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 E: OAXAFEARLA DNA AH#AR, PCR ¥ 45 %M E (Non-specific nuclease, NU) AR, 4% 2|
PMAL-c4X # AR b F 40 & X H K pMAL-c4X-NU. 235 % BLASTN X3 5 R 4T Serratia marcescens A% & B
AR R R 97% . HAME R L HIK pMAL-CAX-NU A KMAFE BL21, 2 IPTG #F5£IT ol &k 78 kDa
0k FAE4E A K G -NU #4-F @ (Maltose-binding protein-NU, MBP-NU), H&&i%5-$ K& &44 37 °C, 0.75 mmol/L
IPTG # % 1.5h. A Amylose resin 464t.132] 7 B #9& & . FHAAN K MBP-NU B4 F Bf 4/ DNA = RNA 497 4,
F237°C. pHBO M EMRK S, thiFH A 1.11x10° U/mg, B ##& & 49430 F T4 10.875 mg/L. #hibeg B4z & 4+ &
EOfEERAL,. 05 mmol/lL L =fw L& (Ethylene diamine tetraacetic acid, EDTA). 1 mmol/L 3k ¥ 3 5% Bt £
(Phenylmethanesulfonyl fluoride, PMSF) vA& 150 mmol/L KCI #f MBP-NU #9 7% #4 JU-F L%k, Btk MBP-NU T4£ 4 &
B Rt i A2 P AL BR 40 B AT AR,

K@ AATAREEE, BARME, BE6Ka, FhAL

Expression, purification and characterization of non-specific
Serratia nuclease in Escherichia coli

Peng Chen, Haiyan Yang, Huijing Li, Longyu Yang, and Xuejun Li
College of Life Sciences, Northwest A&F University, Yangling 712100, China

Abstract: To efficiently produce non-specific nuclease (NU) of Serratia marcescens through recombinant overexpression
approach and to characterize the purified NU. The nuclease gene was amplified from the genomic DNA of Serratia marcescens
by PCR and fused into vector pMAL-c4X with maltose binding protein (MBP) tag. The recombinant vector verified by DNA
sequencing was transformed into Escherichia coli BL21. The expressed MBP-NU was purified through the amylose resin and
its catalytic characters were analyzed. The results showed the NU gene had 97% identities with the reported S. marcescens
nuclease gene and intracellularly expressed in E. coli BL21. The optimal expression conditions were 37 °C, 0.75 mmol/L IPTG
with 1.5 h induction. The purified MBP-NU exhibited non-specific nuclease activity, able to degrade various nucleic acids,
including RNA, single-stranded DNA and double-stranded DNA that was circular or linear. Its optimal temperature was 37 °C
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and optimal pH 8.0. From 1 L culture broth 10.8 mg NU could be purified with a specific activity of 1.11x10° U/mg. The
catalytic activity of NU was not inhibited by reagents such as EDTA (0.5 mmol/L), PMSF (1 mmol/L) and KCI (150 mmol/L)

commonly used in protein purification.
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FIH U STREAMLINE SP., SP Sepharose Big Beads .
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ELREIR . B EIr kAR, T2 B SRR
WA, AN G Al T R A% R L . AL
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T 1) A At T 7 A 1 A0 LAY SR EE M, I E
) smNU H 20 Rk ¥R M AN i i 7 =X, (AR
IRROCREAR, AETHY AT 7= 1.23x10% U Mgl A
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ik, 30 Amylose resin ZlifkiZ 15 3 T BRAR (1)
AfROR, NAE smNU #4310k LL KW FH2S E
TR

1 HBE7 %

1.1 #l
111 HFG IR

28 W SE I RAT W N A S = AR A, RKIG A
BL21 JEz &4 e X & WHEAFRA
Hl . pMAL-c4X #44& % New England Biolabs 23 &) 7=
i, Hr TR/ R 6 645 bp, gnfdZ SERESE S E
1 B K7k 1388 bp.
1.1.2 LA 27

SIS B RS RR N UIEG . T4 DNA iEH2
Witg . &4y F i Marker 214 [ Fermentas 23w .
Pfu Turbo DNA R A& iy Stratagene A & 7= i o
DNA Marker 1 [ K% AW TREA AR HA s
FHAEAR K3 W2 R0 3 oy [ 7 5 oA 4l
Amylose resin i NEB 23 & 7= i o 51406 5% ¥
e BT BB AE YA FRTTE2 F] 98 1
12 A&
1.2.1  RFFE IR A F N1

G smNU B 5L P50 16 a1 . L
5] ¥ NU12-1: 5-GCCGACACGCTCGAATCCAT
C-3', Fii#514% NU12-2: 5'-AGTCGGATCCTCAG
TTTTTGCAGCCCATCAACTCC-3', FiEgl¥sl A
BamH I Wy EFEI7 41 (FRIZFT/R). LA RAT B Y 2
4l DNA AAEHR, #E17 PCR ¥4 . PCR A&
Z M (25 pL): 1xPCR ZE i, 2 mmol/L MgCl,,
0.2 mmol/L dNTPs, 75 ng RT3 [H 4 DNA,
200 nmol/L | Fi#5(4,1 U Pfu Turbo DNA R4
PCR W Z ¥ ly: 95°C 3min; 95°C 20s, 61 C
305,72 °C 1 min, 25 MG ; )5 72 ‘CLEAf 7 min,
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PCR =¥k PCR =49y [l ik ¥ & 4l ik J5 ¥E 47
BamH I fiF 4, ki pMAL-c4X %A Xmn I Al
BamH 1 MUEGYI, WK B ifride 8z, 4™
Y% A E. coli BL21, 274 PCR HiiF > FHM: Y ve
B, PRIBUTURLE AL 5t BB W H R A BR TR A A i
707 2 7€

122 JF94br

0 BT A5 B R B0 4E NCBI 3k (http://www.
ncbi.nim.nih.gov/blast), >&kH BLASTN #4171 4H
I 2R, %02 e 3 [ PR He 8 Clustal X2 72 it
155397 o
1.2.3 MBP-NU @& & F119175 -7 74

W5 F A IE A %) B 41 BB pMAL-c4X-NU % A
E.coli BL21, 37 CH3% 7h g, MITH K¥EFHk.

1) VIR IPTG WX MBP-NU il 2 H
FIRRAFEI Ky RIEFR R 1 0 100 R0 T
LB AR K 5k, 4308 T 24 'C. 28 C, 37 CH;
2 B ODgoo [N 1.0 B, ZM3MA IPTG B4
WEEN 0.5, 0.75. 1.0 mmol/L, #5453 3h, gk
YR K5I, SDS-PAGE Jr#raikigil, & ik
FER 12.5%,

2) i FWEIXS MBP-NU Fill & & 1 &5 &1
SR R ORISR IR W R 1 0 100 2R LB WA
Rigedh, 37 CHiFR ZMIRIE ODgoo fH-M 1.0 B,
IAIPTG U JE Jy 0.75 mmol/L, 75 S0 a] 43 5]
9 0.5.1.5.2.5 #1 3.5 h, WAk 4 15 55 574 , SDS-PAGE
I RIREE R
1.2.4  EFEFINIZE

B4 A 41k 2 % NEB 24 ] pMAL iR 7] &
PEIAHEAT Y, Wb KB R RO T W 10 100 BN T
250 mL LB 3533, 37 CEiF ZH M E ODsgoo
5} 1.0 B, fInA IPTG Z=Z& ¥k J 0.75 mmol/L,
3 EE9E 2 h J5, 8 000 r/min &0 10 min BRI
AT BT 40 mL Z2#M (10 mmol/L Tris-HCI,
pH 7.2) 1, —20 CHtE NG, KR T #E i
f& 20 min, #7522k 30 W, 875 ] AT ] 10 s,
ZLA# A IR 12 000 r/min 2.0 10 min, U4E B3GR H .

FH 8 AR R P22 v (10 mmol/L Tris-HCI,

pH 7.2) F#i Amylose resin £ FIZHrHE, RIEINA
B it I 520 1 U 3k JE AT R AR R TR A 1 4
G, M 10 fEEAEB AR b (10 mmol/L
Tris-HCI, 1 mol/L NaCl, pH 7.2) ¥&2: K454 11
HEH, EaHUERZE i (10 mmol/L Tris-HCI,

10 mmol/L ZZEHE, pH 7.2) Wi, BEMEE
SDS-PAGE #4707, # H 2l EE >k FH] Bandscan %k
AT 537 -

1.2.5 MBP-NU /#5425 117915 14 #2 0

PL 10 Kb 1 bR E BRI, AN ) B 1Y
MBP-NU Xf H A 77K A S g o TG B0 i . 7
37 C4MF 30 min 58 2 [%f# 5 ng DNA (¥ & —
ANBEG A . FEVKIE LS PCR A HINA 3 pL 22
W N (250 mmol/L pH 8.0 Tris-HCI, 0.5 g/L BSA,
5 mmol/L MgSO,), it & MbrEk, —E=Em
MBP-NU, H ddH,O #hsE ZZARF N 15 ul, 1R2],
37 CORIR 30 min. 1% B et M i DK R i S g 45
H . MBP-NU (&4 5124 : 0, 0.25, 0.5, 0.75, 1.0,
1.25. 1.5, 2.0, 3.0, 4.0, 5.0, 10.0U,

LA RNA 1 10 kb bR#EFTR R, 1T
MBP-NU [&f# RNA BEMESCE . WA ZR: 3 pL
SEohE N, o E AR EROR, iR MBP-NU,
A ddH,0 AR 15 L, AT, 37 CHRIE 30 min,
1% By R W Je v VA I 52 1y 235 2R - MBP-NU [ 543
WM. 0. 8, 16, 24, 32, 40, 48, 56 U,

1.2.6 EDTA #/PMSF X/ MBP-NU /7 #4191

FE T 7 AR R 43 50 AN [+ e B ) 40 il 5]
EDTA 1 PMSF, J8%J, 37 CI#i& 30 min, 1%Hifi5
VB J2 FEL ARG ) 52 107 45 5 . EDTA B 43 51 R : 0.
0.5. 1.0, 2.0, 3.0, 4.0, 5.0 mmol/L. PMSF ¥k
BN 0. 05, 1.0, 1.5, 2.0, 3.0, 4.0,
5.0 mmol/L. KRR : 3ul Zopl N, &1
FRAEFTRL, 7.5 U i MBP-NU, & & 59930, whn
A ddH,0 ELAEF 15 pL,

1.2.7 /. pH FIZEAHEEX] MBP-NU 5 #9200

2% 125 MW7k, AAFE0C, 4°C. 16 C,
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24 'C, 37 'C. 52 C. 67 C. 82 C&MFHm
MBP-NU K 5 P , 20 Hr il X MBP-NU ZK i i
MR, H pH 439 3.7, 4.5, 5.6, 7.0, 8.0,
9.0, 10.0 MZ MR RE MR N, 7£ 37 CHKMF
Kl MBP-NU B 7K i 16 14, 438 pH % MBP-NU 7K
T PRSI

RERTER R BE X MBP-NU /K TG PE 520, 2
% 1.2.5 ()5 AE SOV AR R oin A2k B2 5351128 0.
50, 100, 150, 200, 250. 300 mmol/L KCI & NaCl,
37 CAME T Rty 1) K 0%

1.2.8 1L MBP-NU #7245 1 i1 14 19 2 1Y

4l fk 25 (b B S M I 2 2% Cupp-
Enyard® ) k. KEREMA 5 mL 0.65% (W/V)
Wi AR A, 37 "CoK ORI 10 min, filA 2 000 U
(LA, $EA15, 37 CHEHIR M 1 h, RIS
R4S A 5 mL 0.4 mol/L =5 ZBRIE I L4 11
KV o 37 CARBH4kEE AR 30 min, 12 000 r/min
B0 20 min, B EETE 275 nm K AR I E G
DA e T TG T 1) O 2 A8 A S o B, g il
HE 3K,

53 A1 43 B LA dh Ak 1 A v 2R D (Bovine
Serum Albumin, BSA) FIA S5 % 4l fb iY JoHL £
W2 B (pyrophosphatase, PPA) {E N W IEY),
5510 000 U #5149 MBP-NU 7E 37 ‘C &1 T i

bp

2000

1 000
750

500

250
100

1 NUZERFH PCRYE (A) MEHRFIA PCRETE (B)

24 h J5, SDS-PAGE 43#7 BSA Fl PPA H Ik 41 4 ()
1k
1.2.9
HE

AT H# MBP-NU 51§ L) Benzonase (17K
R, 2% 1.2.5 Wik, TERNAKRZR a5 A
SR 1.0, 10 U (R, 37 CAF T R i 7k
1.2.10  Zfi/E MBP-NU /92 5024200

I FREER I MBP-NU %21 14 7K 35 R
A% 5206 25 7E TC ML AR W TR 6 1) B 4 Rk S Al Ak S
1,6 9B FRIAAEA 15 mL 2% (25 mmol/L
Tris-HCI, 50 mmol/L KCI, 0.5% Tween20, pH 8.0)
AT, BRI 1.2.1 Rl PCR PR B
WS h 100 ng/pl, PR B INZMRIE N 0, 1, 5.
10. 15. 20 U/mL & MBP-NU, 37 ‘C&1F T &I
5min, #H Tvk . B2 ul RS % 1.2.1 1S
B AR A N BRIK R

21 MBP-NU 57 2747 /£ Benzonase 4975

2 %

21 R EZERBEZTIESERNEE

DI RAFTE 3L B 41 DNA ik, PCR 7 14 4
M RATHE IR B DNA A B, WLk H7 SR 78
750 bp & FiF —4i 5 DNA A (K 1A), K/ 57

bp

2000

1000
750

500

250
100

Fig. 1 PCR amplification of NU gene (A) and identification of recombinant vector pMAL-c4X-NU (B). M: DNA marker DL2000;

1: PCR product of NU gene.
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gE R, Y YR A G ) pMAL-
cAX # Ak I, 153 F 4] R K AR pMAL-c4X-NU, #
B 2 A8k, Uk PCR #1415 3124 750 bp Ay 5t

FEHKEE B AHE S, marcescens A% it I K 19 [F]
M H 97% , 5 Serratia proteamaculans 568 A%
fif B[R () [R] R 859% . W FH] Clustal X2 5w He

KBt (B 1B), 5HMFEI AR/, IF@mpir R FIIE T I K S S. marcescens % R i hk
(GenBank Accession No. M19495.1) £ 22 ™ &
AN, Gt (2 SERANAE S 12 AR, Al 34 A
F BLASTN ZELRHE VXTIl NU P30 TR SUER TRY24E (B 2).

SLAR M e A IR

22 RIEHEREERFYISH

nu
S. marcescens
Serratia

nu
S.marcescens
Serratia

nu
S. marcescens
Serratia

nu
S. marcescens
Serratia

nu
S. marcescens
Serratia

nu
S. marcescens
Serratia

nu
S.marcescens
Serratia

nu
S. marcescens
Serratia

nu
S.marcescens
Serratia

nu
S. marcescens
Serratia

nu
S. marcescens
Serratia

nu
S. marcescens
Serratia

nu
S. marcescens
Serratia

CCGACACGCTCGAATCCATCGACAACTGCGC-—GGTCGGETGCCCGACCGGCGGCAGCAG
GCAGCACGCCCGGCTTGGCCTTCAGCGACGCCTGCACGLETTCTGGCAAACCGGCCCAGA
sokdokk kk ok k ok ok ekk ok ok ook kX sokkok
CAACGTGTCTATCGTGCHILATGCTTATACGTTGAACAACA-ACAGCACC-ACCAAGTTC
CAACGTGTCTATCGTGCHCLATGCTTATACGTTGAACAACA-ACAGCACC-ACCAAGTTC
TAATCAGCCCGGTGCGC T TCAATTT——CGTTAACCGTTACGCGGTACTGACAAAAATC
*k % ok kk dokkk % ok * ok okk kk bk ok
GCCAACTGGGTGGOQATCACATCACCAAAGACAOi CGGCCAGCGGCAACACGCGCAAC
G
G

GACACGCTCGAATCCATCGACAACTGCGCGGTCgEETGCCCGACCGGCGGCAGCAG

GCCAACTGGGTGG(CTATCACATCACCAAAGACAQGECGGCCAGCGGCAAGACGCGCAAC
GGCGTTTTTCGGGGTHTTTTGATCAA-ACAGAAA(Q CGCATAGTGGTTCACTTCCGGGC
%k sokdok ok odekk kk kdok skekokek *
TGGAAAACCGATCCGG G TCAACLCGGCGGACACGT GGCGCCCGCCGATTACAC G
TGGAAAACCGATCCGGTETCAATLCGGCGGACACICFGGCGCCCGCCGATTACACLEG
TGTTA——TTGATAAAA T ACC CAGTAAGCGC|LG| GGATCGTATGTGCTTTTT G|
ok AHokok Kok ok * % * sk
GCCAACGO CGCTGAAGGTCGATCGCGGTCATCAGGCGCCGCTGGCCTCGCTGGCGGGC
GCCAACGCHCGCTGAAGGTCGATCGCGGTCATCAGGCGCCGCTGGCCTCGCTGGCGGGE
GCC——(G! CAGTTTACCCATATTGCGCTCGTACAGCGG—GCCGGTCACG ————— GTAT
sokok * ok sk skl dkk ko skkk o sk ek ok dkek *
G CICCGACTGGGAATC CIGAATFACCTGTCCAACATCACGCCGCAAAAGTCCGATC
GTTCCGACTGGGAATCGITGAACITACCTGTCCAACATCACGCCGCAAAAGTCCGATC
ACA CGAACTGATGTCT CG!T AATCAGT———— TTGCGTTCCTGATCTTCCAAC
Kk okkok * dkk ok ok ok ok ok ok
AACCAGGGCGCCTGGG G GGCTGGAAGATCAGGAACGCAA*GCTGATCGATCGCGCCGA
AACCAGGGCGCCTGGGUTLGGCTGGAAGATCAGGAACGCAA-GCTGATCGATCGCGCCGA
TGCCCAGGAACCCTGG TCAGGTCGGCCATCTGCGGCGTGATGTTGGAAAGGTAGTTCAG
ok * ok ok ok kdok ko sk ok k dok *
TATCTCCTCGGTCTATACCGTGACCGGGCCGCTGTATGA* GCGAT-———ATGGGCAAA
TATCTCCTCGGTCTATACCGTGACCGGGCCGCTGTATGA-GLGCGAT——-—ATGGGCAAA
CGACTCCCAGTCAGAGACCCCCGCCAAAGAGGCCAACGGCGECTGATGCCCACGGTCGAC
sokdok ok * kokok ok * * ok ok ek * ok ok ok
CTGCCGGGCACCCAGAAAGCGCACACCATCCCCAGCGCCTACTGGAAG—GTGATTTTCAT
CTGCCGGGCACCCAGAAAGCGCACACCATCCCCAGCGCCTACTGGAAG-GTARTTTTCAT
CTTCAGCGCCGCGTTGGCACCGGTGTAATCCGCCGGGATCAGCGTATCCGUCHGGTTCAG
sk ok ok kk ok * dokdk ok ok ok ok ok ok % Hokkok
CAACAA——CAGCCCGGCGGTGAACCACTATGCCGOI[FTCCTGTTCGATAGAAC-ACGCC
CAACAA——CAGCCCGGCGGTGAACCACTATGCCGOCIITCCTGTTCGACLAGAAC-ACGCC
CGCCGGATCGGTCTTCCAGTTGCGCGTTTTGCCAQTEGCTGGCGTGTICETTGGTGATGTG
* %k * ok ok ok Kk * ok delkk ok ok ok k% * %
GAAGGGCGCCGATTTCTGCCAATTCCGCGTGACGGTGGACGA-—GATCGAGAAACGCACC
GAAGGGCGCCGATTTCTGCCAATTCCGCGTGACGGTGGACGA-—GATCGAGAAACGCACC
ATAGGCCACCCAGTTG-GCGAACTTGGTGGTGCTGTTGTTGTTCAGCGTATAGGCGTGGC
sokk ok ok ok okk kk kek ok k ok ok sk ko ok * % okk ok
GGCC———TGAT-CATCTGGGCCG——GTCTGCCGGACGACGTGCAGGCTTCGCTGAAGAGC
GGCC———TGAT-CATCTGGGCCG——GTCTGCCGGACGACGTGCAGGCTTCGCTGAAGAGC
GAACGATTGACACATTGCTGCTGCCGCCGGTTGGGCAAC*CGACGGCACAGTTGTCGATC
sokkkokok sk ko ok ok ok ckk ok ockk ok dekk ok kk o kek Xk
AAACl GCGTCLTGCCGGAGTTGATGGGCTGCAAAAACTGA
AAACUGEGCGTETGCCGGAGTTGATGGGCTGCAAAAACTGA
GATTI \GCGACIICGGCGGAAGCC-TGAGCGGTAAACAGCAG
AHokok * sfokokok sk kk ok kkk ok

2 RITHEKEREE NU 15 H [ R A%ER 7 5 L33

Fig. 2 Alignment of nucleic acids between NU and its homologous sequences. The reading frame of the maturation protein was

highlighted by gray coating.
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2.3 MBP-NU @& E&BRIFESFRIX
SDS-PAGE Z5 B i, 24 IPTG i1 & E 4 %
IR AN TR T KRB RN 78 kDa TR
., 15 5& 4 pMAL-c4X, pMAL-c4X-NU (£
2 IPTG5S) AR TE 0 MA S RIBEARM 15
FHEHARKZEA (B 3). HIEANSTEAN
78 kDa, SHUIE FR/N—3, P MBP-NU fl 4 &
FI SR IB I .
2.3.1 FEHEANPTG #E/Z X MBP-NU i 4 2 1
FEh g 9N
SDS-PAGE Z5 R /R (&l 4), 7€ IPTG ¥ & AH [H]
WA, A R I R X 2 3K et B 3R 174 T T
B AR EEARE B S 0E R, RS 2 AR XS R A
W IPTG W MANE B T REIW AL, 24 CHY
FkmIELAHMIE, 28 CHYEEE N 1.0 mmol/L i 3
KB, 37 CHRPVEESN 0.75 mmol/L I ik &
K. Hrh e 37 CH IPTG ¥ 0.75 mmol/L
AT, RlA R A R A SRk R

—45.0

i 35.0

—— 5.0

- — 184

—— 144

B 3 MBP-NU ifS%kikH) SDS-PAGE 53 #f

Fig. 3 SDS-PAGE analysis of the induced expression of
recombinant MBP-NU. M: protein marker; 1,3,5: induced
BL21/pMAL-c4X-NU, BL21/pMAL-c4X and BL21,
respectively; 2,4,6: uninduced BL21/pMAL-c4X-NU, BL21/
PMAL-c4X and BL21, respectively.
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kDa M 1

23 4 5 6 7 8 910

116.0 — =

66.2— -

45.0 — %

50—

25.0

18.4

B4 ARIFSEEFM IPTG KEX MBP-NU RixER)
AL

Fig. 4 Effects of temperature and IPTG concentration on the
expression of MBP-NU. M: protein marker; 1: uninduced; 2,3,4:
induced at 24 °C; 5,6,7: induced at 28 °C; 8,9,10: induced at
37 °C; 2,5,8: induced with 0.5 mmol/L IPTG; 3,6,9: induced
with-0.75 mmol/L IPTG; 4,7,10: induced with 1.0 mmol/L
IPTG.

2.3.2  FEGHTHIY MBP-NU /il 47 11 7624 2195207
SDS-PAGE Z5 B 7k (1 5), ¥ESME7E 1.5 h
i il 2 1 R ARG 2R 3K 1 A 1y o 15 I ) 5 2.5 h,
FIRERA PR
24 BhEERMLL

W5 R RB R RS T e B0, B
frafifh . gifb & @&
SDS-PAGE #il Bandscan {4/ #rH 4l 93.8%
(I 6), FWE MBP fltG 1Y R FF I kxR i n] i i
Amylose resin #EATE AL, TG T 2k 4f
X A% il e 2 1k T AT 2% 1) 55 i)
2.5 MBP-NU ﬁﬂé%lﬂﬁ@;ﬁ’l‘ih;ﬁw

WF9E % 52 1 O [A] 3% MR vk BE ) MBP-NU Xf
DNA .RNA (7K fiffig 11, anl&l 7 7w o B % MBP-NU
(R EE RGN, DNA (R R 1 im0 . Y
MBP-NU ¥ J¥ 7% %] 10.0 U i}, DNA & 58 2 9P
M & 7B AI%0, MBP-NU A] LLSE 2 f#f# RNA, 4ifk
fl) MBP-NU 9 LL 3 778 1.11x10° U/mg.,

W Amylose resin i
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kDa M 1 2 3 4 5 kDa 1 2 M 3
g
116.0 — 116.0 —
e e
66.2 77 66.2 —1 ) -~
45.0 — 45.0—) -
35.0 —
' 35.0 — -
— T W '-’:
25,0 — [ ':
25.0 — —
18.4 —] . -
1441 .
18.4 — s

5 AREIFSHEX MBP-NU Rik 2RI 0

Fig. 5 Effect of induction duration on the expression of 6 #i{k MBP-NU gt & & B8 SDS-PAGE 43 #7
MBP-NU. M: protein marker; 1-4: induced for 3.5, 2.5, 1.5, Fig. 6 SDS-PAGE analysis of purified MBP-NU. M: protein
0.5 h, respectively; 5: uninduced. marker; 1: induced; 2: uninduced; 3: purified MBP-NU.

bp By M1234567S8
2 000 2000
1 000 1 000
750 750
500 500
250 250
100 100

7 MBP-NU By DNase ;&% (A) #1 RNase i& £ (B) #&i
Fig. 7 Assay of the DNase (A) and RNase (B) activity of MBP-NU. (A) 1-12: different concentration of MBP-NU(U): 0, 0.25, 0.5,

0.75, 1.0, 1.25, 1.5, 2.0, 3.0, 4.0, 5.0, 10.0. (B) 1-9: different concentration of MBP-NU (U): 0, 8, 16, 24, 32, 40, 48, 56; M: DNA
marker DL2000.

2.6 EDTA #1 PMSF %t MBP-NU & 14 B9 221 MBP-NU { P4 32 24 il .

BP9 % % T R R WK EE ) EDTA Al PMSF X 2.7 iR, pH #NEREEX MBP-NU &4 #0 80
MBP-NU &Ry, & 8 frx, 0.5 mmol/L HE T ARNREE . pH FERVE EEXT MBP-NU
EDTA X 1 mmol/L PMSF X} MBP-NU [ JL-F- T8 PERsZm . il 9A iR, K& ALEER B T,

=

0, {H EDTA W AE] 1 mmol/L B, 2 80%RY 4y DNA F & iy Tl imi 52 B0 S BRI s 18 hin k) 28
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A pp M1 23 456 78 B

2 000

1 000
750
500

250
100

8 EDTA(A) #1 PMSF (B) % MBP-NU & £8I 80

Fig. 8 Effects of EDTA (A) and PMSF (B) on the MBP-NU activity. (A) 1-7: different concentration of EDTA (mmol/L): 0, 0.5, 1.0,
2.0, 3.0, 4.0, 5.0; 8. control. (B) 1: control; 2—9: different concentration of PMSF (mmol/L): 0, 0.25, 0.5, 1.0, 2.0, 4.0, 8.0, 12.5; M:
DNA marker DL2000.

bp M 1 2 3 4 56 7 8 9 bp M 1 2 3 4 5 6 7 8

2 000

1 000
750

500

250
100

bp M 1 2 3 4 5 6 7 8

sttt

9 BE (A). pH(B) fIARREIRE KCI(C) 3 MBP-NU &% & £

Fig. 9 Effect of temperature (A), pH (B) and different KCI concentration (C) on the MBP-NU activity. (A) 1: control; 2-9: different
temperatures (°C): 0, 4, 16, 24, 37, 52, 67, 82. (B). 1: control; 2-8: different pH: 3.7, 4.5, 5.6, 7.0, 8.0, 9.0, 10.0. (C) 1: control; 2—8:
different KCI concentration (mmol/L): 0, 50, 100, 150, 200, 250, 300; M: DNA marker DL2000.
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fhia#, H 37 CHIMMRERAL, Ui MBP-NU
BRI R 37 C; & 9B fWon MBP-NU A9 fid
pH 2 8.0; ¥ 9C Ui, fikT 150 mmol/L Yy KCI
XF MBP-NU HJTE LA 520, 2 KCI
250 mmol/L B FF 4G i B IS, JF BEFh e B2 13
T AR B . NaCl X MBP-NU 3 74 5 1
5 KCIHF (&S558 & BR).
2.8 #i{k MBP-NU & B & Rt

DA T 25 1 R IS A A 0 3] 216 1 MBP-NU 47
TEHE S 1 430 LA — 2 22 /) BSA Fil PPA RS
Y1, 5 10 000 U J5 & 2li4k 1Y) MBP-NU 1K B[] 4 I
Jo B HL TR ZE R, BSA FI PPA R il 6 H Yk 78 G
Ak (B 10), #E—PIEBIAR SR Ak MBP-NU
A B L
29 #i{t MBP-NU 5@t Benzonase BiE 1%
AR

4lifk iy MBP-NU 5 &4k 1Y Benzonase #7171

PR 7K i U s, FEAR TR AR 1, R X 2%
PR 1K RO AR R (181 11) 0

1 2 3 4 M kDa

== —116.0

-:T b?gv.":—ﬁs,z
PO 5 ‘-q—45,0

! . B -
B . 5.0
so”" - .

10 &k MBP-NU 5 PPA # BSA {Ri& 24 h 3F Bk i
G A DR

Fig. 10 Effect of co-incubation of MBP-NU with PPA or BSA
for 24 h on the SDS-PAGE bands patterns. M: protein marker;
1,2: PPA; 3,4: BSA; 1,3: control; 2,4: MBP-NU treatment.
Arrows indicated the added MBP-NU.

bp

2000

1000
750

500
250
100

11 #i{k MBP-NU 5wk Benzonase BY7E 1% LLE
Fig. 11 Activity comparison between MBP-NU and Benzonase.
M: DNA marker DL2000; 1: control; 2: Benzonase 1.0 U; 3:
MBP-NU 1.0 U; 4: Benzonase 10 U; 5: MBP-NU 10 U.

2.10 Zh{LEY MBP-NU B 4% B8 5 R 4& )

SE4 R PCR BHME A, R A BRIEXT A
(4 PSR e B K R B SRR TR, 25 R R (B 12),
1B MBP-NU e BE R 3EIn, HARP=4 5 14 &% i
FAR, YR 20 U/mL iF, H A& el ok,
Wi A MBP-NU X T A 7R 24 i v RS AR A AR s 1 7K
AR

bp

2000

1000
750
500
250
100

12 FEIRE MBP-NU 3 E AR K AirEE NU
PCR # 1 89 &M

Fig. 12 Effect of MBP-NU treatment on the PCR
amplification of internal reference gene NU in cell lysis. M:
DNA marker DL2000; 1-6: different concentration of MBP-NU
(V): 0, 1,5, 10, 15, 20; 7: PCR product from 1.2.1.
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it R KT PR A% R il 1) 4 i ik 22 . AL RNV AL I
O 2 IRF ST 4RI 2 58T TR A% I B 14 1k 7o
R0 A HC A 2R 0 AR RN S B A 7 v R (A
WO R R 2 L T BR A R T Y O T B
HORUR, Hh TR R AR B 6 i A0 s v AR Y
A S (NS A RS S PN
e A BIF ST G A FH K K B8 43 0 2% 5K 1%
B F AL W R G R R, (RS R AGAF
1.23x10% U/L® . AW 58 5w e 1 R KT B A A% R i
B, P aRr R, H5HIER S. marcescens TR
Mt H: K . Serratia proteamaculans 568 [ 4% B i i [7)
V5551 97 % F1 85% o i I H 43 Wb HY JF A% e 38
Z A& pLLP-OmpA Fl pET22b EikiZ A, H i Ti%
o 1)L P AR PG S T DR AR A ™ B2 M AT

AW E T MBP-NU Bl 425 111 4 5% 5
AR, X AR AT 0 S Al B, SEE T
FE K P T B ML P 8 ) ik R Ik Ak R AL, A
ARIEH, FiEEEIE 1.21x107 UL, X FiZEE
L P 18 T 1 R AR R AT R i T A A BT,
R A LR AN I . — 2 AT T A R T
HEFRS G EAMARE, A TR AR
PIXHE F R E, RO A T R s R AR
TR Y 0 A SR TR A% 2 ol K A 3% P T A0 T
WA, El T P A SR R AR T I R T B R
B, A R L PN JC K TS 1, DR A 5 e 4 B Y I
WK, MBS, SRR A S AR il I
AL A, 53 AMARIEE g e Ak g i 3%
R T A A F B U B Bk Rosetta gami2
(DE3), KRAFAHEILIL, R & IIZMHLAEA 3
M B R ik, I AT BBt AN R] B k 400 i P 3
SEAL IR JFUIR 25 10 22 S m i i R e B Y 22
S, HPER BLIE R R fRlE— A 8 R FHIESE

i 2H il VT A% TR 1 7K ik S 56 F B i 2 A% R il A
AT MBP 115 5L T A1 B AT B A DNA F1 RNA (1)
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Wk, Bl R & 37 'C. pH 8.0, HE 4l
Ak s 92 oho R B9 A 4 0.5 mmol/L EDTA.
1 mmol/L PMSF %} MBP-NU (#3& M LT Te i, ik
T 150 mmol/L 1% KCI 5 NaCl (45 %k @) X4
H 1 MBP-NU BiGPEIRJCs e . 2lifk i) MBP-NU
RS B B R R, L A AR I i A AR
FENE, 4 CHRM T 2 4 A BEE LTI A 224k,
HoK i R 5T 5h 4k Benzonase #H[A], Marcin 254
8 40 B 2RI R AN 25 UimL (25 25 ng/mL) #Y
Benzonase B[V o] il i 85 (1 i alifb P A R LB A0 75 2L,
FEUE S} 9 UmL B, 4 h a] {fi 99% RS bRic 1)
KR SE 2K Mt , AT /. FDA X 820 25 11 254 4 Wk fif
FFE AR 10 pg AR TS Y 7RIS, Afsy
Rk BLERA MBP-NU T2 1 1) 2L ik 105 18 B2 B R AT
X IR . A SCER S A AL R IL R ) AL kA S
gifbSEm T, & 6 g R 15 mL 2R TR
T2 5y 10 U/mL (£ 10 ng/mL) % MBP-NU, 24
it AR ARG BETE 5 min W TR, 454 PCR iR
EORE BRI B, SR FH A ARVATE R, il ok 2 35 %]
20 U/mL i, 7E 5 min P RIPA] AR IR ) DNA A
MR i 2 PCR JCI AN B K F- o DL B 25 SR B i%
ity ELAT A R B AL BROK 8%, TERLIR B A IR
T R o ) SRR

ARG HENT T RAT R A R I 1) v A8 PN e 2 3R
KRR, HERKERLZE TOAN T WEHARER
45, mlG MBP (R TR i ELA AR i K AR 0%, X8k
S5 R e B 1 2k b R T BB A AR B AR M 2 BR A R 25
FE 1A

REFERENCES

[1] Muro-Pastor AM, et al.

Identification, genetic analysis and characterization of a

Flores E, Herrero A,
sugar-non-specific nuclease from the cyanobacterium
Anabaena sp. PCC 7120. Mol Microbiol, 1992, 6(20):
3021-3030.

[2] Rangarajan ES, Shankar V. Sugar non-specific
endonucleases. FEMS Microbiol Rev, 2001, 25(5):



RIS S5 AT B AR AR S VERL R i ) SRR 23 . Al BT R BT

1257

(3]

(4]

(5]

(6]

[7]

(8]

(0]

583-613.

Li L, Lin S, Yanga F. Functional identification of the
non-specific nuclease from white spot syndrome virus.
Virology, 2005, 337(2): 399-406.

Meiss G, Gast FU, Pingoud AM. The DNA/RNA
non-specific Serratia nuclease prefers double-stranded
A-form nucleic acids as substrates. J Mol Biol, 1999,
288(3): 377-390.

Chen C, Krause K, Pettitt BM. Advantage of being a dimer
for Serratia marcescens endonuclease? J Phys Chem B,
2009, 113(2): 511-521.

Kim WY, Lee HS, Suh SY, et al. Purification and cellular
localization of Serratia
Kor J

extracellular nuclease of

marcescens expressed in Escherichia coli.
Microbiol, 1994, 32(2): 147-154.

Cattoli F, Boi C, Sorci M, et al. Adsorption of pure
recombinant MBP-fusion proteins on amylose affinity
membranes. J Membrane Sci, 2006, 273(1/2): 2-11.
Cupp-Enyard C. Sigma’s non-specific protease activity
assay-casein as a substrate. J Vis Exp, 2008, 17(19): 899.
Schéfer P, Scholz SR, Gimadutdinow O, et al. Structural

and functional characterization of mitochondrial EndoG, a

[10]

[11]

[12]

[13]

[14]

[15]

sugar non-specific nuclease which plays an important role
during apoptosis. J Mol Biol, 2004, 338(2): 217-228.
Miller MD, Cai JW, Krause KL. The active site of Serratia
endonuclease contains a conserved magnesium-water
cluster. J Mol Biol, 1999, 288(5): 975-987.

Lunin VY, Levdikov VM, Shlyapnikov SV, et al.
Three-dimensional structure of Serratia marcescens
nuclease at 1.7A resolution and mechanism of its action.
FEBS Lett, 1997, 412(1): 217-222.

Shlyapnikov SV, Lunin VV, Blagova EV, et al. X-ray
analysis of the magnesium-containing endonuclease from
Serratia marcescens. Russ J Bioorg Chem, 2001, 27(6):
370-377.

Benedik MJ, Strych U. Serratia marcescens and its
extracellular nuclease. FEMS Microbiol Lett, 1998,
165(1): 1-13.

Ball TK, Suh Y, Benedik MJ. Disulfide bonds are required
for Serratia marcescens nuclease activity. Nucl Acids Res,
1992, 20(19): 4971-4974.

Olszewski M, Filipkowski P. Benzonase-possibility of
practical application. Postepy Biochem, 2009, 55(1):

21-24.

Journals.im.ac.cn



