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Prokaryotic expression and activity identification of DNA
nicking endonuclease PNE45
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Abstract: [Objective] In this study,we attempted to express and purify protein PNE45, which is enco-
ded by gene 45 of Escherichia phage phiV10,and further to identify its function. [Method) Using overlap-
ping PCR,10 codon optimized oligonucleotides were spliced to get a synthetic PNE45 gene. The pET21a-
MBP-PNE45 expression recombinant vector was constructed. The fusion proteins MBP-PNE45 were puri-
fied by Amylose affinity chromatography,and activities identifyication was carried out using pUC19 as sub-
strate in Mg?® and Mn®" respectively. [Result] MBP-PNE45 was soluble,and the percentage of fusion pro-
tein was up to about 35%. PNE45 exhibited random DNA nicking activity in Mg®" buffer, while also count-
er nicking activity in Mn*" buffer. [Conclusion) The novel random nicking endonuclease PNE45 was ex-
pressed, purified and functionally identified.
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Table 1 Oligonucleictides sequences for PNE45 gene synthesis
I 51 2t 55 —>3")
Sequnce No. Sequence

pl CAGTGAATTCATGCGCAAACAGATCCAGGCCCTGGGTCG
p2 TGCAGATTCCGTTTTATTCATCTGACCAGTTTTCAGACGACCCAGGGCCT
p3 TGAATAAAACGGAATCTGCATACTGCCAGCACCTGGAACAGCGCAAACGTGCCGGTG
p4 CGCAGTTTGATGCCTTCGAAACGGTACCACGCGACTTCACCGGCACGTTTG
pS AAGGCATCAAACTGCGCCTGGCTGACAACACCTTCTACACGCCAGACTTTGCC
p6 CTTCGTGCAGTTCCATTTCACCCGTCGCCAGCATCACGGCAAAGTCTGGCGT
p7 AAATGGAACTGCACGAAGTAAAAGGTTTCTGGACTGATGATGCCCGTGTCAAAAC
p8 GATAATACGGAACGGGTACTGGTCGGCGGCGACTTTAGTTTTGACACGGGCAT
p9 CAGTACCCGTTCCGTATTATCGGCGTGACCGTTAAACCGAAGAAAGCTGGTGGCGGCT
plo CGCCAAGCTTAAAACTCTTCAATGTTCCAGCCGCCACCAGC

o pl.pl0 T RIL AR IE SR EcoR T Al Hind I VI &,

Note: The underlined bases in pl,pl0 represent EcoR [ and Hind [l cutting site respectively.

FIHES PCR £ il o 2 % PCR, ¥ 3% k1%
PNE45 4} Br. % 1 4% PCR (6% H 50 ul.
p2~p9(10 pmol/L) 45 1 pL,pl A1 p10(10 pmol/L)

# 10 pl. 5 X B Buffer 10 uL. dNTP (10
mmol/1)2 pL. B4 Vent (2 000 U/mL)1 pL.%h
I ZE K 2 50 pl, B F K. 94 C filAS 3
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min; 94 ‘CA54 30 s,55 ‘CiB k 30 s,72 °C #Ef# 30
.30 MEF ;72 CHEAR 5 min, 23 2 5 PCR AR K
50 pL:pl fl pl0C10 pmol/L) 4% 1 uL, % 1 # PCR
=Y 10 pL, 5 X &N Buffer 10 uL, ANTP (10
mmol/L) 2 pL, R4 Vent (2 000 U/mL)1 uL,
I ZEIK 2 50 pl, RN FEFF A 45 1 % PCR,

95 2 %% PCR =Wk 17 B B WEE 0 f Uk » [l e B iy 2
KRB ,.4 Hind [l #1 EcoR T S #Y) )5 » A Quick
Ligase % # 3| pET21a-MBP # {4 , ¥4 & & 21 i i
pET21a-MBP-PNE45 (pM-PNE45) , %} H: 17 PCR
Y35 Hind [ F1 EcoR T S YT vk 46 , I 3% 48
KL R A R AT I0)F %58 .

plo

pl p3 p5 p7 po
p2 p4 p6 p8
Bl 1 PNEA5 #:H 8% R K
Fig.1 Schematic diagram for PNE45 gene splicing
1.2.2 +£4% % MBP-PNE45 & &£ 5 shib mmol/L DTT,5 mmol/L MgCl, . &1 43% 0. 125 %
HH R pM-PNEAS 5 A 23k 18 ER2566 322541 Triton-X 1005 [ W 254 37 ‘CHRIA 1 h, i 56 7]
M, N EFRER Q00 pg/mL)BUPE L s, Pk o A EEG AL BE A X RE . HEE D) =4 . T 10 g/ L B

WP TORE , 2 A & &R R R (100 pg/ml) 1y LB
R 37 C M TR 4% 1+ 100 (RFR L e 4
F| 200 mL LB #5550 $2 18 3] ODyo0 2928 0.5, A
IPTG % HZ W 7 0.5 mmol/L.,28 C#S 8 h, HL
PR IR .12 000 r/min B0 5 min, YA R, ITA
20 mL P#75E Wik (10 mmol/L Tris-HCI, 50 mmol/L
NaCl, pH 7. 2) i & 1 B A o 8 P e (B3 400 W,
M 2 s 5 2 s K HEWMK T & E. 4 CTF
12 000 r/min B.0» 20 min B[4 5% . Al Amylose
SEAZMT Ll H b5 1. 122 SDS-PAGE Hi, ik £ 1l
afifbACR . ] Quantity One B i a2 5 5008 494 HL Uk
iR o EARER S BEHN A . difbiE N
H Bio-Rad & 71 5 £ 328 70 DU B 4R 5 A H
ZHIRFHGK 5026, —20 CHM4 T IRAFF.

1.2.3 PNE45 #9BE &M %2 % o R ) i 2 2
FE T U) 20 K% 1 3 Yt T LA A 8 R r) s L i AL 1
L — VR Hb A — 5B U T DA T {5 AR A% BE
SR FRAR B R Y ) 0 SRS R G B 23 DNA J)
LM B A R R PR VR I B 25 B 3 4% . DA B
J5 MR Ry e R E 2% L Ak R U0 220 AR BB 4%
G (B Rl R Rl B E DA SO R VA7) R & I B
BRI — 20 BE AR R N B, R 2R R
PN il AR A 4 J B Mg, Min® ' Al i) B AR O A
FAFEN ORI S 4 A #E Mg® " 5 Mn™ 192 5 F
HEATHEY) R . LA 8 PNE45S 78 2 Fp & T U1 2005
PER 25 . W1 pg pUCLY FORLAE R Y. 709 5
NI JB vk B (2.5, 1. 25, 0.625,0. 313, 0. 156,
0.078,0.039,0.020,0.010 pg/mL) i) PNE45 fiff 7£
Mg 25 N 47 B Y) KON AR &R 2R 20 pl: 20
mmol/L Tris-HCl pH 7. 6, 50 mmol/L NaCl, 2

FEBE I FEAT HL DK (100 V.45 min) 4G Il PNE45 1)
Bl AL 1) 220355 1 A D0 20 67 i X2 D) 20 16 . Min®' &
ST R R VAR RS S0 B R iE RS
mmol/L MgCL #t % 5 mmol/L MnCl, , fif 5t & ik &
9ok 1.25,0. 625,0. 313,0. 156 F1 0. 078 pug/mL,

2 gER 558

PNEAS EEB Y B 5 EHBRK pM-PNE45

HEE
M 2 AT LA L5 1 4 PCR =9 H ik kG A
FNRE SR 4 5 2 48 PCR 2 # K2l 2] T 345 bp
A DNA F B 5 H N K E -3, E4 R
i pM-PNEA45 1) XU U] 45 5 25 1 (8] 3) s, B )
AT T 345 bp WA SIS R — 5, MU %
Jei B S5 R 3% A R TR 8w R AT 2 L R 5 ik
A —5.

2.1

500 bp
400 bp

345
300 bp P

K 2 PNE45 JERH ) PCR 4
M. 2-log DNA Marker; 1. %5 1 % PCR ;=4 ;2. % 2 4 PCR ;=4
Fig. 2 PCR amplification of the gene PNE45
M. 2-log DNA Marker; 1. Products of the first round PCR;
2. Products of the second round PCR
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SDS-PAGE Hi kK il 45 5 (& 4) F B, Rk 4l
fBJ5 A3 T 56 ku fill G & 1 MBP-PNE45, HJp 5
HAR/NGEOTE R B R ER A
LTS EIE 03k 3K . Quantity One B E B 84453

1 M

1000 bp

500 bp
400 bp
300 bp

345 bp

Kl 3 HAIBRL pM-PNE4S (Y 00 ) 45
M. 2-log DNA ladder;1. EcoR T Fil Hind Il
XU L) (4 T 20 O pM-PNE45
Fig. 3 Double digestion identification of
recombinant plasmid pM-PEN45
M. Marker 2-log DNA ladder;

1. pM-PEN45 digested by EcoR 1 and Hind [l

2.3 PNE45 HESTELE

M & 5 AT 7E & Mg® (942 s Wi rh , PNE45
AT ) 2B MR T (1 pUCLY A ik i 22 S U 2 31 IR L 5
HFfi% PNE45 Ji & vk B2 38 mF s i 9 7 b 4
PEBURL . R W] PNE4S & 1 B A U) 208 1 W Y) Bl 15

M 1 2 3 4

Prafk R G B BB 350 A AT . A4
k% B 7 8 A Bio-Rad 8 1 2 238 57 A6 ) 3
JRA e B 45 R R s . 8 R TR RO 29 0 0. 568
mg/mL, B4 29 0.8 mg 1 HFrEH .

& 4 aifbE A EH MBP-PNE45 () SDS-PAGE Hi 3k #: ]
1. M Marker; 2. 4lif )5 M8 M 3. LIHW
(=S 4= FBRE 37 A SO
Fig. 4 SDS-PAGE analysis of recombinant

protein expression
1. Protein Marker;2. Purified protein;3. Supernatant;

4. Total protein;5. Control
Peo BE 6 AL AE S Mn® ' 9 92w TP . PNE4S
T LI BORE E — 2D B SRy /N e B, R I XS AL )
ZIH G VE . A WESE R BRI T PNE4S X% Holliday
junction F LG LA BC S 4 09 U 1035 PR 45 R LB,
PNE45 ANEEHRGIYIE] ik 2 FhEY) .

5 6 7 8 9

P 5 PNEA45 f£ Mg*" 22wl H i it i A6 Ul
M. DNA Marker;1~9. 4354 2.5,1. 25,0. 625,0. 313,0. 156,0. 078,0. 039,0. 020,0. 010 pg/mL PNE45 ] |24
NM.,LM.SM. 4350 91 Z0FRAR L1 LR B8 8 S o 2 ot
Fig.5 Enzyme activity checking in Mg*" buffer

M. DNA Marker;1—9. The enzyme concentration is 2. 5,1.25,0. 625,0. 313,0. 156,0. 078,0.039,0. 020,0. 010 pg/mL respectively;

NM.LM,SM. Indicates nicked,linear and supercoiled plasmids band respectively
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A9 6 B b v I I e iR Al Ak T R AT I v
& phivl0 JE [ 45 45 (%) 8 (1 PNE45, fi fb R84 7
Mras i W oon, 2 — M0y BE ALY 2 NEases, 7E
Mg* " fF 76 41 T . 1% B 25 DNA Ffi HLUJ %1 35 1

MAE Mn®" f2 76 2540 8 o SCE A U) Z0 7 5% 7 U
Z0E b . 5T & B 2 20 %0 A% R I AN TR B O
PNE45 % DNA 9] 2 5 A b HLPE i A7 & 201
2 KU Z R T DNA (Y1 Z0 5B 7 8 55 S ks
PNE45 58 kW 2 25U 20 4% W2 B 77 5 A8 ALl B2 1R
%o E TR & F %K. PNEAS J§ T—13)
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5kb
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i NEases i # i T & DNA ¥ # £ R, HF
UL 5 5 1 U0 20, 3 ) 3% U 2047 s 7E DNA
AWML T S IR P 5] P 1Y, N, Bst-
NBI £ Vent (exo-) DNA Polymerase & i {E IR~
W ARUY, 5 Nt. CviP [ #1 Bst DNA Polymerase |
AR E R B AR . ARBFSEIF & 1 PNE45 2
— R BAT W ) B TR ) 20 R R i R AR Y
BELR 2 )y B AR AN T 20 (DNA shuffling) $7 A&
() DNA fij b 23 v ELAT 8 76 00 i A (B

7 8 9 10

11 12

NM
LM

SM

PNE45 76 Mg®™ Fl Mn®™ 25 f ik o o il 0 1 LU 3%

M. DNA Marker;1~5. Jy Mg?" ZZnhifi &b PNEAS BB 7~11. 5 Mn>" 28 sh i s PNEAS f% g 15 5
6,12. JgxtME:1,7.1.25 pg/mL PNE45 ) %1455 :2,8. 0. 625 pg/mL PNE45 ¥ %145 5H53,9. 0. 313 ng/mL PNE45 Y1 %I45 5
4,10. 0.156 pg/mL PNE45 YJ 2|45 55,11, 0. 078 pg/mL PNE45 §J 2025 5 s NM LM, SM. 435 J U] 20 R 4R e 1 L 8 088 e o 2% i
Fig. 6 The enzyme activity comparison of PNE45 in Mg®" and Mn?" buffer
M. DNA Marker;1—5. The activity of PNE45 in Mg?" buffer;7—11. The activity of PNE45 in Mn?" buffer;6,12. Control;
1,7.1.25 pg/mL PNE45;2,8.0. 625 ug/mL PNE45;3,9.0. 313 pg/mL PNE45;4,10. 0. 156 pg/ml PNE45;
5,11. 0.078 pg/mlL PNE45;NM,LM,SM. Indicates nicked.linear and supercoiled plasmid band respectively
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