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51.50 U/mg); #|%& & B Factor Xa ¥1f2 MBP /24 /5, MA L EQMLE HHARS, 4 5% 258.13 U/mg
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Abstract: To establish a prokaryotic expression and purification protocol for nuclease P1 (NP1), we first obtained a
synthetic NP1 by splicing 22 oligonucleotides with overlapping PCR. We constructed and transformed a secretory
expression vector pMAL-p4X-NP1 into Escherichia coli host strains T7 Express and Origami B (DE3) separately. Then, the
recombinant NP1 was purified by amylose affinity chromatography, and its activity, thermo-stability and metal-ion
dependence were investigated systematically. The results indicated that the expressed fusion proteins MBP-NP1 (Maltose
binding protein-NP1) existed mainly in soluble form both in host strains T7 Express and Origami B (DE3), but the specific
activity of recombinant protein from Origami B(DE3) strain was higher than T7 Express strain (75.48 U/mg : 51.50 U/mg).
When the MBP-tag was cleaved by protease Factor Xa, the specific activity both increased up to 258.1 U/mg and 139.2 U/mg.
The thermal inactivation experiments demonstrated that the recombinant NP1 was quite stable, and it retained more than 90% of
original activity after incubated for 30 min at 80 °C. Zn®" (2.0 mmol/L) could increase enzyme activity (to 119.1%), on the
contrary, the enzyme activity was reduced by 2.0 mmol/L Cu?" (to 63.12%). This research realized the functional expression of

NP1 in the prokaryotic system for the first time, and provided an alternative pathway for NP1 preparation.

Keywords: nuclease P1, prokaryotic expression, affinity purification, thermo-stability

¥R P1 (Nuclease P1, NP1, EC 3.1.30.1)
e — PR ARRE S 1Y 70 i B EE RNA R DNA (AR
fiff, 1961 4F H AR FK Kuninaka 55 B IR MAE
%% Penicillium citrinum T.f4r 253750, NP1 2
B 270 P FERRIREA N E A, T Nas
W BB (Cys72-Cys217 F1 Cys80-Cys85), 43
TRIEA 4 N-BEFEALAT S (Asn92, Asnl38,
Asnl184 F Asn197)°1. 1991 4 Volbeda 25 /] X
SHAANTHNERTS 70PN 2.8 A (1) NP1 ShikZ
4151998 4F Romier Z3K75 T /-#1% N 1.8 A 1Y
NP1 5K RIYIE AR RS, Sk
W1, NP1 myfifbrca kb F—24pd, 8 34>
Z SRR T AL C I E AN K
PEARFESE , A2 5 R TP IR 1Y iR

BIRZE G o HoA B B T 456 XS = 2254 [R] i
¥t 2 M KT & Bacillus cereus F.1 g i C
(Phospholipase C, PLC) FEHHIMY, NP1 5%
ith&F Aspergillus oryzae C.I%J Nuclease S1 [f]{,
Je 3~ 49.3% , EATIAJE S1-P1 Nuclease
E AR, pfam BRI S1-P1 Nuclease %8
G HHTA 482 A0, BEATR A 240 R [E 1) &
W Y. RAEAEY) . AR R RS

NP 1 LA A R T T A L 0 ),
REXGBAEERY RNA Mk S'-FRAF ™, i 5'-
BRI N HAT A W A B 24 R R A5
2 AR BEZ )T, 5'-AMP 254 2'-C-methyl-
adenosine Fll 7-Deaza-2'-C-methyl-adenosine .

5'-GMP 2Bl 2'-C-methyl-guanosine 7E{KSMEE
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SEZUINHI N AT R 7 (Hepatitis C virus) RNA
(2 10T s -CMP AT T o s T R
CTP. BHEMa . RN Y, 5-5A% 1T
P2 175 A BB 35 AR 25 90 © L) T 1Y
P R T, 5-IMP Al 5'-GMP
Je R ek R dn 5-IMP Al
RSB, F N 5'-GMP n] {6 5 re AR B SE
T LR . 5" AT BRI A6 7 B A 35 24K T
fifik, PR NP1 B/ sR & H 258 m .

NP1 7ERFRASE TP N L H #5792, F&
M T 1) PRGSO FE RN L b, £
5 RNA B9 H A1 (RNA G546 3004105 2) &
Fraifbad B b m e £ 3) DNA 1%
Bl AR NP1 76 t(RNA K14 28 3L A 4
B INFNEE BRI D5 28R B T DNA
e sl Uva BRI IS Z SR n
DNA i [a] S B¢ 14 2 - 2 ). DNA & 1B/
T 2/-XMP [ 5 55 7 T 98 rh o R 4% T
SRR,

H A T A ST e i FH Y NP1 H5d ik
B A P citrinum R RERIA, Tl H X2l 2
SREAR, M5 R E e o, et
HEUE . BT RSB 2D AR . AR
RN TREFEORA TAA NPL JEHFA
KIGFFHE , R R aifb ks 5o feoe B P
EZH NP1, MHFFRHIEAIE NP1 By 3RAT4efit
T—H R

1 MREFE

11 #
KIGFF A # K Turbo, T7 Express, Origami
B(DE3) b A& S % AR AF 5 45 W R I8 AR
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PMAL-p4X | R#E# M Quick Ligase, AT
Deep Vent DNA Polymerase . R il P N V)
EcoR I #1 Pst1 . #K 1/ Factor Xa. Amylose
Resin JlJ | NEB AH]; 5okl DNA /)i S Bl
SOANEE N TSR & W ) Axygen 28 Al ; Tag DNA
Polymerase W4 bt e 20 A F] 5 TERE (RNA
W [ Invitrogen A w5 HABHIA A sk E -
B [EL
1.2 Ak
1.2.1 NP1 ZERFEE R

#HE GenBank "' NP1 Z 4% /751 (GenBank
Accession No. AAB19975), i1 pl~p22 1t 22 B¢
FEAZAFRR (R 1), A B pl A47% EcoR 1 BV A%,
FHAR R B2 [a] 9 38 73 B b

KHEZ AN PCR, i@ FIFE Y HE3K45 NP1
HH (E 1), %% PCR IR : LU p2~p7 N
Bt , LA pl # p8 A5 |Wd k4T P1 B LA
p8~p21 Ak, LA p7 Fl p22 M51H1Y kS P2
FrBt. S5 PCR RN : DL PLAI P2 Bl
Bitl, Dhpl Al p22 51 Y4 B4 NPL BE[A
PCR W AEFH N : 94 CHIAEYE 2 min; 94 C
1 min, 55 °C 1 min, 72 ‘C 1 min, 30 Mg ; 72 C
FEH 7 min,

NP1

El1 NP1EEHEREHE

Fig. 1 Schematic diagram of splicing process of NP1.
Dashed arrows represented primers for fragment P1, P2
and NP1.
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1.2.2 pMAL-p4X-NP1 &k p# g

PIEZ (P PCR R1F A NP1 JE[H | B
M, Phpl. NP1-PstI-R A5[¥ (& 1) ¥ 454545
W43 9405 EcoR 1 1 Pst 1 41,549 NP1 B,
PCR F=4Jist MU % i EcoR T F1 Pst T XUE&ET],
H 4 R B S R XD ) pMAL-paX #4454 12

#1 AT NPLEESHHBEZREERFT

R Y)AL E. coli Turbo FRk, PRI vERE
T PCR FIBURIBGY) S , %8 IEH I POk 2k
TAY TR (1) AR EI0FHEE.
1.2.3 E4H NP1 BHE 7 B

¥ 100 uL JEPIIAET (50 uL 5 g/L RNA %
W . 50 pL 0.03 mol/L pH 5.3 BEFRENZE vhilk (&

Table 1 Sequence of oligonucleotides for NP1 gene synthesis

Oligonucleotide
name

Oligonucleotide sequence (5-3")

pl TTCAGAATTCGCTGGTTGGGGTGCTTTGGGTCATGCTACTGTTGCTTACGTTGCTCAAC
p2 TACCTTGAGCCCAAGAAGCAGCTTCTGGAGAAACGTAATGTTGAGCAACGTAAGCAACA
p3 CTGCTTCTTGGGCTCAAGGTATTTTGGGTTCTTCTTCTTCTTCTTACTTGGCTTCTATTG
p4 ACCAGCAGAAGTCAATCTGTATTCATCAGCCCAAGAAGCAATAGAAGCCAAGTAAGAAGA
pS ACAGATTGACTTCTGCTGGTAAGTGGTCTGCTTCTTTGCATTTTATTGATGCTGAAGATA
po ATCTCTTTCGTAATCAACGTTACAGTTAGTTGGTGGGTTATCTTCAGCATCAATAAAATG
p7 ACGTTGATTACGAAAGAGATTGTGGTTCTTCTGGTTGTTCTATTTCTGCTATTGCTAACT
p8 TCAGAAGACAAAGAAGAATCAGAAACTCTTTGAGTGTAGTTAGCAATAGCAGAAATAG
p9 GATTCTTCTTTGTCTTCTGAAAACCATGCTGAGGCTTTGAGATTTTTGGTTCATTTTAT
pl0 GCGTAAGCCTCATCATGCAATGGTTGAGTCATATCACCAATAAAATGAACCAAAAATCTC
pll GCATGATGAGGCTTACGCTGTTGGTGGTAACAAGATTAACGTTACTTTTGATGGTTACCA
pl2 TTGTGGCATGTAAGTATCCCAATCAGAATGCAAGTTATCATGGTAACCATCAAAAGTAAC
pl3 GGGATACTTACATGCCACAAAAGTTGATTGGTGGTCATGCTTTGTCTGATGCTGAATCTT
pl4 AGTTACCAGATTCAATGTTTTGAACCAAAGTCTTAGCCCAAGATTCAGCATCAGACAAAG
pls CAAAACATTGAATCTGGTAACTACACTGCTCAAGCTATTGGTTGGATTAAGGGTGATAAC
plé CAGAAGCCCATCTAGTAGCAGTAGTAATTGGTTCAGAAATGTTATCACCCTTAATCCAAC
pl7 GCTACTAGATGGGCTTCTGATGCTAACGCTTTGGTTTGTACTGTTGTTATGCCACATGGT
pl8 AGTAAGTTGGGTACAAATCACCAGTTTGCAAAGCAGCAGCACCATGTGGCATAACAACAG
pl9 GATTTGTACCCAACTTACTACGATTCTGTTATTGATACTATTGAATTGCAAATTGCTAAG
p20 GAATTTCGTTAATCCAGTTAGCCAATCTGTAACCACCCTTAGCAATTTGCAATTCAATAG
p21 GGCTAACTGGATTAACGAAATTCATGGTTCTGAAATTGCTAAGGCTGGTCATCATCATC
p22 GAGTGCGGCCGCTTAATGATGATGATGATGATGACCAGCCTTAGC

NP1-Pst I-R AAAACTGCAGTTAACCAGCCTTAGCAA

Note: the underlined bases in p1, NP1-Pst I-R represent ECOR I and Pst I cutting site respectively.
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10 mmol/L ZnS0,)) 4 25 uL E#KIES), 70 'C i
% 15 min, LA 250 pL #RRUIVER , vK¥ 20 min
J& 4°C. 5000 r/min &> 10 min, FIXGEAKHK
TEBR BB E ODoeo (o LAAS IR 1)
SRR R IR, 7E L3R ST o A i A%
TR HLTE 260 nm AL WEOGIE 2 (H R 1.0 B E S
— AN T B P

124 BEHERRESAML

P H AR pMAL-p4X-NP1 $44L TSS-1k ]
% B9 T7 Express 1 Origami B(DE3) &3z 40
M, Phykraike, SMEERR T LB RIBEE M
J-BE AR R B R S0 28 CHI 20 CHEFRIE
8h 5 ELDWUR TR, B RS B O U I
W, ERIE FIER S T KA R IR R E N
20 'C, IPTG ZWkFEEBE N 0.5 mmol/L, F3HrA
i A 2h, 4h, 6h, 8h. 10 h) S
PEMARAL, MBI 2 S FE S S ], 308 i Tl
JE 20 °C, Y 8 h, S-HT AR IPTG
(0.25. 0.5, 0.75. 1 mmol/L) X iy Pk A 520
N E FefE: IPTG i S % .

TERE AR SR T AT 8k, R
G2, ISR A Amylose FHHEATIEH
EHrE, AU RS EE IS ER
2% D sE i G250 IRt alifb 3R pyml & H A ik
FiEst, M 50:1 (09 L BN Al G B P R G
Factor Xa iR, 4 Cid iVl Pk MBP #r%.
KHH 15% SDS-PAGE Xf &M . Al &N .
AiAeSE Rl G 1 SR LB MBP FRZE Y H iR
AT IR,

1.25 E4H NP1 BT E P FTE TR A

I 5E HE2H NP1 YRR E PR, H A 100
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BT 55°C., 65T, 70°C, 75°C. 80°C. 90 C
1100 CHYEIE 30 min, FRAEHE 1IN E 2%
1.2.3, ¥ BETs H1BEh 100% o

Br &k E R 2.0 mmol/L A &R 7
(Zn2+\ C02+\ Cu2+\ Ni2+\ Mg2+\ Fez+\ anrﬂI
Ca®) SHEMAEMIRE, 25 CHHIE 30 min J5,
FRAHEE TIE S % 1.2.3, A IMNIN4 &8 & 7t
FA) it % )R 100%

2 ZR

21 NPLBATAM

K PP T A AR PCR BHESRAE NPLIEN
B—forh, HSEMY Y plp8 KGR/
320 bp I HFRA B PL (B 2 55 1 3kif), i
p7~p22 3R K/IN) 620 bp B H AR B P2 (K 2
Hsf 2 Jkil) . DL BE PL AT P2 BRI TER —
Y HETRAS 850 bp NPL L - BE (& 2 %58 3 3k
i), SR —.

kb M 1 2 3

6.0
3.0

1.5

1.0

0.5
0.3

2 EEEH PCR FHIRYE KN

Fig. 2 Products of overlaping PCR by agarose gel
electrophoresis. M: 2-log DNA ladder; 1: amplified
fragment P1; 2: amplified fragment P2; 3: amplified
fragment NP1.
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2.2 pMAL-p4X-NP1 £k H#3E

FRAFH) NPL FBEZs EcoR 1 Fi1 Pst [ XU,
SRJE 5 AR SR T AL BRAYS pMAL-p4X #4412,
4G T H A pMAL-p4X-NP1 (/& 3A), HELHE
&2 EcoR T FI Pst T XTI HEE T FilH H (1) 7 Bt
(& 3B). 7EZEMAF, NPL RS R %
PR AN (MBP) 43X, Wi 2 [E]
fiff Factor Xa 1R I 25 gt ¥ 51

2.3 NPl@BESEBFREFHRIML
2 AR5 1k T7 Express 1 Origami B(DE3)

A Nde 1 Factor Xa EcoR 1

Pst1

> i:
—P.H MBP }F-{ NPI

3 pMAL-p4X-NP1 ERF K FEE RWNEEILEE

HRRIA S HIL (28 CHI 20 C, IPTG &k N
0.5 mmol/L), 28 CifF KB MM A& EH
MBP-NP1 Ak 2 B4 5 17 20 ‘CHRAS A E L
EEAEM. BEN 20 T, IPTG KWE N
0.5 mmol/L B}, T7 Express ¥k S0}
] 8 h, Origami B(DE3) bk i fix fE17 S i
6]} 4 h (8 4A). IREEHR 20 °C, 5 [E] 5355
4 8 h Al 4 h, T7 Express [ #£ fil Origami B(DE3)
WM AE IPTG RN 0.75 mmol/L
(Kl 4B),

B kb
6.0
3.0

1.5

1.0
0.8

0.5

Fig. 3 Schematic diagram and double digestion of recombinant plasmid pMAL-p4X-NP1. (A) Schematic diagram of
pMAL-p4X-NP1. (B) Identification of recombinant plasmid pMAL-p4X-NP1 by double digestion. M: 2-log DNA

ladder; 1: pMAL-p4X-NP1 digested with ECOR [ and Pst I .

A [ 1T7 Express strain

3 - [1Origami B (DE3) strain
- L
22 L=
z = =
1= ]
g
.8
é i
&)

0

0 2 4 6 8 10
¢ (h)

B 4 AREIFSHEF IPTG iKE X EEE AR

B [1T7 Express strain
[ ]Origami B (DE3) strain

4r e
_ T
£
5 - = -
oy
2oL
3 2
=
g
S
=
m

0

0 0.25 0.5 0.75 1
IPTG (mmol/L)

Fig. 4 Effect of time and IPTG concentration on the enzymatic activity. (A) Time. (B) IPTG.
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2.4 MBP-NP1 &S ERR L SEENE
e WS T TR R P B B S 0, TEIROH
Amylose EMZHTHE4lfL, @A HH MBP-NPI
Uy F 82Kk 71 kDa, Ht NP1 K 29 kDa,
MBP & 42 kDa) 7£ T7 Express (& 5A) Fl
Origami B(DE3) Ktk (18 5B) #B153I3KIA,
HH LI A7, AN Factor Xa i)
fill G 85 1 5Bk MBP R85 315 NP1, BIG e
Rl & B T7 Express F1 Origami B(DE3)
BRIRTS Y MBP-NP1 il & 8 H HA —E WG
fity U] 25 B MBP bR%s S5 LLiE ¥ M, h
139.20 U/mg F1 258.13 U/mg (3 2). Ying 2538 i
PASYE | MR . BREREDIE . ARSEIIR R Z

Akba M 1 2 3 4 5
80

58
46

30

23

B 5 ELHEHB NP1 RiERL{LAY SDS-PAGE 74

M. B AR E TR R RS Z AT N 1 LA
# P. citrinum AR ESAE 1.5 mg KK
NP1, TG S0 1264 Umg, ABESE3R1SHY
HAL NP1 B LLTE 29 RER NP1 Y 1/5; (Hil T
PN = TN R A R i T
PR RlG 8RB AEA R 43 B T EA 9.65 mg/L F
6.30 mg/L,

25 E4H NP1 RYHAGAEM

H&E 6 FTLLE Y, LA 55 C~80 CilH
PIPRFE T8 MR AREE 77, 80 CHRIA 30 min /5
TRHE 90% LA BT 1. B IR R4k Se Tt
AR AT WA R, ILEA] NP1 5 AR
L, TE 55 'C~80 ‘Cyu N HA B hr i da ek

B kba M 1 2 3 4 5

175—

58—

Fig. 5 SPS-PAGE analysis of recombinant protein NP1. (A) Purification of the recombinant protein from T7 Express
strain. (B) Purification of the recombinant protein from Origami B(DE3) strain. M: prestained protein marker; 1:
un-induced control; 2: total protein induced with IPTG; 3: soluble protein induced with IPTG; 4: recombinant protein
purified by amylose column; 5: recombinant protein cleaved by Factor Xa.

*2 BHEEBFMRA NPLHIEEE LR
Table 2 Comparison of specific activity of recombinant protein and native NP1

Protein Vectors Strains Activity (U/mL) Protein (g/L) Specific activity (U/mg)
MBP-NP1 PMAL-p4X  T7 Express 33.50+0.13 0.65 51.50+0.21
NP1 (cleaved) pMAL-p4X T7 Express 40.37+0.08 0.29 139.20+0.27
MBP-NP1 pMAL-p4X  Origami B(DE3) 31.70+0.02 0.42 75.48+0.06
NP1 (cleaved) pMAL-p4X Origami B(DE3) 49.04+1.08 0.19 258.13+3.71
NP1 (native) / P. citrinum / / 1264128

http://journals.im.ac.cn/cjben
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26 EHANPLHIEESEFRB4E

B i 78 2 B [R) 1Y) 4 5 1 X 4R NP1
A S SR . ARSI EE AR 2.0 mmol/L
Zn*", Co*"Fl Fe* Xt E 4 NP1 A ad e, Horp
Zo* POE A P 9 W] 2 . 2.0 mmol/L Ca®*, Mn®",
NiZ* . Mg il Cu® % NP1 45 A [l B (30 442
L, Horp cu® R ImHIE BN R (8 3),

150 1

wot T oy o o

Relative enzyme activity (%)
W
S

NINERENERESE NN

55 65 70 75 80 90 100
Temperature (°C)

6 EH NPL BRI EM
Fig. 6 Thermal stability of recombinant NP1.

#3 AREEEBEFI NPLEMERI M
Table 3 Effect of different metal ions on specific
activity

Metal ions (2.0 mmol/L) Relative specific activity (%)

Control 100
Zn*" 119.07£1.32
Co*" 112.39+0.42
Fe*" 108.1142.00
Ca*" 93.03+0.77
Mn?* 84.97+0.70
Ni?* 76.72+0.48
Mg** 74.51+0.64
Cu* 63.12+0.50

3 Wik

ARSI T pMAL-p4X-NP1 J3HihI ik
#AAk, FHFIH T7 Express fil Origami B(DE3) B
B, ETIRSCELT NP1 26 KA FF B P I T 235 1
TGP o BEE PRI B Origami B(DE3) &
PR A Y FE 2 B A3 P 5 T T7 Express B Ak
(75.48 U/mg:51.50 U/mg); #F|FH# FIl§ Factor Xa
VIBk MBP A% )5, WiRhE 48 i EHa L
Tb, 435k 258.13 U/mg Fi1 139.20 U/mg. Fl&
I MBP-NP1 HA7 —& WEHE 11, (RS 7E N-
Ui MBP bRZ X M= A T — g s,
I TR K His-tag @l & 76 NP1 B C-oR NS, 253k
ARG B RIS EE M, BB NP1 Y C-K
Ui Xof PRI 5 PR AR E S AR SR FH 30 R
B FRIREA pMAL-p4X, MBP RSN T H
PR TR AT TR, AT SRR I BRAIR T F 4 A
XPE FAMERGE, e T BiREARREE.
FIFHKRIAFTE RS NPL BIBFSE R ARG, 5
Ying ZHEST AOREH RS P. citrinum & EEFI B 4l
TRAI LY, AR IS PAG T 4L NP1 fY LI T
BRI, (MR, difbimfefn, EaE
Al 5k 6.30~9.65 mg/L, H A i w5 1 ok s
TFBt— R RIBROR

KR NP1 W)RM I3 58 42~50 kDa, TR
P S B WR 7 9 4 T 1 B 43 T Uk 29 kDa, iX
J TR NP1 fEAE AL g BY . Ao R
HT KRB RS, 64 4 NP1 N FAE
WAL IS, 5 K9K NP1 AL, HE4H NP1 HHL
TG TTLRHTE 1 20% 2247, Sl B SR AE 1 AT fig
JETE S TR Z —, HAEATE 80 C
JEIA 30 min J5{REE 90% FRASHEIG 11, 90 Cild

cjb@im.ac.cn



1396 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech November 25,2012 Vol.28 No.I1

% 30 min J5U5H 69% M5 ARG 1, BEWE 2
B HEA RAFAT e, HIESE M5 KR
Mo HEHE X AR AR RS B,
2.0 mmol/L Zn*", Co*", Fe*" X ®HEHIH AN
IR BTG, Mn™ . Ca™ . Ni*", Mg™",
Cu T4 AR RE M RIvE A, b Zn® (3%
AR S, W Cu® I A B, X
5 Ying 2RI 45 R A BT AR P,

NP1 ARG R H H &z, 10 H R &
fb NP1 £ 2Ll 575 5 P. citrinum &R, 4l
it B BB A5 SCH T NP1 AE R IE R 5
T D REPER A A Alifl, JFIER] A NP1 A
o T LIS R R A R AR e v, A v Al
NP1 P BRAFHEALE T —ASBr R
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