoat dong (do it nuéc), va bang cach hinh thanh 16p mang bao vé dé ngan su qua trinh dan
ra (unfolding). Glycerol c¢6 thé dugc dé bao vé enzyme khoi bi bién tinh do viéc hinh thanh
cac tinh thé ¢ nhiét d6 am. Mot vai polymer héa nuée (vi du: polyvinyl alcohol,
polyvinylpyrrolidone and hydroxypropylcelluloses) 1am 6n dinh enzyme bang cach hinh
thanh vach ngan, theo do cac tuong tic enzyme véi enzyme va gitta enzyme voi nude phan
nao bi thay thé bai cic twong tic enzyme-polymer it giy bién tinh enzyme hon. Ching
cling c6 thé hoat dong bang cach 6n dinh cac twong tac ky nude & bén trong enzyme. Nhiéu
su thay d6i hoa hoc dic hiéu caa cac chudi bén amino acid thuong dugc st dung phé bién
hon. M6t vi du 14 dan xuét ciia chudi bén lysine trong protease vdi N-carboxyamino acid
anhydrides. Diéu nay s& hinh thanh nén enzyme d dugc polyamino hoa tai nhiéu mic do
khac nhau va chiéu dai cua chudi bén ciing khac nhau. Dan xuit niy s& 1am nguy trang ban
chat protein clia protease va ngan can sy ty phén,

Enzyme thudng 6n dinh khi ¢ dang ran hon 1a trong dung dich. Bot enzyme thudng
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duogc tao ra bang phuong phap dong kho. Thuong ching duoc tron véi cac vat lidu tro nhu
tinh bot, lactose, carboxymethylcellulose ... dé bao vé enzyme trong sudt qué trinh siy
phun. Nhing vat liéu khac duoc thém vao trude khi ban bao gém co chét, cc chét co
nhom thiols dé tao moi trudong khir, khang sinh, ester cua acid benzoic nhu 1a cac chit bao
quan cho dung dich enzyme, cac chat rc ché hoat dong cua enzyme hoat 14 cac chat két tia

kim loai.
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