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Céc qua trinh héa hoc xay ra trong hé théng séng 13 nhiing phan dng ¢6 hidu qua cao nhit.
D6 1a nhd tac dung xiic tac chia enzyme (E). Enzyme I nhiing ch&t xvc téc sinh hoc (1a protein
hay acid nucleic), ¢6 diy di tinh ch4t clia chét xte tac, ngodi ra cdn ¢6 nhitng tinh chit wu viét
hon nhu: ¢6 hidu sudt xdc t4c rft cao 6 diéu kién nhiét d4 va 4p suéit binh thudng, 6 tinh dic
higu cao. Céc tinh chat ndy van duge bao tén khi tach enzyme ra khdi hé théng séng, hoat déng
trong diéu kién invitro. Vi viy, enzyme ngay cang duge sit dung rong rai trong thyc t&, vé1 quy
md ngay cang 18n, dan dén viée hinh thanh va phat trién nganh cong nghé sin xuat enzyme, va
cong nghé sdn xudt cac thiét bj ¢6 cau tlt enzyme nhu cac biosensor, than nhan tao vA cA cic
biochip. Vige st dung enzyme trong thyc t&€ khong chi ¢6 § nghia vé kinh t& ma con giai quyét
dugc nhiéu van dé xa hoi, cdc vin d8 bitc xtc v& mdi trudng. '

Dé khai thac, sit dung enzyme c6 hiéu qua, cAn ¢6 nhiing hiéu biét nhat dinh vé enzyme.

Sach nhdm giéi thiéu véi ban doc nhing kién thiic cs ban, cling nhu nhitng kién thitc nang
cao khéc trong nghién citu va iing dung enzyme; mdt s& phuong phéap truyén théng va hién dai
dé x4c dinh hoat 48, tach, tinh sach, nghién cttu tinh chét enzyme. Sich cdn giéi thidu tém tit
vé phuong hudng nghién citu enzyme, acid ribonucleic ¢é hoat tinh xic tic (ribozyme), mét
trong nhilng thanh tyu quan trong nhit ciia sinh hoc trong nita cudi thé ky XX.

Cac ndi dung trén duge trinh bay trong 9 chudng:

Chuong 1. Luge s phat trién enzyme hoc.

Chuong 2. Cac phuong phap nghién cltu enzyme.

Chuong 3. Cau tric phan t enzyme.

Chudng 4. Tinh d3c hiéu cha enzyme.

Chudng 5. Cac chét xic tac.

Chudng 6. Céc y&u t§ anh hudng ¢&n van toc phan ing enzyme.

Chudng 7. Céng nghé ADN t4i t§ hop.

Chudng 8. Ung dung enzyme.

Chudng 9. Enzyme khong tan. _

Ngoai ra, cén c6 phan Phu lyc, trong d6 cé bang phén loai, mé s8, tén, tén hé théng, ma s6
cia mét s& E thudng gip da dude ghi trong bang “Enzyme Nomenclature” 1992 d8 gitip sinh
vién, hoc vién sau dai hoc, nhitng ngudi nghién cliu v& enzyme tra citu. s

Cac chuong 1, 3, 4, 5, 6, 8 va 9 va phan Phy lyc do GS. TSKH. Pham Thi Trén Chéu bién soan.

Céc chudng 2 va 7 do PGS. TS. Phan Tuén Nghia bién soan.

Trong khuén khé c6 han cta sach, va ¢é phue vu nhidu déi tugng khic nhau, nén ching t6i
khong thé giéi thidu qua sau vé cdc ndi dung da dé cap. C _ :

Trong di€u kién hoi nhap qude t& ngay cang phat trién, dé tién viée tra chiu, tim dit lidu
trén mang, chiing t61 khong phién 4m tén cde ch&t héa hoc ma git nguyén ti€ng Anh, 12 ngén
ngit khoa hoc phd bién, rit mong duge ban doc théng cam.

Sach da ké& thita, bd sung va phat trién nhiéu ndi dung trong gio trinh chuyén dé “Enzyme
hoc” do chiing t6i bién soan va gidng day nhidu ndm cho sinh vién nim cudi chuyén nganh Héa
sinh, Céng nghé¢ Sinh hoc cia Khoa Sinh hge, Trudng dai hoe Téng hop Ha Ngi trude day va
Trudng dai hoc Khoa hoc Ty nhién, DHQG Ha Néi ngay nay. Chdng t6i hy vong sich s& phuc
vu dugc dong ddo céc sinh vién; hoe vién cao hoe v nghién citu sinh, thude nhiéu chuyén nganh
lién quan va dong dao ban doc quan tidm dén céc chdt xiic tic ky didu nay.

Céc tac gia xin chan thanh cidm on nhiing § kién déng gép ctia ban doc dé ching tdi cé thé
b sung, sita chita va hoan thién han trong cac l4n in tiép theo, .

' Ha N1, ngay 19 thang 8 nam 2006
" Thay mit cac tac gia
Chu bién
GS.TSKH. Pham Thi Tran Chéau
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BANG CHU VIET TAT

Acid deoxiribonucleic
Ampicilline
Acid ribonucleic

Nhiém sic thé nhan tao cta vi khuéin (bacterial artificial chromosome)
Coenzyme’ :

- Carboxyl methyl

Diethylaminoethyl

Enzyme _

Acid ethilen diamin tetraaxetic (ethylen diamin tetraacetic acid)
Flavin-adenine dinucleotide (dang oxy héa)

Flavin-adenine dinucleotide (dang kh)

Iodoacetic acid

Lactate dehydrogenas . _

Ving nhén dong da diém cit (multiple cloning sequence)
Nicotinamide-adenine dinucleotide (dang oxy hda)
Nicotinamide-adenine dinucleotide (dang khi)

- Nicotinamide-adenine dinucleotide phosphate (dang oxy héa)

Nicotinamide-adenine dinucleotide phosphate (dang kha) -
Nhiém séc thé

Dién di trén gel polyacrylamide

Phan tng chuc’ii polymerase (polymerase chain reaction)
Phosphoenolpyruvate

Phenyl methylsulfonyl fluoride

Quaternary aminoethyl

sodium dodecyl sulfate

Sulfopropyl

Tetracycline _ .
Tosyl-phenylalanyl chloromethyl ketone .
Nhi&m séc thé nhan tao cita ndm men (veast artificial chromosome)
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Chuong 1
LUQC SU PHAT TRIEN ENZYME HOC

Enzyme (E} la nhitng protein cé khd ndng xiic tdc cho cdc phén ng hod hoc vdi
mitc d ddc hiéu khde nhau & nhiét dé tuong déi thdp. E.c6 trong tit cd cac t& bao
song, 1a céc chdt xic tde sink hoc. E ¢6 ddy dd cAc tinh chit cta chit xdc tac, nhung
E ¢6 hiéu sudt xiic tdc Ion hdn tat cA cac chit xdc tac hitu cd va v o khac. E khéng
nhiing c¢é thé xic tac cho cac phéan dng x3y ra trong co thé séng, ma sau khi tach
khéi hé théng séng, & nhiing diéu kién nhit dinh chiing van giit duge hoat tinh xvc
tac. Cac chat tham gia trong phéan dng do E xtc téc goi 12 co chdt cha E, ky hiéu la
S.E ¢6 tinh ddc hi¢u cao, nghia 1a méi E chi tdc dung trén mét hay mot s§ S nhat
dinh, xic tac cho mét kiéu phan @ng nhit dinh tao thanh mét hay mdt 86 san pham
nhét dinh. Ngay nay ngudi ta da cé thé téng hop E bing phuong phéap hoa hoc, cac
E nay goi 14 synzyme. Cac khang thé c6 hoat tinh xde téc gol 1a abzyme. Acid
ribonueleic cé hoat tinh xiic tde goi la ribozyme. Nhu viy, c6 thé néi mot cach khai
quat, E la nhitng chdt phdn ti lon ton tai trong tw nhién, hay duge téng hop c6 khd
ndng xic tdec cho mét hay nhiéu phdn ing vdi mitc dé ddc hzeu khdc nhau d nhiét dé
va dp sudt bink thuong.

Tt nhiéu thap ky trude, E da duge sfi dung trong céng nghiép ché& bién nhung
mdi chi ¢ tinh c¢hat kinh nghiém thudn tiy. Céng nghé E ra dsi 14 mot bude phat
trién tng dung ctia E. Ngay nay, viéc nghién ettu E di blIOC vao mt giai doan méi,
mot giai doan ¢6 su tich hgp v6i nhiéu nganh khac nhau nhu Héa hoc Protein, Ly
sinh phén td1, Sinh hoc phén t& v.v..., do d6 ¢6 duge nhitng hifu biét diy di hon vé
tinh chat héa hoc, cdu tric, déng hoc va tiém ning dng dung 16n cia E. Cong nghé
E ngay nay khong chi khai thac E vén cé trong hé théng s0ng ma con thiét k& dinh
hudng nhitng phén td E ¢6 tinh chit wu viét hon dang tu nhién nhim san xuit E &
quy md 16n, gia thanh ngiy eing giam, hidu qua (ng dung ngay eang cao.

Stt dung E trong sén xudt s& nang cao chit lugng, ha gi4 thanh san phim, cdi
thién lac dfng, gidm & nhiém méi trudng. Cang véi sy phat trién caa khoa hoe
cing nhu E hoe, viée Ghg dung E ngay cing md rong, phat trién d tAm cao han,
khéng chi trong cac linh vie truyén théng ma ca trong nhifu linh vye méi tao ra
céc san phdm méi.

1.1, LUGC SU NGHIEN CUU E VA SU PHAT TRIEN CONG NGHE E

1.1.1. Trude thé ky XVII
Viée sit dung E ¢6 tinh chét kinh nghiém thufin tdy.



Ngudi ¢ xua da biét ding vi sinh vat nhu 13 nguén E trong cac qua trinh Ién
men nhu: lam rugu vang, san xuft ddm, lam banh my. Ngudi ta cang da tim thay
cdc tai lidu vidt tir xua vé vaAn dé€ nay d Babylon, Roma, Hylap, Egypt Trung Qudc,
An Do.

1.1.2. Th& ky XVIl d&n nira dau thé ky XVIli: D4 dé ra dugc khai niém 1&n men.

Vanhemon (Vanhemont) ngudi Ha Lan, 1an diu tién dd quan sat dugc hién
tugng tao thanh chat khi khac khéng khi trong qua trinh 1én men.

1659, Silvius 14n ddu tién néu 1én ring, v8 cd ban, tat ca cAc qué trinh séng déu
14 nhitng qué trinh héa hoc.

1.1.3. Ntra cudi thé ky XVIIt: D4 c6 nhitng thi nghidm d4u tién vé E.

Vi du: Cang trinh nghién ciu kha ning tidu héa thit trong da day. Céng trinh
nay do Reaumur (ngudi Phap) bit ddu va sau d6 duge Spallanzani (ngudi ¥) md
rong (ndm 1729-1799). Cac tac gia da cho thit vdo 6ng kim loai, dua vao da day
nhiéu déng vat khac nhau, ké cd ngudi, va thay ring thit bi tiéu héa. Sau dé
Spallanzani da thi nghiém thanh cdng viéc tidu héa thit invitro, tit d6 Spallanzani
da giai thich rang, trong dich da day ¢6 mét thanh phan hoat dong dic biét ¢é kha
nang tidu héa thit. Ong cling chitng minh ring, qui trinh tiéu héa nay phu thudé
vao nhidt do va thoi gian tiéu héa, phu thudc lugng dich da day. Ong ciing nhan
thdy dich da day khi & ngoai cd thé thi khéng bén, kha ning tidu hoda thit cha né
giam dén theo thdi gian. Théi by gid, nhitng két qua nay 1a kha méi mé, thi vi va
dugde nhiéu ngudi quan tAm. Nam 1836, Schwann da goi chit Iam tidu héa thit nay
14 pepsin (pepxin).

T nim 1800, ngudi ta ciing di cho ring, trong rudt c6 mét E phan gidi protein
khéac. Sau d6 Kuhne da dat tén E d6 1a trypsin.

Protease thuc vat duge sit dung kha sém, ti nam 1760 ngudi din 4 cac dao
Thai Binh Dudng da biét ding qua du 4t dé 1am mém thit va chita bénh chéc 18
(ringworm). _

Céc két qua nghién citu nay d4 kich thich viéc nghién ciiu ¢6 hé théng cac E
tiéu héa vao thé ky XIX.

1.1.4. Nira dau thé ky XIX: Ngudi ta d3 tach duge mdt 88 ch& phAm t& nhifu ngudn
nguyén liéu khac nhau cé tdc dung thiy phén cac chét tuong (ng, va bit ddu tach
duge cac chdt tao nén qua trinh 1én men.

M4 ddu 14 céng trinh nghién citu cta Kigegdp (ngudi Nga, 1814), chitng minh
nude chiét tir hat lia mach nay mam cé tdc dung chuyén héa tinh bt thanh dudng
¢ nhiét do ti 40°C — 60°C. Nam 1833, Payen va Perso (Phéap) thém cdn vao dich
chiét nay, thu duge két tda c6 kha ning phan giai tinh bdt thanh dudng, dit tén 1a
diastase (xu#t phat ti tiéng Hy Lap, diastatic, ¢6 nghia 1a phan giadi, d6 la
amylase). Tiép theo, Leuchs (1851) da phat hién nudc bot ciing c6 kha nang phan
giai tinh bét thanh dudng. Tit @6 ngudi ta da chia E thanh 2 loai: E ¢6 t8 chite (hoat
déng théng qua hoat ddng séng cha t& bao vi sinh vat) goi 14 ferment va E khong ¢
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t& chitc goi 1a E. Sy phan biét nay da bi bac bd sau khi Buchner thi nghidm thanh
cong viéc 1én men bang dich chiét v6 bao ti ndm men.

Sau cdng trinh nay, ngudi ta ciing di tach duge nhiéu E khac & dang két taa.
1.1.5. Nira cudi th& ky thir XIX: D tinh sach duge mét s8 E va nghién cdu mét s6
tinh chat ¢d ban caa E.

Vi dy: Ngudi ta da biét ding phuong phéap hip phu lua chon dé tinh sach E, xac
dinh djc tinh tac dung thuan nghich ciia E (Danhilepski 1862); da xée dinh tinh téc
dung dac hiéu cha E (Fisher 1984), tic dung 1am bén ciia co chit d6i véi E.

Trong thdi ky nay ciing da c¢6 théng bao ban ddu vé co ché tdc dung cha E:
Wurtz (1880) da chi ra rang, papain tao thanh hgp chat khéng tan véi fibrin trudc
khi thuy phan né.

1.1.6. Nira dau thé ky XX: D3 phat hién duge CoE (Harden va Young, 1906); xac dinh
anh hudng pH dén hoat d6 E (Sorensen, 1909); nghién citu déng hoc phan tdng E
(Bayliss; 1919); két tinh duge E va xac dinh duge ban chit héa hoc cha E 1 protein; xac
dinh duge mot s6 hé théng E xvc tac cho qua trinh dudng phan (Embden, Meyerhoff va
Parnas, 1933); chu trinh acid tricacboxilic (Krebs, Knop va Martius, 1937). _

Vige xde dinh cdu tric phén t E 14 vin dé c¢6 tinh chét ¢t 161 d8 lam sang t3
nhidu vén d€ trong nghién ctu E. E ddu tién duge két tinh la urease (James
Sumner, 1926). Sumner da chi rd ring, tinh thé urease bao gom protein, khi hoa
tan trong dung mdi s& ¢6 hoat tinh E. Didu nay di khing dinh dude thanh phin
pi'otein cua E. Cong trinh ndy mé dau cho mét giai doan mdi, mét budc ngodt quan
trong trong lich si nghién c¢du E. Trong vong 20 ndm sau da cé dén 130 E dudc két
tinh. Vigc thu nhan E & dang tinh thé ¢6 ¥ nghia quan trong & ch3: né cho phép sit
dung nhiéu xa tia X dé nghién citu cdu tric phan ti E.

1.1.7. Nhimg thanh tuu chinh vé nghién citu E va cdng nghé E trong nta cudi
thé ky XX :

- Da ap dung thanh céng cac phudng phip hién dai trong nghién ciu E: hodan
thién phuwong phdp xdc dinh c¢du tric bdc I phan ti E; nghién ciu lién quen giita
cfu triic vé chife ndng cia phén ti. _

- Lan d4u tién da cong bé bang phan logi va cach goi tén E mét cach c6 hé théng.

—Phat hién cac restrictase (E gidi han).

— Téng hgp héa hoc E. Ribonuclease 1a E diu tién dugé: tdng hdp (1968) bing
hai phuong phip khac nhau: két hgp 14n 11101; tiing amino acid véi nhau (nhém

Merifield) hoac téng hgp cac doan peptide ngin, sau dé6 néi ching lai v8i nhau
(nhém Hirsman),

Dén nay ngudi ta 44 téng hdp duge E tit nguyén lidu ban dau lé cac chdt phén
t th&p nhu cac cyclodextrin (bao gdm 6 dén 10 géc D-glucose, ddu néi dudi tao -
thanh vong), sau d6 gin thém cic nhém chiie trong trung tdm hoat déng cha E. Vi
phuong phap nay di téng hgp nhin tao E cé hoat tinh phéan gidi ester gidng
chymotrypsin nhung ¢6 d§ bén 1én hon. Mot E khac c6 hoat tinh chuyén vi nhém
amin ciing duge tdng hgp ti cyclodextirin k&t hgp vai CoE pyridoxal.
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Céac E duge tdng hgp nhan tao goi 12 synzyme.

— Thanh tuu khéac 1a thiét k¢ E c6 hoat tinh hay tinh dgc hi¢u mdi bing cach
ghép mét E vao mét b khung cdu tric khae. Vi du: Bing ky thuat nay da bién mét
protein xtc téc cho phén {ing chuyén héa tudng hé gitta dang cis va dang trans cla
lién ké&t peptide ndi v6i gbc amino acid proline thanh E xtic tac cho phan (ng thiy
phan lién k&t peptide duge tao thanh véi nhém amin ctia proline (Xaa-Pro). Huéng
nghién ciu ndy dang duge phét trién dé thiét ké cac E cé dic tinh mong muéhn, dap
Ung yéu cdu ing dung trong thuyc té.

— Phat hién reverse transcriptase (transcriptase ngugc).

— Phat hién duge mét s6 phin tit sinh hge thude cde nhém chat 6 hoat tinh sinh
hoc khac cling ¢6 hoat tinh xic tac nhu E: cac khdng thé, cac ribozyme.

+ Abzyme 14 cac khang thé ¢6 hoat tinh xuc téc.

T ndm 1969, Willidm Jencks ¢4 dé cap dén dic tinh xudc tic cia khang thé.

Nam 1986, Richard Lerner va Peter Schultz da chi ra ring, c¢6 thé tao duge
cac khang thé cé hoat tinh xic tic. Bing chiing thyc nghiém la: khi st dung
N-alkylporphyrin lam khang nguyén, ngydi ta da tao duge mét khang thé cé hoat
tinh xic tic gidng nhu E ferrochelatase, xic tic cho phéan tng dua Fe?* vao vong
porphyrin dé tao thanh vong Hem (trong hemoglobin, catalase va mét s6 E khac).
Hoat d§ xic tac cua abzyme nay kém ferrochelatase 10 14n, nhung nhanh hon téc
d6é phan dng khi khéng c6 chat xic tdc 2500 l1dn. Ngudi ta ciing di ¢é nhiing bing
chiing thuc nghiém cho thdy cic abzyme c¢é thé xiic tac cho nhiéu kiu phan tng
khic nhau nhu: thiy phén ester, thiy phén va tao thanh amid, chuyén vi ester,
decarboxyl héa, oxy héa.

Cac abzyme cling gidng nhu nhiéu E khac, c6 tinh d#c higu lap thé cao, vi vay
ching c6 thé khé trg ddng ké cho viée tong hop héa hoc cdc phén t& hizu co phie igp,
nhim tao cac phan ti cé dac tinh héa hoc lap thé mong muén. Thanh tyu nay da
dugc ap dung thanh céng tit nhitng ndm 1991. Phéin tich cfu tric cia abzyme xuc
tdc phan dng thiy phan ester clla amino acid bang tia X,cho th&y trung tdm hoat
dong (TTHD} cha né ¢b chita cac gdc serine va histidine, h8 oxyanion tudng td nhu
TTHD cla céc serine- protease.

+ Ribozyme: Nam 1981, hai nhém nha khoa hoc 14 Tom R.Cech va Sidney Altman
tién hanh nghién cftu déc lap da phat hién duge modt s§ ARN ¢6 hoat tinh xdc téc, dit
tén 14 ribozyme (xuét phat tit cac tén ribo- v¢ E). Nhu vay ARN c¢6 thé thuc hién duge
ddong thdi ca hai chitc ning quan trong cta su sng la: 1) chia va truyén théng tin di
truyén; 2) xiic tde. Viée phat hién hoat tinh xvic tc cha ARN.cé ¥ nghia to 16n, md ra
mot ky nguyén mdi, 1am thay d6i quan niém hién nay v& su tién héa phén ti, dat lai
vin dé v& ngudn gbc sy s6ng. Phai chang ARN xuat hién d4u tién, trude ARN va
protein? Vin dé "con gi ¢6 trude hay qua tritng cé trudc” lai duge dat ra.

Trong mdy nim gin ddy di cé nhiéu céng trinh nghién cGu cdu tric va chie
ning cua nhiéu ribozyme, x4c dinh duge cdu tric khéng gian chi tidt, cach cudn
phén t cia mdt s& ribozyme. Nghién cttu cd ché phan Ung xdc tic ca cic ribozyme
cho th&y tat ca ching d8u xtc tac cho phan fing cit, ndi cac doan clia phan ti ARN

L
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bang phan tng chuyén vi ester phosphate, chuyén vi phosphoryl ho&c thity phan
cidc nhom phosphate. Tuy nhién cling cdén nhiéu vin dé vé co ché xic téc cla ching
van chua dude biét ro.

Cac nbozyme ¢6 kich thude rat khac nhau, mot s6 ¢6 kich thudc bé, ch1 bao gdbm
khoang 50 dén 150 nucleotide, mét s8 khéc (nhém intron I, IT va ribonuclease P) ¢6 kich
thude 16n hon, khoang vai trim nucleotide va c¢6 cdu trie phite tap hon. Hai loai nay
cling khéc nhau vé ¢d ché xiic tac cho phan tng cét, néi cac doan cla phan ti ARN.

Viéc phiat hién céc ribozyme con ¢6 ¥ nghia 16n vé€ mait thyc tidn, né md ra trién
vong mdi trong viéc tao cac loai thude méi cé tinh dic hidu cao, c6 thé phan cét va
lam bat hoat ARN virus hoiic cAc ARN tham gia trong qua trinh gay bénh. Véi cac
phat hién &6, cic tac gid ¢ céng phéat hidn ribozyme da duge nhan gidi thudng
Nobel vao ndm 1989.

— Da hinh thanh nganh "Céng nghé san xudt E", san xuit cac ché pham "E
khong tan” va st dung chiing trong thuc té.

—Tao dudc cac E tdi 8 hop va thiét ké'ede E ¢6 tinh ndng mdi.

— Thanh tyu 1dn khéc 13 d8 tgo dige mé hinh ciia mét s6" hé thong E gén véi
mang, d6 12 budc md ddu d€ mé hinh héa hé théng song.

1.2. PHUONG HUONG NGHIEN CUU CONG NGHE E HIEN NAY VA TRONG
TUONG LAl
Nghién ctiu, 4p dung cac k thuat, ¢cdng nghé méi, hién dai dé:

— Sang loc, tuyén chon hoic tao ngudn nguyén liéu gidu E (st dung céng nghé
ADN tai td hgp) mong muén. :

— Thu nhan ch& ph&m E véi hleu suft, hoat dd va d6 bén cao, gia thanh ngay
cang thap.

: ) 2 - o - -~ - e ki 4 ~ " At A -~
- Nghién ctiu lién quan gifia efu trac va chiic néng ctia-phén ti, cd ché diéu hoa
cta phin ti E va hé théng E.

- Phat trlen nghidn ciiu tﬁng thé bé protein/E (proteomics), sinh hoc E trong
téng thé cha he théng séng: sy phin bd, quan hé tudng tée, qua trinh trao d8i, tac
dyng, chic nang sinh 1y, cic dang tdn tai clia chiing trong hé th&ng séng.

— Mb hinh héa phén ti, hé théng E trong t& bao va cd thé séng.

- Cai bién dinh hudng phan ti E, thiét k& cac phan tl E mdi véi nhitng dic tinh
mong mudn vi ¢é hidu, qua sit dung cao trong thuc té&,

— Phat trién nghién ciiu proteome gép phan gidi thich co ché& cac qua trinh bénh
1% 6 mc 46 phén ti.

-M& ring pham vi ng dung E trong thUC té.
— Nghién citu tao cac chip E.

1.3. Y NGHIA THUC TIEN CUA VIEC PHAT TRIEN CONG NGHE E
- Tao dugc céic ché\‘l phidm E véi quy mé 1én, dap dng nhu cdu sit dung ching

_trong thuc té&,
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— Tao ra céc thudc mdi c6 tac dung dic tri cao 48 didu tri cde bénh, ké ca cac
bénh hiém nghéo nhu ung thu, AIDS v.v..

— Phét trién céng nghé E c6 thé ha gi4 thanh ch& phdm E, tao diéu kién de mé
rong st dung B trong thyc t&, s& cai tién duge quy trinh san xuit, cdi thién diéu
kién lao dong, nang cao chit Iugng san phim, giam 6 nhiém méi trudng.

1.4. PHAN LOAI VA DAT TEN E (CO BAN CHAT PROTEIN) °

- Tt nam 1961, H8i Héa Sinh qudce t& da thong nh#t phan loai cac E thanh 6 16p
chinh dya vio kiéu phéan tng do E xte tac, ddnh s8 tit 1 dén 6:

1) Oxidoreductase: Xfc téc cho phin ing oxy héa — khi.

2) Transpherase: Xdc téc cho phén fng chuyén vi.
3) Hydrolase: Xic tac cho phan tng thay phan.
4) Lyase : Xde tac cho phén {ing cAt ddt lién két tao thanh 2 phan ti

nhung khéng cdn H,0; hoic logi H,0 tao thanh ndi d6i,
hodc két hgp phan tit H,0 vao néi dbi.

5) Isomerase: Xic tac cho phan ing ddng phan héa.

6) Lygase: Xtc the cho phan ting k&t hdp 2 phan tit kém theo cét
dit lién két gidu ning lugng cla ATP hodc cic nucleoside
triphosphate khac.

MBbi 16p lai chia thanh nhiéu t8, mbi t8 lai chia thé.nh nhiéu nhém. Do d6, trong
bang phén loai E, trudc tén E thudng ¢ 4 s8: sd thit nhd't chi 18p, 6 thi hai chi t8,
s6 thit ba chi nhém va s§ thd tu chi E. Khi ghi tén moét E nao, thudng dé trong
ngodc don mé s§ cta E trong bang phan loai (gém 4 s8) thém tlep diu ngit
“E.C."(Enzyme Commision). _

Dé dat tén E, 18y tén cd chat ho#c céae cd chit, thém ti€p vi ngit “-ase”,

Vi du: Mgt E xtic tac cho phan @ing chuyén vi nhém amin cé tén hé thong la L-alanine:
2- oxoglutarate aminotranspherase (E.C.2.6.1.2.), E nay xic tac cho phan {ing sau:
(L- alanine) + (2- oxogllutarate) = pyruvate + (L- glutamate).

Ma s8 ctia E chi r6 E thude 16p 2 (transpherase), t8 6 (chuyén nhém chia N),
nhém 1 (chuyén nhém amin tir chit cho la amino acid dén chat nhan thudng 1a 2-
oxoacid). Nhu vay ta thdy tén hé théng mé ta rd rang phan tng do E xdc tac va co
chét ctia n6. Tuy nhién tén hé théng thudng dai, vi vay d& thuan tién hon, ddi véi
cac E da cétén quen duang tit trude (¢én thudng ding) van c6 thé st dung néu khong
giy hidu 14m vé co ch& phan tng do E xdc tée. Vi du trong trudng hgp nay, tén
thudng dung la "alanine transaminase”.

Trong cac chuong tiép theo, ching t8i chi tap trung gidi thidu vé cac E c6 ban
chét protein, vi chiing d4 duge sdn xudt va ing dung réng rii trong thuc t&, con cac
E c6 ban chat 1a ARN (ribozyme) s& khéng dé cap dén.
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Chuong 2
CAC PHUONG PHAP NGHIEN CUU ENZYME

2.1. CAC PHUONG PHAP XAC DINH HOAT DO E

Pé nghién citu va phéat trién cac ung dung ctia E trong thue t&, trudc hét cln
nim vitng chc nguyén tic va phuong phap phét hién, phuong phap xac dinh hoat dd
E, cdc y&u t& dnh hudng dén tinh chat va hoat d6 xtic tac cia E, cling nhu céc bién
phap tinh sach E.

2.1.1. Nguyén tic chung ctia cac phuong phap xac dinh hoat d6 E
Céc phan tng do E xtc tac c¢6 thé dude khai quat va don gidn hoa bing phuong
trinh phan ing chung dudi day:

E+S ﬁ ES ‘-"'"'—""M ES* -——————-—B»E E+P

- Trong phuong trinh phan {ing trén, E 13 enzyme; S 1& co chat (substrate); ES 12
phitc chdt hinh thanh giﬁa E va cd chat; ES* 1a phlic chat giita E vdi cd chat, trong

d6 co ch&t da duge bi€n d6i thanh dang gin nhu san pham cua phan tng; P 14 san
phim cha phan {ng. '

Cé thé xac dinh duge hoat dd E bing cach phan tich sy bigén déi theo thoi gian
trong nhing diéu kién phan ng xac dinh clQa: i) c¢d chit con lai, ho#c ii) sdn pham
tao thanh, hozc iii) ¢d cg chit va sdn pham.

Tuy theo cac déc trung cia phan {ing, sy tién lgi cla phudng phap phén tich,
y&u ciu vé dd chinh x4c ctia phép do cling nhu didu kién ctia phong thi nghiém ma
cé thé lua chon ciach xac dinh nao la thich hgp nhét. Tuy vay, cach dang tin cay
nh&t trong moi trudng hdp 12 xac dinh san phéim tao thanh theo thdi gian, bdi vi c6
céc trudng hop, hoat 3 E cdn xac dinh ¢6 thé rit thép, sy chuyén hoa co chit vén
phai ¢6 & mie bédo hoa b thé xay ra nhung rat khé do duge mdt cach chinh xac. Khi
d6, sy xuft hién clia san phdm phan dng dude xac dinh bdng nhiing cach do dic
hiéu, cho phép khang dinh su ¢é mat cia E mdt céch tin cay.

2.1.2. Cac don vi do hoat dong xdc tac cla E

D& tidu chuin héa vide bidu difn mitc 46 hoat ddng xtc tac cha E (dinh lugng
E), theo quy uéc qudc té&, st dung cac don vi sau:

- Pon vi IU (International unit): Mét don vi 1U la hoat dé cia mét E & cdc
didu kién tiéu chuén thich hop, xic tde cho phdn ttng chuyén hod mét umol co ehét
trong mét phut.

11U = 1uM cd chdt/phit = (10°M/ 60 gidy)
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 ~ Don vi Katal (viét tét 1a (vigt tat 1a kat): Mét don vi kat la luong E xtic tde
cho phdn itng chuyén hod mét mol co chét trong mot gidy d cdc diéu kién phén
tich (ddn vi keat it duge dung). _

. 1 kat = 1 M/giay

Nhu vay:
1 ITU =(1/60) x 10°® kat
'~ = 16,66 nkcat
1 keat = 60 x 101U

2.1.3. Hoat dd riéng (specific activity), la mdt trong nhitng chi tiéu quan trong dé
danh gid d4 sach ciia ch& phdm E. Hogt do riéng ctia E duge tinh bing s6 don vi
hoat d¢ E trén mot don vi khéi luong (miligam hay gam) protein. Trong qua trinh -
tinh sach E, sau mdi budc tinh sach, cac protein khéng phai 14 E quan tdm bi loai
di, nén lugng protein téng s6 bi gidm dén, néu hoat d6 téng s& cta E khéng thay d6i
nhiéu, hoat d6 riéng sé tang 1én, ch& phim cé d6 sach cao hon. Cling véi qué trinh
tinh sach, khi hoat d4 riéng khéng tdng lén nia, tic 1a ch& phdm d& o6 dd tinh
khiét ri't cao, néu ¢6 14n cac protein khac cling chi 12 lugng rit nho, khéng dang ké.

2.1.4. Biéu kién phan ting khi tién hanh xac dinh hoat do E

D& dénh gi4 chinh xac vé hoat d§ E, viée x4c dinh hoat dd cdn phai tuin theo
nhiing nguyén tic théng nhat. D6 la: Trong phan tng xac dinh hoat dé E, cAn phai si
dung cd chdt va cofactor & mite dit thiza (néu E cén cofactor) va thoi gian xde dinh cang
ngdn cang t6t (gin véi van téc diu phan ing), 1a lic hoat d6 ctia E it bi anh hudng cua
cac yéu t& khac xdy ra trong qua trinh phan Ung (xem muc 6.2.1). Trong hau hét cac
trudng hop, khi tién hanh x4c dinh hoat 44 cda mft E ndo d6, c¢dn phai lya chon cac
diéu kién sao cho c6 duge si bieh d6i tuyén tink gita néng d6 E, thdi gian phan tng va
mitc ¢ chuyén ho4 cd ch&t (trong gidi han néng dd co chat da hya chon).

. Sdugc }
v chuyén
o hoa

-
T

[S] Thdi gian
Hinh 2.1. Su d6 minh hoa sy phu thudc mifc d6 bign ddi ca chat vao ndéng dé cd chat (a)
v thdi gian phan img (b)
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Hinh 2.1 (a va b) minh hoa vé téc d9 chuyén ho4 ¢o chit phu thuéc vao néng d6
cd chat (S) va vao thdi glan (t) cua phén dng. Ngoai ra, mot s6 B bi c ché& bdi co
chét 8 néng d6 qua cao, hodc ¢6 thd bi giam hoat d4 nhanh chéng theo thdi gian &
nhiét d6 phén tich. Vi vay, phén dng phén tich chi nén thuec hién trong mét khoang
thoi gian nhét dinh va néng 44 E va ¢d chit thich hgp.

2.1.5. Cac phuong phap xéc dinh hoat dé E

Dé phan tich hoat 46 E ¢6 thé tién hanh béng mat trong hai cach 1a phéan tich
l1én tue va phan tich gian doan. :

a) Phdn tich lién tuc 1a phudng phap do cd chat bi bién ddi hay san phém tao
thanh mét cach lién tye theo thdi gian, vi du nhu cach do hoat d6 ctia NADH oxidase
(NOX) qua phan Gng; _ _

NADH +H" + O, » NAD"* + H,0, (do enzyme NOX sinh H,0, xiic tdc)

2NADH + 2H" + O, —» 2NAD’ + 2H,0 (do enzyme NOX sinh H,O xiic tde)

Dua véao su hdp thu anh sang ctia NADH & budc song 340nm, ngudi ta cé thé
tién hanh phan Gng trong mot cuvet va do sy bién déi cia NADH bang quang phé
k€& theo thdi gian ngay tit khi b8 sung E vao dung dich phan ung ¢6 chita sin cd
chat, hay b8 sung cd chét vao hén hgp phan {ng dd chita sin E. Phudng phap do
lién tuc thudng hay ap dung khi khong c6 chét, hay cAch 1am ngiing phan dng thich

- hop, hode duge ap dung véi mot s6 E dé& bi mat hoat tinh xic tac & didu kién phan

tich. Ngoai ra, céc phudng phap phén tich lién tuc edn duge dung phd bién vii cac.
nghién cdu ddng hoc E. Tuy nhién, yéu cdu 481 véi thist bi do la phai ¢6 bd phén én
nhiét dé phan dng ¢6 thé duge thyc hién & cac nhiét 4o mong mudn. Day cling 1a
mbt han ché c¢ia phuong phap. Ngoai ra, do phai theo dsi si bién d6i cta chat phan

Ung mot cach lién tyc nén khé cé thé thuc hién phan tich hoat dd ctia nhleu mau E

trong cing mét lae. ’

b) Phén tich gidn dogn la phuong phép cho E tac di,mg vdl ed chdt sau mot
khoang thoi gian nhdt dinh thi 1dm ngiing phan tng E bing cach thich hgp va sau
dé do lugng co chit con lai hodic sdn phim tao thanh. Day la cach duge sit dung phé
bién nhAt trong cic phén tich hoat 4§ E hién nay.

Dé 1am ngitng phan ing E c6 thé dung cac tac nhén lam bat hoat E nhu nhiét
dé cao, thay d&i pH (b6 sung acid hodc kiém), ding chit tao phiic hay tach E ra
khoi hén hgp phén dng v.v.. . Phuong phéap nay khéc phuc dige nhitng han ché& cia
phuong phap do lién tuc, phan dng ¢6 thé tién hanh trong th &m hay bé én nhiét, ¢
thé tién hanh mot lde nhi€u miu... Tuy vay, vdn d8 1a phai tim ra cach lam nging

phén {tng thich hop.

Dya trén nguyen tdc xae dinh hoat d$ E, bang cach do lién tuc hay gian doan,
hoat d8 E ¢6 thé duge xac dinh theo mot hay mét s§ phuong phéap chinh sau day:

~ Phutong phdp do d¢ nhot: S dung nhét ké& dé do sy bién d6i d6 nhdt cha dung
dich phan lII'lg Phuang phap duge ap dung v6i cdc E ma co chit ¢6 dé nhét cao hon

hin so véi sin phém, thudng 1a cic ¢ chit cé khoi lugng phén t 16n nhu acid
nucleie, protein, cellulose...
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~ Phuong phdp phén cue ké: Su dung khi cd chét va san phdm c6 kha ning 1am
quay mat phing 4nh sdng phén cyc va c¢6 gbe quay riéng khéc nhau, vi du cho phan
ing phén giadi saccharose bdi B-fructofuranosidase. Saccharose ¢6 46 quay miat
phdng anh sang phan cuc 1a +65° con véi glucose 14 +52,5° trong khi cta fructoz 1a
-92,4°, Chinh vi vy sin phim tao thanh s& lam gidm muc dd quay mat phdng 4nh
sang phén cuc, tit phai sang trai, _

— Phuong phdp do dp sudt hay dp ké: Chi ding vdi cac phan tng E ¢6 sy tidu
hao hay sinh khi, vi du nhu céc phan fing oxy hod, decarboxyl ho4, loai amin hoa.
Phan ing sinh hay tiéu hao khi{ ¢6 thé truc ti€p hay gian ti€p. Vi du lipid véi sy xdc
tac cia lipase tao ra glycerol vA cac acid béo, cic acid béo khi ¢6 mit cha NaHCO,
s& tao ra CO, hay phan {ng loai amin do sy tac dung cla cic amino acid véi HNO,
tao ra N, bay ra. Tudng tu, catalase xtc tac cho phan tng phin huy H,0, dé tao
thanh H,0 dong thdi gidi phong oxy phén t& (O,).

Catalase
H,0, — H,0+0,

— Phuong phdp quang phd ké: Duge si dung rat phd blen dua trén kha nang
h#&p thu 4nh sang & cac bude séng xéc dinh cla cd chit, ho#ic san phidm phan Ung.
Vi du: Vi enolase ¢6 thé do san ph&m phosphoenoclpyruvat (PEP) tao thanh bang
cach do d hap thu cla PEP & budce séng 240nm. Con vdi E lactate dehydrogenase
xic tdc cho phan tng khi pyruvate thanh lactate thi c¢6 thé do su bign d8i caa
NADH qua su hap thu 8 budc séng 340nm.

e 1

i) 2- Photphoglixerat Photphoenolpyruvat —— Ay4g

MG CH—C00~ —Z > H,c—c—co0-

OH (|)
| !

NADH+H'  NAD'
i) CH3—C—=CO00~ —====wm CH;—C——COO"

Pyruvate

H

OH
Lactate

— Phuong phdp chudn do: Dung cho céc phan ing E ¢6 sy hinh thanh acid hoac
base. Phudng phéap yéu cau giit pH méi trudng cd dinh, lugng kiém hoic acid chufn
diing dé chudn d6 theo thdi gian phan anh hoat 4 E.

— Phuong phdp sdc ky: Sit dung sfc ky dé phéan tach sin phim phan dng, vi du
nhu tach amino acid sau khi che hai E aminotranspherase 1én cd ch4t hay protease
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tac dung 1én co chit va sau d6 dinh lugng cée amino acid thu duge. Pay 1a phuong
phap t6n thai gian nén it duge st dung.

— Phutong phdp hod hoc: Dung céc phan dng ho4 hoc d& dinh lugng cd chit mat
di hay lugng san ph&m tao thanh. Théng thudng phai chon phin fing tao nén céc
phic chdt mau c6 @6 hdp thu anh sang cye dai & viing ndo d6 dé tit d6 dinh lugng
hop chdt nay. Vi du trong phan dng thuy phan tinh bét bdi a-amylase:

o- amylase
Tinh b6t —————— Dextrin

Dé do hoat d6 ctia amylase, ¢6 thé dang I, tac dung véi dung dich tinh bét, sau
d6 do cudng d9 mau xanh tim tao thanh dé danh gié lugng cd chit con lai,hay dung
phén dng (mau) dic trung dé xac dinh, cic dextrin tao thanh cé tinh khi.

Phudng phéap dinh lugng cd chit con lai hay san phim tao thanh cé thé don
gidn 12 su do co cht con lai, hay sdn phdm phan dng tao thanh mét cach truc tidp
nhu cach do hoat d¢ cua lactate dehydrogenase (LDH) (i). Tuy vay trong nhiéu
trudng hop, ¢6 thé phai do cd chat cdn lai hay sin phdm tao thanh mét cach gian

~ tiép, va do d6 phép do phitc tap hon. Vi du dé do hoat dd caa pyruvatekinase, ngoai

cach do phosphoenol pyruvate (PEP) hay ADP con lai (ma khéng phai lic nao ciing
dé thuc hién), ngudi ta c6 thé do pyruvate tao thanh théng qua sy ghép néi phan
ing v6i sy xic tac ctia LDH ciing véi vide b8 sung NADH (ii).

NADH + H* NAD'
LHD
iy Pyruvate S Lo A = Lactate
NADH + H* NaD"

Pyruvat kinase r
P . LDH i! .
Il) PEP+ ADP — s Pyruvat Lactate

- Phuong phdp phdng xa: Dua trén sy hinh thanh céc blic xa cia cac chit dong
vi phéng xa gin vao cd chit tai nhém chic thich hop dé ¢ _thé do d6 phéng xa (su
phén rd) cla co chit con lai, hay sdn phd&m tao thanh. Phudng phip phéng xa
thudng duge ap dung dé xac dinh hoat @6 ctia cic E khi ma céc phudng phap théng
thudng (cé db nhay thip) khong thé do duge. Vi du, dé xac dinh hoat dé clia ATPase
(xtic tac phan dng thuy phan ATP thanh ADP va phosphate v6 cd), ngudi ta c6 thé
xac dinh lugng ATP cdn lai, hay ADP, hodc phosphate tao thanh bing nhiéu
phuong phap thong thuong khéc nhau. Tuy nhién, khi hoat 44 ctia ATPase cuyc ky
thap, thi ngudi ta c6 thé diang co chit 1a y-[P*?]-ATP, khi d6 mét trong hai thanh
phin sdn phim phan ng (P*) ¢é hoat tinh phéng xa. Bing cich phéi hop ca hai
phudng phap: sic kj ban mong dé tach riéng y-[P%]-ATP va géc phosphate (P%)
duge gidi phéng ra tif ¢cd chat; do d6 phéng xa bang may nhip nhay 1dng dé tinh ra
hoat d6 E (hinh 2.2),
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Cc E

BZP.

2p_ATP nhap nhay léng

: Cét ra do d6 phéng xa bing phuong phap
% O—

Hinh 2.2. So d6 minh hoa céch xéc dinh hoat d¢ E bing phudng phap séc ky
phdi hop véi phuong phap phéng xa

Hon hgp phan ng E vdi.co chat y-[P¥2]-ATP dudc chdm lén ban sic ky, sau khi chay sic ky (theo chiéu
mii tén) c6 su phan chia gilfa co chat (chay cham va san phdm %Pi (chay nhanh), bang ky thuat phat
hién vi tri ¢6 phéng xa, gel phan d6 dugc cat ra, hoat d6 phong xa dudc do biing may nhap nhay I6ng.

Ngudi ta cling c6 thé két hgp phuong phap dién di véi phuong phap phéng xa dé
xac dinh hoat d¢ E. Vi du, dé do hoat dd cia E md xodn ADN ctia ADN helicase,
ngudi ta thiét k&€ mot oligo c6 danh d&u phéng xa & ddu 5. Phan giita cta oligo nay
ghép cap bé sung v6i mot ADN mach vong nhu 1a ADN caa thyc khudn thé M13 dang
sgi don (hinh 2.3), ¢ hai ddu cta oligo l1a khong c6 sy ghép ciip bd sung va tao nén
dang chia ba sao chép thudng rat cAn cho cac helicase khac nhau. Trong méi trucng
c6 Mg* va ATP, E s& md xodn cd chit va gidi phéng ra M13 dang sgi don va oligo cé
danh d4du phéng xa. Bang phuong phéap dién di khong bién tinh, dua vio su khéac
nhau vé d9 di dong dién di, ngudi ta c6 thé dé dang phén tach oligo ¢6 phéng xa ra
khoi M13 khong phéng xa va cd chit c6 phéng xa con lai. Cac phan gel ¢6 hoat tinh
phéng xa sau d6 dugc cét ra va do trén may dém nhé&p nhay 16ng. T két qua do duge
nguodi ta sé tinh ra lugng co chit con lai ciing nhu lugng san phdm tao thanh.

5 3 4
T ADN helicase

M13 > A
2+
Mg~ , ATP Chay dién di khéng bién tinh

va say khé gel — ty chup phéng xa

o

A

Céc bang dudc cat ra dé do hoat do
phéng xa bang may nhap nhay léng.

A

Hinh 2.3. So d6 phan tich hoat d6 E ADN helicase vdi ca chat ADN g&n déng vi phéng xa 2P (*).
Giéng 1: mau khéng cé E hoac E da bj bat hoat; Giéng 2: miu E & néng dé thdp; Giéng 3: mau E & néng

d6 cao han va Giéng 4: mau cé E nhung cd chat da dugc x{r ly nhiét dé tach thanh dang oligo va ADN
mach vong riéng ré.
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- Phuong phdp huynh quang: Phuong phap dua trén su phat quang chia mot s6
hgp chat dudi tde dung cia mét ngudn sang kich thich dac trung. Midc d6 phat
huynh quang sé do dugc nhd may huynh quang k& Day cling 14 mét phuong phap
c6 d6 nhay cao, cho phép phét hién hoat d3 E & mtc d6 thap.

- Bén canh nhiing phudng phap phan tich hoat d¢ c¢6 tinh chit dinh lugng via _
néu trén, trong nghién cttu E, rat nhidu trusng hop céc phén tich dinh tinh hay ban
dinh Iugng ciing dude st dung dé nhanh chéng phat hlén hay bude ddu khing dinh
sy ¢6 mat eda E. Vi dy, dé phat hién catalase, ngudi ta chi cn bé sung mét ludng co
chat H,0, va xem bot khi hinh thanh (do O, duge gidi phéng). Thudng duge ding
hon trong nhén biét va ban dinh lugng hoat d6 E 1a phuong phap khuéch tén trén
dia thach c6 chila dém va cd chét (nhu tinh bét véi amylase, casein véi protease...),
sau do0 nhudém mau (iod nhudm vdi tinh bdt, xanh coomassie hay amide den vdi
casein...) @€ phat hién hay danh gia hoat 46 E qua vong phan gidi co chat. O me
cén khéng dinh chic chdn hon ban chét ctia phan ting c¢6 phai 14 do E xtc téc hay
khéng, ngudi ta c6 thé x{ 1y nhigt (dun cach thuy it phdt). Phan 16n cac E c6 ban
chat protein (hay ARN) déu bi m4t hay gidm phén I6n hoat tinh xtc téc sau khi bi
xtt 1y 8 nhiét d3 cao. Trong mét s8 trudng hdp ¢6 thé dung cée chét dc ché dic hidu
dé givip khing dinh su c6 mit cia E trong mAu phéan tich (nhu azid natri e ché dac

hiéu catalase, phenyl methyl sulphonyl fluond PMSF uc ché& dic hidu cac protease
serine...).

2.1.6. Mot s6 luu )’; khi xac dinh hoat do hay thye hién phan ing E

a) Khi xdc dinh hoat d6 E cdn chon diéu kién pH va nhiét dé phén tich & vang
thich hap. D&i véi nhiing E 14n ddu tién dudc nghién citu, pH trung tinh va nhiét 46
30°C-37°C ¢6 thé duac Iua chon de thit nghiém. Tuy vay, ¢6 nhiéu E chi hoat déng &
mét dai nhiét ¢4 va pH hep va khong thudc vang lya chon §0 bd ban ddu, khi d6 can
¢d nhitng diéu chinh thich hOp d& phat hién va do duge hoa't d6 cua E.

b) Bén canh pH va nhiét do, ciing cén luu'y dén co chdt, thanh phén dém, luc

\ ion hay néng do muél, cde chdt lam bén nhu Ca?*, glycerol, albumin huyét thanh bd

(BSA) hay mdt s& chat khac. Vi dy, nhifu E sao chép ADN rat cin ion Mg2+ nhung
mdt s& lai chi hoat déng khi ¢6 Mn?* . 8y ¢6 mit cha NaCl hay KCl & néng dé vai
chuc milimol/l trong dém phén tich 12 khéng 4nh hudng dén hoat d6 cia hdu hét E,
tham chi rét cin thi€t v6i mét s& E. Tuy vay, ¢ mdt s§ E lai nhay cdm véi mubi
NaCl nhung khong phai véi KCl, hay ngude lai. Viée b8 sung Ca?* 14 can thiét cho
viéc lam bén nhiéu E, nh4t 13 cac E proteolytic hay amylolitic.

¢) Cde phdn tich hoat d6 E phm thice hién & mét gid tri pH én dmh vi vay phai
dung mét loai dém hay hé théng dém nao dé. Néng d6 dém thudng dimg 14 20-50
mM. Tuy vay, vdi cac phan (ing sinh acid, base (vi du urease xiic tac cho phan ing
sinh kiém: urea — CO, + NH;) thi phai diung dém & néng d% cao hon dé tranh sy
thay d6i pH trong qua trinh phén tich. Mt 8 dém (nhu dém phosphate) ¢ thé 1am
k&t tiia mot s8 y&u td cdn thist cho hoat dong cha E nhu Ca?, Zn*, vi vay phai lya
chon loai dém thich hop cho phan tich.



d} Trong phén tich hogt dé E, co chdt va sdn phdm, dém déu phdi dat cing
nhiét d¢ phén tich khi ti€p xdc véi nhau dé bdt ddu phdn itng. Vi cac phén tich
déng thoi nhidu mAu, thoi gian bt ddu va k&t thic phan Gng cla tit cd cac mau
phai dude duy tri nhu nhau.

e) Phdi lubn luén cé6 mdu kiém tra thich hgp d€ tranh sai s6. Vi du, dé xic dinh
hoat d6 proteolytic cia mdt mau dich chiét nao d6 théng qua viéc danh gid mic do6
thuy phéin casein va sau dé xac dinh mic dd thuy phan co chat nhd vao tinh chit
hép thy anh sdng 4 budc séng 280nm (A,g) cia cic amino acid thom tao thanh.

Trong thi nghiém nay, lugng amino acid thom ciing ¢6 thé c¢6 mit trong chinh dich

chiét hay ¢6 m4t ngay trong dung dich cg ch&t ban ddu. Tham chi, dém phén tich
cling cé thé tao ra s6 doc nhét dinh § A,g. Khi d6 cach danh gia chi ¢6 thé thuc hién
duge khi ¢6 miu kiém tra v6i E duge bat hoat trude khi cho tac dung véi cd chat.
Higu s8 doc Ay, gilta mau thi nghiém va kiém tra phén anh hoat d3 E.

f) Phdi lya chon phuong phdp lam ngitng phdn ttng thich hop. Trong mét s6

trudng hgp, cach 1lam ngiing phan dng E c6 thé lam bién d6i co chdt hay san phim
phén @ng cén do. Vi dy, viéc b8 sung acid s& lam phén huy NADH/NADPH, hay viéc
b6 sung kiém sé lam phén huy NAD*/NADP*. Trong nhiéu trudng hop khéc, chat 1am
ngiing phén ng cé thé can thiép qua manh vaoe phép dinh lugng san phim phan tng
E, vi du nhu chit lam ngiing phan @ing c6 cung bude séng hép thy anh sang cén do
v4i chit phan tng, hay tc ché phan (ng tao mau ti€p theo cha phén tich.

Tém lai, viéc xac dinh hoat d6 cua E chi cho s8 lidu tin cdy khi chon duge
phuong phép thich hgp va c6 cic bude tign hanh ddng.

2.2. CAC PHUONG PHAP TACH CHIET VA TINH SACH E

- 2.2.1. Cac diéu can luu y khi tach chiét va tinh sach E

E 1a protein, vi vay rit d& m4t hoat tinh sinh hoc khi bi tach ra khdi t& bao va
co thé. Viéc m4t hoat tinh ¢6 thé do nhiét do cao, su thuy phan bdi cac E proteolytic,
tac dung cua pH thip, cac chit oxy hoa hay chét khi, cac chit gay bién tinh, cac
chit dc ché bat thuan nghich, do mit cofactor hay CoE v.v... Tuy nhién, cac E khac
nhau cé thé nhay cdm vdi nhiing tic nhan néu trén & cic mic d6 rat khac nhau.

Trong san xuit ch& phim E thi viéc giit duge hoat tinh E 13 mét trong nhiing
yéu cdu hang dau. Théng thudng qua mdi bude tinh sach thi mét phén E cing nhu
hoat 48 cia ché& ph&m bi mét di, gia thanh cao 18n do chi phi vé thiét bi, nguyén
lidu, céng slc va do méit hoat d4. V6i E dung trong muc dich cﬁng nghiép, khong
phai Iic nao ciing cdn ché& pham cé d6 tinh sach cao, trong mét s3 trudng hdp c6 thé
diing ch& phim E & dang thé.

Dé han ché tdi da sy gidm hoat d6 E trong qua trinh tinh sach thi thudng ein

chon dung dich chiét rit E thich hgp, vita cho hiéu suit chiét xuat E cao, vita khong
lam bi€n tinh E. C4c bude tinh sach thudng duge tién hanh ¢ nhiét d6 thap (khoéng
4°C hodc thap hon, tiy y&u t& gy két tha) dé vita han ché su bién tinh E c@ing nhu
tdc dung phén giai cua cac E proteolytic c6 mit trong dich chiét. D4l véi nhidu E, c6
thé bd sung cac chit e ch& clia E proteolytic vao dich chiét dé han ché& sy thuy phén
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ddi véi cdec E quan tdm. Cac E proteolytic duge phan thanh 4 ldp la: i) protease
serine, i1} protease cystein (hay protease thiol/sulfhydryl), iii) protease acid (protease
aspartyl/glutamyl) va iv) protease chita kim loai. Trén cd sd clia 4 18p protease nay,
nguoi ta cing chia cic chét e ché cia cac E nay theo 4 1dp tuong \ing. Tuy vay, do su
phé bi&n cla hai loai protease serine va protease cystein, nén viée b8 sung vio dich

- chiét protein/E céc chdt e ché clia hai loai protease nay 1 phé bién. Trong mot s6

trudng hgp, d6i véi cac E nhay cdm véi cac phén cét proteolytic, thi ca 4 loai chit de
ché& déu duge st dung. Bang 2 1a danh muc va néng d6 chia chit dc ché E proteolytic
thuong dugc diing trong céc nghién citu tach, tinh sach protein/E.

B& sung cac y&u t§ 1am bén (nhu CaCl,, hay MgCl, & néng d6 2-5mM, glycerol 10-
20%...), chdt chéng oxy hoa (B-mercaptoethancl hay dithiothreitol 1-5mM..), xay
dyng quy trinh tinh sach don gian it budc nhit ciing 1a nhiing cach dé han ché sy
gidm hoat d§ clhia E. D&i vdi mét s8 E bén nhiét thi cé thé ding budc xi 1y nhiét (70 -
80°C, trong vong 15-30 phiit) & ngay giai doan ddu dé vita han ché téac dung phén cit
proteolytic, vita loai bd mét s8 protein khéng mong mudn khée. Tudng tu, cé thé dung
bude xu 1y.acid (dua pH xudng 3-4) & giai doan ban diu d6i véi cac E bén & pH thap.

2.2.2. Thu nhan ch& pham E thé

Ngo#i trit mét s§ trudng hop E quan tim 13 enzyme ngoai bao tit vi sinh vat (E
dudce tit vao méi trudng trong qua trinh nudi cdy t& bao) va cic E ngoai bao tit cac dich
cua dfng vat va thye vat, cic trudng hop con lai, bude ddu tién trong nghién ctu E 1a
phéi thu nhén dick chiét E tit nguyén lidu. D& thu dich chiét mé ho#c t& bao chita E,
trudc hét phai pha vd t& baoc. C6 nhidu cach dé pha v3 nhu dung sidu a4m, ding E
(lysozyme, mutanolizin), may nén, séc nhiét (lam déng da-tan da lién tuc), nghién véi
cat thuy tinh, hay két hgp tac dung va dap trong méi trudng cé cat thuy tinh...

Ché& phim thu duge & cac bude ban diu nay thudng chia rat nhifu protein va
céc hgp chét khong mong muén, néng d6 E quan tdm thip. -

Dich chiét ¢6 thé dude c6 dac & nhist dé th&p dé 1am ting néng dd E, hoac duge
bd sung tac nhan giy két tha protein/E dé loai bd mot s& chit khéng mong mudn,
sau d6 hod tan E trong mét thé tich nhé dung dich dém thich hgp.

Bang 2. M6t s8 chat (rc ché E proteolytic thudng diing trong tach chiét, tinh sach protein/E

Néng do | Dung mébipha dung| Didu kign va thdi

Chét e ché va thdi gian| djch g&c va ndng dé| gian bdo quand | E proteolytic bi tc ché
hidu qua chat dc ché dang dung dich goc
Phenyl methyl sulphonyl | 0,1-1mM, 100mM trong ethanol | 2-3 thdng & nhigt | Protease serine
fluorid {PMSF} vai gid ho#c isopropanol db phong
Leupeptin 10-100uM | 10mM trong H,O 1 tudn & 4°C, hosc | Protease kiéu trypsin va

1 thang 4 -20°C mdt s3 protease cystein

Acid iodoacetic hay 10-100uM, | 100mM trong H,O Chi chudn bj trudc | Protease cystein

iodoaxetat (IAA) vai gid khi dung

Ethylen diamin 1-2mM, 500mM, pH 8,0 6- 12 thang & Protease chita kim loai

tetraacetic acid (EDTA) | 14u dai nhiét d6 phéng (trirfoai chira Ca?* thi phai
diang EGTA)

Pepstatin A 1 uM, vai gid) 1mM trong tanol 3-4 thang & - 20°C | M6t 8 protease acid
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Pé k&t thia protein cho muc dich tinh sach, ngudi ta thudng diing dung méi hitu

cd nhu ethanol hay aceton hoic mudi trung tinh. Cdc dung mdi hitu c¢d khi thém vao

dung dich nuéc sé lam giam héng s§ dién mdi cua dung dich, do d6 lam thay ddi
tinh tan cta protein va din dén lam két tiia protein. Néng d6 ctia cAc dung mbi gay
k&t tiia protein thudng tit 80% (V/V) trd 1én. Sy k&t tha c6 thé cé tinh chon loc mot
phén, nghia 13 céc protein khéc nhau cé thé duge két tha bing cc néng dd khac
nhau cia dung mdi. Dung méi hitu cd sau d ¢bd thé drde loai bing cach cho bay hoi
trong chan khong, hay tham chi trong khéng khi.

Dé k&t tha E tir dich chiét thd, ngudi ta cling ¢b thé dung mdt s8 mudi trung
tinh, thudng diing nhit 13 ammonium sulfatese, do mudi nay ¢6 mitc dd hoa tan rit
cao trong nudc (c6 thé dat téi 720g/1, & nhiét dé 25°C), it lam m4t hoat tinh E, tham
chi con ¢6 tie dung lam bén E. M6t uu diém nita cla mudi ammonium sulfate la
khéa niang két tla chon loe protein, do d6 s& loai bo duge nhidu protein khong mong
muén trong dich chift. Luu ¥ khi sit dung mudi ammonium sulfate 12 phai b8 sung
vao dung dich E mét cach tir tit, k&t hop khudy dfu dé tranh kha nang tang qua
nhanh cue bd cha ndng d6 mudi, lam mat di tinh két tha chon loc cha né, tham chi
c6 thé lam bi€n tinh mét s E kém bén. Han ché& ctia phuong phap sit dung
ammonium sulfate chinh 12 m&t nhidu thdi gian, do ndéng 46 ammonium sulfate cao
nén ty trong cha dung maéi 16n, dé két tia duge céc protein cin phai ly tim & tde 46
cao va & nhiét d6 thap, sau d6 cdn loai mudi khéi ch& phdm khi chuyén sang bude
" tinh sach tiép theo.

2.2.3. Tach timg phan va tinh sach E

D& tach ting phén va tién téi tinh sach hoan toan E ngudi ta phai dung dén
nhiéu phudng phap khac nhau. R4t it khi, v6i mdt bube hay mdt phudng phép duy
nh&t ma ¢6 thé thu duge ché phim E tinh khiét. Tuy theo nguén cho E, loai E, muc
dich st dung E va nhiing diéu kién san ¢é trong phbné thi nghiém ma ngudi ta co
thé st dung phudng phap nay hay phuong phap khée, cling nhut trong cac phudng
phap lua chon thi cdn s dung chiing theo mot trat ty ndo ¢6 dé c6 thé cho két qua
t&t nhat. Dudi day 1a cAc phuong phap thudng dung nhat dé tinh sach E.

a) Sdc ky trao déi ion

Cé hai loai gel trao d6i ion 1a : trao d8i anion (anionit) va trao déi cation
(cationit), Gel trao 481 ion dude tdng hop bang cach gdn mdt nhém chic tich dién
duong nhu DEAE (diethylaminoethyl), QAE (quaternary aminoethyl), hodic tich
dién 4am nhu CM (carboxyl methyl), SP (sulphopropyl) 18n chdt nén cellulose,
sephadex hay sepharose... Tuy thudc nhém chiic tich dién gi ma ching sé cd ion
trao d6i tich dién trai daAu véi nhém chie, Trong trudng hop nhém chite 1a DEAE-
thi ion trao ddi tich dién am (-), con vdi nhém chitc CM hay SP thi ion trao déi tich
dién duong (+). Séc k¥ trao déi ion thudng duge ding 8 bude tinh sach ban diu dé sg
bd phén chia cac protein khac nhau do sd khac nhau vé d¢ tich dién. Tuy theo pH
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cua méi trudng sic ky ma protein sé tich dién duong hay am, khi dugc cho 1én cot
trao d6i ion, ching sé@ thay thé ion trao ddi cha gel néu cac phan td miu cé cung

dién tich véi ion trao d_01 Ai luc lién két gilia cac protemlE véi gel trao déi ion phu
thudc mic do tich dién cua céc phan ti miu va ching duge diy hay ria chiét
~(eluted) ra khéi gel nho vao sy thay déi ndng d6 mudi hay pH ctia méi trudng. Vide
lya chon pH cia moi trudng sic ky trao déi ion cho phép protein hay E cén tinh
sach gén véi gel hay khong gén. Pay 1a mdt nghé thuat dé loai bd nhiéu protein
mong muén ¢6 trong hén hdp. thmg phéap sic ky trao ddi ion con duge dung dé
thu nhé thé tich cua mau nghién ctu. Diéu nay 1a rit hiu ich khi viée két tha cac
protein bang cac dung mdi hitu co hay bang ammonium sulfate c6 nhiing bat tién.
Hinh 2.4 1a vi du vé viéc st dung cot sic ky qua DEAE-cellulose dé tach ché& phédm
NADH oxidase cua vi khudn Streptococcus mutans GS-5. K6t qua cho thiy dinh
protein chinh khong cé hoat tinh NADH oxidase, trong khi d6, dinh hoat d6 lai
thudc vé cac phan doan c6 ham lugng protein rit thap. DAy 14 mot dang két qua rat

mong mudn, vi cho phep loai bo mét lugng 16n cac protem khong c6 hoat tinh qua
budc nay.

NaCl (M)
0,8

A-280

Phan doan

Hinh 2.4. S&c ky qua cét trao ddi ion DEAE- cellulose (DE- 52) ché phém E-NADH oxidase
clia Streptococcus mutans GS-5

(m): Protein, (#): hoat d9 NADH oxidase, (-): NaCl

b) Sdc ky loc gel hay con goi la sdc ky loc ray phén tiz

“Nguyén téc ctia phuong phap 1a dya vao méc do dich chuyén khéac nhau caa
cdc phén ti c6 kich thudec khac nhau trong hé théng mang luéi phan t cta gel séc
ky. Gel thuong dung 12 sephadex, sepharose. Ky hiéu ctia cac gel nay (sephadex G-
10, G-15, G-25, G-50, G-100... hay sepharose 4B, 6B...) néi lén su kh4c nhau vé kich
thude cuia mang ludi ray phan ti cta gel. Chi s8 cang nhd thi kich thude mét 1uéi
(16) gel cang nhé. Céc phan ti mAu khi di qua mét hé théng céc hat gel, néu c¢6 kich
thude nho hon kich thuée ctia 16 gel thi ¢6 thé chui vao trong cac hat gel va do dé
thoi gian di qua cot gel s& 14u hon cac phan ti ¢6 kich thude 16n chi di dude vao
khoang tréng giita céc hat gel. Theo nguyén téc nay, khi cho mét hén hdp céc phén
t c6 kich thude khac nhau di qua cft gel thi cac phén ti c6 kich thude 16n sé chui
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ra trudc, con cac phén td ¢d kich thude nhd sé chui ra sau. Nhd vay, phudng phap
cho phép phén chia cdc dai phan tli khic nhau vé khéi lugng hay kich thudc phan
td. Phudng phap sdc ky loc gel khéng ap dung duge véi lugng thé tich miu 16n, vi
vay it duge ding cho bude tinh sach ban ddu. Tuy vay, néu lugng mau dude cb dic
lai thanh thé tich nhd thi vAn ¢6 thé dung dude phudng phép loc gel.

| ¢) Ly tdm siéu téc ' :

Phudng phép cho phép phin chia cac hgp chdt khie nhau v& khéi lugng va kich
thudc phan td, lién quan d&n ty trong cha ching trong dung dich. Tuy nhién
nguyén tic ctia phuong phap 13 dua trén sy phan b6 trong trudng luc ly tAm cta céc
chét theo ty trong. Dé phan chia cac hdp chét 6 ty trong khae nhau, ngudi ta tao ra
mdt gradient néng d6 cha chit nén, thudng la glycerol hay saccharose. MAu dugc
cho 1&n bé mit cla gradient (ndng 48 cao nhit § day va thap nhit & bé mit), sau
khi Iy t&m & t6c 46 cao mét thdi gian &4 dai, miu sé di chuyén vao trong gradient
chdt nén va tao thanh nhiing viing riéng biét tuy thude vao ty trong ciia chding. Sau
'khi Iy tdm, miu dugde hiit ra nhe nhang theo titng 18p, hosc duc 18 nhd & dudi day
éng ly tAm dé 14y méu ra theo titng phan 13p.

d) Sdc ky di lyc

Day 14 phudng phap cho phép tinh sach nhanh chéng hgp chat hay E quan tam.
Nguyén tdc cha phudng phép 13 dya trén sy tudng téc dic hidu sinh hoc dé tao ra
sy gin két dic hidu giita chat cdn tach vdi gel séc ky. D61 vdi E, tudng tac dic hidu
chinh 14 gitta E va co chit, giita E va cofactor, hay gitia E vi chét e ché& canh tranh
hay gifia E va cac chét tudng déng (analogue) o chit. Ciing ¢6 thé st dung khang
thé cha chinh E quan tdm dé tao ra su gin k&t dic hidu. Nhu vay, véi phuong phap
shc k¥ 4i Ide, ngudi ta phai gin véi gel mdt chat 6 ai luc dic hidu véi E nhu vita
néu, Qua trinh gan nay cé thé 1a tryc ti€p, hodc qua mét cAu ndi hay canh tay doén
(spacer). Khi cho hén hgp protein ¢6 chita E di qua ¢ot séc k¥ ai luc, E va nhiing
chét c6 4i Iye véi nhém chit dac hidu trén gel duge gilt lai, cdn cac chit khac sé di
qua. E sau d6 dude tach ra bing cach thay d8i nﬁng d6 mudi, pH méi trddng hay
dung mét chdt canh tranh dic hidu E. Ngay nay, sic ky ai lyc dang dude ding rat
phé bi&n cho viée tinh sach E va céc hgp chat sinh hoc khéae. Tuy vAy, khong phai
lde nao cling dé dang s dung ky thuat nay, khé khan chinh 1a do khéng tim duge

ch&t gén thich hop.

e) Dién di ché phdm hay dién di khéng bién tinh

Phuong phép cho phép tach riéng cac chit bing dién di khéng bién tinh, cac
protein dugc tach riéng dua trén sy khac nhau cd vé dd tich dién va vé khéi lugng

phén ti. Kha niang tach riéng cac ché.t rit cao, tuy vy han ché ciia phuong phap la
kh6 dua 1én quy mé 16n.

2.2.4. Phuong phap kiém tra d sach cla ché pham E

Trong qué trinh tinh sach E, viéc kiém tra d¢ tinh sach ctia ch& phdm la yéu
chu bét bude. '
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Phuong phéap thudng dung nhit d¢é danh gia hay kiém tra dd tinh sach ciia ché&
phdm protein hay E 1a dién di trén gel polyacrylamide (PAGE) bién tinh va khéng
bién tinh. Phuong phap dién di gel polyacrylamide bi&n tinh si dung gel va dém ¢é
chita sodium dodecyl sulfate (SDS). Cac phéan ti protein trong moi trudng c6 SDS sé
bi dudi thdng va trd nén tich dién 4m, vi vay di chuyén vé cic duong trong dién
trugng. Téc do di chuyén phu thude vao khai lugng phén ti cha chiing; cac protein
¢6 khéi lugng phén td cang nhd chay cang nhanh, ngude lai céc protein c6 khoi
lugng phan tif cang 16n chay eaAng cham. Sau qué trinh dién di, gel duge nhudm
bing coomassie hay bang bac nitrate. Cac protein dudi dang monome tinh sach
xuélt hién dudi dang mét bang duy nhat. Dién di trén gel polyacrylamide c6 SDS
thudng duge tién hanh véi cac protein chuin ¢6 khéi lugng phan t& da biét, nhd vay
ngudi ta ciing s& dé dang udc tinh duge khéi lugng phan ti tudng d6i clia protein
quan tam. Hinh 2.5 14 vi du vé viéc kiém tra d0 tinh sach cua superoxide dismutase
cha vi khudn Streptococcus mutans bing SDS-PAGE. Khi ding SDS-PAGE, cac
protein la dang oligome véi céc tiu don vi ¢6 khéi lugng phén tit khac nhau sé xuilt
hién d duéi dang mt s& bang. Khi d¢6 muén biét protein da dude tinh sach hay chua
thi phai diing thém mét s& phuong phép khéc. _ _

D& danh g1a do sach vdi céc protein thude loai oligome di phan (hetesooligomer),
ngudi ta c6 thé ding phéi hgp phudng phap dién di v6i she ky loc gel. Khi sic ky
trong diéu kién duy tri trang thai ty nhién cha protein (khéng chda ch&t khd nhu
B-mercaptoethanol hay dithiothreitol), cic protein tinh sach chi cho mét dinh sic ky
dang cén d6i. Béng sdc ky loc gel, ngudi ta cling xac dinh duge khai lugng phéan ti
tu nhién clia protein. K&t hgp s6 liéu vé& khsi lugng phan td tu nhién qua sic k¥ loc
gel va khoi lugng phén ti ciia cae biang proteln trén SDS PAGE, ngudi ta c6 thé suy
ra s8 tiéu don vi cAu thanh cla protein tu nhién. ’

Trong rdt nhiéu trudng hgp, d€ khdng dinh chéc chén béang protein tinh sach
trén dién di d6 c6 phai la E hay protein quan tdm hay khéng, ngudi ta phai dung
dén phuong phap dién di gel hoat tinh, nghia 1a bang protein d6 phai 1a bang c6
hoat tinh E quan tdm. :

Céch dign di gel hoat tinh thudng diung la: déng trang hdp co chét trong gel
polyacrylamisde, sau khi dién di, rlia gel bing mét s§ dung dich thich hdp, sau d6 o
gel v6i dung dich co chdt dudi cac difu kién phan dng thich hgp. Bang protein néu cé
hoat tinh s& chuyén cd chét thanh sin pham c¢6 mau khéc véi mau ciia nén gel chiia
cd chdt, nhé d6 dé dang nhéan ra bing hoat tinh E. Vi du, véi protease, cd chat 1a
casein, sau d6 cho nhudém gel v8i coomassie thi vi tri ¢6 E s& khong ¢6 mau (do E
phén gidi cd ch&t), tao thanh vét sing trén nén gel ¢6 cd chAt nhudm mau xanh. Khé
khan chinh ciia phudng phap nay 14 d6i véi nhiéu E khéng d8 dang tim ra co chat
thich hgp, hode diéu kién phén Gng trén gel khong phai d& dang nhu trong éng
nghiém.
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Hinh 2.5. Dién di trén gel polyacrylamide cé SDS ché phdm superoxide dismutase (SOD) clia
Streptococcus mutans GS-5 :
Tir 1-6 tudng (ng: dich chiét té bao; dich chiét t& bao sau x Iy nhiét; ché pham SOD sau khi qua cét
DEAE-cellulose; protein 1an khéng hoat tinh; SOD tinh sach; ¢ac protein chuén.

Ngay nay, viéc nhan dang céc protein hay E thu dude c6 thé d& dang dude thuc
hién bing ky thuéat phan tich kh&i phd (mass spectrometry-MS). Véi hé théng phan
tich nay, cac protein dudc phan cat bing mot protease dic hiéu (thudng dung la
trypsin) thanh cdc manh peptide nho, sau dé duge dua vae hé théng phéan tich khéi
phé. Thong qua hé thong nay, phé cac dinh peptide dudge XAC dinh khéi lugng phan
tt chinh xac, va bing cach so sinh véi khdi phé cla céc protein trong ngin hang dit
liéu protein quéc té&, protein caAn phan tich sé duge nhan dang. '

Do sach ctia ch€ phdm E con c¢6 thé danh gia qua mdt s6 cach khac nhu qua
hoat d9 riéng. Ch& phdm E tinh sach 1a ché phdm c6 hoat d6 riéng cao nhéit (khong
tang 1én nita theo qua trinh tinh sach). Ché phdm E tinh sach thudng c6 dudng
cong vé pH t6i thich, nhigét do t6i thich v6i mot dinh duy nhét va c¢6 sy bién thién
déu. Mic ddu vay, rdt nhiéu ch& phdm E sau rit nhiéu budc tinh sach vin cé thé
14n tap chédt & dang vét nhu trypsin 1an chymotrypsin, nhiéu protein lan nuclease,
ADN v.v... Trong trudng hgp nay, ngudi ta phai dung nhiing bién phap cuc ky nhay
dé phat hién va diang nhiing phudng phép tc ché dic hiéu dé loai bé hoat tinh cla

protein 14n, vi du: dung tozil phenilalanil cloromethil keton (TPCK) dé loai bd hoat

tinh hay bat hoat chymotrypsin trong ché& phdm trypsin; dung budc axetil hoa dé
loai nuclease trong mét s& ché ph&m protein hay E khéc.
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Chuong 3
CAU TRUC PHAN TU ENZYME

3.1, THANH PHAN CAU TAO

Cac E 1a nhitng protein dude ciu tao tit 20 L- camino acid (néi diing hon 1a tix 19
amino acid (a.a) va imino acid prolin, bang 8.1). Cac a.a két hdp vdi nhau qua lién két
peptid (-CO-NH-) duge tao thanh do phan dng két hgp gita nhém «-carboxyl cua a.a
ding trudc v6i nhém a-amin cia a.a tiép theo, loai di mét.phan ti nudc. Theo cach
ké&t hgp nay, cic lién két peptid ndm trén mét mach th&ng khong phan nhéanh, ¢6 hai
dau tan cung goi 1a “ddu N” (c6 nhém c-amin ty do cha a.a thit nh4t), k¢ hidu bing _
dfu "+",va "ddu C" (c6 nhém o- carboxyl ty do ctia a.a cudi cung), k¥ hidu bing dau "—".
Danh sd thit tu cic gbec a.a trong phan ti bit ddu tir "ddu N". Trong mdt s8 trudng
hgp, ddu N va ddu C c6 thé k&t hgp véi nhau, phan ti ¢b ciu tric vong.

Giéng nhu céc protein khée, cac E c6 thé 1a protein don gian, goi 12 E mét
thanh phan, hofic 14 protein phitc tap goi 12 E hai thanh phdn hay holoenzyme
(holoE). Phan t holoE bao gém 2 phéan: phén protein goi 13 epoenzyme (ApoE),
phén khong phai protein goi la coenzyme (CoE). CoE c6 vai tréo quan trong dé thuc
hién chitc nang xtc tac, loai bé CoE mat hoat tinh xdc tae. Trong mét s§ trudng
hop, chi riéng CoE ciing ¢6 thé 12 chit xdc tic nhung khéng hidu qua bing khi két
hgp véi ApoE. Cing mot CoE khi k&t hgp véi ciac ApoE khac nhau tao thanh cac
holoE khéac nhau, xvc tac cho cA¢ qué trinh chuyén héa cac chit khae nhau nhung
giéng nhau vé kiéu phan tng. CoE cdn ¢6 vai trd 1am bén E.

ApoE ¢ vai trd quan trgng d6i véi tinh dic hidu cha E va 1am tang hidu qua

- xtic tac ciia CoE. CoE thudng 1a cac ddn xuit clia cic vitamin hoa tan trong nude
(bang 3.2). Vi vy, khi thi€u mot vitamin ndo d6 s& anh hudng d€n hoat d6 cua E

tudng {ing trong t& bao, vi pham qua trinh trao d6i chit trong cd thé, gy nén
nhitng bénh dic trung. Nhiéu kim loai ciing ¢é vai trd quan trong ddi vdi hoat tinh
xic tac cia E mét thanh phan va holoE, céc kim loai nay cing duge goi 1a cofactor.
Bang 3.1. Tén, cach viét tdt ba chit va mét chir clla cac amino acid 1a thanh phan cdu tac clia E
Ky hidu Viét tit '

icht  3chir Tén amino acid-
Thudng ding Theo danh phap héa hoc
Ala Alanin {Alanine) (o4 - aminopropichic

Asx  Asparagin, aspactat

c Cys Xistein (Cysteine) o~ amino — [ — izopropionic (0t — amino — B — isopropionic)
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D Asp  Aspactal (Aspactate) _ Ct—aminoxucxinic (X(—arninosuccinic)
E Glu Glutamat (Glutamate)  r—aminoglutarat (0i~—aminoglutarate)

Phe Phenilalanin
{Phenylalanine)

G Gly Glixin (Glycine}
His Histidin (Histidine)

o.—amino —f3 — phenylpropionic
(x—amino 3 — phenylpropionic)
C—aminoaxetic ((t—aminoacetic)

¢—amino — [ — imidazol propionic

{(o—amino — [} — imidazolepropionic)

| lle Izolaxin {Isoleucine)

O, € —diaminocaproic

o—~amino — [} — metilvaleric (—amino — 3 — methylvaleric)

Ot—aminoizocaproic (Qi—aminoisocaproic)

{O—amino — ¥ — methylthiobutyric)

Ct—pirolidin cacboxilic (C—pyrrolidine carboxylic acid)

¢—amino — £ — guanidin valeric

(Ot—amino — € — guanidinevaleric)

ol—amino hidroxipropionic (Ct—amino hidroxipropionic)
o—amino — 3 — hidroxibutiric (0t—amino — 3 — hydroxybutyric)

(t—amino - izovaleric {Gl—amino - isovaleric)

K Lys Lizin (L.ysine}

L Leu Loxin {Leucine)

M Met  Metionin {Methionine) —amino — y — metitticbutiric
N Asn  Asparagin (Asparagine)  amit clia aspactat (amide cila aspactate)
P Pro Prolin (Proline)}

Q Gln  Glutamin (Glutamine) amit cUa glutamat

R Arg Acginin (Arginine).

S Ser  Xerin (Serine)

T Thr  Treonin (Threonine)

v Val  Valin (Valine)

Y Tyr Tirozin (Tyrosine)

ot—aming hidroxiphenylpropionic

{Ct—amino hydroxyphenylpropionie)

W Trp  Triptophan
{Tryptophane)

o.—amino — [3 — indolyl propionic

(ct—amino — [3 — indolyl propionic)

r

Bang 3.2. Mot s& vi du cac coenzyme ¢ chita vitamin |

Coenzyme
1. Oxidoreductase '
- Nicotinamide nucleotide (NAD*, NADP*)
+2H
NAD' ——" NADP+H’
+2H
NADP* ——— NADPH.+ H"*

NAD* = nicotinamide adenin dinucleotide
NADP* = nicotinamide adenin dinucleotide phosphate

- Flavin nuclectide (FMM, FAD)

+2H
FMN ———a= FMNH,
——p—
hodc FAD FMDH,
FMN = flavin mononucleotide
FAD = flavin adenine dinucleotide
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2. Coenzyme A (CoA.SH) s vitamin B,
Vi du: phan (mg chuyén vi acy!: (acid pantothenic)
R CO,H + HS.CoA -——— RCO-SCoA '
: acyl - CoA
Nhém acyl s& duge chuyén cho hgp chét khac _ _
Thiamine pyrophosphate (TPP) ' vitamin B,
Vi du: coenzyme cla pyruvate decarboxylase (thianin)
Pyridoxal phosphate {pyridoxal 5'-phosphate) : vitamin B,
Vi duy: coenzyme cla aminotranspherase, decarboxylase (pyridoxine, pyridoxal, pyridoxamine)

cac o - amin.

3.2. CAC BAC CAU TRUC CUA PHAN TU

Nhu trén di néi, E 14 protein hinh hat, vi vy cfing ¢6 céc bic cdu trdc nhu
protein: bac I, II, ITT va IV.
3.2.1. Cau trac bac | 1a trinh ty sip x&p cac a.a trong phéan td, dude gildt viing nha
lién k&t peptid (lién k&t cong hoa tri), 1a c&u tric cd sé cbé vai trd quan trong xéc
dinh cach théc cuén va ciu tric khéng gian cta phén tit E. Khi thay déi mot hay
mdt vai a.a trong phén ti cd thé lam thay déi hoat tinh xuc tac cia E. Cdu tric bac

I cta E c6 thé bj bién d8i trong qua trinh tién héa, tuy nhién cac gbc a.a ¢b vai trd

xtic tac trong trung tdm hoat dong ctia E khong bi bi&n d6i.

3.2.2. Cau tric bac Il 1a cdu tric khong gian cuc bé (ting phan caa chudi
polypeptid), pho bifn nhat 14 céu trdc xodn a (a-helix), phién gép nép B Ngoii ra,
con ¢6 cac kidu khac nhu quay B (8 - turn), thong long omega 2 (2 loop), cdu tric
16n xén (coil) va modt s6 kidu khace, Céu tric bac Il duge gift viing chd yéu nhd lién
két hydrogen. Ty 1é phin tram cac kiéu c&u tric bac II, ciing nhu % cta mbt kidu
cdu tric trong phan t& ciia cic E khac nhau khéng giéng nhau, Vi du: ty 18 xoén o
trong phan ti lysozyme 13 35%, trong ribonuclease 12 17%, con chymotrypsin thi
hiu nhu khdéng c¢6 xoén a (chi ¢c6 mdt phdn xoén rit ngin & ddu C). Cho dén nay
ngudi ta vin chua rit ra dude nhitng nhén xét khai quat vé 1i&n quan giita cfu trac
bac IT véi hoat tinh x1c téc cua E.
3.2.3. Cau trac bac Il 13 dang cudn lai trong khéng gian clla toan chudi polypeptide,
tao thanh hinh dang chung cta mdt chudi polypeptide. Khi tao thanh c&u tric bac
III, cAc géc & xa nhau trong chudi polypeptide c6 thé duge xich' lai gAn nhau hon
trong khong gian, tudng tée véi nhau. Djc tinh efu tric cing nhu d6 bén clda cdu
tric bac III chd y&u nhd cac tudng téc yéu: lién két hydrogen, tuong tdce ion giita cdc
nhém tich dién trdi ddu, tuong tdc ch der Waals, tuong tdc ky nude giita cde nhom
khong phdn cue. _

Lién k&t hydrogen dudc tao thanh theo kidu A-H.....B-, trong d6 hydrogen két
hop véi A bang lién k&t coéng héa tri, déng thoi tao thanh lién két yéu véi B khi
khodng cach gita A va B viao khoang 0,3nm. Lién k&t hydrogen dugc tao thanh giita

hydrogen cua cidc nhém -NH- hoic -OH véi oxygen caa cidc nhém -OH hoidec - C= O
(Hinh 3.1). : :
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2 : Phifc enzyme - co chét
Cac tuong tac yéu

Phan t nudc

Hinh 3.1. Sg @5 minh hoa tuong tac ky nudc (A), lién két hydrogen (B) '
: va lién két ion (C) trong méi trudng nudc

A. Sd d6 minh hoa tudng tac ky nudc (A).

B. Lién két hydrogen trong cau tric xodn va phién gap nép B cla phan tir E/ prote‘in.

Lién két nay bén khi khoang cach giita O va N 1a 0,28-0,30nm; cac nguyén tif O....H-N nim thdng hang.
C. Lién két ion.

Tuong tac tinh dién xay ra gilta méi cp ion tich dién trai dau, vi du giita gita géc R cla lysine va
R cia glutamic acid. Tuong tac nay thudng gap trong viing ky nudc clia phan tl protein.

Tuong tac Van der Waals: Khi
khdng két hop vdi nhau c6 mét kho.
va lyc ddy giita ching b&ng nhau.
hoZdic nhém nguyén tr ti€p xic gan
va cac dién t tich dién am cta m

géc

cac phan tl, hodc nhém nguyén ti tiép xuc gan nhau, gitta 2 nguyén tir
ang céach nhat dinh, goi 1a khoang cach Van der Waals, & d6 Iuc hap din
Tuong tac nay chi xay ra & nhiing khoang céch rat gan, khi cac phan ti
nhau, Ia Iyc hap dan yéu giita nhan tich dién duong ciia mot nguyén tit
6t nguyén tlr khac. i véi cac nguyén tir trong phan tlr protein, khoang
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cach nay la bé hdn 0,4nm. Cac lién két yéu dugc tao thanh do hiéu qua ludng cuc (dipole effect) ddi khi
clng goi 1a lién k&t Van der Waals. Tuong tac nay y8u va it dac hiéu hon tudng tac tinh dién va lién k&t
hydrogen. Vai tro clia tuong tac nay thé hién rd khi nhiéu nguyén tlf clia cd chat c6 thd déng thai tiép can vai
nhiu nguyén tif cla E. Vi vay, mac di 1 tudng tac Van der Waals khéng c6 tinh d&c¢ hiéu nhung tinh dac
hiéu s& tang 18n dang ké néu cd didu kién dé déng thdi tao thanh nhidu tudng tac Van der Waals.

Tuong tac ky nudc khang dugdc tao thanh do tuong tac truc ti€p gilta cac nguyén t&, |a tudng tac
khdng phan cuc gilta cdc nhém khéng phén cyc, Trong phan tir Efprotein, cac géc R cUa mét s8 amino
acid nhu Val, Leu, lle, Phe, Trp 12 nhU’ng gdc khéng phian cuc, khéng thé tao thanh lign két hydrogen, khi
3 gén nhau cb khuynh hudng tién gan nhau hon ddy phan t nudc ra ngoai (hinh 3.1A,a).

_ M4i lién két/tuong tac néu trén tuy y&u nhung vi r&t nhidu nén téng cta ching
la rﬁt 16n dé giit vitng cdu tric bac III. Cac tuong tac y&u c6 thé dude tao thanh hay
bi cdt dt nhanh chéng, 1am cho dang khong gian cha phéan tid linh déng, c¢é tink
mém déo; c6 thé thay d6i theo difu kién, hoic khi tidp xic véi co chat, 1a dae tinh
rdt quan trong déi véi hoat tinh xic tde cia E. D véi cac E c6 cac gdc cysteine, su
tao thanh cac cdu disulfide giita cac gdc cysteine & xa nhau trong chudi polypeptide
1am cho chudi bi cudn lai dang ké, ¢6 vai trd quan trong d6i véi viée tao thanh cdu
trae bac III.

8u dung cac phuong phép hién dai nhu phuong phéap cong hudng tit hat nhan
{NMR), phuong phap phén tich tinh the E bang tia X (X-ray crystallography) da xac
dinh dugc ciu trdc bac III cta vai chuc nghm protein/E. K&t qua nghién ctiu cho
thay hdu hét cdc phdn ti E c6 dang hinh hat (globular proteins). Trong qua trinh
cuén chudi polypeptid, phén I6n cac géc R cha cac a.a ky nude (Leu, Ile, Phe v.v...)

“quay vao phia trong tao thanh "16i" ky nude, nguge lai, cic gdc R clia cac a.a ua

nudc quay ra ngoai, § trén bé mit phén ti. ,

Trudng hop ¢é cac gde dinh vi theo cach ngude lai, cae gde nay thuong cé vai tro
ddc thi 461 v6i hoat tinh xide téc cia E: _

— Cac nhém phan cyc & bén trong phan td E th&fjrig tao .thanh lién két
hydrogen (lién két H) véi nhau, ho#c tao lidn két H véi cic phan ti nuée, gép phan
lam ting tinh khéng phén cyc cia phan 181 phan ti. Mic dd cac lién k&t H nay
khéng c6 vat trd quan trong vé mit néng lugng eta cdu tric cudn, nhung ching céd
vai tro doi véi vide tao thanh edu triic cudn dde thit chinh xde.

~ Cac gbc R khéng phan cyc dinh vi trén bé mit phan tt E ¢6 thé ¢6 vai trd dic
biét nhu: tuong tac v6i phan khéng phin cyc clia co chit, hodic véi mang t& bao.

Phén 16n céc Efprotein c6 khéi lugng phan td 16n, chudi polypeptide cua né
thudng c6 mét s§ doan cudn lai thanh dang hat, giéng nhu chudi hat trai cuén lai,
trong dé cac hat trai la cAc domain. Nhu.vay, domain la phdn chudi polypeptide cé
cdu tric bc II tu cuén lgi mét cdch déc lap thanhk dang hat rdn ddc, c6 dudng
kinh vao khoang 25A°. Céac domain néi véi nhau qua cédc doan peptide clia chubi.
Domain bao gdm 2 hay nhidu 16p cac don vi c&u trdc bac IL. Dua vae thanh phén
c&u tric bac II trong domain, ¢6 thé phén loai domain nhu sau: domain « chi bao
gbm cau tric xoin a; domain B chi bao gdém céc phién B; domain a/p bao gbm ca
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cfu tric a va cfu trdc B. Khi bi thay phén dudi tac dung clia protease, cic domain

tach riéng khoi phan tt nhung ciu tric va hoat tinh cia ching khéng bi Anh hudng
nhiéu.

Mdi domain trong phén tit E thudng ¢6 chdc ning ddc thit rigng d6i véi hoat
ddng xic tac cua E. Trung tdm két hgp véi chit phén tit bé thudng & trong khe gilia
cac domain,

Cdc phén tiz E chi bao gém 1 chudi polypeptide, goi le cdc E monomer. Céc E
monomer chi chi€m ty 18 nhd trong s8 cac E da biét, vA hdu hét déu xde tac cho
phén tng thiy phin. Khéi lugng phan ti ctia chiing vao khodng 13 — 35kD.

3.2.4. Cdu triic bac IV

Céc protein/E bao gdm 2 hay nhiéu chudi polypeptide (d4 cé c&u tric bac III)
k&t hgp véi nhau nhd cac tudng tac phi cong hda tri (non-covalent interactions). M&i
chudi polypeptide thanh vién goi 12 phdn dudi don vi (subunit). Cac phin dudi den
vi (pddv) c6 thé hoan toan gidng nhau hodc khac nhau. Cac E ¢é cfu triic bac IV goi
la cac E oligomer, tiy theo s8 lugng cac pddv trong phan td ma cb cic tén tudng
ing 13 dimer (gém 2 pddv), tetramer (4 pddv), hexamer (6 pddv) hoic polymer
(nhié:u pddv). Néi chung, s8 pddv trong phén ti ctia nhiu E oligomer 13 s& chén,
sap x&p dé6i xxmg trong phén ti theo cac cach dic trung riéng, ti kidu d5i xu:ng don
gian dén kiéu d61 xiing ba chiéu phiic tap. Tuy nhién eing ¢6 mot sd E c6 s6 pddv 1a
s6 16, vi du phospho-2-keto-3-deoxygluconate aldolase cta Pseudomonas putida,
chloramphenicol acetyl-transpherase cta E.coli, va ornithine cdrbamoyltranspherase
cua Bacillus subtilis 14 cac E trimer (gm 3 pddv).

Cufi cling, cling cAn nhé ring cé mot s6 E oligomer c6 thé bao gdm s6 pddv
khéng xac dinh. Vi du: glutamate dehydrogenase tit gan bd ¢6 don vi cdu tao cd 84
c6 hoat tinh xic tac gdm 6 chudi polypeptide, M, 1a 336kD (ky hiéu 1a A), ¢ thé tap
hgp lai thanh phén td 16n hon, ¢6 M, 2 x 10%

nA T A,

Mot vi du khéc 1a acetyl-CoA carboxylase c6 thé tap hgp thanh cac sgi 16n. Do dé
khi dé cap dén ciu tric bac IV ciia cac E nay, nén néu rd diéu kién tdn tai cta chiing.

Céac pddv ctia E ¢6 cfu tric bac IV c6 thé hoan toan gidhg nhau ho#c khac nhau
vé cHu tric va chlic niang déi véi hoat ddng xde téc cka E. Trong mot s6 E c6 sy
phén héa chic nang rd rét, mét s pddv cé chiic ning xtc tac, mét s8 khac c6 chiic
néng diéu hoa. .

Phan 16n cdc E dd biét la cde E oligomer cb khéi lugng phan td 16n hon 35kD.
Céc E oligomer duge diéu hoa nhanh, chinh xdc ve da dang hon cic E monomer.
Trong nhiing diéu kién xac dinh, ciac E oligomer ¢6 thé phan ly thanh céac pddv,
hoat d¢ E bi gidm hoic ¢6 thé mé&t hoan toan. O nhitng diéu kién thich hgp chiing
lai 6 thé tai két hgp tao thanh phan ti E hoat dong Nho stt dung c4c phudng phap
nghién ctiu hién dai da'nhan duge hinh dang clia nhiéu protein va E. Hinh 3.2 cho
thay hinh dang phén ti cla cac E khéc nhau kha phong phi.
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Phospholipase A, HIV- 1 Protease B - Lactamase Pepsin

Ribonuclease o Subtilisin Carlsberg:  Lysozyme Carboxypeptidase A B - Trypsin:
EglinC Pancrealic Trypsin
Inhibitor

Adenylate Carbonic Aconitase Phosphoglycerate  Dihydrofolate Cytochrome
Kinase Anhydrase Kinase j Reductase P-450cam

Chloramphenicol Phosphofructokinase Alcohol Dehydrogenase D-Gtycera ldehyde-s-phosphate
Acetyltransferase : Dehydrogenase

Citrate Synthase Phosphoglycerate Glycolate Oxidase Malate ;
Mutase Dehydrogenase.
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Aspartate Tryptophan Tyrosyl-{RNA Glutamine
Carbamoyltransterase Synthetase Synthetase Synthatase

Hinh 3.2. Hinh dang mét s6 enzyme (Nguén tai liéu TIBS-1993)

3.3. HE THONG NHIEU E (MULTIENZYME)

Bao gbm céc E xtic tac cho ddy phan {ng c¢6 trat tu cia mot qua trinh trao déi
chit xac dinh, sdn ph&m cta phan tng trude 1a co chit cha E xic tac cho phan tng
k& ti€p. C6 thé biéu didn hé théng phan tng gom 4 E (E,, E,, E;, E,) nhu sau:

E E

A—»B

2:CE"’;D E“:

E

Trong phan tng trén A, B, C, D, 1a cd chit cua cac Ey,, Es Eg, Ey. Bla san phidm
cua phan tng dau tién do E, xtc tac nhung lai 1a co chét cta E, v.v... Hiéu qua cta
day phan ng nay duge danh gia bang lugng san phdm cudi cung duge tao thanh ti
cd cha't ban ddu A, toc d6 chuyén héa A dén E phu thude mdt phan vio su phéi hgp
gitta 4 E'nay. Cac E trong hé théng nhiéu E ¢6 thé két hop 10ng 1éo, hoic ¢6 thé két
hgp v6i nhau kha bén tao thanh phiic hop nhiéu E giong nhu mdt protein c6 nhiéu
hoat tinh E. Vi dy, phic hgp E sinh téng hgp acid béo bao gdbm 7 E khac nhau (hinh
3.3) lién k&t véi nhau kha bén viing, rat khé tach riéng tiing E, khi bi tach rdi nhau
ching mét hoat tinh. Trong hé thong kiéu nay, san phdm cta cac phan ng trung
gian khéng tach ra méi trudng ngoai ma khuéch tan truc ti€p tir phan tng trudce
dén phéan ti E xdc tac cho phan tng tiép theo trong hé théng, lam ting hiéu qua
hoat déng cta chuing. ; i

Hé thong nhiéu E cling c6 thé gin vao thanh phin c&u tao cta t& bao va chi c6
thé tach ra khi dung giai mang. Vi duy, cac E ctia chudi hé hap xic téc cho qua trinh
chuyén dién ti tit cg chdt dén oxy, gén chit vio mang trong ty thé.
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Hinh 3.3. M6 hinh cdu truc tinh thé phitc hop céc E xuc tac cho qua trinh sinh téng hop acid béo
(Nguén tai liéu: Nature Chemical Bioloy, 2006, Vol.2, N°, pp 233.)

a) Phic hgp E d dong vat c6 va nhin nghiéng: chidu cao 210A°, chiéu ngang 180A° day 90A° (c6 mét sé E
khong thay dudc) ; b) Phitc hop E & nam (fung:) nhin nghiéng: chiéu cao 260A°, chiéu réng 230A°. Mac du 2
phic hé E cung xuc tac cho qua trinh sinh t8ng hop acid béo nhung sy sép xép clia cac E trong phic hop thay
ddi thy co thé, vi vay dang cau trac chung ciia phifc hgp c6 khac nhau: d hinh a) cé dang chir X phéng.

Phitc hop gém 7 E: AT, acetyl transpherase; ER, enoyl reductase; KS, 3-ketoacyl synthase;
KR, B-ketoacyl reductase; DH, dehydratase; MAT, malonyl-CoA-/acetyl-CoA-ACP-transacylase;
va MPT, malonyl/palmitoyltranspherase.

3.4. TRUNG TAM HOAT BONG CUA E
3.4.1. Pic diém chung

Mic du toan by phan tit E ¢6 vai tré quan trong d6i véi hoat tinh xdc tac cta E,
tuy nhién c6 mét phan nhé cia phén tiz E két hdp vdi co chdt, tham gia truc tzep
trong viéc tao thanh, hodc cdt ditt cdc lién két ciia phén phén ti co chdt bi chuyén
héa, tao thanh san pham phadn ing, goi la trung tam hoat dong (TTHPD) cia E. Két
qua nghlen cttu TTHD ctia nhiéu E ¢6 thé rit ra mot s6 nhan xét chung nhu sau:

- TTHD chi chi€ém mot ty 1¢ thé tich tuong d6i bé trong phan ti, nim trong
"tai" (pocket) hodc trong "khe" (cleft), d gin hodc trén bé méit phan ti.

~ TTHD bao gom: Cac nhém chitc khac nhau cia mach bén (géc R) cta céc a.a
trong phan td, phan ti H,0 lién két, cdc nhém chic ctia CoE (c4c E 2 thanh phén).

Cac nhém chic cua a.a thudng gip trong TTHD 1a: nhém SH cuaa Cys; nhém
amin & dau N hoidc nhém e- amin cla Lys; nhém carboxyl cia Asp, Glu; nhém —OH
caa Ser, Thr, Tyr; vong imidazol cia His; vong indole cia Trp; nhém guanilic cua
Arg. Khi cac nhém nay bi bao vay, E mit hoat dong. Biét dude cic nhém chic trong
TTHD, khi st dung E cin tranh cac chit c6 thé phan tng véi ching. Vi du: Déi véi
cac E ¢c6 nhém —SH tham gia trong phan tng xic tac, cﬁn loai bo cac chit oxy héa
khoi méi trudng phan tng.

Céc nhém chic trong TTHD cta E c¢6 thé c6 vai trd khac nhau: két hop hoic xic
tdc; cac gbe khac khong c6 céc vai trd xic téc, hodc k&t hop. thi cé vai tro ddi véi tinh
dac hiéu cta E.

~ TTHD c6 cdu hinh khéng gian xdc dinh, cac nhém chic cia a.a trong TTHD
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cé thé & xa nhau trong chudi polypeptide nhung lai gdn nhau trong khéng gian.
Khoang cach giia chiing thu:clng bé hon 0,3nm, tao thanh cdu hinh khéng gian xde
dinh, dugc git viing nhd mang luéi lién két hydrogen. Mang ludi nay cling dua linh
dong dé c6 thé d& dang thay d8i c&u hinh khdng gian cha TTHD dudi tic dung clia
cac y&u t0 bén ngoai, khi tuong tac véi ed chit, hoéc cac chét khac.

Trong nhiéu trudng hdp con cb ca ion kim logi, n&u kim loai ¢6 vai éro xic tde, E

s& bi mat hoat tinh khi tach bd kim loai, va hoat 4 s& duge héi phuc (¢tdi hoat héa)

sau khi thém ion kim loai vén c6 trong E. O nhiing diéu kién thich hgp, mét s6 E
ciing ¢6 thé duge tai hoat héa nhd cac kim loai khac nhau, diéu d6 c¢6 nghia 13, c6
thé thay thé ion kim loai vén cé trong phén ti E bing kim loai khac. Tuy nhién sy
thay d8i nay thudng 1am thay d6i hoat d6 va tinh dic hidu cta E.

Céc kim logi thudng gap trong trung t4m hoat dong ctia E la: Fe, Co, Mn, Zn,
Cu v.v... Cac kim loai nay c6 thé k&t hgp tryc tiép vdi céc a.a, hodc & trong thanh
phén clia CoE. Ngoai vai trd xtc tac, mot s§ kim loai, déc bist 14 Ca thudng cé vai
tro lam bén cu tric khong gian phén t E. Vi vay khi sl dung céc E trong thyc té,
cén luu y d€ b6 sung Ca vao méi truong, dic biét 13 khi tién hanh & nhiét d6 cao.

- Sy tuong dng vé c&u hinh khéng gian gita TTHD va co chat duge hinh thanh
trong qua trinh E ti€p xdc véi cd chit (xem muc 4.2; hinh 4.3).

— Tuong tac gitta E va S 1a nhiing fwong tde yéu, d& dang bi cit dat trong qua
trinh phan ung d€ gidi phéng E va sin phdm phan ting.

—-TTHY ctia cic E c6 c8u tric bac IV ¢6 thé dinh vi 8 mét pddv, hodc & trén cac

pddv khéc nhau (bao gém céc nhém chiic clia cac pddv), do dé khi phan ly thanh cac

pddv, hoat d cua E bi gidm hodic m4t hoan toan.

E allosteric (E di lap thé hoac E diéu héa): Trong phén t céc E nay, ngoai
TTHD con c6 mdt hay mdt s6 vi tri khac c6 thé két hgp véi cac ch&t khac, goi 1a
trung tém allosteric (trung tam di lap thé hay trung tdm diBu hoa). Céac chit két
hop vao céc trung tdm nay (nhung khéng bi chuyén héa) goi 1a cac chdt didu hoa
allosteric. Khi cdc chét nay két hgp véi E cing lam thay déi c&u hinh khéng gian
cia phan td E, cha TTHD, do d6 1am thay ddi hoat d xtc tac ctia E. N&u 1am ting
hoat d§, goi la chét diéu hda duong; néu lam gidm hoat do, goi 1a chdt diéu hoa ém.
Co ch&t c6 thé thye hign chite ning cha chit didu hoa - didu hoa homotropic (dong
hop); néu chit diéu hoa cé ciu triic khac cd chdt - didu hoa heierotrop:c (di hop).
Thong thuong cie E allosteric dude diéu hoa theo kidu hdn hgp, viza 1a homotropic
va heterotropic. Hau hé? cde E allosteric la cdc protein ¢é céu triic bgc IV,

3.4.2. Phuong phéap nghién ciru trung tam hoat déng ctia E :
Phuong phdp nhén biét cac nhém chitc trong trung tam hoat dong cé
vai tré quan trong déi véi hogt tinh xic tdc ciia E
a) Diing cde chdt kim ham (I) ddc higu (xem thém muyc 6.3.6.2)

Sit dung céc chat e6 kha ning phin tng dic hiéu véi mdt trong céc nhém chitc
thudng gip trong TTHD cha E: Tién hanh x{t Iy E véi cac chit nay trudc khi thém

cd chét, theo doi sy bién d&i hoat d6 clia E. N&u hoat 3 E bi giam manh hay mét
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hoan toan, ching té nhém &y ¢6 vai t™ quan trong d6i v6i hoat dé xic tae cta E.
Céc chat kim hdm dac hiéu thuong dung 1a:

- DFP @€ nhan biét cac E serine.

- EDTA @€ nhan biét cac E kim loai ho4 tri II (Zn?*, Cd?*, Mn?*, Ca®*v.v...). Tuy
nhién & day cn phan biét rd kim loai ¢6 vai trd 13m bén c&u trdic khong gian phan
td E hay ¢6 vai trd xic tac. D& xac dinh vai trd xtic tac cia cac kim loai, cdn tién
hanh thi nghiém t4i hoat ho4.

— Céc hgp chét hiiu cd cha .Hg nhu p-chloro-mercury benzoate, hay HgCl, @é
nhan bi€t nhém -SH:

RSH+R -Hg-X=R-S-Hg-R + HX

Ngudi ta ciing 6 thé dang HgCl, dé dinh lugng nhém SH. Céc ion kim loai khac

nhu Heg*, Ag®, Cu® cling ¢6 thé phan ing véi — SH:
RSH + Me* = RS — Me + H*

Qué trinh lam bit hoat E bdi cac ion kim loai ¢6 thé duge tai hoat héa khi
thém cac chét chia nhém —-SH. Cac chét oxy héa nhu: H,0,, iodobenzoate,
1odoferricyanide, cic disulfide cling 1am bat hoat céc E-thiol do phan tng trao ddi
thiol — disulfide:

2RSH T R-S8S-S-R+2H"+ 2¢”
R-S-S-R + R,S &= RS - SR, + RS-
- Iodoacetamide: Phan Gng véi nhém imidazol ctia histidin.
Tuy nhién, kha néng phén ng véi cdc nhém chitc ¢é thé thay d6i tay pH méi

trudng, trong trudng hop rlbonuclease 2 goc His c4n cho hoat déng xuc tac cua E)
da xac dinh duge nhu sau:

pH 2,8: monoidoacetate chi két hgp vdi Met.
pH 5,5: monoidoacetate chi két hgp véi His.
pH 8,3: monoidoacetate chi k&t hgp véi Lys.

Diéu d6 ching té khd ning phan ung cta cide nhém chitc phu thude véo muc dé
ion héa cha ching, ho#c trang thai i ion héa cua cic nhém bén canh.

Néu st dung bromoaxetic ¢ pH = 7, né chi phan ang v mot gbc-His va lam mat
90% hoat d6 E.

Kha nang phan Ung cta cic nhém chic trong TTHD ecdn phu thudc vao anh
hudng clia cac nhém xung quanh, vi vy ciing mét nhém chitc trong phin t c6 thé
¢6 vai trd khac nhau d6i v6i hoat dong xic tac cia E. Piéu nay th&y rd nhat 461 véi
céc gde Ser trong cac E- serine.

b) Phuwong phdp ddnh ddu bing co chédt dic hidu hodc CoE

Phugng phép nay c6 phite tap va khé khin hon vi phttc ES d& bi phan ly nhung
dén nay cling da dat duge k&t qué trong mét s6 trudng hop nhu:

- Phosphoserine clia phosphoglucomutase trong phan @ng van chuyén phospho.
—San phdm trung gian caa triosophosphatdehydrogenase.
— S4n phim trung gian cla chymotrypsin véi cd chét clia né.

’
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¢) Nghién citu dnh huong ctia su thay doi pH dén tée d6 cue dai (V) ctia phdn tng

Lap db thi biéu dién sy phu thude cha log,,V véi su bién di pH, ti dé xac dinh
tri s& pK, (K,: hdng s8 ion héa; pK, = -log K,) biing d thi (hinh 3.4), d6i chifu véi tri
s6 pK, caa céc gdc R caa cic a.a ty do dé phan doan céc nhém chite trong TTHD. Tuy
nhién cling can luu ¥ ring, tri s pK, clia gbc R clia mét a.a khi & trang thai lién két
trong phén td E chiu anh hudng ctia cic géc a.a khac & xung quanh. Vi vay, pK, clia
n6 khac véi khi 8 dang tu do, ¢6 khi khac dén 4 don vi pH. Vi vay, dé c6 duge két qua
chinh xac can két hgp véi cAc phuong phéap khac. Vi du: Khi st dung phudng phap
nay dé xac dinh cic nhém chite trong TTHD cia mét 56 E thiy phan, da tim thay tri
s8 pK, vao khoang ti 6,1 dén 7,6, thc la tring véi tri s§ pK, cia nhém imidazol cta
His tu do. Khi sit dung cdc phan ttng héa hoc ddc trung ciing phat hién duge nhém
imidazol, tit d6 k&t luan His thudng tham gia trong TTHD cla cac E thiy phan.

Tuy nhién néu céc gia tri pK,, va pK,, nhan duge theo hinh 8.4, chi khac nhau
it hon 1,5 don vi pH, thi sy ion héa cha cac nhém khong phai 1a dde lap, v cac gia
tri pK, cdn phai d¢uge hidu chinh dé nhan dugc cac gia tri ding.

l0g4V

Hinh 3.4. Anh hudng cla pH d&n V c¢ha phan Ung E khi ¢6 2 nhém ion hoa
tham gia vao hoat ddng xuc tac cda E

-{Buang vach lién |a dai dién cho 8 liu cla két qua thuc nghiém}

Ngum ta ciing c6 thé 1ap dudng cong bidu dién s phu thuée gida log,K,, theo
pH dé€ xac dinh cic nhém chite trong TTHD, nhung phite tap hon,

DE nghién ecitu cdu tric khong gian cha trung tam hoat ddng, thudng s dung
cac phuong phdp NMR, nhiéu xa tia X, v.v...

3.5. CAUTRUC MOT SO E

Cac E la nhiing protein hinh hat nhdng cfu tric khdng gian cia E kha da dang

(hinh 3.5). Sau day sé gidi thiéu c&u trdc cia mét s6 E oligomerie. -
3.5.1. Aspatate carbamoyl transpherase (ACTase)

E nay xidc tac cho phan {ing ddu tién clia qua trinh sinh t8ng hgp pyrimidine §
E.coli:
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L- Aspartate + Carbamoylphosphate — N-Carbamoyl-L- Aspartate

; + Orthophosphate
ACTase 1a E ¢6 céu tric bac IV, bao gom:

- Hai pddv xtc tac, m6i pddv c6 3 chudi polypeptide, méi chudi ¢6 2 domain,1
domain két hgp véi Asp, domain khac két hgp véi carbamoylphosphate. Trung tAm
hoat déng ndm gitta 2 domain.

— Ba pddv diéu hoa, méi pddv c6 2
chudi polipeptide, mét don vi ¢6 domain
két hgp véi kém (zinc domain, két hop 1
nguyén td Zn), c6 vai trdo cdu trdc, va
trung tdm két hop véi chit diéu hoa ATP
hodc CTP (ATP va CTP canh tranh nhau
dé két hop vao trung tAm nay, tuy theo ty
1é nong dd ching trong t& bao). CTP la
chat diéu hoa 4m; ATP la chit didu hoa
duong. O E.coli hoat d6 ctia né duge diéu Hinh 3.5a. M6 hinh c4u triic minh hoa su sip
hoa dé tra 16i v6i nhu cAu pyrimindine. x€p clia cac pddv trong phan tir ATCase (A)

. Cac pddv xuc tac
Cac pddv diéu hoa

3 4

Hinh 3.5b. C4u triic clia ATCase nghién citu bng tia X (Nguén tai liéu D. Voet va J.G.Voet, 2004, tr.467)

(1), (2) nhin tir trén xudng; (3), (4) nhin nghiéng. (1) va (3) E & trang thai c6 ai luc thdp véi co chat
(dang T). (2) va (4) dang c&u tric cla E ¢6 i luc cao véi cd chit (dang R). Hai dang T va R chuyén hoa
tuong ho. Trén hinh mau, cac dai mau dam la cac pddv xuc tac; cac dai mau nhat, sang 1a pddv diéu hoa.
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3.5.2. ATP-synthase

Xice tac cho phan Ung téng ‘hop ATP tixt ADP va phosphate v0 cd kem theo
chuyén vi proton:
ADP+ P, &= ATP
P,: phosphate v6 cd.
E nay la mét nanomotor ky diéu gém 2 motor quay stt dung nhién liéu khac
nhau: F, va F|, hai ph&n nay néi véi nhau qua phén c¢é (hinh 3.6).
- F, la motor héa hoc.

- F, lg motor dién gin vao mang, dong luc quay la dong cac H* di qua mang,
khi dong proton di qua F,, 1am quay rotor, khi rotor quay né quay truc néi giia F,
va F, va motor F, tré thanh may phat, tac thanh ATP khi quay. '

ATPsynthase ctia E.coli ¢6 kich thude nhu sau: F;= 1004, F,= 50A, phin 8 = 454,
Céc lon H" duge tao thanh bén ngoai t€ bao do cac qua trinh phén giai thic 4n, nhd
phéan F, cia ATPsynthase dugc dua vao bén trong t& biio trong qua trinh quay rotor.

— F, gan vio mang, dugc tao thanh tit 3 loai pddv khac nhau k¥ hidu 13 a, b, ¢
v6i s6 lugng clia méi loai theo thit ty tudng vng 13 1, 2, 10 -12 (F, = a,,b,,¢,0.1,). Phén
dudi don vi a ¢6 it nh&t 5 xodn xuyén qua mang; pddv b 1a phan true, cé vai tro giid
vitng va lién két cée phén; rotor 12 cac pddv ¢ gdm 12 protein hoan todn gidng nhau.
C6 nhiéu y kién cho rdng 12 pddv c 1a céc proteolipid, duge cuén nhu trim cai téc
v6i 2 xodn xuyén qua mang, dude ndi véi mot loop ngdn quay vé phia t& bao chit
cla mang. M&i mt protein 12 mdt bom ion, cic gdc Asp-61 va Arg-210 ¢6 vai trd
quan trong déi véi viéc chuyén vi proton. Gdc Arg-210'(3 vdo khoang giita cta

mang), ddy H* d&n gbc Asp-61 trén rotor. Gdc Asp tich dién 4m, nhung vi né bi

méang lipid bao xung quanh nén khéng thuén lgi cho viécrnhan proton. Vi thé, rotor
chi quay khi né6 k&t hgp véi ion H* trd thanh dang trung héa dién. Loai bd Asp-61
lam m&t hoat tinh E. Ion H* di theo duong véng phic tap qua motor F,. Tuy nhién

dudng di chinh xac cta céc ion H* qua bom vin chua bi&t ré va dang dude tiép tuc
nghién ¢itu.

- F; ¢ phia ngoai mang, duge tao thanh tit 5 loai pddv khae nhau ky higu 1a: «,
B, y (phén ¢6), 8, &; s6 lugng cia mbi loai theo thi tu tudng ingla 3,3, 1,1, 1 (c6 thé
biéu dién F, 12 a,, Bs, ¥, 8, €)). -

Cac pddv o, 8 ¢6 cdu trie tudng tu nhau, sip xép xen k& nhau xung quanh phén
xodn o 6 ddu C cla pddv y. M8i pddv o, B ¢é 3 domain khac nhau: domain & viing
déu N c6 6ng B gbm 6 nhanh; domain diu C cha pddv « ¢6 7 b6 xoén, cdn & pddv B
¢6 6 b6 x0dn; domain trung tAm bao gém ca xodn « vi phién P tao thanh trung tim
xtic tde & pddv B, nhu vay E nay c6 3 TTHD. Céc gdc xdc tac & pddv B 12 Lys-155 va
Thr-156. Trinh ty bao tén & viing xic tac 1a GERXXE, trong d6 Glu-181, Arg- 182 va
Glu-185 1A nhiing géc bao ton.

Khi F, van hanh nhu mét may phat, n6 st dung Iuc clia chuyén dong quay dé
- tao thanh ATP, ¢dn khi né van hanh nhu mét motor, né phan cit ATP dé quay truc
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theo hudng nguge lai. Qua trinh téng hgp ATP ¢6 2 giai doan khé hon cac giai doan
khae, d6 1a khi két hgp véi ADP va giai doan cudi cung 1a giai phéng ATP. Van dé
nay dugc giai quyét nho su bién d6i dang khéng gian ctia 3 pddv B. Khi truc quay
ddy cac pddv nay qua 3 dang khong gian khac nhau: dang T (BT), két hop véi ATP;

- dang D hodc L (D hoac BL), k&t hgp véi ADP; dang O (BO hoic BE), khong két hop

véi nucleotide. Khi ATP di vao vang nay sé tach khoi E.

Cac k&t qua nghién ctu cho phép du doan khi pddv B thay déi dang khéng gian,
pddv y s& thay d6i vi tri tuong ddi ctia né mot cach lién tuc bén trong hexamer osBs;
nho su ty quay ctua né trong hexamer ops.

F-ATPase

Catalytic hexamer
(hexamer xuc tac)

Stalk (c8)

“IMembrane domain

(domain gén vao
mang cla ty thé)

Hinh 3.6. M6 hinh c3u trac cia ATPsynthase ty thé
Phan F, & phia ngoai mang la hexamer c6 vai trd xuc tac a,B,; phan cd (stalk); phan F, g&n vao mang
(Nguén tai lieu: IUBMB life, 58: 319, 2006)

3.6. PROENZYME (ZYMOGEN)

Nhiéu E dugc téng hgp & dang chua c6 hoat tinh xtc tac, goi la proE hay zymogen
(tién E), sau d6 mdi chuyén thanh E. Qua trinh chuyén hoa proE thanh E goi la qud
trinh hoat hod zymogen. Qua trinh nay c6 mét s6 dic diém chung nhu sau:

— Phén 16n 1a qua trinh thuy phdn gidi han (limited proteolyis) protein do
protease xuc tac, cAt didt mot hay mot s& lién két peptide & gAn dAu N ctia phén ti
zymogen. Doan peptide dugdc tao thanh c6 thé bi loai ra ngoai, hodc vin géin véi
phéan con lai cla phan ti nhd céc cdu disulfide (vi du: chymotrypsin). Qua trinh
hoat hoa c6 thé 1a tu xuc téc hay do cac protease khac xic tac (béng 3.3).

— Khi lién két peptide bi cit dit thudng 1am thay ddi c&u hinh khong gian ctia phan
ti theo huéng c6 1gi cho hoat dong xic téc, zymogen chuyén thanh dang hoat dong.

— Hiéu suét hoat ho4d zymogen phu thudc vao diéu kién hoat hoa nhu: ndéng do6

zymogen, E xtc tac cho qua trinh hoat hoa va néng d6 clia né, nhiét do, pH va mot

s0 yéu to khac.
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Bang 3.3, Mt s6 vi du vé€ cac protease xuc tac cho qua trinh Hoa_at hoa
mdt s8 zymogen clia tuyén tuy va da day

Zymogen Enzyme Enzyme xic tic cho qua trinh hoat héa
Pepsinogen® Pepsin Pepsin
Chymotripsinogen Chymotrypsin Trypsin, chymotripsin
Trypsinogen Trypsin Trypsin, enteropeptidase
Procarboxipeptidaz Carboxipeptidase Trypsin -
Proelastase " Elastase Trypsin

“Ghi cha: *® dugc t8ng hop & da day, cac enzyme khac dugc t8ng hgp & tuy.

Qua bang trén c6é thé thy trypsin cé vai trdé dic bist quan trong trong qua
trinh hoat hoi céc protease tuy tang, hoat hod prophospholipase A, & té trang. Do
dé phai c6 da trypsin méi bdo ddm duge qua trinh tidu héa protein nhd cic protease
cta tuyén tuy. Theo nhidu tac gia thi sy hoat hoa trypsinogen nhd enteropeptidase
cua té trang cb vai trd dic biét quan trong, mic dit chi tao thanh mégt lugng nhd
trypsin nhung sé khoi déng qué trinh hoat hoa trypsinogen va cac zymogen khac.
Qua trinh hoat hoa trypsinogen va cic zymogen khéc clia tuyén tuy phai bio dam
dt nhu cau, khéng quéa nhidu va khéng qua sém, phai ding lizc. Néu khéng, ¢é thé
bi bénh viém tuy cip (pancreatitis) rit nguy hiém, cé thé ch&t. Tuy nhién, cg thé
cling ¢6 mdt s8 co ché& diéu hoa nhanh vi hidu qua, vi du nhu tiét cac chit kim ham
dic hiéu cac E tuong dng clng véi zymogen.
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Chuong 4 |
TINH PAC HIEU CUA ENZYME

4.1. KHAI NIEM

Mbéi E chi xic tac cho sy chuyén hoa mdt hay mdt s6 chit nhat dmh theo mot
kiéu phan tng nhé&t dinh. Dic tinh tac dung lua chon cao nay goi 1a tinh ddc hiéu
hay tinh chuyén héa (specificity) cua E. Tinh tac dung d#c hidu cao cha E 13 mot
trong 3 dac tinh Wu vigt cta E so vdi cac chit xic tdc v6 cod va hitu co khae. Mic do
dac hiéu cta cdc E khac nhau khéng giéng nhau, ngudi ta thuong phin biét thanh
cac mic nhu sau; _ _

— D4c hidu tuyét déi hosic gdn nhu tuyst d6i: E chi xic téc cho sy chuyén héa
mdt chit nhdt dinh (ho#ic mdt cip cd chit nhat dinh trong phan dng hai cd chit)

‘theo mot phan dng xdc dinh tao thanh cic san phim xac dinh. Vi du: urease hiu

nhu chi xdce téc cho phan @ing thiy phan urea tao thanh khi carbonic va amoniac. E
nay cing ¢é tac dung ddi v8i hydroxy urea (c6 c8u trdc rat gin urea) nhung véi véan
tdc thdp hon 120 lin so véi khi thdy phén urea. Mét s8 E khac nhu arginase,
glucose oxidase cling dugc x8p vao loai E ¢6 tinh dic higéu tuyét d&i. Cac E ¢é tinh
dic hiéu tuyét d6i duge st dung dé dinh lugng chinh xdc co chét cua ching.

— Déec higu nhém: Céc E thudec nhém nay chi tac dung véi nhiing chit ¢ cing
mdt kiéu c&u tric phan ti, mot kidu lién két, va chiing c6 nhitng ddi hdi xac dinh
d6i véi nhém nguyén t & lién k&t chiu tc dung. Vi du: maltase chi xdc tac cho
phén ng thiy phén lién két glucoside dude tao thanh t& nhém —OH glucoside cla
a-D-glucose v6i nhém —OH ciia mét monose khéc.

— Péc hiéu lign két: Mite d6 dic hidu tuong dai thap; chi ¢6 tinh dic higu @6 véi
lién k&t bi cat dit nén goi 1a dde hiéu lién két. Vi du: mot s& esterase xic téc cho
phén ing thiy phan lién két ester, mot s6 peptidase thiy phin lién k&t peptide

.. Cac E nay ¢6 thé téc dung déi le nhiéu ca ch&t khac nhau, chi ¢dn ¢é chita cac
hen két tudng {ng.

Céc E c6 tinh dac hiéu thip thudng 12 nhiing E xic ¢de cho phdn éng phén gidi
thitc dn, do c6 tinh ddc hiéu thép nén E s& phan giai dude nhiéu loai ¢d chit khac
nhau. Miat khae, dé nang cao hidu qua phén gidi nén st dung hén hdp céc E ciing
nhém nhung cé tinh déc hiéu khéc nhau. Vi du: céc protease tuy cang cé tdc dung
thuy phén lién két peptide nhung c¢é tinh dic hidu khac nhau (hinh 4.1). Vi vay, dé
thay phan triét dé protein, ngudi ta thudng ding hén hgp céc protease ¢6 tinh dac
hiéu khéac nhau.
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Cac E xiic tdc cho cde qud trinh téng hgp rdt it khi c6 tinh déc hiéu thép.

Trp
Tyr Ala
: . Phe gw
Ang Met ’ Ser (Ang
; Lys
Protein 4 Leu )
e R MR OMHER MR OAHR MR R g
H N o (E—?—N—-CH-—%IZ—E—N—CH—(“D —N-CH—%:—?—N—CH—(E—N—CH—%%N—(‘)H—%}-N—CH—%}—0'
HO 0 0 o 0 - o} 0 0
- Trypsm Chymotrypsin Elastase
Trypsnnogen
Chymotrypsmogen
Proeiastase Carboxypeptidase B
Procarboxypeplidase

Hinh 4.1. Sg d6 mmh hoa tinh dac hieu clia céc protease tuyén tuy va vai trd quan trong cia trypsin
ddi v3i qua trinh hoat hoa cac zymogen clia tuyén tuy

Cac amino acid ghi trong ngo#c ddn: chi gdc R thudc vé'cac a.a nay
¥ Vi tri lign két enzyme tac dung.
———————>: Qua trinh hoat hda proanzyme (zymogen} do trypsin xiic ac

Phin 14n cac E cb tink ddc hiéu héa hoc lgp thé (stereochemical specficity),
nghia 1a E chi tac dung v6i mdt trong 2 dang ddng phan khong gian cha cac chat.
Cac E trong co thé ngusi va déng vat thudng chi tac dung v61 ciac L- amino acid, do
dé néu dua vao cd thé hdn hop amino acid duge san xudt bing phuong phap téng
hgp héa hoe (c6 ca 2 dang D- vA L-amino acid véi ty 1& bing nhau) thi co thé ngudi
- va dong vat chi sit dung duge mdt nlia lugng amino acid nay.

Tuy nhién, trong ty nhién cling ¢6 cdc E xiic téc cho phan tng chuyén héa
tuong hé gilta cdc cip déng phén tudng wng, 12 céc racemase va epimerase.
Racemase xuc tac cho phan ng chuyén héa tuong hd giia dang D- va dang L-
epimerase xGc téc cho phan ting chuyén héa tuodng hd gita 2 ddng phin o ve 2.
Céac E nay cé vai trd quan trong d ché né ting hidu qua st dung cée chit dinh
dudng nthu cae amino acid, cac dudng don duge san xudt bang phuong phap héa 'hgc.
Vi vay cac E nay co y nghia lon trong cong nghiép hod hoc. _

D61 v6i mét s§ E, tinh dic hiéu con thé hién kha tinh vi, cé thé phén bigt hai
gdc d6i xing trong phén tit hoan toan giéng nhau vé mdt héa hoc. Vi du: hai nhém —
CH,OH 6 vi tri 1 va vi tri 8 trong phan t glyceroi hodc hai nhém —CH, COOH
trong phan td acid citric.
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1 (|3H20H Cl',Hz— COOH

2 (PHOH . HO— (E— COOH

3 CH,O0H CH; COOH
Glycerol Acid citric

Glycerol kinase (EC 2.7.1.30) xic tac cho phan éng chuyén vi gbc phosphate it
ATP dén glycerol ding phuong phap danh ddu bang déng vi phéng xa C'* di xéc
nhén rang gdc phosphate chi duge chuyén den nhém ~CH,OH g vi tri tha 3, tao

. thanh glycerol-3-phosphate.

Nhiéu dehydrogenase ciing thudc loai ¢é #inh ddc hiéu héa hoc ldp thé kha cao,

. ¢6 thé phan biét duge hai phia cha vong pyridine cia CoE nicotinamide (NAD",

NADP" trong phan tng chuyén vi H. Cac dehydrogenase xuc téc cho phan fng
chuyén H tif co chat d&n vi tri s§ 4 clia vong, nhung H nay cé thé duge chuyén vé

- haiphia khéc nhau caa vdng: phia A hoic phia B tity theo E (hinh 4.2).

PhlaA Phia B
NH
2 CONH,
N ||
N/ | \
0 0 N
k\N N ]
CH;—0-P —0—P —0—CH,
) 1 I 0
0 0
H H ' H H/H
H H
H

0OX OH HO OH

Hinh 4.2. Tinh dac hiéu lap thé clia cac E can NAD® ho#c NADP*
NAD*, X = H; NADP*, X =phosphate.

Mot s8 vi du vé cac E c6 tinh déc hidu lap thé @81 véi 2 phia vong cua NAD*
hoic NADP*:

Cdc dehydrogenase ddc hiéu phia A: alcohol dehydrogenase (NAD®), lactate
dehydrogenase (NADY), malate dehydrogenase (NAD"), cytocrome by reductase (NAD").

Cdc dehydrogenase ddc hiéu phia B: glycerol 3-phosphate dehydrogenase
(NADY), glyceraldehyde-phosphate dehydrogenase (NADY), glucose dehydrogenase
(NAD"), glucose 6-phosphate dehydrogenase (NADPY).

Tinh dic hiéu cao cia E ¢6 ¥ nghia quan trong d8i véi co thé séng, bao dam cac
qué trinh trao ddi chit thyc hién duge chinh x4c, d3c biét 1a qua trinh sao chép
ADN va sinh t8ng hop protein. Ngudi ta di bist, qua trinh sao chép ADN in vive do
ADN- polymerase xuc téac, ty 1& sai sét rat thip, chi c6 mét 161 trong 10! nucleotide
duge téng hop, d6 1a nhd E nay nhan biét duge cic base, néu ¢é base nao khong

diing, sé bi thly phan loai bd nhd hoat dd 3 — 5 exonuclease cua trung tdm J xa
trung tAm polymerase. '
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Tinh d&c higu cao ctia E con ¢6 ¥ nghia dac bigt quan trong d8i vdi viée st dung
ching trong thyc té.

4.2. NGUYEN TAC LUC XUC TAC VA GIAI THICH TiNH DACHIEUCUAE

Emil Fischer (1984) @€ ra gia thuyét 1a gilta E va cd chit (8) cta né cb su terng
tng giéng nhu "6 khéa va chia khéa" (hinh 4.3a). Theo thuyét nay sy tudng ing vé
ciu trac cia TTHD ctia E va S 14 sin cé va gilt cd dinh trong qua trinh E két hop
v6i 8. Thuyét nay giai thich dugc tinh déc hiéu clia E nén da dudc thira nhén trong

nhiéu nam, nhling khong phi hop vdi ddc tinh cdu tric khéng gian mém déo
(flexibility) cua phén t protein.

)
i

|

ES

ki
§-

b)

Hinh 4.2. So d8 minh hoa sy tuang (ing vé c&u tric gifta E va S

a) Theo thuyét E. Fischer: Su tuong (ng |2 sdn co.
b) Theo thuyé&t Koshiand: Sy tuong (mg vé ciu tric gilta E v S dugc hinh thanh
trong qua trinh tiép xic gilta E va S.
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Su dung cAc phuong phap hién dai trong nghién ctiu cho thay ¢6 su sai khde vé
cdu triic khong gian cia E dang tr do va E ¢ trong phic ES. Diu d6 ching tb khi
két hgp v4i S c6 thé lam thay ddi ciu tric khong gian cta E. Diéu nay c6 thé giai
thich 14 do khi E k&t hgp véi S, tao thanh cac lién k&t gitia TTHD cta E véi cac
phdn tudng ing cta S, do 46 1am thay d6i cac lidn két sdn c6 giita cic nhém trong
TTHD, dén dén su thay doi c&u tric khéng gian. Mat khae, khi co chit két hgp vao
TTHD, né ¢6 thé ddy cac phan td nudc ra ngoai, lam ting tinh ky nude cia vung
nay. Niam 1958, Koshland d4 dé ra gia thuyét "khdp cdm ing", theo d6 trong qua
trinh E két hgp véi S s& 1am thay d6i cfu tric khong gian, két qud 1a tao nén sy
tudng Ung vé cdu tric gitta E va S. Néi cach khac, S d@ cdm itng s¢ thay déi vi tri
ctia cde nhém chite ciia E sé tham gia trong phdn ing (cde nhém chite ctia TTHD) dé
tao thanh mét cdu tric khdp viza vdéi S (hinh 4.3b) va bao xung quanh phén t2 8. C6
tdc gia da vi sy khép cam ing nay ciing gidng nhu giila ban tay (S) va gdng tay
(TTHD), ban tay c¢6 hinh dang khéng thay d6i, khi xd tay vao ging tay, lam cho
hinh dang clia né thay d8i va khit véi ban tay.

Nhu vay, ¢4 hai thuy&t niy déu théng nhat giai thich tinh dic hidu cta E 13 do
cé sy tuong Gng cdu tric khong gian gita TTHD clia E véi céiu trice cta S. Su sai
khéc cd ban la: theo thuyét cha Fischer thi c&u tric khéng gian TTHD clia E di sin
¢6 d E tu do, khéng thay d6i khi k&t hgp véi S; con theo thuyét Koshland thi trong
phén tt E ty do, tuy ¢é cac nhém chite dé hinh thanh TTHD nhung ching ¢6 thé §
cach xa nhau trong phan tit E tu do, chi khi ti€p xdc véi 8 mdi duge tao thanh ciu
hinh khong gian ding dé thyc hién phén tng xuc tic. D81 v6i phan Ung c6 2 cd chit,
néu thi€u mét cd chit thi sy cam tng khdng gian cling khong diy 4G nén t6c 4o
phén {ing glam rd rit.

Theo thuyét ti&p xic cam ng, cic chit c6 cdu trdc tuong ty véi S c6 thé cam
ing sy thay d6i dang khéng glan cua E, nhung su cam Ung nay khéng lam cho cac
nhém chite sip x&p dung vi tri cin thist dé chuyén héa nd, nen sé khong tao thanh

san phdm. Van dung thuy&t nay ciing gidi thich dude tac dung cua céc chat kim
hdm, cac chat diéu hoa allosteric.

4.3. CAC LOAI LIEN KET BUGC TAO THANH GIUA E VA S TRONG PHUC ES

Nhiéu bang chiing thic nghiém da x4c dinh ring, su tao thanh phic ES 1a giai
doan diu tién cla phan Gng do E xtie téc. Trong mot s& trudng hgp, ngudi ta da
tach duge phic ES hodc quan sat duge phitc nay duéi kinh hién vi dién td. Tuy
nhién phic ES rat khdng bén, chi tén tai trong thdi gian rdt ngin va nhanh chéng
chuyén hda thanh san pham, gidi phéng E tu do. E lai k&t hgp vdi phan té S khac
va tiép tuc nhu trén. o

Cac logi lién két gifta E va 8 thudng gip trong phiic ES la: tudng tac tinh dién,
lién két hydrogen, tudng tac Van der Waals, tudng tac ky nude. Khi tao thanh msi
mot tuong tac yéu giai phéng mot it ning ludng tu do, goi 1a ndng lugng lién két
(NLLK). NLLK tuy bé nhung do cé rét nhiéu lién k&t gida E vi S nén téng ning
luong duge giai phéng s& 1a dang ké. D6 12 ngudn nang lugng tu do cht yéu E diing
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dé lam gidm nang lugng hoat hoa phén @ng. Theo Haldane (1930), NLLK duge dang
d& vin veo phan ti S, lam yé&u céc lién két cla nd theo hudng tao didu kién thuin
lgi cho cac bube ti€p theo, do 46 lam gidm ning lugng hoat hoa cta phan ing.
NLLK cung cdp ning lugng. cin thiét d8 E thyc hién chitc ning xdc tic mdt cach
dac hiéu. Nhiéu biing chiing thuc nghiém cho thdy, sy &n khép vé& cdu hinh khéng
gian cia S & trang thai chuyén tiép (TTCT) v6i TTHD cha E 13 co sd dhu tién cla
tinh ddc hiéu va Idc xic tic caa E.

Hai nguyén tic cd sé dé giai thich d¥c trung xic téc cha E 1a: 1) lue xde tac cha

E xét cho cung 1a nhan duge tit NLLK, 2) cdc tuong tac y&u giita E va S duge tao

thanh t6i wu & trang thdi chuyén tiép (transition state). TTCT khéng phai la mét
loai chit hod hoc, ma don gian 1a mdt trang thai thoang qua cha phan td, § d6-
cac sy Kién nhu bé gay, tao thanh lién két da dat dén dang lac. Thoi gian cla
trang thai nay rit ngén, khodnpg 10" giay,
Céc nghién citu vdi pepsin va nhiéu E khac cho phép gia thiét tinh déc hidu co
chdt cua E chd y&u dude x4c dinh bdi cu tric echa S 8 TTCT hon 14 & trang thai
nén (ground state). TTHD clha E khéng tuong tac véi S d trang thii nén ma 12 d
trang thdi chuyén tiép (TTCT). Didu nay da duge chiing minh bing cdch thidt ké
cic chét kim ham (I) ¢6 eilu tric gidng véi TTCT cha S, va da xac dinh duge 13 E
k&t hop v6i I bén hon so véi 8. Cac tudng téc yéu gida E va S dude tao thanh
thuan Igi nh&t ¢ TTCT. '

Xac dinh tinh djc hiéu cta E c6 thé ya chon dude cd ché€ ua thich nh4t cia E. Dé
lugng hod tinh dic hiéu cha E d8i véi cac S khac nhau, ngudi ta da dang ty 18 k,,/
K. koo (turnover number, hoat d6 phén ti): la s6 lugng l6n nhét phén ti2 8 c6 thé
duge chuyén hod bdi 1 phdn tit E trong 1 don vi thoi gian (thudng la gidy), & diéu kién
E duge bao hoa co chdt. K, 13 néng d6 cd chit ma & dé van t6c phan Gng bing mét
nia van téc cde dai (xem muc 6.2.3). Vi du: ty 18 k,,/K, cha fumarate hydratase
(E.C. 4.2.1.2) d6i v6i cac co chét fumarate, fluorofumarate, chlorofumarate, va
bromofumarate theo thit ty 1a: 1,6 x 10% 9,8 x 107, 2,0 x 10%, va 2,5 x 10* 5™ (mol dm™),
diéu dé chitng té E nay cé tinh dic hidu cao déi véi 2 cd chit dau.
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Chuong 5
CAC CHAT XUC TAC, BAC PHAN UNG

5.1. NANG LUONG HOAT HOA ‘

Phan dng gilta cac phéan td chi ¢6 thé xAy ra khi ching ti€p xiic véi nhau, vi vy
cac y&u tG 1am ting su va cham giita cic phan t& nhu: néng d§ cao cla cac chit
phén dng, nhiét d¢ cao, sé lam ting t6c d6 phan dng.

Tuy nhién khéng phai moi su va cham gifia cic chit tham gia phan tng déu
din dén phan Ling, ma ¢dn cln cb sy tudng tmg vé lap thé giita cdc nhém phan tng,
va du diéu kién vé mit ndng lugng.

- D& phén tng c¢6 thé xdy ra, cac phan td va cham phal ¢6 di nang lugng dé

vUugt qua rao can ning lugng, goi 13 ndng lugng hoat héa (energy of activation) 4G™
Dudng biéu didn sy bién d8i ning lugng chia qué trinh phan ting dé tao thanh san
phdm (hinh 5.1) cho thdy, ning lugng hoat héa cia phan {ng khéng c6 chit xdc tac
cao hon khi ¢6 chat xde tic. Dim cao nhit trén dydng biéu dién ning lugng nay ky
hiéu 1a trang thdi chuyén tiep. NLHH li sy sai khdc giita mife ndng lugng ciia trang
thdi co bdn v trang thdi chuyén tiép. Hinh 5.1 cling cho thady phan ing ¢é hay
khéng c6 chdt xtc tde mitc ndng lugng tu do ctia trang thdi ban déu va trang thdi
cudi cung la gidng nhau. Téc d6 phan ng phan anh NLHH, NLHH ‘cang cao, téc d6
phan ttng cang cham. -

Phan (ng S —= P : -

AGq& khi khéng ¢6 chat xuc tac
9
SN *+ o~
s i~ \ : A G khi c6 6 chat x0c tac
el 11

Nang lvgng v do ———

—

Qué trinh phan ing

Hinh 5.1. So sanh nang luvgng hoat héa {AG’) phan ng khi cb {-----) va khéng ¢6 (——) chit xiic tac.

Nang lugng ty do (G): Mt phan tlr & mdt trang thai bén viing ¢ mot Iu'cng nang lugng ty do
(NLTD) déc trung.
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Su thay d6i NLTD chuén (4G% & nhitng didu kién chuén: T = 298°K, 4p suit

riéng phén cta méi khi 14 latm ho#ic 101,3kPa, ndng d4 chat hoa tan la IM.

(AG®) su thay 461 NLTD § diéu kién pH 7, vi trong hé théng séng ndng d6 H*
. ¢dn xa v6i néng d6 M.

AG”1a sy sai khéac gifta mic ning lugng cia trang cd ban va trang thai chuyén
ti€p. AG® trén hinh 5.1 13 sy thay d8i NLTD khi § — P.

Budc gidi han téc dé: Khi mot phdn ng tién hanh qua nhiéu phan @ng trung
gian thi vAn téc chung clia phan fng duge xéc dinh bdi bude (hode cde bude) cé
ndng lugng hoat héa cao nhdt. Budc giéi han tde d6 cb thé thay déi tiy didu kién
phan tng. '

5.2. CAC CHAT XUC TAC

Céc chat xic tac Iam tang van t6c phdn tng, khong bi bién d6i sau khi phan
(ng két thic, khdng c¢6 mit trong thanh phédn san phdm phan ng. Trong phén 1én
trudng hgp, cac chit xidce tac 1am ting van t8c phan Gng bing cich 1am gidm NLHH.
Té&e d6 phan ang phan anh NLHH, NLHH cang cao, téc d6 phan dng cang cham.

5.2.1. Xac tac acid-base (acid-base catalyis)

CH,OH CH,0H
O
@ H.OH
HO OH OH
r
CH,OH
) HO
OH
a)
CH,0H CH,0H CH,OH

CH,0H

O O wo_
. - ~BH* HO ' OH @ HOH
HO OH o- 4 HO
OH
i

Hinh 5.2. Cac phan (ng thiy phan B-D-glucopyranosid
a) acid xuc tac; b) base xic tac.



A
(pg

Céc chit xidc tac thudng 1a cac acid hod#c cdc base, cac acid thyc hién chite ning
xc tdc bang cach cho proton, con céc base thi nguge lai xdc tdc bing cach &y
proton cta cd chét. Vi dy phan dng thdy phan p-D-glucopyranosid (hinh 5.2.8), H*
proton héa oxy glucosid sau d6 tédch phenol ra, tao thanh carbon tich dién dudng,
phén td nude tdn cobng vao carbon cation nay va tao thanh glucose. Cac base cling
c6 thé xvc tac cho phan ing ndy nhung theo cich khéc: tach proton cia nhém OH a

C, tao thanh -0O’, gfc nay tén céng vao C, tao thanh oxirane (epoxide) déng théi
tach phenol, sau dé oxirane két hgp v6i H,0 tao thanh glucose (hinh 5.2b).

Xic tac acid-base theo cach trén cling xay ra trong phén tng thdy phan
oligosaccharide do lysozyme xiic tdc. Nhém carboxyl cia Glu-35 cho oxy glucoside
cla cd chit mét proton tao diéu kién thuén lgi dé cit dat lién két —C-O-, va tao

thanh carboncation, carbon nay lai duge lam bén nhd nhém carboxyl trong gbc R
cua Asp-52 8 bén canh (hinh 5.8). :

(XIU35 GIll35 G1u35
& X CH
(CH,, 4 (CH ) ( 2)‘.,
Y N N
COzH COOo- coo-
CHy0H CH20H CH,0H
+H,0
0
e OZCH2OH R: ¢ 0_’ CH,0H Ry \OE
CH CH CH,
\° : \° BN
Asp52 ’ A5F'5g . A5P52
[ R2
HO
0.....
CH,OH
Sé&n phdm thir nhat
Glug,
\
(Cf{z)z
CH,0H - CO,H
)
C{);
San phérm thif hai '
P Aspsg

Hinh 5.3. Cd ché phan (g xic tac cla Lysozyme cac géc Glu-35 va Asp-52
d trong trung tdm k&t hop co chétclia E
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5.2.2. Xic tac cong hoa tri (interm'ediat.e forfnation)

Vi du phan fmg'decarboxyl héa acetoacetate duge xic tac bdi cdc amin bac mét
béng céch tao thanh va phén gidi nhanh imine (base Schiff), hinh 5.4,

+
0 _ 0 ' NR 0 HNR 0

1l 1l - ] i} Ht 1l n :
CHs— C— CHy— C— 0™ + RNH, —222 CHy— C—CHy— C~ 0 —= CHy~C—<CH,~C£0

: +

o HNER HNR

i  H,0 I H* ! :
CHg—C—CHg + RNH, ﬂ-—l':T_'-_— CH;— C—CHj; CHy— C—CH, + CO,

Hinh 5.4. Qua trinh decarboxyl héa acetoacetate do cac amine bac mét xic tac
Ngodi ra, phan @ng do E xiic tac cén ¢6 nhitng dic diém khac nhu:

— Tuong téc gilta cac gdéc trong TTHD tao diéu kién thuan Igi cho vide tao
thanh, hoac cit ddt cac 1ién két trong qua trinh phan ing.

~ TTHD duge dinh vi trong khe cta phén ti, ¢6 cic géc khong phan cuc, ¢6 thé tao
diéu kién thuan l¢i cho cic phan Ung khong hodc khé xay ra trong méi trudng nuéc,

~ Co chét k&t hgp véi E bang nhiu lién k&t nén bi viin veo va dé& bi chuyén
héa.

5.3. BAC PHAN UNG

5.3.1. Phan img bac méat (first- order reaction)

Van toc phan Ung ty 1& véi ndng dd clia mot chdt phan dng. Nhu vay déi véi
phan ing bac mot S - P xdy ra & diéu kién ap suit va hhidt o khéng déi, trong
dung dich lodng, van t&c phan tng v & thdi gian ¢ sé la:

d[a] _ d[P]
V= =+ =k|A
dr de [ ]
trong d6: k 1& hang s8.tdc d6 phan tng;
[A]: ndng d6 clia chat A & thdi gian ¢;

[P]: néng dd ctia sdn phém & thoi gian ¢.

dlA .

_-_[._ = téc 40 giam [A];
ds
d|P|

+% = t8c 4§ ting [P)

- 5.3.2. Phan imng béc hai (second-order reaction)
Van téc phan {ng ty 1& v6i néng d6 cia 2 chat phan @ng ho#c ty 18 véi binh
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phudng nong d6 cua mdt chat phan dng. Vi du: phan @ng bac hai A + B> P xayra d
nhiét 46 va ap suit khéng d6i, trong dung dich loding, van tdc phan tng la:
dfa] - d[B] L4P]_
dr dt dt
Déi vdi phan @ng bac hai theo kiéu 2A-P,
dt : dr
Trong mdt s8 trudng hgp nhat dinh, phan ting bao gém 2 chat phan tng nhung
mét chit ¢6 ndng 46 rat cao (vi du nhu nude, do néng dd clta nd qué thia, c6 thé
xem 13 khéng thay d8i trong qué trinh phéan ng) nén c6 thé xem 1a phan ng mét
co chdt gid (pseudo single-reactant).

=k[a][8]

5.3,3. Phan tmg bic zero (zero-order reaction)
Van t8c phan ng khong phu thudc vao ndng d6 clia bat ky chit phan dng nao.
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Chuong 6

~ CAC YEU TO ANH HUGNG
DEN VAN TOC PHAN UNG ENZYME

Phan ng do E xtic tac phu thudc vao nhidu yéu t& nhu: néng dd E, dic tinh va
ndng 46 cta S, nhiét d6, pH moi trudng phan dng, cac ion kim loai, cic chit vé co va
hitu ¢g khac (¢é tac dung kim hdm hay hoat hoa E). Cac y&u t& hoa 1¥ khéng chi anh
hudng dén phan dng E theo kidu nhu d6i véi cac phan tng hoa hoe binh thudng, ma
con anh hudng dén cdu tric khong gian, d6 bén cdu tric khong gian, dé thh dién
cua phén td E, 1am thay d6i hoat d$ xdc téc ctia né.

Sau diy s& gidi thidu t6m tdt anh hudng ctia mdt s8 y&u t& di néu.

6.1. ANH HUGNG CUA NONG DO E ([E])

N6i chung, trong diéu kién thita cg chét, téc 4 phan dng phu thude tuyén tinh
vao [E]:v = k[E]

v vén téc phan dng ; [E]: néng d6 E.

Cé trudng hgp khi nong do E qud 18n, téc d6 phan dng ting cham (hinh 6.1).

v
(€1,

(El,

20 40 60 8C
Thdi gian sau phan dng (giay)

Hinh 6.1. Anh hudng néng d6 E d8n van t6c phan (mg
(Eq] > [Ep] > [Es)

Néng d6 E qua 16n, chi sau khoang thdi gian rat ngén, van téc phan dng da khéng d6i theo thai
gian. Theo d6 thi nay nén chon ndng dé [E],, sé cé dudce sy phu thugc tuyén tinh gifta v vao thoi
glan trong khoang thdi gian dai hon, dé dang xéac dinh v,. Do d6 thudng nén tién hanh lya chon
ndng 46 E trude khi xéc dinh hoat do E hodc nghién citu déng hoc phéan dng E.
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6.2. ANH HUGNG CUA NONG BO CO CHAT

6.2.1 Phuong trinh Henri va Michaelis — Menten

Henri (1903), Michaelis vd Menten (1913) da dua ra phudng trinh biéu didn
méi lién hé gilia van t&c phan Gng véi néng d co chat (S) giéng nhau. Tuy nhién
khac vl Henri, Michaelis va Menten da ti&n hanh nhiéu thi nghiém va nhin manh

dén tAm quan trong cua vdn téc ddu vy (hinh 6.2) cta phan Gng ché khéng phai la
vAn téc (v) nhu Henri da néu.,

Van t8c phan (ng

Fl
[P] /)
!
f
!
I
f
I
I
P I
P, ;
i
!
o/
[P]-]r- l
3
L
Iy
1
|
° ot Thet gian

Hinh 6.2. Xac dinh v&n t8c dau phan ing (v, ) bing d& thj

Lap d6 thi biéu dién van téc phan tng (sy ting néng d6 san pham) theo thai

- gian, vé dudng ti€p tuyén cla 44 thi, d8 doc cha dudng nay larv,

L -l
R
t, -1,
Xét den trﬂdng hgp don gian nhéat, phan dng chi ¢6 mdt co chdt S, E xtc tac tao

thanh mét san phdm P (va E 13 E monomer, chi ¢6 mdt trung tdm két hop véi S, chi
tao thanh mét phic chit trung gian ES):

5 -—P
Né&u chi xét dén van tdc ddu (vo) phan {ng, 12 hic ma ndng d4 san phidm chua

dang ké va su tao thanh ES tit sin phdm (E + P) c6 thé bd qua, phan ing xay ra
nhu sau:

5S+E zz&—= ES ——> E+P - (6.1)

—1
Phiic ES goi 1a phiic Michaelis — Menten.

Michaelis — Menten gia dinh ring cdrn bdng giita E, cd chit, va phiic E co chit
duwgc thiét lgp ngay ldp tic va duy tri trong qua trinh phan ng, con phan dng phéan
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gial ES thanh san pham 13 qua cham (k_, >>k,) khéng dnh hudng d&n can bing, do
d6 hiing s6 can bing cla giai doan diu tién (K,) cling 1a hing s6 phan ly ES:

k, _ [E][S]

s = —l: [ES] (6..2)
- [E] 12 néng d6 E tu do, [Eo] 142 néng 46 E ban ddu, [ES] [Eos]1~[E]

[S] +K,
[8] 12 néng d8 cd chét ty do khi phan ing dat dén can bing, cling dudc xem la

bing néng do co chit ban diu, vi ndng dd co chﬁt trong phan tng luén lcm gap

nhiéu 14n néng 44 E, do d6 c¢6 thé bd qua lugng S & trong phic ES.

Van tdc chuyén hoa ES thanh sdn phdm phan tng chi phm van tdc chung ctia
toan bd phan dng: vo= k, [ES].

Van t6c phan ng dat cyc dai (V) khi toan bd E ban ddu déu két hop véi S tao
thanh phic ES, do d6 V= k,[E,]. Nhu vay:
Vo _ {ES]
v E,
Thay [ES ] ti phuong trinh (6.3) s& nhan duge phudng trinh biéu dién lién hé
gitia vy va [S] nhu sau:
v[s]
K, +[S] |
‘Phudng trinh nay chua thé khai quat hét dude edc phdn tng E vi gid dinh cin

bing ma Michaelis — Menten dé ra khéng sz dung dude cho cdc phén #ng E xay ra
vdi vén tée du nhanh. '

0:

(6.4)

6.2.2. Gia dinh trang thai dimg (steady-state)

G. E.Briggs va John B.S. Haldane (1925) 1an ddu tién da dé ra giad dinh trgng
thai dieng c6 tinh chat khai quat hon. Theo gid dinh hay, d thdi diém dat duge
trang thai ding (néng dé ES khéng d6i), vdn téc phdn i#ng tao thanh phitc ES bing
vdn tde phén gidi nd, bao gom cd phdn ing phén gidi ES tao thanh E ve S, va phdn
wng phén giai ES tao thanh P va E. Cac nghién c@u véi nhiing phan Gng nhanh cho
thdy gia dinh trang thai ditng theo Briggs va Haldane phit hgp d6i véi phan 1n
phén dng do E xic tdc & nhiing diéu kién da néu. Trang thai ditng thudng dude
thiét lap trong vﬁmg vai phAn nghin gidy khi phan ng bt ddu va duy tri trong vai
phit trudc khi xay ra phan tng ngUQc tao thanh ES tirf P va E. Phudng trinh biéu
dién trang thai dimg nhu sau:

k, [E] [S] = k_,[ES] + k, [ES]=[ES] (k_, + k;)
Ky hiéu K w Nhu vay, K =K + L%

1 1
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o Ty
*F
*g

V[s] v

K,+[S] K,

(s

D4y la phudng trinh Michaelis — Menten d4 dugc Briggs — Haldane hoan thién. 6

thé thiy phudng trinh (6.5) va (6.4) hoan toan giong nhau, chi khac vé dinh nghia

hing s§ K, phuong trinh 6.5 vin goi la phuong trinh Michaelis — Menten, hing s6 K_,

goi 12 hing s6 Michaelis — Menten, gid dinh can bing ciia Michaelis — Menten duoc

xem nhu la mét trudng hop riéng (khi k_;>>ky) cia gid dinh trang thdi ditng.

D3 thi biéu dién phudng trinh (6.5) ¢6 dang hyperbola vudng géc (hinh 6.3).

* Lap luén nhu trén, thay K, = K, ta ¢6: v, = (6.5)

+1

Phén Ung bac zero

kel
{S] B .
Hinh 6.3. Dang chung clia dudng biéu di&n su phy thudc clia v, vao néng dé cd chét
{8 mot néng dd E xac dinh)

o . . . _ vy ’ K
Vi m e m e - — - o - V'a
+ATP Va
v
X Vi
T il i ST ST

]

]
) _
Km Km  K'm
(ATP) (CTP)

1
1
i
i
1
1
1
1
A

[Asp]

Hinh 6.4. Budng bidu di&n sy phu thudc clia v, vao ndng dd cd chat d&i véi E
_ allosteric aspartate carbamoyltranspherase (ACT), (Eallosteric kigu "K").
E nay xdc tac cho phén fing:
Carbamoyl phosphate + L-aspartate 3=—* orthophosphate + N-carbamoyl- Asp.
1- khéng c¢6 chat diéu hoa; 2, 3- ¢6 ch4t didu hoa 4m CTP; 4, 5- ¢6 chat diéu hda duong ATP

59



6.2.3. Y nghia clia phuong trinh Michaelis — Menten & dang ban d4u ciing nhu
dang do Briggs — Haldane hoan thién 1a & tinh pho"-bié‘n cua né. Phuong trinh nay khéng
chi dung trong trudng hgp don gian nhu da néu trén (6.1), ma cling ap dung duge dé1 véi
ca cdc trudng hop khac nhu: - phén ting nkiéu co chét, hotc E cb hon mét trung tam két
hop v6i cd chit, hay phan ing tao thanh 2 phic chét trung gian (khéng chi ES ma eon
thém phdc trung gian gidta E va P, phue EP). Trong trudng hop thit nhat, chi thay d6i
nong dé mét co chit, con ndng a9 céc cd chét khac thi gilt ¢§ dinh; trudng hop thd hai,
can phai gid st khéng c6 tuong tac gilia céc trung tdm k&t hgp; trudng hgp tha ba bude
chuyen tir ES thanh EP 1a budc gidi han téc d6 phan ting.

D31 v6i cac E allosteric, dudng biéu didn khéng cé dang hyperbola vudng géc
nhi d hinh 6.3, ma ¢6 deng gdn nhu chit S (dang sigmoid, hinh 6.4). Aspartate
carbamoyltranspherase (E.C. 2.1.3.2) 1a E allosteric kidu K (khi chat diéu hoa két
hgp véi E chi 1am thay d8i K,, ma khéng Anh hudng dén V, xem muc 3.4.1).

Tt phudng trinh (6.5) ¢6 thé thay, néu [S] = K, v, = V/2. N6i cach khac, K, Ig
néng dé co chdt ma & dé van téc ddu phén ung bang mét niza van tée cue dai. Vi
vay don vi do K, cing la don vi do néng dé co chdt nhu: M (mol), hay gram,
% (n€u chua biét khéi lugng phan ti S, vi du cac ch&t polymer phén ti 16n nhu
tinh bdt, protein...). O nhitng diéu kién xac dinh vé nhiét d9, pH v.v... V thay ddi
theo ndng dd E c6 mit, con tri s§ K,, thi khéng phu thudc néng do E, ma la diac
trung cho titng E d61 v6i mdi cd chit. CAc phan fing E mi &, va k_, 16n hon k,
‘nhidu, K,, tudng dudng véi K,, K,, cing phan 4nh 4i lyc ciia E va S: K, bé, 4i luc
cta E vdi S 16n, va nguge lai. Vi vay, viée xde dinh tri s6'K,, 6 ¥ nghia quan trong
trong nghién ciiu E. .

Tri s8 K,, c¢tia nhiéu E ndm trong khoang 10— 10 mol B M dm*?).

Tri 6 &y (turnover number, xem muc 4.3) cta nhidu E vao khoang tit 10 — 10%giay
(10 - 10°s™); d6i vdi co chat sinh 1y ke, ctia hdu hét E vao khodng tir 1 — 10*s™. Mét s6 E ¢6
K. ca0 nhut carbonic anhydrase, xic tae cho phan ing: CO,+ H,0 =—* HCO, + H*, § ndng
dd E 12 10°M, né xvc tac cho phan tng két hgp CO, va H,0 tao thanh 0,4M H,CO, trong 1
gidy & difu kién béio hda cd chat, nhu vay k., 1a 4 x 10° 57 (0,4/10° = 4 x 10°).

Van téc cye dai V =k, [E].

Ty 1& k../K,, 12 hiéu ndng xic tdc (catalync effiency) cua E, ciing duge dung
dé so sanh tinh déc hiéu cua E d61 véi cac co chit khée nhau (xem 4.2).

Van t6c phén dng (v, v, V) duge biéu dibn theo nhidu cach khae nhau: don vi
(units) hodc katal (xem 2.1.2).

Diéu dang luu y 12 cac hing s§ déng hoc & trang thai ditng duge xac dinh
trong cac thi nghiém invitro: 8 pH va nhiét d6 thich hgp cho hoat déng ctia E, st
dung E & dang tinh sach v.v... Trong diéu kién invitro, & t& bao séng, nhidu E
cing dong thai hoat déng trong mdt vi méi trudng, & pH sinh 1y, khéng phai la
td8i thich d8i v6i moi E; nhiét d¢ trong co thé, ndng ¢4 E ciing ¢6 thd khéc véi
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nhiét dd trong thi nghiém invitro. Ngoai ra, mdt s6 yéu t6 quan trong khac cla
t€ bao sdng khéng ¢b trong diéu kién thi nghiém invitre (vi du nhu mang) nhung
c6 thé c¢6 4nh hudng d&n hoat déng E. Vi vy, mic du cie nghién citu dong hoc ¢b
gid tri d6i véi vide nghién clu va dng-dung E trong thuc t&, nhung c¢dn nhd ring
nhiing déc tinh cia E nh&n duge tit cac thi nghiém invitre khéng hoan toan
gidng véi trong cd thé séng.

6.2.4. Xac dinh K_ va Vv

Cac tham s6 K,,, V ddc trung cho tinh ddc hiéu ctia mét E d6i vdi mét S, dong
thdi cting cho biét vai tro cua E trong trao doi chdt, vi vy dd c6 nhidu cong trinh
nghién ciu tim phudng phap d8 c6 thé x4c dinh nhanh va chinh xac cac tham
80 nay.

D6 thi & hinh 6.3 cho th&y ¢6 thé xac dinh duge K, va V bing cach 1am nhiéu

- thi nghigm véi céc [8] khae nhau, do v, tudng ng vdi mi néng d§_va vé dd thi. Tuy

nhién cin phai 1am rat nhiéu thi nghiém véi nhiéu [S] khac nhau, méi c6 thé v&
ding duge doan uén cong ciia dudng bidu dién va tiép can dude V, va thue t& ciing
rat khé x4c dinh duge V. Nhu viy cling khé xac dinh dudge dﬁng. K, 'bﬁng dé thi. Vi
vay nhiéu tac gia da sdp x&p lai cac s6 hang ctia phuong trinh Michaelis- Menten dé
nhén duge cic phuong trinh cé6 dudng bidu didn thing, dé c6 thé xac dinh K va V
duge thuan lg¢i, chinh xac hon véi s lugng thi nghiém it hon. Sau diy sé gidi thigu 4
dang phudng trinh duge diing ph8 bién (bang 6.1).

Bang 6.1. Cac phudng trinh cia Lineweaver — Burk (6.6),
Eadie- Hofstee (6.7), Hanes (6.8), Eisenthal-Bowden (6.9)
L

STT . : Citd | citg | . ..
plt Téac gia Phifong trinh T TH TT TH boé doc
66 L Burk 1 K, 1.1 1 1 1 1 K,
. ineweaver - Bur| — = - - — - .
v VIS V v [S] v K, v
v % ' "V
6.7 | Eadie - Hofstee v=-K_, —+V v | — \' - -K
(3] [S] Ka "
[] 1 K [S] K 1
6.8 Hanes — Wilkinson —=—[S]+ -2 = - — —
v VoY S Ly
Cac dudng néi vii S;-v,, S,v,,
. . S,-v, giao nhau ¢ mét diém
Eisenthal — Cornish vyl ¥ 2.0 . s .
6.9 Bowden Vv v+ S] K, v | -[S] :::;‘:ung délavva hognh 46
m

61



-
=
o
Y
-~

g/

N B

K [S]
Hinh 6.5, D& thj Lineawever-Burk 6.6. DA thi Eadie-Hofstee

[S)v, 4

\
. . /

Vg A

{S] -8, -[S); -[S); -[S), O Kn
— Km . .
Hinh 6.7, B4 thj Hanes _ Hinh 6.8a. D4 thi Eisentha)-Cornish-Bowden
IE
VY

>
-[s, —[s1, _ K‘T K, —»>
. m
_ Hinh 6.8b. D& thj Eisenthal-Cornish-Bowden
V* udc tinh gén dung nhat gia tri cla V; K,,* udc tinh gén dang nhat gia tr cla K,

62



PR e
& D"'
tg

oL

)

— Phuong trinh Lineweaver — Burk (1934) (6.6): Dung cach don gian nh4t 1a 14y
s8 nghich ddo cia phuong trinh Michaelis- Menten (6.5), nhin dude phudng trinh ¢
dang y = ax + b, dudng biéu diln cla né la dudng thing (hinh 6.5), cit truc tung &
diém 1/V va cit tryc hoanh & diém — VK, tit 46 dé dang tinh duge K, va V. Véi
phudng phap nay c6 thé xéc dinh véi cac ndng d6 cd chit bt ky, gin vdi [S] bio
hoa. Phuong trinh Lineweaver — Burk cho d&n nay vin duwgc ditng khd phé bién vi
c6 thé nhan duge cdc din lidu thuc nghiém t8t véi nhiéu ndéng d4 co chit khac nhau.
Tuy nhién cing cé6 mdt s8 ¥ kign phé phan nhu sau: sw phén b6 sai sé” khong déng
déu 8 cic ving néng d6 co chat khéac nhau, & ving néng d8 S thip, sai s8 v, bé nén
sai 86 ca 1/V 16n, diém khdi ddu ciua dudng bidu didn khéng ré rang.

— Phuong trinh Eadie- Hofstee (6.7): Nhan hai v& ctia phuong trinh Lineweaver
— Burk véi v, V, nhan dude phuong trinh ¢6 dudng biéu dién thing, d& dang xac
dinh duge K, va V (hinh 6.6), va su phéan bé sai s6 déng déu hon.

— Phuong trinh Hanes (6.8): Nhan hai vé cia phudng trinh Lineweaver — Burk
véi [S], d6 thi biéu dién phudng trinh nay cling ¢6 dang théng (hinh 6.7).

— D4 thi Eisenthal va Cornish-Bowden (6.9) (1974). Cac tAc gia nay di su aung
phudng phap hoan toan khdc vdi cde phitong phdp dé néu, 1ap truc toa d9, trong d6
truc tung la V, truc hoanh 14 K, (hinh 6.8), nhung vAn cén cit vao phudng trinh

Michaelis — Menten (6.5). Dang nghich ddo ela phudng trinh 6.5 (3 néng d6 E ¢& -
dinh) c6 dang nhu sau:

1 K, +[S]

\7 B V[S]

v K, +[9]

—=——-"1———-dodotaco V=v, 4+ : (6.9)
Vo [s] [ ] ' '

Trong trudng hgp v, [S] khong d6i, truc toa d§ cla V"dﬁ’i K,, (truc tung 14 V,
truc hoanh 1a K) 1a dudng thing. Khi K = 0, V = vova khi V = 0, K, = —[S]. Vi vay,
v mbi mét cap v, dng véi mot ndng d6 S, ¢6 thé vé mdt dudng thing bing cach ghi
tri s8 v, trén truc V (truc tung) va —[S] trén truc K,, (truc hoanh). G cung mot néng
dd E, néu khéng c¢é sai s8 thyc nghiém thi khi kéo dai caec dudng nay vé phia bén
phai, ching s& cit nhau & mét didm, c6 hoanh @8 13 K,, va tung d6 1a V (hinh 6.8a).
Tuy nhién do céc sai 88 thiye nghiém nén thudng nhan duge modt s8 diém giao nhau
clia cac dudng nay. Vi vay dé xac dinh K_ va V chinh xé4c hon, nén 14y s8 trung binh
cla céc tri s6 K, va V nhan duge tudng dng véi cac diém cit d6 (hinh 6.8b, K* VY.

Phuong phap nay c¢6 uu diém 1a xac dinh duge ngay K, va V trén d8 thi ma
khéng edn phai tinh. Diém y&u cla phudng trinh néy Ia khong thuén lgi khi st
dung cho cac phan tng nhiéu co chit.

—~ Hé thitc Haldane d81 véi cac phan {ing thuin nghich: :

Theo gid dinh ¢ha md hinh Michaelis-Menten (6.2.1), cic phan Gng theo chiéu
nguge c6 thé bd qua nhung nhiu phan dng do E xic téc trong t& bao ¢6 tinh thuan
nghich cao, do d6 vige so sinh ddng hoc clia phén Gng thuin va phén {ng nghich cé
¥ nghia quan trong, Xét trudng hgp ddn gian nhat, phan dng chi ¢é mot co chat tao
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thanh mét san phim S Z=2 P, tao thanh mét phic trung gian theo chidu thuan 1a
ES, va phitc trung gian theo chifu ngude 14 EP: S + E:ﬁ ES/EP<_k——k‘—>__P +E
=1 -2

G mdt ndéng d6 E xac dinh, phudng trinh Michaelis - Menten ctia phan fng
thuin va phan @ng nghich nhu sau:

VISL . Ly o VOS]

V= iy = L1

COKLH[S] Tt K +[P)]
K = k_ +k2; K" J‘—Ll&_, (6.10)

kl kz

Ve = kz[EO] VP = k_, [Eu] (6.11)
vk, '
v (6.12)

trong d6 v, V* 14 vén téc ddu va van t8c cye dai chia phan Ung thuin; v, VF1a van t8c
- dau va van tée cuc dai clia phén f@ing nghich; cling tudng ty nhu vay, K>, K’ m 13
hang s6 cén bang cita phéan ng thuan va phan dng nghich (theo thit ty tudng ung).
Khi cén béng, van t6c phan tng thu&n bang vin t6c phan Gng nghich, ta c6é:
ES k k
[ ]-z—‘—[S] =_i[P]h : (6.13)
E k,t k& -

([Sle, va [Py, 12 ndng d6 co chat va ndng d6 san ph&m khi phan {ing can bing)
Nhu vay, hing sd can biing cta toan phan ing (k& S —» P) 1a K, 88 1a:

K. = [P]ch = klkz‘

N (6.14)
[S]cb k—]k-z
B
Theo phueng trinh (6.10): %—:‘— = Eki- b : (6.15)
m -2

Thay céc ty 18 cha cac hing s§ cén bing tu cac phuong trinh (6.12) va (6.15)
vao phuong trinh (8.14) sé cé: '

_ Kk, _VK?

" kak, VK

Phudng trinh (6.16) la hé thitc Haldane, Hé thie nay cho thiy cdc tham sé'ding -

hoe cia phdn ng E thudn nghich khong déc ldp vdi nhau, ma ¢é quan hé vdi nhau

(6.16)

qua hang s6'can bang cia phdn wng téng thé,
Tuy nhién cling cAn nhdé ring ede 80 liéu dong hoc khong thé minh hoa duge ré
rang cd ché phdn ing. Viéc do déng hoc trang thai ditng chi c6 thé mé ta hién tugng
xdc téc cia E nhung chua xac dinh duge ban chit cha cac chit trung gian. D& phat
hién cac chdt trung gian phai dung cac phudng phép khac nhu phan tich khéi phé.

6.2.5. Y nghia clia K,, d6i vSi con dudng chuyén hoa céc chat trong co thé séng
Trong hé théng séng, mdt chit cé thé duge chuyén ho4 theo cac con dudng khac
nhau, di vao cic qué trinh trao d6i chit (TDC) khae nhau tuy thude nhiéu yéu té,
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trong d6 ¢6 K. Tri s6 K,, caa E xiic tac cho phan tng ddu tién cia mbi con dudng
THC 1a mdt trong cac yéu t& quyét dinh mdt ch&t & bi chuyén hoa theo hudng nao.
Vi du: céc hexose-phosphate (HP) nhu glucose-6-phosphate (G-6-P), glucose-1-
phosphate (G-1-P), fructose-6-phosphate (F-6-P) trong t& bao ¢6 thé chuyén hoa
tudng hd 14n nhau dé di viio qué trinh dudng phén (glycolyis), hay dude st dung dé
téng hgp glycogen (hinh 6.9). Trong s8 cac E xvc tac cho cic phan ting da ghi trén
hinh, K,, cia phosphofructokinase (PFKase) d6i vdi F-6-P bé hon nhiéu so véi K,
ctia E xuc tac cho phén {ng ddu tién (phan Gng 6, hinh 6.9) sit dung G-1-P dé téng
hop glycogen. Do d6, & hiu hét cac ndng d6 cha HP, PFKase duge bdo hod co chit
16n hdn cac E xic tac cho qua trinh té’ng hdp glycogen nén phéan 16n HP duge su
dung cho qua trinh dudng phan. Khi néng d6 HP cao, PFKase da hoan toan béo hoa
co chét, cac HP duge st dung theo huéng téng hop glycogen.

— —_—

- - . polyglucose - glucose
- - -
”
g \ UDP
,’ glycogen synthase
glycogen, tinh bot
® ' doan polyglucose
@ phosphorylase @ UDP - glucose =~
LUDP - glucose pyrophosphorylase
glucose -1 - phosphate PP
UTp

gl_ucose ATP

® ,aop
hexckinase :

glucose - 6

phosphoglucomutase

phosphate

phosphoglucose isomerase

®

fructose -6 - phosphate

ATP
) phosphofructokinase
ADP

@

fructose - 1, 6 - biphosphate

N

glyceraldehyde - 3 - phbsphate + dihydroxyacetore phosphate

Hinh 6.9. Cac E tham gia va0 giai doan chuén bi clia qua trinh dudng pﬁén {glycolysis).
K, clia PFK- ase déi voi F-6-P bé
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Tri s6 K, cia chc iso E d61 vdi cing mot cd chét cing ¢6 thé khac nhau, diéu
nay c6 § nghia trong qua trinh TDC. Vi du: hexokinase (ciing goi la glucokinase E.C.
2.7.1.2) xtic tac cho phan ttng 5 (hinh 6.9) cé céc iso E I, II, III, TV, trong d6 K, cua
iso E IV d8i véi glucose cao (=10mmol dm™®), c¢dn cic dang khiac I-III ¢6 K., thap hon
(khoang 40pmol dm™®). Vi vay, khi ndng d6 glucose trong méu d mic binh thudng,
cic iso E I-IIT hoat dong véi tdc dd cye dai, con iso E IV chi lam viée v6i 25% van t;f)'c
cuc dai cha né. Sau khi #n carbohydrate, mic d9 glucose trong mau tang 1én dén
khodng 9,5mmol dm?, hoat dong ctia iso E IV méi ting d&n 50% van tdc cyc dai chia
né. Nhu vay iso E IV chi 1am vige khi thita glucose, dé chuyén hoa né thanh G-6-P
bit ddu chuyén theo hudng téng hdp thanh dang du trit glycogen.

Ngudi ta cing phat hién duge sy sai khac vé mic 46 hoat déng ciia hexokinase
(% V cta né) chia mé cd giiia céc lodi déng vat khic nhau: d phén 16n déng vat ¢ vi
E chi hoat dong véi van t8c bang 28% V; 6 mé cd bay clia ong va chim rudi, § miic 74
va 98% V.

Trong ¢d thé, nhidu phan fng cha qué trinh TDC 12 nhiing phan fing thuén
nghich chidu huéng cta phan Ung tuy thude vao néng dd cla cd chit va sdn phlm
cua phan Gng trong té bao. Nhung néi chung, hinh nhu XK, ciia phdn itng theo chiéu
TDC quan trong thuong bé hon K, ctia phdn ting theo chiéu nguoc lai.

6.3. ANH HUONG CUA CAC CHAT KiM HAM (INHIBITOR)

Céac chat kim ham (I), ciing goi 1a chét dc ché, 14 nhiing chit lam gidm tdc dd
phéan ing do E xic tée. Cac ch&t nay cé ban chét hod hoc rat khac nhau, c¢6 thé 1a
cAc ion, cac chit v6 cd hay hitu ¢d, cb thé 1a cd chét hay 12 sdn phim ctia phin dng
E. Céac ch&t nay c6 thé tac dung‘theq nhiéu cdch khac nhau nhu: ddc hiéu hodc
khéng ddc hidu, c6 thé kim ham thudn nghich hay khéng thudn righich (inactivator).
Céc chdt I thuan nghich k&t hgp voi E theo cach thuan nghich, hoat d ctua E ¢6 thé
dudge héi phuc sau khi lam gidm néng dd cha I bing cach thé{m’tich hay pha loang.
Téc dung kim him clia I khéng thuan nghich khéng bi loai bé khi th&m tich. Tuy
nhién ranh gidi giita hai loai nay cfing khong phai 13 tuyét d6i, ciing ¢6 khi ¢6 thé
loai bd chat I khéng thuin nghich bing cach dua mét chét khac vao, hodc ¢é khi I
k&t hgp vii E rit chat va tach khéi E rt cham.

Sau day ching ta chi xét dén cdc chdt kim hdm thudn nghich, kim ham E.

bang cdch két hgp véi né va lam dnh hudng dén sy két hop cia E vdi S, tic 1a anh
hudng dén hoat d6 phan t cta né. Xem xét trudng hgp don gidn nhdt nhu di
néu 4 (5.2), phan tng do E monomer xic tac, chi c6 mdt cd chit S va tao thanh mot
san phim P, tudén theo phuong trinh Michaelis- Menten.

Cac I ndy c6 thé tac dung theo céac kidu khac nhau, ngudi ta thu’dng phén biét
_thanh cac kidu sau: canh tranh (m6t phan hay toan phén), khéng canh tranh, phi
canh tranh. Sau day sé giéi thidu chi tift hon vé céc kidu nay.

6.3.1. Cac chat kim him canh tranh
6.3.1.1. Khdi niém

Cac I ndy c6 cfu tric tuong tu véi céu tric cha cd chit binh thudng ca E, do d6
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né cam Ung sy hinh thanh TTHD cta E theo cich gifng véi S va canh tranh vdi S
dé k&t hgp vao TTHD cla E, nhung khac vdi S § chd né khong bi chuyén hoa bdi E
(hinh 6.10). Vi du: I canh tranh cha succinate dehydrogenase (E.C. 1.3.99.1,
xic tdc cho phdn fing chuyén héa succinate thanh fumarate) 12 malonate CO0C-
CH,—-COO07) c6 ciu tric rat gidng véi succinic acid (OOC-CH, —CH, COO™), chi it
hon mét nhém —CH, — nén khéng bi chuyén héa bdi E. Didu nay clng c8 cho gia
thuyét 1a trung tdm k&t hep cta E c6 2 nhém tich dién duong duge sip x8p & cae vi
tri thich hop dé k&t hgp véi 2 nhém carboxylate cla cd chat hodic ciia chit kim ham.

E+P

E+SZT—= ES
.

L

cE
o = _ @
?s_.__:?_lp o :_9@
=

@ o

b}

E+S ———= E§ — E+P

LAY

_ E

9 S

Hinh 6.10. So d8 minh hoa cac kidu kim ham
a) Kim ham canh tranh; b) Kim ham khéng canh tranh; ¢} Kim ham phi canh tranh
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6.31.2. Anh huong ciia I canh tranh dén v,theo phudng trinh Michaelis-Menten,
6 trang thai ding.

Trén hinh 6.10a, goi K; 14 hang s& phan ly cla phan ang gitta E va I, va can
bang dugc thift 14p nhanh chong, ta c6:

k, [Ell]

Tk [E]

K:la hing s6 kim hdm. K, cang 16n, phic chit cang 48 phan ly, ai luc giita E va
1 thép va nguge lai. Tinh v, ctia phdn dng theo cich gidng nhu & muc (6.2.1) chi
khac 1a & day c6 thém phiic EI;
[E;1=[E]+[ES]+[EI]
E & trong phLIc EI khéng thé phan dng véi S. Chdt I canh tranh tde dung theo

cdch lam gidm néng do E c6 thé két hop vdi S.Tinh theo cach tuong ty nhu d muc
(6.2.2), thay vao phudng trinh [E,] = [E] + [ES] + [EI]:

K. |ES '
[E]= "ig]z ] (6.17)
Ef|Il K,_|ES{|I
[El]z[ Il[ I '“[g]K]_[ | | (6.18)
Chung ta da biét: Yo _ [ES] V, = [ES] (6.19)
: vV E, E,
v ’ _
V, = — = (6.20)
I[(?‘i 1+—[II]<Ki-J+1
dat K, =K, -1 +%} (6.21)
sécd v, = KV (6.22)
E+1

Dé&i chiéu véi phuong trinh Michaelis- Menten, trang thai dLIng (6.5) ta thay cé
dang hoan toadn gidéng nhau, chi khae 13 K, biéu kién tang lén (1 + [IJV K)) 14n. Nhu
vay, 461 véi kiéu kim ham canh tranh V khéng thay déi, K, biéu kién (K,)
tang lén (1 + /I]/ K, ldn). Khi Kp = [S], v, = V/2, K, bing néng d6 cha chat I canh

tranh ma & d6 K,, ting 1&n 2 14n (hay Km bang 1/2 K o). Phuong trinh Lineawever —
Burk khi ¢6 chat kim him canh tranh sé la:

281 1 (6.23)
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Pudng biéu dién phddng trinh Lineawever va Burk khi ¢6 I canh tranh trén
hinh 6.11 cét truc hoanh & diém -1/ K,, cit truc tung & diém 1/V.

Phuong trinh 6.20, cho thay khi {S] >> [I] thi %% -»0
1

Diéu nay xac nhan ddgc diém ciia kiéu kim hém canh tranh la c6 thé bi logi triz
khi néng dé co chdt di lon hon néng do chat kim hdam. Do I va S c6 khuynh huéng
canh tranh, d&y nhau ra khéi TTHD cha E nén mitc d6 kim h@m cta cac I canh tranh
phu thude vao tudng quan néng dd clia I va S, 4i lyc tuong 461 ctia I va S d6i véi E.

Cung cén hiu ¥ rdng, trong trudng hop E két hop véi I & trung tAm khéc véi
trung tdm két hgp v6i S, nhung sau khi E da k&t hgp véi S sé lam thay d6i cdu trie
khéng gian lam cho E khéng thé két hop véi I, nghia 13 I chi két hgp véi E cha
khéng két hgp v6i ES, cing s& nhan duge phuong trinh (6.20) va (6.22). Vi vay, ddc
diém quan trong ciia kiéu kim ham canh tranh la khi c6 I, vé d6 thi Lmeawever va
Burk chi K, thay d6i con V khong déi.

-6.3.1.8. Xdac dinh K, cua I canh tranh
— Phuong trinh (6.21): K, = K (1 + [I]/ K;) hay:

KI'I'I
| Kp = 'K—l [I] + Km

Tri s6 K, ¢6 thé xac dinh dudc bing 44 thi, 1ap 48 thi K, d6i [1] (K, & truc tung,
[f] 0 truc hoanh), nhan duge dudng bidu didn thing, diém cat truc hoanh (khi K,

bang 0) 14 —-K; (hinh 6.12).

1 1

s + I canh tranh _ .“\g (1], (11,
Khong 1 - (1,

N 1 : 1

T Mj [s] | 81

—

[I113>[1),>[1],
a) ‘ ‘ : b)
Hinh 6.11. D3 thi Liﬁeawever—Burk khi cé 1 canh tranh (a), v6i cac nbng d6 I khac nhau {b)

t
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K (1

————

Hinh 6.12. D4 thi bidu dién K, d8i {I] khi ¢6 | canh tranh d€ xac dinh K,

6.3.1.4. Ung dyng cdc chdt kim ham canh tranh

Cé6 thé sl dung céc I canh tranh dé: nghién cttu TTHD cung nhu co ché xiic tde
cua E, con dudng trao d6i chdt. Mat khac ciing c6 thé st dung cac I canh tranh trong
diéu tri bénh.

Vi du

— Krebs va cong sy da sit dung chit I canh tranh clia succinate dehydrogenase
d& nghién e@u chu trinh tricarboxylic acid. )

— Sulphanilamide (H, N—@— S0, NH;) 1a I canh tranh cta cie E vi khuén
tham gia trong qué trinh sinh téng hgp CoE tetrahydrofoldte tir p-aminobenzoic
(H;N<O}~CO, H), duge st dung &€ han ché su sinh trudng cia vi khuén va it doc
hai d8i véi ngudi. :

~ Methotrexate (amethopterin) c6 c8u tric tudng tu dzhydrofolare 1a T canh
tranh cua dihydrofolate reductase (E.C. 1.5.1. 3). E nay xic tdc cho phan {ng khd
d1hydrofolate thanh tetrahydrofolate, m¢t cofactor quan trong trong qua trinh sinh
téng hgp dTMP, nguyén lidu dé téng hgp ADN. Cac t& bao phéan gidl nhanh nhu t&€
bao ung thu nhay véi methotrexate hon t&€ bao binh thuong, do d6 khi udng
methotrexate, sé& giét t& bao ung thu va khéng 6 phan tng phu.

6.3.2. Cac chat kim ham khong canh tranh {non- competltwe mhlbmon)
6.3.2.1. Khdi niém

1 khéng canh tranh két hgp v6i E & vi tri khéc véi vi tri k&t hgp clia S tao thanh
phic ESI khong bi chuyén hoé ti€p (deacl-end complex).

Do 6 E c6 thé déng thdi k&t hop ca I va S (hinh 6.10b). Nhu vay S va I khéng
canh tranh véi nhau dé két hgp véi B va, ciing khéng thé loai trit tic dung kim ham
béng cach ting néng dé S. Méac du I khiing canh tranh két hgp & vi tri khac nhung

8 lam thay déi c&u tric khéng gian theo huéng khong thuén 1¢i cho hoat dong xdc
tac ciia E lam gidm van t6c phan tng.
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6.3.2.2. Anh hudng ctia I khéng canh tranh dén v,

Xét trusng hgp don gian nhit: kim hdm khéng canh tranh tudn theo phudng
trinh Michaelis-Menten va khi 8 két hgp v6i E khong dnh hudng dén sy ké&t hgp véi
I va nguge lai. Khi phan ting chi ¢6 mét S, tao thanh mét sdn phdm, theo phudng
trinh & hinh 6.10b ta cé:

E + § &———*»

Il +1 (phén iing a) Il +I (phan dng b)

+8 :
EI —» ESI (khdng phan ting tiép: dead- endcomplex)

_'“‘“’ES'“"‘-—’E+_P

Theo gia dinh trén, hing s6 kim him K, cia phin ¢ng (a) va phan dng (b) 13
hoan todn gidng nhau, do d6:

_LEI _ [Esj1]

N [EI]  [ESI]
_[E]ls]
SR
Nong 49 E ban ddu la {Eo] = (E] + [ES] + [EI] + [ESI]

[E] néng d6 E tu do khi phan itng dat dén cin bing.
Thay [EI], [ESI] tit cac phudng trinh trén sé cé:

= al55] ey [, ey L5510

5] 3 K,
S| X, [Es] i
- S etesp S Sl

Nhu da 14p luén & mue (6.2.1):

Vv, = V[ES], do dé
[Es]
- v
V. = - '
"X, [].K, [ 620
o e
[S] ' Ki S] Ki
v, = Ad
l(£+1+vﬂ[l+&}
S] i
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%&

Dat ~[K—“j +1 1am thua s6 chung

V
V, = =

JER

e R I

[S] N Ki
Ky hiéu v, = VI
1+[—l
Ki
vkl

o (6.25)

[ nl,

IO
Phuong trinh hoan toan giéng phudng trinh Michaelis-Menten nhung V bi giam

Ui
1+2=1{1an,
K-
Tém lai, trong trudng hgp kim him khéng canh tranh {non-competitive inhibition)
theo mé hinh don gian nhat, téc d6 cue dai V bi gidam con K,, khéng thay déi. Biéu

dlen theo phuong trinh Lineawerer-Burk ta c6: ,
1 3
51 N (6.26)
Vu Vi [S]
Dudng biéu didn cta phu(jng trinh (6.26) thing, cét truc tung & diém 1V, va
cét truc hoanh & diém —~1/K,, (gi&ng nhu khi khéng ¢é chat kl;n hdam) ¢hinh 6.13).

[ l la
1 Co 1 khdng canh tranh 1
Yo Vo {11,
] Khong cé 1
7~ | [1],
WV,
ket
\;5 /
4 rs
/, r ,/ /l
F -
Fa /f - - /:,:’ 1
&7 e
N 1 1
{5} [S]
b)

Hinh 6.13. Anh hudng cda | khéng canh tranh d&n 45 thj Lineawever— Burk
khi khéng cb (a) va ¢é | khéng canh tranh (b), v4i cdc ndng d6 | khac nhau, [1],> [I}, >l
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|_.

ket

”
\, P .
-K [11
- Hinh 6.14. Xac dinh K;béing d6 thi {| khéng canh tranh)

Phuong trinh (6.24) va 6.25) ciing c6 thé duge thibt lap xuét phat tit gia dinh I
két hop véi E khdng anh hudng dén viée két hop v6i-S. Néi cach khac hing s8 cin
bang ctia phan ung E+8 — ESva hing 8 can bang cia phan dGng EI +8 — EIS
bang nhau (K¢ = K. Cling 14p luén tuong tu nhu trén, ta cé:

- [EI[S]_[E1]is]

" [BS] [ES]

K, [ES E|l1] K,[ES][1
R R i
[EST]= [Ellc]s[,S] K[g?s] [E]" I[(S]{ nhu trén d4-gia dinh K= K,

[ESI]= [ES]—[—él | ¢

[E;]= [E]+[ES]+[EI]+[ESI]_

[S] [SIK, ,
. _V[Es]
N
v, v __

Koy, [] LK 1

[S] "BIK,

Phudng trinh hoan toan giong v6l phudng trinh (6.24), ti€p tuc thyc hién nhu
trén s& dugce phuong trinh (6.26).

6.3.2.3. Xdc dinh K; ctia I khéng canh tranh
Trong phucng trinh trén ta da dit
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&l

do 6 LL[HM}
chlv K .

. 1 . 2
Lap truc toa dé: —1—(361 (1] (truc tung 14 —, truc hoanh 1a [I]), dudng biéu
ket i ket

dién 12 dudng thang, cat truc tung & ? , cat truc hoanh ¢ -K, (hinh 6.14):

1 11} 1
Tt phuong trinh trén khi —=0, —*2=—-—
V.. V K, V
[1} = -K; (diém cét truc hoanh);
- 11
khi [I] = 0, — = — (diém cdt truc tung)
cht V

6.3.3. Kim ham phi canh tranh (uncompetitive inhibition)

6.3.3.1 Khai niém _

Céc chat I phi eanh tranh chi két hop vdi phite E-co chdt (ES) va khong két hop
véi E tu do. Trong trudng hgp nay, c6 thé 1a khi E k&t hgp véi S 1am thay d6i dang
khéng gian ctia phén ta, tao thanh trung tim két hgp véi I. Nhu vay, I s& khong
bao gid canh tranh v4i 8§ @8 két hop vao vi tri cla S trong phén td E, nén khéng thé
loai bo tac dung kim hdm bang cach téng néng d6 cd chét.

6.3.3.2. Anh hudng ciia I phi canh tranh dén v, ’

Xét tfu‘Eing hgp don gian nhét, § trang thai diing, phudng trinh déng hoc nhu sau:

E+S =—* ES—— E+P

Al

ESI
E][S ES][I
[E]= K"’[E]ES]. [ESI]= [Els(]i[ll

[E.]=[El+[ES]+ [ESI]
_K K, [Es]

[s]

[ES][ I, VIES]

[E,]

+[ES]+
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" ‘og

—> V=

I
chia cho| 1+ L] ,ky hiu V_, = K=K
K, pe

(6.27)

=t ——— ' 6.2
Vo V. [S]+V (6.28)

Phuong trinh ¢6 dudng biéu dién thing, vi K, va V déu gidm gidng nhau, nén
dudng bidu dién song song véi dwong biéu dién khi khéng cé I (hinh 6.15). Day
12 mdt dic diém quan trong dé xac dinh kiu kim ham phi canh tranh. Dé xac dinh

A N 1 e . y a2 -4 2 £
K,, 1ap 46 thi _\}_._ hodc % -d61 I}, nhén dugc dudng biéu dién thang, cit truc
pel pect 3 '

hoanh & diém -K, (hinh 6.186).

[Tl

1 . 1 .
Vo - CA1 phi canh tranh Ny (I
r
Khong c6 1 | Patat
4
vpm\
,J
”
-~
. ‘
S L
/, /’ v
,/ I-f
e L Al
_E 18] (S]
LI
Kot a b)

Hinh €.15. D thj Lineawever - Burk khi khdng ¢é va co I phi canh tranh (a),
3 céac néng d6 I khac nhau (b)

([1y> i, > {1
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1 21

Vot | oo

/’I /,/

/, //
/, // -
1 (1 t 1]
-Ki _Ki .
a) b}

Hinh 6.16. Lap dd thi d& xac dinh K, cla I phi canh tranh
' a) 1 asifi;b) L asif)

Vi, K,

Né1 chung, céc I phi canh tranh it g4p 461 véi cac phén ting mdt co chét, nhung

quan trong dé61 v6i phan dng E nhleu co chat 6 thé gidp 1am sang to cd ché phén
ing K.

6.3.4. Ki€u kim ham hén hgp

Ngoai cée kiéu kim ham d& néu, ¢é nhitng trudng hop kim him thé hién & mé
hinh dgng hoc khéng dac trung cho mét trong 3 kifu kim him d& néu, ma cé tink
ch@t trung gian giita hai kiéu. Vi du: canh tranh — khong canh tranh, hodc khong
canh tranh — phi canh tranh, goi 12 kim ham hén hgp (mixed 1nh1b1t10n) Sau day sé
xem xét cu thé, trong trudng hop I c6 thé két hdp vii K tao thanh EI hoic két hgp
vél ES tao thanh ESI, nhUng khéc v6i ¢ muc 6.3.2.2 (I khéng canh tranh), & day
hang s8 can bing cda hai phan ung nay khac nhau, (trudng hgp I khéng eanh tranh
da gia st hing s8 cta hai phan (ng K va K bing nhau). Cfing 1ap luan tucong tu
nhu ¢ mue (6.3.2.2), cudi cing s& nhan duge phudng trinh cé dang hodn toan gidng
vGi phuong trinh Michaelis - Menten, nhung V va K,, biéu kién d3 thay d68i. V giam
(1 +[1VK» 1an, ky higu 1a V,,; K, ciing thay d8i, ky hiu 1a K.

C

R[]

Phuong trinh Michaelis — Menten khi ¢6 cht kim ham kiéu hdn hgp s& la:

_ Vall]
VU_K“[S] - (6.23)
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Do d6, phwdng trinh Lineawever —Burk nhu sau:
1 K, 1 1

—_ hh

- — (6.30)
vO th [S] th

Nhu vay, trong trudng hgp nay, I1am thay ddi cd K,, va V. Tudng quan giiia cac
tham s8 nay nhu sau:

V v

hh
Lap @6 thi /v, d6i 1/[S] cha phudng trinh (6.30) theo Lineawever — Burk, nhan

duge dudng biu dién thing, nhung diém cit véi dudng bidu didn khi khéng ¢6 chat
I khéng nim trén truc tung, ciing khéng & trén truc hoanh (hinh 6.17).

1 +I
Yo
Khing ¢d 1
L
1 [T] ey
— _L(n_}q) , Bl
K'n{*]q.m

Hinh 6.17. D3 thj Lineawever — Burk khi cé ch&t kim ham kidu hdn hop

6.3.5. Kim ham do nong dd co chat qua cao (thira co chat)

Nhu trén da néi (muc 6.2.2), v, ting khi tang néng 4% co chdt, dén mbt ndng dd
gidi han nao dé cta 8, v, dat cuc dai (V), néu tiép tuc tang ndng dd cd chat, ¢6 khi
van téc phan ing lai gidm xudng th&p hdn V. DJ thi bidu didn phucng trinh
Michaelis ~ Menten, Lineawever — Burk khi ¢6 hién tugng kim ham do ndng d3 co
ch&t qua cao ¢6 dang nhu & hinh 6.18. Giai thich hidn tugng nay ¢6 nhidu gia thuyét
khae nhau. Vi du c6 thé do ndng dd cd chit qua cao tao rao can khéng gian gay khé
khan cho tuong tac ding gitta E va 8 (vi du caseine d81 véi protease ctia Bacillus
pumilus); hojic c6 thé do S k&t hgp khong ding céch, tao thanh phic ESS khéng
hoat déng (hinh 6.19). (Vi du phan dng do succinate dehydrogenase xic tac (hinh
6.200).

-7



1
TT— 8 F i 4
——— — — SI S
K 51, 18

a) | b)

Hinh 6.18. Anh hudng clia néng d6 cd chat qua cao dén d8 thi Michaelis - Menten
(a) va d8 thi Lineawever — Burk (b). Pudng (—) nhan dugc cac sé lidu thuc nghiém
(a): tir ndng 46 S’ trd 1&én dudng bidu dién di xudng. .
(b): khi néng d6 S tang, 1/[S] gidm (tién vé gan truc tung), v, giam,
do d6 1/v,taing, vi vy & doan gan truc tung c6 diém udn cong va ting 1&n cao.

+
E s ES (phic hoat dong)
’
+ 2
E s | : ESS (phirc khong hoat ddng)

Hinh 6.19. M4 hinh kim ham do thirta cd chét-(tao phifc ESS)
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C R q-. -00¢ 00C
CH, N |
E + CH, - CH
CH | | +2H+E
2 ————————— . -
CH, CH
- 7/ :
00C - 000 |
00C
: succinate -
Phirc ES hoat ddng fumarate
succinate
dehydrogenase

' -+ ~00C —CHz — CHy — COO”

(Z--~00C —CH, — CH, — COO”

Phic ESS khéng hoat ddng

Hinh 6.20. P4 thi bidu dién tac dung kim ham succinate dehydrogenase do thifa co chat
r

Mét vi du khae: fructose biphosphatase (EC .3.1.3.11) xdc tac cho phan Ung:

D- fructose — 1,6-biphosphate + H,0 €— D- fructose-ﬁ-phosphaﬁe + (FBP)
orthophosphate ' _

Khi néng d6 FBP 16n hon 0,1mmol dm™, dudng biéu dién ¢6 dang nhu 8 hinh
6.20. Co ché gid thuyét cho trudng hop nay la: E ¢é 2 trung tdm két hop (TTKH)
cd chét c6 4i lye khéc nhau véi S. Khi ndng @ FBP thép, né két hgp vio trung
tAm thi nhit (c6 4i Iuc v8i 8 cao hon) tao thanh phitc ES, 38 thi Lineawever-
Burk cé dang binh thudng (doan thing trén hinh 6.18b). é_céc ndng d6 FBP cao
hdn,'né sé k&t hgp vdo TTKH thd hai, ¢6 &1 luc thip tao thanh phiic ESS, va
dugc gia thidt 12 s& kim h&im phén {ing xic tac § trung tAm thi nhit (phac ES).
Hién tugng nay tuong ty trudng hgp phi canh tranh (muc 6.3.3), phan ti S thi
hai k&t hgp v6i ES c6 vai trd nhu 12 I phi canh tranh. Thay I bing S vao phudng
trinh 6.27 (phudng trinh Michaelis- Menten khi ¢6 1 phi canh tranh) s& duge
phudng trinh sau:

.
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] A%
1+—[§—]

[S“[H[Sl}

K; 6 day 12 hing s8 cla phan ung két hgp phan td S thit hai vao ES dé tao

thanh ESS khéng hoat déng. Nhan vé bén phai cta phudng trinh véi (1 + [SVK,), sé
dudgce:

- [s]

VB v

Vo = = (6.31)
[S][H[Ii]}uK 1+[ ] I[(S]

Phuong trinh ndy ¢6 dudng biéu didn nhu 3 hinh 6.18a. & cic néng d6 cha S rat

thap, [S) K; c6 thé bd qua, ta c6 phuong trinh Michaelis - Menten, (vo= V/1+ K_/[S]),
phudng trinh Lineawever - Burk binh thLIdng

1

6.3.6. Kim hiam khong thuan nghich (irriversible |nh|b|t|on)
6.3.6.1. Pdc diém chung

Cac I khéng thuén nghich két hgp véi E tao thanh phitc EI khéng hoat ddng,
khéng bi phan ly hodc rdt khé bi phan ly, bi phén ly véi van t_ﬁ'c khéng dang ké.
E+1-— EI

Céc I nay kim ham E theo céc cach khac nhau nhu: 1am bién tinh khong thuan
nghich protein enzyme, hoic bao vAy TTKH co chit caa E, ho#c phan tng ddc hiéu
khong thudn nghich véi cde nhém chite trong TTHD caa E 1am héng TTHD cta E.

Dic diém quan trong ctia kiéu kim ham nay la mic d6 kim hdm tiang theo thoi
gian tac dung cho dén khi toan b cac phén ti E, hode I cha phan tdng da & trong
phic EI. N&u néng 46 I qua 16n so véi néng d6 E, 1am m4at hoan toan hoat dd xic
tac. Nhu vay, I khéng thuan nghich 1am gidm néng d6 E tham.gia phan ang xic
tac. Gia sit nong d6 I ban diu (Iy) khéng cao, néng dd E con lai tu do (khong két hgp
véi 1) sé la [Ey] - tIo] ([Eq] la ndng db E ban déu). Sau khi phan lng giita E va I da
k&t thiic, nfu thém 8 vao, phan vng tuan theo phuong trinh Michaelis - Menten,

nhung V bi giam, ¢on K,, khong thay déi.
| Khi khéng c6 chit kim ham, V =k_,[F,]
C6 I khong thusn nghich, V.= kg, (Eo]- [L,])

Nhut vay ta thay V bi gidm, do d6 ¢6 thé lign tudng dén kifu kim ham khéng canh
tranh, tuy nhién trong phudng trinh trén khéng c6 K; (khéac vdi trudng hop I khéng
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canh tranh), nhiéu thi nghiém c& géng xac dinh K; nhung dén nay vin khéng thanh
cong. Diéu quan trong cdn nhd 13: kim ham khéng canh tranh la thuén nghich.

6.3.6.2. Cdc chdt kim ham khéng thuén nghich, ddac hiéu va ung dung
dé nhén biét eac nhém chite trong TTHD ciia E (xem thém muc 3.4; 2.1)

a) Nguyén tée: X 1y E v6i cac chét ¢6 kha niang phan dng khéng thuan nghich,
déc higu véi mdt hay mot s6 nhém chitc ¢é trong géec R cla cdc a.a (nhém —COOH
cia Asp, Glu; —OH cta Ser, Tyr ; —~SH cta Cys; -NH, cla Lys ; vong imidazol caa
His v.v..). Néu E mat hoat ddng, c6 thé dy dodn a.a &y 14 & trong TTHD (active
center) cia E. Tuy nhién ciing cdn phan biét xem né c6 vai trd xic tdc (active site)
hay vai trd két hop (binding site). Cac gdc trong trung tdm xiic tac (TTXT) két hgp
tryc ti€p voi lien k&t chia S bi chuyén hoa; cic gdc trong trung tdm két hop (TTKH)
¢ vai trd tuong ty nhu diy neo bude cd chit véi E hoje cd dinh cic gde a.a clia
TTHD, & nhitng vi tri khéng gian diing, dé bao ddm hoat d8 xdc tac cha E. Do d6 néu
chét kim ham két hgp véi cdc gbe ctia TTKH ciing 1am mat hoat tinh xtc tac do lam
thay d8i cdu tric khong gian cia TTHD. P& phan biét TTXT va TTKH, c¢6 thé tidn
hanh theo cich sau: thuc hién phan tng véi I khérig thuan nghich trong didu kién
thita cd chat, hoic thita ch4t kim hadm canh tranh, cac chét nay sé bdo vé TTHD va
chc gdc a.a 1an can.

Néu E mit hoan toan hoat d6 xdc tac khi xit 1y véi I phan dng dic hiéu véi
nhém chilc cla a.a trong didu kién khéng cb S (hoac I canh tranh), va giit nguyén
hoat d§ khi thita S (hodc I canh tranh), thi a.a 4y & trong TTXT cua E. Con néu I
phén Gng vdi a.a trong TTKH thi hoat do cha E khong mét hoan toan ma con lai
mot phan. Sau day s& giéi thidu mot s& phan ing cta cac I dac hiéu khéng thuin
nghich thudng dung dé phat hién cic a.a trong TTHD ctia E.

— Phéan dng véi nhém cacboxyl trong gbc R cia acid aspartic, glutamic

+ p- bromomOphenaxll bromit (p-bromophenacyl bromide) s& plfin dng vdi nhém
carboxyl trong géc R ctia Asp va Glu tao thanh ester.

COOH _ (IJO

(|3H2 + BrCH,CO .Br CH,

| : : |

E E
Enzyme

Erlanger va céac tac gia khac (1966) @3 phat hién duge p-bromophenacyl bromide
kim hdm pepsin theo phan ing trén, nhung tac dung kim ham bi mit khi c¢é thita cg
chit, diéu d6 chiing td Asp & trong TTHD ctia pepsin va ¢é vai trd xvic tac.

+ Aminomethanesulphonic acid va carbodiimide (RN= C= N-R) phan Gng véi
t&t ca cac nhém carboxyl ¢é trong phéan tit E.

Lin va Koshland (1969) da xi 1y lysozyme v8i ch&t nay va thdy ring E bi m&t
hodn toan hoat d§. Tuy nhién khi ¢é cd chdt, géc Asp-52 duge bdo vé, chi mat 50%
hoat 6, do d6 c6 thé du doan Asp-52 3 trong TTHD c¢é vai tro xie tac.
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— Phén dng vdi vong imidazole cia histidine:

Y

N3 1NH

E —CH, A:/
Histindin Histindin
S + , +
ICH,COOH : ICH,COOH

. .

N ~ N-—CH,— CO0- ~00C —H,c—N N N
E —CH, A:/ _ E—CH, _lz/

N,-carboxymethylhistindin : Na-carboxymelhyihistmdln

Né&u E mé&t hoat d6ng sau khi xi 1y v6i iodoacetic acid, ¢6 thé du doan His tham
gia trong TTHD ciaa E. S8& dung phan ing nay da phat hién duge His-12 va His-119
trong TTHD cta ribonuclease (Crestfield, Stein va Moore, 1963). Hon niia con phat
hi¢n duge 1a 2 gdc His nay & gdn nhau trong TTHD cua E (vi chi mét trong 2 géc
nay trong mét phén tit bi alkyl hoa chit khéng bi alkyl hoa déng thdi).

+ Phenylmethylsulfonyl fluoride hoic Phenylmethansulfonyl fluoride (PMSF).
Chét nay sulfonyl hoa gdc His trong TTHD ciia trypsin va chymotrypsin, 13 chét
kim him khéng thuin nghich cla cée I nﬁy Chét nay c6 ddc tinh cao nhung con it
ddc hon DFP. PMSF khéng hoa tan va khong bén trong nﬂdc Do d6 hoa tan trudc
trong dung méi khac nhu dioxan. PMSF khong kim him cholmesterase

o

0

+ Tosyl-L-phenylalanine chloromethyl ketone (TPCK) (ch&t kim ham chymotrypsin):
TPCK c6 célu triic gin gidng véi cd chét este cha chymotrypsin 1a ester tosyl — L —
phenylalanine, né tac dung nhu 13 ch&t kim ham khéng thué&n nghich caa
chymotrypsin bang cach alkyl hoa gdc His-57, tao diéu kién dé hinh thanh lién két
C-N gidia chat kim ham véi vong imidazol ctia His-57. _

+ St dung cac chdt kim hidm khéng thuan nghich DFP va TPCK dia xéc dinh
duge Ser-195 va His-57 & trong TTHD ctia chymotrypsin.
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CH,

CH3—©>—S()2—NH--CH— CO—CH,Cl

TPCK {chat kim ham)

©

. FHz
CH3—©—802—NH—-CH— COOR
estertosyl - L - phenylalanine (,'-,d chat)

Tuy nhién TPCXK lai khéng kim him mét protease serine khéc 1 trypsin, da hai
E nay khéac nhau vé vi tri két hgp véi co chét, tinh dic hidu. Trypsin thuy phan lién
két trong d6 ¢6 nhém —CO- ctia Lys hay Arg, do d6 né bi kim him bdi tosyl-L- lysme
chloromethyl ketone (TLCK), TLCK alkyl hoa géc His ctia trypsin.

- TPCK va TLCK duge s dt_mg trong nghién cu trinh ty protein, vi déi héi E c6
dd sach rit cao, nhung r&t khé loai hoan toan trypsin khéi ¢h€ ph&m chymotrypsin
va ngugc lai. Cae ché phim trypsin thudng c6 thé 14n chymotrypsin va ngude lai, do
d6 mudn loai chymotrypsin khéi ché€ ph&m trypsin thi dung TPCK va ngugce lai thi
dang TLCK.

— Phan iing véi nhém amin clia lysine:

+ P& phat hién gdc Lys st dung dinitrofiuorobenzene (DNFB, cling ¢ tén la
fluorodinitrobenzene), chit nay phén dng v8i nhém amin tu do:

. NO,
NH, +F NOz—-HN—©—N02+ HF
 enzyme DNFB enzyme

Sid dung DNFB da phat hign duge Lys-41 trong TTHD cua rlbonuclease ¢6 vai
trd xic tac.

+ Muéi kim logi ctia borohydride (MBH ). M 1a kim loai kiém, mot chit khit manh.

Horecker va cong sy da sit dung sodium borohydride nghién cttu cila TTKH cta
fructoso-biphosphate aldolase, d& phat hién dugc co chit dihydroxyacetone phosphate

két hgp v6i nhém & cua gdc Lys trong phan td E qua lién két —N=CH- (base Schif).
Phan ung nhu sau:
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CH,OH
I

p
2
By

Glyceraldehyde-3-P

. CH,0OH
. |
E—NH, + O=2¢C — " E_N=2°C Flutoso - 1,6-bisP

| 2
CH,0OPO;

Dihydroxyacetone - phosphate

CH,OH
I

Lys- NH. CH —

I
CH,0H

E_, -N-glycery Iysine.
— Phan {tng v6i methionine:

l 2
CH,OPO,4

Phic ES
] 2H (borohydride)

CH,OH
I
Lys- NH. ?H
. .
CH,OPO,

Phire bét hoat

Met c6 thé bi alkyl hoa hoiic quang oxy hod (photo — oxydanon) gidng nhu mot
s8 a.a khéc, vi vAy can lya chon diéu kién thi nghidm méi xac dinh dugce chinh xéc.
. Koshland va céng su (1962) da thuyc hle;n thanh céng phan dng quang oxy hod chi 1
gdc Met cta chymotrypsin (Met-192) lam gidm mdt phan hoat d6 B glong nhu khi alkyl
hoa gbc Met nay. Tu d6 cac tac gia két luan Met-192 cé trong TTHD cua E nhung cé
thé 6 vai trd tham gia trong viéc két hgp véi co chit chi khong cé vai trd xie tic.

- Phan dng vdi nhém -OH caa serine:

Chat kim ham dac hidu céc serin-E (nhém —~OH cla Ser tham gia trong TTHD,
c6 vai trd xic tac) 1a cac hgp chét phospho hitu cd. Chit thudng ding nhét 1a:

+ Diisopropy fluorophossphate (diisopropylfluorophosphonate) viét tit 1a DIPF
hay DFP. Chat nay kim h&m cac cholinesterase va céc protease serine bing cach

phosphoryl hoa goc Ser trong TTHD cta E.

DFP 1a chit ddc than kinh vi né kim ham mét trong cac B quan trong d6i véi hoat

dgng cua than kinh 14 acetylcholinesterase.

DFP phan lIng déic hidu véi Ser ¢6 vai trd xdc tic trong TTHD cua E chit khong
phdi véi bat ky gbc Ser naio trong phan t. Phan tng nay kha dac hiéu, vi vy nfu E
bi kim ham béi DFP c6 thé k&t luan 13 serin — E. Su sai khéc vé kha ning phan dng
cua cac gde Ser trong phéan ti d8i v6i DFP ¢6 thé do vi mai trudng (cac gdc amino

acid ¢ vang TTHD) caa E.
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+ Cac dan xudt tosyl (CHy— CgH,~ SO,) phén ting vdi gbc Ser trong TTHD:

_ HF
E — CH,— OH + FSO, —©__CH3 4— E — CH,—S0, @— CHYy

Enzyme Tosyl - chymotrypsin {bat haat)

+NaOH

E =CH,
Anhydrochymotrypsin (bat hoat)

Koshland va cong sy (1963) d& st dung phan ng nay dé khoa Ser- trong TTHD
cia chymotrypsino.

~ Phan dng véi nhém -SH (thiol):
+ lodoacetate, iodoacetamide: _
E -SH + ICH, - CONH, - E -8 - CH, - CONH, + HI+ E

St dung iodoacetamide da phat hién duge Cys-25 trong TTHD ctia papain.
+ N-ethylmaleimide:

//O //0
CH— C\ CHg—C\
E—SH + || N— CsH; — N— CyHjy
v .
CH— C CH —C
NS ' I x>
O S 0O
|
E

Enzyme  Nethylmaleimide
+ p-chloromercuribenzoate (LPCMB) va cac hgp chdt thuy ngin tudng tu khac:

E—SH +Cl —Hg @ COOH — E —$§ —-Hg—©>— COOH + HCI

- PCMB Phitc E-PCMB khong hoat dong

Cén Iuu y 12 céc hgp chét chita Hg phan dng v6i nhém — SH nhung khéng dic
hiéu, do dé can tiép tuc s dung céc phan ng khéac.

— Phan @ng véi tyrosine:

Vallee va cfng su (1963)' da ding phan ing iodin hod hodc nitrate hod vong
benzen hoédc acyl hod nhém —OH phenolic cla tyrosine trong phan ti carboxylase
A, E bi mét hoat tinh xtc tac, tit @6 ¢a phat hién duge Tyr — 248 & trong TTHD cha
E, ¢6 vai tro xice téc.

~ Phén {ng véi tryptophan:

Ding phan ting quang oxy hoa cac géc Trp trong lysozyme lam bét hoat E, do
d6 du doan Trp ¢6 trong TTHD cta E.

— Xac dinh céc a.a E, tham gia trong TTHD bang céach s dung céc protease aé
thuy phdn gidi han phén ti E.
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Mbt s6 vi du:

+ Su dung carboxypeptidase tich gbc tyrosine ddu C khéi phan ti fructose —
biphosphate aldolase 1am gidm hoat 46 cho phép gia thiét goc Tyr ddu C cb vai trd
két hgp vdi nhém 6-phosphate cla cd chit nay.

+ St dung Subtilisin (protease kiém cia Bacillus) cit phéan td ribonuclease

thanh 2 phan goi 14 S-peptide (gdm 20 gdc a.a ddu tién cia E) va phan con lai cia
phén ti ky hidu 12 S-protein (gém 104 géc a.a clia phén tit E). C4 2 phan S-peptide
cling nhu S-protein déu méat hoat tinh xde téc. Tuy nhién néu trén lin 2 doan nay
véi ty 18 bing nhau, E hdi phuc hoan toan hoat dé (Richards va céng su, 1959). Didu
ndy gép phan khing dinh cac két qua nghién ctiu TTHD cta ribonuclease cho- ring
cac gc His 12, Liys-41 va His-119 13 cAn thidt cho hoat ddng xic tac cta E, trong d6
2 gbc His tham gia qua trinh xic tac, véi vai trd 13 chit cho va chét nhan proton)

Thuy phén loai bd doan S-peptide (c6 chiia His- 12) TTHD bi pha vd, do dé ca 2 phéin
déu m4t hoat tinh.

6.4. ANH HUONG CUA CAC ION KIM LOAI
6.4.1. Bic diém chung

CAc ion kim loai ¢6 thé kim h&m (inhibit) hay hoat héa (activate) E. Cac ion
kim loai néng, 6 ndng dd gy bién tinh protein, ¢é tac dung kim ham khéng thuan
nghich E. Tde dung ciia ion kim loai phu thude nhiéu vao nong d¢ cia chiing, mic
dé hoat héa chi tang theo néng d6 ion kim loai & nhitng néng a6 thap trong mét gidi
han x&c dinh, khi vugt qua ngudng nong dé nay, lai c6 tac dung kim ham E. Gisi
han néng 46 ¢é tac dung hoat héa E cia mébi ion kim loai ¢6 thé khac nhau, vi vay @
cling mdt néng d9, cting didu kién phan ung, d6i véi mét E, 2 ion c6 thé cb tac dung
trai nguge nhau, trude day thudng goi 1a tde dung déi khang gita cac ion, Hién
tugng nay thudng xay ra giiia céc ion ciang héa tri,

Dudéi tac dung cta cée ion kim loai c¢6 thé lam thay déi pH thich hgp chia E. Mat
khae, tac dung cua ion kim loai ciing ¢6 thé thay déi tuy theo co chit, pH tac dung cta E.

Tac dung hoat héa chia ion kim loai cung c6 tinh d#c hidu, mbi ion kim loai
thudng hoat héa cac E xdc tac cho mét kidu phén dng nhat dinh, tuy nhién mic d&
déc hiu ciing thay déi tiy ion. Vi du: Mg? hoat héa céc phosphatase, Mn?%, Zn®",
Ni** thudng hoat hda cée peptide hydrolase v.v.. ' ,

Cac ion kim loai cé thé lién két truc tip véi cac goe a.a cua phén tl E hodc 1a
thanh phan cfu tao cla phén ti CoE (véng hem cia catalase peroxydase v.v...).
Sau diy s& xét dé€n trudng hgp ion kim loai két hgp véi a.a caa phén tu E va hoat
héa E véi tinh chét 13 cofactor (¢é vai trd xuc tic), ho#c ¢6é vai trd lam bén céu tric
khéng gian phén tit E,

6.4.2. BJ bén lién két véi E va cach tac dung

Nhiéu nghién cttu cho ring khodng mét phin ba s§ E di bift ddu cin kim loai
cho hoat dfng xudc tac ciia chiing. Cac kim loai c6 thé ¢é vai trd khae nhau d8i véi
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hoat dfng xic tac cha E: vai trd cdn tric hode true tiép tham gia xuc tae theo cdc
ctich khdc nhau. C6 thé phan thanh hai loai theo do bén lién két gifta ching véi E:

~ Cac ion két hdp chdt véi E, tao thanh cac metalloE. Trong qué trinh tinh sach,
ion kim loai van con két hgp véi E. Cac ion thudng gip trong cic metalloE 1i: Fe?"
Fe’, Cu* Zn*, Mn?*", Co?. .

— Céc ion ¢6 trong dung dich lién két long léo v3i E, ¢6 vai trd kich thich
(activate), lam tidng hoat d6 cta E, do d6 khi thém cac ion ndy vio E tinh sach sé&
lam tang hoat 44 cta né. Thude loai nay, thudng gip 14 céc ion kim loai kiém hay
kiém thd nhu Na*, K* Mg? hay Ca®.

D& phan biét 2 loai nay, ¢6 thé dung chit tao phite cing cua EDTA dé tach kim
loai khéi E, sau dé thém ion kim loai vao, hoat 46 E dude hdi phuc (reactivated), ¢6
thé du doan d6 1a metalloE chda ion ¢6 tac dung tai hoat héa. Tuy nhién mitec d§ tai
hoat héa phu thude vao nhi€u y&u t& nhu: didu kién lam bt hoat, tai hoat héa, va
d#ic biét 12 ndng dé ion kim loai. P& x4c dinh chinh x4c ion kim loai trong phén ti
metalloE, cin st dung cac phuong phap nhu: quang phd hip thu nguyén tl, cong
hudng tit hat nhan, cdng hudng tit dién td v.v...

Tuy nhién ciing c¢An nhé ring nhidu khi khé phan biét ranh giéi ré rang gita
metalloE vdi ion kim loai ¢6 tac dung hoat héa.

Céc ion kim loai ¢6 thé tac dung theo cac cach sau:

+ Lam cdu noét gita E va cd chdt (Mildvan, 1970): Cac ion kim loai két hop vé6i E
dé tao didu kién thuin l¢i cho E k&t hgp véi S tao thanh phitc E-M-S; hosc két hop
vdi 8, hoat héa né, dinh hudng ding dén tao thanh co chdt thue, c6 thé két hop véi
E, tao thanh phiic kidu E-8-M. Cé thé tién hanh thi nghiém dé phan biét hai vai trd
nay nhu sau: xtt 1y E véi ion kim loai trude khi cho tac dung véi cd chit, hodc xi 1y
S v6i ion kim loai trude khi thém E, xem trudng hdp nao lam tang hoat d% cla E dé
ké&t ludn cach tic dung ctia ion kim loai.

~ Lam trung gian cho cic phan ing oxy héa khii bing chch thay déi trang thai
oxy héa cia ion. _

- Lam bén dang ciu tric khéong gian hoat déng cia phén ti E nhd cac tuong téc
tinh dién, thudng gép nhat 1a Ca?,

Ciing cdn luu ¥ ring mdt ion kim loai ¢6 thé tac dung theo mdt vai cach da néu.
6.4.3. Mot s6 vi du

6.4.3.1. MetalloE (xem thém muc 3.4.1.); Ton kim loai tham gia trong phédn Gng
xic tac. Vi du: carboxypeptidase A, mét metalloE chita mdt nguyén ti Zn, xtc tic
cho phan {ng thay phén lién két peptide & ddu C eda polypeptide hay protein, c6
tinh déc higu ddi véi gde R cha a.a ddu C (bang 6.2). Cac nghién citu cho thdy TTHD
cia E nay c6 chita Zn®* lién két phdi trf véi cac goe His-69, Glu-72, His-196 va H,0,
d6ng thoi cling k&t hgp véi phin phan tit cd chft va véi "tii" ky nuée ctia E (phén
k&t hgp véi gc R ctia a.a ddu C cha cd chit). Trong qué trinh phan @ng, oxy ciia
lién két peptide bi thiy phan, thay th& phéan t& nude da két hop véi Zn?, tao difu
kign thuin lgi dé cAt dit lién két peptide,
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6.4.3.2. Hai ion khdc nhau, cung hod tri trong mét E c¢6 vai tro khdae nhau
Superoxid dismutase (SD) 1a metalloE chita Cu, xtc téc cho phan tng:
407+ 2H' == H,0,+ 0,

SD ctia hong cdu bd chita 2 ion Cu® va 2 ion Zn?, trong d6 céac ion Zn* cha yé&u
c6 vai trd cfu tric con cac ion Cu®* tham'gia vao phan @ng xic tac nhu sau:
E-Cu®+20? — E-Cu'+0,

E-Cu'+ 20'2E> E - Cu* +H,0,

Bang 6.2. Tinh dac hiéu clla mot s8 carboxypeptidase

E : Amino acid diu C{a.a),
Carboxypeptidase A (tuy bo) (a.a), = Arg, Lys, Pro;(a.a), + Pro
Carboxypeptidase B (tuy ba) (a.a), = Arg, Lys;(a.a),.,= Pro
Carboxypeptidase C (4 chanh) bat ky a.a nao & dau C cdng dugc
Carboxypeptidase Y (nam men) bét ky a.a nao nhung tac dung cham hon néu (a.a),., la Gly

6.4.3.3. Hai ion ctia mét kim loai trong mét phén tiz E nhung c6 vai tro
khae nhau

Alcoholdehydrogenase (ADH) 12 mgt holoE, ¢6 CoE NAD*xuc tic cho phan dng:

CH,CH,0H + NAD* & CH,CHO + NADH + H*

ADH ctia gan ngya la mot dimer, mdi monomer ¢6 mot tAm két hgp vé1 NAD* va
2 tam két hop véi 2 ion Zn*, 2 ion nay c6 vai trd khac nhau, chi mét ion truc tiép
tham gia vao hoat déng xte téc ciia E. Ion Zn?* tac dung nhu chélt xic tac tinh dién,
lam bén trang thai chuyén ti&p tich dién am, chuyén ion hydride dén NAD* tao
thanh NADH. D&i véi phan @ng nguge, Zn?" tac dung nhu chit xdc tdc ai dién t
thic ddy phan cye héa nhém carbonyl cta cd chdt, tao thuan lgi cho H tach khéi
NADH. Vi du nay cho thay tac dung ca ion kim loai kha pltong phy, ciing mét ion,
trong mdt E nhung cé thé tac dung theo cae cach khéac nhau.

6.4.3.4. Tdc dung hoagt héa

Ton K* hoat héa nhiéu E dic biét 1a cac E xvc tac cho phén tng chuyén vi, hoic
loai nhém phosphate bing cach két hop véi cac nhém tich dién 4m cha E 8 dang bat
hogt thanh dang hoat ddng. Vi du pyruvate kinase xic tée cho phan dng chuyén héa
phosphoenol pyruvate (PEP) thanh pyruvate cuia mé cd cin clc cation kim loai
kiém va Mn? (hoac Mg?"). Cac ion nay két hgp vao TTHD cha E. Cac nghién ctu
cho thdy nhém carboxyl cha co chdt PEP két hop vdi E-K* (E da duge k&t hgp véi
K’). Mn*" két hgp vdi E tao thanh phie E-Mn2* lam thay d6i dang khong gian tao
diéu kién thudn lgi dé tao thanh phic hoat déng E-Mn** - PEP,

6.4.3.5. Dinh hudng khéng gian ding

Vi du Zn®* d8i vdi carbonate anhydrase. E nay xic tac cho phan ing:
CO,+ H, O == HCO, +H'

TTHD cua E cé cac goc His-64, Glu 106, Thr 199 Phén td H,0 phén cyc két
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hgp v8i ion Zn™, ion héa. Ton OH-két hgp véi Zn? t&n cdng nucleophil vao CO, da -
k&t hop trong phén ti E & vi tri bén canh, chuyén héa né thanh HCOs Cé thé noi
Zn* khdi ddu qua trinh hinh thanh mang luéi 1ién k&t H gifta cac gdc trong TTHD,
dinh hudng nhém OH™ tao thanh c&u hinh khéng gian thich hgp dé thue hién tan
cong nucleophil vao ¢o chat CO,

6.4.3.6. Lam bén cau tric khéng gian cin thiét cho hoat ddng xdc tac, lam
cdu ndi gita E va S: :

Ca* va Mg*": hai ion nay trao d6i v6i nhau, duge van chuyén theo huéng trai
ngude nhau trong té& bao.,

— Ion Ca® c6 vai tré giit vitng c&u tric cin thiét cho hoat ddng xdc tac cha nhiéu
E ngoai bao.

- Céc E ndi bao cAn Mg* cho hoat déng xtc téc, trong nhiéu trudng hop ¢ thé
thay thé biing Mn® (Mn® ciing gap trong metalloE, vi du arginase).

Nhiéu nghién citu cho thdy céc cation hda tri 2 thuong c¢6 trong phitc E-8-M,
ion kim loai ¢ vai trd cdu néi (cAu kim loai) gidta E va S. Vi du: céc kinase nhu
creatine kinase ciia md cd. Cd chit ctia E nay la creatine va ATP, nhung ATP phai
ké&t hgp v6i Mg, méi la co chit thyc ciaa E:

creatine + MgATP —— MgADP + phosphaocreatine + H*

Mg* két hgp véi cac nhém a- va B- phosphate, ¢6n nhém ¥- phosphate (nhém
phosphate t4n cling) s& duge chuyen dén creatine (Cohn va céng sy). Ion kim loai
trong phic c6 thé hd trg dé cét dut lién két pyrophosphate bang cach keo cac dién
td khoi gée B- phosphate.

6.5. ANH HUGONG cUA CAC ANION

Nhiéu anion ¢é tac dung hoat héa E, vi du kinh dién nhat 13 anh hudng caa
anion Cl” dén hoat d3 cia a-amylase dong vat. Tac dung hoal héa cta CI- 16n dén
miic ¢6 thé xem 1a chat hoat héa ty nhién cha a-amylase. Céac anion héa tri 1 khae
nhu Br™, F°, NO,", ciing cé tac dung hoat héa a-amylase. Mt $6 anion-khac nhu

S0,* PO4 c6 tac dung hoat héa fumarate hydratase. Khi ¢6 méat cac anion c6 thé
lam thay d8i pH thich hgp ctia E vé phla kiém.

6.6. CAC CHAT HOAT HOA KHAC |
M4t s8 chét c6 thé lam tang hoat dé E bing cach gi4n tlep hay truc ti€p. Goi

1a gidn ti€p néu tac dung hoat héa 14 do loai trit ch&t kim him khéi hdn hgp phan

ung, hodc khéng tac dung tryc tiép v4i phan ti E. Mét s8 chét cé tac dung hoat
héa tryc ti€p nhu: acid ascorbie, a. lipoic, glutation dang khi, ¢6 thé truc tiép
tham gia phan Ung k&t hgp va loai thuan nghich hydro nén ching ¢6 thé hoat héa
cac E xic tac cho phan Ung oxyhéa khi. Cac chit hoat héa truc tiép thudng tac
dung vao TTHD ctia E hodc 1am bi&n d8i c&u hinh phén td E theo hudng ¢6 lgi cho
hoat dfng xic tdc. Vi du: glutation dang khit ¢6 téc dung khit cdu —S-S- thanh
nhém — SH tu do, vi vay né la ch&t hoat hoa phé bién ctia nhiéu E cAn nhém — SH
cho hoat déng xidc tic cia né.
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6.7. ANH HUGNG CUA pH DEN PHAN UNG ENZYME

6.7.1. pH hoat déng thich hgp ctia E

Hoat d¢ cia E phu thude vao pH méi trudng, d6 12 vi pH anh hudng dén trang
thai ion héa céc gbc R chia cac gbc a.a trong phén tit E, ion héa cic nhém chic trong.
trung tAm hoat ddng, ion héa cd chit, do d6 anh hudng dén ca hai tham s ddéng hoc
K, va V, anh hudng dén van téc phan tng. Pudng bidu didn van téc ddu ciia nhidu
phéan ing E & cac pH khdc nhau ¢6 dang hinh chubng hep can d8i (hinh 6.22a), ¢6
dinh chudng dng véi pH trung tinh. Nhu vay pH thich hop (pH,,,) cia phdn ldn E vao
khodng 7. Tuy nhién ciing c6 mét s§ E c6 pH,,, r&t th&p (pepsin, protease acid cla vi
sinh vat, hinh 6.22b), hodc kha cao nhu subtilisin (protease kiém ctia Bacillus, hinh
6.22¢), hodc it thay déi trong mét khoang pH xé4c dinh (hinh 6.22d. 22¢).

D6 thi trén hinh 6.22a phén anh sy ion héa clia mdt s§ géc a.a nhit dinh &
trang thai jon hoa dac bigt d6i vdi hoat dong xdc te cha E. Trong trudng hdp don
gian nh4t, phan dng chi ¢ mat ¢ chit va khéng ¢6 phan ing ngudge (P + EH dé tao
thanh ESH), c6 thé biéu dién anh huéng cia pH nhu sau:

E ' ES

' Ky ko
EH + S8 ESH —— P + EH

L
Kgq || HY Kest || HY

]

+ +
EH? ESH}

Gia dinh chi ¢6 EH va ESH 14 dang hoat déng (c6 hoat tinh xtc téc).
Phuong trinh Michdelis-Menten d61 v4i mb hinh trén nhu sau:

K, +[s]

= Viy K\ = Kq(i/f)

f,_[H+]+1+ B2, f _[ :|+1+ ES2
I I(E] H+ ESI I:H+:|

V va K, 1ién quan vdi cic dang hoat dong E, EH, ESH. Do f, va f, phu thudc vao
[H'} (phu thude pH) nén v, thay ddi theo pH véi dang nhu hinh 6.22a.

Ciing cén luu y 1a pH,, cha mdt E cén phy thude vao nhiéu y&u t& khac nhau
nhu: déc tinh va néng d6 co chét, dung dich dém, nhiét 46 phan tng v.v... P81 vdi
mdt s§ phan ng thuin nghich, pH 4nh hudng khac nhau dén phén ing thuan va
phan tng nghich. Vi du: lactate dehydrogenase (EC 1.1.1.27) xtc tie cho phan Gng:

CH,CHOHCOO + NAD* &—/—— CH,COCO0O + NADH + H*

Lactate Pyruvate

(6.32)

V0=
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Phan dng theo chiéu tgo thanh pyruvate thuc hién t6t nhit & pH 10; ¢on phén
ng theo chiéu tao thanh lactate lai 12 7. Do d6 pH ciing 12 y&u t& quan trong diu
hda hoat d6 E trong t& bao séng.

Tuy nhién ciing cfn luu § 14 pH,,, cta E § diéu kién invitro khéng hin 1a pH

opt
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Hinh 6.22, Anh hudng clia pH méi trudng phan tmg d&n phan ing E
a) Budng bidu di&n chung ddi vai nhidu E; b) Pepsin ; ¢) Subtilisin cia Bacilfus pumilus;
d) Cholinesterase; e) Papain v8i cd chit benzoylarginylamide.

6.7.2. Anh huédng ciia pH dén dd bén clia E (d6 bén pH)

D6 bén cha phén ti E ciing phu thude vao trang thai ion héa chia phén td, phan
16n E bén trong khodng 5 < pH < 9. D&i véi cac protease ¢6 kha ning tu phad giai
(autolysis) cao nhu trypsin r&t khéng bén & pH hoat déng thich hgp cta né (7,6 dén
8,1), vi vay E thudng duge pha trong dung dich HC1 leang ¢é6 pH = 3, ngay trude khi .
diing méi pha lodng trong dung dich dém thich hop,
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Viée xéac dinh d6 bén pH cta E ¢6 ¥ nghia quan trong trong qua trinh thu nhan
ché pham E, tinh sach va nghién ciu E. D& xac dinh d6 bén pH cha E, tién hanh
git E trong cac dung dlch dém c6 pH khéac nhau trong thdéi gian xac dinh, sau d6
chinh vé& cang pH giéng nhau (pH thich hgp dé xac dinh hoat d6 ctia né) trude khi
tién hanh xac dinh hoat d6.

Ban chat héa hoc ctia thanh phan dung dich dém cting 4nh hudng dén dd bén,
hoat d¢ xtc téc ctia E, vi vy tuy muc dich nghién ctu, khi xéc dinh d4 bén pH cha

E, ¢6 thé sit dung ciing mét loai dung dich dém c¢6 dai pH rong tit 2- 12, hosc st

dung cic loai dung dich dém khac nhau cho tirng vang pH.

6.8. ANH HUGNG CUA NHIET PO

6.8.1. Nhiét do hoat dong thich hop cta E

Dg ban chit héa hoe cia E 14 protein nén khac véi cac phan {ng héa hoc, van
tdc phan ing do E xic tac chi tang 1&n khi ting nhiét d3 trong mdt gidi han nhat
dinh, chua Anh hudng dén c&u tric ciia E.

Dai higng déc trung cho 4nh hudng clda nhiét d6 d&n van toc phan tng 1a hé s6
Q1o 12 ty 18 ctia vAn téc phan dng 0 mot nhiét dé nao d6 so véi van tdc phan (ng &
nhiét 44 thap hon 10°C,

ki 110
Qi =

k,

Heé s6 nay cang 16n, phan dng cang khé xay ra ¢ nhiét db binh thudng.

Hé s8 Q,, ctia nhiéu phan ing héa hoc vao khodng 2-4, tuong Gng véi nang
‘lugng hoat héa khoang 50 — 100kd mol!, ctia phédn i6n phan ing E 12 bang 2. 0] mét
s8 loai sinh vat thich nghi véi didu kién lanh, cac E cua ching ¢6 hé s8 Q,, vao
khoang 1, diéu d6 chiing td cAc phan ing cha qua trinh trao déi chat trong cd thé
ching khéng bj gidam manh khi nhiét 6 thay déi. :

K&t qua nghién cGu 4nh hudng cha nhiét d6 dén van t&c phan tng E cho thay
nhiét d hogt dong thich hop (t,,) cha nhidu E vao khodng 40 — 50°C (hinh 6.23),
trén 50°C hoat d9 thudng bi gidm manh do 1am hdng c&u tric phan ti E. Cac E ¢
nguén gde thyc vat vA mét 6 E vi sinh vat c6 t,, cao hon. Néi dén t,p cua mot E chi
c6 nghia 1a ¢ diéu kién xdc dinh &y, E ¢6 hoat d¢ cao nhdt, vi hoat @6 cGa E con phuy
thude vio nhiéu yéu to"khac nhau nhu thoi gian xac dinh hoat déng, pH v.v... Tuy
nhién khi nghién citu sit dung E, trong titng trudng hgp cu thé, cdn phai xac dinh
top: €12 E 0 nhiing di€u kién cu thé 8y dé sit dung ching c6 hiéu qua cao hon.

G nhiét 46 thap dudi 0°C, hoat 4 E bi gidm nhidu, nhung lai c6 thé duge hdi
" phuc khi dua vé nhi¢t d6 binh thudng, vi.vay, cac cay "khd" khéng 14 tudng chiing

dd chét qua mua déng lai c¢6 thé nay 14¢, ddm chdi nhanh chéng khi mua xuan
d&n.
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Hinh 6.24. Dudng bidu di&n a5 bén nhiét cla E khi khdng cé (a) va ¢ Ca?*
(d8i v&i cac E can Ca? lam bén: thdi gian xd Iy & B0°C can lai 50% hoat 48 ban ddu)

6.8.2. Anh hudng nhiét dé dén do bén cia E (dé bén nhiét) _
Hinh 6.23 cho thdy & nhiét dé vao khodng 70°C, phén 16n E bi m4it hoan toan .
hoat dong, goi 1a nhiét dé tdi hen. Tuy nhién mot s8 E clia cac vi khuén da nhiét

véin hoat dong & nhiét d6 90°C hoac cao hon. O nhiét do téi han, E bi bi€n tinh, hi€m
khi duge hdi phue hoat déng trd lai.

Nghién cftu ciu tric phan tl cha cac E c6 d6 bén nhidt cao cho thay cac a.a ky
nudc trong phéin tit ciia chiing chiém ty 18 cao hon so véi cac E khae, ¢6 18 vi vay ma
phén 15 cia phén t& rdn déc hon.

6.8.2.1. Chi 86 d bén nhiét cia phén ti E (I,) duge tinh theo cong thic sau:
L= X, + aXy + b(Xy, +Xp) - .

X,: ham lugng Ala'tinh bing % khéi lugng phén ti protein E.

Xy: ham lugng Val tinh bing % khoi lugng phén ti protein E.
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XiLes X2 ham lugng Ile, Leu tinh bing % khéi lugng phéan ti E.
a=29+0,1;b=3,9+0,1

E c6 chi s3I, cao bén véi nhiét hon. Vi dy:

£ ' Chisdl, Chisé i,

dang khéng bén dang bén
Glyceraldehyd 3 phosphate dehydrogenase 89 103
Lactate dehydrogenase. . 88 98

6.8.2.2. Mjt 36’ bién phép lam tdng df bén nhiét ciia E

— Lam gidm cfu tric khéng cudn (unfolding) trong phan td bing cdch thay thé
mgt s0 gbc a.a trong phan td. Vi du: d6i véi lysozyme cla bacteriophage T, (phan tu
c6 164 a.a), thay Cys -54 bdng Thr, thay cac gdc Ile,, e, Thry, Thr,,,, Leu,,, bing
Cys lam tdng c&u tric cudn trong phén td, lJam ting d4 bén cha né.

— Lam giam s6 géc Gly, ting s6 gbc Pro.

—~ Lam bén cfu tric xodn a

- D81 v8i mét s8 E c6 thé tim cdch thay déi 161 ky nudc.

—Thém cac chdt lam téng d6 bén nhiét: CaZ* (hinh 6.24), cac chilt tao dung dich
c6 dd nhét cao nhu saccharose, glycerol v.v... Co chét, coE efing cé tac dung lam
tdang dd bén nhiét cha E.

D81 véi mot s6 E (trypsin, protease cua Bacillus pumilus) Ca® gdn nhu 13 ion
bat bude phai ludn ¢6 mat cing véi E méi gilt duge hoat ddng xuc tac etia né. Vi vay
khi xac dinh hoat df, tai hoat héa (d6t véi cac metallo E) hoac tinh sach cac E nay
cdn b8 sung Ca? véi nbng dd thich hogp.

Cac c8u mudi gilla cAc phan dudi don vi ctia cac E cé c&u trac bac 4 ciing ¢ thé
lam tédng d§ bén nhiét cha E, vi du trudng hop cha glycgraldehyde -3-phosphate
dehydrogenase.

Phan 16n E thudng bén & nhiét d6 dudi 0°C, tuy nhién khi bao quan E, dic biét
12 dung dich E thudng chi giti d 4°C, tranh dé dung dich E bi d6ng da rbi lam tan da
nhiéu 1an, E s& bi m4t hoat dong, do bi phé v@ cdu tric. _

6.8.2.3. Xdc dinh d¢ bén nhiét ciia E: thudng xi Iy E § 60°C, sau cac khoang
thoi gian xdc dinh, 14y miu lam lank nhanh chdéng trong nude da, sau d6 cidec miu
dugc dua vé cing nhiét 49, tién hanh xac dinh hoat d6 E cha tdt cad cdc miu § cung
mdt nhiét ds. _

Dé danh gia va so sanh dé bén nhiét clta cac E khéc nhau, ngudi ta thuodng xac
dinh &, la thoi gian x& Iy & 60°C lam mdt 50% hoat dé ban ddu, tinh bing phit. Vi

du: so sanh d6 bén nhiét cla tyrosinase tit Neurospora crasa khi thay géc Asn-201
béng Asp, ¢,,; clia né tang tit 4 phit 1&n 70 phit.
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Chuong 7

CONG NGHE ADN TAI TG HOP
VA CONG NGHE ENZYME

7.1. GIO! THIEU CHUNG VE CONG NGHE ADN TAI T® HOP

Céng nghé ADN tai t6 hop (hay con duge goi bing cac thuat ngit khac nhau nhu
1a ky thuat di truyén, k§ nghé gen) 14 cong nghé s dung cdc nguyén 1y caa thao téc
gen dé tao ra cac edu tric ADN tai t8 hgp tit cac ngudn ADN khéc nhau, thudng 1a
su két hgp gitta ADN hay gen ngoai lai (con duge goi 1a gen dich) véi ADN hé gen
ctia vat chit v biu hién dude gen d6 thanh san phidm protein ¢é hoat tinh trong co
thé vat chu.

D&i véi cong nghé E thi ADN tai t§ hop duge dng dung chii y8u dé san xuét cic
E tii t8 hdp trong cac hé thong sinh vat thich hgp. Hinh 7.1 12 minh hoa cédc budc
téng quéat clia viée Gng’ dung ctia ¢dng nghé nay trong vide san xuit E tai t8 hop.

Budc diu tién trong qui trinh nay 12 phai nhan dong duge gen ngoai lai hay
gen dich (m& hoa cho protein hay E quan tam) tif ngudn mang gen.

Nhén déng gen la k§ thuit dua gen quan tim vio mdt vector (goi la vector
nhén dong) dé tao ra mdt vector tai t6 hgp, nhd d6 gen cb thé duge duy tri va dé&
dang nhén lén cung vector trong t& bo vat chil. Vector nhin dong gen 1a médt clu
tric ADN mach vong c6 thé bit ngudn tit médt loai plasmid ciia vi khuén hay n&m
men, hay ciing ¢6 thé duge bit ngudn tit thue khuén thé hay 13 dang nhidm sic thé
nhan tao nhu nhidm sic thé clia vi khudn (bacterial artificial chromosome-BAC)
hay cia ndm men (yeast artificial chromosome-YAC)... Cac vector nhén déng gen cé
mot s6 dic diém chung vé mat c&u tric. Thi nhdt, vector phai ¢ ving khdi ddu sao
chép d€ c6 thé dude nhan 1én trong t&€ bao vat cha. Thi hai, vector phai cé ving
nhéin dong da diém cét (multiple cloning sequence-MCS8) 1& viing cé chia diém cét
mot 14n cta cac E gidi han dé tiép nhan cic gen ngoai lai, Thi ba, vector phai chita
cdc dfu chuén chon loc nhu mang gen khéang khang sinh hay gen ma hod cho E ¢6
kha nang chuyén déi co chét thanh sin phim ¢6 mau hodc phat huynh quang... dé
d& dang dude nhan ra khi ¢6 mit trong t& bao. Hinh 7.2 13 sd d8 c&u trdc cha vector
pBR322, mét vector nhan dong dugde dung phé bién trong k¥ nghé gen cla nhiing
nim 1980. Vector sau khi duge gén vi gen ngoai lai, duge bién nap vao té bao vi
khuén (thudng 14 E. coli) d8€ gen duge nhén 1én. Vide dua vao t& bao vi khuén con 1a

mdt bude cin thiét dé sang loc hay khang dinh vector tai t& hgp c6 mang ding gen
quan tAm hay khéng.
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POI TUGNG MANG GEN (GEN PICH) MA HOA CHO ENZYME QUAN TAM

—

Tach chi&t ADN hé gen
(ddi v8i cac gen khang chita intron)

Y

Tach chiét, thu nhan ARNm
(ddi vai cic gen ¢6 chira intron)

Nhan ban gen tnuc tigp bing

PCR stf dung cip primer d3c _

hiéu cho gen dich .
(primer dugc thiét k€ dua trén
trinh tv phdn dsu va cubi cha
gen dich da dudc biét trinh )

Tao thu vién gen Tao thu vién ADN¢
{cac doan ADN dugc cét ra {cdc ADNc mang trinh iy

tir ADN hé gen

vao mdt vector nhén dong va ‘dudc biBu hign cia d6i
bién nap véo vi khuén hay é tugng nghién citu, dude gén
dang thé thuc khuén)

va duge gén mé& hoa cla cdc protein

vao mét vector nhan dong

~ & dang thé thuc khudn)

Y

L&p ghép gen nhan ban vao mot -

vector nhan dong

(co gen dich duoc nhén dong)

l

Sang loc thu vién gen d€ thu nhan khugn lac
hay vét tan mang gen dich. -
(cd gen dich duge nhan dong)

Xac dinh trinh ty nucleotide clia gen nhan dong
(06 khdng dinh gen dich thu dugc c6 chua ddy dd va
chinh xac phén trinh ti m§ hoa cho protein/E quan tam).

¥

Bua gen vao hé thén

g bidu hién d& tao ra proleiE quan tam
{ldp ghép gen vao mot vector bidu hién va dua vao 1§ bao vat chd, hodc
6 th€ idp ghép gen vao mot cdu tric bifu hién thich hgp va dua vao
nhiém séc t& bao thé vat chi) '

Y

F

Cai bién gen dich
(d€ 1am tang d bén, hitu qua xuc tic, tinh
dac higu... cda E quan tam).

Hinh 7.1. 89 d8 cac budc ¢d ban clia viéc san xuit E tai t8 hgp
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EcoRI
v ‘BamHI
S P
PstI :
g & Sall

Gen khang Gen khang
4 ampicillin  tetraxyclin »

- (amp?)  (tef?)

Ving khdéi dau »
sao chép (ori)

Puoull

Hinh 7.2. Sd dé cAu tao clia vector nhan dong pBR322

Céac ving cd ban clia vector bao gém: i) viing khdi dau sao chép (ori), ii) ving da nhan dong vdi
nhiéu diém cit mét 1an clia cac E gidi han khac nhau va iii) hai ddu hiéu chon loc la gen khang ampicillin
va gen khang tetracyclin.

Trong bude nhan dong gen, néu khong phai 1a cach nhan gen truc tiép tit hé gen
béng ky thuat phan dng chudi polymerase (PCR) nhd st dung cip mdi dic hiéu do
da biét trinh tu cha gen, thi phai tao thu vién gen hay thu vién ADNe.

Hinh 7.3 minh hoa cac budc chinh dé tao thu vién gen. Thu vién gen dudc tao
ra do viéc cit nhé ADN hé gen ctia d8i tugng mang gen quan tdm bing E gidi han

-va sau d6 ghép vao mot vector nhan dong thanh dang vector tai t6 hgp. Vi vay thu

vién gen 1a tap hgp ctia cac vector tai t& hop mang cac doan ADN khéc nhau caa
hé gen, trohg d6 c6 gen quan tdm. Theo cach nay, gen quan tAm c6é thé nim tron
trong mdt vector tai t6 hgp nhung ciing c¢6 thé ndm & mét s vector khac nhau, va
khi mdi vector nay di vao mot t& bao vi khudn dé dude nhan 18n, thi didu dé cé
nghia 14 ¢6 mét s& khuén lac hay vét tan (vdi vector thuc khuan thé) mang'gen
quan tam. :

Thu vién ADNc duge tao ra tit viée tach ARNm tdéng s6 ctia d6i tugng quan
tdm, sau d6 téng hgp ngugde thanh ADN (nén dudc goi 1a ADN b8 sung hay ADNc)
nhd E sao chép nguge reverse transcriptase. Cac ADNc sau d6 dude ghép vao
vector nhan dong dé duwa vao vi khudn. Viéc xuét phat tt ARNm c¢6 nghia 1a tach
dudc cac gen hoat dong. Hon thé nita, tich ARNm cho phép tlhu duge phén trinh
tu ma hoa truc ti€p cho protein, cdc phdn khéng ma hoé (intron) ctia gen néu cé
thi dd dugc hé thong hiéu chinh ARN (spliceosome) ctia t& bao loai bd. Tuong tu
nhu thu vién gen, thu vién ADNc trong mot s6 trudng hgp cé thé chi chita mét
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phan gen quan tam, do khi tdng hgp nguge, mot phan trinh tu cta ARNm da
khong duge tong hop. Ngay nay, da c6 rat nhiéu phuodng phap khéac nhau cho phép
khic phuc duge nhiing tén tai vlia néu. Hinh 7.4 12 minh hoa cac buéc co ban dé
tao thu vién ADNec. :

: ~ BamHI BamHl
\__ ADN ngoai lai ~ Vector TKTA . e
Cét bang
1 BamH|
Cat bang TR
Sau 3A ;

15-20kb G'hép ndi bédng ADN ligase

Péng gbi
invitro

;

Hinh 7.3. So db tao thu vién gen, st dung vector thuc khu_ﬁn thé A

ADN hé gen mang gen dich dugde cit bing E Sau3A (/GATC), sau d6 phén chia
dé thu céc doan ADN cé6 kich thudc tit 15-20kb. Vector thuc khudn thé duge cét
bing BamHI (G/GATCC) dé loai di doan ADN (c6 tén goi 1a cét bd/gén vao) vén
khong anh hudng dén su xdm nhiém cta thé virus trong E. coli. Chc doan gen cé
cac ddu dinh tuong thich véi vector duac ndi vao vector nhd ADN ligase, sau d6 cho
déng g6i dé hinh thanh thé virus mang céc doan gen cta déi tuigng quan tam. Mbi
thé virus khi cho nhidm E. coli sé tao ra mot loai vét tan.

ARN thoéng tin duge téch ra, véi mot oligodT gdn véi phan trinh tu cua Xhol &
dau cho phép téng hogp sgi ADNe thi nhét, RNase H loai bd sgi ARNm, RNAse H
phan cit sgi ARN théng tin, tao cac doan mébi d€ ADN polymerase I tdng hgp sgi
ADNc thit hai. Trinh tu EcoRI dudc dua vao hai ddu nhung khi xi 1y bing ca Xhol
va EcoRI thi tao ra hai loai didu dinh khac nhau (cua Xhol va EcoRI) nho d6 cho

phép dua ding chiéu va dang vi tri vao vector da dude xii 1y bang ciing hai E nay.
[: ARNm; |li: ADN. -
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M@i-trinh tu ctia Xhol

5'CTCGAGTTTTT _
JAAAAAL EE
Reverse transcriptase, 5-methyl dCTP
dATP,dGTP, dTTP
Xho | G CH, CH,
5'CTCGAGTTTTT * 5

3'AAAAA C

l RNase H

ADN polymerase |,
DNTPs

Chlyot1GHgv01OH; - 'CHE

Xho | ( | | |
5'CTCGAGTTTTT

SGAGTTCAALAN T T T Ee 1 R s

EcoR | adaptors,
l, T4 ADN ligase

CH, CH, CH, CH,
EcoR | Xho | | | | | EcoR |
5'AATTCC..CTCGAGTTTTT N . . G-3'
3'G..GAGCTCAAAAA I ... CTTAA-5'
l Cét bang Xho |

XUt ly bang
Xhol va EcoRl Vector tai td
hagp ¢

Vector
nhan
dong

Y

Hinh 7.4. S d6 cac buéc tao thu vién ADNc

Viéc sang loc thu vién gen hay thu vién ADNec c6 thé dugc thyc hién qua mét s6
budc va bing cac phuong phap khac nhau. Néu gen dugc dua vao plasmid va bién
nap vao vi khuéin, thi buée ddu tién dé c6 thé nhan ra cac thé bién nap la nha céac
d&u hiéu chon loc. Thé mang gen do dua vao plasmid ¢6 gen khang khang sinh (nhu
gen khang ampicillin- amp®) nén khuén lac phai séng duge trén méi trudng cé chita
ampicillin. Gen dua vao ving da nhin dong vA ma hoa cho mot ddu hiéu chon loc
thi hai (vi du nhu khang tetracyclin hay gen ma hoa cho E a-galactozidase thuy phan
lactose/X-gal) thi thé mang gen ngoai viéc khang lai khang sinh thi nhit phai nhay
v6i khang sinh thi hai, hodc mat kha niang tdng hgp E thuy phan lactose/X-gal do
viéc chén gen dich vao da lam cho gen mang d4u hiéu chon loc khéng con git ding
trinh tu ma hoa cho protein/E ban d4u.
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Dé khéng dinh chéc chén hon thé bién nap mang gen dich, ngudi ta thuong
dung ky thuat lai ADN, hay con goi 1a lai Southern (do Southern phat minh ra vao
nam 1975). Bang cach st dung mot doan ADN sdi don ¢6 chiéu dai vai chuc nucleotide
véi trinh ty duge thiét k& gidng véi mot phan trinh ty clia gen dich, dude danh d&u
phéng xa hay huynh quang dé lai véi ADN hé gen da dude 1am bién tinh ctia cac
khuén lac hay vét tan. Sau d6 nhén ra san phdm lai bing k§ thuat tu chup phéng
xa. Hinh 7.5 minh hoa céc budc thi nghiém chinh cta ky thuat lai ADN dung trong
sang loc cac khuén lac hay vét tan mang gen dich.

Chuyén khuin lac

Ién mang
s Phavd té bao va
lam bién tinh ADN,
: s C4 dinh cac ADN
Dia géc Khu&n lac bién tinh trén mang
Tim duong tinh s Tién lai vdi ADN cé héi
khuén lac :
dudng tinh

Lai mAu do e VOi
ADN (gen) dich

Hinh 7.5. Sang loc cac thé bién nap mang gen dich bang phuong phaprlai ADN (lai Souhthern)

Né&u gen da dugc biét toan b trinh tu tit trudc thi c6. thé ding kg thuat PCR véi
mot cip moi ddc higu dé phat hién cic thd mang gen dich. Trudng hop, chua biét
trinh tu gen dich thi c6 thé dua trén vung trinh tu amino acid c¢6 tinh bao thu cao
cua protein/E do gen m# hoa hay ctia cac protein/E ¢6 cung chiic nang da biét dé
thiét k& mau d6 ADN dung cho thi nghiém lai ADN. Mau do trong trudng hdp nay
duge goi 1a mAu do suy bi&n, vi mot s6 amino acid dudc ma hoa khéng chi bdi mot bo
ba ma bdi vai bo ba khéac nhau. Khi d6 mAu do 13 mét t8 hgp cac kha nang c6 thé c6
cua céc oligonucleotide cung ma cho doan peptide lya chon.

Truong hgp néu gen dua vio vector nhan dong & dang c6 thé dude bidu h1en thi co
thé sang loc bang phuong phap thim tach miédn dich (Western blotting) ma nguyén téc
la dya trén sy tuong tac dic hiéu gitia protein/E quan tdm nhu 14 khang nguyén véi
khang thé tudng tng da dude tao ra trudc dé. Ngoai ra, néu gen duge biéu hién thanh
protein/E ¢6 hoat tinh thi viée sang loc ¢6 thé dua trén su xuét hién hoat tinh ctaa
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chinh protein/E d6, trong trudng hgp dya vio hoat tinh clia protein/E, néu cd thé vat
chi cling sén xuét ra protein/E c6 cling hoat tinh thi viée sang loc 1a khé thyc hién.

Sau khi da c¢6 dugc gen nhén dong, céng viéc quan trong hon dé6 1a viée xac
dinh trinh ty nucleotide cia gen dé khdng dinh gen nhan dong dudge 1a chinh xac
va hoan chinh véi toan bd phan trinh ty ma hoa cho protein/E quan tém, Trudc
day, viéc x4c dinh trinh ty nucleotide cia ADN (gen) dugc thyc hign bing mét
trong hai phudng phap: 1) phuong phép cai bién hoa hoc (cia Maxam va G11bert)' -
va ii) phudng phap E (ctia Sanger). Phudng phap cai bi€n hoa hoc dya trén kha
néng phan {ng d&c hiéu clla mét s6 hoa chat ddi vdi 4 loai base nitrogen khac
nhau, ciing nhit sy phén cit mach ADN sau cai bién ho4 hoc & g6c base bdi cac hoa
chét dic hidu. Chiéu dai cda cic doan ADN duge cét dic hidu khac nhau mot
nucleotide s& duge nhan ra bing ky thuat dién di. Phudng phap E (con goi la
phuong phap dideoxy), néi mét cach ngin gon 1a dua vao kha ning téng hop trinh
tit nucleotide theo nguyén tic ghép cip bs sung ctia cic ADN polymerase khi doan
moi ¢6 gén phéng xa véi ddu 3-OH tu do. Phan éng téng hop bi ngitng lai m5i khi
dau 8-OH bi thay bang 3-H (do mét dideoxyribonucleotide da thay cho mét
deoxyribonucleotide). Con cic doan ADN duge tdng hgp khac nhau mét nucleotide
sé duge tdch ra bang k¥ thuat dién di va duge hién hinh bing ky thuat phéng xa
ty chup duge doc. Ngay nay, viéc xac dinh trinh tu nucleotide ctia gen d& dang
duge thyc hién bing vide st dung cac bd kit phan @ng chuyén dung, céc diém diing
lai tudng Gng vl vi tri cha tiing nucletotide duge phat hién nhd st dung céac
dideoxyribonucleotide gén chét phat huynh quang dic trung cho A, C, G hay C va
duge doc ra bing céc hé théng phén tich trinh ty nucleotide tu déng.

Cong viée tiép theo 14 phai thit k& gen vao mot hé théng biéu hién thich hgp trong
t& bao vat chi. Gen mudn duge biéu hién phai duge gin vao mét hé thong bidu hién
thich hgp ma chl y8u la phai ¢6 promotor thich hgp dé gen duge phién mé trong t& bao
vat chu, phai ¢6 chita viing gén ribosome, trinh ty khdi ddu ciing nhu két thic ctia qua
trinh phién ma va dich ma thich hgp d6i véi t& bao vat chit (hinh 7.6). Ngoai ra, dé gen
duge biéu hién thanh protein va phai ¢6 hoat tinh, trong nhiéu trudng hgp phai luu ¥
dén viéc t6t vu hod ma bd ba (d6i véi cac bd ba ciing mé hod cho mét amino acid) etia
gen ngoai lai, cac kha nang cdi bién sau dich ma cia t&€ bao vat chd cling nhu doe tinh
cla protein d6 véi t& bao va @6 bén/thdi gian tén tai cha protein trong t& bao.

' Bing cng nghé ADN tai t6 hop gen ma hoa cho protein/E quan tam cé thé duge
dua vao hé théng vector c¢6 promotor khde, duge thiét k& nhidu ban sao gen trén
cling mot vector hay c6 thé duge dua xen vao nhidm sic thé t& bio vat chh nhd d6
cho phép lam tdng higu sudt san pham. Ngodi ra, cling bing nguyén 1y cla thao tac
gen, ngudi ta c6 thé gin gen quan tAm vdi cAc doan ADN ma hoa cho mét protein
lam bén hay mét peptid tin hidu dé san phdm (dang protein dung hop) duge tiét ra
bén ngoai méi trudng, tao didu kién thuan 1gi cho viée thu nhan, tinh sach. Viéc loai

'bé protein di kém ¢6 thé duge thyc hién nhd gin xen mdt trinh -ty nhén bift va

phén cdt dac hidu cha protease nhu yé&u t& X, hay cla thrombin.
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GEN NGOAI LAl (GEN DiCH)

Ving da nhan dong I

/-\

Vung diéu hoa Ving gén B0 ba két thic
Ribosome

ori

Diém khdi dau

Ving tin hiéu
~ phién ma

két thic phién ma

! Gen chon loc f/

Hinh 7.6. Sg d6 cau tric clia mét vector biéu hién gen véi cac viing khdi dau sao chép (ori),
promotor, viing gan ribosome, bé ba md dau (ATG), viing da nhan dong dé tiép nhan gen dich,
bd ba két thic (TAA/ TAG/TGA), viing két thiic phién ma, ngoai ra con cé gen chon loc.

\ Promotor

7.2. SAN.-XUAT CAC E TAI TO HOP

St dung cong nghé ADN tai t8 hgp ¢6 thé cho phép: i) chix dong vé ngudn nguyén
liu cung cdp E ban dAu, i) nang cao hiéu suéit sdn xuét, chat lugng E, iii) dé dang
cong nghé¢ hoa qua trinh san xuét va nhg dé, iv) giam duge gia thanh san phdm.

Mbt cong vige rét can thiét trong viée khdi ddu cong nghé san xudt moét E nao d6 1a
phai diéu tra cac ngudn E tu nhién, déc biét 1a cac E véi nhiing dic tinh méi, uu viét.

Hau hét cac E (do ban chét 1a protein hay ARN) 1a nhay cafm véi cac yéu td moi
trudng. Tuy nhién, ciing ¢6 mot s6 it E té ra bén véi cac/mét s§ y&u t6 moi trudng nhu
nhiét dg, acid/kiém hay c6 nhitng hoat tinh dic biét hon céc E ¢6 ciing hoat tinh khac.

Céc nghién cttu khac nhau cho thdy hau hét E tach duge tit cac vi sinh vat séng
8 sudi nudc néng thudng td ra bén véi nhiét hon nhidu so véi cac B cung loai nhung
tach ra tit cc co thé khac. Vi dy, Taq ADN polymerase tach ra tit vi khuin Thermus
aquaticus, hay mot s6 protease, ligase tach dugc tit cac vi sinh vat séng & céc sudi
nude néng c6 nhiét do cao té ra rat bén véi nhiét va hoat dong t6i thich & nhiét do
60-80°C. Cac E proteolytic tach tit da day (pepsin, rennin) bén véi tac dung ctia acid
va hoat dong t6t nhat & pH acid.

Viéc tim ra cdc amylase ¢6 kha niang thuy phén tinh bt séng c6 thé dung cho qua
trinh thuy phén tinh bdt khéng phai hd hoa trong san xudt fructose hay sin xuét
alcohol. _ :

Phat hién ra cac protease c6 tinh dac hiéu cao kiéu tuong tu y&u t& X, cua qua
trinh déng méau (GlyGlySerIleGluGly/ArgValHisLeu) hay cac endonuclease gidi han
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¢é trinh tu phan cit va nhan biét méi ludn ludn 1a sy déng gép quan trong cho sy
phét trién nhanh chéng clia linh vie ¢éng nghé sinh hoc phén td.

Vin dé khé khan 13 § chd, cac E cé d6 bén cao hay nhitng tinh chit dic biét thudng
khéng phai d& thu nhin mét lugng 18n, vi céc sinh vat chita E nay doi hoi diéu kién
sinh trudng, phat trién dic biét, hoac ham lugng E qué thdp. Céng nghé ADN tai t6
hop 1a cach gidi quyét cht déng nhﬁng khé khin vita néu. Ngay nay, rat nhiéu E (dai
dién cho t4t ca 6 16p E) dd duge san xuét bing cong nghé ADN tai t8 hdp, trong d6 phai
ké dé&n hau hét cic E gi6i han va cac E khéc dung trong céng nghé gen. ‘

Dé san xudt E tai td hgp, cée nha ngh1er1 citu phai thch duge gen mé hoé cho E
quan tAm va thidt lap duge hé théng bidu hién E d¢6. Tuy nhién, ngay ¢i khi E duge
biéu hién thi khéng c6 nghia la cong viée cha nha cdng nghé da két thic ma tiép
theo 1a phai cai tién hé tha‘ng biéu hién dé€ E dudc sdn xuft nhidu hon, theo mét co
ch& c¢6 thé diéu hoa don gian. Trong cac cai tién bidu hién thi trude hét cdn tap
trung dé giai quyét nhung khéau:

— Hiéu suét san xuat E cao.

— Qua trinh tinh sach duge don gian.

—E c6 d6 bén va hiéu qua xic tac cao.

~ C6 thé dua vao san xudt & quy mé ¢dong nghiép.

7.3. CAI BIEN CAC E BANG CAC KY THUAT GAY BOT BIEN DINH VI

Dbt bign dinh vi 13 cAch giy cac ddt bién vao nhitng vi tri xac dinh trén phén ti
ADN nhém thay th& mét hay mét s6 géc amino acid trong phan-tit protein/E.

Xét v 1y thuyét thi ngudi ta c6 thé bién d4i tryc tifp cac phan ti protein/E. Tuy
vay, tao céc bién d8i hod hoc trén phén ti protein la cdng viéc khé khin, khéng dic
hidu va phai 1am lip lai véi timg 16 ch& phdm mdi. Chinh vi vay, lam bién déi céc
gdc amino acid trén protein/E nhung bit ddu & mic d6 ADN 14 cich tdt nhit cho
phép khic phue duge nhiing khé khin va han ché vita néu.

Bing phuong phéap gay dét bién dinh vi c6 thé:

— Thay d8i hing 6 xtc tac K, cfia E va co chit, t6c d6 phan dng cyc dai V
cling nhu hidu qua xide tac chung V, /K .

' — Thay d8i d bén ctia E véi nhiét d§, pH hay cac tac nhan gay bién tinh.

— Nang cao hidu qua xdc tac cia E trong dung méi khdng phai 1a H,0.

— Cai ti€n E hoat ddng khong cin dén cofactor. '

— Néang cao tinh dfc hidu gilia E va cd chét bang cach cai tién vung gan két
gitta E va cd chét.

— Lam tang tinh khang cua E vdi tae dung clia protease t& bao.

— Lam thay 48i kha nang difu hoa di khdng gian, do vay c6 thé 1am giam sy e
ch& ngugce cta chit trao d6i.

Co 56 nghién cttu gay ddt bién dinh vi 13 cac hiu biét vé su lién quan giita cdu tric va

. chitc nang clia protein/E. D3t bién c6 thé 14 thay the mdt géc amino acid nay bing mét gée

amino acid khéae, hay cé thé 1a sit loai bd mdt vai géc amino acid trong phan ti E.
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-Viée tao dét bi€n dinh vi theo cich thay déi gdc amino acid trong r&t nhidu
trudng hop chi cdn thay 81 mét nucleotide, bdi vi trinh tit mi hoa ctta mdt s§ amino
acid khac nhau chi khac nhau v& mét géc base nito, vi du nhu giita Glu (CAA, CAG)
va Lys (AAA, AAG), hay gita Ser (AGU, AGC) va Cys (UGU, UGQO).

Vé&n d€ khé khan 1a & chd khéng phai ngusi ta da biét duge mdt cach day da
nhitng thay 61 vé cdu trdc nao thi sé din dén nhiing thay d4i cu thé nio vé tinh
-ch4t hay chic ning clia titng protein hay E quan tdm. Chinh vi vay, bén canh cic
hiéu bidt vé tudng quan cfu tric-chitc ning chia protein, ngudi ta ding phudng
phéap giy bién d6i dinh vi cie gdc amino acid trong phén ti protein d€ tim hidu
nhiing thay déi di kém vé tinh chat va chie néng cua chiing. Néi cAch khac, dot
bién dinh vi ciing 13 co 88 dé nghién ettu mai quan hé giita cdu tric va chiitc néng.
Bing cach "thll va sai", ngudi ta cling s& hiéu hon vé vai trd cta cac amino acid,
cac loai lién ké&t, cidu truc d6i véi chic ning xdc tic ctia E. Dudi day la mét s8
phudng phap gy 46t bién dinh vi. '

7.3.1. Phu’dng phap dung oligo mang mét nucleotide khéng ghép cap théng
qua ADN thuc khuin thé M13

Hinh 7.7 minh hoa qua trinh tao 46t bién dinh vi sit dung ADN sgi don (+) cla
thuc khudn thé M13. Sgi M13+ mang gen dich c4n gdy dot bién duge cho gin véi
mdt oligo b8 sung nhung mang nucleotide khéng ghép cép. Khi bd sung cac dNTPs
va phin doan Klenow (ctia ADN polymerase I tit E. coli nhung khéng cdn hoat tinh
5'- exonuclease) thi mach b6 sung duge tong hdp ¢6 mang mét diém khéng ghép cép
v0i sgi gbc. T4 ADN ligase duge stt dung &€ gén chd hd. Sau d6 san phdm duge bi&n
nap vao E. coli, thue khuin thé M13 duge nhin 1én trong t& bao va tao ra cic vét
tan, Dung chinh oligo ban d4u ¢é6 danh dau phéng xa dé sang loc cac v&t tan bang
k¥ thuat lai Southern ¢ diéu kién lai r&t khit khe dé tim ra vét tan duong tinh ¢6

mang dot bién. Trong vi du trén day, ATT ban dau ma hoa cho Ile duge thay bing
CTT ma hoa cho Leu. -

Theo 1y thuyét s& c6 50% s& khuin lac 1a dudng tinh, nhung trén thuc t& thi ty
18 cac khudn lac dudng tinh chi chiém khoang 1-5%, diéu nay giy khé khin cho viée
sang loc cac thé dot bign. P& khic phuc trd ngai trén, ngudi ta da phat trién phl.tdng
phap lam gidu d6t bién. Cach 1am la dyga vao chung E. coli bj d6t bién vé gen
dUTPase (dut) va gen Uracil-N-glicosylase (ung) (hinh 7.8). Khi gen dUTPase bi d6t
bién thi ham lugng dUTP trong t& bao cao hon binh thudng va trong qua trinh téng
hop ADN s& c6 khoang 1% gdc dTMP bi thay thé& béi dUMP. Théng thuong khi cé
hién tugng nay thi Uracil-N-glicosylase sé& cit bd cic gde uraxin ra khéi sgi ADN dé
lat cac vi tri khéng mang base, va AP nuclease sé phan cit sgi ADN § cac vi tri nay,
mdt 0 E stia chiia sai s6t khéc dude huy déng dé téng hdp lai doan bi phan cit. Tuy
vay, khi gen ung ciing bi tén thucng nén dét bién (thay th€ dTMP bang dUMP)
khéng bi loai bd. Bdng cach nay ngudi ta tao ra M13+ ¢6 mang mét sd géc dUMP.
Sau d6 tién hanh dua dot bién vao gen dich trong sgi M13+ bing cach tudng tu nhu
4 hinh 7.7. Sau khi téng hgp dude sgi ADN kép thi ngudi ta bién nap vao chung E.
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coli méi ¢é ca ha1 gen dut va ung hoat déng binh thuang Trong t& bao E. coli, do
hai gen dut v ung hoat déng binh thudng nén sgi M13+ ¢6 mang dUTP sé bi phin
cit va chi c6 s¢1 mdi tdng hgp duge sao chép, bing cich nay cé thé lam ting hiéu
qua chon lge cac thé dét bién 16n mot cach rit dang ké.

Soi M13 +
pa

ATTGGC
/ s AACCG
P 3' OH
Olfgonucleotide Nuclectide khéng
cip déi

Phéan doan Klenow

- dNTPs
Mach t3ng hop

ATTGGC
s AACCG
G

T4 ADN ligase

Bi€n nap E. colf
r

San sinh cac vét tan mang M13

T
LATTGGCQ erroso—J.

Sdi M13 + l

Nhan ra v&t tan ducng tinh
{mang a3t bién} bang lai Southern
vdi oligo ban diu lam mau da

Hinh 7.7, Bua dt bién diém vao gen thdng qua ADN thyc khudn thé M13+ va mét oligo
cb mét nucleotide (nt) khéng bét cip va tdng hop gen bing ADN polyrerase.
(Phdng theo Glick va Pasternak, 2003).
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I : ] Dang sao chép M13

Gen dich l Bi&n nap dut, ung vao E. coli

VU—W

Sagi M13 +
Uraxin khéng gén

W

Sdi M13 mang —
bi phan cit Vv
T4 ADN ligase
Bién nap vao E. coli {wild-type)

Soi M13 +

~ Dang dot bign khdng bi
phan cit
’

Hinh 7.8. Lam giau dot bién diém & M13+ mang gen dich thdng qua chiing
E. coli chita Aot bién gen mé hoa clia enzym dUTPase {dut) va
Uracil-N-glicosylase (ung). (Phdng theo Glick va Pasternak, 2003).

7.3.2. Tao dot bién dinh vi biing oligo théng qua phan img PCR

Cach tao d6t bién bing oligo va PCR théng qua viée st dung hai cip méi mang
d6t bién dé nhan gen dich thanh hai phan (hinh 7.9). Hai diém cdt ¢ha 2 E giéi han
duge dua vao hai.ddu ciia gen. Phin gen @ vﬁné cln tao ddt bi&én duge nhin ban 1&n
'3 ca hai phan Gng, nghia la c6 sy g6i 1én nhau § viing nay. San phdm PCR sau d6
duge tinh sach, trdn véi nhau, cho bién tinh va héi tinh d€ hai doan gen lai vdi nhau
& phéan trung lip ban diu. S dung dNTPs vA T4 ADN polymerase hay phin doan
Klenow dé téng hgp thanh dang sgi d6i hoan .chinh va sau dé dang ADN nay lam
khuén dé nhan ban toan bd gen 18n bing PCR véi cip mdi c6 mang diém cit cia hai
E gidi han chan & hai ddu gen. San pham PCR sau d6 duge cit bing 2 E giéi han
nay va dua vaoe vector biéu hién thich hop.
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Hinh 7.9. Bua ddt bién diém vao gen théng qua cac mdi mat s& nucleotide
khang bt c&p va nhan ban gen bing PCR. (Phdng theo Glick va Pasternak, 2003).

7.3.4. Tai td hop trong gen (DNA.shufﬂing)

Cé6 nhiéu protein/E ciing mdt ho, do ¢6 ngudn gdc rit gdn nhau va déu xdc tac
cho m{t loai phan Gng, tuy nhién ching ¢6 khac nhau chiit it trong c&u trdic phan
td va vi vy c¢6 khac nhau it nhiu vé hidu qua xdc tdc, d§ bén... Trong nhing
trudng hgp nay, ngudi ta cé thé tao ra nhitng E cai bién véi nhing die diém doc dao
ma khong mét phén tit E ban ddu nao cé duge bing cach tach ADN hay ADNc ma
ho4 cho céc protein nay va tai két hgp cac phén khac nhau ctia ching thanh nhing
gen dang lai. Ky thuat nay dudc goi 1a tai t§ hgp trong gen (DNA shuffling).
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Hinh 7.10. Sa d6 cac budc tao enzyme cai bién bing ky thuat tai t8 hop trong gen
A: St dung E gi6i han dé xtf ly cac gen géc, sau d6 néi lai tao gen Iai‘bﬁng ADN ligase,
B: SU dung DNase | dé x ly cac gen géc, sau dé tao cac gen lai bang PCR tu méi. -
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Cach lam dodn gian nhat d8i véi ky thuat nay 14 cho céc gen gde vao cung mdt
hén hgp, tién hanh cit cac gen bing E gidi han, sau 46 ndi 1ai bAng ADN ligase. Khi
d6 sé xay ra su tai t8 hogp ngdu nhiédn gitta cic doan ADN cé ngudn gdc tit cac gen
khac nhau. N&u ¢6 hai gen gdc ban dau, va trén mbi gen c6 3 diém cét cha E gidi
han thi béing k§ thuat nay cho phép tac ra 14 t& hgp gen mdi (khéng ké hai gen gée
ban ddu (hinh 7.10A).
~ Céch thd hai 14 ngudi ta xU 1y cac gen gdc bang DNase I, E nay tao nhiing diém
cAt nglu nhién trén cac phén ti ADN. Sau d6 ngudi ta st dung ky thuat PCR tu méi.
Trong mdi trudng c6 ADN polymerase bén nhiét, ANTPs; véi cdc ché dd nhiét bién
tinh va héi tinh céc doan ADN cla cac gen gdc khac nhau nhung do su tuong déng

. cht1 y8u trong trinh tu nén sé k&t hgp véi nhau. Nhing phin nhé ra sé dude téng hap

thanh dang ddu bang qua budc kéo dai chudi bdi ADN polymerase. Sau mét loat chu
ky, tit ca cac doan déu c6 kich thudc nhu gen gde ban ddu, cdn trinh ty nucleotide
clia cac doan 14 sy téi t6 hgp nglu nhién cha cac doan gen gdc (hinh 7.10B).

Sau khi c6 duge cac gen lai, ngudi ta ding PCR véi cip moi dic hidu véi trinh
ty clia hai ddu gen, ¢6 thé gin thém phén trinh tu chia E gidi han méi dé nhan ban
cic gen va dua vao vector biéu hién. Bing cach sit dung mét k¥ thuat sang loc véi
che ngudng cidn dat v& hoat d6 hay 46 b&n ma ngudi ta c6 thé chon ra duge nhing
gen lai ma hoa cho cac E véi nhiing tinh ch4lt, hoat tinh duge cai thién. Gen lai sau
d6 duge xac dinh trinh tu d8 bist duge trong gen d3 cb6 nhitng thay déi nao ci.'mg nhu
nhd d6 sé hiéu thém dude vai trd ca nhitng thay d8i dé d01 véi sy bién dm vé c&u
trac va chiic ning, hoat tinh ctia phén t E.

Bén canh cac k¥ thuat vita nédu, nhiéu cach gay ddt bién dinh vi khéc ciing da
duge phat trién cho phép dua céc d6t bién diém hay tham chi d6t bién thém doan va
mit doan vao trong gen dich. Bing nhﬁng phuong phap ndy, ngudi ta di tao ra
nhiéu proteme véi hoat tinh, dd bén dude cai thién, dong thdl lam sing t6 thém vai
trd cla cac gbc amino acid khac nhau trong chiic ning cia protem

Vi dy, subtilisine tit mét s& vi khudn Gram (+) 1a mot E duge ditng nhiéu trong
bot giat. E cln cofactor 1a Ca?'. Thuc t&€ méi trudng trong bdt gidt chia nhidu chit
tao phiic vdi ion kim loai, do d6 1am mét hoat tinh E. Bdng cich giy d6t bién loai bd
cdc amino acid tit 75 - 83 14 ving gén Ca®, E vén giit duge c&u hinh tucng tu dang
ty nhién va van giit duge hoat tinh xtc tac. Tudng ty, khi thay th& mét sd gdc amino
acid trong phén tit cia E nay nhu Ser-3 - Cys-3, GIn-205 —» Cys-205... 43 lam tang
dang ké 46 bén cua E. _

Vi du thtt hai v€ dng dung cta k¥ thuat gy dst bién dinh vi 1a viéc lam tang
higu suflt xdc tac cua E véi trudng hgp E Tirosine-ARNve synthetase xtc tac cho
phan tng gin Tyr vao tARN®" v4i ATP la chit cho nang lugng.

Khi efiu tric khong gian cia E duge nghién eiiu, ngudi ta tién hanh thay thé
Thr-51 trong trung tAm hoat déng cia Tyrosine~ARNve synthetase bing mdt amino
acid khac 1a Ala, Pro da 1am thay d8i ca K,,, va K.

Dang E K. (81 K, (mM) Kot /K, (87, M)

Thr - 51 (dang dai) 4.7 2,5 1,880

109



Ala - 51 (dang DB) 4,0 1,2 3,300
Pro-51(dang D) 1,8 - 0,019 94,74

Mét vi du nita v€ viée gy dét bién dinh vi 1a trudng hgp E DNase I ding trong |

diéu tri bénh x0d hoa nang (cystic fybrosis). Bénh nhan bj bénh nay nhay cam véi sy
tdn cdng ctia vi khudn va khi sit dung céc khéng sinh, cac vi khufin chét, giai phéng
ra ADN tich tu d dang dich nhdy gay tdc tuyén rudt va cic ph& quan trong phéi, gay
cye ky khé thd. Viée sit dung ché phdm thude DNase I dudi dang thuée xit cho phép
lam thong céc tdc nghén nay, gitp cho bénh nhén thd duge d& dang hon. Tac dung
cta thudc la nhd DNase I phan gidi cdc ADN tich ty. Tuy vay, han ché ctia liéu
phap 1a E bi dc ché& canh tranh bdi actin do céc t& bao bach cAu chét gidi phéng ra.
Ai Iyc két hgp gifla actin véi DNase I r&t cao. Théng qua cac nghién cttu vé c4u tric
clia phén ti DNase I va su tuong tac cha né véi actin, ngudi ta da tién hanh gay dot
bign dinh vi thay th& gdc Ala-144 bing Arg-144 hojc thay gc Tyr-65 bing Arg-65,
nhg 46 da gidm 4i lye cha actin vdi E xudng 10.000 14n, ngodi ra céc E dot bién
khang actin lai 6 hoat tinh phén gidi ADN cao g&p 50 l4n dang ban diu.

Diéu can luu ¥ khi gdy dot bién dinh vi dé ci bign cic E 12 viée lam tiang dd
bén véi nhiét cia E thudng lam gidm tinh mém déo chung va do vay E c¢6 thé bi
giam hoat tinh xdc tac.
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E ¢6 nhiing déc tinh wu viét hon cic chit xde tac khac nhu:

— C6 hidu qua xic tac cao, c6 thé 1am tang van tdc phan ng 1&én 10°- 10'%14n so
véi khi khéng e6 chét xic tac.

— C6 thé hoat ddng &-difu kién nhiét d6 va 4p suit binh thudng (nhiét 46 20-40°C,
pH tit 5-8).

— C6 tinh dic hidu cao, tinh d#ic hidu 1ap thé v.v... |

— Nhiéu E khéng bi mét hoat tinh trong dung mdi hitu co.

Do d6 st dung E s& dem lai hidu qua kinh t& 16n, khéng gy anh hudng xfu dén
mot trlidng

C6 thé su dung E theo 2 céch:

1) Khéng tach E khdi nguyén lidu, diéu chinh cac yéu t& vat ly, hod hoe thich
hgp cho hoat ddng ctia E sin c¢6 dé chuyén hoa co chit sdn c6é trong nguyén ligu.
Céach nay duge dung ti rat 14u, d& thye hién, nhung pham vi Gng dung bi giéi han.

2) Tach E khéi nguyén lidu, san xufit cic ché phdm E c6 d6 sach khac nhau dé
su dung trén nhiéu d8i tugng khic nhau, vao nhiéu linh vuc khac nhau.

Theo cach nay, E dude ing dung réng rai hon, nhung c@n phdt trién nganh céng
nghé sdn xudt E, va tim bién phdp dé gidm gid thanh ché phdm E. Dé gidi quyét vin dé
nay, cin tim nguén nguyén lidu thich hgp, ré tién hodc tim bién phdp dé cé thé si dung
E lip lai nhiéu lan (E khéng tan), stt dung cdc bién phdp cong nghé sinh hoc.

E da va dang duge Ung dung trong nhiéu linh vite khac nhau nhu:

— Nghién citu khoa hoc, nghién cttu cu tric phéan ta.

— Phan tich céc chit, xac dinh chinh x4c ham lugng céc cbfit.

—Ung dung trong cong nghiép thuc phdm v cic nganh cdng nghiép khéc.

~Ung dung trong y, duge.

8.1. SU DUNG E TRONG PHAN TICH CAC CHAT

— Yau cAu: cac E phai ¢6 &b sach cao, tinh dic hidu cao.
— Pham vi itng dung va mét s8 vi du.

8.1.1. SUrdung E dé nghién cu ciu trac protein, TTHP cla E (xem 6.3.6.1, tr.85)
— Su dung céc protease cé tinh diic hiéu cao nhu trypsin, dé nghién ciéu cdu tric
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phén t protein, vai trd cita ciu tric bac I d6i véi hoat tinh sinh hoc clia phan ti
protein, E.

8.1.2. Str dung E nhu cac héa chat dé phan tich, dinh lugng céc chat

— C6 thé xac dinh cac cht dic bist véi ham luwong rat thdp, 1an véi cac chat
khac tuong ty vé mit héa hoc ma véi phudng phap héa hoc khé long phan biét
ching d& c6 thé xac dinh chinh xdc véi 46 nhay cao.

— C6 thé phan tich cdc chdt khong bén, sit dung E dé phéin tich c6 thé tién hanh
8 nhiing diéu kién nhe nhang vé pH (gin trung tinh), nhiét d6 (gin nhiét d4 phong).

Cé thé st dung E dé dinh lugng cd chélt, coE, cic chit hoat héa, cac chét kim
ham E.

8.1.2.1. Nhiing nguyén tdc chung khi sit dung E dé phén tich cdc chét

Xde dinh co chdt cia E: Théng qua vige xéc dinh sdn pham duge tao thanh duéi
tic dung cta E. Do d6 phai tao didu kién th& nao dé toan bd co chit duge chuyén
héa thanh sdn phém, va ¢6 sy phu thude tuyén tinh gita van t6c dau phan fing véi
‘ndng d6 chit cdn phan tich, cu thé nhu sau:

—Néng d6 E phai &4 cao.

— Néng d9 cd chat dd thap d€ bao dam phén ing tién hanh 1a phan dng bic 1,
chi phu thudc vao néng d6 co chit cdn xac dinh. Khi ¢4n thiét phai thit véi cac néng
d6 co chét khéc nhau dé lya chon néng d6 thich hgp dat duge yéu cdu phén tich,

* Néu stt dung E cén CoFE thi néng do CoE phai dd 16n @& bao ddm khéng lam

“thay d8i dic tinh ctia phan ing bac 1. _

* Phai bdo dam sin phdm phan ing (hodc dbng san phim phan dng, vi du
NADPH, NADH d6i v8i cac phan tng trong dé6 NADP* ho#c NAD' 14 co chét hodc
cofactor) phai hoan toan khéng ¢6 mat khi phan ing chua bit ¢du. N&u nhu vay thi
phan dng chi phy thuéc vao ndng @6 cd chit ban diu (vi du NAD', NADP*) ma ta
ciin phan tich, va ¢6 thé do truc tigp sin phim duge tao thanh (do d6 h&p thu cha
NADH & 340nm, vi NAD* hogc NADP* khong hdp thu & budc séng nay) dé tinh néng
d6 co chidt ban d4u. .

N6i chung, viée sit dung E d€ dinh lugng co chit cda né duge ti€n hanh thuan
1gi khi san phdm ctia phéan tng cé thé duge dinh lugng d& dang.

8.1.2.2. M¢t s6 vi du

— Xdc dinh co chdt sit dung amylase (sau d6 két hgp vdi thiy phan bing acid)
dé dinh lugng tinh bot s& cho két qud chinh xde hon khi dung acid (vi mét s8
polysaccharid khac nhu hemicellulose cfing bj thiy phan bdi acid & cae didu kién
gibng véi tinh bot). '

— Xdc dinh CoE, vi CoE c¢6 vai tro nhu la ddng co chit nén c6 thd dinh lugng
CoE theo cich hoan toan giéng nhit dinh lugng cd chit,

— Xdc dinh chdt hogt héa E: Cé thé st dung E dé dinh lugng chat hoat héa cla
né trong trudng hgp ¢é sy phu thude tuyén tinh gidia van téc ddu phan Gng véi mat
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khoang ndng 4o thdp cta chdt hoat héa, & cac néng dd E, co chit va ndng d§ CoE
giit ¢& dinh khi ti€n hanh phéan éng. O ndng d6 chét hoat héa cao, todn bd phan ti E
duge hoat hoa, van tdc ddu phan tng (v,) dat cuc dai (hinh 8.1). Lap dd thi chuin
biéu di&n Anh hudng ctia chit hoat héa dén v,, tit d6 tinh ndéng d6 cta chét hoat héa
trong dung dich phén tich. |

Yo

N&ng d6 chat hoat hoa

Hinh 8.1. D& thj bidu di&n sy phy thudc clia v, vao ndng d6 chat hoat héa.
Néng dd E, S va CoE (néu ¢6) giif c8 dinh

Dya vao hinh 8.1 ta thiy nén pha loAng dung dich c¢6 chita ch4t hoat héa cin
phén tich sao cho v, ndm trong phdn thing cha dudng bidu dibn d8 c6 duge két qua
phan tich chinh xAc.

Vi du: Mn®' 12 chét hoat héa isocitrate dehydrogenase, sit dung E nay cb thé xac
dinh chinh xdc ham luong Mn®* § nﬁng d6 rat thap.

— Xde dinh cde chdt kim ham E, tién hanh xac dinh & nhUng diéu kién di nsdu
giéng nhu khi xac dinh chat hoat ho4, 1ap d8 thi chufn véi cac nong d% I khac nhau.
Tién hanh xac dinh chit kim ham (I) trong dung dich nghién eitu, d6i chiéu véi dd
thi chuén va tinh ham lugng I trong mau nghién citu. C6 thé lap d8 thi chuin theo

© 2 céch: v, d6i [I] (hinh 8.2a), hoc tinh % bj kim him theo su tang [1] (hinh 8.2D).

D61 khi ngudi ta ciing diung I, dé bidu dién nong dd chat knn him lam giam
50% hoat d6 ¢ nhiing diéu kién xac dinh.

- Vi du: Stt dung carboxyl esterase clia gan dé dinh lugng fluoride trong dung
dich c6 lugng lén phosphate (vi phosphate anh hudng d&n viée xac dinh chinh xac
fluoride khi ding phuong phap héa hoc).

Néu E bi kim hdm dac hiéu, nhay véi mét chét nio d6, c6 thé ding E dé phat
hién hodc dinh lugng chat &y. Vi du s dung acetylcholinesterase dé phdt hién du
lugng thudc triz sdu nhém phospho hitu co, cde chdt dbc thdn kinh v.v..

Do E ¢6 thé bi kim h&im hodc hoat héa bdi nhiéu chat khac nhu ion kim loai

. do d6 khi sit dung E dé dinh lugng cdc chit c¢dn phai Iuu ¥ dén céc chat nay
méi cé két qua chmh xac duge.
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% kim h&m
Yo
— 100 Khdng thudn nghich
Thuan nghich Thuén nghich
Khéng thuan nghich
I (1

Hinh 8.2. L4p 46 thj chudn dé xac dinh chat kim ham E trong dung dich nghién citu
a) v, d6i {I]; b) % hoat @6 bi kim ham & cac [I1] khac nhau =
Vo — Vi

x 100
Vo
Vo van tdc dau phan ting khéng cb |, v, vén tdc ddu phan (mg khi c6 |, x4c dinh & ciing diéu kién giéng nhau.
D4 thi trén ciing cho thay, khi sir dung E dé di nh lugng céc chét kim ham, ¢én pha lodng dung dich sao cho c6 dugc
sif phy thudce tuyén tinh gilta van t8c du véi ndng dd chat kim ham (doan dau clia dudng bidu dién).

Cac | khdng thuan nghich, theo dinh nghia s& lam mat hoan toan (kim hdm 100%) hoat d& E khi

néng 46 cla né 40 1dn, con ddi vai chat | thuén nghich 'thl di néng d6 cao bao nhiéu cung khdng thé kim
ham 100% dugc.

8.2. SU DUNG E TRONG PHAN TicH THYC PHAM

Cé tai liéu cho ring, ti giita thé ky thit XIX di bit ddu s dung E 48 phan tich
thiyc phdm, nhung thyc ra vige x4y dung thanh cée phucng phap nhu hién nay mdi
duge bat ddu cach day 20 dén 25 nam. Ly do: chi tit thai gian ‘héy mdi ¢cé du(jc E
tinh sach dat y&u cdu d€ st dung trong phén tich.

St dung E trong phén tich thyc pham cho phép xde dinh chinh xdc ham lwo’ng
cde chdt trong nguyén liéu ban ddu va sdn phidm cubi ciung trong qua trinh san
xudt, danh gi4 tinh trung thue trong sian xuét thuc phim, s¢ bién déi chdt luong
thue phdm trong qua trinh ché bi&n, bao quan dé lua chon diéu kién t61 vu. Do
nhitng vu diém cda phuclng phap st dung E trong phén tich thuc phim nén ngay
nay nhiéu nude, cac iy ban quéc t&€ da ding trong qua trinh thanh tra thue phim.
Do d6 nhay cta cac phan ing E cao, thudng c6 thé phat hién chinh xac lmjng nhd
céc chat, vi vay c6 thé dung dé phat hién cdc thanh phan khong duoe phep thém vao
hodc thay thé trong qud trinh sdn xudt mét thue phém nao dé. Mot 56 vi du:

8.2.1. Xac dinh mdt s& saccharide phé biéh trong thic pham

Saccharide nhu cac dudng, tmh bt c6 vai trd 16n vé gia tri ning lugng cta thuc
phim, hon nita ham lugng cha céc duong khéc nhau trong sin phim cé thé 1a chi
tiéu xac dinh tinh trung thyc ca san phidm. Tuy titng loai thuc pham cé cac tidu
chufin vé ham lugng, loai dudng dung trong ché bién, vi vay thudng duge quan tAm
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x4c dinh khi phén tich nhiéu loai thyec phﬁm khac nhau. Sau day 12 mét s8 vi du vé
viéc sit dung E trong phén tich thuc pham.

— St dung hexokinase (E.C. 2.7.1._1):

+ D& phan tich D-glucose, phan ng nhu sau:

' D-glucose + ATP ——» ADP + glucose-6-phosphate (8.1)
Hexokinase |
glucose-6-phosphate + NADP* — D- gluconate 6- phosphate
Glucose-6-phosphate +
dehydrogenase NADPH + H* (8.2)

Mot s6 E khée nhu glucose dehydrogenase hodc phudng phap dung glucose
oxidase — peroxidase hién nay khéng ding vi khéng dic hiéu hodc bi cée chét khi
trong mau anh hudng dén 46 chinh xac cha phudng phéap. .

(Nhu trén d& néi, NADH hoic NADPH hap thu d budc séng 340nm con dang oxy
‘héa cha ching thi khéng (hinh 8.3), vi vay trong trudng hop cé thé, thudng thuc hién
phan ng tao thanh cac chat nay dé viée xéc dinh duge nhanh, chinh xac, d& dang haon).

+ Hexokinase cling cé thé ding dé xic dinh fructose theo phan ing sau:

D-fructose + ATP—— 5 ADP + fructose-6-phosphate (8.3)
hexokinase =
fructose-6-phosphate » glucose-6-phosphate (8.4)
glucose phosphate
isomerase

Cac phuong phép trén thudng duge ding dé phat hién glucose, fructose trong rugu
vang hay dich hoa qua di duge quy dinh 1 khong dudge thém cac duong nay vao.

+ Céc phuong phép trén cfing ¢6 thé dung dé xac dinh sucrose bing céch dung
B-fructosidase dé thiay phan né thanh D-glucose va D-fructose va ti€p tuc xéc dinh
nhu trén. Tuy nhién néu trong dung dich cé lugng glucose quarcao ¢é thé dnh hudng
dén d6 chinh xac khi phén tich fructose va sucrose trong miu cé chita ddng thdi ca
3 loai dudng nady. Do dé cin dung glucose oxidase va catalase dé loai glucose.

P4 hdp thy

! LN 1

260 300 340
Budc sdng (nm)

Hinh 8.3, Phd h&p thu clia NAD®* va NADH
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— 81 dung galactose dehydrogenase (GDH) dé x4c dinh galactose:

GDH '
D-galactose + NAD®*———— acid D-galactonic + NADH + H* (8.5)
— St dung pgalactosidase dé xac dinh lactose, phan dng nhu sau: '
ilactosidas
lactose + H,O Feala ase » D-galactose + D-glucose (8.6)

Dinh lugng D-galactose theo (8.5) s& tinh duge lactose. Trong ty nhién, ngoai
slia, rdt it mau chda D-galactose vi vay c¢é thé xac dinh dudng nay mot cach chinh
xéc. Lactose 1a chi thi clia cac sdn phdm chita siia, 12 thanh phdn quan trong trong
thite 4n cua tré sd sinh, vi vy thudng ti€n hanh xac dinh dudng nay d8i véi cac loai
s&n pham sita cho tré em, sécéla, banh ngot v.v..

— St dung a-galactosidase dé phat hién raﬁ‘mose:

Raffinose 1a trisaccharide, ¢6 nhiéu trong ¢l cdi dudng, ngudi ta thudng phai
theo d&i ham lugng raffinose trong qua trinh sén xuft dudng tit cti cai dudng. ,

Duéi tac dung cia a-galactosidase, raffinose bi thay phén tao thanh D-galactose
va sucrose. Cac dudng nay duge xdc dinh nhu trén (8.1, 8.4, 8.5).

" Raffinose ciing c6 nhidu trong dau tuong, bdt dau tudng c6 thé chita dén 10%
dudng nay, do d6 khi thém dfu tuong vao thue phidm, c6 thé xac dinh gian tiép
théng qua xac dinh raffinose.

- 8 dung amyloglucosidase (AMG) dé x4c dinh tink bot: -

Xac dinh tinh bét ¢6 ¥ nghia quan trong trong phén tich-thyc pham, da duge
quan tdm t¥ hon 100 nam nay. V& nguyén téc, t&t ca cac phuong phip déu thdy
phén tinh bjt thanh glucose. Xac dinh glucose va tinh duge lugng tinh bét. Thiy
phén bang acid s& khong chinh x4c vi céc oligomer, oligosaccharide déu bi thhy
phén, hon nita c¢6 thé 6 nhiu phan tng khong mong mudn khac.

Amylase trude day cling duge dang nhung ciing khéng thich hgp vi sé thly phén
khéng hoan toan tinh bét. Do d6 hién nay thudng diing AMG, tuy nhién E nay ciing
thhy phin ca maltose va oligosaccharide khac. Vi vay, 48 xac dinh chinh xac cin ¢6
nhitng diéu kién nh&t dinh nhu: tinh bdt phai x{ Iy nhiét trong néi khi triing, phai
loai b6 céc oligosaccharide bing hén hap methanol nude (tinh bot khong bi tan trong
hén hgp nay).

Vige xéc dinh chinh xdc ham lugng tinh bét c¢6 ¥ nghia trong danh gia chit
Iugng nguyén lidu, sdn phim.

8.2.2. Xac dinh mét s& acid hiru ¢d phd bién

Céc acid hitu cd 1a sdn phdm cha nhiu qua trinh trao déi cht, vi vay ching ¢é
thé 12 nhitng chi thi cha céc qua trinh lén men, va ¢6 4nh hudng déng k8 dén mui vi
thue pham. Cac phuong phap st dung E dé phan tich acid hitu co 1a: ngoai viéc
dang E tac dung 1én cg chit acid hitu co dic hidu clia nd, cé thé két hgp thém mét E

khdc dé tach hay chuyén héa tiép san phim, nhim lam cho phan ing thyc hién dudge
triét 48 hon (bang 8.6).
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Bang 8.1. Tém tat cac E duge diing dé phan tich cac acid hitu co

Acid cin phin tich E ding aé phan tich E thir hai
A, aspartic Glutamate oxaloacetate transpherase | L-malate dehydragenase
| {(GOT)
A. formic Formate dehydrogenase
A. glucenic Gluconate kinase - 6-phosphogluconate dehydrogenase
A. 3-hydroxybutyric | 3-hydroxybutyrate dehydrogenase
A. L-lactic ’ l.-lactate dehydrogenase Glutamate pyruvate transpherase GPT)
A, pyruvic L-Lactate dehydrogenase .
A, citric Citrate(pro-35)lyase
A, isocitric Isocitratedehydrogenase
A, succinic Succinyl-CoA synthetase Pyruvate kinase
A. matic L-malate dehydrogenase Glutamate oxaloacetate dehydrogenase
A oxalic | Oxalate decarboxylase

Sau day sé gidi thidu chi tiét thém mot sd phuong phap da néu trong bang 8.1
va ¥ nghia thuc té cha viée xac dinh céc acid nay trong phén tich thwe phém.
8.2.2.1. Acid citric: 14 chit chl yéu trong trao d6i chit, ¢6 nhifu trong thuc vat va
cling ¢6 trong siia, vi viy thudng x4c dinh acid citric trong cac san phdm tit qua, tit
thyc vat, bAnh mi, phomate, cic sdn phdm thit, d8 ﬁé‘fng, rugu vang, ché v.v...
' Dé xac dinh acid citric ¢6 thé si dung két hgp E citrate (pro-35)-lyase va
L-malate dehydrogenase (- MDH). '
citrate (pro-35)lyase

r

Citrate : » Oxaloacetate + Acetate (8.7)
L-MDH
Oxaloacetate + NADH + H—— 5 T.-malate + NAD"* (8.8)

Acid oxaloacetic c¢6 thé bi decarboxyl héa thanh acid pyruvic (theo con dudng
hoéa hoc hodc do oxaloacetate decarboxylase 14n trong ch& phim citrate lyase), ¢6
thé xac dinh pyruvate bing L-lactate dehydrogenase (L-LDH), phan ting nhu sau:

' L-LDH -

Pyruvate + NADH + H* » L-lactate + NAD? (8.9)

8.2.2.2. Acid formic: 12 sin pham trac d6i cudi cung cta vi khudn va n&m, né
cling thudng dude dung dé bdo qudn nhiéu thic phdm. Tuy nhién khi s& dung cac
chét nay phdi tudn theo cdc quy dinh ctia ludt phdp, vi vay viée xée dinh chinh xac
ham lugng cita né trong thuc ph&m ¢é ¥ nghia quan trong. Cé thé‘dung formate
dehydrogenase dé xac dinh theo phan dng sau:

Formate + NAD* + H,O —— hydrogen carbonate + NADH + H* (8.10)
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8.2.2.3. Acid gluconic: Dung gluconate kinase (GK) va 6phosph0gluconate
dehydrogenase (6-PGDH) dé xac dinh. -

GK
D-gluconate + ATP ———— D-gluconate-6-phosphate + ADP - " (8.11)
' 6-PGDH
D-gluconate 6-phosphate + NADP* — D-ribulose5-phosphate
+
NADPH + H* + CO, (8.12)

Acid gluconic duge tao thanh khi oxy héa nhém aldehyd cia glucose. &-
gluconolactone duge dung nhu 14 chf tiéu xdc dink dé chin cla xiic xich.

8.2.2.4. Acid glutamic: Dang glutamate dehydrogenase (GluDH) dé dinh lugng:

GluDH .

L-glutamate + NAD* + H,0 ——— a-oxoglutarate + NADH + NH,* ©  (8.13)

D& dinh lugng va tang d6 nhay ctia phan dng, thuong s dung thém Diaphorase
(E.C.1.8.1.4), phan {ng nhu sau:

Diaphorase

NADH + H* + INT ——— 5 NAD" + Formazan (8.14)

INT = iodonitrotetrazolium chloride.

Phan ng mau nay rét nhay, do d6 cdn phai loai hét cac chit khit trong méu
trude khi x4c dinh méi ¢6 k&t qua chinh xac.

8.2.2.5. Acid 3-hydroxybutyric: Xac dinh acid nay cé ¥ nghia dé8i véi tring, 3-

hydroxybutyrate trong trizng la chi thi ciia tritng dé thu tinh va da dp hon 6 ngay. E
dugc diing dé x4c dinh 14 3- -hydroxybutyrate dehydrogenase (3-HBDH).

3-HBDH

D-3-hydroxybutyrate + NAD* — Acetoacetate + NADH + H* (8.15)

8.2.2.6. Acid isocitric: 12 san phdm trung gian cla chu trinh tricarboxylic, ty 1&
guia acid isocitric va acid citric trong qué 13 khéng d6i, nhung acid isocitric rat dét, vi
vay phén tich acid nay trong dich qua sé cho biét ¢6 trén thém acid citric vao dich qud
hay khéng. D€ dinh tugng acid isocitric, dung isocitrate dehydrogenase IDH):

- IDH

D-isocitrate + NADP — a-oxoglutarate + NADPH + CO, + H* (8.16)

8.2.2.7. Acid pyruvic: 13 sdn pham trung gian quan trong ctta qua trinh trao
ddi chdt. Trong danh gia chdt lugng sita trude va sau khi khit triang, xéc dinh acid

pyruvic eling duge diing nhu la mét cich dé tinh lugng vi sinh vat. D& xac dmh acid
nay, dung L-lactate dehydrogenase (L-LDH):

L-LDH
Pyruvate + NADH' + H* —— L-lactate + NAD* _ (8. 17)

8.2.2.8. Acid succinic: Dung k&t hop 2 E la suceinyl-CoA synthetase va
pyruvate kinase

Phan {ng thye hién nhu sau:
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Succinate + ITP + CoA

IDP + PEP

Succinyl-CoA synthetase

Pyruvate kinase

IDP = inosine 5'- diphosphate;
ITP = inosine 5'- triphosphate;

PEP =

phosphoenolpyruvate.

> IDP + Suceinyl-CoA + P,

> ITP + Pyruvate

8.2.3. Sir dung E dé xac dinh céac thanh phén khac trong thuc pham

Mot s thanh phan khéc cla thuc phdm cé thé Anh hudng dén chit lugng thuc
pham néi chung, hodic thitec an cho ngudi dn kiéng, hosc phan anh 4% 6 nhiém, dd
tuoi cha thyc phém ciing cdn duge x4c dinh. D& phan tich chinh x4e, nhiéu phuong
phép phén tich bing E d4 duge st dung, c6 thé tém tit trong bdng 8.2.

Bang 8.2. Tom 3t cac E d4 duge sl dyng dé€ phan tich mét s§ thanh phan khac cdia thuc phdm

Chat cin
phéan tich

E dung dé phan tich

Ghi cha

Ethanol

Afcoho.-_' dehydrogenase

— Kiém tra céc loai nudc udng c6 cén 38 xem c6 dung loai
theo quy dinh khéng.

— NE&u céac san phadm lam tif qua co ethanol chilng té
nguyén liéu bj hdng hosic do ¢é ndm men.

Glycerol

Giycerol kinase, sau d6 ding
pyruvate kinase dé chuyén héa
ADP dudc tao thanh, va ding
tiép L-lactate dehydrogenase

Xac dinh glycerol trong rugu vang, ¢6 thé gép phan kiém
tra xem rugu c6 bi trdn thém glycerol khéng.

Sorbitol

Sorbitol dehydrogenase, (phan -
(fng khéng that d4c higw), sau 46
x4c dinh fructose tao thanh theo
cac phan (mg (8.3), (8.4), va (8.2);
ho#c két hop véi phan (ng (8.14).

Sorbitol va xylitol diing d& thay th& duding trong thuc
phdm cho ngudi b} tidu dudng.

I

Xyiitol

Sorbitol dehydrogenase, tiép
theo sif dung phén dng (8.14),

Hiéu s8 gilta cac két qua xac dinh fructose qua hai
phudng phap la lugng xylitol.

Cholesterol

Cholesterof oxidase, sau dé ding
catalase d& chuyén héa tiép
H,0, duoc tao thanh {thém
methanol} va xac dinh
formaldehyde dugc tao thanh

— Suf ling dong cholesterol trong mach mau lam tc nghén

| déng mach. Long d6 tritng, mad déng vat giau cholesterol.

— B2 xac dinh lugng ting trong thue phdm.
— Xae dinh cholesterol trong thuc phdm cé m3 ddng vat.

Nitrate

Nitrate reductase (mdi dude ding
tit n3m 1986)

Nitrate 14 chdt cé hai vi 1a tién chat cla nitric va
nitrosamine. Phan cé thé 13 nguyén nhan gay nhiém
nitrate cho nudc, thic pham.

Sulfite

Sulfite oxydase, sau dé diing ti€p
NADH peroxidase dé chuyén hoa
H,0, tao thanh.

— Suffite thudng diing dé bao quan thuc phdm, ndng san,
lam bat hoat nhidu E, ngan ngifa tac mau nau.
-~ Néng db qua cao cb hai.

Urea

Urease (c6 tinh d4c hiéu rat cao)

— Urea la san pham cudi cung cla qua trinh trao d8i protein,
dugc tiét qua thén,

— Bdi tugng cdn phén tich 13 cac san pham thit va sita.
- Ham lugng urea trong nudc thai, nude bé boi 1a chi thi
v& néng dd nudc tidu trong cac nudc nay.
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8.3. SUDUNG E TRONG TONG HOP HU CO

St dung cac E thity phén xiic tde cho phdn ing nguge. S8 di cac E nay duge sd
dung réng rai vi dé st dung, khéng cdn CoE, va thudng chiu duge cac dung méi hitu
cd. Vi du: : .

— Stt dung cac lipase, esterase va protease trong cic phan tng acyl hba (regioselective
acylation) cac hop chét ¢6 nhidu nhém —OH nhu saccharide, glycerol, steroide, hoic alcaloide.

~ 81 dung E dé tach riéng cic dang déng phén quang hge nhan duge bing con
dudng téng hgp héa hoc: dang cis- va trans-, D- va L- v.v... Cac dang nay thuong
nhan dudce vdi ty 1& bing nhau nhLIng co thé chi st dung chrdc mdt trong 2 dang.

— Su dung cac carbonyl reductase: st dung cidc CoE NADH hosc NADPH dé khti
déi xdng cac nhém carbonyl, tao thanh cédc vat lidu quan trong dé téng hop cac san
ph&m ty nhidn khac nhau.

~ 5S4 dung cac aldolase dé tao cde lién két C — C mdi. Pén nay di biét han 20
‘aldolase, cé thé thye hién cac phan ung glong v6i céc phan Ung ngung tu aldol khi

khéng ¢6 E. 8 dung’ aldolase c6 thé tong hgp duge nhiéu monosaccharide tu nhlen
va khong tu nhién.

Vi dy c6 thé ding 4 E: phytase (E.C. 3.1.3.8), glycerol phosphate 0x1dase
(E.C.1.1.3.21), catalase (E.C.1.11.1.6) va diac biét quan trong la fructose 1,6-
bisphosphatate aldolase dé téng hgp 5- deoxy-5-ethyl-D-xylulose tit glycerol.

-~ St dung glycosyl transpherase (G1-T) hodc exo - va endo-glycosyl hydrolase
(glycosidase) dé téng hop cac olygosacchande va gfyco;:rotem Dung GI-T d61 hoi co
chit dét tién nhung nhén duge cac sdn phim tinh vé héa hoc lép thé véi hidu suat
cao. 8 dung glycosidase thuan lgi hon vi chi cdn cac glycoside don gian lam chét
cho monosaccharide, nhng san phidm duge tao thanh khéng thuan khiét vé mit
héa hoc lap thé va higu suit cling khéng that cao.

Vi du: did dung a-fucosidase (E.C. 3.2.1.51) ti gan lgn dé tong hgp a-fucoside, va
sialidase (E.C. 3.2.1.18) cla Vibrio cholera dé téng hdp a-sialoside.

Ciing c6 thé két hop st dung glycosidase v transpherase véi cac co chit thich hgp dé
tong hgp cac trisaccharide, vi dy stt dung Bgalactosidase vi a-(2,3)- szalyltranspherase dé
téng hop sialyl trisaccharide.

Ngudi ta cang da dung hé théng nhiéu E dé téng hop mot vai oligo- saccharide
3 quy mé 16n.

~ Mot s8 E ciing duge s dung dé loai b6 cde nhém bdo vé ddu N hodc ddu C khéi

san pham trong céc ky thuat téng hop héa hoe cac lipopeptide va glycophosphopeptide.

- Mét linh viue méi kha quan trong trong héa sinh hiiu co (bioorgamc
chemistry) s& phat trién manh cdn chua duge chid ¥ nhiéu 1a viée sz dung E d¢ néi
cde dogn peptide v6i nhau. Vi du: s dung domain thicesterase clia tyrocidine
synthetase dé vong héa peptide tao thanh cac antibiotic tyrocidine A va gramicidin
S; st dung a-chymotrypsin dé néi cac doan peptide 16n tao thanh trinh tu hoat dong
caa protein Ht31 (human thyroid anchoring protein Ht31)

Tém lai viéc st dung E trong t6ng hgp hitu co dang ¢6 nhiéu trién vong, gidi

quyét dugc nhiéu khé khin, han ché khi su dung phuong phéap héa hoc.
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8.4. SU DUNG E TRONG CONG NGHIEP

C6 thé néi tit 1970, E mdi duge téch khdi t& bao va duge stt dung trong cic qua
trinh san xudt cong nghiép. Hién tai ¢ it nhat 12 khodng hon 60 E da duge thudng
mai héa, phén 16n cac E nay 1a cac E ngoai bao. Trong s& cac E céng nghiép c6 gin
ba phdn tuw la cde E thiy phén, thude 16p 3 (hydrolase), réi dén cac E thudc 16p 1
(oxidoreductase) khoang 20%. Cac E duge Gng dung nhiéu thudng cé lién quan dén
qua trinh trao ddi saccharide va thiy phédn protein. Cac E thudc 16p 6 hau nhu chua
duge st dung trong cdng nghiép.

Ngudn nguyén liéu chinh dé san xuat E ding trong céng nghiép 12 vi khudn va ném, -
méc dit mdt s8 E cia thuc vat vin dude dung, hién tai da bit ddu nghién cdu dp dung
phuong phdp nudi cdy mé d€ c6 thé san xust & quy mé 16n cac E déng vat va thuc vat.

8.4.1. Ung dung E thudc cic 16p khac nhau trong céc linh vy ky thuat
(bang 8.3, riéng céc E 16p 3, hydrolase chi gidi thiéu tém tét trong bang 8.4).,

Bang 8.3. CacE thude cac 16p khac nhau d4 duge (mg dung trong cac finh vuc khac nhau,

LépE, E,
mi s&

Linh vyc tmg dung

Chic ning

1.Oxidoreductase

Glucose oxidase
1.1.34

- San xuft banh nudng,
- San xuat bia.

— Ché bién sira.

— CN dét.

— Ap dung CN méi.

- Tang luc cia gluten.’

— Cai thién thdi gian sif dung.
— Bao quan sita.

- T8y tréng gian tiép.

— Thude danh rang.

Hexose oxidase
1.1.3.5

~ San xudt banh nudng.

Téng Iuc ciia gluten.

Lacase_1 .10.3.2

—CN det.
— CN san xudt gidy
— Ap dung CN mdi.

— Lam tring gidy.
— Xt ly gb.

Catalase — San xuét bia. ~ Kéo dai thai gian s dung
1.11.1.6 — Ché bign sifa. - Bao quan sita.

— CN dét. — Loai peroxide hydrogen.
Peroxidase ~ CN banh nudng. <[ — Cai thién bét nhao d& lam banh.
Lactoperoxidase — Ché& bién sita, — Bao quan sita.
1.11.1.7 )
Lipoxygenase CN banh nudng. Lam trang banh my.
1.13.11.12

2. Transpherase
Transglutaminase
2.3.213

— Ché& bién sira.

- Cai thién cau tao sifa chua.

Dextransucrase ~ San xudt bia, - 8an xuit bia isomaitose-oligosaccharide.
2415 .
3. Lyase San xuit bia.  Loai diacetyl d€ tang huang,

wu-acetolacetate
decarboxylase
41.1.5

Pectatelyase CN dét, Lam sach sgi.
4.2.2.2

Pectinlyase San xuat dich qua. Bdc vo qua chanh,
4.2.2.10 :

5. Isomerase
Xyloisomerase
53.15

Nghién udt hat.

San xust fructose,




Bang 8.4. Mot s8 vi du céce E thiy phan {16p 3, hydrolase) dugc dﬁng nhiéu

trong mdt s8 nganh céng nghiép

sTT Enzyme Ngudn Tac dung
Bacilius amyloliquifaciens . _ B
o - amylase B. licheniformis Thdy phan lién két a-1,4
1 8. subtil glucoside, Diing d€ lam lodng tinh
3.2.11 - Sublilis bot, 1am gidm @b nhét ca tinh bat.
Aspergillus oryzae :
Bacilius polymyxa
- I .
2 B-amylase B. circulans San xult maltose.
3.21.2 . 5
: Laa mach nay mam
Glucoamylase Aspergﬁfus niger .
3 ] 4t gl .
3213 Rhizopus sp. ah xudl giticose
Pulunase Bacillus sp. Thily phan lién k&t a-1, 6
Gy phan lién két a-1,
4 la21.41 Aerobacter aerogens glucoside cla tinh bdt. |
_ Klebsiella sp.
Bacillus coagulans
5 Gluco-isomerase B. stearothermophilus San xuat dich fructose dam dac tir
5.3.1.18 Streptomyces sp. glucose.
' Arthrobater
f-galactosidase Bacillus coagulandsStreptomyces sp. s . .
6. | {lactase) Saccharomyces sp. Thuy phan lactose cla sifa tao
thanh glucose va galactose.
3.2.1.23 Aspergillus sp.
7 Invertase Saccharomyces sp. Thiy phan saccharose thanh
3.2.1.26 glucose va fructose. |
Trichoderma sp.
Cellulase Spototrichum celiuiophilurm
8 3214 Actinomyces sp. Thiyphan cac nguyén ligu chita
va Hemicellulase Aromonas sp. cellulose.
' Aspergillus niger
Pectinase _ ) Thiy phan pectin, sif dung trong
g |32115 Aspergifius niger $an xudt nudc qua, rydu vang,
. Fusarium sp. trich ly dugc ligu, chan nuéi.
{polygalacturonase)
Bacillus amyloliquefaciens
B. subtilis Thity ohan q
: ] an protein, dudc sif dun
10 Protease Strep!ornyces sp- r@ngyr%i'tror?g cong nghiép b@i S
(3.4.21- Aspergillus oryzae gist, ruoy, bia, banh mi, lam mém
Mot 88 nguyén liéu dong vat, thit v.v...
thuc vat, :

8.4.2, Sir dung E trong cdng nghiép ché bién thyc pham

\-B,
L3
-]

b
R
-~ .‘\t\'

Sau day s& gidi thidu tém tt mét s vi du s dung E trong médt s§ nganh cong
nghiép thuc phdm (bang 8.5).
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Bang 8.5. Mt s6 vi du vé céc (g dung E trong céc nganh san xuét thuc pham

Nganh-san xuat
thuc pham

E sir dung

Ghi cha

_Bénh nudng

a-amifase, xylanase, protease, lipase, va mot
s oxidoreductase

(glucose oxidase, hexose oxidase,
lipoxygenase, thiol oxidase,
peroxidase, polyphenol oxidase),
transglutaminase.

Céc E nhim dam bdo chét lugng bot
nhao dung lam béanh, cai thién mai vi
va mau sic clia san pham .

Ché bién qua va
SX dich qua

Cac E phéan gidi thanh 1§ bao:
pectinlyase,

pectin methylesterase,
polygalacturonase, arabanase,
cac hemicellulase,

cac amylase acid clla ndm méc va glucoamylase

Cac E nay déu tach tir Aspergilius.

— 8\ dung c4c pectinase lam ting
chat lugng, nang sudt, tao dudc
nhiéy loai san pham mdi tif qua, kéo
dai thei gian bao quan, gitr mau bén.

Lam phomat (ché&
bién sira)

- Cac E lam ddng sira, chil yéu ta

cac asparticprotease nhu: chymosin, -
mucorpepsin, endo thiapepsin,

Ngoai ra con ding fipase, lysozyme

Lipase, lysozyme c¢iing ¢ vai trd lam
chin phomat, tang huang vi, chit
lugng phomat.

Ché& bién sita

[+ galactosidase thily phan lactose trong sifa
thanh glucose va galactose. Hai dudng nay
cé dd nget 1dn hon lactose,

— 8an xudf sita khéng ¢b lactose cho
nhitng ngudi thi€u lactase bam sinh.
— Lam tang d% ngot cla cac loai
nudc udng tif sita, sira chua.

Ché bién ca, san
xuat nudc mam

Céc protease thuc vat: bromelain,
ficin, papain

— Viéc dung trong céng nghiép con
han ché&.r

— Loai da c4, loai mang, lam sach
trimg ¢4, lam mém thit muc.

— Rt ngén thdi gian san xuat nudc
mam co6 thé xuéng 5 -6 18n (chi con
2 théang).

San xuat nudc
cham tu

dau tugng

Endo- va exoprotease:pronase E
{gém protease, amino - va

carboxypeptidase), aspartyl-protease,
papain, bromelain,

neutrase, protease acid va trung tinh clia
A.oryzae (protease ndm),

flavoE (exo- va endopeptidase cla A. oryzae)

Lam t&ng hudng clia nudc cham, rit
ngén thai gian "chin" cac dich 1én
men 30 -50 %.

San xudt bét
tring

— Glucose oxidase, catalase

- Lipase va phospholipase

— Loai glucose clia long tring trimg
@8 tranh phan (ng Maillard.

— Cai thién tinh chét nhii tuong clia
lbong dd trimg, bén va chiu nhiét hon,
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(detergent) _

Tu khoang ndm 1913, & Dtc, E ddu tién duge sit dung trong cac chét tdy cé
chita E 1a trypsin tach t tuy lgn. Tuy nhién do dé bén va hoat dd ctia E nay ciing
chi & mite vita phdi nén cling khong h&p dén 1dm. Dén nam 1963, khi hang Novo
san xudt dugc protease chiu ki€ém ban ra thi trudng, c6 tén 1a Alcalase, viéc san
xudt cdc chét tdy ¢6 chita E mdi duge phat trién, nhung ciing chi & quy mé nhé. Hai
¢d 88 san xuit nhé & Thuy Si (BIO-40) va Ha Lan (Blotex) 14 nhitng don vi &1 tién

phong tmng viée st dung alcalase aé giat cac dd diing c6 cAc v&t mau 3 benh vién va
g cac 1o mé.

Dén ndm 1965, c6 thém mdt ch& phdm protease kidm khée ¢6 tén 1a Maxatase
duge dua vao thi trudng. Trong vong 5 ndm, ¢ Chau Au di cé hon 50% bét giat dung
cho gia dinh thudc loai c6 chita protease; & My ¢6 thap hon, loai bt giat nay chi
chidm 15%.

Tuy nhién sau d6, vao khodng nam 1970 - 1980, ngudi ta da phat hién ¢6 mot s6
vin dé vé an toan va vé sinh céng nghiép khi sin xuit va sit dung bét gidt ¢6 E nén
vide san xu#t loai bt gidt ndy khong tang nhanh nia. Sau nhiing cai tién, dua E
vao trong cAe bao nang nho (capsule) ¢é thé tan trong nudc, gidi quyét duge cac van
dé vé sinh cong nghiép, viée sdn xuit loai bot giat E méi duge hdi phuc dan.

Khodng ddu nhiing nam 1970, 14n ¢4u tién o amylase chiu kidm, chiu nhiét
cling duge bo sung vao céc chit tdy.

1980 — 1990, nganh coéng nghidp gilit ¢6 nhiéu cdi tién, mdt s protease méi ¢b
cAc tinh chét phit hgp cing duge st dung. Ngoai ra, cic cellulase (celluzyme,
novozyme)}, ciing 1an dau tién dude st dung 48 1am sach va loai mau. Sd dung cac
ky thuat di truyén va k§ nghé protein (protein engineering) ngudi ta ciing 43 thiét
k& va san xudt dudc cac E ¢6 nhiing d#c tinh thich hgp d8 s dung trong bt giat va
dat dude yéu cdu vé mét kinh t& dé b8 sung vao bot giat. Vi du, cac protease cé tac
dung tdy tréng (Maxapem, Genencor), lipase (Lipolase, Novozyme) lan ddu tién
duge dua vao bdt gidt trong thoi gian néy. Cung v6i nhitng ddi ynéi, cai tién trong
cOng nghiép gidt, di cé nhiéu E c6 cac tinh chit méi duge san xust dé dap ang duge
cdc yéu cdu nay. Tinh dén nam 2002, d& ¢6 mot s6 hing sin xuit céc loai E c6 dac
tinh khac nhau dung cho bét giat nhu: 5 loai ché pham protease trung tinh, kiém;
3 ch& pham amylase; lipase, cellulase va hemicellulase (bang 8.6).

Lugng E thém vao bdt gidt cling rét khac nhau tuy theo loai bdt gidt, ¢6 thé tir
dudi 1% cho dén 6%. N6i chung, thanh phén héa hoe caa vét ban rit phic tap, cé
thé 1a protein, tinh bdt, dAu/md, cac loai ch&t mau tu nhién hay tong hop khéac
nhau, hodc cling ¢6 thé 14 sdn phdm oxy héa, sidn phidm keo tu cua ching v.v.., vi
vay dé tdy sach cAn dung nhiéu bién phap khac nhau.
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Bang 8.6. Mt s8 vi du vé cac E da dugc thuong mai'héa
dlng trong cdng nghiép san xust cac chat 18y

E Neusn £ ' " <d g Khoang nhigt dé
udn sur dun
{tén thudng mai) g P ’nd sir dung (°C)

Protease {Novozymes)

— Alcalase Baciltus species. 6-10. _ 10 - B8O
— Esperase Baciflus species. 7-12 10 - B0
— Everlase GM Bacilus spp'"! 8- 11 15-80
— Savinase GM Bacifus spp 8- 11 . 15-7¢
— Durazym L] GM Bacifus spp ' 8-11 15-75

Amylase (Novozymes)

—~ Termamyl GM Bacilius sp. 6-11 25 - 100

— Duramyl ' GM Bacillus sp ' 6- 10 _ 25-100

— Natalase GM Bacillus sp - 5-10 10 - 60

— Fungamyl Aspergilius sp. 4-7 15 - 60

Lipase

Lipolase (1 ndm GM Aspergitlus >8 < 20°Cdd am

Thermomyces lanuginosus) - oryzae vai khoang
' .25-35%

Cellulase (Novozyme)

— Celluzyme {cac loai khac nhau:

CBH 1, CBH 2, Thermomyces lanuginosus © 410 25-70

EGL EGU EGIILEGV .

va EG VI). . _"

~ Carezyme (EG V) Thermomyces lanuginosus 5-10,5 25 . 70

- Endolase (EG H } Thermomyces lanuginosus 5.9 25 .70

Mannanase

Mannanase (E trong san phdm nay | GM Bac. licheniformis 10 150 (& pH 10)

la hemicellulase, 33kD) phan giai 8 40 (3 pH 8)

cac pectin trung tinh nhu keo gém.

{*) GM Bacilus spp: genetically modified Bacillus spp.

Co ch& chung tac dung 1am sach vét ban cta E 1a phan giai chét bdn thanh cac
doan, cac phan c¢6 khéi lugng phéan ti thip hon, d& hda tan hon. Vi du protease,
amylase, lipase c6 thé thiiy phén cic vét bén protein, tinh bot, dAwmd (ngay ca khi
né ¢ dang ran) & nhiét do thap hon 40°C. D51 voi cac chit ban phan ti bé bam vao
40 quin bang vai sdi, ¢6 thé dung cellulase, E s8 loai phén sgi cellulose manh 3 trén
bé mit d& bi ban khoi bé mat sgi vai.
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Cac E dugc ditng dé bd sung vao cac chit tdy cAn ¢6 mét s8 dic tinh sau:

— Cé tinh dac hiéu rong rai.

— Gitt duge hoat déng trong khodng pH tit 7 — 11, nhidt dé tit 4 - 60°C, vi céc
loai x4 phong, chat tdy c6 pH thay d8i ti trung tinh d&n kiém manh.

- Phai hoat déng dugc trong méi trudng cé cic thanh phan khéc cda chét tdy
(chat hogt ddng bé mit, cac protease v.v..) khi bao quan ciing nhu khi st dung céc
chét nay (trong dung dich).

— 8an xuft céc chélt tdy dang trong nha nhu nude rita bat (riia bing tay, dung
cho may ria bat tu déng). _

Trong s8 cac protease, cdc protease kiém ctia Bacillus (subtilisin)} c6 nhiéu tinh
chét rat thich hgp dé b3 sung vio cae chit tdy: bén trong méi trudng cé céc chit tdy
héa hoc, ¢6 tinh ddc hiéu réng, hoat ddng manh 3 pH kiém, ¢6 khi nang san xuit &
quy md cdng nghigp. Cic E nay cling d& duge cai thién mdt s6 tinh chit (ting do
bén) bing ky thuat ADN tai t8 hap. |

D& slt dung c6 hiéu qua mét E nao 46 dua vao chit tdy, cdn tién hanh nhidu thi

nghiém véi cac loai vét baAn "mAu" khac nhau, cac dang khéac nhau (18ng, rén, dang
td nhién hay bi oxy héa v.v..) clia cling mdt loai chat ban, tinh chit nguyén lidu
(vai sgi hay td lua, s¢i tdng hdp v.v...) cln tdy sach d€ danh gia hidu qua, danh gia
hogt d¢ va d¢ bén cha E & nhiing diéu kién thyc t€ khi s dung chat tdy (pH, nhiét
d¢, thoi gian, dac bigt 12 d6 pha lodng dé xac dinh lugng E cén bd sung sao cho khi

pha lodng chét tdy, E vin & ndng 43 thich hdp con ¢é tiac dung tﬁy sach, va ciing

khéng qué thira).

Céc nghién cdu sin xu#t céc E bd sung vao céc chit tdy duge tiép tuc theo cac
huéng sau:

P

- Giam gia thanh ¢h& phim E. _ ‘

~ Tao cac E khéng hodc it c6 tdc dung giy di dng.

—Nghién ciu md rong san xuft cac hydrolase mdi c6 kha nang phan giai nhiéu
loai chit bidn khic nhau nht cic E phan giai xylan, pectin, dextran d€ loai bd
nhiing vét ban dic biét.

— Nghién clu san xufit va st dung céc oxidoreductase nhu: peroxidase,
lipoxygenase v.v... '

- Pua E vao céc chédt tdy dung trong nha nhu: nude rita bat, nude tdy nha vé
sinh v.v... (viéc sdn xu#lt cde nude riia bat c6 E mdi duge bit ddu ti nhitng nam
1990 dang dude nghién ciu d€ sdn xudt cac loai E phit hgp véi chét tdy dung cho
may ria bat tu dong, dé lam giam nhe lao ddng trong nha).

8.4.4. S{r dung E trong san xuat sdi, vai

Trong qué trinh san xudt sg¢i ty nhién thudng gdm cac céng doan chinh nhu:
tach s¢i khdi nguyén liéu, lam sach sgi, 1dm trdng, nhudm mau (dé dét vii mau),
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mot s& cong doan dic bidt dé san xuét vai bd may 4o quén jeans (nhudm miu indigo
v6i d6 tuong phén thich hgp, tao duge cam giac vai cii mai mdn nhung phai giit duge
d6 bén cha sgi v.v..).

T vAi nghin nam trude, ngudi ta da bidt ngam vé cly cb sgi dé thu sgi thuc vat.
Thuc chit clia qua trinh nay 14 nhd hoat déng cta E trong vi sinh vat. Dén gidia thé
ky thit XIX, ngudi ta da biét sit dung E dé tdy hé vai nhung & dang dung dich nudc
¢6 chita lda mach, dén nam 1912 méi bist diing amylase vio muc dich nay.

Tuy nhién, khi phat trién sin xudt sgi, val § quy mé céng nghiép, thudng phai
ding lugng 16n cac héa chit nhu NaOH, NaOCl; peroxide v.v... vA gilta céc cong
doan cdn ding lugng 16n nuéc dé lam sach héa chit, & mét s6 cong dogn cén phai
thuc hién & nhiét dd cao, tidu tén nhiéu ning lugng. '

St dung héa chat cdn 1am anh hudng d&€n df bén cua sgi, vai, td.

Véi su phat trién céng nghé E, c6 thé san xuit nhiéu E & quy md cdng nghigp
véi lugng 16n, tit niim 1990, viée st dung E trong san xuét s¢i ngay cang duge quan
tAm phat trién, nhét 13 trong qué trinh ch& bién s¢i ty nhién.

Cac E thudng duge st dung (hosic dang nghién cftu dé sl dung) vio cic céng
doan sau: '

a) Phén gidi cdc tap chdt (pectin, sdp va cac chédt béo, protein va cic thanh
phan khac) c¢6 trong 1dp bao ngoai sdi béng, t6 vA cic sgi tu nhién khdéc, tao thanh
cAc sdn pham phén ti thdp dé hoa tan, tao difu kién thuén 1¢i cho viée tach soi khoi
nguyén liéu. ‘

b) Tdy ho sdi bdng, s¢i td tAm va cac loai s¢i khac duge hd bing tinh bot, gelatin

hoic bang cac chit k&t dinh khac. ,

¢) Lam trdng soi, loai bé peroxide thita trude khi nhuém mau.

Cho dé&n nay, theo thong ké ctia W.Aehle, cic E da duge duing hodc dang trong
giai doan nghién cftu dé {ng dung trong cdng nghiép ché bién sgi, cho thdy phan 16n
14 céc E thity phan (16p 3, hydrolase), va chi ¢6 mot vai E thude 18p oxidoreductase
(16p 1), bang 8.7. Cac E thude 18p 3 chil yéu duge ding 8 cdng doan a va b; Cac E 16p
1 ¢hii y&u dé loai bd peroxide thita trén sgi trude khi nhudm mau, hose dé loai chalt
mau, lam trang sgi. Nhiéu trudng hgp dung phéi hgp cdc E khac nhau dem lai hiéu
qué ién. ' '

Nhitng wu diém cia viée sit dung E thay cho cac chit héa hoc dé san xuit va xu
ly sgi la:

~Lam gidm 8 nhiém méi trudng, nén duge xem 12 céng nghé thén thién méi truong.

. — Khoéng lam anh hudng dén ciu trie va d bén cha sgi cellulose (do E ¢6 tinh
tac dung d#ic hiéu cao).

— Giam tiéu thu ning lugng, giam lugng nude s& dung.
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Bang 8.7. Cac E dugc ding trong qua trinh san xuét sdi, vai

Lép E, E, (ma s3) Cd chat Muc tidu sir dung va igi ich
1.0xidoreductase
- Glucose oxidase {1.1.3.4) - Glucose ~ Lam tréng, cii thién dé tring
- Lacase {1.10.3.2)’ - Chat trung gian (mediator), | - Lam trang, phan giai va oxy héa
chat mau indigo. chat mau. .
- Catalase (1.11.1.6) -~ Peroxide hydrogen — Loai peroxide, lam tréng.

3. Hydrolase

- a- amylase (3.2.1.1) - Amylose ' ~ T8y hd sdi, vai (tinh bot thudng dugc
ding d8 hd nhiéu loai vai ké ca cac
| foai poly (vinyl alcohal) va poly (vinyl
pyrolidone), sif dung a- amylase cla
Bac subtilis ta thich hep nhat. '

~ Cacpectinase: — Pectin _ - ~ Lam sach sdi, loai bd pectin ¢6 trong
polygalacturonase Idp bao t& bao soi thue vat.
(endo-3.2.1.15, ex0-3.2.1.67). s v6 g b o b

- . .| = Pha v& d§ bén cla Ip bao xung
—( E;d1o:{1 l]4--[3-;113nanag:;e Hemicellulose quanh si thufc vat.

3.2.1.78). _ _
- Endo-1,4-3-xylanase - Lignin — Ché bign sgi day, phan gidi Jignin,
(3.2.1 8), cai thién do tring.
- Cellulase (3.2.1.4) — Cellulose —’yém‘ béng sqil,_loe_li cac sgi xU xi, gir
- Cac protease (3.4.21 — 25) ' vai nhin ludn mdi.
' ~ Gilp viéc mai vai bo.
— Protein —'Lam sach len, loai cac mang bam,

loai chat keo trén sai {0,

Sau diy s& néu chi tiét thém tac dung ctia mét s E da ghi trong bang 8.7.

- Diing catalase dé loai peroxide: sau khi 1am trdng soi, trude khi nhuém mau,
phai loai h&t peroxide thita d& tranh oxy héa chit mau. Theo phudng phap truyén
théng phai ding rit nhiu nude hodc thém chit khi, catalase s&4hiy phan nhanh
chéng peroxide thita thanh oxygen va nude. St dung ¢dng nghé nay, theo tinh toan
cy thé clia mdt nha may (so véi cong nghé truyén théng), da lam gidm: tidu thu
ning lugng khodng 24%, nudc 50%, thoi gian xi ly 33%, tiéu tén héa chit 83%.

- S0 dung lacase va mediator: nim 2001 da dua vao thi trudng quy trinh si
dung E mdi la lacase va mediator dé tdy mau indigo trong san xudt vai bd. Trong
quy trinh nay, ch&t mau indigo ¢4 bam vao sgi hodc & trong nudc déu bi oxy héa
thanh san phdm khéng mau va hoa tan. So véi quy trinh diing céc chat héa hoc,
viée st dung E ndy dem lai lgi ich r3 rét: tao ra vai bé hoan thién hon vé mau séc,
d6 mai mén nhung giit duge d6 bén t6i da cla sgi vai. '

- 81 dung protease dé leai chét keo bao quanh sgi to. Sdi td c6 dudng kinh vao
khodng 10 - 14 micromet, bao gbm 2 filament fibroin duge bao quanh béi protein
sericin. Ham lugng sericin vao khoang 17 - 25% khéi hugng tg. Do sericin nén khi sd
V&0 sgi to thaly c6 phin g ghé, xo citng. Vi vAy sau khi loai bé sericin, s¢i td 58 mém
mail va béng.

Vé thanh phén ciu tao, fibroin va sericin c6 c&u tric khéac nhau: fibroin ¢é chiia
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cdc doan 1ap lai gdm 6 amino acid Ser-Gly-Ala- Gly-Ala-Gly, chita Iugng 16n glycine
(44 mol%), 'rdi dén alanine (29 mol%), con serine chi 612 mol%; nguge lai, sericin
lai chda nhi€u serine nhédt, dén 37 mol%, glycine chi ¢6 15 mol% va acid aspartic
cing chiém 15 mol%. Chinh sy sai khac nay cho phép s dung protease dé loai
sericin ma it hodc khéng anh hudng dén ciu trie fibroin cta to (vi E ¢6 tinh dac
hiéu cao, c6 thé phan gii protein nay ma khéng phan gidi hodic tic dung rat it d5i
vO1 protein khac). Néi chung, protease hoat dong trong méi trudng kiém sé& phéan
gidi sericin t6t hon. Tuy nhién, mét s& nghién ctu cho thiy dung cic E tudng tu
trypsin, papain, hodic pepsin khéng cho k&t qua mong mudn. Mét s8 nghién citu thu_
phoi hgp protease va lipase cho thay cé két qua t6t hon. Viée si dung protease dé
loai keo to méi duge ap dung & Trung Quéc.

0 Viét Nam ching t5i va mdt s8 tac gia khac cling da thi dang protease cia
dtia (bromelain) dé xi 1y kén khi uom td, k&t qua cho thay vige kéo td duge dd dang
hon (do E phin giai 16p keo ngoai sgi td), c6 thé tién hanh kéo td & nhidt d6 thip
hon, @8 dai sgi to ting dang ké.

Nhin chung viéce stt dung E trong san xuét sgi, vai mdi chi tap trung vao sdi ty
nhién, tuy nhién ¢6 mdt 8 nghién ctu cho thay, clng c¢é thé sit dung E trong san
xuét sgi téng hgp nhu sgi polyester va nylen. Nim 1998, da c6 cong bd vé tac dung
cia E d6i véi sg¢i tong hgp: lipase 1am tang tinh ch&t hap thu va d6 tham nude cla
sgi polyester; tadc dung cta protease d8i véi oligomernylon; nitrilase (E.C. 3.5.5.1 va
3.5.5.7) hodc nitrile hydratase (E.C. 4.2.1.84)/nitrile amidase (E.C.3.5.1.4) 481 véi
sg1 va hat polyacrylonitrile. Cic E nay lam thay d6i bé mit sgi acryhc lam téng

hiéu qua nhudm mau s¢i. Cac két qua trén cho thay tiém nang st dung céng nghé E
trong san xudt sdi tdng hgp, sé tao dudc cong nghé thén thién méi trudng trong san
xuét sgi téng hop.

E ciing c6 thé duge st dung dé xi 1y nude thai § cac nha may fén xudt sdi, vai.

‘Nude thai cia céc nha mAy nay cé chita tinh bét, poly (vinyl aleohol); va dic biét 1a cac
ch&t mau rat khé loai bé khi dung céc phudng phép xl 1y nude thai thong thudng. Cac
chit mau azo khi thai vio méi trudng, ¢6 thé tao thanh cac amin thom rait déc hai.

8.4.5. SUr dung E trong cong nghiép san xuit bét gidy va gidy _
Qua trinh san xudt gifly va bot gidy gdm 3 cong doan chd yéu: nghién bot, tiy
tridng va xeo gidy. Theo quy trinh truyén théng, sit dung cic héa chit phai thue
hign ¢ nhitng di€u kién khic nghiét: pH cao hodic thip, va nhiét d6 cao, vira tidu tén
ning lugng va anh hudng xAu dén méi trudng. Vi vay ti nhiing nam 1980, di ¢
nhiéu nghién citu va ing dung E vao nganh céng nghidp gidy, va dén nhiing nam
1990 viéc tng dung 3 quy md céng nghiép phat trién manh, nam 2002, viée st dung
xylanase dé t&y trdng & quy mb cong nghiép da phat trién nhanh chéng. Cac E khac
nhau da duge s dung (bang 8.8) chi y&u & cdng doan tao bot gify va tdy tréng, tiy
- muyc trén gifly (trong qua trinh tai ché gidy). Diéu quan trong d€ md réng viée sit
dung E trong céng nghiép sin xuét gidy 14 gia thanh ché phdm E phai phi hop véi
quy md céng nghiép dé bao dam lgi ich kinh t&.
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Bang 8.8. Tac dung cla cac E trong qua trinh san xuat bét gidy va gidy

Enzyme {Co chit). Tac dung Lgiich ki thuit
Celiobiohydrolase (cellulose}. — Tiét kigm n2ng lugng.
—Lam nhd sgi. — Lam t3ng d6 mém déo cha soi.
Endoglucanase, (cellulose). -

Cac celiufase

— Phén triing hap.

Lam tang kha naéng loai myc clia gidy.

Endoxyianase,
endomannanase

(xylan}.
— Phan triing hop,
gidm d6 bén keo tu.

— Tang kha niing tach lignin.

Acetyl glucomannan-
esterase

(glucomannan).

~ Giadm 8§ hoa tan
cla glucomannan.

— Tang hiéu suit bt gidy, ting tinh bén.

Polygalacturonase, {pectin), ~Ti&t kidm nang Iugng trong qua trinh tudc vo.
galactanase — Phan trliing hdp. — Giam lugng cation cén thlet trong qua trinh san xuat |
gidly.
— Tang kha nAng tach lignin.
Laccase (lignin). — Trling hgp héa lignan.
.— Trung hgp héa.
Laccase mediator (lignin), — Ting d.c sang mau.
Mn®-peroxidase — Phan trang hap héa.
Lipase ' (cac chat khac). — Tang tinh bén.
| — Téng tinh u'a nudc
cla sdgi.

Sit dung E dé logi myc 1a v&n dé€ c6 tiém nang @ng dung 1dn nhat trong san
xudlt bt gidy va gidy, hién cling di duge st dung. C6 thé dung £ac E thay phén
saccharide nhu cellulase, hemicellulase, ho#ic pectinase dé tach cac phin td mue
khéi bé mat soi gidy, ho#ic dang E @€ thiy phan chit mang phén ti muc.

8.5. SU DUNG E TRONG NONG NGHIEP

Viéc fing dung E trong néng nghiép, chi yéu 1a trong chan nudi dé tdng hiéu
sudt sz dung thic dn, sdn xudt thite dn dé tiéu héa cho déng vat, dic biét 14 dong
vat con non dé tang hi¢u qua st dung thic &n. Cé hai cach st dung: trén E vao thiic
an trude khi dung, hodc xi 1y thitc &n véi E d€ chuyén thanh dang dé tiéu héa réi
mdi cho dong vAt dn. Cach thi nh4t dé thyc hién nhung cdn phai chon céc E cé thé
hoat d6ng duge trong 6’ng tiéu hoéa cua dong vat, hidu qua s dung E khéng cao.
Céach thi hai cho hidu qua cao hon vi ¢6 thé tao didu kién thich hdp dé E hoat dong
manh nhét, khai thac t8i da tac dung ctia E.

Thanh phén thic an cta nhiéu déng vat chd y&u 1a ngh cde, cb bd sung céc

nguyén liéu giau protein nhu dau tuong, va/hodc nguyén liéu gidu lipid. Nhidu thic

dn thuc vat c6 chita khoang 30% 14 cellulose, hemicellulose, pectin 13 nhiing chét
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ma nhiéu ddng vat khong hip thu duge. Mic di trong hé tidu héa caa dong vat
cling ¢6 cdc E phén giai cic chit dinh dudng trong thic an (tinh bdt, protein, lipid)
nhung thudng khéng da dé tiéu héa toan bd thie an. Vi dy, ngudi ta da tinh duge la
lgn khéng thé tidu héa mét phan nam khéu phén #n hang ngay. Hon nia trong mét
s6 nguyén liéu (d4u, dic bist 1a dAu tudng) con c6 céc chit khang dinh dudng. Si
dung E trong chan nuéi dem lai nhiing l¢i ich sau:

— Phan giai cac chét khang dinh dﬂang ¢6 trong nguyén lidu, lam cho viéc tidu
héa thic 4n tdt hon.

~ Phén giai cac thanh phan cfu tric cia nga cbe, do d6 cac chit dinh dudng dé
tach ra hdn, 1am tang hé s st dung thic 4n.

—Phin gidi cac chit dinh dudng & dang polymer phéan t& 16n thanh cic san
phém phan ti th&p d& tiéu hoéa, d& h&p thy, ting hidu qua h&p thu thde an. Pidu
nay dic biét c6 lgt 481 v6i ddng vat con non.

- Gidm 6 nhidm méi trudng.

Viée sl dung E phuc vu chén nudi duge bat ddu & Lién X6 tit nhiing nam 1970,
cha y&u 1a céc ché phdm E thé (chua tinh sach hodc duge tinh sach khodng 3 — 10
lan) tit vi sinh vat véi cAc tén khac nhau nhu: amilorizin, glucoavamorin, ¢6 chta
dén 5 E thay phan khac nhau (amylase, dextrinase, maltase, glucoamylase va
protease). Cac ch& phdm E thudng duge st dung dé chuén bi thic &n cho lgn, déng
vt ¢6 siung va chim. K&t qua nghién citu cho thiy sl dung cellulase dé phan giai
cellulose khéng chi ¢é tac dung chuyén héa né thanh dang c6 thé hidp thy duge ma
cdn ¢6 anh hudng tdt d€n viée stt dung protein va ning lugng ctia kh&u phén. Vi du:
thém ché phdm subtilase vao khiu phén an clia lgn lam tang trong cao hon déi
chitng tir 15- 20%; dé&1 v6i g ciing cb thé 1am ting trong ti 10 — 13%; d&i véi c&, mot
s6 nghién cttu cho thay cé thé st dung ché& phdm E dé nusi va v3 béo ca chép, ¢4 héi.

Vao nhitng ndm 1980, d Phan Lan da s dung B- glucanase ba sung vao thic an
12 Jda mach d& chin nudi gia cam, va ditge xem 13 st dung E & quy mé 1é6n nhit
trong chin nusi. O cdng ddng Chau Au, viéc st dung E trong chan nuéi kha nhiéu,
chi y&u 12 nubi gia cdm véi thitc 4n ¢b chita E. '

Cho dén nay, cic E duge dung nhiéu vi cho hidu qud cao 14 cac E phén gidi
polysaccharide khdc tinh bjt (pentosan) clia lda my, lia mach, yé'n mach. Céc chit nay
duge xem 14 céc chat khang dinh dudng, vi khi d dang hda tan né lam ting d6 dinh trong
rudt non cua déng vat, do d6 1am gidm mite 45 va t6¢ dd tiéu héa cac chét dinh dudng. Do
d6 vao khodng nim 2003, cac E duge chi sit dung la xylanase (phén gidi arabmoxylan
cla cic thic &n lda my), va 3 glucanase dé thiy phén - glucan cta lia mach.

- Thit nghiém clla mdt s8 tac gia cho thdy, khi thém xylanase clia Trichderma
vao thic an ché bién tit lia my cho Ign con theo ty 18 5000 don vi cho 1kg thdc &n,
lam téing khéi lugng lgn so véi d6i chitng (cung thiic &n nhung khéng thém E) 1a
17%, ty 18 hrdng thitc dn tiéu ton/ khoi lugng thu duge 8 miu déi ching 1a 2,05
trong khi ¢ mau ¢6 b3 sung E chi ¢6 1,71.

- St dung # glucanase trong thic an dong vat trong nhifu niam da cho thay
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dem lai lgi ich ro rét, ddc biét, d6i vdi lgn va gia cdm khi sit dung thidc &n ¢é chia ti
30% trd 1én 1a laa mach. Vi du d8i v8i ga gio, dd 1am tang trong hon d6i chitng
(khdng thém E) khoang 10%, giam ty 18 tidu thu thiic 4n cho 1kg tang trong.

Ngoai 2 E ké trén, phytase, protease, amylase ciing dang dude st dung.

+ Phytase c6 tac dung thily phan acid phytic (nyo-inositol hexakis-dihydrogenphosphate),
14 dang dy tri phospho trong nhiéu loai ngii e¢dc va didu duge dng lam thie an cho
dong vat. Ty 1& phospho trong acid phytic/phospho tong s8 cua dau tudng 1a 60%, &
ngd 1a 72% va & Ida my 1a 77%. Céac dong vat da day don chi tiéu héa moét phén nhd
- acid phytic, con phan 16n bai tiét ra ngoai, giy 6 nhidm phosphophytate trong moi
trudng. _

San pham dudc tao thanh dudi tac dung cla phytase 1a phospho (rit cAn thiét
cho dong vat, khi thiéu phospho ddng vat chan 4n, do 46 sut cén, giam sinh san),
va myo- inositol (thanh phén ciu tao clia glycerophospholipid, 14 thanh phan lipid
chu y&u cda mang sinh hoc).

Acid phytic ciing ¢é tac dung bao vdy potasium, calcium, dong, kém va
magnesium, do d6 né ciing dude xem 13 chat khang dinh dudng.

Vi vay st dung phytase, mdt mit lam tdng gid tri dinh dudng cta thic &n,
giam tac dung khang dinh dudng cta acid phytic, mat khac cdn 1am gidm 6 nhidm
mél trudng.

+ Protease, ¢6 tie dung thiy phén protein thanh cac peptlde phén ti thép, dé
tidu héa, thudng duge s dung cing vdi cac E khac. Cac E nay c6 tac dung thiy
phén cac chit khang dinh dudng cé ban chit protein nhu lectin, cdc protein kim
him protease thudng ¢6 nhiéu trong cac loai dau, dic biét 12 dau tuong.

+"o:-amylase, thuy phéan tinh bdt, thudng duge st dung ciing véi cic E khac dé
chufn bi thitc 4n (cht y&u 14 ngd) cho gia cAm, cholgn con & giai doan cai sita.

Trong tudng lai, dé phat trién va md rong tng dung E phug vu chdn nuéi, cén
lia chon cac E ¢6 d6 bén cao & cac didu kién sidn xuat thic &n cho dong vat, bén véi
céc thanh phan thudng cé trong thitc #n cha déng vat. CAn tiép tuc nghién citu lua
chon cac E dé stt dung thich hop ¢ hidu qué cao d5i véi ting doai thic an, va tim
ndng dd phytase t8i thich dé st dung cho cée thic an tit ngd.

Cho dén nay, cic.E duge st dung trong chén nudi thudng dude tach tit vi sinh
vat hodc ndm moc, mdt hudng nghién cltu dang duge 1w ¥ 12 tim cach dua céc gen
etia cie E nay vao thyc vat dé bidu hién trong chinh cac thuc vat ding lam thie an
cho dong vat. Néu thanh cong s& 1am gidm gia thanh so véi phuong phap hién nay.
Véi muc dich nay, ngudi ta da bat ddu nghién ciiu dua gen phytase vao ciy déu
tudng, lia my, thudc 1, alfalfa, va ciy cai ddu. Tuy nhién viée nay ciing cé thé gip
khé khan do lién quan d&n ciy bién d6i gen,

8.6. SU DUNG E TRONG MOT SO LINH vUC MOI

Tit khodng nam 1990 bit ddu nghién ettu st dung E mét s8 linh vic méi nhu:
m§ pham, bao quan, hdi phuc lai pH méi trudng, xi 1y ¥6 cdy ban, ddu ms, xit 1y
nuée thai v.v... (bang 8.9).
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Bang 8.9. T6m tét cac linh vue mdi cla viéc nghién cfu ng dung E

Linh vue -
- Enzyme . . 2 .
'ng dung . Tac dung, Idi ich, trién vong, ghi chi
dudc dang '
enzyme
My pham:
Nhudm tdc Oxydase, E sé tao H,0, tai chd, vai néng dd vita g4, khéng phai
peroxydase, ding H,0, & ndng 46 cao {ch thé lam hai téc), didu kién
tyrosinase. nhudm téc diu han, c6 thé thyc hién & pH trung tinh.

Tao sdng cho
toc

— Disulfide isomerase (sdp
x&p lai cac cdu - 5-8-);
— Glutathione

sulfhydryl oxidase {oxy héa
trd lai cac cdu ~5-5-),

Patent v8 linh vuc nay da cé tir 1917, d&n nam 1960

mdi dudc st dung, tuy nhién trén thi trudng ciing chua

¢6 cac san phdm nhudm téc bang E vi gia thanh cén

cao. T nam 1999, trung binh mdi nam co khoang 40

patent lién guan dén viéc st dung E dé nhudm téc, diéu -
nay hita hen & sdm dua san pham ra thj truding.

Thay thé acid thioglycolic khit cdu disulfide trong

keratin clia téc d8 pha cdu tric tu nhién cla téc, thay

thé H,0; dé oxy héa cac nhém ~ SH tao cac céu ~S-S—
mdi, khac v3i dang tu nhién.

Cham s6c da

Protease thuc vat Céc E nay cb tac dung thiy phan gidi han cac t& bao
(papain ciia du di, biu bi, duge sir dung dé 15t nhe da mat tam cho da
bromelain ciia dda), tir 1990 | Min hon.
dung protease vi khudn.
Thudc danh — Glucose oxidase. — Chéng vi khudn tao cao rang, gay muc xudng rang,
rang va nuéc ' : viem Igi. E nay oxy héa. glucose, tao thanh
suc miéng gluconolactene va H,0,. Peroxidase cla nudc bot s

— Amyloglucosidase,
protease.

dung H,0Q, tao thanh hypothiocyanite 14 chét khang
khuin manh. ‘

— Thiy phan va loai bd tinh bdt, protein cla thic &n con
lai trong r3ng. Papain da dugc sl dung cung véi acid
citric trong s&n phdm lam tringaang.

— Cac E thiy phan ciing dudc diing trong dung dich d&
lam sach rang gid, cac E oxy héa khir ¢ling duge ding

| dé tdy tréng rang gia.

N
mo

Khai thac dau

Mannanase bén nhiét.

Thiy ph&n mannan (dugc dung trong dung dich khoan
ddu}, ¢d tiém ning (ng dung dé didu chinh dé nhat cla
dich khoan, tang t8ng thu nhap cha mbi giéng diu.

X0t by nudc thai

Catalase.

8.7. SU DUNG E TRONG Y, DUQC

Tt khoang gitia ndm 1950, viéc xac dinh hoat 43 E, st dung E tinh sach trong
lam sang da duge tdng ddn. TU nam 1954, da phat hién duge rdng chi mdt thdi gian
ngin sau khi bi nhdi mau ¢d tim, hoat d§ cha dspartate aminotranspherase
(E.C.2.6.1.1) tdng, Tu dé kich thich viéce nghi_én citu dé sit dung hoat d6 E clia mau
1am chi thi vé sw phd héng mé dé chan doAn bénh.

Cé thé tém tit mobt s8 khia canh clia vige nghién citu, st dung E trong Y, Duge

nhiu.sau:

Loai b H,0, trong nutic thai nhanh va cé hiéu qué nhat.
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— Xac dinh hoat d6 E -dé chén doan bénh, Iya chon céc E 1am chi thi dé c6 thé
phat hién s6m bénh, theo d6i dién bi&n bénh trong qua trinh diéu tri. Vain d& chinh
¢ day 12 lya chon E dic hidu cha mé. Trong mét s§ trudng hop, ciing c6 thé sit dung
st sai khic cia phd iscenzyme dac trung giila md va huyét thanh, vi du: phd
isoenzyme lactate dehydrogenase.

— 81 dung E, cac chit kim him djc hidu E 1am thudc dé diéu tri bénh.
8.7.1. Xac dinh hoat d6 E phuc vu chin doan bénh

Céc E duge lua chon dé xac dinh hoat dé phue vu chdn doan bénh cin phai thoa
man mot sé didu kidn sau:
. — C6 trong mau, nudc giai, hoic ¢6 trong mét s6 mé ¢6 dich (mang phdi, mang
bt_mg, da day, ta tréng, &ng nio tay v.v...).

- E ¢6 thé duge xac dinh hoat db d& dang, phudng phap x4c dinh dé dang tu
dong hda.

- C6 sy sai khéc rd rang v€ hoat d6 E gitia trang thai binh thudng va big‘:nh 1y.

- E cling cin ¢6 d§ bén tudng 481, dap i@ng duge yéu cdu thdi gian bio quan miu
trude khi phan tich,

Dé xac dinh hoat d4 cac E trong mau phuc vu chin dodn bénh, cin phan biét:

+ Céc E c¢6 chitc niang binh thudng trong huyét tudng (cic E xite tac cho qua trinh
ddng mau, hoat héa thanh phén complement c¢iia mau, va trao déi lipoprotein),

+ Céac E khong dac hidu cia huyét tuong, 12 cic E khéng c6 chite ning dic hidu
trong huyét tuong, trong mau cé thé khéng cé co chét, hoic CoE cua ching. Cac E
nay thudng do cic md ti€t ra (amylase, lipase, phosphatase va cac E lién quan dén
qué trinh trao d6i chit cia t&€ bao), chi cé6 mét ludng rat it trong mau. Khi ham
lugng cda ching trong huy8t tudng tdng lén ddt ngdt (c6 thé ting 18n dén hang
nghin 1an) chitng t0 ¢6 thé cé sy pha hiiy mét phin cdc mé tuong Gng c6 vai trd téng
hgp déc hiéu cac E &y. Hién tugng tang nhanh chéng phén lén cac E ngoai bao cla
md trong huyét thanh ngudi bénh chitng t3 cac E nay 1a duge tiét ra tit mé bénh.
Tuy nhién cling con ¢6 thé do mdt s6 y&u t8 khac (t6c d6 thay thé t& bao tang, viée

x¥ 1y qua than bi gidm v.v...). Cling cdn luu ¥ 13 sy dinh vi cha E trong t& bao, thei

gian ban séng cua mébi E cling dnh hudng d&n viée tiét E vao méu khi md bi pha
hiy, cic E cta ty thé bi tach ra cham hon cac E ctia biao tudng.

Diéu cin luu ¥ 12 khéng thé chi cin cit vao hoat d6 E dé chén doan bénh ma con
cin k&t hgp voi cac triéu ching 14m sang khac.

8.7.2. Str dung E trong diéu tri bénh
Ba linh vyc dude st dung nhiéu nhét 1a;

- Thay thé céc E bi khi€m khuyét hiay bi thi€u do céc bénh di truyén.

— Thay th& cac E bi thi€u hut, hodc chi ¢é véi lugng it hon binh thudng do ed quan
téng hdp no bi bénh.
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- Dé tao nén mdt hidu qua sinh hoe dic hidu nao dé tuy thude vao hoat tinh xtc

tac cia E.
" Ngoai ra, mft s6 E cling duge diing vdi tinh ch&t b trg, phdi hgp véi cac
phuong phéap didu tri khac, hodc dé loai bd cac chat dée, cac chat khéng mong
mudn khéi mau ho#ic mé. Vi du: st dung bromelain (protease cia dfia) dé phan

giai hoai ti bdng cho k&t qua tot (céng trinh phéi hgp nghién citu gitta chiing t01
va Vién Béng qudc gia Viét Nam).

Phén 16n cac E duge dung 13 hydrolase, mot s& oxidoreductase, transpherase,

va lyase,
8.7.2.1. Céc yéu cdu déi véi ché phém E ding trong diéu tri
— Phai duge dua dén ding chd cén thiét trong mé va 6 quan.

'— Céc E phai gilt duge hoat @9 xic tac tat trong cac diu kién tai ndi ma né duge
dua dén. Vi du cic diéu kién vé cd chét/coenzyme, thé& oxy héa khi, pH, cic chat
kim ham v.v... Cac diéu kién nay cdn biét ddy dt truée khi duta E vao.

~ Céc E phai di bén dé ddm bio mic d6 hoat dong dap Gng yéu clu trong
khoang thoi gian cén thiét.

— E ¢6 d6 hda tan t&t d& c6 thé d& ti€p can vao ndi cln tac dung, c6 thé sit dung
& dang udng, tiém.

— E ¢6 d9 sach cao d& tranh cac phan tng phu do cac tap chét gay ra.

Ngoéi ra, E cling phai dap ing céc yéu cdu duge quy dinh déi véi moi loai thude nhu:

— An toan, hiéu qua diéu tri phai 16n hdn cic phan tng bat 1g1, déc biét 1a cac
van dé phite tap v& midn dich.

- Hiéu qua diéu tri duge xac dinh théng qua céc thi nghiém ldm sing theo quy
dinh ctia Nha nude.

B
~ E duge chuén bi § dang thuén l¢i cho vide st dung. ’

8.7.2.2. Nhitng han ché& cia viée siz dung cdc thuée Elprotein

a) Khéng bén, dé bi bién tinh dudi tac dung nhiét, pH acid hay kiém manh, cac
chat gdy bién tinh, su phén gidi sinh hoc, tde dung phan hiy cha cac E trong t& bao
va cd thé s8ng, phan tng loai bd cac protein la ciia cd thé.

b) Co thé bi lam bdt hogt béi cac chat kim ham v6n ¢6 trong hé théng soéng.

¢} Bé mgt phén ti? cta cac E hoa tan c6 tinh ua nude, do d6 khéng di qua mang
sinh hoc. ' |

d) Tinh th@m cia mang té& bao ciing 14 mdt trd ngai, vi vay cho dén nay, cac E
duge st dung c6 hidu qua déu 14 nhitng thude E ¢6 tac dung bén ngoai té& bao, ¢b tac
dung tic thdi d€ loai bé céc chit dde hodic x& 1§ cdc réi loan trong mau.

e) Tinh chét mién dich (immunogenecity): Cac protein khéng phdi cia ngudi
déu 1a protein "la" d6i véi cd thé s& bj dao thai. Khi tiém E vio mAau, né sé cam dng
tao thanh khang thé, vi vay gy trd ngai cho viée st dung lap lai nhidu lin thuée E.
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Trong mdt s& trudng hgp cho thay khi st dung cac E tai t6 hgp, phan Gng mién dich
thap hon, 1y do dude néu 1a ¢6 thé do ch& pham E ¢6 d6 sach cao hon.
Tac dung giy di dng c6 thé x4y ra khi xéng bt E, dic biét 12 cac protease.

) Gid thanh cao, kiém tra chdt lugng cha sin phim cubi cang ciing ¢6 nhitng khd
khan.

8.7.2.3. Nhitng uvu diém khi s@ dung E trong diéu tri

— Phan ting phu c6 hai it hon khi diing c4c thuée tdng hgp héa hoc phéan ti thap.

- C6 tinh déc hiéu cao.

8.7.2.4, Nhitng thdch thitc cdn vuot qua dé phdt trién cdc thuéc E

- Lam tang d6 bén cia E: Cé thé bing cach gin E vao polyethylene glycol; tao
lién k&t chéo (cross-link) bing phudng phap hda hoc; boc E trong cde nang polymer,
hodc trong céc lyposome nhén tao v.v..

— Loai bd tinh mién dich bang cach thay ddi hoiic che phtl phan bé mat phén tu
E ma hé théng mién dich ctia co thé c6 thé nhén biét.

— Tim céch dé c6 thé dua duge E dé&n dung t&€ bao/md cin dua E vao. C6 thé thuc
hién duge didu nay theo cac cach sau:

+ Thay d8i cac gfc dudng duge nhan biét bdi cac hep'atocyte receptor.
+ Dung hgp di truyén vdi "targetingdevices" nhu cac peptid hodc cac doan
khang thé nhan biét.
+ Cai thién tinh thim vio mé b-‘ér'lg cach lam giam kich thudce phén ti hodc néi
vét mét trinh tyy ldm trung gian cho viéc thdm qua mang.
8.7.2.5. Hién trang ciia viéc siz dung E trong diéu tri
Cho dé&n nay c6 khoang 60 E da dugc diing trong diéu tri ¢6 trén thi trudng, hodc
dang & giai doan thi nghiém lam sang. Trong s cic E nay co:
— Hon 50 E thudce 16p hydrolase (1dp 3, cac E thliy phén); ’
—Chico 2 E thude 16p oxidoreductase (Iép 1): urate oxidase tu nhién va tai td
hop, superoxide dismutase ty nhién va tai t8 hop;
— 1 E cua 16p transpherase (16p 2) 13 yéu td dong mau XIIla (E.C.2.3.13), c6 tén
hé théng la protein-glutamine: amine yglutamyltranspherase, con.cé tén khéac 1a
fibrinoligase, transglutaminase.

— 1 E thudc 16p lyase (16p 4) 14 uroporphyrinogen-1 -synthase ti t& hdp (E.C.4.3.1.8),
¢6 tén hé théng 1A porphobilinogen ammonia-lyase.

a) Cdc E oxidoreductase. Cac E oxidoreductase (I6p 1) diéu tri bénh gout, thita
acid uric, b&nh viém khdp, polyarthritis, asthma, ngan ngita bronchopulmonary dysplasia.
— Urate oxidase (E.C.1.7.3.8), xic tac cho phan vdng oxy héa acid uric thanh
allantoin ¢6 d6 hda tan 16n hon. E tach tit Asp. flavus d4 duge dung & Phap, Y tit
nhiéu ném truéc day dé diéu tri bénh thita acid uric & cac bénh nhan c6 nguy co
tumor lysis syndrom (TLS). TLS din dén ling dong acid uric va intraluminal tubular
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obstruction, thita phosphate (hyperphosphatemia), thi€u calcium (hypocalcemia), c6
thé lam r6i loan chdc ning than va nhiéu cd quan khac, de doa su séng. E tach tit
Asp. flavus cling c6 nhiing han ché va phic tap, do d6 da san xuit E nay béng
phuong phap tai td hgp, biéu hién trong Saccharomyces cerevisiae, ché phim E c6 d6
tinh sach kha cao, da duge phép dua vao thi trudng Chiu Au nam 2001, va trong thi
trudng My ndm 2002, ché pham gay di tng th&p hon E cia Asp. flavus.

— Superoxide dismutase (E.C.1.15.1.1), ¢6 t&n h@ thong 12 Superoxide: Superoxide
chronic

02+02 +2H'=

Cac lon superoxide cling nhu peroxide hydrogen 1a khdi diu cho viée tao thanh
da dugc ching minh 14 c¢6 tdc dung diéu tri bénh ostheoarthritis,
polyarthritis, radiation cystitis. Ngudi ta cling dang ti€n hanh th nghidm lam sang

oxidoreductase, xuic tac cho phan tng

cac loai oxygen c¢6 kha néng phén Ung cao (réactive oxygen species, ROS8), ¢6 thé pha
huy té bao va md. Superoxide dismutase (8D} loai tac dung ddc cia ROS. Nam 1960
nguoi ta dé tach duge SD tir gan bd, duge dung nhu thudc chéng viém ti nim 1980 va

mot ché phAm SD tai t6 hgp cia ngudi, bidu hién & E.coli hodc ndm men dé didu tri
amylotrophic lateral sclerosis, bronchopulmonary displasia trong premature neonate
va respiratory distress syndrom. D& kéo dai thoi gian luu lai caa E trong mau, ngudi
ta ciing da thd gin E nay véi polyethylene glycol va thiy cho két qua tét, hién dang
tiép tuc thu nghiém lam sang. ‘
b) Transpherase: E duy nhét ctia 1dp nay duge ding trong didu tri 12 yéu t& dong
méu XIII, t4n tai trong mau § dang proenzyme, vao giai doan cusi ciing ctia qué trinh
déng mau, né duge hoat héa nhd thrombin, tao thanh dang hoat ddng 1a yéu t& X[1la
(transglutaminase) xdc tic cho sy tao thanh lién két chéo cha cac monomer fibrin
bang cach tao thanh lién két e-(y-glutamyl) lysin giita cic phan 4.
¢) Hydrolase: Phan 16n cac E thiy phdn (16p 3) da duge dung trong diéu tri, tap
trung chu y&u vao mot s6 Iinh vige sau:
— Ho trg tidu hoda: pepsin cta da day lgn; trypsin, chymotrypsin va amylase tuy
tang lgn, hodc ché phim hén hdp cic E nay va lipase c6 tén 1a pancreatin cia lgn
— Phén giai cic md hoai tu, xu 1y v&t thueng: trypsin, chymotrypsin; plasmin cha

hodc b; papain (du d0), bromelain (dda)

huyét tuong bd hodc ngudi; papain (cha du da), bromelam (caa da); collagenase (ti
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Clostridium histolyticum).

— Logi cde cuc mdu doéng: streptokinase hoidc urokinase (E.C.3.4.21.73), 1a yéu t&
hoat héa plasminogen) tai t6 hop; ancrod (E. C.3.4.21.74), 1a protease serine tit noc
ran (Calloselasma (Agkistrodon) rhodostoma) v.v.. . ¢iéu tri bénh nhdi mau cd tim cip

Cac E duge dung trong diéu tri rdi loan d8ng mau 14 rdt quan trong nhung kha
phtic tap, tif ndm 1996, EU, va sau d6 d&n nim 1999, My da c¢ho phép diing yéu 6

tinh,
VIla tai td hgp trong diéu tri bénh ua chay mau (hemophilia A)



Ngoai ra cac E cling dudc st dyung chita nhiéu bénh khéec nhu:

— Lysozyme ciia 1ong tring trdng (c6 tac dung nhu cac chit khang khudn), chita
céc bénh nhidm khuén.

— Oryzin (protease kzem cia Asperillus sp.), bromelain, serrapeptase hay serralysin
(protease kiém ctha Sermtm E15) duge stt dung trong diéu tri viém.

— Céac E diéu trj ung thu:

+ Asparaginase trong diéu tri ung thu: Asparaginase (3.5.1.1) xvc tac cho phéan
ung sau: L- asparagine + H,0 = L- aspartate + NH,

Céc t& bao ung thu doi héi chét dinh dudng asparagine, asparaginase (Asn-ase)

phén giai asparagine lam gidm néng 46 cGa né trong méu, do d6 kim ham su tang
trudng cta t&€ bao ung thu.

E nay khé phd bi€n & thyc vat, ddng vat va didc biét 12 vi sinh vat, tuy nhién c6 16
E tach tif nguoi sé 1a 1y tudng nhit vi sé gidm duge phan ng midn dich cta cd thé
nhu khi ding E vi sinh vat. Tuy nhién, véi ngudn nay lai khong dap tng duge nhu
c8u vé lugng, trong tuong lai, ¢6 thé dung ¢6ng nghé ADN tai td hop dé san xuft Asn-
ase cua ngudi. Cac két qua nghién cftu cling cho th&y hidu qua s dung Asn-ase ting

cao khi stt dung phéi hgp véi cAc héa chit diéu tri khac.

' + Mét 86 E khae nhu: glutaminase, serine dehydratase, arginase, phenylalanine

ammonia-lyase, va leucine dehydrogenase cling dang duge thu nghiém dé c6 thé dung
lam thuéc chiia ung thu.

8.7.2.6. Hinh thirc sz dung E: tiy muc dich didu tri: uéng, d4p tryc tiép vao vét

thuong hodc dua vao mau, hodc cé thé sit dung trong cée thidt bi phu trg ngoai co thé.

- —Cac'E hd trg-tidu héa thudng duge ding theo dudng udhg, d6i véi cac E cb thé
bi ph4 hity dudi tac dung acid hoéic pepsin clia da day, ngu¥i ta thudng boc E trong
cac nang va E s& dude giai phéng 6 méi trudng pH kiém clia t4 trang.

— Céc E diing dé loai mh méu va mé hoai tit chia vét thudng, vét loét, vt béng,
hodc ¢6 tae dung lam lién seo, thudng ding tai ché, c6 phéi hgp véi cac chat khang
sinh. E thudng dung & dang thudc md, hosic dang dung dich tdm vio vai khé, c6 thé
t4m mét 14n hosc nhd giot lién tuc trong mét thdi gian nh4t dinh, 8t dung E dang
bot khong thuén 1gi vi E khé di vao duge cac khe nhé clia vét thuong. Khi sit dung céc
protease cling cdn luu ¥ 13, mot s6 E c6 thé gay di dng. K&t qua nghién cfiu cha chiing
tdi ph6i hgp véi Vién béng qudc gia cho thdy, s& dung brom'elain tit chéi ngon dia da

~ tinh sach mét phén. dé dép vao vét thuong béng da lam rung hoai tu nhanh, giam
dich xudt tiét, rat ngén thoi gian didu tri.

— Cac E duge sit dung dé loai, hosic chuyén héa cac chit trao déi ddc hai trong
mau, khéng nhit thiét phai dua vao méu ma cé thé duge sit dung trong céc thist bij
phu trg & bén ngoai ¢d thé. Vi du: & ngudi bi bénh than, khi than khéng thyc hién
duge chite néng binh thudng, d€ loai céc cht trao ddi doc hai khéi co thé, c6 thé dung
hé théng loc nhén tao ngoai cd thé, trong d6 ¢6 sit dung mot s6 E & dang khéng tan
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(xem chuong 9) nhu: urease dé loai urea, bilirubin oxidase dé loai bilirubin, asparaginase
dé loai asparagine.

— Hoat héa céc tién chit thude (pro-drug): Cach nay duge dung dé didu tri ung
thu. Cac thudc ¢6 tac dung diéu tri ung thu thudng cé tic dung kim him mét s6 giai
doan cla qué trinh trao d6i chat. Cac tién chit thudc 1a nhitng thude da duge thay
d8i héa hoe sao cho khdng cé tac dung trong sudt ching dudng di d&n t& bio, hosic md
dich (nci ma né s& phai thé hién chiic nang diéu tri), va khi dén ndi cdn diéu tri, né sé
duge hoat héa. Vi du: methotrexate, c6 ciu tric tuong tu acid folic (hinh 8.4), 1a chét
kim him canh tranh caa dihydrofolate reductase, 14 E xtc tic cho qua trinh chuyén
héa dihydrofolate tao thanh tetrahydrofolate (cofactor quan trong dé téng hgp dTMP,
tién chit cha ADN). Vi vay né c6 tac dung rat ddc d6i véi cac t& bao phén chia nhanh
nhat nhu céac t& bao ung thu. Néu dua dude chit ndy dén ding cac t& bdo ung thy, va
chi hoat déng tai chd, thi ¢4 thé sl dung & néng d6 cao, hiéu qua diéu tri s& rit 1én
ma khéng dnh hufng dén cic t& bao binh thudng. Diéu nay cé thé thuyc hién bing
cach k&t hop thude véi mdt chit ndo d6, bién né thanh dang “trd”, dung E c6 thé hoat
héa pro-drug tai vi tri dich. E c6 thé tim dén dich nhd khang thé c6 thé nhan bidt
trung tAm khang nguyén dic hiéu d t& bao ung thu ¢hinh 8.5). Cac E dude st dung
vao muc dich nay phai tudng d6i bén va ¢6 thé gidi phéng thudc véi van toc thich hop
dé t& bao ung thu c6 thé tidp nhan. M4t s8 vi du vé cac E duge ding dé hoat héa pro-
drug duge trinh bay trén bang 8.10. Qua bang nay cho thdy cie E ndy 14 cac E thuy
phén (1ép 3, hydrolase).

Bang 8.10. M6t s8 vi du vé cac E dudc st dung dé hoat héa pro-drug
(Dua theo tai ligu ctia N.C. Price)

¥
- Enzyme hoat héa pro-drug Tién chat thudc (Pro-drug} Thude
{ma sd k)

Carboxypeptidase A Methotrexate a-phenylalanine Methotrexate
(3.4.17.1) )
Alkaline phosphatase Etoposide phosphate Etoposide
(3.1.3.1)
Carboxypeptidase G, p-N-bis{2-Chloroethyl}aminobenzoyl , | Benzoic acid
(3.417.11) glutamic acid mustard
Alkaline phosphatase Mitomycin phosphate Mitomycin
(3.1.3.1)
8-glucuronidase Aniline mustard glucuronide ' Anilin mustard
{3.2.1.31)
Cytosine deaminase 5- Fluorocytosine | 5-fluoreuracit
(3.5.4.1)
Amino peptidase 2-(L-a-aminoacyl} methotrexate Methotrexate
(3.4.11)
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Ciing ¢6 thé st dung céc E hoat héd pro-drug theo mot cach khac: gan gen cua E

vao vector virus, dua vao t& bao ung thu, E sé& dugce biéu hién tai t&€ bao ung thu va
hoat héa pro-drug.

i ]

C—~NH—R C—NH=R
0 NH,
N | Ny CHp—NH | NP | N CHz“h:
' J{\ < /L\\ = CHy
H,N™ "NT N HNT N7 SN
o acid folic  Methotrexate
NADPH + H (amethopterin)
E C NH=—R

NADP* @
/I I CHz— NH

dihydrofolate
NADPH +H*

C NH—R
. ’
NADP @
’I I

Tetrahydrofolate

Hlnh 8.4. C4u tnic cla Methotrexate, chat kim ham canth tranh
clia dihydrofolate reductase (DHFR).

E = DHFR, ca hai phan {mg déu do E nay xuc tac.
R=-CH—CH,-CH,CO0-

|
CO0"
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Tién chat thudc

Khang thé
don dong

TE BAO BICH
(TE BAQ UNG THU)

Hinh 8.5. M6 hinh bidu didn sy gén két E-khang thé don dong-tién chat thudc
dé dua thudc dén tac dung tai chd té bao ung thu

8.7.2.7. Stz dung E dé diéu tri bénh di truyén bdam sinh do thiéu hut E

Cho dén nay ngudi ta da xac dinh nhiéu bénh khiém khuyét di truyén, trong dé
c6 thifu E tudng (ng dAn dén nhitng sai s6t trong trac d6i ch&t (bang 8.11).

Bang 8.11. Mdt s8 vi du nhidng sai st b4m sinh trong trao di chat-do thigu hut gl

Sai sét bAm sinh

-‘Enzyme bj thidu hut {mi s& cla E)

Tin sé giip (1 trong X)

Alcaptonuria
{Ancapton-niéu}

Homogentisase 1,2-dioxygenase (1.13.11.5) -

109 - 108

Phenyketonuria
{Acid phenylpyruvic niéu})

Phenylalanine 4-monooxygenase {1.14.16.19

10 000 — 20 000

Galactosemia
(Galactose- huyét)

Galactose 1-phosphate
uridylyltransferase (2.7.7.10)

35 000 — 60 000

Glycogen storage disease type la

{fructose —niéu)

Glucoso 6- phosphatase (3.1.3.9) 100 000
Glycogen storage disease type V | Muscle glycogen phosphorylase (2.4.1.1) =~ 108
Pentosuria - L-xylulose reductase (1.1.1.9) 2 500
{pentose - nidu) : Ashkenasi Jews
Fructosuria Fructokinase (2.7.1.4) " 130 000

Butyrylcholinesterase
deficiency

Butyrylcholinesterase (3.1.1.8})

3 000 Caucasians

Acatalasaemia
(thi€u catalase huyét)

Catalase {1.11.1.6}

25 000 - 250.000

Hypophosphatasia
{gidm hoat dd phosphatase)

Alkaline phosphatase {3.1.3.1})

~ 10°

@ Dua theo Scriver et al., 1995, c6 bd sung ma s6 E dé d& hinh dung phan Ung.
X: la s8 ghi & cac dong phia dudi clia cot nay.
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Do thiéu E nén co chit ctia cac E nay khéng duge chuyén héa, do dé sé cé mét
lugng 16n cic chit nay ngoai t&€ bao. D& chin doan sd bd, c¢6 thé xac dinh céac san
phim trung gian trao d6i chat trong huyét tuong, trong nudc giai, hodc ciing c6 thé
xac dinh hoat d6 E trong mé (vi du trong gan, nhung cting chua thé két luan chic
chén dugc). Mitc dd thiéu hut E c6 thé khac nhau {(tuy theo kiéu sai sot di truyén). Sy
thi€u hut mét E nio d6 thé hién & sy giam hoat d4 téng 6 clia E gy s0 vdi d cd thé
binh thudng tudng ting, diéu nay thudng 1a do thicu gen téng hop E 4y, nhung ciing

¢6 thé 1a do nhiing d6t bién lam thay d6i cfu tric phan ti cia E theo hudng khoéng c6 -

1¢1 cho hoat déng ctia né.

Dé diédu tri bénh nay c6 nhiéu cach: i) didu tri gen (dua gen kKhiém khuyét vao co
thé); it) don gidn nhat 1a théng qua viée didu chinh thic an, khong cd ho#c cb rat it co
chélt cta E bi thi€u hut; iii) b8 sung E vao cd thé. Cach cudi cung nay sé rat ¢o hidu
qua néu dua duge E dén diing dich, noi ma né thyc hién chiic néng trong co thé binh
thudng. D61 v6i cée E tidu héa cua da day va rudt ¢ thé thue hién dé dang. Vi du: 461
v6i bénh nhan thi€u lactase (B- galactosidase, B phén giai lactose ctia sita) khéng thé
su dung siia lam thic an, c6 thé khic phyc bing cach: loai sita, san ph&m sita khoi

thdc &n cia bénh nhan; hosc ¢6 thé bd sung che phém lactase cia vi sinh vat dé né
tiéu hoéa lactose nhu & cd thé binh thudng.

D41 véi cac E cia céac md, vi E 1a protein phén td 16n nén né khong thé duge hap
thu qua vach 8ng tiéu héa; con néu dua vao mau, thi cac E khong phai ctia ngudi, né

s& nhanh chéng bi lam bat hoat bdi khang thé. DE giai quyét nhitng trd ngai da néuy,
c6 thé dua E vao cd thé theo cac cach sau:

— Trong mét s8 truong hgp c6 thé gén thém gdc duang vao phén ti E (dic biét 13

cac dudng cta lysosome) trude khi dua vao cd thé, ¢6 thé 1am tang kha niang E duge
dua dén dich.

- Giit E trong cac mang nhan tao thich hgp, goi 1a liposome (xem chuong E khéng
tan) réi dua vao méu, cic liposome (chita E) trong mau sé dugce cic t& bao tiép nhan.

Cung véi su phat trién cla cong nghé ADN tai t6 hgp, cho phép sin xu#t duge

lugng 1dn cac E cha ngudi, viée Gng dung E trong diéu trj bénh sé ngay cang duge md
~ réng va cé hidu qua cao hon.
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- Chuong 9
ENZYME KHONG TAN

9.1. KHAI NIEM

Cac E khéng tan 1a nhiing E bj gilt, ho#c duge ¢& dinh trong mdt ving, mét
khoang nhét dinh, khéng bi hoa tan trong cic diéu kign binh thudng, vin gitt duge
hoat ddng xuc tac, c6 thé st dung lidn tuc va lap lai nhiu lan. Cac chit dung d€ gén
hoic giit E thudng duge goi 12 chit mang (carrier) hay gia thé (support).

‘Nhu vay néu cé thé gin cac E xidc tac cho mdt day cac phan vdng theo ding
trat ty ciia né (hé théng nhidu E, multienzyme) s& nhan duge hé théng E khong
tan xdc tie cho mot didy phan tng chuyén héa tit co chit dén san phdm cudi cling
(vi du: tit dudng thanh rugu qua quéa trinh dudng phén). Do déc tinh khéng bi hoa
tan ma vln giit duge hoat dd xic tae, wu diém ndi bat cia E & dang khéng tan so
véi khi & dang hoa tan 1a: ¢6 thé s@ dung ldp lai nhiéu lan mét lugng E xdc dinh,
do dé lam giém ddng k& gid thanh ché phdm E, va c6 thé st dung lién tyc trong

cAc hé théng dong chay.

Ngoai ra, E khong tan ¢6 d§ bén vdi cic y&u t& héa 1y 16n hon khi d dang hoa tan.

Ngoai E, ngudi ta cfing tao cac t& bao, cd quan ti cla t& bas, t& bao vi sinh vat d
dang khong tan dé s dung trong cac qua trinh sinh hoge.

Trong t& bao séng, c6 nhiéu E gin v6i mang clia t&€ bio, hodc ¢ quan tit cla t&
bao (cac E gin vdi mang hodc matrix cia ty thé), mdt s8 E xtc tac cho qua trinh oxy
héa khit, ATPase v.v..., 45 cling 14 dang E khong tan.

9.2, PHUONG PHAP THU NHAN CHE PHAM E KHONG TAN

Cé thé sit dung céc phuong phap nhu: hap phu, dua vao trong mang ludi cia gel
(bay E trong céac 16 nhé clia cée gel dude trang hgp), boc trong cic nang nhd (capsule),
lién k&t hoéa tri vdi gia thé khong tan, tao cic lién két chéo giita cic phén ti E (hinh 9.1).
Diéu quan trong 12 phai lua chon duge nhiing diéu kién thich hgp sao cho gdn duge
nhiéu E nhét (tinh trén mdt don vi dién tich, hojc mdt don vi khéi lugng), E it bi thoéi

" ra khoi ch&t mang, it Anh hudng dén hoat d3 E nhat. Sau ddy 8 mé ta chi tiét thém

vé cAc phuong phéap nay.
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Hinh 9.4. Sd d& minh hoa cac ché phdm E khéng tan dugc san xuat theo cac phuong phap khac nhau

a) Hap phu; b) Nhét E trong cac 16 gel; ¢) Boc E trong cac nang (capsule); .
d) Tao lién két chéo giifa cac phan tIr E; e) Gén E vao chat mang biing lién két cong héa trj (-).

{i). E két hgp véi chat mang khi khéng qua hoic qua spacer(‘Wb) c6 chidu dai khac nhau;
(ii). Spacer c6 thé két hgp vdi trung tam hoat déng cla E lam bat hoat E.

9.2.1. Hap phu (adsorption). E dudge gén véi gid thé khéng phdi bang lién két cong
héa tri, ma duge hdp phu vdt Iy trén bé mdit gid thé,

Phuong phép nay duge s dung sém hon ¢4, ti nam 1918, ngum ta da cho invertase
(saccharase, 3.1.2.26) clia nAm men hép phy trén than ma vin giit duge hoat tinh
thuy phén duong (sucrose).

Phuong phép nay dé thyc hién nhAt, va thuong it anh hudng dén hoat do caa E.
Tuy nhién, E cling dé bi riZa tréi trong qua trinh sit dung lap lai nhiéu 14n. Mitc dé

gitt E trén chit mang, phu thude nhifu vao pH, lyc ion. Khi muén tach E khdi chat
mang c6 thé st dung dung dich ¢é lye ion 18n.
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Cée gia thé duge dung dé hap phu ¢6 dung tich hap phu 16n nhu:

— Cellulose va cac dan xuit ctia ndé nhu dlethylammoethyl (DEAE) ho#c carboxymethyl
(CM) cellulose;

—Dextran va cic dan xuét dextran: DEAE - va CM-dextran;

—Hydroxylapatite, calcium phosphate.

Trong thuc t& dé& ha giad thanh, ciing ¢6 thé dung céc nguyén liéu thdé hon nhu
dat sét, alumina, bentonite, than, mat cua ho#c bdt gidy, v.v... (d& xi 1y dé loai céc
tap chat c6 thé kim ham E). Trong qué trinh s dung mat cua hay dat sét ciing nhén
thdy kha nang hip phu E phu thude nhiu vao loai g, loai d4t sét, kich thude cha
ching, phudng phap xu ly. D&i vdi dit sét con cén luu ¥ chudn bi dang hat nhu thé
nao dé dong cd chit c6 thé di qua ma khéng bi nghen

9.2.2. Lién két ion giira E va chat mang .

T nam 1956, Mitz da tién hanh gén catalase vaio DEAE-cellulose qua lién két
ion. Do phuong phap kha don gian, nén ciing di dude st dung dé tao céc ché phim
khéng tan cla nhiéu E khéc. Cac chét trao d6i ion khac nhu CM-cellulose va cac din
xudt khac cta cellulose. Sephadex cling nhu cic nhua trao d&i ion khac cling ¢ thé
duge dung trong phuong phap nay. D6 bén lién két gita E vdi chat mang phu thube
vao pH, loai dung dich d8m va lyc ion. Thay déi cic yéu t8 nay cb thé thu lai E, chat
mang ma khéng lam bi&n d6i tinh chit va cau tric cla né.

9,2.3. Giir E trong gel {(entrapment)

Tit nam 1963, Bernfeld vd Wan d4 m6 ta phuong phap nhét (entrapment) cac E
(trypsin, papain, amylase va ribonuclease) trong gel polyacrylamiae.

— Uu diém cna phddng phap nay 14 khéng két hgp truc tié;p E vao gia thé hay
chit mang, ma ¢6 thé hinh dung nhu 13 E bi bdy trong chc mét ludi cta ludi (hmh
9.1b), nén cdu tric ciia E khéng bi bién d’o:‘. nhiéu.

— Han ché cia phudng phap:

+ Céc cd chét phan ti 18n (protein, acid nucleic) khéng di qua mang dude, vi vay
dét véi cac E nhu protease, nuclease khéng dung phudng phap nay. '

+ Trong mdt s& truding hop, kich thudc clia cidc mét 1uéi ciing khé diéu chinh that
déng nhat, do d6 E ciing ¢6 thé thoat ra mét phén.

+ Mt s8 goe tut do duge tao thanh trong quéa trinh tring hop c6 thé kim ham E.

Vi vay, cén lya chon diéu kién vé pH, nhiét 46 va cac diéu kién khéc cla qua
trinh triing hgp sao cho it Anh hudng dén hoat dong cta E, kich thude cac mat ludi
(nai gitt E) di bé dé E kho bi thoat ra ngoéi khi sl dung, nhung cling phai da 16n dé
cd chdt ¢6 thé khuéch tan vao dén E, va san phim duge tao thanh ¢é thé khuéch tan
ra khéi mat luéi.

— P& chudn bi ché phdm theo phudng phap nay, ¢ thé thyce hién theo cac cach sau:

+ Pua E vao gel bing cach tring hgp gel trong dung dich ¢é E d ndng d9 cao, viée
trang hop nhd tac dung ca cac hda chat (gel polyacrylamide, polymer tu nhién nhu
alginate, gel x-carrageenan); nhd bic xa (gel polyvinyl alcohol, pyrrolidone); hoic nha
anh sang (polyethylen glycol dimetacrylate).

r
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+ Pua E vio céac sgi: Cho hdn hdp ¢6 chita cac thanh phén dé trang hgp va E &
qua mét 1udi, sé tao dugc cac s¢i c6 gan E; hodc cling ¢6 thé cho dung dich E di qua
sgi rong, sdi c6 15, tao didu kién thuan 1gi d€ gdn E vao.

Dé thuc hién phudng phép nay c¢é hidu qua, cAn nmdm viing céc diéu kién trang
hop dé c6 thé d& dang dat duge gel ding theo yéu ciu.

Céc chat c6 thé dung dé tao gel trong phudng phép nay 13 cic chat cé clu tao mat
luéi nhu: gelatin, alginate (polysaccharide c¢la tao), agarose, polyacrylamide, hoac
cac prepolymer téng hdgp.

Ty muec dich st dung, c6 thé cit gel (dd dudge trang hdp ¢6 chta E) thanh ting
16p mong, titng méu nhé hay titng hat (gel da dude loai nude va nghién thanh hat) dé
lam tang bé mit tiép xidc cha E trong gel véi co chit trong dung dich. Sau diy sé néu
chi tiét hon v& mét s8 cac chit duge si dung trong phuong phap nay.

9.2.3.1. Alginate dé tao ché pham calcium-alginate-E khéng tan

Alginate (acid alginic) 13 acid polyuronic tach tif rong bién, bao gém cac don vi-c&u
tao caa céc acid D- mannuronic va L- guluronic két hop véi nhau bang lién két B- 1,4:

COOH " H ]
W OH O HB
OH 0 COOH
0 —
H n
- acid D - manuronic acid L - guturonic

Mu8l natri ctia alginate (sodium alginate) 1a chat hoa tan trong nude, do 46 cbd
thé trén véi E trong dung dich, sau d6 thém titng giot dung dich calcium chloride sé
tao thanh gel calcium alginat khéng tan cé chita E. Phuong phap nay duge ding kha
rong réi vi kha don gidn va alginate cing d2 tim.

9.2.3.2. x-carrageenan, iqo gel x-carrageenan-E khéng tan

K- -carrageenan la hén hgp cac polysacchande tudng tu agar-agar, tach tit tao do, hoa
tan trong nudc hode trong dung dich mudi, ¢6 khoang 4-5% carragenin, 14 polysaccharide
c6 chita galactose va galactose sulfate:

CH,OH ]

H OH
n=250-2000.

Nguyén téc: thém tit tit dung dich chéit tao gel (potasium chloride, hodc cac cation
khac nhu ammonium, calcium, aluminum) vao dung dich mudl k-carrageenan cé
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chita E, s& nhan dugce ché phdm E khong tan. Glutaraldehyde va hexamethylenediamine
c6 tac dung lam cho gel cling hon va E duge giit trong gel bén hon. Theo Chibata va
cdng su, k-carrageenan la nguyén lidu tdt dé ¢§ dinh t& bao vi sinh vat dung trong
céng nghiép san xuét nhiéu chat khac nhau.

9.2.3.3. Polyacrylamide, tao gel polyacrylamide-E khéng tan

Tién hanh tring hgp cdc monomer acrylamide va N,N’-methylenebisacrylamide
(Bis) trong dung dich ¢6 chita E, vd mot s6 yéu t& cin thiét cho qua trinh tring hgp
(TEMED, potassium persulfate, hinh 9.2):

CH; = CH
co
CH; = CH ILH
tI:t:)NH2 + tlst +
NH
acrylamide C|20
CH; = (1:|-|
Bis
K850z \
TEMED
\
p

— CH; — (IZH —CH2—<|3H — CH, —cl:H —CHZ—-?H-—CHZ- ?H —CH; —

LI:O CONH, CONH, (I:o CONH;

fl\!H TEIH :

CH» CHz Gel polyacrylamide
| I ch E trong mét ludi
IlﬂH r;lH cla gel

co . CO

i . I
— CHp— CH — CH,— ?H — CH, —(I‘:H —CH, —CH — CH, — tI:H o= CHp —

ICO ?O ' ?0

NH, NH, FIH
Hinh 9.2. Cac phan (ng triing hgp- gel polyacrylamide tif cac monomer trong
dung dich ¢6 E g€ tao ché ph3m E khdng tan (E bj nhét trong cac mét I45i)

- TEMED: N,N,N',N'- tetramethylenediamine.
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Trong m6t s trudng hgp, cdc monomer ciing ¢6 thé 1am gidm hoat 46 E.

9.2.3.4. Cdc tién polymer (prepolymer) téng hop dé tao cdc polymer tong hop-E
khéong tan

— Qua trinh trung hgp duge thye hign nhd Anh sang (photo-cross-linkable resin
prepolymer): Chufin bi dung dich ¢é prepolymer, E va ch&t lam ting d9 nhay thich
hgp nhu benzoylethylether, chigu tia UV budc séng dai (long-wave-length UV light,
khodng 360nm) trong vai phit, s& tao thanh lién két chéo giita cac prepolymer, gel

duge hinh thanh, nhét E trong céic 18 gel. Phuong phap nay di duge s dung dé &

dinh t& bao ndm men sdn xudt ethanol § quy md pilot.

Céc prepolymer duge ding cé chita cac doan cé tinh chat va nude hay ky nudc,
tiy thude chiéu dai cha cac doan niy, do d6 ¢6 thé diéu chinh tinh wa nudc hay ky
nudec cia chiing don gian hon. Vi du prepolymer urethane:

CHa,

Ox | 20

p — O—4CH,CH,0}—CH~CH, - Oyp—=mid CH, ~CH,,~ O}g— c\

NH NH
N Sc > N

CH, 0 0% " CH,

Prepotymer urethane

Khi thay d8i ty 18 giita polyethylenglycol va polypropylenglycol s& thay d6i can
béng tinh ua nudc cia gel: Khi trén prepolymer urethane 16ng vdi dung d1ch nudc cua
E, céc prepolymer phan {ng véi nhau, tao thanh cac lién k&t urea néi cac phan ti véi
nhau, giai phéng dioxyde carbon, E bi nhét trong cac mit luéi cha gel.

— St dung prepolymer tdng hdp ¢6 cac uu diém sau: _

+ Chat tién polymer (prepolymer) khéng chita moriomer, nén loai trit dude anh
hudng clia chung dén phan ti E.

+ C6 thé tao céc gel c6 kich thude cfia cic mét luéi theo yéu cdu bang cach st
dung cac prepolymer ¢6 chidu dai mach thich hgp. _

+ C6 thé tao gel ¢6 cac tinh ch&t héa ly thich hop (vi du can bing gida tinh ua
nudc - ky nude) mot cach d& dang bing cach tifn hanh cac thi nghlem Iya chon cac
prepolymer thich hgp trudc khi st dung d€ trang hgp véi E.

9.2.4. Boc E trong cic nang nhé (microcapsule)

Phuong phap nay lan ddu tién di duge Chang cong b vao nam 1964, tac gia da
dua carbonic anhydrase (E.C.4.2.1.1) vao trong cdc capsule. Sau d6, nam 1971,
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Gregoriadis da tao duge céc liposome chita amyloglucosidase (E.C.3.2.1.3). C& 2 ché&
ph&m &3 dugc sit dung trong didu tri.

E c6 thé duge boc bing cac loai mang khéc nhau, tao thinh cac dang khéc nhau.

iz 2 a i - P
Cé thé phan bidt cac kiéu sau:

— Microcapsule: Mang diing dé boc E 12 mang ban th&m (c6 cac 15 nhé dé cac chit
phan ti thip ¢6 thé di qua nhung E khong di ra dude) t6ng hop.

— Liposome: Mang ldng, dudc tao thanh tit cic phospholipid, cac liposome chia E
thudng duge dung trong y t& hoic trong m§ phiam.

— CAc s¢fi co cdce 16 réng (hollow- fiber).

Phuong phap nay c6 thé xem 13 hdu nhu khéng lam dnh hudng dén c8u trie clia
phén ti E, va ¢6 thé ddng thdi boc nhidu E xic tdc cho mét déy phdn iing trong
ciing mét tii (nhung can tranh cic protease, vi ching c6 thé phan gidi cac E) dé
thie hidn mot qué trinh trao ddi chit qua nhiéu phén @ng lién tuc nhu trong hé
thong séng. Cac ch&t thudng diing dé boc E 1a polyamide hodc nitrocellulose. Nguoi
ta cling c6 thé tao cdc ché phdm E khéng tan § dang liposome. Ti&€n hanh nhu sau:
héa tan cac amphipatic lipid (lipide c¢6 chia dau ua nude va ddu ky nudc), nhu
phosphatidyl choline va cholesterol trong chloroform, trang thanh 16p méng trén
thanh clia mét binh quay; thém dung dich E trong nudc, 1am sao dé cé thé nhanh
chéng phén tdn déu E, s& tao thanh cac liposome & dang mang lipid boc céc giot
nude. Do d6 c6 mot s& E dugc giit bén trong liposome, c¢on mot s khéac con lai sé két
hgp vao mang liposome. :

9.2.5. Tao lién két chéo (cross-linking) gilra cac phan ti E

Nam 1964, Quiocho v3 Richards di mé t4 phuong phép tao lién két chéo gida
carboxypeptidase A véi glutaraldehyde.

Phudng phap nay hoan toan khéng ding chdt mang, ma thuf;ng dung cac chat co
nhém chic ning kép (bifunctional reagent), ¢6 2 nhém.chie & hai ddu hoan toan
giéng nhau, phéan dng véi cac nhém chic cla cdc phan ti E khac nhauy, tao céc lién
két chéo gilta ching, “khau” cac phan ti E lai véi nhau thanh cac phﬁn tl ¢6 kich
thude 16n hon, khong tan, ¢6 thé téch khéi dung dich bing cach ly tdm hay loc.

Céac chat thudng duge dang vao muc dich nay 1a glutaraldehyde, v mét s chat
khac nhu dimethylsuberimidate (hinh 9.3) v.v..., phan @ng véi nhém amine; hoic mot
s6 chét phdn Ung v6i nhém carboxyl (~COOH), nhém thiol (-SH), trong dé
glutaraldehyde dugc dang phd bi€n nhat.

Han ch& cta phuong phap nay 13 trong qué trinh tao lién k&t chéo giita cac
phan t& E, ¢6 thé pha hdng cfu tric cha E, lam gidm hoat d6 cfia né. Vi vay, cin
Iya chon di€u kign phén @ng, chit tham gia tao lién k&t chéo sao cho hoat d6 E bi
gidm it nh&t. D& ting d¢ bén clia ch& phdm, c6 thé sit dung thém protein khéng ¢6
hoat tinh xidc tdc nhu albumin huyét thanh bd. Néi chung phuong phap tao lién
k&t chéo it duge dung vi khong dap Gng duge yéu cdu ciia nhidu qué trinh ky thuat
trong san xuéit.
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2(E®)~(CH2)g=NH2) + HC — {CHa)q-CH
Lys _ Glutaraldehyde

H,0

B~(CHaly =~ N= CH- (CHz3~CH= N = (CHy)s - ®

+ - + -
NH,CI NH,CI
Ii ]
2B —~(CHp)—~NHz)+ HaC~0 —-C — (CHpg—C — O — CH,
Lys Dimethylsuberimidate
2CH,0H
+ - + -
NH,CI NH,C

1 1
®-(CHz)s = NH=C — (CHalg~C — NH ~ (CHa) = ®

Hinh 9.3. S{ dung glutaraldehyde, dimethylsuberimidate dé& tao fign két chéo gitta cac phan t{ E

4

9.2.6. Gan E vao chat mang rén bing lién két céng héa tri

Vao nim 1953, Grubhofer va Schleith da tao dudc cac ch& phdm khéng tan cla
mét s6 E nhu carboxypeptidase, diastase, pepsin, va ribonuclease bing cach tao lén
két cdng hoa tri gitta E vdi polyaminostyrene da duge diazot héa. Cé thé néi, thanh
céng nay dd mé d4u cho viée slt dung E trong thuc t&.

9.2.6.1. Nhitng vwu diém ciia phuwong phép. |

— €6 thé tao cac ch& phdm c6 d6 bén cao, c6 thé si dung trong nhidu qué trinh
san xuflt ¢ quy mé 16n, trong hé théng dong chay.

— Do E gén trén bé mat ch&t mang nén dé tiép xvc véi cd chit.

9.2.6.2. Nhiing han ché é¢iia phuong phdp

— Céu trize cia E c6 thé bj thay d6i mét phan trong qua trinh gén vdi chit mang,
lam gidm hoat d6 xdc téc.

— Do lién két chit gitta E vdi chit mang, ¢6 _thé lam gidm sy di chuyén tu do cha
E, va tit d6 cling lam giam hoat &6 cta né.

150

L
Bt
A



&

o e

‘rg,

~ Vige tim duge cic didu kién thich hdp cho qua trinh san xuét ché phdm khéng
tan theo phudng phéap niy ciing ¢6 nhiéu khé khin.

Tuy nhién, cho d&€n nay, ngudi ta ciing da ¢6 nhidu bién phap dé khéc phuc nhing
nhude diém d3 néu (xem 9.2.8.5).

9.2.6.3. Nhitng ddc tinh cdn c6 ciia cdc chét mang

— B& mit chdt mang phai tuong thich véi E.

— Phai c¢6 cac nhém c6 kha ning phan tng véi cdc nhém chiic cla protein (cac
nhém amin, carboxyl, hydroxyl, va cd nhém thiol).

— C6 dung tich k&t hgp cao.

— Chét mang phai ¢6 tinh “trd” d6i véi thanh phan phéan tng.

— Chét mang phai bén trong diéu kién qué trinh phan iing lién tuc kéo dai.

D§ bén cha ché phidm cdn tiy thude tinh ch4t héa ly cua chit mang va phuong
phap gén E.

9.2.6.4. Cdc nguyén liéu thudong dang lam chdt mang

— Cac chit v ca: thay tinh, aluminum oxyde, g6m (ceramic).

— Cac polymer téng hgp (polyamide, polystyrene, polyacrylate, polyacrylamide,
polyester v.v...

— Céac polymer ctia saccharide va din xuft cla chiing: agarose, dextran, chitin,
cellulose; hay mot s8 protein nhu collagen, gelatin, albumin (thuong duge dang 8 quy
méb phéng thi nghigém). Cac chit ndy ¢6 bé mit phan t& ua nudc, lai cé6 nhiéu nhém
hydroxyl, ¢6 thé d& dang tao thanh lién két chng hoa tri voi E.

9.2.6.5. Céu néi (spacer) giita E va chét mang

K&t qua nghién citu cho thiy khi k&t hop tryc ti€p E vio chit mang c6 thé ¢6 anh
hudng xfu dén hoat d6 E, mét phan la do ch&t mang cé the can trdé vé mat khong
gian déi véi viée tip xic gitta E va cd chit. Vi vay thudng dﬁng spacer ¢ vai trd nhu
12 cAu né1 giia E va chét mang, c6 thé vi nhu tay doén dua E ra xa chat mang hon,
lam cho E ¢6 thé hoat dong trong pham vi méi trUdng rong hon, dé ti€p xic véi co
chét hon (hinh 9.1e.1). '

Khoang cach giita E va chit mang ciing ¢é vai trd quan trong, khi ¢6 spacer,
khodng cach gita E va chat mang khodng 1nm. V&n d& 1a phai 1am thé& nao dé chon
duge chidu dai spacer thich hop, vita bao ddm d6 linh ddng cfia E va ciing khéng qua
dai, néu qua dai E lai ¢6 thé bi quay lai gdn ch&t mang hon (hinh 9.1e.ii). D61 véi cac
spacer ¢6 cAc nhém methyl, vide diéu chinh &6 dai chia né c6 thé thuc hién bing cach
ting hay gidm s6 nhém methyl (- CH,-) trong phan tit clia né: néu muén tranh tuong
tac khong ¢6 1gi cia chit mang, diing spacer dai hon; néu muén E gan vdi chit mang
hon thi mit ngdn chiéu dai chia spacer.

Ngoai chiéu dai, dé thyc hién cé két qua phudng phip nay con cén luu y dén
kidu lién két gitta E va ch&t mang, trinh tu két hop (spacer k&t hop véi E trude rdi méi
két hgp v6i chat mang hay ngudge lai).
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9.2.6.6. Phuong phdp gdn E vao chdt mang bing lién két céng héa tri

Trong nhiéu trudng hgp thudng tign hanh qua 2 giai doan chinh:

— Xt 1y, hoat héa ch&t mang trudc khi gin E.

—Gén E vao chat mang da duge hoat héa.

Mot s6 phuong phap thudng ding dé hoat héa ch&t mang nhu: ding cyanogen
bromide, diazot héa (diazotation), azide acid, cic chat ngung tu (condensing reagent)
v.v... Sau diy sé& trinh bay mot 86 vi du.

- @) Cyanogen bromide (BrCN) duge st dung phé bién dé hoat héa céc chat mang
¢6 nhiéu nhém hydroxyl nhu cac polysaccharide, cae hat thiy tinh, gdm. So @5 phan
ing qua trinh nay dude trinh bay trén hinh 9.4.

OH 0]
O\
' _ C=NH  Dan xudt imidocarbonate
0 7/ hoat déng
i) Gan VG E : |

i} Hoat hba

0
OH OH

O—ﬁ—NH—@ “ﬁ—NH—"® O\ B
i b So=-@®

Dan xuat N-carbamate D&n xudtisourea D&n xu#t imidocarbonate

Hinh 9.4. So 46 phan Gng hoat héa chét mang bing BrCN, gdn E vao chat mang da hoat héa
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b) Phuong phdp alkyl héa cic nhém trén chit mang lam cho né d& dang phan
ung véi cdc nhém amino, nhém hydroxyl phenolic, nhém sulfhydryl cta phan tit E.

Céc dan xu#t halogen cua acetyl cellulose, d&n xu4t triazinyl cta cellulose hay cac
chit trao d6i ion khie da duge dung trong phuong phép nay.

BrCH,COBr
OH

0 -— COCstr
BrCH,COOH/dioxane

g NGO
OCOCH, —
1 Nat/ethanol 2 ®

7

O — COCH,|

¢) Tao cdu disulphide giita E va chét mang

D61 véi cac E ¢6 nhém sulfydryl khéng ¢é vai trd quan trong d61 véi hoat ddng xic
tac cia E, c6 thé dung cae chit mang ¢6 nhém sulfydryl dé tao cdu disulphide vdi E.
Phan tng nay c6 tinh thuén nghich, c6 thé d& dang tach E khdi chdt mang (neu hoat
dd clia n6 bi gidm), dé tai tao ch& pham, chi cAn thém chit khi vio.

d) Ditng cdc héa chdt ngung tu (condensing reagent)

Vi dy, sit dung carbodiimide lam y&u t8 ngung tu dé tao thanh lién két peptide
giia cac nhém carboxyl ho#ie nhém amino cla chit mang, vdi cidc nhém amino va cac

nhém carboxyl cia E. Phuong phap nay dudc st dung d6i v6i chét mang cellulose
(hinh 9.5).

R’ R
| : |
N NH
Il l
Cellulose — OCH,COOH + Icl: —— Cellulgse - OCH,CCO. C

N N
CM-cellulose - i |-

R!l i RI!
a. carbodiimide

Cellulose — OCH,CONH ~ B
(enzyme khong tan)

+
RNHCONHR"

NH,-®

Hlnh 9.5. So db cac phan u'ng tao thanh lién két peptide gitta E va chit mang CM-cellulose
khi sir dung acid carbodiimide lam yéu t& ngung tu
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e) Tao lién két peptide bang phuong phdp azide acid
Phuong phap nay duge dung trong hoéa téng hop peptide. Vi dy, s& dung chat mang
14 CM-cellulose, phan ing tién hanh nhu sau (hinh 9.6).

OCH,COOH  CHZOH/HCI OCH,CO0OCH,; HNNH, OCH, —CO — NHNH,
(hydrazine) .
CM - celiulose ' ester methyl - hydrazine

- CM - cellulose .
' NaNO,/HCI

0OCH,CoNH — (E) . ? OCH, — CON,

Enzyme khéng tan _
c

Hinh 9.6. So d3 phan (g tao lién két peptide giita £ va chdt mang bing phudng phap azide acid

} Phuong phdp diazot héa

Phudng phap nay duge sit dung d8i véi cac chit mang ¢6 cac nhém amino thom,
nhém amin clla né duge diazot héa bang acid nitrous, tao thank d&n xudt diazonium.
Din xuft nay phan tng véi E tac thanh E khéng tan. Vi du: ding chit mang la
4-aminobenzyl cellulose, phan ting tién hanh nhu & hinh 9.7.

NaNO, HC! .
NHy ————— N*= N,CI

Hinh 9.7. Phén (mg diazot héa chit mang 4-ammobenzoyl cellulose
d8 tao ché phdm E khong tan bing lign két cdng héa tri

154



Yy
o

g) C6 dinh E trén bit thiy tink bing lién két cong héa tri

Ch&t mang bt thity tinh ¢6 nhiéu uu diém nhu chiu duge cic didu kién khic
nghiét, ¢6 cdu tric bén vidng, vi vay rdt thuln tién dé sit dung trong céng nghiép.

Han ché chinh cta loai ch&t mang nay la ¢6 tinh “trg” vé& héa hoc. Vi vay dé ¢6
thé sit dung chiing c6 hiéu qué, cin phai gin thém cic nhém phan dng vao bé mat
ctia n6. C6 thé trinh bay tém tit qua trinh gin E vao bé mat bot thiy tinh khéng cé
18 (nonporous glass) nhu trén hinh 9.8,

Chudn bi bdt thiy tinh, hat ¢6 dudng kinh khoang 1mm, qua trinh géin E duge
thuc hién qua 5 bude chinh nhu sau: '

1) Hoat héa b8 mit thiy tinh bing phan ing véi silane dé dua nhém amin vio.

2) Phan (ng tiép v6i p-nitrobenzoylchloride, nhém nitro cia véng thom sé duge
chuyén héa tiép bing cac phan dng khac.

3) Khit nhém nitro thanh nhém amino. |

4) Cho téc dung véi acid nitrous, nhém amino chuyén thanh cation diazonium.

5) Nhém diazonium sé& két hgp véi gbe tyrosine trong phén ti E.

h) Cé'dinh E vao polyamide (vi dy nylon) bang lién két cong héa tri -

Nylon 1a polyamide k¥ thuat quan trong nhélt, 13 polymer mach dai duge tao
thanh do phan (ng ngung tu vdi lugng tuong duong clia acid adipic va hexanediamine
(polyhexamethylene adipamide, nylon 6,6,6,6-polyamide, s6 6 cd nghia 14 mdi thanh
phén ciia phan {ing ngung ty, acid vA amine déu gbép vao 6 nguyén ti carbon).

n HOOC-(CH,),-COOH + n H,N-(CH,),-NH, —>
| [-NH-CO-(CH,),-CO-NH-(CH,),-],

Uu diém cha nylon 14 bén duéi tac dyng cta vi sinh vat, vi cling ¢6 tinh ua nude
d mic d6 nhat dinh. Vi vay, ¢6 thé s dung nylon dé boc E (tao capsule), hoic c6 thé
dung dé h&p phu E, nhung khé tao dudc lién két cong héa tri gita E va nylon vi né
chi ¢6 2 nhém & hai ddu phéan ti 14 ¢6 thé phan {ing véi E. |

P& tang s6 nhém c¢6 kha ning két hgp véi E, can thily phdn mét 8 lién két

. amide trong polymer (nhung phai khéng pha hdng cfu tric polymer) dé tao thanh

cic nhém amino va carboxyl tu do ¢6 thé két hop véi E.
i) Co'dinh E vao cdc nhém amin sau khi thiy phdn mot phdn polyamide _
Qua trinh nay gém 4 bude:

1) X1 ly polymer dé 1am t4ng dién tich bé mat va fﬁng kha ning tiép xtc véi
nuée.

2) Cét ditt mot s& lién két amide. _
3) Hoat héa cac nhém amin hodc nhém carboxyl tu do.

4) Gén E vao polyamide da duge hoat héa.
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(3-AP-TS)

O—CH, - CH,
| ' .
_ CHg=CH,— 0= Si~CH,=CH,—CH, ~ NH
3T VM2 | 2~ VL, 2 O—CH, - CH,
O~CH,—CH, )
Thiy tinh Si ~ OH 8i= O Si~CH,~CH,~CH, = NH,
@ . O=CH,~CH,

(i':!

O ' .
O—CH,~CHy 1 Of\@\ '
' :
Si=0=$i~CH,=CH,~CH, ~NH L NO,
O=CH, —CHy NO, (@)  P-nitrobenzoylchloride

O=CH, = CH,

O—CH, ~ CH,
|
Si= 0= Si=CH;~CH,=CH, — NH

El
L,

NH,
NO

NasS;0, | 0
Sy @ O—CH, - CH, I
|
Si= O=Si~CH,~CH,~CH, —NH /\©\
o
1]

o
® O-CH, ~CHy T
| Si= 0= S8i-CH,=CH,~CH, = NH /\0
O—CH, —CH, N
™ NH
- OH

Hinh 9.8. Cac giai doan hoat héa va gén E v3o bé mat thiy tinh (khéng ¢6 15)
3-AP-TS = 3-aminopropyl-triethoxysilane; Y = g&c tyrosine clia E

Chi tiét céc bude nay nhu sau:

1) Xt 1y polymer: Chuén bi khodng 10 méu polyamid téng hc‘ip. ¢6 kich thudc 2em?,
nhiing vio hén hgp 18,6% (wiw) CaCl, va 18,6% (w/w) nudc trong methanol dung trong
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binh quay day tron. Ldp binh vao may quay (khéng c6 chin khéng) & 50°C. Sau d6 ria
cac mAu polymer cin than bing nude trén phéu loc hit, _

2) Cét dat mot s lidn két amide: Nhung cac méu polyamide da rita sach trong
dung dich HC1 3,65M va quay 40 phut trong may quay (khdéng c6 chan khéng) ¢ 50°C.
Ria k¥ cAc m3u nylon (trén may loc hiit) bing nude, sau &4 rita bing dung dich dém
borate 0,2M, pH 8,5.

Ciing ¢6 thé cit ditt 1ién két amide theo cach khic: Cac mAu polyamide da khd, sau
khi nhing trong methanol, giit trong 12 gid & 70°C trong 25ml N,N-dimethyl-1,3-
propanediamine, ria k¥ vdi nudce trén phéu loc hut.

3) Hoat héa cac nhém amine tu do: Cho caAc miu polyamide da xit 1§ nhu trén vao
binh quay trong 25ml dung dich 5% (w/v) glutaraldehyde trong dung dich dém borate
0,2M pH 8,5, cho may quay 15 phiit & 20°C. Loai bd glutaraldehyde thita bing cach rita
trén phéu loc hiit v6i dung dich potassium phosphate 0,1M, pH 7,5.

4) Gén E: Ngay sau khi d4 rda sach, nhing cdc miu polyamide vio dung dich E
(0,2- 0,5mg/ml trong dung dich potassium phesphate 0,1M, pH 7,5), giit 3 gid 6 4°C.

Loai bd phdn E con thita (khéng gin vao chit mang) biing cach ria nhidu 1dn véi
dung dich NaCl 0,5M trong dung dich potassium phosphate 0,1M, pH 7,5. Sau d6 giam
ndng 3 mudi bing cich ria vdi dung dich potassium phosphate 0,1M, pH 7,5. Ché
phdm giit trong dung dich potassium phosphate 0,1M, pH 7,5 & 4°C.

Né&u cdn bao quan lau, ¢6 thé rita nhanh véi nudée va lam khé & didu kién binh
thudng (341 vdi mét s8 E 6 thé khong bén trong didu kidn nay).

N&u muén gén E vio nhém carboxyl, sau khi da cit ditt mét s& lién k&t amide, cdn
bac vy nhém amino bing cach xit 1§ véi dung dich sodium nitrite 1% (w/v) trong HCl
0,5M d3 1am lanh trong nudc 44, tiép tue gilt trong dung dich nay 20 phit ¢ 40°C.

Hoat héa nhém carboxyl ty do: Ngam céc miu nylon da xit Ij nhu trén 4 gids & 10°C
trong dung dich hexanediamine 1% {w/v) va dung dich dieyclohexylcarbodiimide 1%
(wiv) trong dichloroomethane. Loai hexanediamine thita bing cach I;fta véi dichloroomethane,
acetone, vd nudéc da lam lanh trong d4, mdi loai 10m). Qua tfinh hoat héa duge hoan
thanh sau khi ngdm 20 phudt trong 10ml dung dich sodium nitrite 1% (w/v) trong HCI
0,5M & 0°C. Rita 1ai bing 10m1 HC! 1mM 43 lam lanh trong da.

Tién hanh gin E va bdo quan nhu trén.

Toém lai:

D€ tao ché phiém E khéng tan ¢6 thé s dung nhifu phudng phap khac nhau,
nhiéu chét mang khéc nhau. Trong s8 cac phucng phap di néu, phudng phap hap
phu duge st dung sém nhat. Viée stt dung E khong tan trong thuc t& mdi dude bit diu
ti¥ nam 1953 (sau khi ¢6 dinh E bing lién két céng héa tri). Cac phudng phap khéc
méi duge phat trién tit khodng nam 1956 trd vé& sau. Dén nam 1969, 14n diu tién st
dung E khéng tan & quy m6 cong nghiép dé san xuit L-amino acid.

— MJi phuong phap ¢6 nhiing uu diém, nhitng han ché nhét dinh.

— Trong nhiing phudng phap da néu, cdc phudng phap ¢8 dinh E bing lién két
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cheo lién két cong héa tri, cdn déc biét luu § sao cho chit mang khong két hop vdi cac
nhém trong trung tdm hoat déng cta E.

— Céan chd ¥ cai tién phuong phap c6 dinh, gidm bét su can trd khong gian cia
ch&t mang déi véi phan ting E.

~ D& tao dugc ché phdm E khéng tan cé hiéu qua kinh t&, cAn thim do bang thyc
nghiém &€ lya chon chat mang, phuong phéap va diéu kién ¢8 dinh E cho tlmg trudng
hgp cy thé.

Trong cac phurdng phap trén, phuong phap dua E vao liposome hoac trong capsule

thudng duge st dung d8 san xuit cdc ché phim khéng tan phuc vu y t& (xem muc
8.7.2.6).

9.3. PHAN TICH CHE PHAM E KHONG TAN

Khi ¢8 dinh E trén chat mang, cling nhu trong qua trmh bdo quin va si dung
ch& phim, dé bidt dude ¢6 bao nhidu, ¢dn bao nhiéu E trén chit mang, hoat d9 cia né
bién déi ra sao, cdn ti€n hanh xac dinh protein, xac dmh hoat d9 cta ch& phadm. Do E
dé dude 8 dinh vdi chat mang, vi vay cin c6 phuong phéap thich hgp mdi nhan duge
két qua chich x4c.

Viéc x4c dinh tinh chét cia ciac B khéng tan trude khi dua ra fing dung coén cdn

thiét vi & mot s& nuéc (nhu Céng déng Chau Au) doi héi phai mé td didy du cac tinh
chit cha ché& phim.

9.3.1. Xac dinh protein

Cé nhiéu phudng phap khice nhau nhung nhiéu két ,qua nghién clu cho thay
phuong phép sit dung acid bicinchoninic (BCA) cho két qua t6t hdn ca.

Phudng phap nay cing dda trén nguyén tic cha phan ung biuret véi lién két
peptide. Cy thé a: cac ion Cu® bi protein khit d&n Cu* trong dung dich kiém, Cu* két
hdp v6i véi 2 phén tid BCA tao thanh phic mau dd tia (purple) (hinh 9.9). Phan iing
c6 d6 nhay cao hon phan dng biuret nhidu 14n: d6 nhay ctia phan tng biuret 12 0,1 - 0 Bmg

trong khi phudng phap BCA ¢6 & nhay < 10pg, va cling khéng qué4 nhay déi véi céc
detergent & néng d6 cao,

Cac chét c6 thé anh hudng khéng t6t dén phan ing la: EDTA (< 100mM), DTT
(< 1mM), Tris (< 0,25M), ammomum sulfate (< 20%), v& cac chét c6 thé khit ion Cu?
nhu glucose.

Khi x4c dinh, 14y mét mﬁu E khong tan c¢6 khoi lugng xéc dinh cho vao 1ml

dung dich thudc thit C va gilt § 37°C, 14c nhe, trude khi so mau cin loai bd phén
khéng tan.
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Protein + Cuy?* ———e= Cu*

Cu’ +2

Hinh 9.9. Phirc chét chia Cu* vdi acid bichinconinic (theo Smith va cdng sy, 1985)

9.3.2. Xac dinh hoat dd cua E khdng tan

Viéc xac dinh hoat d$ cia E khéng tan ¢6 nhi€u khé khan. D61 véi cac E cb thé
xac dinh bing phudng phép quang hoe. L&y mét higng xac dinh E khéng tan, cho
vao binh phan dng cang véi dung dich dém, cg chft, cofactor, gii 6 nhiét dd xac
dinh, hén hgp phai khudy lién tuc. Pé do vAn tbc phan {ng, ndu chit mang E dd
nang, d& 14ng, c6 thé ditng nhanh phan {ng, gan 14y phédn trong, do d6 hip thu
quang hoc, sau khi do phai cho dung dich vao lai binh phan tng dé giit cho thé tich
hdn hop phan tng khéng thay d8i. Trudng hgp chdt mang khéng dé& ling, c6 thé loc
hay ly tim, nhung phai 1am that nhanh, sau khi do phai cho ¢d dich trong va can
trd lai binh phdn dng. Nhu vAy sé nhin dugc cac gia trj d cac thai gian khéac nhau.
D& tinh toan, t8t hon ca 1a tinh trén khdi lugng khd, hodc bé mit tiép xdc caa
ché& phim. ' ' '

Dé do lién tuc phan iing E, c6 thé ding thiét bi chuyén dung (hinh 9.10).

H&n hgp phén tng duge bom lién tuc vio binh phén ing trong vong tun hoan
khép kin, dich sau khi di qua cuvette dé do mat d6.quang hoc.
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Doéng vao
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Hinh 9.10. Binh phan (mg E d& do van t6c phan g E khong tan
A- Binh phan (g chifa E khéng tan, & mét trén va dudi day c6 mang (- - - -) cho dung dich ¢6 cd chat
hoc san phdm di qua; B- Dang cuvette cho phép do ty dong mat do quang hoc.

Dong ra

9.4. TINH CHAT CUA CHE PHAM E KHONG TAN (so sdnh véi tinh chit cda E khi &
dang hoa tan) :

Khi E dugc ¢ dinh trén chat mang, hoat déng ctia né bi gidi han trong mét vi
md1 trudng nhit dinh, nén c6 nhiing tinh chét khac hon so véi khi & dang tu do trong
dung dich (dang hoa tan). Tinh chit cia E khéng tan con phu thugc vao phuong phap
c6 dinh va ban chit ctia chit mang. Cu thé nhu sau:

9.4.1. Hoat dd riéng (s& don vi hoat dong tinh trén mg hay g protein enzyme): thap

hon ¢ dang hoa tan, c6 thé do: 4

— Bi can trd khong gian so véi khi § dang tu do, anh hudng dén su khuéch tan tu
do cta co chit dén E. '

— Su fié’p xuc v6i cd chat bi gi6i han, trong trudng hop E bi giit trong cac méat luéi

ctia gel, hodc bi boc trong céc capsule. ;
— Bi thay d6i c&u tric khéng gian sau khi két hgp véi chdt mang bing lién két
cong héa tri, hodc tao lién két chéo giita cac phén ti E. '

— Bi kim hdam hodc bi bi€n tinh m¢t phan duéi tac dung caa mot s6 yéu t6 khac
nhau trong qua trinh c6 dinh E.

9.4.2. Hang sé K, biéu kién cé thé’thay déi do 4nh hudng trudng tinh dién cta
chat mang

— Néu chat mang tich dién ngude ddu véi cd chét, n6 sé c6 khuynh hudng kéo co
chat lai gin, 1am cho néng d6 cd chét & vi méi trudng xung quanh E cao hon néng do
cd chét trong dung dich, do d6 K,, bidu kién giam (K,, 1a néng d6 co chét dé v, dat
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duge mdt niza V). Vi du: khi sit dung cd chit tich dién duong benzoyl-L- arginine
ethyl ester, K, biéu kién ctia ch& phdm khéng tan ficin-CM-cellulose (¢§ dinh bing
lién két cong héa tri), c¢6 K, biéu kién bé hon K, cla E ty do 10 14n. D6 1a do chit
mang CM-cellulose cb cdc nhém carboxyl tich dién am. '

— N#&u co chit tich dién cung dau véi chét mang, thi K, bidu kién =& tang, do cé
khuynh huéng d&y ed chét ra xa, nén néng dd cd chat § vi méi trudng hoat dong cla
E s& thap hon néng dd co chit trong dung dich. Vi duy, creatine kinase c& dinh trén
CM-cellulose c6 K,, bidu ki&n 16n hon K,, cha E 8 dang tu do 10 1dn, khi sd dung co
chét 1a ATP va creatinine (tich dién Am).

Tuy nhién néu lyc ion cao, &nh hudng khong rs.

— Cac y&u t6 khac ¢6 thé anh hudng dén K, va V 1a: sy khuéch tan cla cd chit
dén E, c6 thé khong dbng déu gilta 16p gin sat chit mang va cac vang khac; su
khuéch tén cla sdn pham, dic bigt ddi véi cac E nhay véi su kim ham cfia sin phim.

Do nhiéu nguyén nhén da néu, K,, biéu kién cfla E khéng tan thudng cao hon eda
E ¢ dang hoa tan. Khi tang néng d6 co chit, van toc khuéch tan cia cd chit dén E
ciing s& tang dén mot gidi han nhit dinh. N&u gidi han nay dat duge trude khi E dude

bdo hoa hoan toan véi ed chit thi V bidu kién cha E khong tan s& bé hon khi § dang
hoa tan.

9.4.3. P bén ctia E khdng tan

Do bén ctia E khong tan c6 thé khéng thay d6i, tang 16n hofc bi giam tuy thude
vao khuynh huéng anh hudng vi méi trudng cua E d6i véi sy bign tinh. Trong nhiéu
trudng hgp, d6 bén chia E khéng tan thutng 16n hon khi & dang hoa tan. Vi du: Qua
trinh tu phéin giai (autodigestion) cha céc protease, khi F duge ¢6 dinh vao chit
mang, can trd sy ti€p xic gilta cic phan ti véi nhau, do d6 qué trinh autolyse bi
giam. E khéng tan ciing 1am c4n trd tde dung cla protease d6i véi E, 1am gidm mic
dd bi bat hoat bdi cac protease (n&u cd).

9.4.4. pH thich hgp clia E c6 thé thay d8i, nhat 1a d&i véi céc chat mang tich dién,
¢6 thé thay d6i d&n 2 don vi pH. Theo nhidu tic gia, néu chat mang tich dign 4m, pH
thich hgp ctia E ¢§ dinh trén chat mang sé dich chuyén vé phia kim; nguge lai, néu
chdt mang 1 cation, pH thich hgp dich vé& phia acid. Cé thé giai thich theo céch
tuong tu nhu déi véi co chat. N&u luic ion 16n, khéng nhan thay cé hién tugng trén, vi
ion mudl can trd trudng dién cha chit mang.

9.5. SU DUNG E KHONG TAN

Mot s6 ché phiam E khéng tan da duge st dung & quy mé cong nghiép ¢ hiéu
qua dé sAn xu#t mét s8 chat nhu: cac L-amino acid, glucose, fructose, aspartam (chat
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_ngot khong phai dudng, dung cho nhﬁng ngutcn an kiéng), khang sinh ban téng hop va
mdt s& chat khac.

Aspartam (N-L-u-aspartyl-L—phenylalanine-methyl ester), duge phat hién niam 1969,
dd ngot gdp 200 14n dudng &n (sucrose), dude tao thanh tit phenylalanine va aspartate,
nhung a-aspartam cé vi ngot, cén B-aspartam lai eé vi ding., Ngusi ta da st dung
thermolysin (E.C.3.4.24.27), trong mbi trudng nude, E nay xvic tac cho phan dng thay
phan lién két peptide, nHUng néu biao vé nhém amine cGa L-aspartate (N-
benzyloxycarbonyl-L-aspartate), vd khéa nhém carboxyl cfia Phe (L-phenylalanine
methyl ester), né sé& xtdc tac cho phan @ing nguge: téng hgp lidn ké&t peptide, tao thanh
aspartam & dang mudi két tinh, D-phenylalanine methyl ester con lai trong dung dich,
racemize héa thanh dang L va dude tai sit dung nhu trén.

9.5.1. San xuat L-amino acid va mét s6 chat khac

Nam 1969, Chibata va cong sy (Nhat Bin) da 14n ddu tién s dung ché phém E
khéng tan 8 quy md céng nghiép. Céc tac gid dd s@t dung aeminoacylase-DEAE-
cellulose dé san xuit cac L-amino acid tit hdn hgp racemic (¢6.ca dang D- va dang L-)
cla amino atid. Phudng phép nay dua vao tinh dic hidu cla ammoacylase dé1 véi L-
amino acid da acetyl héa (L-N-acetylated amino acid), va su sai khac v& tinh tan gu‘i‘.a
cdc amino acid ty do va cac dn xudt N-acetyl héa ctia ching, do d6 c6 thé tach r1eng
tinh thé L-amino acid va din xu&t D-N- acetyl amino acid (hlnh 9.11).

‘

aminoacylase

’
D-L-N- acem

D-N- acetylamino acid
+

L- amino acid

Hbn hgp racemic
D,L- amino acid

K&t tinh

L- amino acid

D-N- acetylamino acid

Hinh 9.11. Sif dung aminoacylase & san xuét L-amino acid tif hdn hop racemic clia amino acid
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Qua trinh san xudt L-amino acid ¢6 § nghia kinh t& 16n néu luu ¥ ring, méi nim
sdn xuft 50 tridu kg D-, L-amino acid bing phudng phéap tdng hgp héa hoc, nhung co
thé séng chi st dung duge dang L-amino acid, tdc 1a chi s dung dude khoang mét

nua lugng nay.

Céc ch& phdm khéng tan clia aminoacylase tach tit nim méc, ¢8 dinh trén DEAE-
Sephadex da duge st dung dé san xudt nhidu L-amino acid khéc nhau:

1-alanine, L-isoleuciné, L-methionine, L-phenylalanine, L-tryptophan va L-valine.

Cé6 thé st dung phuong phap dua E vao gel polyacrylamide, hodic ¢8 dinh cac t& bao
vi sinh vat gidu cac E tuong ting dé san xudt nhidu chit khac nhau (hinh 9.12) nhu:

“00C ~— CH,— CH — COO™

NHY -
L-aspartate
CH— COO~
| + NH,
“00C—CH
fumarate
CH— COO™
i 1,0
O0OC—CH
fumarate

CH, = CHCN+ H,0

acrylonitrile
S CH,
RC — NH —
1l CH3
Q ~2——N -
i cO0
Penicillin G

E.C4.11.42

———

‘E.C.4.3.1.1

E.C4.21.2

EC421.84

———

EC3511

——

Hinh 9.12

Ha

CHy — CH— COO™ + CO,
NHY,

L-alanine

T00C — CH,— CH — COO™
' NH3

L-aspanaté

“O0C — CH,— cI:H — CO0

OH
malate

o)
Z
CH,= cH— cZ
NH,
acrylamide
N L CH,
I CH; 4+ RrRCOO™
N o
o? Coo

acid 6-aminopenicillanic
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— L-alanine tit L-aspartate (L-aspartate 4-decarboxylase, E.C.4.1.1.12).
— L-aspartate tit fumarate (L-aspartate ammonia-lyase, BE.C.4.3.1.1, cdn goi la

aspartase). Hién tai da ding gel k- cacarageenan thay cho gel polyacrylamide € c&

dinh t& bao E. coli c6 hoat d6 aspartase cao dé san xuft L. -aspartate tif fumarate, lam
cing gel bang glutaraldehyde va hexamethylenediamine, 1am ting dé bén clha ché
phém, ting thoi gian ban s6ng cta ch& pham t¥ 120 ngay lén 680 ngay.

~ L-malate ti fumarate (fumarate hydratase, E.C.4.2.1.2).

— Acrylamide tit acrylonitrile (nitrile hydratase, E.C.4.2.1. 84). Acrylamide dugc

diung lam nguyén liéu ban ddu dé san xuht nhidu polymer khac nhau nhu cac loai
chét k€t dinh va cac loai san.

— Acid 6-aminopenicillanic (6-APA) tit penicillin G (penicillin amidase, E.C.3.5.1.11).

APA la tién ch&t quan trong duge st dung dé san xudt cac chit khang sinh ban
téng hgp ho B- lactam hoat ddng cao (methicillin, oxacillin, carbenicillin, va ampicillin),

Nam 2000, E.Katchalski-Katzir va D.M.Kraemer da dung chat mang 1a Eupegit C,
12 mft polymer dang hat ¢é ciac nhém chitc epoxide hoat ddng dé gén penicillin G
amidase bing lién k&t cong héa tri. Ch&€ phdm E khéng tan nay c¢6é thé dung lap lai
600 1an. Phan Ung thue hién trén quy mé céng nghiép & nhiét d§ 30 - 40°C va pH 7,5 - 8,0.
Ty 1é chuyén héa trong diéu kién nay rat tot, dat 98%.

~ San xudt prednisolone (thudc didu tri thip khdp): S& dung hai E khéng tan la

steroid 11/-monooxygenase va A’- dehydrogenase. Hai E nay xuc tAc cho qua trinh

_chuyen héa 11-deoxycortisol, mot tién chat tudng 4ot re thanh predmsolone c6 tac
dung diéu tri cao.

— Thiy phén lactose: Trong qué trinh s3n xuit phomat, sau khi lam déng sila,
lactose con lai trong phin dich, dung B-galactosidase khéng tan dé thty phan
lactose thanh galactose va glucose. Nhu vay, tdn dung dugc phu pham cha qua

trinh 1Am phomat d€ san xuit duong, dac bidt 13 cho ‘nhitng ngusi bi thidu B-
galactosidase bAm sinh.

9.5.2. San xuat dich fructose ndng dd cao tir bdt ngd (HFCS)

Trong céc loai dudng 1am thuc phim, fructose ¢6 dd ngot cao nhit, cing mot
lugng nhu nhau, d§ ngot cla fructose gdp 2,5 lan glucose; hon' 1,7 14n dudng #n
{(sucrose). Do d6, diing fructose 1am chit tao ngot s& kinh t& hon, va ciling duge xem 1a
an toan hon d6i vdi sitc khde. Vi vay, tit nam 1974, Thompson va cfng sy da cd dinh
glucose isomerase trén DEARE-cellulose dé chuyén héa glucose thanh fructose, quy
trinh nay van duge st dung.

‘Nhiéu nam nay da s dung E khong tan dé san xu#t HFCS, méi nam khoang 5
triéu t&n. Khi stt dung glucoamylase va glucose isomerase khdéng tan trong hé thong
phan Gng lién tuc, gid thanh cda E chi chiém 0,28% giad thanh sin phdm cudi cling.

Gia thanh san phim san xuét theo phuong phap nay chi bAng mét ph&n mudi khi si
dung E 6 dang ty nhién (dang hoa tan).
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CHO CH,OH

H. (:3" OH C::= 8]

HO-C-H HO=-C-H
H- f;?— OH. ' . H-<::- OH
H- (l',‘- OH H- ?- OH
CH,OH CH,OH

D-glucose D-gluctose

Qua trinh san xuit HFCS qua nhiéu bude khac nhau, trong d6 cé st dung
a-amylase dé thuy phan tinh bdt thanh dextrin, glucoamylase (8.C.3.2.1.8) thiy phén
dextrin thanh glucose, glucoisomerase (D-xyloisomerase E.C.5.3.1.5) xtuc tac cho phan
ling ddng phan héa D-glucose thanh D-fructose.

(Tén glucoisomerase 13 tén goi cit c6 tit khodng hon 40 nam trude, hién da dua ra
khoi bang phédn loai E. Phan ing nay dude xiic tac bdi D-xyloisomerase (E.C.5.3.1.5), E
nay c6 ai lde véi xylose cao hon glucose. Tuy nhién tat ca cac xyloisomerase xiic tac cho
phan Ung déng phén héa D-xylose thanh D-xylulose déu xiic tidc cho phan tng déng
phan héa D-glucose thanh D-fructose. Céc E niay duge tng dung trong cong nghiép dé
dong phin héa glucose nén diung tén glucoisomerase). Phan ting déng phin héa
D-glucose thanh D-fructose ciing duge xic téc boi mét E khéac 12 glucose-6-phosphate
isomerase (E.C.5.3.1.9) khi c6 arsenate.

Trufe day (khodng ndm 1970), 3 My dung 6 loai ch& phim glucoisomerase gin véi
cic chit mang khac nhau, theo cic phudng phap khéc nhau, dén nam 2002, 8 My chi
dung 4 ché pham khéng tan clia glucoisomerase tach tit Streptomycés. Hai ché phdm &
dang hat, ¢& dinh bing tudng tac tinh dién véi ch&t mang tich dién (DEAE-cellulose va
chéit mang lam ti silic dioxyde (silica-based material); hai ch#& pham khéc 1a ché pham

khéng tan cta té& bao Streptomyces ¢S dinh bing lién két chéo ddng héa tri nho
glutaraldehyde.

Két qua phan Ung déng phin héa tao thanh 42 -45% fructose, 50 -53% glucose va
5% cac sdn phim khic. .

Binh phan ng thudng 1A nhiing c6t16n dit trén nén nha c6 khoan 18, dung dich
glucose qua cdt trao d8i ion (dua tit phia dudi cét lén), pH 7,5 — 7,8, ¢6 1,5mM Mg?', va
khoang 2mM HSO,", nhiét dd tit 50 — 65°C, thich hgp nhat l1a 58°C. Ché& pham tudng ddi
bén, c6 thé ding duge 12 thang d& sin xuat nhidu t&n fructose. C6 thé néi, dén nim
2003 da hoan thién dude quy trinh céng nghé, lam giam dang ké gia thanh sin phim.

Dung dich ¢6 42% fructose c6 thé duge x{ 1j biing nhidu céch khéc nhau nhu cho
qua than hoat tinh, cgt trao ddi ion dé tach glucose va céc san phdm khéc, dun cho bay
hoi bét nude (hinh 9. 13), tao thanh mgt s6 dang sdn phim c6 ham lugng fructose khac
nhau: 55%,70%, 80% hodc fructese tinh thé. Néu giit d dang dich fructose, cdn diédu
chinh pH dén khodng 4 — 5 d€ tranh tao thanh cac san ph&m phu hojc chat mau, & didu
kién nay, tranh dudc tac dung ctia vi sinh vat.
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B&t ngd

{

Tinh bt ngd
|
' oa-amylase

Dextrin.

Pudng hba (glucoamylase)

Cung dich

Ethanol va .
cac san phdm khac Lén men

Trao ddi ion,
HFCS 42 loai mau, ¢ déc

Fructose
tinh thé

96% glucose

Glucose

khéng tan

Dung dich F
42%

Séc ky trao d8i ion

issomerase {déng phan héa)

Glucose dang ldng
ho#c tinh thé -

/E):1;dich F

Dich chita F
khéng két tinh

50%

HFCS 55 Dich chira

Dich c6
45 —=hon 70% F

Hinh 9.13. Sa d8 cac budc chinh clia qua trinh san xudt HFCS tir tinh bt ngd
F: fructose; G: glucose
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9.5.3. Dung trong cac thiét bi cam blen sinh hoc {biosensor) dé phan tich cac
chat (xem muc 9.8) :

- Vi du: Phan tich dudng trong mau. St dung ché phim glucose dehydrogenase
(GDH) ¢§ dinh trong 8ng nylon, do d6é cé thé tai st dung nhiéu 14n, véi 0,18mg E c6-
thé s dung cho 1500 14n phan tich glucose.

GDH cta Bacillus cereus du‘(_jc st dung vao muc dich nay vi né c6 tinh dac hiéu
cao, chi oxy héa D-glucose. Phan ing xay ra nhu sau:

D-Glucose + NAD" «> D-glucono-8-lactone + NADH + H*

Lugng NADH tao thanh duge xéc dinh bing phddng phép do @ hap thu 6 bude
song 340nm, t.lI dé tinh lugng glucose.

9.5.4. Dung lam thanh phﬁn ciu tao cla than nhan tac dé loai urea va cac
chat thai khac khdi co thé cia ngudi bi bénh than

Trong than nhan tao ¢ cac E khong tan: urease, glutamate dehydrogenase,
alcoholdehydrogenase. Qua trinh duge thyc hién nhu sau: urea trong mau cua bénh
nhén duge duta viio than nhan tao nhd tham tich (haemodialyis), urease phan giai urea
thanh CO, va NH,', loai NH," bing nhua trao d8i ion hoiic glutamate dehydrogenase,

phéi hgp véi alcholdehydrogenase dé quay vong CoE trude khi dich duge dua trg lai
vao mau ’

9.6. NHUNG LGOI i{CH CHINH cUA VIEC sU DUNG E KHONG TAN (so v6i E & dang
hda tan)

— C6 thé st dung 13p lai nhidu 14n mat lugng E xé4c dinh.

— D& dang thuc hién qua trinh phan dng lién tuc (xem 9.7).

— C6 thé d& dang thuc hién cac phan ting k& tiép nhau cia mét qua trinh phan
{ting bing cach bé tri cac binh phéan ing E khéng tan theo diing trat ti cia qua trinh,
sdn phdm cfia phan Gng trude duge dua vao binh phan tng tiép theo.

— Néu pH thich hgp cla cic E nay khéac nhau, vin c6 thé tim duge didu kign dé
cac E d8u c6 thé hoat dong tét.

_ D& dang ngitng phan itng mot cach don gian, ma khéng cin sit dung cée y&u t&
héa, 1y n&o khac. ' :

— 84n phdm duge tach kh01 E, do d6 tranh duge tac dung kim him cua né doi véi
E, va cling 1am cho phén @ng d& dang chuyén dich v& phia tao thanh sin phim.

— C6 thé thist 14p mé hinh d€ nghién cftu céc E 1lidn ké&t v8i cac mang trong hé
théng séng, nghién cffu anh hudng cla vi mdi trudng lipid d61 véi hoat dong clia cic E
gén trong mang. Hiu biét cac van dé nay gitp ich cho viée mé hinh héa hé thong séng.

9.7. BiNH PHAN UNG E

D& st dung cic ch& pham E khong tan, thy theo y8u ciu, cé thé st dung cac kiéu
binh khéc nhau (hinh 9.14), kiu solid-bed reactor (S8BR) dugc dung phé bién. Hiu
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hét cac dang ch& phdm E khéng tan déu c6 thé sit dung kiéu binh phan Gng nay.
Kiéu SBR cho phép thuc hién qua trinh phan @ng lién tuc, dong cd chit di vao, dong
san phdm di ra. Dong co chit c6 thé dua vao & phia trén c6t (hinh 9.14C), nhung ciing
c6 thé dua tit phia dudi 1én (hinh 9.14B). Diéu quan trong 12 cin lya chon diéu kién
phan tng thich hgp sao cho khi ¢ chét di qua binh phan tng, bi chuyén héa hoan
toan thanh san phdm (trong dong di ra chi ¢6 san ph&m).

D3i véi binh phan ng nay cin c6 hé théng dé giit cho nhiét do dong déu & t4t ca
céc phan cla cdt, 4 bén trong ciing nhu & phan sat véi thanh cbt.

Trong qué trinh phan tng, c6 thé c6 mot s§ tap chat sé bi hap phu trén chét
mang E, do d6 thinh thoang phai téi sinh cét.

7 B (C Dong vao
I—_ —l Dong san phdm ra |
Dong vao * ? o I, || _I :
8 °0, Migng 00l
Gilr “"OC.) 3 °Q, Mang
nhiét QO.G .O.'
o Qlen°
S
5929
o] O =
Céanh o O Qll .. Canh khudy % %
khudy ) fO0n9Ta yiang ___.@GQ-) )
| | Miéng do ['Tl‘l |
Dong cd chét vao Dong ra

Hinh 9.14. Mét s6 ki€u binh phan (ing E (theo Biss wanger H.)

A- Binh la mét thiing chifa cé canh khudy (stirred-tank reactor, batch reactor). ;
B- Binh phan (g c6 2 16p mang loc (membrane reactor) & trén va & phia dusi, dé giit ché pham E lai, chi cho
san pham va ca chat di qua. D8 tron déu, 13p thém canh khuay.
C- Binh phan (thg c6 dang nhu cac cét duing trong sic ky cot (solid-bed reactor, packed bed reactor).

O :enzyme; O:cdchat; e: san phdm

9.8. BIOSENSOR (CAM BIEN SINH HOC)

9.8.1. Khai niém. Biosensor 1a thiét bi st dung cac phan ting hoa sinh dic hiéu,
duge thyc hién nhd cic E, céc hé théng mién dich, cac md, céc cd quan hay céac t& bao,
dé phat hién cac hop chit hoéa hoc, nhd céc tin higu dién, nhiét hodc quang (theo
Oxford Dictionary of Biochemistry and Molecular Biology).

— Biosensor bao gom:

+ Thanh phén sinh hoc (thudng 1a E, khang thé).

+ Bd phén chuyén déi tin hiéu (signal transducer), c6 thé la: chuyén ddi quang
(optical transducer); chuyén déi khéi (mass transducer); chuyén déi nhiét (thermal
transducer); chuyén d8i dién (electrical transducer).
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Trong phén 16n trudng hgp, thanh phén sinh hoc ctia biosensor dugc ¢8 dinh trén
bé mit cha transducer.
— C6 thé phan biét mdt s loai biosensor nhu sau:
+ ISFET (ion-sensitive field-effect transitor)-based devices (thiét bi dua trén co
s transitor hiéu dng trudng chon loc ion), ISFET ciing 1a chit viét tit cha ion-
selective field-effect transitor, ding 16p mang chon loc ion.
FET: field efect transitor; MOSFET: metal oxyde semiconductor FET; ENFET hay
EnzFET: enzyme linked field effect transitor.

+ Cam bién vat ly (physical sensor), bao gdm cam bién khéi lugng (mass sensor) va
cam bién nhiét (thermal sensor).

+ Dién cuc enzyme (enzyme electrode).

+ Cam bién sinh hoc céc t& bao ¢& dinh (immobilized cell biosensor).

+ Cam bién mién dich (immunosensor).
+ Cam bién sinh hoc quang hoc (optical biosensor).

Trong biosensor, cac qua trinh thuc hién theo trinh ty sau: chit cAn phén tich
trong mdi trudng khuéch tan vao trong, tuong tac véi thanh phan sinh hoc caa
biosensor, bi chuyén héa thanh san phdm, tao ra mét tin higu, tin hiéu sé dudc khuech
dai nho by phan khuéch dai, va duge mét thiét bi xi ly va ghi lai.

9.8.2. Nhimg déc trung chinh, quan trong can luu y khi sir dung biosensor

— Tinh lya chon cao: Do tinh dac hiéu cao cia E d6i véi co chit, sdn phdm, chat
kim hém, chét hoat héa v.v... tinh chon lgc ctia detector déi véi cac tham s6 hoa — ly.
Khi detector do truc tiép sdn phdm phén tng E, dé ting tinh chon loc, dat thém mét
mang loc chon lya gitta phan tng E va detector (hinh 9.15).

+ Do nhay: Dép ting ctia biosensor khéng phai ludn tuyén tinh véi tat ca cac néng
dd cd chat, do d6 cin xac dinh ving ndng d6 co chét cho k&t qua xAc dinh chinh xac
nhat. Diéu nay phu thudc vao kiéu detector, dic biét 12 giéi han phat hién ctua né,
tinh ch&t khuéch tan ctia hé théng phan iing E.

Mang thdm tich Mang loc Iya chon Detector B khuéch dai  Bo ghi
tin hiéu tin hiéu

Hinh 9.15. Sd dé cac phéan chinh cla biosensor

+ D9 bén: DAy cling 14 trd ngai chinh khi stt dung biosensor.
— Khi st dung, thanh phén sinh hoc ctia né dé bi thoat ra khdi thiét bi, c6 khi chi
sau vai phit, trong khi yéu ciu sti dung c6 thé 1a vai ngay hay vai tuan.
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— Khé bao quéan, dé bi héng, ngay ca khi khéng dang va bio quan trong ta lanh
hay ta lanh sdu. :

Do d6 cdn tim phudng phép thich hop d€ ¢§ dinh E bén lau trong biosensor, va
tang d6 bén clia E dé giit duge hoat do E trong qué trinh bio quan va su dung.

Sau ddy sé gidi thidu chi tit hon vé didn cyc enzyme.

9.8.3. Biosensor dién cuyc enzyme (enzyme electrode biosensos), cing goi 1
dién cuc E khong tan (immobilized enzyme electrode)

9.8.3.1. Nguyén tde cdu tgo vé hoat déng: Thanh phén cdu tao sinh hoc clia
dién cuc nay 1a E, duge ¢d dinh trén bé mit cha dién cye, dap tGng vdi ndng dd cua
mot trong cac cd chit, hodc cic san phidm cta phan @ing do E xtic tac.

E c6 thé la mdt 1dp gel (E khéng tan gt trong gel) mdéng bao xung quanh cam
bién dién héa hode ti€p xdc v6i cdm bign nay nhd mang th&m chon loc (hinh 9.16).
Co chét di qua 1dp gel hay qua mang chon loe, tiép xic v6i E va chuyén héa thanh
sdn phidm. Vi du: Phan ng oxy héa khit cac chit do oxidoreductase xiic tac, cac dién
t clia phan ing dude van chuyén ti chat phan tng dén dién cye, tao ra tin hidu
dién. Tin hiéu dién c6 thé duge phat hién bing cich do dong dién (amperometnc
biosensor), hoac do dién thé (potentiometric biosensor).

Cam bién
dién héa

Mang tham khi

Mang E
Mang ban thdm

Hinh 9.,16. So d6 cdu tao cia didn cuc E
(Theo Romp Lexikon, Biotechnology, 1992; 254}, trich thec Bisswanger H.

Dé vigc van chuyén dién td dén dién cuc duge thuin 1di, ngudi ta thudng dang
mot chét trung gian bao ngodi dién cye. Céc chit duge stt dung vao muc dich néy cb
thé 1a ferrocenes; cic “kim loai hitu cd” (céc chat hitu cd din dién).

— Amperometric biosensor (AMB): Cam bién do syt sai khac dong dién nhd dién
thé dat gita phin nhay cdm cla dién cyc thi nghiém (working electrode) va dién cyc
so sanh (reference electrode). O dién th€ duge dit vao, mdt phén t trong phan tng E
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(co chét hay san phim) c6 thé chuyén d6i dién tit véi bé mit dién cuc, va bi oxy héa
hay bi khit. Dong di qua dién cuc phan dnh néng d6 cia phan td nay, su thay aéi
dong do duge ty 1é tuyén tinh véi ndng d6 cd chit cha E.

Véi dién cue nay, c¢é thé thém cac chit 6 vai tré trung gian oxy héa khi nhu
ferricyanide hay mdt vai ch&t khéac.

— Potentiometric biosensor (PMB): Po su sai khac dién thé& gita dung dich méu
trong 1dp git E va dung dich 4 bén trong dién cyc. Dién thé& ty 18 véi logarithm cua
ndng 4% chit phén tich. PMB la dién cuc chon loc ion két hgp véi dién cdc so sanh
thich hgp, kiém tra ndng ¢ NH,*, CN-, 8*. Pién cyc chon loc ion duge ding pho bién
nh&t 1a dién cyc nhay véi H', duge st dung de do pH.

9.8.3.2. M6t s6 phuong phdp chudn b; dién cuc E

— Hdp phu vét Iy E trén dién cue, cach nay d& thyc hign nhd tudng téc tinh dién
hay tuong tac ky nude gitta E va bé mit dién cue, nhung E ¢6 thé d& dang bi “bong" ra.

- C& dinh E trong gel, tao thanh 16p méng bao quanh dién cye. Phuong phap ndy
chi thich hgp dé st dung cho viéc phén tich cic ch&t phan ti thép, vi ching 6 thé
khuéch tan qua cac mét luéi cia gel. D8i véi cac gel khéng din dién nhu gel
polyacrylamide, dé vidc van chuyén dién ti duge d& dang hon, dua thém graphite
(than chi) va ferrocene vao gel (Lange va cdng su, 1985).

— C8 dinh E vao b mit cam bi&n bing lién két cong héa tri. Vi du ¢8 dinh E vao
nylon qua géc lysine, dung spacer 14 glutaraldehyde ciing da duge st dung d8i vdi
nhiéu E. C§ dinh E theo cich nay, dién cuc E hoat ddng duge 1au hon, nhung c6 thé
anh hudng dén hoat do E. '

— Dt dién cye trong i nhé lam bing mang thd&m chon loc, chi cho chit cdn
phén tich di qua, E ciing duge gii trong tiii nay.

9.8.3.3. Mét 56 vi du vé itng dung dién cyc E dé phén tich cdc chét

Dién cuc E duge st dung dé xac dinh ndng d6 nhiu ch&t khac nhau nhu: glucose,
mdt s8 acid hitu co (acid acetic, aecid pyruvie, acid lactic, acid formic v.v...), amino
acid, cac lipid, penicillin, va alcohol v.v... Trong sd cac biosensor ing dung trong lam
sang, glucose biosensor dudc ing dung rdng rai nhit dé x4c dinh glucose trong mau.

a) Xdec dinh glucose, dung glucose biosensor

Hicks va Updike (1967) da cd dinh glucose oxidase (GOD) trong gel polyacrylamide
tao thanh mang méng bao quanh dién cuc oxygen, tao duge thiét bi dé phén tich
D-glucose nhay, ddc hidu va thuin tién.

Glucose + O, —> Acid gluconic + H,0,
H,0, — O, +2H"+ 2¢”

Dang dién do duge ty 18 véi lugng H,0, bi oxy héa, do dé ty 18 v6i néng dd glucose
trong dung dich.

Glucose oxidase 14 mot ﬂavoenzyme (c6 CoE 1a FAD) khi oxy héa glucose thanh
acid gluconie, coenzyme FAD ctia né bi khi thanh FADH,, c6 thé st dung chét trung
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gian (nhu ferricyanide) thay cho oxygen dé oxy héa FADH, tai tao FAD, giai phéng
2H" va 2e.

b) Xdc dinh urea trong mdu hode trong nude tiéu
NH,CONH, + 2H,0 + H* — HCO, + 2(NHY :
dung dién cyc lya chon ion ammonium {ammonium-selective electrode), s& phat hién

duge ion ammonium. Loai dién cdc nay goi 13 enzyme FET (EnzFET, hoic EFNET =

enzyme linked field effect transitor). Sodium va potassium can trd viéc do ion
ammonium, vi vay, ding cac dién cuc chon loc khi do hiéu thé& (potentiometric gas-
selective electrode) dé phat hién ammonia tao thanh s& t6t hon. Dién cuc nay c6 dd
nhay trong khodng gitia 1pM va 30mM.

NH,"— NH, + H* :

_Dé x4c dinh urea ciing cé thé dung dién cyc duge bao ngoai bing 14p mong urease
khéng tan.

¢) Xde dinh ethanol va cde alcohol bdc mjt khdc, ding alcohol oxidase (AO, E.C.1.1.3.19)
c6 dinh trén dién cyc, phan tng sit dung O, vi tao thanh H,0,:

- alcohol bac mét + O, — aldehyde + H,0,
CH;CH,0H + 0, — CH,CHO + H,0,
(ethanol) : (acetaldehyde) _

Ding dién cye do bién d3i dong dién (AMB) d€ xéc dinh lugng oxygen dugc st
dung hodc H,0, dugc tao thanh. D$ nhay cia phuong phap khi xac dinh glucose
trong mau, vio khodng gita 0,4 va 50mg trong 100ml.

d) Sw dung dién cuc E dé xde dinh cdc chdt khdc ciing c6 dé nhay khd cao

Chit cdn phan tich Enzym khéng tan trong dién cic P nhay

Acid lactic {trong huyét thanh) Lactate dehydrogenase ’ 1uM d&n 5mM
Acid uric Uricase } 10uM dé&n 100mM

. Acid oxalic {trong nuéc tidu) Oxalate decarboxylase hosc oxalate oxidase 0,2 dén 10mM
Creatinine (trong huyét thanh) Creatinine deiminase 1 - 100mg/100ml

Cholesterol (trong huyét tuong) Cholesterol oxidase 1uM dén 8mM
Acid ascorbic (trong dich qué) Ascorbate oxidase 4:M dén 0,7mM -

Acetylcholine Acetylcholine esterase 1uM d&n 10uM

Viéc phat trién nghién clu, Ung dung E khéng tan con lién quan dén phat trién
cac “biochip”, ¢6 dinh ho#ic xfy dung cdc phan tit sinh hoc (ADN, protein/enzyme)
trén céc “chip” rat bé dé dung trong nhiéu nganh ¢éng nghd tién tién,

Tém lai, c6 thé thdy E da duge ing dung va con cé tiém nang ing dung 16n trong
cic linh vue khéac nhau, trong d6 ¢6 nhiéu linh vue quan trong phuc vu viée chim séc
stc khde, séc dep va cc nganh kinh t& quan trong khéc clia d4t nudc, Nhiing thanh
tyu trong nghién cttu E khéng tan, ché tao cac B-biosensor d 1Am tang hiéu qua va
md réng pham vi Gng dung cta E trong thyc t& & quy md ngay cang 16n.

172

5
A )



Z’G

Do nhilng tinh chit uu viét cia E so véi cic chdt xtic tac khac, nén viée st dung
E trong thuye t&€ thudng dem lai hidu qua vé nhidu mit: kinh t&, x3 hoi, cai thién diéu
kién lao déng, gidm thiéu 6 nhidm méi trudng. Cé thé néi khong qua ring, sy phat
trién cac quy trinh c6ng nghiép ¢6 st dung E 13 m6t hudng phat trién cha nén cong
nghiép tién ti€n trong tuong lai, khi ma ngudn ning lugng, ngudn nudc ngay cang bi
can kiét. Dé dap dng yéu cAu nay, cdn phat trién viéc sdn xudt ch& phim E, cdng
nghé tinh sach E 8 quy mé céng nghiép, day 1a nhitng nganh ma nudc ta con chua
hinbh thanh. D& canh tranh duge trong méi trudng hi nhap quée t&, cAn quan tam
d&u tu nhiéu hon nita dé x4y dung va phat trién nginh céng nghd E & nudc ta.
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PHU LUC

Phu luc 1

PHAN LOAI E (LGP, TO, NHOM) MA &, TEN THUONG DUNG,
TEN HE THONG CUA MOT SO E THUGNG GAP

1. Oxidoreductases (cac E xtic tac cho phan (ng oxy héa - khi)

1.1. Acting on the CH -OH group of donors (ta¢ dung véi nhém - CH-OH ciia chit cho)
1.1.1. With NAD" or NADP" as acceptor (vdi chét nhén 14 NAD* hoic NADPY
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1.1.1.1.

1.1.1.27.
1.1.1.28.

1.1.1.29.
1.1.1.37.

1.1.1.38.

1.1.1.41
1.1.1.42

1.1.1.44.

1.1.1.47.

1.1.1.49

Alcohol dehydrogenase, alcohol: NAD® oxidoreductase
L-Lactate dehydrogenase, (S)-lactate: NAD"* oxidoreductase
D-Lactate dehydrogenase, (R)-lactate: NAD* oxidoreductase

Glycerate dehydrogenase, (R)-glycerate: NAD* oxidoreductase
Malate dehydrogenase, (S)-malate:NAD" oxidoreductase

Malate dehydrogenase (oxaloacetate-decarboxylating) 'malic enzyme’,
(S)-malate:NAD" oxidoreductase

. Isocitrate dehydrogenase (NAD"), isocitrate:NAD* oxidoreductase
. Isocitrate dehydrogenase (NADP"), isocitrate:-NADP“’
oxidoreductase (decarboxylating) _ _
6-phosphogluconate dehydrogenase, 6-phospho-D-gluconate:NADP*
2-oxidoreductase
Glucose 1-dehydrogenase, p-D-glucose: NAD{P)" 1-oxidoreductase
. Glucose-6-phosphate 1-dehydrogenase, D-glucose-
-6-phosphate:NADP* 1-oxidoreductase, Zwi.échenferment

1.1.2. With a cytochrome as acceptor (v8i chit nhan 13 cytochrome)

1.1.2.3.

L-Lactate dehydrogenase (cytochrome), (S)-lactate:
ferricytochrome-c, oxidoreductase

1.1.3. With oxygen as acceptor (v81 chét nhén 14 oxygen)

1.1.3.4.
1.1.8.5.
1.1.3.22

Glucose oxidase, B-D-glucose:oxygen 1-oxidoreductase

Hexose oxidase, D-hexose:oxygen 1-oxidoreductase

. Xanthine oxidase, xanthine:oxygen oxidoreductase

1.1.4. With a disulfide as acceptor {(v6i chit nhén 1a disulifide)

1.1.5. With a

quinone or similar compound as acceptor (v6i chit nhén 13 quinone

ho#c cac chét ho hang)
1.1.99. With other acceptors (cac chdt nhan khac)
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1.2. Acting on the aldehyde or oxo group of donors (tdc dung vdi nhém aldehyde hodc
nhém oxo cia chat cha)

.1.2.1. With NAD* or NADP" ag acceptor (chit nhén 14 NAD" hodc NADP")
1.2.1.2, Formate dehydrogenase, formate:NAD" oxidoreductase
1.2.1.3. Aldehyde dehydrogenase (NAD"), aldehyde:NAD" oxidoreductase

1.2.1.12. Glyceraldehyde-3-phosphate dehydrogenase (phosphorylating),
D-glyceraldehyde-3-phosphate:NAD” oxidoreductase

'1.2.2. With a cytochrome as acceptor (chéit nhén la cytochrome)
1.2.2.2. Pyruvate dehydrogenase (cytochrome),
pyruvate:ferricytochrome-b; oxidoreductase
1.2.3. With oxygen as acceptor {chit nhén 12 oxygen)
1.2.3.3. Pyruvate oiidase, pyruvate:oxygen 2-oxidoreductase
{phosphorylating)
1.2.3.4. Oxalate oxidase, oxalate:oxyn oxidoreductase
1.2.4. With a disulfide as acceptor (chit nhén la disulfide)
1.2.4.1. . Pyruvate dehydrogenase (lipoamide),
pyruvate:lipoamide 2-oxidoreductase {(decarboxylating
and acceptor-acetylating)
1.2.4.2. Oxoglutarate dehydrogenase (lipoamide),
2-oxoglutarate:lipoamide 2-oxidoreductase . |
(decarboxylating and acceptor-succinylating) \
1.2.4.4. 3-Methyl-2-oxobutanoate dehydrogenase (lipoamide),

- branched chain a-keto acid dehydrogenase, 3-methyl-
2-0xobutan03te:lipoamide 2-oxidoreductasg
(decarboxylating and acceptor- 2-methylpropanylating)

1.2.7. With an iron-sulfur protein as acceptor (ch&t nhén 14 protein Fe-sulfur)
1.2.7.1. Pyruvate synthase, pyruvate:ferredoxin 2-oxidoreductase '
(CoA-acetylating)
1.2.99. With other acceptors {cac chat nhan khac)

1.2.99.2. Carbon-monoxide dehydrogenase, carbon-monoxide:(acceptor
~ oxidoreductase)

1.3. Acting on the CH-CH group of donors (tac dung véi nhém CH-CH caa chit cho)
1.3.1. With NAD* or NADP* as acceptor (ch&t nhan 124 NAD* hogc NADPY)
1.3.1.6. Fumarate reductase (NADH), succinate:NAD" oxidoreductase
- 1.3.1.8. Acyl-CoA dehydrogenase (NADP"), acyl-CoA:NADP*
2-oxidoreductase
1.3.2. With a eytochrome as acceptor (chdt nhén 1a cytochrome)
1.3.3. With oxygen as acceptor (ch&t nh4n la oxygen)
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1.3.5. With a quinone or related compound as acceptor (chat nhéan 14 quinone va
cac chit ho hang)

1.3.5.1. Succinate dehydrogenase (ubiquinone), succinate:ubiquinone
oxidoreductase
1.3.7. With an iron-sulfur protein as acceptor (chét nhén la protein cé Fe-sulfur)
1.3.99. With other acceptors (cac ch&t nhan khae)
1.3.99.3. Acyl-CoA dehydrogenase, acyl-CoA:acceptor 2,3-oxidoreductase
1.4. Acting on the CH-NH,, group of donors (tac dung vdi nhém CH-NH, ctia chit cho)
1.4.1. With NAD" or NADP* as acceptor (vdi NAD* hosic NADP* 1a chat nhéin)
1.4.1.1. Alanine dehydrogenase, L-alanine:NAD*
oxidoreductase (deaminating)
1.4.1.2. Glutamate dehydrogenase, L-glutamate:NAD*
oxidoreductase (deaminating)
- 1.4.1.14. Glutamate synthase (NADH), L-glutamate:NAD*
' oxidoreductase (transaminating)
1.4.2. With a cytochrome as acceptor (véi chét nhén Ja cytochrome)
1.4.3. With oxygen as acceptor (véi ch4t nhan 13 oxygen)
1.4.3.2. L-Amino-acid oxidase, L-amino-acid:oxygen
oxidoreductase (deaminating) )
1.4.3.4. Amine oxidase (flavin-containing), amine:oxygen
oxidoreductase (deaminating) {flavin-containing)
1.4.3.6. Amine oxidase (copper-containing), amine:oxygen
oxidoreductase (deaminating) (copper-containing)
1.4.4. With a disulfide as acceptor (véi chat nhan 13 disulfide) !
1.4.4.2. Glycine dehydrogenase, glycine:lipoylprotein
oxidoreductase (decarboxylai_;ing and acceptor aminomethylating)
1.4.7. With an iron-sulfur protein as acceptor (véi chat nhén la protein ¢6 Fe-sulfur)
1.4.99. With other acceptors (v6i cac chit nhan khac)
1.5. Acting on the CH-NH group of donors (tac dung véi nhém CH-NH clia chit cho)
1.5.1. With NAD" or NADP” as acceptor (véi NAD* hozc NADP* 1a ch&t nhan)
1.5.1.3. Dihydrofolate reductase, 5,6,7,8-tetrahydrofolate:NADP*
oxidoreductase
1.5.3. With oxygen as acceptor (vdi ch&t nhan 1a oxygen)
1.56.3.11. Polyamine oxidase, N1 -acetylspermidine:oxygen oxidoreductase
1.5.4. With a disulfide as acceptor (vdi ch4t nhan Ia disulfide)

1.5.5. With a quinone or similar compound as acceptor (vdi chit nhan 1A quinone
hoéc cac chit tudng tu) . '

1.5.99. With other acceptors (véi cac ch4t nhan khac)
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1.6. Acting on NADH or NADPH (tac duhg vdi NADH hosc NADPH)

1.7.

1.8

1.6.1. With NAD" or NADP” as acceptor (véi chat nhan 14 NAD* hosic NADP*)
1.6.2. With a heme protein as acceptor (chat nhén 13 protein chtta heme)
1.6.2.2.  Cytochrome-b; reductagse, NADH-ferricytochrome-b,
' oxidoreductase
1.6.4. With a disulfide as acceptor (v8i chat nhan 14 disulfide)
1.6.4.2. Glutathione reductase (NADPH)
' NADPH:oxidized-glutathione oxidoreductase
1.6.4.5. Thioredoxin reductase (NADPH), NADPH :oxidized
thioredoxin oxidoreductase

1.6.5. With a quinone or similar compound as acceptor (chat nhén 14 quinone
ho#c cic chat tuong tuy)

1.6.5.3. NADH dehydrogenase (ubiquinone), NADH:ubiquinone
| oxidoreductase
1.6.6. With a nitrogenous group as acceptor (chAt nhin la nhém cé mtrogenous)
1.6.6.1. Nitrate reductase (NADH), NADH:nitrate ox:doreductase
1.6.8. With a flavin as acceptor (chit nhan 14 flavin)
1.6.99. With other acceptors (véi cdc chédt nhén khac)
- 1.6.99.3 NADH dehydrogenase, NADH: (acceptor) oxidoreductase

Acting on other nitrogenous compounds as donors (tac dung vdi cic hgp chit khae
chda nitrogen cia chat cho)

1.7.2. Witit a cytochrome as acceptor (véi chdt nhan 14 cytochrome)
1.7.3. With oxygen as acceptor (véi chét nhéan 13 oxygen) .

1.7.7.  With an iron-sulfur protein as acceptor (véi chat nhan 13 protein ¢6 Fe-sulfur)

1.7.5. With a quinone or similar compound as acceptor (voi chit nhan 1a quinone
hodc chit tudng tu)

1.7.99. With other acceptors (véi cac chat nhan.khéc)
1.7.99.3. Nitrite reductase, nitri;:-oxide:(acceptor) oxidoreductase .
1.7.99.4. Nitrate reductase, nitrite:(acceptor) oxidoreductase
Acting on a sulfur group of donors (tac dung véi nhém sulfur ctia chat cho)
1.8.1. With NAD" or NADP* as acceptor (véi chat nhan la NAD* hoic NADP*)
1.8.1.4. Dihydrolipoamide dehydrogenase, diaphorase,
dihydrolipcamide:NAD* oxidoreductase
1.8.2. With a cytochrome as acceptor (v6i chit nhén 1a cytochrome)
1.8.2.1, Sulfite reductase, sulfite:ferricytochrome-c oxidoreductase
1.8.3. With oxygen as acceptor (v3i chit nhan 13 oxygen)
1.8.3.3. Glutathione oxidase, glutathione:oxygen oxidoreductase
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1.84. With a disulfide as acceptor (véi chat nhan 13 disulfide)
1.8.4.2, Protein-disulfide reductase (glutathione),
glutathone:protein-disulfide oxidoreductase

1.8.5. With a quinone or similar ecompound as acceptor (véi chit nhén 13 quinone
hodc chit tudng tu)

1.8.7. With an iron-sulfur protein as acceptor (véi chit nhan 14 protein cé Fe-sulfur)
1.8.99. With other acceptors (véi cac chat nhan khac)

1.9. Acting on heme group of donors (tac dung véi nhém heme cta chit cho)
1.9.3. With oxygen as acceptor (v6i chit nhén la oxygen)
1.9.6. Witha nitrogenous group as acceptor (vdi nhém nitrogen 1a chat nhén)
1.9.98. With other acceptors (v4i cac chat nhan khac)

1.10. Acting on diphenols and related substances as donors (téc dung véi chat cho 13
diphenols va chat tugng tuy)

1.10.1. - With NAD" or NADP* as acceptor (vdi ch4t nhan 134 NAD* hoic NADPY)
1.10.2. With a heme protein as acceptor (véi chit nhén 1a protem chita heme)
1 10.3. With oxygen as acceptor (vdi ch4t nhan 1a oxygen)
1.10.3.2. Laccase, benzenediol:oxygen oxidoreductase -
1.10.3.3. L-Ascorbate oxidase, L-aséorbate:oxygen oxidoreductase
1.10.99. With other acceptor (véi cc chat nhan khac) | _
1.11. Acting on a peroxide as acceptor (tac dung véi chit nhin peroxide)
1.11.1.1. NADH peroxidase, NADH:hydrogen-peroxide oxidoreductase
1.11.1.6. - Catalase, hydrogen-peroxide:hydrogen-peroxide oxidoreductase
1.11.1.7. Peroxidase, donor:hydrogen-peroxide oxidoreductase
1.11.1.9. Glutathione perox1dase glutathione: hydrogen peroxide
oxidoreductase
1.12. Acting on hydrogen as donor (tac dung véi hydrogen 14 chat cho)
1.12.1. With NAD" or NADP" as acceptor (véi chat nhén 1a NAD* hoic NADP") '
1.12.2. With a cytochrome as acceptor (véi chit nhan 14 cytochrome)
(1.12.99. With other acceptors (véi cac ch&t nhan khae)

1. 13 Acting on single donors with incorporation of molecular ¢ oxygen (oxigenases, téc
dung vdi cac chét cho don eling véi oxygen)

1.138.11. With incorporation of two atoms of oxygen (cling véi 2 nguyén ti oxygen)
1.13.11.1. Catechol 1,2-dioxygenase, catechol:oxygen 1,2 oxidoreductase
1.13.11.12. Lipoxygenase, linoleate:oxygen 13-oxidoreductase

1.13.12. With incorporation of one atom of oxygen (véi 1 nguyén ti oxygen)
(internal monooxygenases or internal mixed-function oxygenases)

1.13.12.4, Lactate 2- monooxygenase (S)- lactate oxygen 2-oxidoreductase
1. 13 99. Miscellaneous (véi cac kiéu khic)
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1.14. Acting on paired donors with incorporation of molecular oxygen (tac dung vl
2 chit cho cling véi oxygen)

1.14.11. With 2-oxoglutarate as one donor and incorporation of one atom

each of oxygen into both donors (2-oxoglutarate 1& mdt chét cho, cing véi
mdt nguyén tit oxygen)

1.14.12. With NADH or NADPH as one donor and incorporation of two atoms of
oxygen into one donor (NADH hogc NADPH la mét chat cho, cling véi
2 nguyén td oxygen la chit cho thi hai)
.1.14.12.1.

Anthranilate 1,2-dioxygenase (deaminating, decarboxylating)
anthranilate, NAD(P)H:oxygen oxidoreductase

(1,2-hydroxylating, deaminating, decarboxylating)
1.14.13. With NADH or NADPH as one donor and incorporation of one atom of
oxygen (NADH hogc NADPH 13 mét chét cho, ciing v6i 1 nguyén tit oxygen)
1.1.4.13.17. Cholesterol 7a-monocoxygenase, cholesterol
NADPH:oxygen oxidoreductase (Ta-hydroxylating)
1.14.14. With reduced flavin of flavoprotein as one donor and incorporation of

one atom of oxygen (flavin khit ho#c flavoprotein khit 14 mdt chét cho
cung vdi 1 nguyén tl oxygen)
1.14.14.1. Unspecific monooxygenase, microsomal P-450, substrate
reduced-flavoprotein:oxygen oxidoreductase

(RH-hydroxylating or-epoxidizing)
1.14.15. With a reduced iron-sulfur prbtein as one donor and incorporation

of one atom of' oxygen (protein Fe-sulfur 12 mgt chat cho, cing véi
1 nguyén ti oxygen) :
1.14.15.4. Steroid 11B-monooxygenase, steroid, reduced-adrenal
ferredoxin:oxygen oxidoreductase (11B-hydroxylating)
1.14.16. With reduced pteridine as one donor and incorporation of one

atom of oxygen (pteridine khi 12 mét chét cho, ciing v6i 1 nguyén ti
oxygen)

1.14.16.4. Tryptophan 5-monooxygenase, L-tryptophan
tetrahydro-biopterin: oxygen oxidoreductase (5-hydroxylating)
1.14.17. With ascorbate as one donor and incorporation of one atom of oxygen
(ascorbate 14 mdt chit cho, ciing v8i 1 nguyén tll oxygen)
1.14.17.1. Dopamine 11p-monooxygenase, 3,4-dihydroxyphenethylamine

ascorbate:oxygen oxidoreductase (B-hydroxylating)
1.14.99. Miscellaneous (céc kiéu khéc)

1.14.99.5. Stearoyl-CoA desaturase, stearoyl-CoA, hydrogenase-donor:oxygen
oxidoreductase
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1.15. Acting on superoxide radlcals as acceptor (tac dung véi cac gfc superoxide lam
chéit nhan)

1.15.1.1. Superoxide dismutas, superoxide:superoxide bxidoreductase
1.16. Oxidizing metal ions (oxy hoé cac ion kim loai)
1.16.1.  With NAD" or NADP"* as acceptor (v4i NAD* hoic NADP"* 13 chat nhéan)
1.16.1.1. Mercury(Il) reductase, Hg: NADP"* oxidoreductase
1.16.3. With oxygen as acceptor (v6i chit nhan 13 oxygen)
1.16.3.1. Ferroxidase, Fe(I):oxygen oxidoreductase
1.17. Acting on CH, groups (tac dung véi nhém CH,)
1.17.1.  With NAD" or NADP* as acceptor
1.17.3. With oXygen as acceptor
1.17.4.  With a disulfide as acceptor
1.17.99. With other acceptors
1.18. Acting on reduced ferredoxin as donor (tac dung véi chit cho 14 ferredoxin khi)
1.18.1. With NAD" or NADP* as acceptor
1.18.1.2.  Ferredoxin-NADP* reductase, ferredoxin-NADP* oxidoreductase
1.18.6. With dinitrogen as acceptor
1.18.6.1. Nitrogenase, reduced ferrecloxin:dinitrogen
oxidoreductase (ATP-hydrolyzing)
1. 18 99. With H* as acceptor
1.18.99.1. Hydrogenase, ferredoxin: H* oxidoreductase
1.19. Acting on reduced flavodoxin as donor (tac dung véi chit cho flavodoxin khi)
1.19.6. With dinitrogen as acceptor
1.19.6.1. Nitrogenase (flavodoxin), reduced flavodoxin dinitrogen
oxidoreductase (ATP-hydrolyzing) '
1.97. Other oxidoreductases

1.97.1.3.  Sulfur reductase, (donor):sulfur oxidoreductase

2. Transferases (cic E xic tac cho phan iing chuyén vi)
2.1. Transferring one-carbon groups (chuyén nhém 1 carbon)
2.1.1, Methyltransferases .
2.1.1.23. Protein-arginine N-methyltransferase, protein methylase 1,
S-adenosyl-L-methionine:protein- L-arginine N-methyltransferase

2.1.1.29. t-RNA (cytosine-5-)-methyltransferase, S-adenos_yl—
L-methionine:tRNA (cytosine-5-)-methyltransferase

2.1.2. Hydroxymethyl-, formyl-, and related transferases

2.1.2.1. Glycine hydroxymethyltransferase, -5, 10-methylenetetrahydro-folate:
glycine hydroxymethyltransferase
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2.1.3. Carboxyl-and carbamoyltransferases

2.1.3.2. Aspartate carbamoyltransferase, carbamoylphosphate: L-aspartate
carbamoyltransferase

2.1.4. Amindinotransferases _
2.1.4.1, Glycine amindinotransferase, L-arginine:glycine amidinotransferase
2.2. Transferring aldehyde and ketone residues (chuyén cac géc aldehyde va ketone)
2.2.1.1.  Transketolase, sedoheptulose-7-phosphate:D-glyceralde-
hyde-3-phosphate glycoaldehydetransferase
2.2.1.2. Transaldolase, sedoheptulose-7-phosphate:D-glyceralde-
hyde-3-phosphate glyceronetransferase
2.3. Acyltransferases (céc E xic tac phan ing chuyén vi nhém acyl)
2.3.1. Acyltransferases
2.3.1.8.  Phosphate acetyltransferase (phosphotransacetylase),
acetyl-CoA:orthophosphate acetyltransferase
2.3.1.12. Dihydrolipoamide S-acetyltransferase,
_ acetyl-CoA:dihydrolipoamide S- acetyltransferase
2.3.1.61. Dihydrolipoamide S-succinyltransferase,
succinyl-CoA:dihydrolipoamide S-succinyltransferase

2.3.1.85. Fatty acid synthase, acyl-CoA:malonyl-CoA C-acyltransferase
(decarboxylating, oxoacyl- and enoyl-reducing,.and
thioester-hydrolyzing) -

2.3.1.85. Fatty acyl-CoA synthase (yeast fatty acid synthase),
acyl-CoA:malonyl-CoA C-acyltransferase
(decarboxylating, oxoacyl-, and enoyl-reducing)
2.3.2. Aminoacyltransferases =~ _ J
2.3.2.6.  Leucyltransferase, L-leucyl-tRNA:protein leucyltransferase
2.4. Glycosyltransferases (cac E xic tac phan tmg chuyén vi glycosyl)
2.4.1. Hexosyltransferases _ _
2.4.1.1. Phosphorylase, 1,4-a-D-glucan:orthophosphate '
o-D-glucosyltransferase
2.4.1.11.  Glycogen (starch) synthase, UDP glucose:glycogen
4-a-D-glucosyltransferase
2.4.1.18. 1,4-a-glucan branching enzyme, 1,4-a-D-glucan:
1,4-a-D-glucan 6-a-b-(1,4-a-D-glucano)-transferase
2.4.2. Pentosyltransferases '
' 2.4.2.1. Purine-nucleoside phosphorylase, pyrimidine-
nucleoside: orthophosphate o-D-ribosyltransferase
2.422.  Pyrimidine-nucleoside phosphorylase, pyrimidine-
nucleoside: orthophosphate a-D-ribosyltransferase
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2.5.

2.6.

2.7.
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2.4.99. Transferring other glycosyl groups

Transferring alkyl or aryl groups other than methyl groups (chuyén vi cac nhém
alkyl hodc aryl khac vdi nhém methyl)

2.5.1.86. Methionine adenosyltransferase, ATP:L-methionine
S-adenosyltransferas
Transferring nitrogenous groups (chuyén vi cdc nhém nitrogeh)

2.6.1. Transaminases
2.6.1.2, Alanine transaminase, L-alanine:2-oxoglutarate aminotransferase
2.6.3,  Oximinotransferases

2.6.99. Transferring other nitrogenous groups _
Transferring phosphorus-containing groups (chuyén vi cdc nhém chita phospho)
2.7.1. Phosphotransferases with an alcohol group as acceptor
2.7.1.1. Hexokinase, ATP:D-hexose 6-phosphotransferase
2.7.1.2. Glucokinase, ATP:D-glucose 6-phosphotransferase
2.7.1.11.  6-Phosphofructokinase, ATP:D-fructose- 6 -phosphate
" 1-phosphotransferase
2.7.1.37. Protein kinase, ATP:protein phosphotransferase
2.7.1.38. Phosphorylase kinase, ATP:D-phosphorylase-b phosphotransferasé
2.7.1.40. Pyruvate kinase, ATP:pyruvate 2-O-phosphotransferase
2.7.2. Phosphotransferases with a carboxyl group as acceptor
2.7.2.1.  Acetate kinase, ATP:acetate phosphotransferase
2.7.3. Phosphotransferases with a nitrogenous group as acceptor
2.7.3.2. Creatine kinase, ATP:creatine N-phosphotransferase
2.7.4. Phosphotransferases with a phosphate group as ﬁcceptor
2.7.4.3.  Adenylate kinase (myokinase), ATP:AMP |
phosphotransferase ' :
2.7.4.6. Nucleoside-diphosphate kinase ATP:nucleoside-
diphosphate phosphotransferase
2.7.6. Diphosphotransferases '
2.7.6.1.  Ribose phosphate pyrophosphokinase, ATP:p-ribose-
5-phosphate pyrophosphotransferase
2.7.7. Nucleotydyltransferases :
2.7.17.2. FMN adenylyltransferase, ATP:FMN adenylyltransferase
2.7.7.48. RNA-directed RNA polymerase, nucleoside-triphosphate:RNA
nucleotidyltrransferase (RNA-directed) _
2.7.749. RNA-directed DNA polymerase, deoxymucleoside-triphosphate: DNA
deoxynucleotidyltransferase (RNA-directed)
2.7.8. Transferases for other substitnuted phosphate groups
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2.7.9.

Phosphotransferases with paired acceptors

2.8. Transferring sulfur-containing groups (chuyén vi céc nhém chita sulfur)

2.8.1,
2.8.2.
2.8.3.

Sulfurtransferases
Sulfotransferases
CoA-transferases

2.8.3.3. Malonate CoA-transferase, acetyl-CoA:malonate CoA-transferases

3. Hydrolases (cac E xdc téc cho phan {ing thuy phén)
3.1. Acting on ester bonds (thuy phén lién két ester)

3.1.1.

Carboxylic ester hydrolases

3.1.1.3. Triacylglycerol lipase (lipase), triacylglycerol acythydrolase
3.1.1.4. Phospholipase A,, phosphatidylcholine 2-acylhydrolase
3.1.1.7.  Acetylcholine esterase, acetylcholine acetylhydrolase
3.1.1.8. Choline esterase, acylcholine acylhydrolase

3.1.2.

Thiolester hydrolases

3.1.2.2.  Palmitoyl-CoA hydrolase

3.1.3.

Phosphoric monoester hydrolases

3.1.3.1. Alkaline phosphatase, orthophosphoric-monoester

phosphohydrolase (alkaline optimum)

3.1.3.2. Acid phosphatase, orthophosphoric-monoester

3.1.4

phosphohydrolase (acid optimum)
Phosphoric diester hydrolases

3.1.4.1. Phosphodiesterase 1, oligonucleate 5'-nucleotido-hydrolase
3.1.4.3. Phospholipase C, phosphatidylcholine cholir;ephosphohydrolase

3.1.5.
3.1.6.

Triphosphoric monoester hydrolases
Sulfuric ester hydrolases

3.1.6.1.  Arylsulfatase, aryl-sulfate sulfohydrolase

3.1.7.
3.1.8.
3.1.11.

Diphosphoric monoester hydrolases
Phosphoric triester hydrolases

Exodeoxyribonucleases producing 5' -phosphomonoes'ters

3.1.11.1. Exodeoxyribonuclease I

3.1.13.

Exoribonucleases producing &' -phosphomonoesters

3.1.11.1. Exoribonuclease 11

3.1.14.
3.1.15.

3.1.16.

Exoribonucleases producing other than 5' -phosphomonoesters

Exonucleases active with either ribo- or deoxyribonucleic acids and
producing 5' -phosphomonoesters

Exonucleases active with either ribo- or deoxyribonucleic acids and .
producing other than 5' -phosphomonoesters
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3.2

3.3.

3.4.
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o
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t
3.1.21.  Endodeoxyribonucleases producing 5' -phosphomoncesters
3.1.21.1. Deoxyribonuclease I
3.1.22.  Endodeoxyribonucleases producing other than 5' -phosphomonoesters
3.1.22.1 Deoxyribonuclease IT
3.1.25.  Site-specific endodeoxyribonucleases specific for altered bases
3.1.26.  Endoribonucleases producing 5' -phosphomonoesters
3.1.27.  Endoribonucleases producing other than d'-phosphomonoesters
3.1.830. Endonucleases active with either ribo- or deoxyribonucleic acids and
producing 5 -phosphomonoesters
3.1.31, Endonucleases active with either ribo- or deoxyribonucleic acids and
producing other than 5' -phosphomonoesters
(lycosidases (thuy phén lién két glycoside)
3.2.1. Hydrolyzing O-glycosyl compounds
3.2.1.1, a-Amylase, 1,4-a-D-glucan glucanohydrolase
3.2.1.2. B-Amylase, 1,4-a-D-glucan maltohydrolase
3.2.14.  Cellulase, 1,4-(1,3;1,4)-B-D-glucan 4-glucanohydrolase
3.2.1.17. Lysozyme, peptidoglucan N-acetylmuramoylhydrolase
3.2.1.20. a-Glucosidase, a-D-glhucoside glucohydrolase
3.2.1.23. B-Galactosidase, B-D-galactoside galactohydrolase
3.2.1.26.  B-p-fructosefuranoside fructohydrolase, B-fructofuranosidase,
invertase, invertin, saccharase, sucrase
3.2.1.108. Lactase, lactose galactohydrolase
3.2.2. Hydrolyzing N-glycosyl compounds
3.2.2.1.  Purine nucleosidase, N-D-ribosylpurine ribohj;drolase
3.2.3. Hydrolyzing S-glycosyl compounds
3.2.3.1 Thioglucosidase, thioglucoside glucohydrolase
Acting on ether bonds (thuy phén cac lién ké&t khac)
3.3.1.  Thioether hydrolases
3.3.2. Ether hydrolases
3.3.2.3. Epoxide hydrolases
Acting on peptide bonds (peptidases) (thuy phan lién két peptide)
3.4.11. Aminopeptidases
3.4.11.1. Leucyl aminopeptidase
3.4.13. Dipeptidases
3.4.13.6. Cys-Gly dipeptidase
3.4.14. Dipeptidyl peptidases and tripeptidyl peptidases
3.4.15.  Peptidyl dipeptidases
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3.5.

3.4.16. Serine-type carboxypeptidases
3.4.16.1. Serine-type carboxypeptidase
3.4.17. Metallocarboxypeptidases
3.4.17.1. Carboxypeptidase A
3.4.18. Cysteine-type carboxypeptidases
3.4.18.1. Cysteine-type carboxypeptidase
3.4.19. Omega peptidases
3.4.19.1. Acylaminoacyl peptidase
3.4.21. Serine endopeptidases
3.4.21.1. Chymotrypsin
3.4.21.4. Trypsin
3.4.21.5. Thrombin
3.4.21.62. Subtilisin |
3.4.22. Cysteine endopeptidases
3.4,22.1. Cathepsin B
3.4.22.2. Papain
3.4.22.17. Calpain
3.4.23. Aspartic endopeptidases
3.4.23.1. Pepsin A
3.4.22.15. Renin
3.4.24, Metalloendopeptidases
3.4.24.3. Microbial collagenase
3.4.24.27. Thermolysin
3.4.99. Endopeptidases of unknown catalytic mechanism ’
3.4.99.46. Multicatalytic endopeptidase complex (proteasome)

Acting on carbon-nitrogen bonds other than peptide bonds (thuy phén cac lién két
C-N khac lién két peptide)

3.5.1. In linear amides
3.5.1.1.  Asparaginase, L-asparagine amidohydrolase

3.5.1.4.  Amidase, acylase; acylamine amidohydrolase
3.5.1.5. Urease, urea amidohydrolase

3.5.1.35. D-Glutaminase, D-glutamine amidohydrolase
3.5.2. In cyelic amides

3.5.2.3. Dihydroorotase, carbamoylaspartic dehydrase
35.3.  Inlinear amidines ' '

3.5.3.1.  Arginase, L-arginine amidinohydrolase
3.5.4. In ¢yclic amidines

3.5.4.1, Cytosine deaminase, cytosine aminohydrolase
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3.5.5. In nitriles .
3.6.5.1. Nitrilase, nitrile aminochydrolase
3.56.89. In other compounds
3.5.99.1 Riboflavinase, riboflavin hydrolase ' : y
3.8. Acting on acid anhydrides (thuy phén lién két anhydride acid) |
3.6.1. In phosphorus-containing anhydrides
3.6.1.5. Apyrase, ATP diphosphohydrolase
3.6.2. In sulfonyl-containing anhydrides
3.6.2.1. Adenylylsufatase, adenylylsulfate sulfohydrolase
3.7. Acting on carbon-carbon bonds (thuy phan lién két C-C)
3.7.1. In ketonic substances
3.7.1.1. Oxaloacetase, oxaloacetate acetylhydrolase
3.8. Acting on halide bonds (thuy phan lién két halide hitu cd)
3.8.1. In C-halide compounds
3.8.1.1. Alkylhalidase, alkyl-halide halidohydrolase
3.9. Acting on phosphorus-nitrogen bonds (thuy phén lién k&t P-N)
3.9.1.1. Phosphoamidase, phosphamide hydrolase
3.10. Acting on sulfur-nitrogen bonds (thuy phéan lién két 8-N)
3.10.1.2. Cyclamate sulfohydrolase, cyclohexylsulfamate sulfohydrolase
3.11. Acting on carbon-phosphorus bonds (thuy phén lién két C-P)
3.11.1.1. Phosphonoacetaldehyde hydrolase, 2-oxoethylphosphonate
phosphonohydrolase
3.12. Acting on sulfur-sulfur bonds (thuy phan lién két 8-8) .
3.12.1.1. Trithionate hydrolase, trithionate thiosulfohydrolase

4. Lyases (cac E phan gidi khéng c6 nudc tham gia)
4.1. Carbon-carbon lyases (cit dit 1ién két C-C)
4.1.1. Carboxy lyases .
4.1.1.1. Pyruvate decarboxylase, 2 -oxo-acid carboxylyase
4.1.1.17. Ornithine decarboxylase, L-ornithine carboxylyase
4.1.2.  Aldehyde lyases -
- 4.1.2.5. Threonine aldolase, L-threonine acetaldehyde lyase
4.1.2.9. Phosphoketolase, b-xylulose-5-phosphate p-glyceraldehyde-3
-phosphate lyase (phosphate-acetylating)
4.1.3. Oxo-acid lyases _
4.1.3.1.  Isocitrate lyase, isocitrate glyoxylate lyase
4.1.3.2.  Malate synthase, L-malate glyoxylate lyase -
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4.1.3.7. Citrate (si)-synthase (condensing enzyme), citrate oxaloacetate lyase
4.1.3.27. Anthranilate synthase, chorismate pyruvate lyase (amino-accepting)

4.1.99. Other carbon-carbon lyases
- 4.1.99.1. Tryptophanase, L-tryptophan mdole lyase

4.2. Carbon-oxygen lyases (cit dit lién két C-0)

4.2.1. Hydrolyases
4.2.1.1. Carbonate dehydratase, carbonic anhydrase, carbonate hydrolyase
4,2.1.2. Fumarate hydratase, fumarase, (S)-malate hydrolyase
4.2.1.3.  Aconitate hydratase, aconitase, citrate(isocitrate) hydrolyase

4.2.1.20. Tryptophan synthase, L-serine hydrolyase (adding indole glycerol
: phosphate)

4.2.2.  Acting on polysaccharides
4.2.2.1, Hyaluronate lyase, hyaluronidase, hyaluronate lyase
4.2.99. Other carbon-oxygen lyases
4.2.99.2. Threonine synthase, O-phospho-L-homoserine phospholyase
{adding water)
4.3. Carbon-nitrogen lyases (cat dit 1ién két C-N)-
4.3.1. Ammonia lyases

4.3.1.1 Aspartate ammonia lyase, aspartase, L-aspartate ammonia lyase
4.3.2. Amindine lyases

4.3.2.1. Argininosuccinate lyase argininosuccinase, N (L-arginincsuccinate}
arginine lyase

4.3.3. Amide lyases
4.3.99. Other carbon-nitrogen lyases :
 4.3.99.1. Cyanate lyase, eyanate C-N lyase s
4.4. Carbon-sulfur lyases (cit dit lién ké&t C-8)

4.4.1.2. Homocysteine desulthydrase, L-homocysteiné hydrogen lyase
(deaminating)

4.5. Carbon-halide lyases (cit ditt lién két C-halogen)

4.5.1.1. DTT-dehydrochlorinase, 1,1,1-dichloro-2,2-bis(4-chlorophenyl)
ethane chloride lyase

4.6. Phosphorus-oxygen lyases (cit ddt 1ién két P-O)
4.6.1.1. Adenylate cyclase ATP- pyrophosphate lyase
4.99. Other lyases (cac lyases khac)

4.99.1.1. Ferrochelatase, protoheme ferro lyase

5. Isomerases (cac E dong phén ho4)
5.1. Racemases and epimerases

5.1.1. Acting on amino acids and derivatives
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5.1.1.1.  Alanine racemase
5.1.2. Acting on hydroxy acids and derivatives
e 5.1.2.1.  Lactate racemase
5.1.3. Acting on carbohydrates and derivatives
5.1.3.1. Ribulose-phosphate 3-epimerase, D-ribulose-5-phosphate -
3-epimerase
5.1.99.  Acting on other compounds
5.1.99.1. Methylmalonyl-CoA epimerase, 2-methyl-
3-oxopropanoyl-CoA 2-epimerase '
© 8.2, cis-trans-isomerases
5.2.1.3. Retinal isomerase, all-trans-retinal 11-cis-trans-isomerase
5.3. Intramolecular oxidoreductases '
5.3.1. Interconverting aldoses Iand ketoses

5.3.1.1.  Triosephosphate isomerase, D-glycera-l_dehyde'-3'-phosphate ketol
isomerase

5.3.1.5. Xylose isomerase, D-xylose ketol isomerase
1 5.3.2. Interconverting keto and enol groups

5.3.2.1.  Phenylpyruvate tautomerase, phenylpyruvate
keto-enol isomerase

5.3.3. Transposing C=C bonds
5.3.3.1. Steroid A-isomerase, 3-oxosteroid A5-M-isomerage
5.3.4, Transposing S-S bonds
' 5.3.4.1.  Protein disulfide isomerase
5.3.99. Other intramolecular oxidoreductases
5.3.99.7. Btyrene-oxide isomerase {(epoxide-cleaving)
5.4, Intramolecular transferages (mutases) (chuyén vi néi phan t&)
5.4.1. Transferring acyl groups
5.4.1.1. Lysolecithin acylmutase
5.4.2. Phosphotransferases (phosphomutases) .
5.4.2.2, Phosphoglucomutase, a-D-glucose 1,6-phosphomutase
5.4.3.  Transferring amino groups
5.4.3.2. Lysine 2,3-aminomu£ase 1-lysine 2,3-aminomutase
5.4.99. Transferring other groups
5.4.99.5. Chorismate mutase, chorismate pyruvate mutase
5.5. Intramolecular lyases (phén cdt ndi phan ti1)
5.5.1.1. Muconate cycloisomerase, 2,5-dihydro-5-oxofuran-
2-acetate lyase (decyclizing)

188

A
R0



R

5.99. Other isomerases
5.99.1.2 DNA topoisomerase

6. Ligases (cic E tdng hgp)
6.1. Forming carbon-oxygen bonds (tao thanh lién két C-0)
6.1.1. Ligases forming aminoacyl-tRNA and related compounds
6.1.1.1. Tyrosine-tRNA ligase, tyrosyl-tRNA synthetase
6.2. Forming carbon-sulfur bonds (tac thanh lién két C-S)
6.2.1. Acid-thiol ligases
6.2.1.1. Acetate-CoA ligase, acetate:CoA ligase (AMP-forming)
6.3. Forming carbon-nitrogen bonds (tao lién k&t C-N)
6.3.1. Acid-ammonia (or amine} ligases (amide synthases)
6.3.1.2. Glutamate-ammonia ligase, glutamine synthetase,
L-glutamate:ammonia ligase (ADP-forming)
" 6.3.2. Acid-amino-acid ligases (peptide synthases)
6.3.2.3. Glutathione syhthase, y-L-glutamyl-L-cysteine:glycine
ligase (ADP-forming)
6.3.3. Cyclo ligases
6.3.4.  Other carbon-nitrogen ligases
. 6.3.4.1. GMP synthase, xanthosine-5'- phosphate ammonia
ligase (AMP-forming)
6.3.5. Carbon-nitrogen ligases with glutamine as amido N-donor
6.3.5.2.  GMP synthase (glutamine-hydrolyzing) '
6.4. Forming carbon-carbon bonds (tao lién két C-C)

6.4.1.1. Pyruvate carboxylase, pyruvate:carbondioxidesligase
(ADP-forming)

6.4.1.2.  Acetyl-CoA carboxylase, acetyl- CoA carbondlonude ligase
{ADP-forming).

6.5. Forming phosphoric ester bonds (tao lién k&t ester phosphoric)
6.5.1.1. DNA ligase (ATP), poly (deoxyribonucleotide):poly-
(deoxyribonucleotide) ligase (AMP-forming)
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Phy luc 3

CAC QUY BINH VE AN TOAN TRONG SAN XUAT
VA SU DUNG ENZYME

1. Anh huwdng bit 1gi c6 thé c6 trong san xuat va sit dung E

Mac di chua c¢é nhiing bang chitng khoa hoc vé tac dung ddc cha E, nhung trong
mbt s8 trudng hop, d6i véi mot s8 ngudi ciing c6 thé gay kich tng da hay dj dng hé hép.

— Di tng da: Céc protease ¢6 thé giy kich tdng da sau khi tiép xtc v8i cac E nay
trong thdi gian dai. Sy kich thich da cang tang khi dé &m cao, dic biét & tay, chin, mét.

— Di tGng phdi: Néi chung khi hit phai protein la (nhu E) 8 dang hat bui nhd cé
trong khéng khi ho#c & dang aerosol (dang hat sudng nho cé6 E/protein) thudng gy di
tng hé hé&p hode hen di {ng. Khi hit phdi E/protein, cd thé nhan biét dudce vat la, sé
tao céc tridu chiing 1am sang nhu chdy nude mét, nude mii, ho, thit ngue, kho thd, bi
hen. Cac tridu ching trén sé mat sau vai gid hodc vai ngly ngiing ti€p xic véi E.

A Y - »
2. N§i dung can kiém tra vé an toan

Cén kiém tra céc tidu chi sau: dang ch& phém, k¥ thut, céc diéu kién thuc t& noi
san xuit, cAc phudng tién bao hd lac dong.

— Dang ch& phfm: Céc ché& phim E c¢6 thé & ca dang léng, hat hay bét. D&i véi
nhiing ngudi nhay cAm vdi cic protein la, cd 3 dang déu c6 thé dnh hudng, tuy nhién
cin luu y d&n dang bét. Dang bot d& phat tén vao khong khi,‘do d6 phai gidm sat
chét ché& noi san xudt, déng géi va phai st dung cac phuong tién bao hd lao déng nhu
gang tay, kinh deo mét, va c6 hé théng thong hoi cuc bd.

— Kiém tra k¥ thuat: Cén kiém tra dung cy, thiét bi dung trong san xufit, phai
dam bao khong dé thoat E ra ngoai. Dic bidt cAn luu § dén thiét bi dé thém E vao
trong quéa trinh san xu#t, noi van chuyén nguyén lidu, cho E viao container.

— Kiém tra ndi 1am viéce: VAn dé€ an toan trong méi trudng lam viée: nhiing ngudi
1am viéc phai dude théng tin ddy dd vé nhitng tac hai c6 thé c6 ddi véi sttc khodé, nhan
bi&t dude nhitng d4u hiéu khéng binh thudng d6i véi sitc khoé, viée can thlét phai si
dung trang bi bao ho lao déng. -

— Phai theo d8i, thutng xuyén danh gia mdi trudng lam v1éc M6t 88 nude nhu Ue,
Argentina, Canada, Dan Mach, HA Lan, Anh ¢6 quy dinh vé gidi han lugng subtilsin
(protease kiém cta Bacillus) trong khéng khi, phai bé hon 60ng/m®, theo ddi trong
mbt khoang khéng gian 16n trong vong 60 phiit.

— Giam séat y t&: Theo dbi stc khoé cong nhan dé phat hién kip thdi nhitng diu
hidu khéng tét d6i véi sitc khoé. :
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- 3. Nhitng quy dinh vé an toan sin pham

"I‘uj' muc dich s dung E, va tuy titng nuéc. Nhitng quy dinh v& st dung E trong
ch& bign thue phém, dic biét 12 khi st dung nhu phu gia thye phdm 14 phite tap nhat,

va chat ché hon khi slt dung E trong céc qua trinh cong nghiép khéc.

D61 v6i cae E tach tit cac co thé bidn ddi di truyén (GMO), cén ¢6 thém cac quy dinh
b& sung khéc. Vi du: mé ta cach thist k& gen, trong san phdm phai khéng ¢6 GMO,
khéng c¢6 ADN. D sach cfia ché phdm E ding trong thye phém ciing duge quy dinh
nghiém ngit. Vi du: Luft cda Phap quy dinh v& ham lugng cac chat, vi sinh vat, kim

loai ning trong ch& ph&m nhu sau:

Cadmium, Mercury (thuy ngén) < 0,5mg/kg - .

Arsenic < 3mg/kg

Chi < 10mg/kg

Aflatoxins < 0,005mg/kg

Vi sinh vat téngss < 50 000/g

Samonela : khﬁ_ng_éé trong 25g
Coliforms < 30/g '
Staphylococcus aureus khéng ¢6 trong 1g .
Hoat tinh khang sinh khéng c6

Quy trinh danh gia, quy dinh viéc ding ky, phé chuén, cfp p-hép, cd quan chiu
trach nhiém vé cdc vén dé & cac nude cling khac nhau. Trong bang sau diy sé gi6i thidu
mdt s6 dia chi tra citu 6 lién quan d&n cic véin dé an toan E s dung trong thye phdm.

Nude

Dia chi truy cap p

“Anh

http:f!www.doh.golv.ukf

http://www.defra.gov.uk/

http://iwww.foodstandards.gov.uk/ _
http:ﬂwww.foodstan_dards_.m.uk/committéesfcotfsummary.html

Nhat

http:waw.mhlw.go.jp!englis:" topics/food/index.html

http://'www.cfsan.fda.gov/i~dms/opa-noti.htmi
http://'www.cfsan.fda, gov/~rdb/opa-gras.html
http://fwww.cfsan.fda.govi~Ird/foodadd.htm]
_http:waw.cfsan.fda.govf*-dmslopa-enzy.html

Canada

http://www.he-sc.ge.ca/food- aliment/english/publications/acts
_and_regulations/food_and_acts/c-tables.pdf

Australia va
New Zealand

http://www.anzfa.gov.au/foodstandards/
hitp://'www.anzfa.gov.au/foodstandards/foodstandards
codecontents/standard13/standard133.cfm

192

i



g

Cac dia chi truy cap vé cac quy dinh lidn quan dé&n an toan E st dung trong chan

nudi:
EU http://www.europa.eu.int/comm/food/fs/sc/scan/index_en.html
My http://www.aafco.org/ | '
Canada http://www.inspection.ge.ca/english/anima/tradmem/trindxe.htm-
1

Cac dia chi truy cAp vé céc E tach tit cac vi sinh vAt tai t8 hop:
http://www.access.gpo/nara/cfr/waisidx_00/40cfrv23_00.htm!
hitp://www.epa.gov/ibiotech_rule/index.html '
htip://www.ec.gc.calcecebl/nsd/eng/index_e.html
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Chiu trdch nhiém xudt bén:
Chi tich HDQT kiém Téng Giam dsc NGO TRAN Al

Phé Téng Gidm déc kiém Téng bien tap NGUYEN QUY THAO

T6 chite bdn thdo va chiu trach nhiém ngi dung:
Cha tich HDQT kiém Giam d6c Céng ty c§ phAn Séch DH-DN
TRAN NHAT TAN

Bién tdp va sita bdn in:
NGUYEN HONG ANH
Trinh bay bia:
HOANG MANH DUA
Ché bén:

DINH XUAN DUNG

CONG NGHE SINH HQC
Tap ba: Enzyme va img dung
M4 s8: TK663M6-DAI
In 1000 ban kh6 19cm x 27cm Tai Cong ty In - Thuong mai TTXVN

Gidy phép xust ban s6: 10 - 2006/CXB/161-2018/GD
Do cuc xuat ban cap , In xong va nép lwu chiéu thang 9 - 2006



Gia: 28.000 d

m

HEVOBCO
BN

CONG TY CO PHAN SACH DAI HOC - DAY NGHE

Bia chi : 25 Han Thuyén, Ha Noi

TIM POC SACH THAM KHAO
CUA NHA XUAT BAN GIAO DUC

1. B4t ngap nudc

2. Bong vat hoc ¢é xuong séng

3. Sinh théi hoc con tring

. Co 38 hod sinh

. Tai nguyén nude Viét Nam

. Virut hoc

. B6 sdch vé cong nghé sinh hoc
Tdp mot : Sinh hoc phan tit va &€ bao -
Co s& khoa hoc ctia cong nghé sinh hoc
Tdp hai : Cong nghé t€ bao dong vat
va thuc vat

-1 N Lh B

Tdp ba : Enzym va ing dung

Tdp bon : Cong nghe di truyén
Tdp ndm : Cong nghé sinh hoc vi sinh
va cong nghé méi trudong

8. Co s& 1y thuyét va k¥ thuat sin xust
thuc phdm

9. Di truyén hoc

10. Sinh hoc t€ bao

11. Sinh hoc phan t t€ bao va iing dung

GS. Lé Vin Khoa

GS. TS. L& Vii Khoi

PGS. TS. Pham Binh Quyén
PGS. TS. Trinh L& Hing
Nguyén Thanh Son

PGS. TS. Pham Van Ty

PGS. TS. Nguy&n Nhu Hién
GS. TS, Vi Vian Vu

PGS. TS. Nguyén Mong Hing
GS. TSKH. Pham Thi Tran Chau

- PGS. TS. Phan Tufin Nghia

TS. Trinh Dinh Dat

PGS. TS. Pham Vin Ty

TS. Vii Nguyén Thanh

TS. Nguyén Xuan Phuong
TSKH. Nguyén Vin Thoa
D6 Le Thang

PGS. TS. Nguyén Nhu Hién
TS. V& Thi Thuong Lan

Ban doc c6 thé tim mua tai c4c Céngty Sachva Thist bj truong hoc & dia phuong
hodc cac ctra hang sach ctia Nha xuét ban Gido duc :
25 Han Thuyén, 187 B Giang V6, 23 Trang Tién - Ha Nbi
15 Nguyén Chi Thanh - TP. Da Ning
240 Tran Binh Trong, Quéan 5 - TP. H6 Chi Minh
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