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B 7Y DNA B &HHE R TR HE DNA BE8, | ZEET HE. WEdk, &
SYHE T, 2 59000 DNA Z# 5605155 . B 7 DNA BB h N imgif. 3°-5°4k
VIl G0 3 NS REMEMISREA AT, FHWA, f#1k DNA KEH
SN 3-5 AT LA 3° R uify A FLE AN OURE DNAA,  7E DNA & il HH AT 45 L AZ F IR 11
KIEDIRE. KT N oStk Dhe N R RTE 2, Hri w1 B Y DNA R &M w4 &
DNA 7+ F i) dU i, F5e4sE dU IERSE R T N Smabfad. SR T 4H B A0 B 14
(") B %! DNA RE&EEA RS dU 456751, BARHEE MR T RA MW, BS54
s r e 2 o) EEE BRI, ARV RS 5 S G A S DB 1 o

AL Pyrococcus furiosus B 7 DNA Al AH], EELRE 1 6 MRETE
SRR AE, AT TR I RARER) dU g5 AMUIEE . BRA TSRS TE, HED
Pyrococcus furiosus B DNA Z& & B 45 M IR X =i Ve i Bk D e . B 9T 45 SRR W48
Fa S M EAE N ZE S DNA I— NS0 4, HiBh4S & dU Hifii; R4 B DNA 7 Pt gs
GAER MR EFEAT DNA BA KB, DLRLEMIRES N 24T DNA SN B 4% DNA
BEDIZE 170t BN T 17t B, SEHE S5 IR DNA 43 T 5617 2 A B 25 1 38 B 23 AT )
AHWFFENNIR T XHEE S IR E B % DNA A8 HAR DAL AR

XHE1R): Pyrococcus furiosus B 7 DNA &, RHELEHR, dU iRGNEE, 3°-5DNA 4h
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THE IMPORTANT FUNCTIONS OF THUMB DOMAIN
IN PYROCOCCUS FURIOSUS B-FAMILY DNA
POLYMERASE

ABSTRACT

B-family DNA polymerase has been found in archaea, virus, and some bacteria, which
fulfills the various replicative and repair functions within the cell. The B-family DNA polymerase
is composed of domains, which are N-terminal, exonuclease and polymerase domain including the
palm and fingers subdomains and the thumb domain. The conserved palm and fingers subdomains
have the function of DNA polymerization. 3'-5' exonuclease domain hydrolyzes ssDNA or dsDNA
from 3' end to proofread the polymerase errors. The N-terminal domain of archaeal B-family DNA
polymerase has a conserved uracil-binding pocket, which has the function of dU recognition on
the DNA strand. The thumb domain interacts with the exonuclease domain and polymerase
domain which indicates that it has some functions in the reaction of DNA hydrolyzation and
polymerization.

In this research, we study the thumb domain of Pyrococcus furiosus B-family DNA
polymerase. The 6 positive amino acids were mutated to study the function of the thumb domain.
The results of the dU recognition assay, 3'-5' exonuclease assay and DNA polymerase assay
demonstrated that the thumb domain palys important roles in these reactions. We found that the
dU recognition was the cooperation of N-terminal domain's uracil binding and thumb domain's
DNA binding. We also found that the thumb domain assists the reactions of DNA polymerization
and hydrolyzation, and when needed, the thumb domain transfers 3' end of DNA strand from
polymerase activity site to the exonuclease activity site. Based on these results, we insight into the
function of the thumb domain of B-family DNA polymerase.

Key words: Pyrococcus furiosus B-family DNA polymerase, dU recognition, 3’ to 5> DNA
hydrolyzation, DNA polymerization
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FUUE BOUIELE oottt s s st s sttt 43
B.1 FBLZEIR ot 43
B2 TTFTUREEE oot 43
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A drid A g KA ER E B Wt E 2 A m iR Adit e FERDLEKX
P e AL FIEALEN ) o AR dn AL LRAIE T 2B ar R ARARHEIA: , BIREAEAF L 34 2 A ik I 24477,
Foor 1502 DNA EHils 304630 7712 7= A8 IR B A AR 34 A i AR 1R 401 B, HE3D T4
AT RS (& M E R, Hoor T IERt R S R R AE . BRI S IR BT, E&FEar
TE A3 LLAESE (1) HE il DNA &, DNA Rl AR IBE(E B DNA 2 F 52 3 1 =2 il — 10,
SRIGFEHRE TR AN ARZEASE DNA SHlidfE, FiX—d 2 &F DNA KA i
ERRBEEMAEM, A5 5T ASCA DNA NBR, % —BIRE & 5524 DNA JLT
FHIEH 74K DNA 431 Tk DNA SHilL A2 5 DNA Sl ()% 5 DNA R&8, JtH
T HE M B B DNA R &BHE— 1 4H.

1. 2DNA E#IFEEHRE M

BAEAE S DNA 731 WA FAUB SE AR 1A M0 27 2 fifl 2 DNA & il . DNA Kl
A LR SO AE45 2 DNA 731 UL HERA 107 NE 1y, 224703 DNA 7 1A%ides
TARA AR HEKIZ DNA Bl — A KRR A P 2 2 B (e e g A%, |
B JUAE F L FEEA S . BERIA B HIE AR 7 MR RS « SEf . 21k 3 M BL. ££ DNA
e b, —HRHIERAN. MEERRE S, AR A Rl . A .
HAERA A AE S 5 DNA SRR E AR L2 1-1 12, Sl S H 2R B =
M T AR AES, N PR AT RBEIRAE 10 Y B DNA 737 A2 R R i RE {2 1
J& 2 F-DNA 52 49— DNA itk (replisome) Bl Sk %005 415 /& DNA
REH, HAh A Bl ER 9415 1 B DNA R& T s fE w0 2 Hil DNAFL,

R 11 HHE. HER. EREDREHERESY

Bacteria Eukarya Archaea
Origin DnaA Origin recognition complex (ORC)  ORC/Cdc6*
recognition (one subunit) (six subunits, Orc1-6) (one or two subunits)
Helicase DnaC®Dnal® Cdc6 (one subunit) ORC/Cdce*
loader {one subunit) together with ORC (one or two subunits)
Replicative DnaB"/DnaC® Minichromosome maintenance MCM
helicase (one subunit) (MCM) (six subunits, Mcm?2-7) (one subunit)

AT 1 AL AR TRV B A, — AN 4H B MR R A — MR E Az s B2 2 ), 10
ZAE A A S R 4] DNA R X E AER R BURR AL, R ENE
Hblas——R iR, SHIAEILRK LA DNA XU 3D, F2Ea AL FI4 DNA, HEIFEAM
R ZE K12 DNA #e B 5e . RflREm A mE R s Tafk, ElERN
DNA I, CZHH T — LB R DNA S HIIRE A 45 KA 12 . X e It
RAESKR: EAF 352 4ER .
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o Direction of
Sliding clamp \_Polymerase poliil core
Vi :
- Leading
strand
T

Clamp loader —_

0T D¢ Dna

: - helicase e

Previous - 5/

Okazaki ’ ;

fragment Primase

> ‘ SSB
Direction of |
‘ polymerase

Current. \ RNA

Okazaki ~ primer

fragment ’ Lagging

strand
Replisome Molecular
component weight (kDa)  Function
Pol Ill core (heterotrimer) 166 DNA polymerase, 3’ to 5
exonuclease
Sliding clamp (homodimer) 406 X 2 Processivity factor
Clamp loader (heteropentamer) 297.1 Assembles sliding clamps, protein
trafficking

DnaB helicase (homohexamer) 52.4 X6 5’ to 3’ DNA unwinding
Primase (monomer) 65.6 Synthesizes RNA primers
SSB (homotetramer) 18.8 X 4 Binds to single-stranded DNA,

prevents secondary structure

1-1 KEHF B DNA S TR
2% 1-2 K5 DNA Z#tk TR HE R R R

Mass
Gene (kDa) Function Subassembly
dnak 129.9 DNA palymerase =]
dnaQ, mutD 27.5 Proofreading 3'-5' exonuclease core
holE 8.6 Stimulates e exonuclease PollIl'
dnaX 71.1 Dimerizes core, DNA-dependent ATPase

Pollll*

dnaX 47.5 Binds ATP
holA 38.7 Binds to 3
holB 36.9 Cofactor for y ATPase and stimulates clamp loading y-complex
holC 16.6 Binds SSB
holD 15.2 Bridge between y and y _
dnaN 40.6 Sliding clamp on DNA

b
o
=
Pz
o
SN
=l



YHERAA 4
Zh) & A AT
gy m,‘_\“ﬁp SHANGHAI JIAO TONG UNIVERSITY

Pyrococcus furiosus B % DNA 54 Bt 45 i3 ) = Z D) Ret 71

Y SR 10 2ANE AR (B 1.2 fiZe 1.1) PO b i it & ik R 4 —Fh
DNA E&li——DNA ZZ&H5 111, DNA ZZEE 1 7] DMEAZ T BRI R & XN, T DNA
B, TR R AT AN S O S 2 DNA B4 1IN 41551,

FAZ AW S IR ZE R TAE 77 05 A A R AR R . ECRZZE (1) DNA S Apa) sl i 32
FIhHesl s WK 120, B EY) DNA S DNA B4 B DNA B4 o, & M 5,
Hrh DNA B4 § 515757 555 DNA &%, DNA B4 o fil e fUitiEaEa % 9. DNA
BEle 1o REZVIERESH, HPREH e 4 MM, 2078k 300KDa; KA
SHLH 4 MM, 4> TFEik 250KDa MY, X ey HE A BT A HE . AMIEEIETE. DAR
552 4 HL A R P R A

UAAIURIUN o RIVURIUTTIA
Cde6

: s

w.mwwv@nwwrwxm cdt1

%

~Go—~ L@@

Stalled replication fork Unperturbed replication fork

Mrc1chssinTofyswifimeless Ccom3swampn — Cdcas GINS Asfl RPA Histone Mcml0  Dpb11cuts/mopse:

® @ e T =

Sid2 Sid3  CifgMell/aNDl  ATRMecl/Rad2 ATRIpDAC2Radzs 911 PCNA Pola-Pri ATP ADP

P E 4 s

Rad17-RFC2~5  RFC1-RFC2~5

] 1-2 ELA%AH AT DNA & AR 2H 5 &% 5 i pLak
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L DNA B4 [ Riff) DNA S48, DNA Sk in a4 b = & E 45
Horp B DNA 3°-5° SN B i v (A5 1E S AL o A 1) S AR AR PR T Vi B ) ST, 43
N K T B8 110 S 1 1A 1 7 5 epsilon AN ECEZ R il DNA R4 81, A7 (K & ik (k2 IE
WEPEAEAET DNA AR |-, fllnt A% B B DNA RAEY. PCNA 2 & H#k E 5
—RARSFIE AW, PSS DNA SEE I S ThRE, B k8 Hil A fE & i A4 e b A
DNA # E3iF kUM, 40 %A PCNA, TR PCNA (I RESEAIY B ¥ shat seplix— &
ZRe™, GINS (EEAEMME AR RAREHIRNEETE Y, FS0EEHIATH K
P> DNA R & BflEr —i2, (R EEER AT SHE 0 S HIFR 3T, RIEP DNA K&
s AR, 4IEEE GINS FRFIFUEY, KT g GINS ShaE R & y&t T
e Ay,

B4 R Hil 1) DNA KA RSN, iyt 2R H Al ) DNA REE. Hrh R &
W 4mhD DNA REHE 1. 0. IV, VIO YD DNA BE8E B, A py ks 1 G e%%
U7, DNA E &1 B 1157 DNA B VIR S 2 F 1 DNA &), DNA KR ) 171 5T B EY)
LERiR DNA [ HI], 1 HAR I E A% EY) DNA A B 57 5 8 05 & i BA R 5 BT FE A 1
ZAMA R, % DNA BEMND T RN ERIR K, MWHE 39kDa () DNA B4 B, #
HH AR 2 T HEAE R K AT 5] DNA 40 11 2l (Ht 20 AWM, A TR
900kDa) . #AIMATF ¥ DNA A& TEGAE R ARG, BRIZIEHE4N 5 Fh DNA REBEIL
A HANFIEEEEE . 511 DNA RAEE | B2 DNA SMIEEG T (B 3°-5F1 5°-3° D)
Wk, o 3-5'4ME ME T LAUIBRAE L AR, 1R R A IR MIAERGTE) . RNase H i% 7k
208 MR 4R DNA B A B LB TP M s A 7 [H, A2 (1 DNA AR 999
6 MEIE: AL By C. D XANY, REEFRALHMINAE L4 H O, R
DNA R &HEA R AR Z RN, HAZOIRERS 1 f1k INTP 5 DNA Y5 M55 3
FRIEHERE N, IXFPThEE 88— AT DU BBV s sy b, B4 i A B
P YXDD R,

1. 3B ZXJ% DNA R &5/ 47

B Xk DNA RAE 2 AFET W M=z EY =5, S50 DNA Z i
HigE . B K% DNA RGHE— M H N st 3-5'4 BI85l 4h i An
HE SR R, G T B T BE ORS00 AR 28 b _E A3 B34 i) B« SR
HH -3 45 AT 51 B AR SF LA S T RE BRI B, A DRI T A

HAEE S 2 Bl DNA G 8, #1WR 51 A. pernix Al Sulfolobus solfataricus (S.
solfataricus) ¥4t 3 i B % DNA B4 (B1. B2, B3) 2, Hrh B1 fll B3 W& A A 5
BN R SRS, 0 FEEV/NMY B2 T A 2B R AR i (b 5e%
fIANIBESE ) o B1 A1 B3 /R DNA B &BEE AL A B A BEMSMIEEE 1ERP2, s,
solfataricus )& il SR 5 [ Orcl 1 B1 T2 DNA B& B EIfFEEFM B/, H-% i
SEAEIENA GRS E, Ralae o 3E KA ], FR Orcl {2t B1 % DNA R4
(B SR AAMIERE R, Bt B S. solfataricus f¥] B2 #11 B3 7% DNA 4 g4 4h
HA RGBSR AMIERS P, PIRETE R A BL A 1/1000 Y, BR b 4wis 3 7 B
T DNA R &BEsh, | BamiL—Ff B 7 DNA B4, — B2 B3 AP,

diAE B B1 Al B3 WA DNA RAE, FrEA DNA RAEEEMAMIEEETESS, & nT LIRS
PEZE-E DNA H ) du/dl B (dU 456 im T dD 3Gk sh DNA & BSR4 i AR A5
# DNA 1 du/dl b3 4-6 MEERRARE, fEE#E dU/dl BRIERE F1 77T, PR AN 5I4AE 8 45
7R S. solfataricus ) B1 S BUASAERSHE dI. dU, B2 SPAUATPAESHEL dI. dU, B3 ERIATLA

% 8 Tl Jt 54 T
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B dl P, dx— g5 RGN BL A B3 WALEAT dU 4435, i B2 WA dU 4545
. Pyrococcus furiosus B %Y DNA & (J5Ei#R Pfu DNA K&8) (&T B3 WA N
I —A dU 5448, CENTI Tgo DNA R &S dU #5145 DNA [13hah i =4 gb il T
HEE B 7 DNA BAHENY dU g5kt (& 1-3) “*

(@ 3" -AAUGGA(I;II\CIZI-IKEC';C';CT‘TT

3'-CTGTGCCGT T
exonuclease \ /g
< thumb

e

1-3 Tgo DNA RAEIRB] dU =44

FEMATIEE dU BldE, MRS SRR 2 B Rk AE (Y7, P36, Y37, P90, V93,
R97, 1114, F116, R119, D123) M4 455 Pfu DNA RAMEK dU 4546877, ML)
PABS#E dU #3454 5 DNARE, HE 3 B1 F1/8% B3 ¥ DNA AN dU 45 a5 e %
FEHEA A E P 2, HED Pfu DNA B A B dU BRIESE SRk T e 2 TN i
B A (Bl WAIAI/EL B3 WAL DNA RAFMILIE, Al a5 o7 Ml ZE R0 duU #ih, 2
L pRgnE DNA PEFHE Curacil DNA glycosylase, UDG) , WIJKZERES IV. PCNA 254t [F] 52
i dU BiffsE P 0, [N B % DNA BAEEN dU 45 4 IR il et 2 72 B DNA
) dU 3 05 R S I RIE LR, B IEAE R A EHERE B dUMdA Fexdmsdt, ik seas
G:C-A:T HIThRE.

A IS DNA R4l B 5 DNA KA HAN, &4 D % DNA BAH. Hdr
H i B ZUF D B DNA RAE; R D 3 FiAF B Y DNA R4 . polB Al polD
IR FRHEAPAEIR K ZE . B 2! DNA ARG EEFISNIGLL R dU 4568 e T —
% ZIKEE, 1 D 2 DNA RAHEH 2 % RIE 2 KB B, R EA RERRENE, /NEEEA
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A NI, PISEJE E [R 1 P 2 B LR AN TGN B A s B0, ik a2 e e 4 SRR
D %! DNA Z-&Ev] LUF A RNA 51447 DNA &%, 1 B & DNA E&BEARER A
RNA 31402, % Fix sl 50 R A A LB, IR — 4> DNA BAR 53T 5 A
(3L A2 DNA B HIMTR AR50
KIATH DNA R4 11 W8T B &Y DNA K&, MNiZ/2 B % DNA R A JHE A,
H HA DNA B4 . DNA 3°-5SMIERE P, B 7 KT 5 DNA B &EEsh, — Lk
WK DNA S4Bt T B % DNA R 48, 10 T4, RB69. Phi29 5 (B, ix
SEIE ARSI B B DNA RATFFEEA DNA BEBA 3>-5 S UIEHE M. T4 Wb 44w
i B A DNA A FE IR, SHAMAHEE D gpdb, gp6l 55 —ikg, E I [HI2H DNA.
T4 WEBERR) B 24 DNA KA BEAEIL )34 K 241 DNA S il 2 WL 1-4.
Phi29 I B A (1) 5 [RI 2 2 261 DNA 401, PRIRAE 52 ) dok R Hp an ] fRAIE A2 1) 1) AR 2k

DNA 73 F IR FEA 4G FE & Phi29 W B 7R 24 75 Al P 1) 1) . Phi29 I3 B 1A 3 i oA oy 2 1

(terminal protein) R T AMR pe 73X — il BT, SR 8 (12— Phi29 W i /4% 5 19 DNA
BB (A, K8 A 0] LA Phi29 DNA R ARk A AR, [RINHZAH B.AE FH % DNA
JEWIFI AT DNA S HlHBIE AR, 5o R0 BIRE Ser iR I B 2L T LS
DNA B& . ERKHEHI, Phi29 DNA B4 5 A i 45 4 5 1 — e i o Ik R 4 A i
DNA 5 il i) 31 75 5 R AR I BOR 35 85 11 5 DNA B A B E &1, R4 &4 DNA
IR i, FHR i 2R ] Ser Bk LRI UG 5L ], fERAEE TR 2 T RS DNA 01
RIGHEH 6 NMEAEMRE, RiiE M DNA BAEHEIL AT DNA EHl 80, &
LA N2k 5 ) DNA FHE T
RNA primer

Ligase
RNase H

3 §'
5' . 3'
Leading strand GP43 DNA ; Parent strands
polymerase GP59 Helicase loader

Bl 1-4 T4 WEEHRH DNA S H| A% BA TR
1. 4 RS RY AR ER

JEA Ik, CLERRHT T k% DNA TR 20 A R 2 — IE I R ),
i3t A MR TRATIRR T VAR (XM R LB A LT 2R 2 S R
SR TAR-F 450, FARGHO% 0 ANTP, FHELH0% ¢ DNA BUR. J0h 4 F Klenow F
l:*;ﬁ

I I+

A i A S R AT B B B, RIS AE . Klenow 7 I7J& T~ A 74 DNA R&H, RE T DNA R

2010 7 3k 54 1
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A | RATEAMSMIEGLE I, MHLR T N i RNase H £5#4018 (5°-3 4MIEREE 380 .
Tag DNA EE&T Klenow 7 W) = 4E &5 M3 B 3 AN IE Hafar 7k J: (Arg659, Lys663, Args87) #ll
2 MEHEEILEIRIE (His639 and GING13) 47137454 4 Fi ANTPPY, TagDNA H& filF 44
SRR, 4R Klenow F ki 5 KT DNA B4 | (1 Klenow F Wit EAR{EL, {H Taq
DNA &I 3°-5° SMUIBEEE 8> T AN s ff s SR Rk e, DRI A AN S T ()
i N 3 5°-3 MBS I LA 2 D R A BB B 7 T4 6 i &R s 7). Tag
DNA AL DNA L2 4 R, 75— BRI i /U1 B A R & B4 & 11 DNA JL[F 7
51, DNATaq [FIf G R S5 #4757 Taq DNA JAEE K E PERLEI™,

ST B B DNA R A B R S5 RS o5 S A B AR . R ag. AR, %%,
Phi29. T4. RB69 W 141 B 54 DNA JA i & H A 8 0 2 G I iR S5 A 48 /R 1 06 B 4
DNA 5 A1 i Bl i1k S R DRI 410 20 0L R0 Phi29 1) DNA S HLAIE0, it A
WIS, KEREEN B 2 DNA REBI AWM ANRZ, ORISR KOD
DNA R4, PfuDNA B4, Tgo DNA ZE4HE. 9R7 DNA R A0, X kst i
FE T 1R B B DNA ZEA 1) 58 B RN &/t P B Ak S AT S B S SR e L 1V AL,
DA% e i 8 58 - TR & D7)l 79 A 5 A ) 1 38 TR L 1

B 7 DNA R &8 (KT DNA E4&E 1D 1 A % DNA B&8 (KB # DNA %
G D YR RN 3-SR MR ARSI, T H B RS (A R B (BE
B 30-40) . HAPAMIEESEFIIAT DNA (1) 3>-5 KR v . RAEBESE BT, FE.
HE =AW R (8] 1-5) B0, i — 5 48 by 4 i st /2 K 22 #0531 7 DNA 5§
A AR TR KPP FREW AT S NTP 01, TG BIBEEFIH & s
(1) 3 Kot , FHEMTEEER AN 0 TS50, T4 IR AR 5 & T
PEIITE R . SR IG5 M3 i T A TR A RS B S5 A A, T R — AN R AROST 1 54
DR b6} 5 A BTG M A RE RS /N o R BN RT DA H BB 25038, R R RHE-2, 54D SS fa e
15 7% [A) - BE B

HIR B A DNA ARSI B 3G B2 M 3 27 18] _EAR 3 85, SR Ak 22 g 2 24
FERAEGE-DNA JLgh e EHE R, RAEMMIMIBGE RS2 S ERE 0. 4,
W — B R IR 7 51 61 B SR A AN A DB 1) R TRWE 2 B A 70 & BAL T4 5 44 1841 7T fig
Z 5ix— i . KOD ffAsity (B 1-5) SR RHE S5 I8 5 S Bl AR A A% 00 25 K 35

(FHRMTFRELEMD MM, X s M T A i1 DNA > T 5% 4
B A0SO B 28 M 3 4 A A 2, DT S B SR & Wi AN S MDD B 0 A i, 56 B a2 S8 52 1) DNA
S HIBE %A, E Bl 2 B NS Phi29 DNA SR &l C SIHE S5 (13 MR AU
SNSRI E, RN IR AN RS 2, X g R IR A S 5 B AR A
DI AN GE A I I OB, R REXT P A S MR R R . B RUR ORI 3°-5 4B S
15 A B DNA RAEE N 31 5°-3 AMIBEE HSAR [/, Bl 3°-5° A DB 45 R A BE v
1k DNA 47, i A % DNA RABEH) 5°-3° 4 DIEE 45 38 T AR GF B3 1k DNA 431, MK
T AP A ZE A AFAE . A 2 DNA REBEN) 5°-3° MRG58 5 B 1 DNA KA 11
3°-5° SN B 5 I X — Z2 51 T RE A 7R 4% DNA KA 2 IREE I A0 B W 11,
A %) DNA KA1 N st 5°-3> AMI RS A8 AT, BRI M 52 U (0 2 DT 23R 45 i
SERPRIIREMEN, T 30 -5 AMIBELE RIS AT S N ui 45 A IR SR & Bl S5 P Sl tE B e, ¥
PRS2 I S5 AL I M ALK
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“ Pyrococcus furiosus B %! DNA A B i 45 # I8k 1) B E Th REWF 7%

1.5 REMRASTMBFEENX

N T B A DNA FG R4 IR ESN BN R A B s e D Re, DAK
iff 5 FREHE &5 M 3k DB S R R 2 I DT R FE B, FRATTTHRIXS Pyrococcus furiosus [ B 4 DNA
AW (PfuDNA REE FIBRHE S E — R 2 IR R RAL o #r . dl i 5 e R
HdU 4556 SMUIEE. SEERRETE, SRk W IHE S5 M IAE 3 Fhig It b i B AR T RE,  IniRxS
B 7Y DNA
KA TR S MBI R AR . B 74 o HoAh 2 Thiae DNA R A8 (Flin A %4 DNA
G SRR RS SR

(a)

1-5 WA E KOD DNA BABEN =M &M R A 57 R

012 7 4k 54 1
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

P "E Pyrococcus furiosus B Bl DNA B & gL
MBRTAREENIZITSHI&E

2.1 {55

N T WG S FISAE Pfu DNA G R FrAT fE R BARTIRE, FATSH AR IR L,
WHUT 6 NEIERRIRIEA NN R, R EIERRIE L IR fES 55 DNA MEAE A
B E 2 R R A, . AR ADE RO, M3 1 37427 Pfu DNA G R AN SR 251 1k 58 4zt
SR RIAIT RAS A, [ P B R E i RASANE T IRHR S5 I 6 DR BB IR AL e — i
T L AL A IS 8 AN RAE V. B BRI N SERAb T, RO
RAF T A BT R 2 R RAR R 1, B EREE 1omg/ml, B AR R A LRGBS
79 50U/mg. il %) Pfu DNA &8, Rl @ RARE A, ik D RMRE IR 7T
FRft T AR

2.2 &g

PfuDNA EEA&EF & K &I T Pyrococcus furiosus 74P, 2 J5 BT B AT i3 & ok
LA DNA B4 PR m R 5, HAaRiH T PCR M £ F PCR fTAEH AP 0, I HAE %R
AR b, ol TR SOE O3S 2 M B REFRFIERHT R DNA K51, 11 PfuUltra 5.

BT Pfu DNA ZEABEIIZUTME, WRAE K& mai B anE ) Pfu DNA REH—H
FEAETHR T 0], £E AR B AR, — R B3 & A E s DL T B B
B~ e e 11 3 P ) RIS AR I I R, B X I e ) 8, & PSRBT AR T R ok, il BL21

(DE3) pLysS. Rosetta (DE3) %. #RMH T HEAKRIEKEIRME, ETEZRIESES
i ML B S5 A T8 B OUAFE .

T X Pfu DNA GG RIARHE S TR T, e ia e RIS XE AT £RdiTe
JEWFTETTER . EARTE R, FRAMRIT T 3T A% 3RIL Pfu DNA R EBERE S R falith %
fF, BARE T —BRERNREANTT R, (15— &I AR G 08 AT B AR 5] 1) K& 1
wH, NF—FER SRR AR AR B Sk

2.3MB5RFE
2.3.1 K5 kL
SI G rp DR o £ P AR S 06 = (1) DHS o B AR, B8 3R IA A FH (R 84k pET28a K Rik
# ¥k BL21(DE3) pLysS 4 E T Novagen.

2.3.2 [ A M B I 1) 2% 5 ik AL
(1) Bz A5G0 TA 1 4%
1) HEE . BURARIER T LB PR ERIZ, 37 CIEIRAE T 5| Bl Ak 7%
2)  PRECRIZ TR AR, AT 100ml LB 15 3R%E R 37°CHEIR 120rpm R %5 9%

% ODggo 27 4.0 /47, UK 15min;

3) 4°C, 5000rpm & UEE B A
4) U KE R 50mM CaCl, 20ml B Rk, Tok E#HE 20min;

% 13 T 3t 54
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

5) 4°C, 5000rpm U A B A4

6) FHTA KEE I 50mM CaCl, 10% H il 5ml B4, LUAEE 100ul 73%%, 45 100ul
2 AT — IR B

(2) JiRLEAL,

1) BUAAEI TR A AZ 25 T UK v

2)  BUEEMFRABUINN B S, SRR A& UK L E 30min;

3) CKECZESMMRE T 37°C/KME 2min 5 7 RIECH B Tk _EF E Smin;

4) A Iml Friff LB B59E3E, F 37°C/KiA 1h;

5) 8000rpm &5.C» 3min YA R A, ¥ i) 900ul J5 HE AR A, HUE &R T
WA AHRLTIER LB TR b IR 1h, £ 77 B3R A RIS S (31 ERCE T 37°C1E
AR R 53R 12h-16h.

2.3.3 F MRy

(1) HEAHA

A JTURL 1) /N B AR L

18 B AR R NRIRTT & (DP104) #EATHREL, BT

1) MR MR CP3 o (RBHATNIER E HD i 500ul (1)°F47# BL,
12000rpm #5.0x Imin, EEsUSCEE IR, K B A BRI S S S

2) X 1-5ml R EFFRIE RIS OE R, 12000 20 1min, RERER FiE;

3) MEAFEERIIEOE TN 250ul I PL, BT

4) BRI 250ul TR P2, R B 6-8 VA B AA TS 4 SR

5) [AELCEFMA 350ul i P3, SLEIIEAIHL RIS 6-8 Ik, ForiRA), DL
HEZORYTIE . 12000rpm B0 10min, ¥ HiGH 2R+, B RUGRITE;

6) 12000 =50 Imin, {SIFEHCERE AR BRI, IR BRAT BT ARl A

7) AR PEAE TR 600ul EESE VR PW, 12000rpm 5.0 Imin, (RIS ) R TR
VR TR B A T8 e AT B 7

8) HEHEIE (D ;

9) M BT R E R, 12000rpm S0 2min 25 B B I S

10) KW PAEE T3 B R, mI PO N 50ul KK, FRE 2min 5
12000rpm 5> 2min,

B PCR ¥ # 1 Bt %5 J s AR

1) W FECHA &

10x KOD Buffer (Mg** free) 5ul
MgSO, (25mM) Sul
dNTPs (2.5mM) 5ul
KOD plus (1U/ub) 1ul
BEAR (HEDRIZH . TR B D 1ul
g1 F 10pmol
1% R 10pmol
IR E K 2 50ul

EBC B4 10 S R AR 28 I IS 24 (0 A et Y

% 14 T 3t 54
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

2) WEIEH:

94°C 5min
94°C 30sec
Tm-5C 30sec }30 PEIR
68°C 30sec/kb
68°C 5min
22°C 10min

N SR E T HZE 2.3.3 (1) C Frikidtfr4titk. Jn 10ul 6xDNA loading buffer f& Hiik

NN 1ul Dpnl W AL AR 5 K o

C DNA 4lifk,

1 FH R AR DNA 4467 & (DP204) 4742 EL, ST

1) HPEPER: R CP3 H RPN E H D i 500ul (1474 BL,
12000rpm E5.0x Imin, ISR A R, K R B A B s RSB A

2) Al DNA RAKE, N 5 fAAARISE & PB, 7R

3) H LD ERERUM AL AT, #E 2min f§ 12000rpm 2.0 1min, {#lREEE
R, o W PR A B BT [ S v

4) AR PR i N 600ul SEREWR PW, 12000rpm 5L Imin, B T RE R
Y8R B A S [ AL B 7

5) HEEWIE (4 ;

6) KU B A RS SR A T, 12000rpm 0y 2min 25 BR AR BB

7)  CHTRBAEE T RO R, AR AR O INIE B KR K, FRE 2min S
12000rpm 5> 2min.

D B B

1) T HE R B A R

10x FastDigest Buffer 5ul
DNA ¥ 40ul
FastDigest Enzyme 1-2ul
IR K 2 50ul

B I Nk 2 BT 37°C K 6hs
2) %M 233 (1) CHprRablgyI =), AT 40ul KEKF .
E &M
1) e NREREC R R

10x T4 ligase Buffer 1.5ul
50%PEG4000 1.5ul
DNA F Bt 4ul
JORLE 48 R B 2ul
T4 DNA ligase 1ul
DR 15ul

% 15 T 3t 54
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

B ARRE T 22°C/Kif 3h;

2) &M 232 (2) PridigiEsE el DHSo B2 A 4 ;

(2) PfuDNA 55 By Az 78 S 85 7 9 AR R 3 ik B AR 2

1) %M 2.3.3.1.2F1iR M 54: F5-CCCCCCCATATGATTTTAGATGTGGATTAC-3’
R 5’ —-CCCCCCCTCGAGTCAGGATTTTTTAATGTTAAGC-3" (J 1A Al 4K )
/5’-CCCCCCCTCGAGCTACTCTAAACCACGAGTAATG-3" (I Haailkiik) M
Pyrococcus furiosus F& K41 F 12550 Pfu DNA JEA&EFIFE K PF0212 Fz H ik
&, Fr Bt 2.3.3C1)C firid 4lifh 5 4218 2.3.3(1)D 8 F§ Ndel 1l Xhol( Fastdigest®,
Fermentas) P17]J5 F R 4ifb £ F s

2) 48233 (1) A FriRIREUFURL pET28a, 2 Jat%ME 2.3.3 (1) D {#4 Ndel 1 Xhol

(Fastdigest®, Fermentas) Mff]J5 F-x4lith & H ;

3) #%M8 2.3.3 (1) E fiTidiEHe i BL PF0212 Jo i 4% pET28a, ¥/ Kana #iiE: LB 4R
16 TE A 5 5

4) %M 233 (1) B X AR B ERT R PCR %€, 45 5@ mykifie 2 A H
PRo&a, %8 IERA IR AT U Y o

(3) 1R G I8 RARARF AR FAR A0 2

1) HR¥E 2.3.3 (1) A IR A PFO212 Fr BRIk, %18 2.3.3 (1) B A f# fH4n
TEIY (3R 2-1) 347 PCR B, RAZHHNAL A5

R 2-1 REERFERATY

=

ElEZ 2] RAH

5-GGTTTAGAGATAGTTGCGAGAGATTGGAGT-3'

613Arg 424 Ala
5-ACTCCAATCTCTCGCAACTATCTCTAAACC-3'

S-TATGAGCAGATAACAGCGCCATTACATGAGTAT-3'

669Arg A5y Ala
5-ATACTCATGTAATGGCGCTGTTATCTGCTCATA-3'

5-CCATTACATGAGTATGCGGCGATAGGTCC-3'

675Lys 45 Ala
5'-GGACCTATCGCCGCATACTCATGTAATGG-3'

5-TCCAGCGGTACTTGCGATATTGGAGGGAT-3'

744Arg RAZ g Ala
5-ATCCCTCCAATATCGCAAGTACCGCTGGA-3'

5-AGGGATTTGGATACGCGGCGGAAGACCTCAGA-3'

752Arg, 753Lys KA A Ala
5 TCTGAGGTCTTCCGCCGCGTATCCAAATCCCT-3'

2) RMNEEFJGERRFIIA 1ul Dpnl (Fermentas) 37°C i1k 5h;

3) HUHALJE A R 10ul #18 2.3.2 (2) Aridk#%1k DH5a &2 540 M, f#H Kana $itk
LB PR i i 7 ;

4) M 2.3.3 (D A Fridieit E— K e R R, %88 2.3.3 (1) B #47 PCR
Y5e, e E PRO212 KBS, AT S R A T s

% 16 T 3t 54
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

5) fE LR SR@mRI TR E, BRI (L - (4O BLUTIANZ SR
FY): R669A Fll K675A. R613A Fil R744A (XA TARE, LUK 4 DN FERhk It
(1 4 i TR
2.3.4 EHEAH %
(L FEANHFRIE
1) %M 23.2 (2) Prid¥eil 2.3.3 DM ok T BL21 (DE3) pLysS H kS
A0, L Kana T Cm itk LB AR i 126 BH 4 b B 5
2) PR DR M s B RN T 100ml 7 Kana F1 Cm BB (1) LB Ki Rtk 37°CH;
Fi (0D KT 2)
3) B LD AT 400ml FriE ) LB BrFREH, M IPTG £ 44K 1% 0.5mM,
37°C#5'F 3h-5h;
4) 8000rpm Z5.0» 5Smin Wtk E— P Bk, WUERLF 1A E T-80°CUKFAAF % H -
(2) 5 His $r%% Pfu DNA & e gk,
1) K-80°CUHRAFIMBEIAE TUK LR, )5 20mM Tris-HCI pH 8.0, 300mM NacCl,
200 H 1 PRI 2L 7
2) W EE B TR VR MR A B VR, 11000rpm B0 1h JE IR LIS
3) #E—& EEET 75°C/KIEH 30min, 11000rpm B0 15min =AM EE, £H
S
4) ¥ LR AR5 1h B9 NI-NTA BT FET
5)  FRS AN 20mM Tris-HCI pH 8.0, 300mM NaCl, 5mM Bk, 20% H i I3 157 40ml
X R HEAT BRI s
6) Fr N 20mM Tris-HCI pH 8.0, 300mM NaCl, 200mM Bk, 20% H i 35 i i
g & EM 7 EMES;
7) KRR A E TIENAS T 20mM Tris-HCI pH 8.0, 100mM KCI, 50%H i i) i
AR BT Bh, BT S 8 B EUE T-20 CIEFT IR A7
(3) SDS-PAGE % & 4%
1) (EH TR EN IR IR, JEE T BRI —E 2K R IR

FEEEUIARIK,
2)  HUn M AR 12% 2Bk 8.0 ml, JRAT;
ddH,O 2.6ml
1M Tris-HCI pH 8.8 2.1ml
30% Acryl:Bis 29:1 3.2ml
10% SDS 80ul
10%AP 56ul
TEMED 6ul

3)  IBCHEHIRIRER > A, LRI JREAOK, K220 min R BRI R A
4) et AR 6% W4k 3.0 ml, YRS

ddH,0 2ml
1M Tris-HCI pH 6.8 400ul
30% Acryl:Bis 29:1 600ul
10% SDS 36ul
10%AP 24ul
TEMED 4ul
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

5) 4 LZEAUKMIZE, AT, BERIRGERS, AR
6) RUFHIIKRSE, MAHEMRZEMIR, A 10 ul;
7)  FaJE 200V, VR NI H A B, ik Ek, 297 45 min~1hr;
8) I FHRHR, RIBSBIMAGE S, FiRGE 1~2 hr; ABLEWE, BT 80 rpm Jii
PRI b A 20 min BB — kB (10 ml UK 28R 45 ml ZF%; 45 ml Z&687K)
2 5EA i
(4) HFA7 Pfu DNA 4R 4 ik il
FIFH Fermentas 2 & {17 it Pfu DNA Z&G BEAE J9BH 0 s LR R it B AN AT o 2
] Pfu DNA E&H, %M 2.3.3 (1) B ridH 514 F 5>-TAATACGACTCACTATAGG-3’ R
5-TGCTAGTTATTGCTCAGCGG-3’, pET28a {E AMARIHST PCR [ i 38 T7 £\ +. i@t
Py s, DAR B E NS, i e Al ik ) BT A2 2 Pfu DNA SEETEHI R A B LU PE.

2. 4458

2.4.1 W5 45 38, K DNA A B AE P W% 5L 1 1 52
LA B family f E.coli DNA R 11 (¥ @i L5k AR, 5 Pfu DNA 28 & AH ot
U8t 2-1 Fraw, HfisE Pfu DNA R4 C 3l 611-775 FRIEH LG 45 135K .

N 25 H 4%

SHVIBR AR

Ve ..
A

REMEHR

\ eI

2-1 BZ!DNA REB=441E

AR P74 E.coli DNA % 485 || (PDB ID: 3K57) , AR FFTH Pyrococcus furiosus
DNA 8 &85 (PDB ID: 3A2F) , B AT kA& LM, B a3 PTA CntgdshiHi,

[FIFELL B family (1) E.coli DNA R4 11 50U DNA JL4k i 45/ WE AR, 5 Pfu
DNA B& B LR, tnE 2-2 Fis.

X E. coli F1 Pfu DNA & —4E45#), DNA L8 S8 thxs, #ie 7 Pfu DNA
RAEBRR4 M 585 5 DNA M EAEH 1) 3 B SRR L (R 2-2).

2.4.2 RIBHARM

{81 F 22 ML (R BR M 1 B D) R0 DNA &4 RBIFIR, PCR & mURARHA, M e 7R
KLU N EAMFRIEFR: B4R PfuDNA BAHE. C ik 165 ANFRIE MG 45 M Ak
RAFR, R613A . R669A . KE75A . R744A [P i RAFA,, R752A Fl1 K753A. R669A Fll K675A.

2 18 U1 4t 54 1
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

R613A Fll R744A XS RARAK, UL K 4 NEIEFRTRFE M4 SRR, 22 DNA 7R B B
AT AR R IR I R R AR I R P A LA AE 2R A . MR IR IR IR TR A FR
FrRIEMEAmME 2-2 AR,

& 2-2 B Z1 DNA RSB DNA HEER S WA
LZANB AT <7 E.coli DNA B 4E5 |1 (PDB ID: 3K57) C 5%4845 45438 5 4% DNA 4%
mh2EH), B &5 DNA SRR LM ATk BT A 5" £ 3" 7y, B b AARAE R BT A 5 DNA
MEEREGEI; HME A Pyrococcus furiosus DNA % 5-F5 (PDB ID: 3A2F) 49 C smig4s
LM, B P VAARAE R BT A 7T A8 5 DNA 48 ZLAE Rl 69 5% A o

R 2-2 RIERHABREFREEEHR

Fak R4 B HEMIA
pET-WT 47 Pfu DNA B4
pET-AC-165 C kR 165 Mk3E
PET-R613A 613Arg RAZ Ny Ala
PET-R669A 669Arg RAE 2 Ala
PET-K675A 675Lys RN Ala
PET-R744A 744Arg Ry Ala
PET-R752A-K753A 752Arg, 753Lys 545K Ala
PET-R613A-R744A 613, 744Arg AN Ala
PET-R669A-K675A 669Arg, 675Lys F¥45K Ala

PET-R613A-R669A-K675A-R744A 613Arg, 669Arg, 675Lys, 744Arg K45 H Ala

2.4.3 EHE S %

BB Rk BRI AL A MR BL21 (DE3) pLysS, PR 0 e HE AT K% 9%,
JHEE IPTG R HINE B RIE. HTMWERNEBWA 6xHis br2%, KA Ni-NTA
froEmgift, PR TEAERHMEA. @i SDS-PAGE % e Hai fE Ak, i 2-3 fr
N, AR50 1.5mg/ml.

1145 P e 40 2R A 2B BMEAE (20mM Tris-HCl pH 8.0, 100mM KCI, 50%H i)
G, PRAETE—20 B, HT 2 )5 2P iE 1 m e .
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Pyrococcus furiosus B % DNA 54 Bt 45 i3 ) = Z D) Ret 71

R613A

R752A R669A R613A R669A
M WT AC-165 R613A R669A K675A R744AK753A K675A R744A K675A M

R744A

130kDa

100kDa

90.11kDa 70kDa

71.14kDa
55kDa

40kDa

35kDa

25kDa

2-3 ERTRAEH SDS-PAGE B

BGEATG 89 % O NE & L H buffer 24325 4T SDS-PAGE .3k, B ¥ L3/ 4Tt %
RS LAR, FrkAsTE AR 0w K.

2.4.4 B4 1 Pfu DNA 4 il 55 A B 1 ) 2
P T 2R A5 A F) 2 b BRI 1 5T A 2 s TR M 0 [ ik vk Ak R B A2 Y Pfu DNA R A&

A1) SR BRI PR AT 3, DR 1) 46 RO B A PR 1 o {8 Fermenttas 2 7] HA i (19 7 i Pfu
DNA RAHFENBAYES IR, xtaifb 8 4% Pfu DNA B AL A RGBS, 4T PCR
ST, AR Z A R AL SRR I BF2E T Pfu DNA BS54 50U/mg. %45 534 B ) 4%
MEE AR Tt — BRI . A, dU S5 A3 TS E .

2.5 e

CHMZFh B Kk DNA A5 DNA 3Lgs et R, BEER TR M4 S DNA
R T HIHZ LIS DNA FI AR RO IERRTLRECS 3 37 4 ORI L A e 25 ¥4 7T LA B
R 45138 5 DNA M ELAE S SRR R B IR AR ST, BRI FRA 17 e B S5 A 38 R
AR RIS B OV 1) S R 1 2 (AL A B S O F R O . K B DNA A 11 [FIFEE T
B X% DNA B4, BEIRTEFFS F 5 Pfu DNA A B F YR IEA =, (H i kg & 2-1
A1 2-2 RETLAE H, HAALE S Pfu DNA RAEHE & B M. SR F B DNA
RAH 11 5 DNA [FL45 451, IAT7E Pfu DNA B4 Bt 45 K38 i1 6] N A7 B 5485 DNA
FHEAEH AR SR SE IR R AL, B RE B TR FEIR 1T RE 55 DNA B 42 by Bt e faf (19 Tl 1 525 (41 AH
HAEH, FATEE T R613. R669. K675. R744. R752 Al K753 &5 IF FiLfif () 28 FE B vk Ik
HATRAZ .

TRV Pfu DNA ARG IR ST [ Dhee, RS =4l &M HEEZ
H—BE AL, Pfu DNA R& s B ORI AL, Hai A HREE— B ES
PRITHI I . 774 Pfu DNA RAMEHARIA T 2RSS, KIMHAAERIEEK.
RIEAFE MG . MHIERFH TG RN, HMERRNEN 728 AGG 5 AGA,
T3 X AN B 01 9 K AT B s AR e (IR PN B85 1, [RJIS Pfu DNA ZEG B i
WZ MR LS DNA M EAER, BRI IX L/ A 200 7 1AEE, DARHAR S X 1E F
DNA FIfEH S8 T HERIABEMKLT .
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

FECETA A ET AGG 5 AGA [MJE R R IE K- TR IR R A, REEMIZM A %
BT tRNAYN® (CCU) LR argU (dnaY) S22k iRi%l, argu ik 32/ Mz EY
DI A2 e ik 42 i) E ) 26 ] whors 2 I 11 388 3kt R R i) 5 52 1A O 1 2 115 4 DNA SR A il 5
FESARRAA Y (K5, ANTITRE AR A% DNA (R IR, DL &35 I 4 A it 70 2k i BT %81, Bk,
KEEFRIENH AGG 5 AGA H LT 1 [ H 2 U I FEM A R 2R 1) tRNA™Y (CCUD
T {45 5 PRI 18 52 RS % OO0, Sl phuix — [, C8TT R T — RAIERIAA (RNAM (CCU)
SR AN IR B AL 1 tRNA IR R PR, 41 Novagen 4] ) Rosetta (DE3) %7
25, SIZIGIE WA FH I 2 30K TR RR P Af T LA F3E B2 oot 5 A e A R0 1 (R 3R T P i Ak T,
SR, A RISEI S iR, Rk tRNANY (CCU) BHESHSHE E0ZMANEANE
B, SIEERIAT E AR . PRIRHEN, k&Y DNA 55 DNA BIAHEAEH [F
FE/EIE R Pfu DNA A BER & =R T I K

ShEE IR AT, FRATE T TR BERIA T 5. AT R SR B IR H Mk BL21
(DE3) pLysS #H473RIE, WY KEFFREXMNBORMAG, UL 0% M s He 1B it )
LB 55953 th BT S o 1205 R 00 H IR AR S ORI 2408008, tRNAMNY (CCU) &
A HE T REWE, RS SR E B t(RNAN (CCU) 45 J5kL - 8 41 KPR i B P 7
(] 1) FH S0 B8R 0 4 203 1 1 AR BRI R IA 1) Pfu DNA SR B4 15 = DNA ARG
Wi, AT 22 fife HO 0 B2 R E A E o B 2 IRSEER S5 IR, %07 Em] DR E MR IE K &
AR T R A 2 Pfu DNA G0, XN T — B scinieft 7 IEaibrR}, RN AFRIE
FAUH DNA B4 filFol DNA MISCE A3 T —FaBIMRIE T 5.

2.6 KE/NG

NIRFT PfuDNA R E MRS I TIRE, SIS R E Ml = m R A R B 2 AT
WICMAL . AR, FATEL T 1T Pfu DNA & EERE ERUR HAFEE 1)
JEIEL, FEE 0 HXHE SRR AT T B, LR A R AT T, AR T R E Sl
FERiE e SEIR TR R, R SRR SR AL ARSI A R
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

2 = Pyrococcus furiosus B B DNA B & E5IHIELE
R TheE A 51

3.1 {3

A S —F il 5 1) Pfu DNA - ZE5 i (1 Bl AR 1 S i AR, Sl I 5E A [ ) DNA
JRADASIXLETRARIR) DNA G5 53 E . dU PEYE . SMUTERETE . JRGBEETEREST 705 .
KIRLER IR, XEERARIR A TS A P B (R . FFRE LR 4518 dU iiRs)d el N
I dU PR AR ANIRHE 2 MR IL R e R 4708 3°-5° SN 1 7 e a5 i sk A B, U
X FOIRIRE T 17nt (0 Be, IF HARHE S M2 5 2R DR A 17t IN (O Bt 7% 4
B DNA & A2, 42 5€ IR AE I AL T RS VIR IR S I BE ) 3°mAe e 2 R G I R O
PAORIE SR i R s SR . th A_E S5 8407 R 253 AE Pfu DNA R EBEA R G 1E
BT A B AN R () F 2L T RE

3.2 &gt

Pfu DNA G EEHTIE ) B Kk DNA RAH, | 2 AFAE TN o b R A 8 A
RN, 541 DNA ZEH| 5 BRI ZXEAR A —MH N mgb i, 3°-5°
ANIBFLE R, 5B B A I AT R 48 5 ML B, 0 AT AR AR L I T g N B 45 #4388 4 57 45
A HEAR [ 205% DNA, X175 42 10 B1 Al B3 DNA B4R N 377 7057 (1 dU 550 114527
1, Hehp R IR AR B B dU. 35 MBS KRR SRR A _E A T N S s I 5 5
Gtk 8], fE7S0A B N g MR e A AR, 53R A& ML H8AH I
30A-40A%, A4 3°-5’DNA SMIIERE M, FHLAIRRE B A fE b RO RS , AT R IE
UiRe. RAMLEIE0E B Kk DNA REE M) FE2EEMEE, HAE YXDD fiE )y, @it
FIFAPIA Mg* k52 dNTPs 53| W% 3 A M RO AL S N2, SHE S HIIRAL T C o, 1R
Y5 OV Y S AR S5 ) 5 A0 S I8 mT USRI HL s ok 6 DNA A BAE H S 5 2 5K Sl 206
HBARGHAT AR T

MEA L TAERER T B X% DNA KA BRI Thee, HE L2 b Y-
AR, 48E) DNA A F2P S, HR 54 B G5 A B P, B i ) 4
% 55 DNA SR fgept” 53 0 Zeokeseh, RATEN— 2552400 Pfu DNA B4 BT 6
ANFENEVER R B S A I DI REEAT TIRFL, B s 1 HAE Pfu DNA RABEH 1 B AR g

3.3MREEE

3.3.1 SIS B KL
SEIG BT FH 1 9% 9 AR A B 1 PR AR B TR A%, BT A IR B invitrogen A F] & A
TR 319, RS G H T Fermentas 2] .
K 3-1 LW F{EH DNA JEY

k2l &1 KR
5’-TCCGATAGCCAGATATCTTGACA-3’ 5FAM 17/23m .
5’-TCCGATAGCCAGATATC-3’ 5FAM

22 U1 3t 54
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

B 3-1

5’-AGCTCAGTAATGCGTGCAGTGTGTCAAGATATCTGGCT
ATCGGA-3’  — o
5’-AGCTCAGTAATGCGTGCAGTGCTGTCAAGATATCTGGC e )
TATCGGA-3’ . 220 .
5’-AGCTCAGTAATGCGTGCAGTGCAGTCAAGATATCTGGC ¥ = 5
TATCGGAGGATGTATAGGCAC-3’
5’-TACGTACTCAGCGCTGDUAGGAAATCGATATCAAGCG SEAM "
TCCGTGGCA-3’ * T
5°-TGCCACGGACGCTTGATATCGATTT-3’ * L asm Py

25nt ¥
5’-TCCGATAGCCAGATATCTTGTGAGCGTGGG-3’ 5'FAM
5’-AGCTCAGTAATGCGTGCAGTGCAGTCAAGATATCTGGC SEAM * 30nt ¥
TATCGGA-3’
5’-TCCGATAGCCAGATATCTTGACTGCACTGCACGCATTA naste .,
CTGAGCT-3’ 5

5’-CCCACGCTCACAAGATATCTGGCTATCGGA-3’

3.3.2 LI 7 ik

&)
1)

2)

3)

(2)
1)
2)

3)

(3
1)

BRI b7
BERREBLRL. HRTIF 1 0BT, B0 L BT 7, FLEOINE

BHE P S

B 1l e AR « EHX 10ml 30% P4 4 ER% (Acryl:Bis 19:1) 0.5xTBE, JiIA 20ml 0.5xTBE.
280ul 10%:id it R ¥4 ¥ T F1 28ul TEMED, 78437 21 J5 E N HE A8 U AR B v
WSV, 4L 26 FL Imm JEAR T e B IS, KPR AR B R R
T

BRTERUE, WA, B RENE AR, Rrgt i E T B ki b, 1
0.5XTBE ZZ#fii 4, T 10V/iem HIg5aE T HiA K 1h, )5 ] B8 B vk el
e HAREE AL E T 4CIRAFEH .

DNA 754 56 s H ik

FIERERE R . 53321 (1) HARRBBME.

B il EAR » B E 35ml 20% P 1% k% (Acryl:Bis 19:1) 0.5xTBE 8M Urea, A 280ul
10%; i fR R ¥ A FH 28ul TEMED, 78 3V 21 Ja E AN HE A8 I B IR B rpr, Ji 47
SRR AE, 45 1 26 L Imm JEAR R B PIN, KPS B AR B AR BT R

ERTE RS, WM, B ENE AR, RrE R E T B Rk bk, 1
0.5XTBE Z&fii 1, T 17Viem HIg5aE T ik 5h, 2 J5 n] B8 EAE f vk al
TE HAREE AL BT 4CIRAFEH .

DNA 455887150 Hr

TR PO REAA B o F22 0 O ) OS2 AR 2R

% 23 T 3t 54
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

10x Pfu Buffer (Mg** free) 1ul
PR IL A 0.5pmol
TR 1.5pmol
50% % i 1ul
IR 7K 2 oul

2) CBECHILE TR R BT 95°C UK Bmin, 5 IR INANVRR KB A E1 A S IR U T
SRR R AT I BB SR A7 T -20°C
3) f¥1F Pfu DNA G Hf# A7 buffer H4 i £ 4f (1) 85 FUM0BE— 5 IR FE N 8.3uM. F3Fk
B BE AR T RN, TETUR B R ISR A WHRSEE T
37°C . 20min;
4) NG RBLLT IR R AR AT A 1 Bk EREAS R, T 10V/em RIHIg R R, TR
IKIEF N 6xDNA _EAE buf fer VE TR, FRERM I 51 FELUK 22 558 I SRS it
15 1 FL K
5) K HLIK SRR R E T FLA-5000 (Fujifilm, HZ) #4714, 4 RLIE A E
A PRAF
(4> dU HAI6E 170 b
1) MERTURMARR. FEan N EH] BU AR R -
10x Pfu Buffer (Mg*" free) 1ul
IR IL D) 0.25pmol
PR/ B S8 FH KR 5 0.75pmol
5090 1ul
IR 7K 2 oul
2) CBECHILF TR MR R E T 95°CHIKH dmin, 5 IR IN#VER KB A H A S IR H T
SR BEAR B ELAEEAT I N BB R AT T-20°C
3) &1 Pfu DNA & Hfifif7 buffer il % 4 0 B FAVFE R 8.3uM . 4.2uM A1 2.1uM
SRR BRI E NIRRT OB, TE TR AR R IR RO B A
Lul 5] 5 BT 37°C /%% 20min;
4) BIEF3.3.23 (3) - (5) .
(5) A P e
1) HERRBE R Fhn R R PR SR R
10x Pfu Buffer (Mg*" free) 1ul
MgSO, (25mM) 1ul
WRIARILIRY) 0.5pmol
AR B L B S B FH KA b 5% 1.5pmol
IR B K 2= oul
2) CKECHIGE TR AR R E T 95°C HRKH Bmin, 5 IR INAVRR KA E A 2 IR U T

AR 8 ELARREAT I N BB R A7 1-20C

% 24 U 3t 54

=il



YL AL
] - A T
A
6’0,1 s SHANGHAI JIAO TONG UNIVERSITY
;

Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

3) HMEARE Omin. 1min. 2min. 4min. 8min. 16min. 32min7 MiA] 252 0E
N, FEFUSONAR 28 HEOIN SRR VA Lul YR 25 BT 65°C SO ZEAH MR ] AN
B 10ul VAT

4) BB A R A AT A R B, T 17V em IR LK, AR
UKEF N 6xDNA _EAE buf fer YE TR, FRERM I 217 FRLUK 22 558 I SRS it

[EAIREER €
5) Rk TE LR OB T FLA-5000 (Fujifilm, HAD #7414, 48R LR A%
RIS

(6) BEAMFIENE SR £ -4 DI TG A5
1) e IARR . TN B U MR R

10x Pfu Buffer (Mg*" free) 1ul
MgSO, (25mM) 1ul
dNTPs (2.5mM) 1ul

CHR A S E SR B II N dATP, dGTP, dTTP 2% dCTP (2.5mM) ) 3ul
PR IL R 1pmol
FEL A 3pmol
IR K2 oul

2) RECHIE TS AR R E T 95°CHUKE Smin, 45 VR K & A 22 S IR B T
AR 2 ELAREAT I S BB R A7 1 -20C 5

3) ARSI AR E I BCE 2 I ) R OB, AETIUSORIAR & I B R Lul
TR5)JE BT 65°C SN FAH N 18] OIS N 28 1B 10ul Y25

4) RSB R AR A ER_EAE T SR A R B, 17V em R RIK, R
FPKIEF A 6xDNA _EAF buffer fEFRARH, R iRy i 2 s HLK 2 B e A g

(EATREN &
5) A4 ELK S B CE T FLA-5000 (Fujifilm, HA) #HTHEH, 4R IKAE
KIRAT
3.48R

3.4.1 e 45 M I IE % DNA A1 dU 4515 DNA 25 &35 VE B 52
(1) IE% DNA 45&6e /)

ERT AN AR, C&fEn MRS 5 51— B A5 DNA HOXUERR 7 456
(38-431 3 3t 0 4 485 WA AR T 58 A0 A B 5 S AR R () DNA 25 i M AT =, TRATTiE— 2B
INX— S5 IR IR E T 25456 1 A B 2 B iRk 2 .

Bl 3-1 R T SRR 25 A S AR AR R 2R AR (6 DNA SR ZS S 1E L, FRATTAT DLW
M B4 Pfu DNA G A DNA 55751, RN & RATREEAL L T X DNA K456
ey, X4 R BRER G IR8i 841 Tt DNA IR A EEH, BiES 58 EN
BRHE T EAF R R613. R669. K675. R744. R752 Fl K753,

(2) dU s

TR B Z ik DNA BA B A RR M, H N g s e — MR du 4545

FI4%, WIS & dU ) DNA JEYPT 280, oA TR REXT I 25 138, % R A8 AR ) dU AR5

% 25 7 3t 54
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

WEREAT TIE . BAMEM TA7H dU 585 DNA JRY), DA REEX S dU B0
S — KRR S5 K R EAT T B L 9208, He R PR A RN 3-2 i

% 23nt 3 ,
2ant 3
R613A
R752A R669A R613A R669A
WT  R613A R669A K675 R7aan 00 FPOIR B0 AR EP0C Ac-16s
R744A

W e c S G s e e e e T P W — @ W

(uM) - 0.831.660.83 1.66 0.83 1.66 0.83 1.66 0.83 1.66 0.83 1.66 0.83 1.66 0.83 1.66 0.83 1.66 0.83 1.66
B 3-1 BEEFEA 1 & B B X 5| Y- AR SR & S 1B

B b B3 ART T TR R 69 )R A,  “*” &7 FAM 32 6472 DNA 4%, 52 065 53 B AR it o
AT &% G 0.83uM A= 1. 66uM FAN K & T 3t 0. 05um & 89 45 & M. sk P & £
FALRMELSWG W, TarkfBEwATAZSZEAN R AT. B2 T~HAR LA
SR LR, FEERTARERE LKL R HNET AL, LA L ALEKBOE
R, 28R ERBRERERIALND 5L,

AT DU B % s IRARNE dU TR S 1A i AR, T 4 s SRR R AT R R AR T AR 2 T
dU B ANE T 2  H BiE AT T8 B0 i, AP AR R R 1 I 45 S s Ity 100%,
Xof R AT S AR PR A 1) 4% SARAR I 4 A S AT T bR, HAE R UARIRE 3-3 on.

ZE EEE RN T RN dU RBITEPEA FIFEREE RS, [FIRT LR 5 5% DNA JRY)
Je 51— REAR GEAA Y, BoR T AR RARAR N 51 W) — AR S5 R B S5 A 1B 5R T R
W), XGRS T — RS R Y L B R g

SR, A FRATD AT S AR R AT I e B R I, T 51 W 440 B SR 25 65 AR T X H e
WS T1. RUETHX—45 5, FRATCT SN0 S B IR FE R B Sk e . dU B3, 3
ZERUNPE 3-4 fTR .

M E AR, B SRR A dU R R R P T 5 — AR S R R
ZAE UL dU PRGN SR PR 5| ) — RS 5 R A TR s e KT B A
XM TSR UE 7 SR 25 ek 1) 32 BT R 2 A 7 51 40 — R 45 40 1A XU 5 R 4

26 U1 4t 54 1
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du
A * a5nt 3

R613A

R752A R669A R613A R669A

WT AC-165 R613A R669A K675A R744A K753A K675A R744A K675A

R744A

. -— - -

S g ! Bl ] e o e L T Rl T R ey e .
- L Bl = = = = = - "

(uM) - 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83

dU_ asnt

* 3
B S—
25nt R613A
R752A R669A R613A R669A
wr AC-165 R613A R669A K675A R744A K793A KeTSA R744A KeTSA
R744A
Ry - e et e b e e e Sl e e e O ) e bt b -
-

(uM) - 0.210.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83 0.21 0.42 0.83

Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

3-2 BERBEH P& R EXCREAEE LR dU KA ETEN DNA R4 & 1B
A, BB L3 ART T & F 5P AR B a9 R4,  “*7 R FAM 32 R ARIT DNA 45, i@ id
BT 47 T &% & 0.83uM, 0. 42uM 4= 0. 21 =Nk & T2t 0. 025uM &4 #9455 0L, &
BEFT kAR FEATROLGRMESOET, THRTBETEATALZLSTANRD K
o B BRI AR AR RN LR, S EER T F R ER TR AL E LA K,

DL AR EAE A ES, &5 R T A R TR AN B K.

% 27 T 3t 54
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

du du
A * S 5nt ¥ B * ! Ef
o
25nt
120
T ;
100 i =
80 —1 T ] - - J -
60 |— . S
40 |— —
N .:
0 ——
R613A R613A
R752AR669AR613AR669A R752AR669AR613AR669A
WT R613AR669AK675AR744AK753AK675AR744AK675A WT R613AR669AK675AR744AK753AK675AR744AK675A
R744A R744A

& 3-3 FEBAXREXNE LWHA dU FIAFEER DNA BRYINE & e /1R E
A, B B L3ART T &I A4 R 69 kA, “*” &7 FAM 5 £ 47T DNA 4%, 1% B 4048
AT 3-2 Fifd R EoAT, REAREEAN 100%, AELLEEFOFHEEF AR EM LA
8B P RLHIFEZAERE,

AC-165
o * dU  g5nt 3

* —5nt ¥ 25nt &

& (W™ -

e SUBBNL.
L 1 [ P .

(uM) - 1.66 0.42 0.83 1.66 3.32 4.98 6.64 - 1.66 0.42 0.83 1.66 3.32 4.98 6.64

B 3-4 HERIBEAR 7T AC-165 X RECHEE EHA dU FIAFTE I DNA KIS & 68 7

B L3ART T &R 1P Are M a9 k4, “*” & FAM 3¢ £ 4772 DNA 4%, 52 3638 i Btk
P AT T %2 @ 6. 64uM. 4. 98uM. 3. 32uM, 1. 66uM. 0. 83uM = 0. 42uM >< A& & T *F 0. 05uM
JRAB ST, SB LA KATisEm A TR OLRBELSNET, THRBERETH
ZLZEAWERMET. AP R THAR LA RMEGLEL S, A AC-165 89K F 3 hm 3
ok RE I, BT 3RS E G,

2 28 U1 4t 54 1
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

3.4.2 Mg LM BN 3'-5"4M U B S 14 1 52 W

7t DNA E i, DNA -G EH) E IR R DR IR B S T IR AL 8 1) i - B R,
FHorh DNA A HH@EEAT T B AW 3-5" M) BEE 0 A i A2 A I AR e e A TR OE .
R EE A T Pfu DNA RA BN C oy, (HAEZS (B _E 580 N 3 (1 4D B 45 4 1806 #H BLAE
FAUE, b ) _E (467 B Ok R S EURB 45 k2 5 AN DI Y 35 MDD R

N ST IR HIRAE 3-5"MT) s B P BTk B B Dl g, FRATTE Sl e & s RS AR IR SR )
SE R . AF ] 30nt [ ELEE DNA R LA K5I BEN 23nt 1514 — BB 45 F IR T 5256,
Frill 15 B ) 2 DL 3-5. tEIHR T DU Y, SR 45 M % s AR 3 3 U 2 A A
[FFEFE TR BT i R KO R &, Rt 20 mT BLACH B 1% DNA
JEWEE 1 BT S BT B D) R PR AT BEFE 1 5250 Hp a] L2, RIAT DA 12245 R B sk
SR T AN o 32D RO BRI S 51 ) — B 25 A B U 2, FRATTRT BAK
BT 51 ) — RS 25 46) JEC A 1) il D7) 23630 3l I T B e O B DR 26« 4, NIRRT LA
B DI FEAE IR0 17nt 2 12nt 8] B 2647 HEAN B 2., 6B UIE RE A e Ab R AR T R kR,
SEAMI PR PN 170t BEATH] 12nt. HE— DR SEIR AR T IX NI R AR LR

BAVER T 30nt. 23nt. 17nt [ HLEE DNA PN 2 1 AR W7 9 AR R RN 4 5 S8 AR R O B 1)
i, ARWE 3-6 fion. HEHRRTLUE Y, BEULSRETERAT S 17nt B R A THEH, Xt
AEE DI FE MR KT 170t BFPRES 1 25T 170t FPRES 2, MifHES WA T
R R, IF BRSO B T 17nt (RS T EEREBIER .. B
AFKERVIOEEYISRE, ATTLURIL, KT 23nt FEY), BEUIREFEAE 17nt & 12nt
(BB T DO Bk R, T B 17nt BRI LA B, X FRBRERIL G O, FRATTIL I F]
T 17nt 2 12nt [AIFIEECRAS, 2D SRIGIESE T X —pi, HEERWE 3-7 Frs. %
ZERRM, WIRE 132K 2 R — AR TR 0 A2, RIUEB7E R S5 M 3
HER, T 17nt RV B % IR 2 M) S5 0 T R U]

XPRES 1R, FoATE e 51K FE R 23nt 1519 — SRR 4574 Al e 1 ki
FAGRAN 4 R AR B YE T, 45 RN 3-8 s LUK 23nt 514 — bR 45 40 JE A 5 o
BRI TS AR, FRATAT DARIN, AR PR R I B ) AR S A AR ], T4 e AR
RRIEG YR 22 8] 7], FIRMOIRES 1 2R3 2 R Had FRIH 25 x4 R, R4
BAELEINE] T 519 — AR S MR R DI RS, X 5K 35 (A) 5K 3-5 (B) Mtk
FHIRF, ULIAMR 4RI TR KT 17nt (514 — BUAREE MR AL TIRAS 1. ARE 519 —
BAR SR R BRI, FRATHEIRGS 1 AR T RESEIPRES, BIXTRT 17t 195149
— MR ZE AL A, SRR A5 30 I 2 e AR TGRS o P SEERUE B X — WA AT
T 3R 14nt FIBAR 5 23nt 195 YBC RS |9 — AR S5 F0 A, D e & RAS R (1 /D) g
i (E3-9) .

ZAR K 3-8 (B) 455 AMMLL, 12 R613A AL T AE ML H, wnE 3-9 iR,
HH E A TR LG 2] R613A RACA R EE I % KT 1 R669A, TMrEE 3-5 (B) Hfiw, 4
AR o PEECIX AN AT 0, AR BE 3198 HE 1) 51 1) — AR S5 M IR B A R T R A TR B I B
T X — 1) 25 SRAIE 52 7 466 45 M1 0 R613 74 W i 52 75 B A RS i 2 1 B B 01
s TR 0 B TS AR R A RS M M st — 2D . A, FRATE XU DNA
JEYIATEE VI E B S T RAHE—DNA E5WIIRES 1L ARASRE. AL 7k T
B BEEVE R AT B BT/ 1 ) R613A Fi R675A X FEARAIEAT T S2it, H4g5 R
& 3-10 Fiow

% 29 T 3t 54
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Pyrococcus furiosus B %Y DNA 5 & g 45 14 38 1) B 2 D Re it 91

WT R613A R669A

17nt

12nt
(min) - 1 2 4 8 16 32 (mn) - 1 2 4 8 16 32 - 1 2 4 8 16 32
K675A R744A
17nt
A
12nt
* T 3
(mn) - 1 2 4 8 16 32 - 1 2 4 8 16 32
R669A K675A R613A R744A
17nt
12nt

T AT b B el TR

(min) - 1 2 4 8 16 32 - 1 2 4 8 16 32

B 3-5 A & SN 30nt DNA B2 425 1 3k A B bk

B WART T &SRB P AT B 69k A, “*” & FAM 32 EARIT DNA 45, SRRM 2 T & &
RTARAE 65°CTF AR 1min, 2min. 4min. 8min. 16mmin #= 32min G 3T KA EEII £ 2, B
P RARTE T 17nt A2 12nt £ 6945 F

2030 U 4t 54 i
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= SMGMWT%‘;FB“&ES&US furiosus B 7 DNA T & B 45 /4 1 BB ZEIh AE A 7T

R613A R669A

17nt

12nt

(min) - 1 2 4 8 16 32 (min) - 1 2 4 8 16 32 - 1 2 4 8 16 32

K675A R744A

17nt

12nt

(min) - 1 2 4 8 16 32 - 1 2 4 8 16 32

R669A K675A R613A R744A

17nt

12nt

(mnp - 1 2 4 8 16 32 - 1 2 4 8 16 32

B 3-5B & R 23nt 5| ¥R DNA BE I =422t REL Fvk
B AR T &K P AR A ey ks, “*7 K FAM R LARITDNA 4. RIME T & &
BEARLE 65°CFAE 1min., 2min. 4min. 8min. 16mmin #= 32min G 3 KA 69EE 42, B
PHKRARTH T 17nt 2 12nt K694z E



‘ j’ Y EK: ﬁ)é
= SMGMWT%‘;FB“&ES&US furiosus B 7 DNA T & B 45 /4 1 BB ZEIh AE A 7T

A * = 3
WT AC-165 R613AR669AK675AR744A

17nt

12nt
(min) - 1 .7 4 . 8 16 32 V -- 2 “77' 32 - 1 4 ﬁ 12
B % 23nt 3
WT AC-165 R613AR669AK675AR744A
17nt
12nt
(mn) - 1 2 4 8 16 32 - 1 2 4 8 16 32 - 1 2 4 8 16 32
c " 17nt »
WT AC-165 R613AR669AK675AR744A
17nt
12nt

(minp) - 1 2 4 8 16 32 - 1 2 4 8 16 32 - 1 2 4 8 16 32

& 3-6 EMTIRA R4 R A FHC B 45 DNA BE Y =4)22 ks e ik
A, B. CEFART T EEBF LA RS, “*” & FAM 3¢ AARIT DNA 45, % 30
TR R TR As &R TARAE 65°CTFRE 1mine 2min. 4min. 8min. 16mmin #= 32min &
3t 30nt. 23nt #= 17nt #4% DNA kA 69BE 02 R . B P AT kAR B T 17nt = 12nt i 894z
H,
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Pyrococcus furiosus B 74 DNA A& B R 45 M8k 11 2 ZE D REmt 72

R613AR669AK675AR744A

17nt
3 23nt

<« 17nt

<« 12nt

(mn) - 5 10 15 20 25 30 35 40 45 50 - 5 10 15 20 25 30 35 40 45 50

B 3-7 & R A FK BB EE DNA B PI7=4)238 M5 B ik
B PART T &R AT B 69k A,  “*” &7 FAM 32 EARIT DNA 45 SRRRME T 4 &
RERAE 65°CTF AR 5min, 10min. 15min, 20min. 25mmin. 30min. 35min. 40min. 45min
F= 50min J& &F 23nt A= 17nt % 4% DNA KA 698530 45 K o B P AT Sk ART T 17nt A= 12nt S
6942 & .
23nt

] —3

WT AC-165 R613AR669AK675AR744A

17nt

(min) - 1 2 4 8 16 32 - 1 2 4 8 16 32 - 1 2 4 8 16 32

&l 3-8 EMTRAR AN RS 5] Y- AR 4514 DNA BV F=Hy2R AR B vk
B L3R T R b AT 69 RA,  “x7 KR FAM 3¢ BARITDNA 45, R30I = T 4
W R T ARFe s &R TARAE 65°C T AR 1min. 2min. 4dmin. 8min. 16mmin £= 32min &3+ 5|44
KA 23nt 5| 4~ L5 44 DNA R A F ARITA S A6 5| 4 a9 Batn 2 R B F AT k47~ 7 17nt
eyl g,

3 33 U 4t 54 i
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

* 23nt 3 )
),
3 Sont >
WT R613A R669A
L e e D — - T . —
—_— - -
S — o — - A agi -
- —— — o —— —
i - - - -
S — e~ - — —
-y — —
(min) - 1 2 4 8 16 32 - 1 2 4 8 16 32 - 1 2 4 8 16 32

& 3-9 RGN E R AT 5] M- 1R 4518 DNA Eg DIF=4728 B FRvk
B4R T LI P AT R0 RS, AW EE 3 R B4k, “*” &7 FAM 3 £ ARiT
DNA 4%, 230 52 7 Al R LA &R TARAE 65°CT RA Tmin, 2min, 4min, 8min. 16mmin
Fa 32min G 2T 514K H 23nt 5] H—HEAR 25 H) DNA JR 4% P 4710 R A8 5 ey Bgin s R .

30bp

-*

5

R613A

WT p744a

dNTP + + -
i oo o8

e 17nt

“ <« 12nt

] 3-10 R613A Fl R744A XU RAARTEA [Fl 4 2 H 0T XUEE DNA B VI 7= 428t i B bk

B L3RART T E I P PR R a9 s SR A, 7 K FAM 32 R AR DNA 45, SRR
T R613A F= R744A 3,58 R EARAE 65°CTF T2 #2427 0.25mM dNTPs &9 R B4R F F R
30min & %K % 30bp 49 DNA &A% P 41T 5 K49 DNA 4% 6985 bn 45 R,

34 71 4t 54 T
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

BT RIS FE R AR N dNTP (45 5B 5 2 Bl BBRL, RAE T WIRE 1 2RES 2 5%
AF, TN dNTP 45 R Rz it B k. BT RATEIER R, Z45 FR W dNTP 47
TR TIRMATIRAS 1, MU 7RG 1 2R ATEEIRE.

DA SR L], 1E Pfu DNA BAEHT @ AMIEEAIRE & B RS T R b, e 45
W R B R E B — AR ES HRAE T R AT MRS . X THT 17t KR, 4
SR T T NEETE R 2GR TAT AN BRE PERIRES, FEABh e U T 17nt B
B 7

3.4.3 R 25 M 30T 58 A 8 1) 52

RABHGTEE DNA BAEH B RETE, e m bS 2 ML e iz 53
DNA E& R 2 i 2 W . N T /i iE 45 3807E DNA R& R i i ohse,
BATE I T W B AR ) DNA BAH R, A5 N 23nt & 17nt (1151
W) — RERR 285 A6 IR EAT T S, [RIRESEER T A 1 RO & O s s, 45 S m B0 e Bk
AT A BRI, S RN 3-11 fivR. BIZEE R ATAL, IR S5 A
PISERGEMER T T T304 SR N RAE R613A Fll R744A, DL 4 s
BRI RAL, HEAGIEIERR . R R U, MRS WE R EETER S T H BB
iR g _E SRR AL R613 Al R744 BRFEAEZARBIE I Rl 2 BAVE Y, Tide Skib
] R669 I K675 F& ke 2 EAE H . X 51 YK 23nt [ 17nt ()Y — Btk S50 47t
BRI, FARPRXET 17nt SI TR A IETESS T 23nt 514, XML T SRR KA RN fE
JIHIRES, VLEH TR T TR R A S R E BTG Ak, MK 3-11 AT LA F,
R613A RALMARRE AR ERCIMNE R A RR I E IR, HEAT AL 18nt. 19nt.
26nt. 33nt AbHEL TSR . NIEREIX LG, BATEE— DT T SE.

TAVER T BSMEN— ML) DNA ERBREE, Fix itk 5 23nt A1 17nt 5] 0HC A
1) — AR EE R, D AR RN AT B R A RS, S5 5w 3-12 Frs. H R 3RAT
ATLUE R, 18nt A1 19nt (140 B A R AR, T 5 26nt 5 33nt AL AR T 27nt
5 34nt ff50E, BT IR ARIBIESL T 19nt 5 26nt 2 8], BIGiZ4 R L, ZMERIR S
BEAR B o SRR 55 7 5 3EAT AT IS, FRATTHE M P 4523 0 5 A PR T R A 3 ) . A
BOUEIX —HEWT, FRAIE RS R R 0 23 AR 5 Bk ) S 3G 2] imM,  H85 R & 3-13 fr
o MEIREATATLLE 2], 5 ANTP AKX BAIAHEL, 50 dATP J2 dTTP HISEEGA R &
AR A T A8 o EL AR B4 K dATP 4040 dTTP ZH A0 55 Smin 415100, AT LLA B i dATP
B O AR AZ P . ELAUX =401 26nt, 33nt, 36nt AL AT LAK IR, dATP ZHI1 26nt 2%
B, IR 33nt FUSHE RS, DRI DATP S 26nt AbRfEE G GE; [FIRT dTTP 41
f) 36Nt AbFIFEARTY e 4ty HL5 X IR ZHAH EE 33nt DA K 26nt A B4k B ARG, TR &t
FEAAEIZ AL 2 2 (I PRSP . %45 R, R613A A S8 7 o fE P b ik _E7F dA &b
PIAEBC 2R 3G .

Rty B R613 [IThRE, FAME A FH B RS, 155G R SR 2 Al e
WEME (K 3-14) o MEFRTLLE S|, ST XUEERY), R613A RABEE AT 12 3541
s e, H Y 5 5 5 tHoont BAEf5 AN D) IR SR AR T A, BRBHTE AL B T R A s PR S 4h
UIE MRS, MBI AR A IX IR . %45 RERY, ROL3A RN 519 — ik
SRR E R AR IR B R 77 B PR, AN 25 5 AT AN D) IR B, Xt EHIE T
AN I 2 ] 3-9 BT BRI s T 5t K R SRR A 51 4 — ARAR 45 R SR AT LA
BHRRIGES IR RS HRE. B2, ZERER TERSSREF, 5umfHH snt LE
RS DARIE R A LS 6 51 ) — AR S IR b T R A TE LS GRS, 1 H R613 7E5K
B TS AR TR B, AR RN R613 1 3L RV LB R e £ B A TS IR .

% 35 U1 4t 54 11
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

R613A R669A
- - : <« 44nt

‘flferlé
IR |

L T T 000béssdeatdttddi-

(sec) - 5 10 20 40 80 160 (sec) - 5 10 20 40 80 160 - 5 10 20 40 80 160
K675A R744A
. - : <« 44nt
- - -
A
% 17nt 3 )
44nt 5

-_ . - P
““..- D& & @ 170t
(sec) - 5 10 20 40 80 160 - 5 10 20 40 80 160

R669A K675A R613A R744A

< 44nt

~

P = -— > " -~ e e

(sec) - 5 10 20 40 80 160 - 5 10 20 40 80 160

3-11 A % AR 17nt 51951 90-8iik DNA & R PLF= Y38 A5 R Fa. vk
B WART T &R P AT R 69 kA, “*” &7 FAM 32 RARIT 540 DNA 5. SR3M 2 T
& B RETAIRAE 65°CT R 5sec. 10sec. 20sec. 40sec. 80sec #= 160sec /& 5 A 4 A 49 DNA
T, BHFArkmTHE T 17nt 515 H AR =4 44nt 6942 F

% 36 71 4t 54
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Pyrococcus furiosus B 74 DNA A& B R 45 M8k 11 2 ZE D REmt 72
WT R613A R669A

< adnt

o

(sec) - 5 10 20 40 80 160 (sec) - 5 10 20 40 80 160 - 5 10 20 40 80 160

K675A

®

R744A

23nt 3

'’
44nt 5

23nt

(sec) - 5 10 20 40 80 160 - 5 10 20 40 80 160

R669A K675A R613A R744A

44nt

23nt

(sec) - 5 10 20 40 80 160 - 5 10 20 40 80 160

&l 3-11 B & s AR GENT 23nt 51451 ¥)-BA DNA A | RLF=H28 B vk
B WART T &R P AT B 69 kA, “*” &7 FAM 32 £ARIT 540 DNA 5. SR 2 T
& EREMRAE 66°CT A 5sec, 10sec, 20sec. 40sec. 80sec #= 160sec /& & 44 m 49 DNA
Fd. BPATRARTH T 23n 3140 K AR E 4 44nt 6945 F .

3037 U 4k 54 1
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Pyrococcus furiosus B 74 DNA A& B R 45 M8k 11 2 ZE D REmt 72

T
33nt 34nt G

T
33nt G

G 27t G \
Znt @ 26nt G
23nt

23nt , §

19nt
18nt A
17nt | G

(min) - 1 2 5 10 2 -1 2 5 10 2 -1 2 5 10 20 -1 2 5 10 2

3-12 R613A S HH R 5141k DNA YT A R SIF=438 t Bk s ok
& VKB L MART T &FIF e A ey kA, FHAnT B dst EIUAME R ey A R 5,
“*7E T FAM R R ARIT S| # DNA 4£ o 2 30 52 7 RO13A R R AR 65°CF xR B & A R 1min,
2min, 5min, 10min #= 20min /& % &4 & &9 DNA =4, B P& k477~ H T 33nt/34nt,
26nt/27nt. 18nt A= 19nt &9 R i JG BT = A 69 5 i AR 5|40 23nt F= 17nt 89 A2 & o

0.25mMdTTP,dCTP,dGTP 0.25mMdATP,dCTP,dGTP

0.25mMdNTP 1mMdATP 1mMdTTP

33nt

26nt
23nt

(min)- 1 2 5 10 - 1 2 5 10 - 1 2 5 10

Bl 3-13 R613A FABRTEARF B R H TA IR BLF= 28 1 e S FL vk
WK B A MART & R I ATAE B 69 R4, AR AR R AR L UAME A9 s R S, X7
F 7 FAM 32 X ARIT 5] 4 DNA 45, 5230052 T R613A B EARAE 65°CL4 A A~ F) dNTPs % & AL
Ay R AR FR P R 1miny 2min. 5min 42 10min BB A4 R DNA =4, B P kinTd
T 33nt. 26nt B9 R LG BT AW A, 514 23nt XA B URRRARR T A A TGS
WAL E

2 38 U 3t 54 Wi
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34nt

VD Oy DT> =

27nt

19nt J
18nt A
17nt | G
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

30bp 45bp
3’ * 3’
5’ 5’

B o «30nt - N <450t

L «40nt

M <« 25nt
o —_——

WT R613A WT R613A

] 3-14 R613A FRAR AN AN Al FE WUk S I L= 38 1 e FRe FL oK

WK A L3R AR T & E I P BT AE R a9 R A,  “*” k< FAM 32 EARIT 5] 4 DNA 4%, R 5a
2 7 RO13A B T AR 65°CHF A F] K & a5% DNA 12 2 A R AR & % B2 30min J& &9 DNA = 4.
B b4k AR il T RE K B 30nt Ao 45nt VAR S Ip & M A B A E T 4T 2 A0 RO AE I A
W 25nt A2 40nt B9 AR E

CREHMII RSN SR G S L2 S, TR S5 1A S B B D R R 5 ) — AR S5 M IR AR e AE
REWEMRE, K R613 fE iz MRS /i FEMER, Z A DIRe2 ¥ 51 ) — AR &5
¥ DNA KPR e R R A TEHIRES, I 3uniEf e R A& NVIEE O, DRIER AR
HIHERIHEAT o

3.51H8

3.5.1 4R &5 M BT IR A 45 A dU 4 A B E
TR S8 A A ) 225 P AT e LR 2 2 W3k 10 2 1) 67 8 0K R B0, R AT THE I %) P
DNA 5 ATt ) 35 Pt 375 P 62 4 B R 1 F o T A2 B S DNA R A TR A 1) dU iR
NS 5, FRATE RORIL T R 25 A6 3l 1 A Bl AV i PR B R S W AR B dU iR
WIS CAEZ VAT, Nm iR dU 454 0485 dU R BLVE R LR 45 8 7K ST
BT R, RTIRA TR R, RA dU 254 D8I N St g5 ks ik i R A N
Uity 45 M3 5 AN DB EE A R A WA, IRk TR AR dU B 45 1K) DNA RIS & 8871, X
VB B dU Z54 DA R BN dU BIRBIPER DU STER 188 2 SRR, e A
dU ) DNA R 25 G 72 g ZEH A S M3 B . 2 Je i ik I e 464 45 F 3 ) 5 A AR
R dU RRITENE, JATRIZ 5456 dU 15 BhZ5 RS a Jy ke 45 f 8. anskie g R,
MNAREFE S5 RS 1) B f AR B 2 SR RN AR, dU (PR TS P SRS, B2 LTk
ZAE T A R R SIS N it dU PR 50 DS L R F e ot 7 A dU $24% 1) DNA
JEA RN 25 G ] o
3.5.2 45 25+ 3G A1 V) il 3 1 B 4%
Patricia Peé&ez-Arnaiz ¢ N1 TAFZRI, RS E S5 /MIBEAH BAE ) — ek 3L (A
W2 54N, [RIHREE S5 R — 2 5 DNA AR A B05RIE 548 5 S B0 A g i

% 39 U1 4t 54 1
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

AR IR THEAT I B R AR AR BRI 5 . Sl — RS, FRATHE— B R IURHE
SERIAE NI SN AT AE T 5 dU RS R R R SC 28 ThRE, B[ 2 DNA JRESM)
SSENTREAT o SRHE 25 A6 Sl W S ARk 5 4 i SRR S BUWTE TR 17nt AL A S B (1) 45 ¥
LA, Ut B 25 A I X P B Th 6/ P BE B V) e B i S BVEF » iX — Zhag mT LAHE
IR AR B K DNA R4, HEIAS [R5 A B 75 2L IR 45 M 3i Bh v BU K BE 2 B
A, HAKE RS R A BT O 5 AN BRSO M EE B ARG, X — OB el —
fiftke. AL, Patricia Peérez-Arnaiz %5 NI TAEIRIE T JLAS 559848 i B35 M 189 b g 3 B2,
MAEFRATITE R b AR R BUZI R . @it E 4 Phi29 DNA R 4. KOD DNA % & Al
Pfu DNA R A BEA L2 (A0 B -5 DNA AHEAEFH I Z IR I 1 5 s i, BATRILE
Phi29 DNA 45 KOD DNA -G 1) 4RHa 45 Fa b 4040 45 500 (1 1 Ffr ik Ak, 17 Pfu
DNA RA BN &5 2 1% 1E L i, B HEN Pfu DNA 54 B fRHE 25 f 3806t A DD i s
PERVAHENE R BOR, PRI IRAR J ) v Ve B = A8 i) SR T s 0B it . TAT7E Phi29 DNA &
Al il KOD DNA 4 ] Ge A H AR 2] 1AL HBIER, AR 25 /43800 DNA
(25 BTN T B USRI BEAS AR F 24 3R 25 A8 35 1 A 255 i S8 g . Ath S FE BRI ok 55
T IX A BEASE A AR AN MR N, X5 KOD & Lid AN e S BRSO AR B
B2
3.5.3 R 45 My 0T 5 A g 9 1 1 4%

FREF S5 R 30T T 5 G M B A B R R Fom R DR, FRATT 00 SRE6 3 i B T 4R
SEM Y — AR S R R e AR R A TR, MRIER G1G EZAT MR A L. 5
DNA JEA) [ 52 75 5 A it MR AS 2% H o AR SR 1 485 6t 4RHFE 25 A 3elox) 51 ) — AR 45 4 vh
RUEE (14 285 G 3 ] 56 il o FRAT TR 45 SRAW 7 22 /D AR 225 W) ST XU 1) 45 45 D R AE 56 S B
ANTTEER T, JEIT R B 17t SIVIMIRC A RE I T FERISE Rk, R A5 A A B A
R TR S IR A RN B EEMAER, 1% s ST 4848 S5 F 3800 i F I DNA (1)
VISR DTk« 7E SR A R B SRR T P9 A 45 1438000 25 1 — DNA AH ELAE R L [R] 58 BO TR A
AEMBIR T, %t KOD DNA R4S Pfu DNA B4 5 45 38 _E 1) 1E s s L iR
MR I B AT BRI AR = . RIULIRATTHEN, #H% KOD DNA %48, Pfu DNA
KA BERRSE ML) DNA 25530 M R A OBt e 22 e IR A B e o
KOD DNA &, 1Miix i d1 8 25 A3 pr it i 45 GG PEAE — e R B RO FEAIK T Pfu
DNA RA&BE R A R MNE R, XA fEfE KOD DNA BA B R A XM IEEE T PfuDNA B4
Rl A () SR AL

B A IR BRI 7 A A i R Sp 1, (B A S RO R0, T34
(48 3R I AEHE S5 R 3800 T DNA 5 B M 10 F B B/ 5 003 o e B A FH T 2
AR AR 25 44 301 DNA AH ELAE I B BT A2 AE (3Rt TR P T4 S A
JEEWIAR B A FH BOA7AE 35 B R (3 58 O T W 485 6 DA B I S R IR 33E 47

3.5.4 AU E 1 5 TR A B PR R i 4

W% 25 E41 0 DNA B H| 58518 232 DNA R& R EA 3-54 g1 A DL
RIEE RS Rt R A e i i 520, DNA BA RN B 5-3'1) DNA B-a7E A
3-5'f) DNA B&fiE1E, SECXPIFTEIES LT, [t £ B0 Fs ik 1] e e 5% 0
%3, 7 Pfu DNA AT 75, Nishida H 25 T/E42 B it PCNA /51 Pfu DNA B4
FEREITH MRS SAME RS M 4, TERAT 0 S23 5 7 HE R I A S 10
Pfu DNA & B 5 GBS PE 5 /M VRS 1 2 (R IR 0 R

T I 5 R 25 AL 3 A5 SRARAR I A DI BE R B TE 1, FRATTR AN MR SIS 2 17nt
I AP B IPIRAS Fe i o D aiiiE s, KT 17nt KRB UPRS R BIT RS

2 40 U1 4t 54 U
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

KA, BIXS KT 17nt KJEY), BHEE IR AR S A T RE TS RPIRAES . A
{1 i PR 8 A T DAHE TR T 62 R £ M 5k 5 X R 45 DNA 19— FeR 2S04, I sese T LIE
HH I POIR ZS 0T XU B SR SR AEAE , TIX A R T 3 A0 MR RES N (A1 4549 B dF A
PTG 2 LA T o IE R PR SMIIEE AR FPRAS s AFFRATT I 2% 514 — AR &5 44 iR
VB D 8 R AR T SO A, T I b 8 22 5 1 A EH T 1R 5 M 3808 51 ) — Al &5 40 Jes 47 [l
T IRARAS IR TR T FEE A o X P S TG PRI i () A2 1 ORAIE SR A i PR AR 444
DNA Sl FE b7 32 iz,  BPAE IS AC B 2 DARI T SR A TG R IR AS 5 B T4 DD 1)
KIEE R, MTAE75 DNA RE8 E Ak irAT 5 11

X TR B R A TE MRS 40 B A UIE RS B G, TA TR AES MG & B A 4%
YT 17nt B BT IR R A TS & DNA J7 U e (T X P2 MR T R & IR BLIFPIR
BB R T IR BPPIRES, B H I T IR AR 17nt 2 12nt PIBERAPOEREDT . 8
X Tgo [ F A SEHIAT K AT i DNA B4 11 10 SR 25 Mt A7 LE e 30, JA Tl 76 e
VIF AR 1t B, R 253t < 4E DNA FRRESFEHOITHIRE, Mitti DNA DLRTE 451
BWOSCR BRSNS T DA ER, BRI R AN RPIRAS . BT b HElT, HERGHG
FEPEFO BRI B e T IR e i (R R B, T SRR 25 A A T N b
DI O B RE B e T H B e e s Bk R 2R U 5 R AR IR K R, T B AN
() 22 R B R R DI R, 6T Pfu DNA AT, X ) LN g Fs 2 18] P 58 AT DLETIE X
— i,

X1 [l AEAE P AP E PR ) Pfu DNA RGO A7 22 A PR ZS [ o LA S AE — e 1
LR PIRAS 4, (H7E DNA St fEd, R TRIER SRS FHAL, DNA FME
FAEA R T RAIEVERPIRAS N 72, RS 25 /3 11 3= ZE D) RE R 2 AR e X PR ES IAF1E

3.5.5R613 X - 5 & i 1 1) 2

X TARHE A I AR 2 DNA T RE RBLRES IR, FRATKI R613 K54 R EAEH .
SE4r RE13A (K14 S AN S8 A S 0y S 5 3, FRATAE S R613 HL A7 K DNA A & %€ 7
RETERAS, FR5H 510 3wk o0 e 5 SRR T O DhRE . Fix R B2 FBERS
Bl 7% 14 F0 DNA S S SE W BRI, 1% — fUl I A OB AR EE - dA 3250 AR e bL 5] 154
I EE R DL HE, X — SR TR A TR DNA 52 18 e Mo R A BN AR B
1 Tk [FIFEAE Patricia Peéez-Arnaiz 1 TAEH1#ikiE T Phi29 DNA R4 Bt A ALl ik 5k
K5550%, X — MU T LA T AR S S MR 1 5 B RSP MRS i B S 4 (R s 80T
hie LIRS, X — sl DA 2 HoAth B K% DNA R A1

R613 B RAGHE ) — JT RIA, £ IHOL N A R 45 & 58 A R Tl U gk
17, Bl 3-9 5 3-14 Fianigs K. FATIAH, RE13A FEALAARIFE 45 #4380 IR I 456
RS FEIHE N B R T R AT R T I INE T, T2 ER T REEERRES T H
LT 3% BB, TR 5% 5 H FRE IS5 A HIHI T IX R S AT A8 5 G M R 4
5, @Rt 3-14 IR RIS R AT DASCRRIX —HER . R T UL EHER, R613 fE NIRHE S5
—ANEBALA, 7E DNA G ARV e 5 S 610 8 se 3 i 7 vumk.

3.6 RE/NG

AT SIS R, RATHHELE I S, R613. R669. K675. R744. R752 fll K753 &%
# Pfu DNA ZE & X DNA IRI45 G eI R RIRSS, JeikEH 5 DNA fRER BAEH .

ZJE R IR L T AR RN AR R G5 Ik I DO REEAT T IR AR TE, 453 B7R T Pfu DNA %
B B0 A AR O B dU Y DNA 51256 72 N 3 dU SR D48 SRR S5 Mt L R 45 6 R

%41 T 3t 54

=



@) X FEXALY
S I B rococeus furiosus B 7 DNA SR ARG £ 4t ) 2 35 T BB A

o5 iss 3°-5" 4Nl 7 ZEIRHE G5 A kA D SCORA B L 5E B U], X — ThE e XS T4
T 1t R BV RS+ B TGS M EEIRH R 45 A R IR e TR R A
PERPIRZAS RIRPRE 519 33 BT R A it rbol, AR SVE TR R S e e S5 i
(ITh e T ZR N TRIRMIE E TR T RS EIPIRES, X KT 17t KRY), B VIRt
FEMRE TR, SRS 170t I, HHEGHEAN T 7 IAR T REF RS =GR T
ANUIEAEARAS I F I R

i BRIk, R4S 5 2] Pfu DNA GRS PET, FHAT A R Al sk )
Tifig.

=

% 42 U 3t 54
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Pyrococcus furiosus B 2 DNA 5&B-REH5 45 #4380 1) B 22 D Rt ot

ENE £XEB4

4.1 FEER

B Z i DNA R EGHGHEASE LA REfi e, Sihs B2 5 T BT &0 M i 2
W, B TARREEME R . Al %% Pfu DNA REBEI AL, Mg 7 Rkt
B 4 MR BAH G 6 NE LR IN m AR M RIAHR, @ A% RIA RS T KERABRE
o X IX S S AR AR dU PR A0ETE . DNA AT PERT DNA R ARG EREAT I e,
RS T P45 5
1. UESE THRHREZ M S 53] DNA 456 /2, JEafie 1 5%2% R613. R669. K675,
R744. R752 fll K753 #5255 DNA MAHEAEH .
2. HREIEAR B KKk DNA RAEM dU R51 I FE 7R R 45/ sk i 4 B, 1
dU R 51T ARE BN B dU PR3 TS FIREEE 25 #3800 DNA 145 6 1F 3L R 58 s,
ZAH AT
3. ESE T HES M5 DNA A TR F4dEh 3 -5 SNBSS, 7EX DNA BFY)it
TR, IR S5 M3 S EE  f C FE BI B U) e T, IX PR IhRERE AR TR T 17nt
PRI EE . ST 17nt FRYD, MR REIRYIM S G 2R ERET
BEATH), ARGV RV 1nt i, BHEEENT TRV Bs & 2RS0T
RS B EHE AN NETE O RS et 72
4, SR THHREE S5 DNA RAE DR, ot DNA RIS A 27T DNA RA 11
HIEDPIRY — o I HRIUR 50038000 B ZE D) RE 2K DNA JRYIF /e R A g IR
IR T 00) 3wt i DNA FEA M A DUARAIE 58 -G T A% i 280 v Af 1)k
17, XTIXFRES I RFFE AT SN R AR SRttt

4.2 AR REE

AICxF B Z 0k DNA R £ Pfu DNA R E BG4 M AT 7 5%, #87R 7 LAE dU
POIEE . DNA SRS TEAT DNA RETETERAT A — 2L Thie, (BT — 2L U AR -

1. ATEBL T AE DNA SMIERE A 4 AN R B IR HE B A AN R B DR, il —
ARBNLIRIE T ARSI T KRV SRR, SR B AREASFRPIRZS N Mg vl id R
WRARARFN, 5 2k — Pl f ARG AN 231 80 T AR R s 12 R R A 3R AT
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THE IMPORTANT FUNCTIONS OF THUMB DOMAIN
IN PYROCOCCUS FURIOSUS B-FAMILY DNA
POLYMERASE

DNA replication is the molecular base for the transfer of genetic information to next
generation. Replication of chromosomal DNA is a highly complicated biochemical reaction
related to many proteins. The whole DNA replication process can be divided into three stage:
replication initiation, elongation, and termination. During the initiation stage of chromosomal
DNA replication, some protein recognize the origin sequence of replication, bind/melt the original
replication double-stranded DNA, then recruit other proteins to assemble the replication initiation
complex. After the complete assembly of a replisome, the DNA polymerase synthesize the new
DNA strand using the melted mother single-stranded DNA as a template.

In all organisms, DNA replication is a complex event involving dozens of proteins and
enzymes to ensure the accurate and timely duplication of genetic information. The process that
underlies DNA replication is functionally (and often structurally) conserved in all life forms. The
process starts at a specific sequence called an origin of replication, at which origin-binding
proteins (OBP) bind and locally unwind the duplex DNA. Additional proteins interact with the
OBP-DNA complex and participate in the assembly of the helicase around the DNA. The helicase
utilizes ATP hydrolysis to melt the duplex, resulting in formation of a replication bubble that
expands away from the origin. The exposed single-stranded (ss) DNA in the replication bubble is
coated with ssDNA-binding protein (SSB). DNA primase, polymerase (Pol), and the rest of the
replication machinery are recruited to the SSB-ssDNA nucleofilament to initiate bidirectional
DNA synthesis. Owing to the antiparallel nature of DNA and the unidirectionality of the
polymerase, one strand of the chromosome is synthesized continuously (leading strand) and the
other is copied discontinuously (lagging strand) as a series of Okazaki fragments.

DNA replication is achieved by a DNA-dependent DNA polymerase that uses sSDNA as a
template to synthesize the complementary strand. Most organisms possess several DNA
polymerases that differ in their polypeptide compositions and catalytic properties such as
processivity, fidelity, and rate of chain extension. Different polymerases are used for replication,
repair, recombination, and in cellular organelles. On the basis of their amino acid sequences, DNA
polymerases can be classified into at least six distinct groups [family A, B, C, D, X, and Y].
Polymerases have been the most extensively studied component in archaeal DNA replication. A
large number of DNA polymerases from many species have been identified, purified, and
biochemically characterized. The B- and D-type enzymes are thought to be involved in archaeal
chromosomal DNA replication.

One to three members of family B (PolB) have been identified in all archaeal species
examined to date. These proteins have similar amino acid sequences, domain organization, and
overall structure, and all possess a potent 3°-5’ exonuclease proofreading activity and DNA
polymerase. DNA polymerases are required for chromosomal replication as well as for
recombination and repair. Thus, an important question is whether members of family B are the
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archaeal replicative enzyme or are needed for other processes. In Crenarchaea the answer is
simple, as only the B-type enzyme has been identified. It is difficult to give a definite answer to
this question to chromosomal replication in Euryarchaea, as another putative replicative enzyme
(PolD) has been identified in this kingdom.

A function for PolB as the replicative enzyme can be inferred, however, from a number of
observations. Archaeal PolB 1 and B3 contain potent 3’-5’ proofreading activity. In addition, one
of the hallmarks of a replicative polymerase in eukarya and bacteria is the stimulation of
polymerase activity by the accessory proteins, the sliding clamp, and the clamp loader. The
activity of PolB from several Euryarchaeota and Crenarchaeota are stimulated by the cognate
PCNA and RFC. The stimulation of the polymerase by these factors suggests that the B-type
enzymes are likely to function as the replicative polymerases in archaea.

In Euryarchaeota the PolB may be the sole replicative enzyme, or it may work in conjunction
with PolD at the replication fork. PolD, a euryarchaeal-specific polymerase identified in all
species studied, is a heterodimer of a small DP1 and a large DP2 subunit. The large subunit is
catalytic and that DP1 serves as an accessory factor. DP1 shows homology to the small
(noncatalytic) subunits of the eukaryal replicative polymerases, Pola, pold, and pole. DP2, with
some similarity to the amino acid sequence of other polymerases, and alone contains limited
polymerase activity, while the dimeric polymerase possesses strong polymerase and 3’-5’
exonuclease proofreading activities. The stimulation of the polymerase by PCNA and RFC also
supports that PolD is the replicative enzyme in Euryarchaeotathis. PolD and PolB may jointly
replicate the euryarchaeal chromosome. In such cases, one enzyme may replicate the leading
strand while the other replicates the lagging strand. Further studies are needed, however, to
elucidate whether PolB, PolD, or both are the replicative enzymes in Euryarchaeota.

The three-dimensional structures of several archaeal polymerases have revealed similar
structures. Their topology is also similar to the structure of gp43, a B-type enzyme from
bacteriophage RB69. An interesting structural feature identified in the archaeal enzyme is a
putative RNA-binding domain at the N terminus. This domain, superimposable on the
three-dimensional structures of several RNA-binding domains, was also identified, on the basis of
sequence similarity, in all archaeal PolB polymerases. However, whether this region indeed binds
RNA and is biologically significant for polymerase activity are not yet clear.

The crystal structure of Pfu DNA polymerase, the family B DNA polymerase from
Pyrococcus furiosus is highly similar to that of KOD DNA polymerase. The structure of Pfu DNA
polymerase elucidates the electron density of the interface between the exonuclease and thumb
domains, which has not been previously observed in the KOD1 structure. The interaction of these
two domains is known to coordinate the proofreading and polymerization activity of DNA
polymerases, especially via H147 that is present within the loop (residues 144-158) of the
exonuclease domain. E148 rather than H147 is located at better position to interact with the thumb
domain.

Although the important thumb domain locates between exonuclease and polymerase, the
intrinsic function of thumb domain is still unclear. From the crystal structure of several family B
DNA polymerases, including pfu DNA polymerase and E. coli polymerase Il, we identified six
conserved positively-charged amino acid residues, R613, R669, K675, R744, R752, and K753, for
potential DNA binding in thumb domain of pfu DNA polymerase, a family B DNA polymerase
from P. furiosus. In sum, 8 mutants of thumb domain were constructed by site-directed mutation,
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ie, four single-residues mutants of R613A, R669A, K675A, and R744A, three double-residues
mutants of R752A+K753A, R669A+K675A, R613A+R744A, one four-residues mutant and one
thumb-deleted mutant. After expression in E. coli and purification by Ni-NTA resin, recombinant
proteins (about 1.5 mg/ml, 34000U/mg) were obtained. These thumb mutants were used to
characterize the three activities of pfu DNA polymerase, dU-binding capacity, exonuclease and
polymerase activities.

After assay of 10 pfu DNA polymerase, including eight site-mutants, one thumb-truncated
mutant, and wt enzymes, on dU binding, exonuclease, and polymerase activity, we draw the
conclusion that thumb domain plays important function in three activities as a support to binding
the DNA outside of the above three domains. First, the bindings of wt and mutant pfu DNA
polymerase to normal and dU-carrying DNA, demonstrated by gel-shift, show that all mutants
almost lost the DNA binding capability, meanwhile the binding ability to dU damaged DNA is
sharply decreased. We also found that the truncated mutant decreases more binding of
dU-carrying primer-template than that to single-stranded dU-damaged DNA. These results suggest
that the thumb functionalizes in DNA binding as an accessory supports of double-stranded DNA.

Although as a domain outside of exonuclease, the mutation of resides involved in the binding
of double-stranded DNA results largely decrease of exonuclease activity. Meanwhile during the
process of digestion of a long ss DNA, the digestion pattern changed when the remaining ss DNA
is 17nt long, where a fast digestion of four nucleotides happened followed by a slow digestion of
the remained shorter ss DNA. These results suggest that the thumb functions as a support of the
undigested terminal of ds and ss DNA substrate in the binding mode prior to polymerization
reaction, and a change happens to the binding mode prior to hydrolyzing reaction when the
possessive digestion proceed to a remained 17-18nt DNA. This binding mode guarantees the pfu
DNA polymerase catalyzes the two reactions in a form of prior to polymerization reaction. The
DNA length initiating binding mode transfer is consistent the distance of from thumb to the
polymerase activity centre; and that after transfer is also consistent to the distance from thumb to
exonuclease activity centre. The length difference of from thumb to polymerase/exonuclease
results in the fast digestion during transfer of binding mode.

Comparison of the polymerization reaction catalyzed by wt and thumb-mutated pfu DNA
polymerase shows that the thumb domain is especially important for the elongation of primer
shorter that 17nt, which is similar to that of exonuclease. The truncated mutant expresses more
serious decrease in the polymerization activity for 17nt primer in comparison with 23nt primer.
Among the six residues, the R613 residue plays a key function in binding the primered DNA to
fulfill the extension of primer. When R613 is mutated to Alanine residue, the fidelity of
polymerization reaction is sharply decreased, shown by the accumulation of shorter extended
fragments mainly on before the A template that results in the A:A mismatch. These results suggest
that the R613 residue functions in position the 3’ nucleotide of a primer exactly in the activity
centre of polymerase. If this positive-charged residue is mutated to a neutral alinine residue, the
interaction between thumb and DNA molecule is strong destroyed, resulting in the failure of exact
position of 3’ end of a primer. An inexactly-positioned primer end results in swaying of 3’
nucleotide, then the formation frequency of an error base-pair largely increased, where mainly
presented as a A:A mismatched nucleotide. When a mismatch formed, the exonuclease activity is
activated, which leads to the digestion of mismatched nucleotides and the cease of elongation of a
primer. So the R613 residue in thumb plays a key role in guaranteeing the fidelity of
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polymerization reaction via exactly positioning the 3’ nucleotide of primer into the activity center
by the strong interaction between R613 and double-stranded DNA.

In summary, in this study we elucidate deeply the function of thumb domain in three
activities of pfu DNA polymerase, i.e. dU-binding activity, exnuclease activity, and polymerase
activity. The relatively separate thumb domain takes part in all three activities of family B DNA
polymerase. We propose that the thumb domain is possibly responsible for the regulation of
binding mode of DNA during DNA polymerization and hydrolyzation reaction, and the exact
positioning of the 3’ terminal nucleotide of a primer into the activity center during polymerization
reaction.
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