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EE  Taq O (Taq pol) K AL IR 45 #4181 R 141 19 3106 4% i (MMLV RT-) FAJR I ZR A5 B8 B (pol B) kb
35 AN R Bl . R 2R 10 45 2 FHOC IR (SPR) MR IESS, WEFT T Taq pol 551 A b 5¢ 4 VEEC RIS A
1. 2. 3 MEACHRAE Y DNA B - 514 (T-P) W& &8 %%, JFa bR T 78 “IEA” B0 “B5i” dNMP FRbgH
Taq pol RIS YK 3 58 A VUL () DNA T-P 1454, L8045 038 W), Bl 51 Y0R8 IR IS 3B A3 0, Taq pol
DNA &G M 2 R B, LTSS 514 A b 52 A DS LK) DNA T-P [fI3E R 152 Taq pol 1E ¢ 1E Al i et i ik
Figmz — 48 “BHR” 1 dNMP 3559, Taq pol 5 DNA T-P {145 &3 7124 GE6E ] 7 #.A 1:1 Langmuir F7 33F
T4, A7 MMLV RT-5 DNA T-P (W45 530 Ji 24 T BeAAE M % A8 40, (e “IEH0” 1) ANMP PR35, Tagq pol
¢ MMLV RT-5 DNA T-P 45 &5 & MG AR, 17 B2 A7 5053 5l J2 o dANMP IS (1) 20 £5 11 64 1%, 15 W
“IERf4” 1) INMP 5 T (Taq pol 3k MMLV RT") - DNA E &R EMGAR, KRB T Y -DNA Z5W4 411
BB R AEAEAE N ANMP [FRIE S, pol B 5 DNA T-P 4543 Ji % W] W 56 = ANMP AR,  pol B Al
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DNA [FIZRF0 J) 25 3.

KHEIR SPR AEWMEIEES, DNA REHYE, )%, 1:1 Langmuir 7, 45 AR 0T

FHAKS Q63

ALK, BHEERAT—BHAEST DNA 5
T PR ELIE (fidelity) i) &, DNA [P 7HERf 52 il 5 52 )
IF DNA 24 B A B MR T R I 4 LA
NN TE G I T B 15 PR 5 A% T R 55 5 A
O AR I A A BTSRRI T 431 AAH B AR AR DR E
HER R HITh AR, XA B A S 2
S SR A S PR RN Ko T IR AR H
Tl SO PR JLART 3 S, PR 45 & DNA RT ANTP 1y
B IR G G AN, S 4h, P2 s R
GIEEAT 3’5 AMIIZIR B RS TEAL f L REETH)
AVIBRE G FT AT R, B A2 32 (proofreading),
A DNA S PR EAESE = 10~100 1

R THOTIR (SPR) AEWML s HAR
AATARIL . SEATIAAS S A=) 75 73 PSS
R O] ZHTWRAEY S 1 2 R B AH B AEH.
Tsoi 555 9 SPR AE WAL K251 9T T Klenow J B
(KF). T7 A0 5 A HBC Y DNA B - 514
(T-P) 4545, RIMTRIEHTBCAZ A DNA T-P 51#)°K
Uity FH 2R & WG PEAT 1) 37— 5" ANDIAZ R IS PR A o
AL, ASCRH SPR AE WAL K45 09T Taq 2R & il
(Taq pol) %I DNA T-P A i Bk 548 AL 1R 51 HE 7.

oA Taq pol /b 3" —5' SN UL IR I I35 1, {81t
G LT AT U6 DNA T-P A3 (A BAE . 5
Ah, EEREARERON N IERIY NTP REfE 15 SR &
filf -DNA &N “TFI” MG m “HE” WS
A%, WA G AR SR A T DR UE S YRR 1 1)
0473 TR SPR A=W B4 1T 7T DNA R4 il
ERAG T RE T ANTP [FIEHE, SEIERHRZ 3'—
5" AU K% IR Wl P ) Taq pols 2k 25 7 % I I 45 1y
314D B I35 35 % S Bl (MMILVRT ) R YR 1) 36 &
fili B (pol B) 1 MWFFERT G, Fpid w11 “IEAfh” 54
T O“EEIR” I ANMP ISR A AT DNA SN 1%
Wb, KSR 4l -DNA-ANMP = 05 S i
B 1%
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1.1 #F#

SPR 4 Wy 1% J& %% BlAcoreX IlJ H Pharmacia
Biosensor AB (Uppsala, Sweden).

LIS IS T CMS . HSB-EP ZZ iRl 3t
iy & W A B R ON- R OE T OB
(N-hydroxysuccinimide, NHS), N- Z3&-N'-(3-
B 6 N 56 ) e — W % #h TR (N-ethyl-NP-
(3-diethylaminopropyl) carbodiimide, EDC)fl £; [
Z W W% W H Pharmacia Biosensor AB (Uppsala,
USA). BB EF 2 H Promega (RN SEAR ML),
dAMP
dCMP  (2'-deoxycytidine 5'-monophosphate) 4 H
Sigma 24w (St Louis.MO. USA). [ 5 Rl B85l 2
% 10 mmol/L ZFR%H (pH 4.8).

Taq pol (rTaq) M H KEFEW A v, MMLV
RT - (SuperScript II RT) & H Invitrogen Life
Technologies (Carlsbad. CA. USA), Human DNA pol
B JlJ H Chimerx (Milwaukee, WI, USA). % D5
i FVIE (Y] SDS- 2R P MG It st i vk (SDS-PAGE)
TR R FURAE R T 95%.

5" S i AR ) 2R I S SR I A AR R R AN AR A=)
FAMCI FAMIESE A TAEY) TR R AR 45 R
ARG RO A4 HPLC 2li4k, HARF 48R
T : 3 CGTCGGCGAACCTTTGTCAGAACCA-
GTGTCAGCGATTGCACGCAACTACG 5’ Biotin
(ATTEM), 5'GCAGCCGCTTGGAAA 3’ (ATPM1),
5" GCAGCCGCTTGGAAC 3" (ATPM2), 5’ GCA-
GCCGCTTGGACC 3" (ATPM3), 5" GCAGCCGC-
TTGGCCC 3’ (ATPM4).

N T A AN h B K, 5" mbrid T AEY =R
(RIREARBE AT bR AC K 5 | ) BE (ATPMIL. ATPM2,
ARPM3 1 ATPM4) 7E 99°C ] HSM (0.01 mol/L
HEPES, 0.15 mol/L NaCl, 0.01 mol/L MgCl,,
pH 7.4) ST E S min, ARG HIREIRRE 2=
Ui B %, 15-mer K595 50-mer FIBIHUIE 56 4
VERCH) dSATPMI DAL 5 ) BEAR 5 70 3 5 A 1 2,
3 AMSLESTC K dSATPM2. dsATPM3. dsATPMA4.
1.2 DNA R EE

CMS5 7 1 56 T B Wi 2 71 3% 4% 1 BIAcore AB
P PR AEFE ST (2 L http://www.biacore.com) &
Wi, [ E A 25°C, WWMRHE K 5 pl/min.
HSB-EP 22 M 78 73 - CM5 L)AL I8 S

(2'-deoxyadenosine 5'-monophosphate) F1

35 pl [ EDC (0.2 mol/L) F1 NHS (0.05 mol/L) (17
B0 L S R 7 min DL 2% T 16 B2 3
M1, 45 35 wl 200 mg/L [1)5E R ST 25 RN 7
(10 mmol/L, pH 4.8) 5ith 7 &MY 7 min, SRJ5
H 35 wl SIS P AT 20 RN R 3R L[],

FERGoE A 2251 SPR 2B A5 K 2% Fel, Fe2 M
ANTEE N RO i, Herp Fel Rt H
WA EW FERRIC A DNA T-P 1. S AR
9. HSM S P P10 4200, v 35 wl DNA
YRV (2 wmol/L) SN 7 min. HSM 22 i st 2 1.
1.3 SPR #ill] Taq pol 14~ DNAT-P R4 &

SPR ZEWAL IR AR (P IEAS SR B . ARG Fr 2 i
HH ) B S 1 B R AR 8 5 B A NSRBI e B
Hro BEIRAE L PR A 7 1T 6 1 SRS R B A K
59, IXANFERR A RS B IR A S AL O
IR I B A SR A3 ) e S S T E A
O KBS BN TUZ P A T4,
SR G TR AT S 2, AT A 3 T 45 g 1 i
FIT . I S AT A R BUE BRAT T T A4S 3
[ 7 (19 22400 3 —F R OAE AR N A 45 5 I A A
B 417152 WL SCHR[8].

FIEAT (R 46 S rp, Fe2 S I R 3 T AT T
DNA, i FH 2 2% 3 1 LAYsk /b 5503k G 53 41 40) S ot
PEL et 5 05 i R AR Sk 45 S R AN (]
Vo MR s W A AL i B TR % 22 Taq pol AN [A] DNA
T-P (45575 25°C RO, #LIEZ 20 wl/min.
Taq pol 7E 5 5§ A TSM 2% pf # (10 mmol/L
Tris-HCl, pH 7.4, 50 mmol/L KCI, 1.5 mmol/L
MgCly) ik 4 S 2R B, 45 4 SE U0 I (0 9 ) 22 1
W2 TSM. & A AN R JE Tagq pol 1) 40 pl HSM
WM VAL Fel A1 Fe2 I s Fr 2 fi, 16
120 s LAfG B g A ek et B 2k, 45 HSM
T B R FFSE 200 s LA 21 £ 25 3k 72 1) w0 S
2%, SRJGTEA 40 wl 3 mol/L KC1 M 1 min PA5E 4>
fift B 45 & fF DNA Ff) RT, JE&EPimtdtir ~—
WA
1.4 SPR #&ill JAMP #0 dCMP 7£7£Ff DNA BB &
B 55 £ LA DNA T-P R4 &

100 wmol/L dAMP & # 100 wmol/L dCMP Al
ANFHR L 1Y) DNA ZE 47§ (Taq pol. AT pol B 5K
MMLV RT") 7870 RA Ja kil Fel Fl Fe2 XY
PEs R TAEF 120 s, 45 S o ot v & i
FFEE 200 s. Fe2 SF RS R AT SR VE Ky 226 3 10
SN EE R4 S 25°C, ] Taq pols human pol B Fl
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MMLYV RT-SE56 I 1122 3 43 73 24 TSM(10 mmol/L
Tris-HCI, pH 7.4, 50 mmol/L KCI, 1.5 mmol/L
MgCly), TBS (50 mmol/L Tris-HCl, pH 7.4,
100 mmol/L NaCl) #1 HSM (0.01 mol/L HEPES,
0.15 mol/L NaCl, 0.01 mol/L MgCl,, pH 7.4), i
Y5k 20 wl/min, 5 pl/min, 5 wl/min, 435 H
3 mol/L KCI, 1 mol/L NaCl #1 1% SDS-HSM it i
A3 1 min DLFFAEAG BN
1.5 BIESH

BT A5 10 52 5 % $5 F BlAevaluation %% 4
(version4.1, Pharmacia Biosensor AB, Uppsala,
Sweden) 73 #T. BIAevaluation % F T % H ) #5048 FH
Y EEN IR SR B EARBUR, 25 518 5 5
i 55 TSR Z A0 FR) O 22 i 22 1) 7 P — RO T T
V) S R P 2R A A% RO A K 45 5 1) S
FUES, Ry TR Rl B e A 22, FRATT T EER
4= JRy W 26 305 U7 1 (globally fitting) 43 HT 04 ,
3 Taq pol 1 DNA T-P [ 45 & ] e A7 AE A % A2 4k,
A1 A 1:1 Langmuir #58 (X 1) RS AR bR
A (5K 2) % SPR W i & HEAT AU, AR IR ZE 7y
AT REATLTT H. 2 A8/ (0 5 PP 53 1) 51y g 27 SR

1:1 Langmuir #74

ED--ED K=l (1)
s k,
TG ALY
ky
E+D =< ED
Fa k 1 k 2
K=""(1+=) (2)

ko di kg

ED = (ED)x

2 IHER

21 BRHEIFREES

T 1 000 M N FRA. (response unit, RU) X M
TP 7 =K R B € T 1 ng 198 A e
0.8 ng ) DNA (Z W 3C#K [10] . BIAtechnology
Handbook). JE B W 2% N ZR AT S e B AR A T
2075 RU, IS4G 7 3 B8 4 i) B e 2 A 2%
% 29 g 3.5x107 mol/mm?. 1] & /X [l 52 DNA
T-P i J5 W A2 46.4) 900 RU, DNA T-P )il 5 &
KRZJ2 3.6x107 mol/mm?, BIEE~F-J7 %K (¥) SPR 1%
JEGH R A 2.2x10 mol dsDNA 43 1. &4
HEMGoR AR BRI T 4 NSRS SN, M
SERYE L EEAR U, AN EAPURA A E T

ANEWEFRC ) dsDNA. S0 I 45 Ak R (1 8 25 ]
A s RGO AN 2200 o 2R R O [ e B0 R i
I, AL R I 3 R B B TR B S5 S AR
ST S 5 T 2R 1402 SN AT bR T
o3 4 B R
2.2 DNA 1&ih3RE R NE M 45 = 1%

L Taq pol 55 DNA T-P 454 A4, Kl 1a 1]
PLF 2], Taq pol {E[H & | DNA (4L B0 v K i
(Fel) F=A R B R AR e N A 5, I EfER A
il & DNA [ 10 (Fe2) Jr™= A4 (1) SPR {5 5 JL T A&
— 4K, ULIATEIXAMA R R AR B I
SRR AR /N A -DNA AEF G, Ak I
Jr 2 20 wl 3 mol/L KCI (Ji# 20 wl/min) F
A AR O R, AT B R B I S DNA 4
25, JEIF SPRF 5 (M 5 B A1 DNA AT B ST (1)
Wiy S 5 P A ], 19 3 mol/L KC1 4 & e v A
. M Fel 3R45 11 SPR 15 59825 Fe2 3K75 1) SPR
5%, 133 Taq pol 55 DNA T-P 145 & il £ Al figt 25
ithZe(1 1b).

—~
o
Nl
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1
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Fig. 1 The SPR response of 131.1 nmol/LL Taq pol flowed
over the surface with DNA T-P (Fcl) and without DNA
T-P (Fc2) (a) and the response difference by subtracting
Fc2 from Fcl (b)
1: Association of Taq pol with DNA T-P; 2: Dissociation of Taq pol
from DNA T-P; 3: Regeneration of chip surface by 20 pl of 3 mol/L
KClI solution. The spikes were caused by the small time difference of
enzyme solution reaching the two different surfaces.
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23 Taqpol 5L TEMKIHESHEIFREAA
DNA T-P IEE R N E SR

Iy I EAT 4 Fh DNA T-P (G55 51 Y0 FIAR AR
SEASULAL ) dSATPMI, 51 ARG 54 1. 24 3 M4
BC O FE ) dSATPM2. dsATPM3 Fll dsATPM4) [1]:t

(a)
2
3
5 131.5 nmol/L
& 87.7 nmol/L
=
[}
] 43.8 nmol/L
2
& 17.5 nmol/L
%(5) 1:1 Langmuir model
- 10 X=5.59
= 5
T 0
& -5
-10
-15
20!
0 50 100 150 200 250 300 350
t/s
c
© 800
700
2
T 600
=
£ 500
i)
b 131.5 nmol/L
Z 300 87.7 nmol/L
5
2
&’? 200 43.8 nmol/L
100
0
20
15 1:1 Langmuir model
10
El =7.55
= St
7z 0
& -5
-10 <
-15
-20
0 50 100 150 200 250 300 350
t/s
Fig. 2

—~
(=N
=

F AT IR 4 Sy . DNA R 5 B AEa AN 5 B3
A8 ARFEWE (17.5 ~ 219.1 nmol/L) [f] Taq pol
WA LT, A Fel k43 () SPR 15 5k 25 Fe2 3k
7319 SPR {5 %5, 155 Taq pol 53X 4 Fl A [i] DNA
T-P YEH 45 & M4 R 25 i 2k (& 2).

—~
=5
~

800
700
600
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87.7 nmol/L

43.8 nmol/L

Response difference/RU

%(5) 1:1 Langmuir model

10
=144

-5 f E

-10 1

15

220 4
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Residual
=)
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350
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600 |~
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400~
300
200
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219.1

175.3 nmov
131.5 nmol/L
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Response difference/RU

15- 1:1 Langmuir model

5: =146
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_5 -
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Residual
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The responses of Taq pol binding with different DNA T-P duplexes and the corresponding residual plots based

on 1:1 Langmuir model
(a) dSATPMI; (b) dsATPM2; (c) dSATPM3; (d) dsATPM4.

FR i Fick 2/, Taq pol Ma i 3 A WAk I 4s
R DNA FEH e —ANd sod 2 o, an g
XA AL I FE I BEAS L8R, i Taq pol 1

IR PE ARV AR THAN Z [ AE BB RE 22, I8 A 3EAT
Taq pol Al DNA 45550 J1 570 Mt (K IR sl 6 2505 1
St UL AR (KM, O 1 R SEHL AT B 2 Taq pol
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LA [F] DNA T-P 145 & thZe A g th 22, Fedllk
T S J i AR 2 1 R M 2 A R i 2 0L A R
M. AR In(abs(dRU/de)) XIS TH] ¢ A 1 (1 3) RIS
B Hh G FEA L ME, ULHH SPR WA S B B[] 1)
BACAIE T OB . Ti4h, MR
BT AN RERT AR LB )22 7 (x2 > 30). % E 2 Taq
pol Zr FIRK, AR B8 2 1M 8] & DNA % BE#CK

(=)

In(abs(dRU/dt))

|
8]

0. 50 100 150 200 250 300 350

t/s

Fig. 3 The plot of In(abs (dRU/dt)) vs. t
The RU data are from Figure 2d.

(2.2 x10" mol /> dsDNA/mm?), 1fij H. Taq pol 5
DNA 456 e — MRt 2, B DA% iR s ]
AEs2IN T Taq pol FIE % ] DNA 45 &80 )15, 2%
F& T A% I B ko 19 1:1 Langmuir #5575 F1 k) 5 45 4L
BRI B )22 R sk 3. 3K 4 o,

AELy (B}, ~(ED~(k, [EIDI-F [ED)

o 3)
%=—(ka[E][D]—kd[ED])
%Zk mt( [E] W [E])_(kal [E] [D] _kdl [ED])
%=—(kal[E][D]—kdl[ED])

“4)

AIED](t [EJ[D} -, [ED])-(k [ED} -k [(ED}]

AIEDIN] ;. (D}, (ED))

DRIk 2% B8 T A% JBURRN (1) 1:1 Langmuir 45784 g
TS IR EE A BEL, A2 (D, I U B
53 Ht Taq pol 5 AN[F] DNA T-P 454 [113)) ) 27 th £
(K 2), WAERRNNE ¥ S8 WA 1L B TAE R
W B kg 7F 6107 ~ 3x108 L-mol™ -~ i1 [ 4 484k,
AN EIR 5 | AN 25 M 540 23 1 () ] Sk

Table 1 The comparision of the kinetics constants of Taq pol binding with different

DNA T-P duplexes based on 1:1 Langmuir model

k./L"+mol-s™ kq/s™! K/L-mol™
dsATPM1 (1.23+0.02)x10° (5.87£0.36)x107 2.10x10¢
dsATPM2 (1.12+0.03)x10° (1.22£0.06)x102 9.17x107
dsATPM3 (5.2420.08)x10° (7.69£0.24)x107 6.81x107
dsATPM4 (3.96+0.06)x10° (7.89+0.22)x107 5.02x107

FRHE Taq pol 5 DNA 1) 45 b 2= AF 51 45 Je02 DI
SEU6 A H 217 DNA T-P 4L X, Taq pol A&
455 %) DNA T-P 51 %) K b () RUCEE SRS A7, 101
Langmuir #5781 52 —35. Y DNA T-P K35 e 7 ik
FEHBEA RIS, Taq pol 55 DNA [R45 43681 )48
59, HERTCHCER R IR 3 AN, SRR )AL
(K4=5.02x107 L +mol™) £ /& 5¢ 4 VLT i (K,=2.10x
10° L-mol™) [¥] 1/4, X155 LAFTXT KF (0T 5045 F o2
— I, KF RG0S5 M3 A A A AR G )
DNA T-P (155 F1 J )2 bt 5 6 s 56 25 H (9388 n

1M 1818 F %, Taq pol 15 DNA &54 25 M1 1 1 F & =
BUEM T BEARTRCE I N, BRI DNA 4GS
HARARLE (R 1), SIS & A7 3 AN OB I )
G L3 TR H K (h,=(3.96£0.06)x10° L-mol ™ +s ™) 4] j&
5845 VG I N (5, =(1.23+0.02)x10° L -mol~' -s™) [¥) 1/3.
DNA T-P R uiii & 4 #5 FC Bk 2L i, Taq pol 55 DNA
R HR (SH 1, 2, 3 MBI k20500
(1.22£0.06)x1072 s, (7.69+0.24)x10= s, (7.89=
0.22)x107 s7) LL5E8 A VEFL I (k=(5.87+0.36)x 10 s7")
WEAT 3K
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24 dNMP IREF | Taq pol., MMLV RT-#0 AR
& pol B 5 DNA T-P &S hFED
dNTP 53R & H -DNA 586K =i
G 4)JE DNA ZHld B IEE EEZ—2, BAM
— M A2 B XD N AR IE S R . A TR
H SPR A=W L AR W5 XA LRI B )1 %%, S0
HH ANMP A0 ANTP PAB 1k & A= b2 58 B I .
I3 SHEAN R ¥R £ 1) Taq pol (43.4 ~ 219.1 nmol/L)Fll
i INMP (100 wmol/L) V&5, Wik [l & A 58
42 JLHC ) DNA T-P (dSATPM 1) 4% J&G 22 1. iz
B A ] T WA ANMP. dCMP A8 5 T-P K i 1
R S T B A 0 T T JAMP A fiE L FRATT AR
dCMP 2y “IEH” 1), FR dAMP iy “B5i%” 1. /¢
145 Taq pol Bg/E “Fiik” ) dAMP B¢ “IEff”
1) dCMP #85rh, 558 4L DNA T-P 1454
(& 4). [FIFEHL, K T AR MMLV RT-

—~
o
=

600 |
500~
400
3001
2007
100}

Response difference/RU

15 1:1 Langmuir model

X=14.0
—10 i

Conformation change model

Residual
lIJl O Ul

Residual
Ly
Suno
T
=
S

0 50 100 150 200 250

t/s

300 350

Fig. 4 The responses of Taq pol binding with dsSATPM1 in the presence of

(80 ~ 200 nmol/L) AT A\ ¥ pol B (20 ~ 80 nmol/L) 7
JC ANMP, & “HiR” B dAMP 5 “IEHf” 1
dCMP ¥ Egr, 5584 LK DNA T-P 4 &, 15
Sy 5 th Ze an ] 5. Horb, S T REART ANMP BB
Tl -DNA 255 3T L0, SPR AL IKES 15t
K T %4 ANMP 37455 F Taq pol, MMLV RT-Fl
human pol B 5 DNA 11454 (Kl 2a, K6, K 7a).

1T SPR A1 W) A% 8 4 o V2 A I 21 /N 43 -
ANMP FIAE B0 R AR o 1 s &, 16
XA S BRI 1) 2 DNA 2B & A1 DNA 145 &
PL K i -DNA-ANMP & &I G784k (SR A7 7E
(i), el aek A= T o =X (5) 8k X (6) Fon
M N RE, BAT5r BN F 1:1 Langmuir #5578 1
M GASARERL. F X AN o3 0 B0 & 508, 3 )
RO A RN 2.

600

500

219.1 nmol/L
400 1;5 3 nmoi/L

131.5 nmol/
300 7.7 nmol/L

43.8 nmol/L
200

Response difference/RU =

100

20
15 1:1 Langmuir model

10 n
~152
° bﬁ "
-5
-10
15

20
15 Conformation change model

10

5 =125
-5
~10
15

-20

Residual
W

Residual
S

0 100 150 200 250 300 350

t/s

“incorrect” dAMP (a) or “correct”

dCMP (b) and the corresponding residual plots based on 1:1 Langmuir model and conformation change model
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£ 150 l60mmot. B 0 200 nmol/L
2 i 5 160 nmol/L
é 100 120 nmol/L 2 100} 120 nmol/L
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4 &
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Fig. 5 The responses of MMLYV RT- binding with dSATPMI1 in the presence of “incorrect” dAMP (a) or “correct’

dCMP (b) and the corresponding residual plots based on 1:1 Langmuir model and conformation change model

(a) 400~
MMLYV RT-only @ _ 600 o
g 500 ,.-"I T
- £8 400 S T 80mmolL
2 300 2 g 300 _:‘f —___ T60mmollL
= = ; =40 nmol/L
5 200 nmol/L o200 Fr 0 Hmme
2 , 160 nmol/T 100 e - 20 nmol/L
; | 120 nmol/L : s
g (b) 1000
% 100" 80 nmol/L . E SO0 e — 80 nmol/L
2 23 (o ,/- 60 nmol/L
z g 40 nmol/L
2
0 ks ———20 nmol/L
b
® | |
1:1 Langmuir model
= 6] H (© s 80 nmMol/L
5 24 - I' x=4.06 a 400 f-"___d—_ = 60 nmol/L
B 23 300 ,f"’: =40 nmol/L
[~2 g9 -~
| &8 200 M
ok " : g3 f 20 nmol/L
6! 2
S 100
-10

0 50 100 150 200 250 300 350

0 100 200 300 400 500
t/s

t/s

Fig. 6 The response of MMLV RT-binding with dsATPM1 Fig. 7 The responses of pol 3 binding with dsATPM1 in
DNA T-P (a) and the corresponding residual plot based on the absence of NMP (a), “incorrect” dAMP (b) and
1:1 Langmuir model (b) “correct” dCMP (c)
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Enzyme+DNA+dNMP <= Enzyme-DNA-dNMP K

ko
Enzyme+DNA+dNMP =— Enzyme-DNA- dNMP

ky,
Enzyme-DNA - dNMP % (Enzyme-DNA-dNMP)* K, =

ka
A_ITd (5)

k a2
de

kaZ

(1+
kd2

)

(6)

Table 2 The comparision of kinetics constants based on 1:1 Langmuir model and conformation change model

kols™ kol K,/ L-mol" X
2.10x10° 5.59

7.49x107 14.0

.82+0.38)x10 2.50+0.13)x10 7.69% 14.0
4.82+0.38)x10° 3)x10 69x107 4
8.22x107 152

(1.53+0.04)x10°2 (1.40+0.86)x10* 4.18x10° 12.5

ky /L' mol-s™ kals”
Taq pol . .
dsATPM1: (1.23+0.02)x10 (5.87+0.36)x10
Taq pol ; ]
dSATPM 1+dAMP* (1.02£0.12)x10 (1.36+0.18)x10
Taq pol ) ]
dsATPM1+dAMPC (9-28+0.24)x10 (1.23+0.03)x10
Taq pol . ;
dSATPMI+dCMP: (5.42+0.59)x10 (6.600.86)x10
Taq pol . ;
dsATPM1+dCMPC (1.17£0.05)x10 (3.09+0.13)x10
SoATMIL (522024100 (5422017107
xr%viLAMPL (1.230.22)x10° (1.870.19)x107
erlj]le}{]TkidAMpc (3.05+0.12)x10* (8.01+0.20)x107
xZATL;/MRlLCMPL (6.42+0.37)x10* (9.27+0.32)x10
PCE (2.02:0.05)x10* (1.93:0.03)x10~

dsATPM1+dCMP¢

9.64x10°  4.06
6.59x10°  2.13
(3.72+0.09)x10™ (5.46:0.51)x10°  2.64x10°  2.26
6.92x10°  4.42
6.20x10° 1.26

(8.1520.11)x107 (1.38+2.86)x10°

L 1:1 Langmuir model, ©: Conformation change model.

Kl 4a F13% 2 KW, H 1:1 Langmuir #5575 F1 4
GRS Hrigs i b i 5 dAMP I8 Taq pol Al
DNA T-P 1454, P/MBERL 15 IE 70 A Fl x LT
SR, AR RIRSERU AR AR AT, (H
SEHRE T G ARG B 5 — DR N3 )
S ka2 <kd2, T HIXPAMEARIR /N, BRI A
ZAMMERIAGERERRR 45 & (0 5) ) 2 7, B A
) 7285 BTNV A% T 101 Langmuir B8, 76
“IE#” 1) dCMP 3551, Taq pol A1 DNA T-P [
g ARG R G AR, DR HTIX NS 43 #r
13 BNIRZE AT B BENL,  H AR = (/N (18] 4b).
H 1:1 Langmuir #5584 F1H G AR AR Y 53 531 53 AT 471

dAMP FI dCMP 15 L R G AT DNA 454, 45800
W] “IE#f” [ dCMP f77E F, BEA DNA 21 )
(K,=4.18x10° L-mol™")/Z &/ ANMP i} (K,=2.10x
10° L-mol™) 1] 20 fi%. BbAb,  “B5i%” 1) dJAMP [1)
FAAEAERE AT DNA KSR (Ky=7.49%x107 L-mol™)
T8> ANMP FR85 R ) (K, =2.10x10° L-mol™).
Bt M DNA 456 B B i o b il (1) ik 125 S B0
(), A2 WA (k=(1.36£0.18)x10" s™) LL B =
dANMP I FIAR S (k=(5.87+0.36)x107 s hn 7 K2y
231,

6 i Wl % 4 dNMP I MMLV RT - I
dsATPM1 [M454 2k, 1:1 Langmuir B8 fef% ik
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AN ERE, AR ) B) ) 27 B AR 2. ANMP 1R
N MMLV RT-HI DNA T-P [ 45 & 5h )12 4 B &5 31
Wi s fIER 20 M 2 fE R0 Bk 3 o) A 1 Bt AL 2
(&l sb)y25 5 P iy G AR AR R IE T “IEf 19
dCMP 1EH N FI DNA (145G, 1A B vk W
R BE 6% SHAF sh AR “HER 7 (1 dAMP fEH R 11
ghtrith4: (B 5a). 78 dAMP R854, MMLV RT-HI
DNA T-P (454 1 1:1 Langmuir A5 7RI Ry G AR 1k 4
AL A 15 2 (0 5% 38 2 A LU ARALL, @ LT —#F
(1:1 Langmuir B8 4 2.13; MR Y 2.26).
PSRRI A3 B SRR A R e, (HR
KT H dCMP BTS2 K 45 B L i % AR AL B 7Y
IIMTIEE B (% 2), dAMP S0 N - Y454 1)
55— I N B 3 2% O dCMP A F R iR,
1AL AR AL R TP 1) Bl ) 27 0 B/ I Bl dNMP A
HTFAWHEAR. dCMP EH T, B -DNA 2459
R Ky B AR [ R L dAMP A7 48 IR (dCMP:
ko= (8.1520.11)x107 57, ky=(1.38+2.86)x107 s7';
dAMP: ko= (3.72£0.09)x1072 s, ky=(5.46+0.51)x
107 s7). #%43 ANMP I} MMLV RT-fll dSATPMI1 [f]
7 H B(K,=9.64x10° L-mol™")J& dCMP 1EH] K
(K,=6.20x10% L-mol™) [ 1/64.

[F)FF 1), SPR A= W A% I8 2% 4 F Sk F 50 N U8
pol B fE¥ A ANMP [FJIREEr . “H5 %" [f] dAMP
B, “IERA” () dCMP 355 5 dsATPMI 45
A1) SPR W N 2. A 7 Hmr DLW ER E], iR
dNMP 2 5 2| fil DNA 145 & i fe, # g
G BN 1T R AEARR . & 7b, T g
5 1 2 A I S T 35 o v e A 9k /N PR 1) AR Ak
W BH A% T8N 7 b e T AN e B R BATHE
DG AN 2 1F) DNA fi# @ f2 v, mH9 ok x iz
T8 /N T N () 5 G AR B i B e T N, BT
DNA (1) 1§ A~ W7 #5087 45 45 1) DNA b X R i) il 26
JCVEEAT B 15 A o B, AR ) DAAR 3 — AN &
: pol B 5 DNA T-P &5 &I, WUERMEEPAE/EK
) ANMP, A ANMP /& 75 A1 5 ) AR s AR AR L
MBI RO, #2 B2 3G 0 pol B 15 DNA 1454

3w i

SPR AEWME IR TR S AL G B 124 73 W ik
HLE, EANTETOCMBONPEFAL R bR, XL
PRAc ] REE ML) 23 1 2 IR AR AR . iy He
— AP R BRI T B, 0.1~1 mg/L AR BUR
DNA W45 &8 1A Res gl St o3 A, 534k, it

RIGHISEERTE, K401 s N0 SR Be i gl ksl . A
SCA T SPR AR AL B AR WU S A5 i DR B 1
J7i%, HSEH SPR AWML AR ST DNA R4 M Al
I A AT S 1, 2, 3 AMERCH DNA
T-P W44, ARG B HXAE AT DNA KA
X Wt A8 A T I ) IRk B . B AT IE T Taq pols
MMLV RT-. pol B 3 PR & MEdEAT sL 50 & RN &
TRk A Al A, R, X KiE, T
Bb 3" S5 AL R BT, AT LA R AT
Pl 110 2R - TR P DX 3l A DR I T 38 LA 1 ot A A%

A, FRAIAE S W RE IR A Ui 5 | ANAN R )4
BCHk AL, #5 Taq pol-DNA {4553l /)%, Taq %
B Il 72 I A R Thermus aquaticus ™1 13 21 1)
DNA &0, T eaRirmideett, gz
T PCR RN . fE4A N, Taq pol [T REE S
LR R R AR R Y R D) 3k X W (Okazaki) v Bt £
B FAE 5190 16 RNA. AR 4 DL 1R 45 84 22 01 53
Taq pol & 4B & = &5tk (domain) 112 JIKEE,
C i fe A W45 Myt , N It 57 A% IR I 405 Fy 4k,
Taq pol [¥] 3'—5" 1% 1% 41 V) i 45 ko 31 1 23 45 Wl 25
IR 5" R B 45 ek 2 18], &/ kE T
A& (17, Taq pol 1575 i 45 K BRI 57 4% 198 Tl 25 A% 4ok
FELE MR g _EARNI T, 3K AN G5 AA SeAE AR
DA BARSHRZ /3 TS, HARE A 5 DNA
g A IR 45 K B, Taq pol 55 DNA
T-P HI45 4754 1:1 Langmuir #7%, [WiZJ& Taq pol
(R 58 45 K B 45 25 7F DNA T-P (115 14 i A B
5 A S L2 N 4 1, Taq pol A1 DNA [
SGEA RN R B, BRI B S A UL Y
DNA T-P & Taq pol SEHL{R B il kA2 —. 4
PC B FE V1 22 9802 T BRI DNA (145453 %

h T kSR A T TS LRI S ) T A
PE, BATE ST I T ANMP,  FE40 3 4 il
-DNA-ANTP = cE AWM. X T K £ % DNA
RAW, ©A15 DNA NI, #f -DNA E5YH
TETBORT A & P ROk 4. ANTP B8 45 & 21 L TF%
FI% I -DNA Z&4) 1, DEi S8 A B AR 95 25 1) 57
PREE R FHIE M PIRTHT R 1) ANTP 215 “IERA”, 0
R ANTP i [ H#r, B4 Mg -DNA-ANTP —Jt &
G RGN, AR AR, X
MY GARA S FEA TR A S Vi R e ) BR D B Ak
SRR GRE, —MERIT RS & 24
H) DNA B (1) A ity 04 7 1922 F AT 1 512 56 45 SR U 1
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Taq pol X} ANMP [ IEFEFF & Lk i 5 18 B AL
“BER” 1) ANMP AN2s 5|2 Taq pol-DNA 5 5 4)5))
JIEEAT N e, T “IEAR 7 1) ANMP i
Taq pol -DNA & & W) kRS AR L, W I 3 5% il
-DNA S G 4& RRFERE, ORI AU %
4 dNMP ) 20 £%. %FF MMLV RT-, FRAITHI%k
P MU B R 1 ANMP 3E BE  MMLV
RT-DNA & &Y ] e K A S AR, (HaE,
-DNA SEWIRSER ) H8AE “IEM” ¥ INMP 21
Bt K, i H “IER” 1) ANMP & 75 5 1
-DNA 8GR EMG AR, AFRPE, (AR iT
b ANMP [JFREE T, pol B 5 DNA T-P [f] 45
G B ANMP AAER A T2, dNMP
1) pol B X' EINAE DNA, BEAKWLEIE T8
SR,

2 % X #

1 Kunkel T A. DNA replication fidelity. J Biol Chem, 2004, 279 (17):
16895~16898

2 Prakash S, Johnson R E, Prakash L. Eukaryotic translesion synthesis
DNA polymerases: specificity of structure and function. Annu Rev
Biochem, 2005, 74: 317~353

3 Beard W A, Shock D D, Vande Berg B J, et al. Efficiency of correct
nucleotide insertion governs DNA polymerase fidelity. J Biol Chem,
2002, 277 (49): 47393~47398

4 Kunkel T A, Bebenek K. DNA replication fidelity. Annu Rev
Biochem, 2000, 69: 497~529

5 Tsoi P Y, Yang M. Surface plasmon resonance study of the
molecular recognition between polymerase and DNA containing
various mismatches and conformational changes of DNA-protein
complexes. Biosens Bioelectron, 2004, 19 (10): 1209~1218

6 Tsoi PY, Zhang X, Sui S F, et al. Effects of DNA mismatches on
binding affinity and kinetics of polymerase-DNA complexes as
revealed by surface plasmon resonance biosensor. Analyst, 2003,
128 (9): 1169~1174

7 Kool E T. Active site tightness and substrate fit in DNA replication.
Annu Rev Biochem, 2002, 71: 191~219

8 Sjolander S, Urbaniczky C. Integrated fluid handling system for
biomolecular interaction analysis. Anal Chem, 1991, 63: 2338~2345

9 LuoJ, Zhou J, Zou W, et al. Antibody-antigen interactions measured

by surface plasmon resonance: global fitting of numerical

10

—

17

18

19

20

2

—_

22

integration algorithms. J Biochem, 2001, 130: 553~559

Gorshkova I I, Rausch J W, Le Grice S F, et al. HIV-1 reverse
transcriptase interaction with model RNA-DNA duplexes. Anal
Biochem, 2001, 291 (2): 198~206

Bergethon P R. The Foundations of Molecular Biophysics. New
York: Springer-Verlag, 1998. 445~448
Ho D L, Bymes W M, Ma W P, et al. Structure-specific
DNA-induced conformational changes in Taq polymerase revealed
by small angle neutron scattering. J Biol Chem, 2004, 279 (37):
39146~39154

Xu Y, Grindley N D, Joyce C M. Coordination between the
polymerase and 5’-nuclease components of DNA polymerase [ of
Escherichia coli. J Biol Chem, 2000, 275 (27): 20949~20955

Eom S H, Wang J, Steitz T A. Structure of Taq ploymerase with
DNA at the polymerase active site. Nature, 1996, 382 (6588):
278~281

Lawyer F C, Stoffel S, Saiki R K, et al. Isolation, characterization,
and expression in Escherichia coli of the DNA polymerase gene
from Thermus aquaticus.J Biol Chem, 1989, 264 (11): 6427~6437
Lawyer F C, Stoffel S, Saiki R K, e¢ al. High-level expression,
purification, and enzymatic characterization of full-length Thermus
aquaticus DNA polymerase and a truncated form deficient in 5 to 3’
exonuclease activity. PCR Methods Appl, 1993, 2 (4): 275~287

Kim Y, Eom S H, Wang J, et al. Crystal structure of Thermus
aquaticus DNA polymerase. Nature, 1995, 376 (6541): 612~616
Joubert A M, Byrd A S, LiCata V J. Global conformations,
hydrodynamics, and X-ray scattering properties of Taq and
Escherichia coli DNA polymerases in solution. J Biol Chem, 2003,
278 (28):25341~25347

Li Y, Korolev S, Waksman G. Crystal structures of open and closed
forms of binary and ternary complexes of the large fragment of
Thermus aquaticus DNA polymerase 1 : structural basis for
nucleotide incorporation. Embo J, 1998, 17 (24): 7514~7525
Korolev S, Nayal M, Barnes W M, et al. Crystal structure of the large
fragment of Thermus aquaticus DNA polymerase [ at 2.5-A
resolution: structural basis for thermostability. Proc Natl Acad Sci
USA, 1995, 92 (20): 9264~9268

Cramer J, Strerath M, Marx A, et al. Exploring the effects of active
site constraints on HIV-1 reverse transcriptase DNA polymerase
fidelity. J Biol Chem, 2002, 277 (46): 43593~43598

Eckert K A, Kunkel T A. DNA polymerase fidelity and the
polymerase chain reaction. PCR Methods Appl, 1991, 1 (1): 17~24



. 1140 - EMUFESEYYNIEHE Prog. Biochem. Biophys. 2005; 32 (12)

SPR Biosensor Study of The Molecular Recognition Between
The DNA Polymerase Without 3’5’ Exonuclease Activity With DNA*
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("Shanghai Institute of Microsystem and Information Technology, The Chinese Academy of Sciences, Shanghai 200050, China;
IShenzhen Institute of City University of Hong Kong, Shenzhen 518057, China;

Abstract Taq pol, MMLV- RT and human pol B are polymerases lack of 3’-5" exonuclease activity. The Taq
polymerase binding with DNA template-primer (T-P) with 1, 2, or 3 mismatched base/bases at the terminus of
primer was studied by surface plasmon resonance (SPR) biosensor, comparing with the binding with full matched
DNA T-P. The experiment showed that the affinity of Taq pol binding with DNA T-P decreases when the number
of mismatched bases increased, indicating that Taq pol preferred to binding with matched DNA T-P. With
“incorrect” dNMP, the kinetics of Taq pol binding with matched DNA T-P could be analyzed by 1:1 Langmuir
model while the kinetics of MMLV RT -~ binding with matched DNA T-P might involve conformation change.
Conformation change model fitted well with Taq pol and MMLV - RT-DNA binding curves in the presence of
“correct” ANMP. The binding affinity was 20 times and 64 times higher than that without ANMP, respectively,
indicating “correct” dNMP induced the conformation change of polymerse-DNA complex and enhanced the
binding tightness. In the presence of ANMP, the kinetics of pol B binding with DNA T-P changed significantly and
pol B grasped DNA closely.

Key words SPR biosensor, DNA polymerase, kinetics, 1:1 Langmuir model, conformation change model
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