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& ZE: DNARSH ZEA T PCREKR, EAGHFHRLAMA ARKLETEEA. 284
A i DNA RE 815 T T2 R AE &, ALETRKGHMEAE DNA RSB, XV LBEARET
#EMXREH (Thermococcus eurythermalis) AS01 IR 4 B K%k DNA 4B A F (NCBI 4038 & A&
B &5 4 TEU RS04875). RAEZ TR G 6 A, 70T H PCR A . ¥M Kk intein &
B 5549 DNA &4 B8 (Teu-PolB) #tATIRINELL R L, ZFA RN Fo B F 4k EAT ot IRAF
Teu-PolB & & ; A 5% % AATITE) BAZ FBRAE A R, B T R b B e s i v ok 5 2
Teu-PolB #) & L4514, VA H IR IDNA K 40 H A8, KA Teu-PolB 49 PCR Z Fl. £ REF,
Teu-PolB £/ DNA R &BaiE A 35BN BaEtE, #Z8E 908 CTHFRIHH 2h, #AE
ZMEE . 12 H Teu-PolB #4T PCR ¥ 3%, & i& PCR % 7% # 50 mmol/L Tris-HCI pH 8.0, 2.5 mmol/L
MgCl,, 60 mmol/L KCI, 10 mmol/L (NH,),SO,, 0.015% Triton X-100 #= 0.01% BSA, i 247
JEH 68 C. s, Teu-PolB #E 7 2 kb/min &4 TRV 3L 4kb B9 R K, ¥ 38> E55 T A ik
Taqg DNA 4B, T Pfu DNA 4685, {2 31k Aotk BB T Taq #= Pfu DNA 6B, Hxf
Loyt MR G, FEPTR, AFRELT —H H%KE DNA 4565 Teu-PolB #9 A 14FH, 4%
Rz A T PCRY 3, ARG T MG, wMedr. ¥R Eg. RAESFIFE.
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Characterization of a family B DNA polymerase from
Thermococcus eurythermalis AS0O1 and its application in PCR

WENG Yan, LIU Xipeng

School of Life Sciences and Biotechnology, State Key Laboratory of Microbial Metabolism, Shanghai Jiao Tong
University, Shanghai 200240, China

Abstract: DNA polymerases are widely used in PCR and play important roles in life science research
and related fields. Development of high-performance DNA polymerases is of great commercial interest
as the current commercial DNA polymerases could not fully satisfy the requirements of scientific
research. In this study, we cloned and expressed a family B DNA polymerase (NCBI accession number
TEU RS04875) from Thermococcus eurythermalis AS501, characterized its enzymatic property and
evaluated its application in PCR. The recombinant Teu-PolB was expressed in E. coli and purified with
affinity chromatography and ion-exchange chromatography. The enzymatic properties of Teu-PolB were
characterized using fluorescence-labeled oligonucleotides as substrates. The application potential of
Teu-PolB in PCR was evaluated using the phage A genomic DNA as a template. Teu-PolB has DNA
polymerase and 3'—5' exonuclease activities, and is highly thermostable with a half-life of 2 h at 98 °C.
The most suitable PCR buffer is consisted of 50 mmol/L Tris-HCI pH 8.0, 2.5 mmol/L MgCl,, 60 mmol/L
KCl, 10 mmol/L (NH4),SO4, 0.015% Triton X-100 and 0.01% BSA, and the optimal extension
temperature is 68 °C. Under the optimized conditions, a 4 kb target fragment was successfully amplified
with an extension rate of 2 kb/min. The yield of the Teu-PolB amplified-DNA was lower than that of
Tag DNA polymerase, but its extension rate and fidelity was higher than that of Tag and Pfu DNA
polymerases. The biochemical properties of Teu-PolB demonstrate that this enzyme can be used in PCR

amplification with high thermostability, good salt tolerance, high extension rate and high fidelity.

Keywords: Thermococcus eurythermalis; DNA polymerase B; PolB; PCR
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F 1 Teu-PolB £ L4521 % PCR A BEZEERFS

Table 1 Oligodeoxynucleotides used for biochemical characterization and PCR application of Teu-PolB
Names Sequences (5'—3") Figures
DDC2 *CAGCCAGGTGTCTCACT 2,3, 4
DDC5 *CAGCCAGGUGUCUCACU 4

DDC7 ACTGTGGCGAGTCGGCTAAGTGAGACACCTGGCTG 2,3, 4
DD286 *TCCGATAGCCAGATATCTTGACA 4
DD297 *TCCGATAGCCAGATATCTTGACADp 4
DD408 TGCGTGCAGTGCTGTCAAGATATCTGGCTATCGGA 4

A-F TTCTCATGCTGAAAACGTGGTGTACC (10 001-10 026) 5,6,7,8
A-2R (2 kb) GAGAAGCATGCCGGAGCAAATGAGA (11 997-12 021) 5,6,7
A-4R (4 kb) TGCGGTTATAGCGGTCCGGCTGT (13 972-13 994) 7,8

*: fluorescent group FAM; p: phosphorylation modification; A: ADNA; F: forward primer; R: reverse primer.

P 4K Teu-PolB $:N, 1E KL 51T 9153 51
i XL2380 Fll XL2381 (% 2). PCR #"#3k75 4>
£ Teu-PolB F:[F (3 939 bp) HYEUIRMHEE L H
KR AE 1A iR, 1 Hind 1IFI Nde T 3
i) pET28a 244, -1 DNA =¥y afifbif 5 &
[l U] 7 M) . T ERE 23 F] Y ClonExpress 11
WA G — B 2K Teu-PolB FE[H 53T
VI pET28a AU [RITR B 41, B4R S
B F) & Ui W 45 . DNA ¥ 410 5 36 3F 4 K
Teu-PolB J& Al 1) IE A4 .

i T Teu-PolB 175 — Bt intein & H ¥ 96 15
DNA FF41 (1 474-3 084), EMFETEIRATRES:

%2 AXFHTA® PCR3I¥FTI

Table 2 PCR Primers used in this study

Names Primer sequences (5'—3)

XL2380 TGCCGCGCGGCAGCCATATGATTCTCGATA
CCGACTAC
TCGAGTGCGGCCGCHAGCTTTCACTTCTTT
CCCTTCGGCT
GCGAACAGTTACTACGGCTACTACGG
GTAACTGTTCGCCAGGATTTTGATAG
PUC-1 TACGCCACTGGCCGTCGTTTTACAAC
PUC-2 CCAGTGGCGTAATCATGGTCATAGCT

XL2381

XL2530
XL2531

Bases with underlined italics are restriction enzyme cutting
sites.

http://journals.im.ac.cn/cjben

S Teu-PolB & M E A Fak . NI T 425
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W s B R R K pET28a-Teu-PolB {2
KIHFFE Rosetta (DE3) Bz 400 o PRECR
F 7% % 20 mL A4 50 mg/mL FARE X LB
WIASEFR I P IG SR, #5452 500 mL 557 2
i, 37 'C. 200 r/min X FRFRE ODgoo N
0.6-0.8, JIAZLWKEH 0.5 mmol/L Y IPTG,
#£20 ‘C. 200 r/min 5/ T 44221557 16-20 h,
755 Teu-PolB £ 1383k . W A (441 il 1 40 mL
24 2% ppy FE 2 (20 mmol/L Tris-HCI pH 8.0,
10% 3, 300 mmol/L NaCl), #E47 87 i i i
A, AR T 75 CAAHRINE 20 min,
RIERKBHRASGEN . RIGHE 4 CHRMHET
8 000 r/min &5.0> 40 min, W& FIEW RS F4H
T TR . 1) ] Ni-NTA B i 5 fl4difk Teu-polB



S SABIEMYNE Thermococcus eurythermalis A501 483 B ZKi% DNA BREEINELIFER PCR N A

H1, 195 DNA R4 Teu-PolB,

B b — 2 SR aifb ) Teu-PolB i ¥ 175 By
FIEER W A (25 mmol/L Tris-HCI pH 7.0,
50 mmol/L NaCl), #RJ5if & & F ¥ )2 1
(Source 15Q B F#Ag) #iraifb. MLk A
WSEHE T, Teu-PolB #[1 FAEfS, iE T2 nf
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HES R A A D E N R I A & Y )
., 4 SDS-PAGE SEIZHLIK T, #i%E DNA
R4 B Teu-PolB RYPE A5 1F . A HMER
B EAEAEVAI . 20 mmol/L Tris-HC1 pH 8.0,

1 mmol/L DTT, 0.1 mmol/L EDTA, 100 mmol/L
KCI, 0.5% (V/V) Nonidet P40, 0.5% (V/V) Tween
20, 50% (V/V) Hi glycerol, F-20 C{RfF
M JE 22 Bradford I 2E .
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PE R A AR AR E R R IR B LR 1,
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B

1
1 491
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pH 8.0, 50 mmol/L NaCl) H1, EF 95 C., /K&
Smin, AREHEEME, HIZEH TN SR
HAET—20 °C. Teu-PolB /] DNA 584 il 15 E
FEJCNARZR (20 uL) f$E: 50 mmol/L Tris-HCI
pH 8.8, 2 mmol/L MgCl,, 30 mmol/L KCl, 2 mmol/L
(NH,),SO,, 0.01% Triton X-100, 0.005% BSA,
100 nmol/L % YEhRiCJEEYT, 10 pmol/L dNTPs #l
— B W Teu-PolB & 1,50 CJi 10 min 5,
JIA 20 pL S W24 1E (100 mmol/L EDTA, 95%
LG, 0.02%IRE ¥, 0.2% SDS). FiRJ A
RIEATRIN ANTPs W4T, FHRRE 0 7300
5E Teu-PolB M%) EIEME . [N ™~ W 1E
15%Y, 18% AR PE R NI MERZ BENL (% 8 mol/L
JRZE) HHIKSr 8, i AmershamTyphoon RGB
WO RARAL (GE 2w HHiRL% .

1.5 Teu-PolB HJ PCR [z A &4tk

PCR J W 22 Mg %F T PCR I R0

RYEMOEEEAE W B2, A5 LI ADNA
(NCBI 2% . NC 001416) J#itiitfT PCR, 5|
YIFFSI L 1, A-F AIEM514, A-2R fil 1-4R
A3 2 kb A1 4 kb FBEI 81514 . 50 uL

1473 3084 3939 (bp)
Extein 2

1028 1312 (aa)
—s 855bp

2328 bp .
Ex 1 Ex 2
Teu-PolB h

1 %K Teu-PolB £ [E PCR # 1% (A) #0 Teu-PolB BIFRIEFHIKHIE KL (B)

Figure 1

Amplified full-length Teu-PolB gene (A) and Constructing strategy for Teu-PolB expression

plasmid (B). (i) The full-length Teu-PolB gene is split by one intein-coding sequence that forms a continuous
open reading frame with the two polymerase-coding exteins; (ii) Deletion of intein in the full-length
Teu-PolB gene through site-directed mutagenesis by overlapping primer PCR.
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PCR JZ W AKZ M AU : 60 ng Teu-PolB, 5 ng
JDNA, 10 pmol 5|47, 0.2 mmol/L dNTPs F
1xPCR ZZ & (50 mmol/L Tris-HCI £ 50 mmol/L
Tricine-KOH, 2 mmol/L MgCl,. 30 mmol/L KCI,
2 mmol/L (NH4),SO,, 0.01% Triton X-100,
0.005% BSA)., RN ZFUITF: 95 C 5 min;
95 C 0.5min, 60 C 0.5min, 72 C 2 min,
30 MEFR; 72 °C 5 min. N 7 I pH X PCR
B2, DL ADNA AR TE pH 7.0-9.2 3 [l
P2 kb KEM A B, [RIBHHEA R B KCI,
(NH,4),SOy4. Triton X-100 #1 BSA #J¥ % PCR
BN . R T I MgCl, %F PCR (5400, % b
I EAE 50 mmol/L Tris-HCI pH 8.0 H1 L#5Ffr
MgCl, {3 2 kb i) ADNA F Bt S0 5E R
JE, BUS pL AR BRI G, 1%3E 08
R B I L TG PCR A 8 3808
1.6 DNA BEEBMREENE

DNA RE R E BN E L pUCLY ik
(2 686 bp) TEMtt, FEE514 PCR /- FHE
RS BR Z e AL ¥ 5] (multiple cloning
site, MCS. 632-688), iF 5[] 525 5| ¥ 55 4
A PUC-1 F1 PUC-2 (3% 2). BEALPkE %
FHHRTORL, B MCS R B B AR o 4 Jookr v 8 iF
17 DNA 2750 E 587, B35k DNA RA &
i DNA [ HER 4 o

2 X504

2.1 Teu-PolB TiIXF W KIEHEE
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7E 20 CREARMNEIS S, 48 Ni-NTA R4l
FELL RS FAS B2 AT, ATRA 1 L B53Rirp ks
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F#2, Teu-PolB 2 FAYHIASFTEAE 90-100 kDa
ZIa, S5ENEIHE(E (90.104 kDa) AHAT .
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Teu-PolB A 3 AZ5H I : N R I 2544 B, |
REMLEFIHA 3'— S IR 25 35, A0 45
A B Z% DNA RA M RS 3 4> 355"
KR AN B 2 6 4 5'—3 RA B 122,
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AU PE R G TR, 25 R BN 3-S5 ERA
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) dac i R JE AR T RE R 65 CAEA .

F T ¥RFTE Teu-PolB Wy FaEME, FATH 5
W B AE S 0 22 vp b (BN 3 nmol/L) F
80 ‘C. 85 C. 90 ‘C. 95 °C. 98 CF4ralhmt
0. 30, 60, 90, 120, 180 min, RJFMMAJEY,
16 55 C RN 10 min, Z0FF, HLIKAIE]
AWE1EYE , F T ImageQuant TL 8.1 k{472 =47
BrinFAb B AT A6 o LA 0 min A9RA
MG HEAE N 100%, 2ml#de kg, 90 C.
95 C. 98 CHYFKIEITZ UL 3C (Teu-PolB 7E
80 ‘Cak 85 ‘CTALFE 3 h FARRA MG HIIE
98%LA |, HORTERI HHRET). Teu-PolB 7E 90 C
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A Teu-PolB B Protein Teu-PolB
kDa M U I S D Pl P2 concentration M E- 0.0602 0.6 1.7 5 15 45 135
130— __ ' (nmol/L) —
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— - - -
B ——
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DDC7 35nt
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Product 4 T — el 4
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DDC7 35nt DDC2 * 17 nt

2 Teu-PolB HY3RiA 4l 1k K BE & %M E

Figure 2 Expression, purification and activity titration of Teu-PolB. (A) 15% SDS-PAGE analysis of
Teu-PolB protein expression and purification process. Lane M: molecular weight marker; lanes Ul and I: the
total proteins in E. coli before and after induction; lanes S and D: supernatant and pellet of cell lysate after
centrifugation; lane P1 and P2: the Teu-PolB purified by Ni-NTA column, and ion-exchange column,
respectively. (B) Polymerase activity titration of Teu-PolB. (C) Exonuclease activity titration of Teu-PolB.
Lane M: 35 nt oligodeoxynucleotides; lane E-: the reaction without the enzyme.
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FIIH 3'-OH 1 3'-WBE R AL 5 [ IE R IR
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X DNA £, [Hit, BEMSLE(H RNA 5[0
DNA REGHEHA Q41K DNA ZHIDhEE, mA
AEZE(H RNA S#1f) DNA B4 BF— ik H 7 oe
DNA B3R H DNA G . A T Al
Teu-PolB J& 1 H A YL 4/K DNA K| 2aE, F

A Protein Teu-PolB (3 nmol/L)
Temperature (°C) M E- 30 35 40 45 50 55
C - - - e —
— — T —
Product-
Substrate m
DDC2 * 17 nt
DDC7 35nt
B
Protein Teu-PolB (3 nmol/L)

FHAR R 2 By 8055 DNA FI RNA 7585191, #
I Teu-PolB TEMAMY Bk 45 R BIs,
Teu-PolB REFEARKEN 2 #5114, {HXT DNA
S EE R I VE TR 3R (8] 4B), B Teu-PolB
AT AT 20 L N 17 57 L 50K DNA 5

S
E
Z
E
[0}
Z
=
E —=—90°C
20F ——05°C
——08 °C

0 30 60 90 120 150 180
Preincubated time (min)

Teu-PolB (3 nmol/L)

Temperature (°C) E- 50 55 60 65 70 75

80 E- 50 55 60 65 70 75 80

Substrate R o :----‘ —_ W - .
= -_— - | —
- —— e - . e, -
A, — - —
Product N — e — o~ —
- — -
DDC2 * 17 nt *
DDC7 25t DDC2 17 nt

B3 REX Teu-PolB jE RIS/ R H AR E

Figure 3 The effect of temperature on Teu-PolB activity and the thermostability of polymerase activity of
Teu-PolB. (A) Effect of temperature on polymerase activity of Teu-PolB. (B) Effect of temperature on
exonuclease activity of Teu-PolB. Lane M: 35 nt oligodeoxynucleotides; lane E-: the reaction without the
enzyme. (C) The thermostability of polymerase activity of Teu-PolB. The enzyme activity without heat
treatment is used as control and set as 100%, and the measured values of remained enzyme activity of various

heat treatments are the percentages relative to the control.
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A
Protein Teu-PolB Teu-PolB
dNTPs M E- + - E + -
— -— —
Substrate == = —-— e
DD286 * 23 nt DD297 * p23nt
DD408 35nt DD408 35nt

Protein M E- N\ E- <

—
— t
= =‘ <«— RNA substrate
| —
DNA substrate —> —
DDC2 * 17 nt DDCS5 * 17 nt
DDC7 35nt DDC7 35nt

4 RNA 54 K54 3'im i ER 2 H X} Teu-PolB i 4 A3 N
Figure 4 The effects of 3'-terminal phosphate group (A) and RNA primers (B) on Teu-PolB activity. The
reactions were performed with different substrate at 55 °C for 10 min. Lane M: 35 nt oligodeoxynucleotides;

lane E-: the reaction without the enzyme.

2.4 Teu-PolB i+ PCR BYZE HikE&H
ik

T B KN DNA BAEE) Z T
PCRPY, R EW] Teu-PolB H & K IFH)
PCR W FH T 5t o PCR ¥ HE85CR 5 5 1w 2% vhi 41
ST YIADE, I FRATE SEXF Teu-PolB ) PCR
G it T T, SR WE S R, #E
50 mmol/L Tris-HCI 8% 50 mmol/L Tricine-KOH
ZZuh, Teu-PolB HHRETE) VZ 1Y pH {E 3t H
NP 34 H 2 kb 1 ADNA Bt Tris-HCl & Ml
Bl 2L T Tricine-KOH ZZvhik, H.7E pH 8.0 1Y
Tris-HCl & iR ZHH G (K 5A). Teu-PolB
& Mg KRk, AR TS PEXT Mg™ i B Uk,
2E L i R MgCL e FETE 2.5 mmol/L B B i KPR &
P4 Teu-PolB MM (K] 5B). BLAh, 575
FEOLAR S SR KCL Fl (NH,),SO, R B
439328 60 mmol/L (&l 5C) #i1 10 mmol/L (& 5D).
Triton X-100 F1 BSA 5 4 B 43901 0.015%

&: 010-64807509

(&1 5E) #10.01% (&1 5F). f/mffiE Teu-PolB [z
£ PCR Z& MR 41AH 50 mmol/L Tris-HC1 pH 8.0,
2.5 mmol/L MgCl,, 60 mmol/L KCI, 10 mmol/L
(NH,),S04,0.015% Triton X-100 1 0.01% BSA.
2.5 Teu-PolB By PCR R 8(/E R it £h 1 &
DL ADNA Rt , FEfAESE vl b i3
2 kb i B, Wy R, 43 HI7E 50 L &
Z%hno.1, 02, 0.5, 1. 2 F15ng iy ADNA,
&P ADNA BT 0.5 ng i, Teu-PolB ¥J6E
oy H R B (K] 6A). DNA RBEHE (2
FEFTH Y PCR i) 5 XHERBURK, I LIS PERE
MR ZRF NaCl BB I AR, S T0F5%
Teu-PolB MY EhPE , 7EHAMSFAFA B IIE LT,
S3AIAE 50 uL VAR R 3 4MIIA 0. 30, 60,
90, 120, 150 A1 180 mmol/L NaCl, 44 2 kb
B, HIEl 6B flizw, TEERMREE S 0-120 mmol/L A3
I, Teu-PolB YRed 34 th Hi FrBt, NaCliii3Z
Y553 B Aeropyrum pernix () ApePolB3 #2412,
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A Tris-HCI

Tricine-KOH

B MgCl,

M 70727476 7880 828486889092 70727476 7880 8284868890 9.2 (pH)

2kb

M 0 1.0 1520 253.0 40 5.06.0 (mmol/L)

C KCl E Triton X-100
M 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 (mmol/L) M 0 0.050.100.15 0.20 0.25 0.30 0.40 0.50 (%o)
2kb
2kb ek L= LS LY PR
D (NH,),S0, F BSA

M 0 5 10 15 20 25 30 35 40 45 50 55 60 (mmol/L)

5 Teu-PolB B PCR &K1k

M 0 0.050.100.150.20 0.25 0.30 0.400.50 (%o0)

Figure 5 PCR optimization with Teu-PolB DNA polymerase. Effect of pH (A), MgCl, (B), KCI (C),
(NH4),SO4 (D), Triton X-100 (E) and BSA (F) on PCR amplification of a 2 kb ADNA fragment with Teu-PolB
DNA polymerase. Lane M contains DNA molecular size markers (1 kb DNA Ladder Dye Plus, TaKaRa #

3426A).

W] 5258 TR/ Pfu DNA B4 (40 mmol/L).,
Xof £h () 125 T 521 25 9] Teu-PolB 7] A &5 20 KL i 4™
HEE MR B
2.6 Teu-PolB B PCR HiE I #EE

TE R Id OV e vhirh, 68 65 CL 68 C.
70 CHI 72 CHIEMEEEY 1 2 kb A1 4 kb 1Y
ADNA R Bt #5503k, 4 ATl BT YRR
B AEN A DNA Bz, Hrf 68 CHE™ 4yt
X e, TORE RE R 68 C (B TA). BT

http://journals.im.ac.cn/cjben

X Teu-PolB ) PCR # B2, BEREA [R] L fif
IHE)ZET T 4 kb () ADNA F B 38, [ 254 an
T:95 °C 5min; 95 C 0.5 min, 60 C 0.5 min,
68 C (2.0, 2.5, 3.0, 3.5, 4.0 min), 30 M
M, 72 C 5 min, g5 Eox, SEMREE] A 2 min
AL RE AT P4 4 kb (1Y) ADNA F Bt, HY 1™
Y5 3EAf 4 min B 5500 52 BEAR Y, ik
Teu-PolB Y SEA 44 2 kb/min LA | (&l 7B),
% T Tag DNA i1 1 kb/min,



S SABIEMYNE Thermococcus eurythermalis A501 483 B ZKi% DNA BREEINELIFER PCR N A

A ADNA B
M 0.1 02 051.0 2.0 5.0 (ng)

2 kb 2kb

NaCl
M 0 30 60 90 120 150 180 210 (mmol/L)

B 6 Teu-PolB [z T PCR BYR 8 K it £ 1% 5 AN E

Figure 6 Determination of the sensitivity and salt tolerance of Teu-PolB in PCR. PCR was performed to
amplify a 2 kb ADNA fragment using optimal reaction buffer with different amounts of ADNA (A) or different
salt concentrations (B). Lane M contains DNA molecular size markers (1 kb DNA Ladder Dye Plus, TaKaRa

# 3426A).
Extension M 65 68 70 72 M 65 68 70 72 Extension M 2.0 2.5 3.0 3.5 4.0
temperature (°C) time (min)

7 Teu-PolB A7 PCR & & JT iR & 5 1T (HiE &

Figure 7 Determination of the optimum extension temperature and extension efficiency for Teu-PolB. (A) PCR
was performed to amplify a 2 kb or 4 kb ADNA fragment using optimal reaction buffer. (B) PCR was performed to
amplify a 4 kb ADNA fragment under optimum extension temperature and optimal reaction buffer. Lane M
contains DNA molecular size markers (1 kb DNA Ladder Dye Plus, TaKaRa # 3426A).

2.7 Teu-PolB 5R M1t DNA B &5HHY PCR
T4 BE bL 3

R AL Taq. Pfu DNA RGHES
Teu-PolB 7EAS[A] ADNA ¥ E T (0.2, 0.5, 2.0,
5.0 ng) P34 4 kb A B, W TES ARV S
Wl ) RERAE R S bl ik AT, LUK PCR
FOWAPERE. 45N 8, AHIRINE] N Tag DNA

&: 010-64807509

KRG W PCR 97157 i W] B 58 T Teu-PolB Al
Pfu DNA B4, Teu-PolB K 1 p= f i i T
Pfu DNA R4, T Pfu DNA JA {7 E
JEL Tag BEm 8 5, PRIMCASHIT 5% 6 HUOR B RS 5
i) Pfu DNA R & fil Teu-PolB X b PCR {1
JE o MFZ5 R I3 3, 76 10 MHBE MCS [7511Y
Bk Ck B DNA BA Y 18 7)), Teu-PolB
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Taq Teu-PolB Pfu
ADNA/(ng) M 0.20.52.05.0 0.2 0.52.05.0 0.20.5 2.0 5.0

4 kb

E 8 Teu-PolB 5@ Mk Tag. Pfu DNARE
R PCR EREIR 3T LE

Figure 8 Comparison of PCR extension efficiency
with Teu-PolB, Taqg and Pfu DNA polymerases.
PCR was performed to amplify a 4 kb ADNA
fragment under optimal reaction buffer or the buffer
supplied by the manufactures. Lane M contains
DNA molecular size markers (1 kb DNA Ladder
Dye Plus, TaKaRa # 3426A).

%3 Teu-PolB 5@ mik Pfu DNA B&HEEA PCR

REEX L
Table 3 Comparison of Teu-PolB and Pfu DNA

polymerase fidelities using DNA sequencing
method

DNA polymerase Teu-PolB Pfu

MCS deletion 10 clones 10 clones

Total reading size (nt) 26 290 26 290

Mismatch (nt) 4 5

Insertion or deletion (nt) 0 1

Error rate® 1.52x107* 2.28x107*

*: error rate=error nucleotide (nt)/total (nt).

PR B R R T A MR, (REAE
6T Pfu DNA REGBEH 5 DA RRALERAZ
3 Wik

TEAM I, ATk . RBIFaife T
Thermococcus eurythermalis A501 ) B FKJK
DNA R0, FExtHg2RES PCR N
1Tt . 43R5, Teu-PolB [A]ATHA DNA
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BAEWEM 3'— S ERIMIIBEE P, 5 H A AER T
FHY B 515 DNA RE B % B TE 98 CHE
HE A2 R 2 h, IR R, AT T PCR
P 1 DNA.

A 18 1 5 I AR ZR BB 8 die A RIS bk 4
61, T LS 28 w41 A PCR 5008 3 1)
KRN Z— o BRILZ S DNA BIAR M | ZEfh
T B2 DA B 3 il 390 S5 1 2 I R 2552 i ] DNA
RO IMEALEE S . AW LG hiih pH
{1 Mg® 252 Teu-PolB 34 B M il f T 2
P2 Jrf pH 328 PASARCIR A FI 6 14 1 >
T 5% PCR 2 3%, Teu-PolB K PCR fi& pH
o 8.0. A KEENEIE Mg, %8 T DNA
RATHGE R 2 T, SRR PRGN
MgClL, B}, PCR W ANREIEH 4T, FEARE PCR
FL R, Mg R B — % 0.5-2.5 mmol/L,
Teu-PolB A fizili Mg” W & 4 2.5 mmol/L. #H%:
FIA R I DNA RAEHE, Teu-PolB 9
(2 SO (10 e =0 1 A NN =R N = N
G AR AR BT ). Teu-PolB Y
ESEMIREE N 68 C, HA{ERMRAEN 0.5 ng
ADNA FRhY 1 2 kb HA R B, Ehift B ik
#] 120 mmol/L ] NaCl, ff B % & T Pfu DNA
REWHA RS MEMEA, 2Ll 2 kb/min 4
W 4kb HM R B, BA RN,

REFERENCES

[1] Burgers PMJ, Koonin EV, Bruford E, et al. Eukaryotic
DNA polymerases: proposal for a revised nomenclature.
J Biol Chem, 2001, 276(47): 43487-43490.

[2] Garforth SJ, Domaoal RA, Lwatula C, et al. K65R and
K65A substitutions in HIV-1 reverse transcriptase
enhance polymerase fidelity by decreasing both dNTP
misinsertion and mispaired primer extension
efficiencies. J Mol Biol, 2010, 401(1): 33-44.

[3] Hiibscher U, Ebrary I. DNA polymerases discovery,
characterizations and functions in cellular DNA
transactions. Agric Biol Chem, 2010, 53(12): 3251-3256.



S SBEMHE Thermococcus eurythermalis A501 4713 B K% DNA BEENENLISER PCR KB

(4]

(11]

[13]

[14]

Langhorst BW, Jack WE, Reha-Krantz L, et al. Polbase:

a repository of biochemical, genetic and structural
information about DNA polymerases. Nucleic Acids
Res, 2012, 40(D1): D381-D387.

Sarmiento F, Long F, Cann I, et al. Diversity of the
DNA replication system in the archaea domain.
Archaea, 2014, 2014: 675946.

Guy L, Ettema TJ. The archaeal ‘TACK’ superphylum
and the origin of eukaryotes. Trends Microbiol, 2011,
19(12): 580-587.

Martijn J, Ettema TJ. From archaeon to eukaryote: the
evolutionary dark ages of the eukaryotic cell. Biochem
Soc Trans, 2013, 41(1): 451-457.

Rogozin IB, Makarova KS, Pavlov YI, et al. A highly
conserved family of inactivated archaeal B family
DNA polymerases. Biol Direct, 2008, 3: 32.

Makarova KS, Krupovic M, Koonin EV. Evolution of
replicative DNA polymerases in archaea and their
contributions to the eukaryotic replication machinery.
Front Microbiol, 2014, 5: 354.

Chien A, Edgar DB, Trela JM. Deoxyribonucleic acid
polymerase from the extreme thermophile Thermus
aquaticus. J Bacteriol, 1976, 127(3): 1550-1557.
Pavlov AR, Pavlova NV, Kozyavkin SA, et al. Recent
developments in the optimization of thermostable DNA
polymerases for efficient applications. Trends Biotechnol,
2004, 22(5): 253-260.

Lundberg KS, Shoemaker DD, Adams MWW, et al.
High-fidelity amplification using a thermostable DNA
polymerase isolated from Pyrococcus furiosus. Gene,
1991, 108(1): 1-6.

Kong H, Kucera RB, Jack WE. Characterization of a
DNA polymerase from the hyperthermophile archaea
Thermococcus litoralis. Vent DNA polymerase, steady
state kinetics, thermal stability, processivity, strand
displacement, and exonuclease activities. J Biol Chem,
1993, 268(3): 1965-1975.

Southworth MW, Kong H, Kucera RB, et al. Cloning of
DNA
hyperthermophilic marine archaea with emphasis on

thermostable polymerases from

Thermococcus sp. 9 degrees N-7 and mutations
affecting 3'—5' exonuclease activity. PNAS, 1996,
93(11): 5281-5285.

M, Nishioka M, Kakihara H, et al.
Characterization of DNA polymerase from Pyrococcus

Takagi

: 010-64807509

(18]

[19]

[22]

(23]

sp. strain KODI1 and its application to PCR. Appl
Environ Microbiol, 1997, 63(11): 4504-4510.
Cambon-Bonavita MA, Schmitt P, Zieger M, et al.
Cloning, expression, and characterization of DNA
polymerase [ from the hyperthermophilic archaea
Thermococcus fumicolans. Extremophiles, 2000, 4(4):
215-225.

Kim YJ, Lee HS, Bae SS, et al. Cloning, purification,
and characterization of a new DNA polymerase from a
hyperthermophilic archaeon, Thermococcus sp. NA1. J
Microbiol Biotechnol, 2007, 17(7): 1090-1097.

Cho SS, Kim KP, Lee KK, et al. Characterization and
PCR new high-fidelity DNA
polymerase from Thermococcus waiotapuensis. Enzym
Microb Technol, 2012, 51(6/7): 334-341.

Kwon KM, Kang SG, Sokolova TG, et al
Characterization of a family B DNA polymerase from

application of a

Thermococcus barophilus ChS and its application for
long and accurate PCR. Enzyme Microb Technol, 2016,
86: 117-126.

Zhao WS, Xiao X. Complete genome sequence of
A501,
piezophilic hyperthermophilic archaecon with a wide

Thermococcus eurythermalis a conditional

temperature range, isolated from an oil-immersed
deep-sea hydrothermal chimney on Guaymas Basin. J
Biotechnol, 2015, 193: 14-15.

Blanco L, Bernad A, Blasco MA, et al. A general
structure for DNA-dependent DNA polymerases. Gene,
1991, 100: 27-38.

Braithwaite DK, Ito J. Compilation, alignment, and
phylogenetic relationships of DNA polymerases.
Nucleic Acids Res, 1993, 21(4): 787-802.

Wong SW, Wahl AF, Yuan PM, et al. Human DNA
polymerase alpha gene expression is cell proliferation
dependent and its primary structure is similar to both
prokaryotic and eukaryotic replicative DNA polymerases.
EMBO J, 1988, 7(1): 37-47.

Zhang LK, Kang MY, Xu JJ, et al. Archacal DNA
polymerases in biotechnology. Appl Microbiol
Biotechnol, 2015, 99(16): 6585-6597.

Daimon K, Ishino S, Imai N, et al. Two family B DNA
polymerases from Aeropyrum pernix, based on revised
translational frames. Front Mol Biosci, 2018, 5: 37.
Lindahl T. Instability and decay of the primary
structure of DNA. Nature, 1993, 362(6422): 709-715.

(ADE9 BT

B<: cjb@im.ac.cn

819




