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abstract

Abstract

This dissertation consists of three parts. It focuses on modification and applications
of Taq DNA polymerase. Starting from complete sequence of Taq DNA polymerase, we
made a variety of modified Taq DNA polymerases and applied them to real-time PCR,
pyrophosphorolysis-activated polymerization (PAP) and hot-start PCR.

In chapter 1, we reviewed the wide applications of Taq DNA polymerase in PCR.
Because natural Taqg DNA polymerase has some deficiencies and thus many researcher
had modifies Taq DNA polymerase to achieve higher fidelity, processivity, and
specificity. Also, Taqg DNA polymerase was modified to achieve hot-start PCR by using
physical, chemical as well as antibody methods.

In chapter 2, we first reduced or deleted the 5'-nuclease activity of Taq DNA
polymerase by introducing G46D mutation and by deleting the 5'-nuclease domain. We
also prepared and purified Tag-FS DNA polymerase that has no incorporation
discrimination against different type of dNTPs.

In chapter 3, we applied the modified Taqg DNA polymerase in three different areas.
Firstly, we used mutated Taq DNA polymerase in displacing probe-based real-time
PCR. We found that the modified Tag DNA polymerase could avoid the false signal
caused by 5' to 3' exonuclease activity of Taq DNA polymerase. Secondly, we used
Tag-FS in PAP that could greatly improve the efficiency of PAP for rare mutation
detection. Thirdly, we used prepared antibodies against Taq DNA polymerase to
achieve hot-start PCR. Rabbit antibodies of Taq DNA polymerase could inhibit the
activity of Taq DNA polymerase at low tempreture. By heating at high temperature, the
antibody was denaturalised and the activity of Taq DNA polymerase was recovered.
The result showed that much higher sencitivity and speciality were achieved using such

hot-start PCR.

Key word: Taq DNA polymerase; Real-time PCR; PAP; Hot-start PCR
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B3 Taq DNA AWM S

F—E Taqg DNA BATERIME

£—% 35

A T BRTaq DNA 2845 Wl5'— 3 AU Bl G A 6 PCR S Wty SR R AN S
DA AR SR 5 AT dANTP AT, FfiTHh 22 iR HURE PR SR AR 1) 5 7256 Tag DNA
REMGIATBOE .

SOEAR LG NANIRIH 7 F Sl BB G T A s SR I 7k, R IX
TP EAE QAN P41 vh B4 I S A IR e S ™ AR SR T B IR AR
171 78 AR AR FE AR i LA BE R I T B, O W90 1 4 i R T g
B IARR AR, Aebesy Biea] [ T3 Ba k.

HET V2 AR TTE, ARZE RN FRE SURALEL . WG 1H)5E Mm%
AR A R i NG ARVE AR o 1 T PCRIFE RSB RIA H T H AR vy,
VETT B0, FEIIAL, AR BRSSO s 532 06 H o 7 58 I APCR (overlapping
extension PCR, OB-PCR)yL"™. KFI#IPCRL (megaprimer PCR) ™ "'\ LI
— R PR R AT BRI ) O Ve A B AL 51, B0 S AT

HEPEA B oA B i o S I AR PCRYZIE i 1 11 ANPCR
AP AR AN B RABAT R BIDNA Y B, B e 8 L3R PINPCRA™ TR 5, il
A FLAMX G4, JFE7EIE BRI N 1 5 0 A 15 38 56 1 15 8 AR 1)

Pilo 2B A LS R s AR, 30 BE AR b S B K e B ) i N A o
{FLI: 2 N i S50 5 [ RT3 YKPCR, I HLTE X v [ P ) HEA T Ak o AEDGH T 520
BRI, NG PR, BT R AR B AL AR . ROk B
IRFTVF 2 2 R ARHAT T o™, (ARSI, A . K5
WIPCRIEIFEA R B Wk —ANPCRI Y, F=AE— AR MDNA T B, ARG
FFLAUEDNA B BUAE A 5140 5 B AR IR K EAT PORAT™ 384 45 380 75 S AR 1Y) 56 4 ) ik
K. HH=AG14, WAPCRMN, i LT = ai S 5B, . i
RSB o T TR SSRGS AR A i BT
A ME— (R D)7 A B SR A AN TR R R oy, T BAIZ 525 138 F 32 IR
RIIBRL, AN AT I

FRATTR A S FOR TR A K IR 7 VAT A8 5, 283 LIRPCRIZ N
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%% Taq DNA SRAWEI NG

LORBRHE AN LA, B SE R T PR B 58 iR AR

ET MR5RAE
§2.1 ##l

& Taq DNA ZEAEEFEIA Y5k, pSE380, DHSa ¢ BL21 (M hASsiE
FOAE)  FHITIY, WFESIY, RARGIY) (904 L Sangon 2Rl 5 E) ;
Taq DNA 2R (LiF Sangon 2w/ ih) W IANE. & FHRREIEN DINE . 3%
Fil. dNTPs (TaKaRa KIEFAY THEAMR A WD FORHRICAA G K]
WERF L (OMEGA); Pfu DNA AT (Stratagene); Hg b2l #1344
IR e
§2.2. 5%

§2.2.1 ERRLTH*%

TSRS D RSN RO RAZG ; 2) HANS ATk
4itr, A5 Pfu BEAEM R A AT AN SR IRE R 3) 7E Dpn T AEH
VAR R R TR AR s 4) AL TE AN PCR P10 B2 25 40
HEEE.

Tag DNA BREEFHEA

ATGCTGCCCCTCTTTGAGCCCAAGGGCCGGGTCCTCCTGGTGGACGGCCACCAC

CTGGCCTACCGCACCTTCCACGCCCTGAAGGGCCTCACCACCAGCCGGGGGGAG

CCGGTGCAGGCGGTCTACGGCTTCGCCAAGAGCCTCICTCAAGGCCCTCAAGGAG

GACGGGGACGCGGTGATCGTGGTCTTTGACGCCAAGGCCCCCTCCTTCCGCCAC

GAGGCCTACGGGGGGTACAAGGCGGGCCGGGCCCCCACGCCGGAGGACTTTCCC

CGGCAACTCGCCCTCATCAAGGAGCTGGTGGACCTCCTGGGGCTGGCGCGCCTC

GAGGTCCCGGGCTACGAGGCGGACGACGTCCTGGCCAGCCTGGCCAAGAAGGC

GGAAAAGGAGGGCTACGAGGTCCGCATCCTCACCGCCGACAAAGACCTTTACCA

GCTCCTTTCCGACCGCATTCACGTCCTCCACCCCGAGGGGTACCTCATCACCCCG

GCCTGGCTTTGGGAAAAGTACGGCCTGAGGCCCGACCAGTGGGCCGACTACCGG

GCCCTGACCGGGGACGAGTCCGACAACCTTCCCGGGGTCAAGGGCATCGGGGA
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5 Taq DNA ZRA MG s

GAAGACGGCGAGGAAGCTTCTGGAGGAGTGGGGGAGCCTGGAAGCCCTCCTCA

AGAACCTGGACCGGCTGAAGCCCGCCATCCGGGAGAAGATCCTGGCCCACATGG

ACGATCTGAAGCTCTCCTGGGACCTGGCCAAGGTGCGCACCGACCTGCCCCTGG

AGGTGGACTTCGCCAAAAGGCGGGAGCCCGACCGGGAGAGGCTTAGGGCCTTTC

TGGAGAGGCTTGAGTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCC

CCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCGCCGGAAGGGGCCTTCGTGGGCT

TTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCTGGCCGCCGC

CAGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACCT

GAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGCCCTGAGGG

AAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCTGGA

CCCTTCCAACACCACCCCCGAGGGGAGTGGCCCGGCGCTACGGCGGGGAGTGGAC

GGAGGAGGCGGGGGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTG

GGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAGGTGGAGA

GGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGGGGTGCGCCTGGACG

TGGCCTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGA

GGCCGAGGTCTTCCGCCTGGCCGGCCACCCCTTCAACCTCAACTCCCGGGACCA

GCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCGCCATCGGCAAGACGGA

GAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGCGAGG

CCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGGGCTCACCAAGCTGAAGA

GCACCTACATTGACCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCGCCTCCA

CACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCGATCC

CAACCTCCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGC

CTTCATCGCCGAGGAGGGGTGGCTATTGGTGGCCCTGGACTATAGCCAGATAGAG

CTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCGGGTCTTCCAG

GAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGCGTCCCCCGG

GAGGCCGTGGACCCCCTGATGCGCCGGIGCGGCCAAGACCATCAACTTCGGGGTC|

CTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGCTAGCCATCCCTTACGAGG
AGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCCCAAGGTGCGGGCCTG
GATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCT
TCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCCGGGTGAAGAGCGTGCGGG

21
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%% Taq DNA SRAWEI NG

AGGCGGCCGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACCGCCGCCGACC
TCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATGGGGGCCA
GGATGCTCCTTCAGGTCCACGACGAGCTGGTCCTCGAGGCCCCAATAGAGAGGG
CGGAGGCCGTGGCCCGGCTGGCCAAGGAGGTCATGGAGGGGGTGTATCCCCTGG
CCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACTGGCTCTCCGCCAAGG

AGTGA

§2.2.1.1 G46D mutation
§2.2.1.1.1 Taq DNA B&EERAIAYIREN

T KR IR 5 46 {7 IR H 2 BRI ) R A AR - A S5 P A Tag
DNA FABEHEFRE A BGHAT 7 58 . 1 5%, ¥k T & H Taqg DNA R
£ R DR BORE IR R BRSPS B B 1T 94, 456 T BmL LB WUARRE IR (&
2% 100pg/mL) 1, 37 CHir iz 5577 1L B 9% I # IEUTORE B B A7) 6 ) 20 SR 9
BUsokE. f ) F TE %9 (10mmol/L Tris-HC1 pH8.0,2.0mmol/L MgCly) ¥/
JFORL MR B 2R 20 50ng/pl. —20°CHitifr-# -

§2.2.1.1.2 E coli DH5 a BiZ7SMREAYHI &

PRI % 2 2ml LB VR FR kb, 3T C oA, HL 500l i3 557
(R, FRh T 50ml LB JAAREFRIE, JEFR 4 0Dwe=0. 3 Aifq, #:#5 5] 50mL
KL BB R, UK 30min J&, 7E 4C4E R 4, 000rpm 250 10min. F2
3, N 30mL 0. Imol/L MgCl,~CaCl, ¥l VF ULIE, UK bmin, 7F 4°C 44+
T 4,000rpm ZL 10min. FF L3, A 2mL & 15% H Al CaCl, GRJEZ A
0. Imol/L) FH V40 I, 3 4% 200@/\% -80CLRAFE
§2.2.1.1.3 Taq DNA BEBRAMNESR

W0 1) S AT SE R R IR, HEATPCRY™ 8 . A5 i 19 5 [ R 948 5 |
W), T TRESRARMAL R, B OB T TR S,
PRGSO IR BERR - BRI S WA AR I R S A TR R R SRR o K5 PCR IR ™
Wy, B A SR S (R DAL 1) SR AL B B2 S 4l b (EI2-1D . v Pl
A 25 5 A R R 1) TR o

50uL PCR & M & % : 10 X buffer (100mmol/L KCI, 100mmol/L
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%% Taq DNA SRAWEI NG

(NH4) ,S0,, 200mmol/L  Tris-HC1 pHS. 8, 20mmol/L MgS0,, 1% TritonX-100,
Img/mL BSA )5uL, 10mmol/L dNTP 0.5uL, Z8455[4#)%-125ng, 1U pfullff,
£ 50ng ORI 1uL, HddH,04550uL .

NG5 95°C A PE30s, FH I 495°C 30s,55°C 1min, 68°C 14min,
25N o PCR 5 45 R 37 BILK S B AR EATHR JE <<37°C . SR m
NI IR BRI Y I Dpn TR0 737 C (R IR IR AR o B 17NN, 9 Ak 4 5ok
RGN, I Je e T A0 5 IRIPCRy = Ak B 2 A5 AN

St FUN - 5 1y Db 258 AR I A, L A R s L DR 41 56
S H AN, HAIN G K s 7 25-45bp, BT FE K = 78°C AfifH
Sl AR IF AN Taq DNA ZEAEEFEIN &5 4, OF HLo] DURD 5 19— SRR B
J o

RAZG )

forward : 5-GTG CAG GCG GTC TAC GAC TTC GCC AAG AGC CTC-3'

reverse : 5-GAG GCT CTT GGC GAA GTC GTA GAC CGC CTG CAC-3'
Tm=77. 35°C

23



5 Taq DNA ZRA MG s

Gene in plasmid with
target site for
mutation

Denature the plasmid and
anneal the
oligonucleotide primer
containing the desired

Using the
nonstrand—-displacing
action of PfuTurbo DNA
polymerase, extend and
incorporate the mutagenic

Digest the

methylated, nonmutated parental
DNA template with Dpn

I. Transform the

circular , nicked dsDNA into
supercompetent cells

After transformation, the
supercompetent cells repair
the nicks in the mutated
plasmid

Figure 2-1 site-dircted mutagenesis method.

§2.2.1.2 G46D+F667Y mutation

24



5 Taq DNA ZRA MG s

SEARM TR b, AR IR RAR I FE A AT 667 f7 SR AR . Kk
FEIR S 667 o7 1 IR R TN 2 IR 5848 M T U IR
RARF|Y)

forward: 5-GCG GCC AAG ACC ATC AAC TAC GGG GTC CTC TAC GGC-3';

=

reverse: 5-GCC GTA GAG GAC CCC GTA GTT GAT GGT CTT GGC CGC-3’
Tm=78. 78°C

§2.2.2 KlenTaq B9 &
§2.2.2.1 KlenTaq SRERELHIFIIZIT K KlenTaq L3

KlenTaq @it/ JIkHE N i) 278 DNIERR , FEACHEIK 5'— 354 1R S D)
W, BAIEREIE R 28 829 BRIEAL e vE LIES 14, FF M R DR I AU B v R i
5190, FEAED I 5" 3 s N bR AN BREE N DIRE Neo T R Bgl 1T (1
PIAL o 3R PCR 52 WA 2 LA A R RSO0 i L B K1 enTaq B PR v BCAT
PR YA BLN 1. Tkb, YR T ACEA .

25uL JRRMVAAZ: 10xbuffer 2. 5uL, 2mmol/L MgCly, 0. 4umol/L 5|4,
200umol/L dNTPs, 1U Pfu /i, 54K 5uL.

[ R4 4:95°C 3min, 94°C 20s, 55°C 20s, 72°C 20s, 30 MEF.
519

PSE278-1:5" ~GGAACCATGG (Nco 1) GCCTCCTCCACGAGTTCGGCC-3
PSE278-2: 5" ~CCTTAGATCT ( B/ 11)CGACTCTAGA GGATCTATCACTCCTTGG—3

§2.2.2.2 KlenTaq K EZRY[E] UL

KlenTaq DNA Jv Bt HIE MGG & e, U17F & DNA i gfigdh O]
BE/N), JIN 1.5mL Eppendorf &1, %% 100mg FEARKE A 300uL S1 %
AILEBIINN S1 %, TBCE T 55°C/KH 10min, &F 2min AUEIVRES —IR.
WIERE AN T 100mg, ) ddH.0 #h7e % 100mg. S5 Al ORIl B o 4
W, EIRIET Agarose B (>2%) o —LEERE (1) e 75 ZEHE N S1 ¥ AL FH 42
IO 1/3 ST AR S A B, R 2, 55°C 7K Imine CRARFA I & 500uL)
WG Agarose W N IATY, S0 Imin, BRI
P, AR PR RON R — AN b o FEMBRAE R n N 450uL W1 ¥R, HHE
Imin J5, w0 30s. BIHCERE R, Rl A BN IR — MR
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5 Taq DNA ZRA MG s

o FEEAEMR AR 450l W1 VAW, i &L 30s. (IR ARE B
e, BB BN R AR b B AL Imin, CEERAE BN AT
7 1. 6ml RSO, FEMCM AR Je N 30l T1 W9, ##& 1min 5, &
L0 Imin, KPP DNA F 1. 5mL B0 A7 F-20C. (FF=IRET 20
‘C, BENEIEKZE Smin, BEA 50°C/AKBEE Imin, LI DNA 58 4%
iR IFVENE T ok D

§2.2.2.3 #{KFA KlenTaq K Ex WEGL) % E

pSE380 FUki #iAk 2 wi A il FAEAE Neo T 1 Bed 1T IR DI £, H43%
PRI R AT XU 5 T ORI 5 1 8, M5 T KlenTaq Fr BRI BT
R o B BT IR TORL i Ak B I 52 25 4N

30uL BEVIAZR: 10xbuffer 3uL, R ELAMNE B 5uL, Neol J Bgl 11
% 1uL, B ddH0 % 30uL, 37°CHEEY) 1. 5h iR IHUL

Bz MEAMPOOCEEHINE, #fk M KlenTaq J Bl A BER &, AR
JE NS5 S R B RO R T 16°C Rz 2h SR HEAT#61k

Hefk: Jo I NERUTI P24 20uL, UK 1 E 30min, 85 42°CHkili 45s
JEALEPYK FIRCE 2min, I NZY BiFR5E 500uL, 37 CHERHEET 45min. G
Fa BB TR, 1R 10min J5 {5815 T 37°CHERAR 57 16h. S o kR 01 ,
FFARATBF I 7 e P A
§2.2.3 Tag-N #98%(#&

§2.2.3.1 Tag-N BRERTRITIMEIT R Tag—N F B 1#

Tag-N B[l Taq DNA 4 C f 510 ANEIERREL, (HATHEN 5'—3'5b
DIBGEE . [RIFEIE IS PCR VA TR R IEAR o LARGHE DR s, 7 i A
i etk LIS 14, 25 966 s it FUFT 4, XF Taq DNA A& N
s IEATY Y . ARSI 53 MAE AP REIE A VIR Eeok T 1 Xba 1 11
BEVINL A ARG PRI AT IRl WD), 3Ede . Heth.

25uL R NAAZR: 10xbuffer 2.5ul, 2mmol/L MgCl,, 0. 4umol/L 5|4,
200pmol/L dNTPs, 1U Pfu /i, Fi#k 5uL.

SN 4AEH:95°C 3min, 94°C 20s, 55°C 20s, 72°C 20s, 30 ME¥FF. 3
A BRI 966bp..
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