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NGHIEN cUU MOT SO TINH CHAT CUA TAQ ADN POLYMERASE
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1. Mé dau

Taq ADN polymerase (Taq) 1a enzym xtc tac cho phan tng téng hop ADN dudc
tach ra tit loai vi khudn ua nhiét Thermus aquaticus va da duge nghién ctu kha ky vé
tinh chét [1, 2, 3]. Tham chi gen cta Taq da duge nhan dong va biéu hién thanh coéng
trong E. coli [3]. Nho tinh ch&t bén véi nhiét, hoat tinh polymerase va kha nang bd
sung goc adenosin (A) vao dau 3’ ctua chudi ADN dang soi kép nén sau khi duge phat
hién, Taq da tré thanh cong cu hét stc hiiu ich ctia cac nghién ctiu sinh hoc phan ti,
dac biét 1a ctia cAc nghién ctiu nhan ban gen.

Nghién ctiu cia ching t6i 14 nhdm gép phan tim hiéu thém mét s6 tinh chit caa
Taq, gitp cho viéc st dung enzym hiéu qua hon va bai bio nay giéi thiéu két qua
nghién ctiu gay khang thé khang Taq trén chudt, su tuong tac ctia khang thé véi mot sd
ADN polymerase khac nhau ciing nhu dnh hudéng cia mét s6 hgp chat khac nhau 1én
hoat tinh téng hgp ADN cta Tagq.

2. Nguyén liéu va phuong phap nghién ctu

Hoa chét chinh st dung cho nghién ciéiu gdm cac oligonucleotit, thang chuén
AHind III, 1 kb va 250 bp dudc mua ti hing Invitrogen (My). Thang chuin protein
dugec mua tit hang Amersham (M¥), Agarose, Tris-base, EDTA, SDS, isopropanol dugc
mua ti hing Sigma (M¥). Cac hoa chat con lai déu dat d6 tinh khiét danh cho nghién
ctiu sinh hoc phan tu.

PCR dugc tién hanh véi tdng thé tich phan t@ng l1a 25 pl, thanh phan cac hgp phan
nhu sau: 3-5 ng ADN khuén 14 doan gen 0,8 kb dudgc gin vao vecto pBluescript, 2,5 ul
dém phan tng 10x, ANTP mbi loai 0,4 mM, 25 ng méi T3 va 25 ng méi T7, 2,5 don vi
Taq ADN polymerase. Ché& d¢ nhiét cho phan tng 94°C-3 phut dé khdi dong néng, tiép
theo 1a 32 chu ky cta 3 budc: 94°C-1 phut dé lam bién tinh ADN, 55°C-1 phut dé gin
mbi va 72°C-1 phut dé kéo dai chudi. Mau sau d6 dudgc  tiép & 72°C trong 7 phut va gii
6 4°C cho dén khi phan tich. San phdm PCR dugc phan tich bing dién di trén gel
agarose v6i chat nhuém ADN 1a ethidium bromide (EB).

Hoat d6 téng hop ADN duge danh gia thong qua kha ning kéo dai oligo 32
nucleotit 1am mai (P) lién két b6 sung v6i doan ADN khuén 60 nucleotit (T) trong hén
hop c6 bd sung cac ANTP. San pham duge phan chia bang dién di trén gel polyacrylamit
va sau d6é duge nhudm bac. Ngoai ra hoat d6 téng hop ADN con duge danh gia bing ky
thuat PCR.
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Do tinh sach ctiia protein duge danh gia bing phucng phap dién di trén gel
polyacrylamit c6 SDS (SDS-PAGE) theo phuong phap cua Laemmli [4].

Khéng thé khang Taq duge gay trén chudt, st dung enzym tinh sach, chay dién di
SDS-PAGE, cit phan bang protein, tron véi ta duge dé tiém cho chudt. Ta dude cta 1an
tiem dau tién la loai didy du (complete) con cac lan tiém nhéc lai 1a khong day dua
(incomplete). K&t qua sinh khang thé (IgG) khang Taq duge danh gia bing ky thuat
th4m tach mién dich.

3. K&t qua nghién ctru

3.1. Tinh sach Taq va gay khdang thé' khdang Tagq trén chuét

P& tinh sach Taq, ching t6i da st dung 1,5 1 dich 1én men t& bao E. coli mang gen
taq thu 6 pha 6n dinh, 3-5 gié sau khi b8 sung IPTG (0,5 mM). Sinh khéi t& bao duge
thu va rtia bang ly tAm, sau d6 dugc hoa tré lai trong 20 ml dém Tris-HCl 50 mM, pH
7,5 ¢6 chtia 50 mM KCI, 1 mM phenyl methyl sulfonyl fluoride (PMSF), 1 mM EDTA, 1
mM B-mercaptoethanol va 10% glycerol (dém A). T€ bao duge pha v bang siéu am, dich
chiét duge thu bing ly tdm, sau d6 lai cho xt Iy nhiét é 70°C trong 15 phut dé két taa
mot s6 protein khong hoat tinh. Dich t& bao con lai duge cho qua cot DE-52 cellulose
(2x15 cm) da duge can bang véi ciing dém A. Cot nay dude méc néi tiép véi cot Heparin-
Sepharose (1x2 cm). Heparin 14 moét protein ¢6 tinh axit nén trong méi trucng trung
tinh va kiém protein nay hoat dong nhu mét polyanion (giong ADN), c6 i luc véi nhiéu
enzym tham gia trao d6i ADN. Sau khi cho dich chiét chay qua hé théng cot, cot DE-52
cellulose dudc tach ra. Cot Heparin-Sepharose dudc ria biang dém A cho dén khi Ay,
cia dich rita < 0,01, protein bam trén gel dugc réa chiét ra bang gradient KCl tu
50mM- 800mM pha trong cing dém A v6i tong thé tich 2 binh ctia hé théng 1a 32 ml.
Céc phan doan dich rtia chiét (0,5 ml/phan doan) dude xac dinh protein va hoat d6 téng
hop ADN. Két qua phén tich hoat d6 t6ng hgp ADN cho th&y cic phan doan tng véi
néng do KCI 0,3 M dén 0,5 M 1a c6 hoat tinh. Két qua dién di SDS-PAGE cua dich gop
cac phan doan nay (hinh 1, co6t 2) cho thay chi ¢6 duy nhit mot bang protein véi kich
thuée 94 kDa, tuong tng véi khéi lugng phan tt (KLPT) cia Taq va chiing té ché phadm
thu dugc da tinh sach.

Tém lai c6 thé tinh sach Taq qua mot qui trinh kha don gian: xt 1y nhiét dich
chiét t& bao dé loai bét cac protein khéng mong muén, sic ky dich chiét da duge xu ly
nhiét qua hé thong cot DE-52 cellulose gin véi cot Heparin-Sepharose.

Nham tim hiéu mot s6 dic trung mién dich ciia Taq, ching t6i da tién hanh gay
khang thé trén chudt nhit tring. Khang huyét thanh chuét duge thu bing cach loai bd
cac t& bao mau bang ly tam. Dich thu duge sau d6 cho qua cdt protein G-Sepharose va
ddy bang dém glycin-HCl 50 mM, pH 3,0. D¢ tinh sach ctua khang thé (IgG) qua cot
duge danh gia biang SDS-PAGE. Két qua dién di trén hinh 2 cho thay cic phan doan
ria chiét qua cdt protein G-sepharose (cot 2,3 va 4) déu chtia hai bing protein véi kich
thuée 1a 25 kDa va 53 kDa. Dua trén tinh dac hiéu cua protein G véi cac IgG va KLPT
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cta hai bing protein trén c6 thé khing dinh ring khang thé da dugc tinh sach, biang 25
kDa va 53 kDa 1a tuong ting véi chudi ning va chudi nhe ctia phan ti IgG. Két qua
phan tach thim tach mién dich (h.3) cho thady khang thé c6 mit trong khang huyét
thanh (trudc khi tinh sach) & d6 pha loang 50.000 1an (cot 1 va 2) va khang thé tinh
sach (cot 3 va 4) déu c¢6 kha ning phan tng dic hiéu véi Taq 6 dang tinh khiét, dudc thé
hién 6 mot bang hién mau 6 vi tri tuong ting KLPT khoang 94 kDa (cot 1 va cot 3).
Ngoai viéec nhan ra Tag, khang thé ciing con c6 kha ning phan tng véi hai protein cé
KLPT nho hon trong dich chiét t& bao E. coli mang gen taq (cot 2 va 4).
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3.2. Nghién cttu dnh hudng ciia mét sé hop chdt iic ché enzym va khing khudn lén
hoat d¢ téng hop ADN ctia Taq

Phan nghién ctiu nay nhdm cé thém co s6 dé st dung Taq mot cach hiéu qua hon.
Ngoai ra, Taq con dude stt dung nhu mot enzym méu dé danh gia tac dung ciia méot sd
hop chét ¢6 tinh khang khuidn dang dude tng dung trong mét sé linh vuc khac nhau.

Két qua nghién ctu anh hudng cta mot s6 hgp chit khac nhau 1én hoat do téng
hop ADN cta Taq duge thé hién & hinh 4. Cot gel 1 1a cta moéi (P), ¢6 kich thuée nhé
nh4t va chay nhanh nhAt, cot 2 1a khuén (T), ¢6 kich thudc 16n hon nén chay cham hon.
Cot 3 1a phtic hgp T-P, nén chay cham hon ca P va T, con cot 4 1a phiic hgp T-P, trong
d6 do c6 enzym hoat dong va su c6 mit ciia cac ANTP nén P da dugce kéo dai bang T vi
vay c6 KLPT Ién nhit va chay cham nhét. Két qua & hinh 4 cho thdy ring EDTA va
ethidium bromide (EB) 6 néng d6 tuong ting 14 2,5 mM va 0,25 mM trd 1én (h. 4A, cot 8-
10 va h. 4B, cot 7-8) tc ché hoat d6 ctia Taq, dude thé hién qua biang ADN chay tuong
tng véi phiic hgp T-P nhu khi khéng c6 Taq (cot 3). Tuong tu, ZnSO, 6 néng d6 tir 0,05
mM tré 1én (h. 4C, cot 7-10) tc ché hoat dd cua Taq. Trong khi d6 NaF (h. 4D), benzoat
(h. 4E), socbat (h. 4F), monocaprin (h. 4G), butylparaben (h. 4H), heptylparaben (h. 4I)
6 cac nong d6 tir 1,25 mM dén 50 mM déu khéng tic ché hoat dd cua Taq. Dich chiét
nam Linh chi (Ganoderma lucidum) & cac nong do6 0,05% dén 2,5% (so véi dich géc
100% dudc chiét véi H,O theo ty 1& 1 g nguyén liéu: 5 ml H,0) cling khong anh hudng
dén hoat d6 cta enzym. Ngudc lai dich chiét cta 14 cd ngot (Stevia rebaudiana) thé hién
hoat tinh tc ché& Taq & nong d6 rat thap, 0,4%. Ngoai ra két qua ciing con cho thay
benzoat va socbat 6 néong dd rat cao 100 mM (h. 4E va 4F, cot 10) c6 kha néng tc ché
hoat déng cua enzym.

DPé khéng dinh lai cac két qua caa cac tac dong trén cua cac hdp chit khac nhau
lén Taq, ching t6i da st dung thém ky thuat PCR, két qua dugc trinh bay & hinh 4L.
C6 thé dé dang nhan thay rang khi c6 Taqg nhung khong c6 chit tc ché, san pham PCR
c6 moOt bang nhan ban 0,8 kb (B/C). EDTA 2,5 mM (cot A), ethidium bromide 0,25 mM
(cot B), ZnSO, 0,05 mM (cot C) va dich chiét co ngot 0,4% (cot K) déu tic ché hoat dong
ctua Taq do d6 béing nhan ban 0,8 kb khong xu4t hién. Khi c6 mit cac hgp chit con lai 1a
NaF (c6t D), benzoat (cot E), socbat (cot F), monocaprin (cdt G) va butylparaben (cot H)
6 nébng do 25 mM, san phdm PCR van c¢6 bing 0,8 kb, ching t6 cac hdp chit nay déu
khong anh hudng dén hoat d6 cia Taq. Két qua nay 1a hoan toan phu hgp véi phat hién
néu 6 phan trén vé su anh hudng caa cac chat nay lén hoat dd cua enzym.

Két qua thi nghiém tién hanh 4 khang thé khang Taq thu dugc & trén véi Taq va
sau d6 tim hiéu kha ning téng hop ADN cta Taq (hinh 5) cho thdy rang khi ¢6 mit caa
khang thé (cot 5) thi Taq bi tc ché hoan toan vi vay két qua dién di chi thu dugc bing
ADN c6 kich thuéce tuong ty nhu phtic hgp T-P khi khong c¢6 Taq (cot 3). Diéu nay chiing
td c6 su lién quan chit ché gitia epitope khang nguyén va trung tdm hoat dong ctia Taq.
Tuong tu, ching toi ciing phat hién thdy khang thé khang Taq tc ché hoat dong tong
hop ADN ctia Pfu ADN polymerase (cot 8 va 9), nhung khéng anh hudng dén hoat do
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cua Vent ADN polymerase (cot 6 va 7) hay cia T4 ADN polymerase (két qua khong
minh hoa 6 day).

4. Thao luan

Taq ADN polymerase 1a enzym dugc st dung rat phé bién trong cac thi nghiém
PCR. Enzym hoat déng can su c6 mat cia Mg?" & nong d6 1,5-5 mM [5]. Diéu nay giai
thich vi sao EDTA, chat tao phtic cia cac ion kim loai da tc ché& hoat dong ctua Taq.
Ethidium bromide (EB) la chat tao lién két chéo véi cac ADN sgi doi va duge phat hién
la chat tic ché hoat dong cia ADN helicase [6, 7, 8, 9]. Pay la cong trinh dau tién cho
thay EB tic ché& hoat dong cia ADN polymerase. Tuy vay, EB tic ché Taq 6 nong do cao
khoang 500 1an so v6i néng d6 tc ché ADN helicase II ctia ngudi [9] hay cac ADN
helicase cia dau Ha lan [6, 7, 8]. Phai chiang co ché tac dung cia EB lén Taq hay cac
ADN polymerase 12 hoan toan khéc véi cach tac dung ctia n6 1én ADN helicase?

Gan day kém dugc phat hién 1a chit tc ché cia nhiéu enzym khac nhau, trong dé6
c6 urease, ATPase, hé thong enzym phosphoryl hoia dudng [10]. Phat hién kém la chat
tic ch& Taq trong nghién ctiu nay 1a mét bd sung méi vé tac dung cua kém. Dic biét doi
v6i Tag, néng d6 kém gay tc ché 1a 0,056mM, thap hon dang ké so véi ndng do kém tc
ché& cac enzym vira néu.

Khac véi EDTA, EB hay kém, fluo dudc biét 1a chat tc ché hoat dong ctia urease,
enolase, catalase va mot s6 enzym khac [11] nhung khong hé anh hudéng dén hoat do
cua Taq. Tuong tu, cic axit yéu thuong dung trong bao vé ring miéng hay bao quan
thuc phdm 14 benzoat, socbat hay mot s6 chit khang khuén cé tiém ning st dung trong
bao vé rang nhu cac paraben, monocaprin déu khong tic ché Taq tham chi 6 néng do t6i
50 mM. N4m linh chi dugc xem 12 ¢6 kha niang chdong ung thu cing nhiéu tac dung duge
1y khac [12]. Két qua khao sat budc dau ctia ching tdi cho thay dich chiét bang H,0 cta
nam Linh chi khong tic ché hoat dong ciia Taq. Cac nghién ctiu gan day cua Tomita va
tap thé [13] cho th&y dich chiét nudc da khi tring cia ¢ ngot (Stevia rebaudiana) cb
tac dung giét chét mot s6 vi khudn Gram (-) va Gram (+), vi vay dang htia hen vé kha
ning st dung hop chat c6 hoat tinh trong bao quan thuc phdm. Kha nang tc ché€ manh
hoat d6 ctia Taq phai ching c6 lién quan dén tinh chét nay? Day 1a mot diém thu vi can
dudc tiép tuc diéu tra, dac biét 1a viéc lam rd hop chat nao trong dich chiét c6 tac dung
tc ché enzym.

Mic dau Taq, Vent va Pfu déu 1a nhiing ADN bén nhiét, trong d6 Taq thuoc ho A,
con Vent va Pfu thudc ho B trong 5 ho ADN polymerase [5] nhung khang thé khang
Taq lai tc ché hoat dong ctia Taq va Pfu ma khoéng tic ché hoat dong cia Vent. Két qua
phan tich mién dich ban d4u vé Taq caa Lawyer va tap thé [2] cho thdy Taq c6 nhiéu
epitope khang nguyén khac nhau va Taq ¢ dang day du cé nhiéu epitope hon 1a loai da
bi cit bo mot phan ba ddu vAn con hoat tinh téng hop ADN. Phat hién nay cta ching
t6i c6 thé 1a co s6 dé nghién ctu su lién quan gifia cac epitope khang nguyén khac nhau
v6i hoat tinh xic tac cia ADN polymerase.
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A) EDTA
12345678910

B) EB
341256 7 8

C) ZnSO,
123456728910

D) NaF
123 456728910

E) Benzoat
1 2345 67 8910

F) Socbat
1 23 45 67 89 10

G) Monocaprin
123456738910

H) Butylparaben
123456728910

D Heptylparaben
1 23 45 67 89

J) Dich chiét Nam linh chi
123456738910

K) Dich chiét la co ngot
123456728910

L) PCR
P/C_A B C KDEFGHM

Hinh 4: Anh hudng clia cac hdp chat tic ché enzym va khang khuan 1én hoat d sinh
tong hap ADN cla Taq Vdi tat ca cac hinh trir L, ky hiéu cac cot gel tir 1-4 1a nhu nhau,
trong d61: Mai (P) 32 nt, 2: Khuén (T) 60 nt, 3: Phiic hgp T-P, 4: Phiic hgp T-P v6i T

da dugc kéo dai bang T nhé Taq.

A (EDTA): cét 5-10 tuong ung véi 0,25 mM, 0,5 mM, 1 mM, 2,5mM, 5 mM va 12,5 mM. B
(ethidium bromide): cac cét tir 5-8 tuong uing véi 0,05 mM, 0,4 mM, 0,25 mM va 0,5 mM. C (ZnSO,): cac
cot tir 5-10 tuong ting véi 0,01 mM, 0,02 mM, 0,05 mM, 0,1 mM, 0,25mM va 0,5 mM. D (NaF): cac c6t tur 5-
10 twong ting véi 1,25 mM, 2,5 mM, 5 mM, 12,5 mM, 25 mM va 50 mM. E (benzoat) va F (sochat): cac cot
tu 5-10 tuong Ung véi 5 mM, 12,5 mM, 25 mM, 50 mM va 100 mM. G (monocaprin), H (butylparaben) va |
(hetylparaben): cac cét tir 5-10 tuong tmg véi 2 mM, 5 mM, 10 mM, 25 mM, va 50 mM. J (dich chiét ndm
linh chi) va K (dich chiét cé ngot): cac cot tir 5-10 tuong ting vdi 0,05%, 0,1%, 0,4%, 0,8%, 1,6% va 2,5%.

L: Anh huéng ciia cac hop gha“it khac nhau Ién hoat dé sinh tdng hdp ADN ciia Taq trong PCR.
Blc: mau déi chimg, M: thang chuan 1 kb, ky hiéu cac chir cai trén cac cot gel con lai dugc Idy tir tén

hgp chat ghi ¢ cac hinh 4A dén 4H.
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ADDITIONAL CHARACTERIZATION OF TAQ DNA POLYMERASE

Phan Tuan Nghia, Nguyen Thi Hong Loan, Ngo Thu Huong and Le Ha Mi
Faculty of Biology, College of Science

Recombinant Taq DNA polymerase has been purified to apparent homogeneity by
a three step procudure: heat treatment of the cell extract at 70°C for 15 min, followed
by chromatography on DE-52 cellulose and Heparin-Sepharose columns. The obtained
enzyme preparation showed to have a single protein band of 94 kDa on SDS-PAGE and
DNA polymerase activity. The protein was used to raise the polyclonal antibodies in
mice. The obtained antibodies reacted specifically with the purified Taqg DNA
polymerase and with the enzyme in crude cell extract as well.

Using PCR technique and an assay mixture with a 60 mer oligonucleoitde as a
template and a 32 mer oligonucleotide as primer which was complementary to the
template to form a template and primer complex for assessment of DNA synthesizing
activity, we found that ethidium bromide, EDTA, zinc sulphate at submilimolar
concentrations and the water extract of Stevia rebaudiana leaves were inhibitory for
the activity of Taq DNA polymerase, whereas monocaprin (monoglycerol ester of capric
acid), butyl paraben, hetyl paraben, benzoate, sorbate and fluoride even at a
concentration of 50 mM did not inhibit the enzyme. The polyclonal antibodies against
Taq DNA polymerase inhibited the activities of the Taq DNA polymerase as well as Pfu
DNA polymerase but had no effect on Vent DNA polymerase or T4 DNA polymerase.
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