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FrHRBRBRABHEAREF L% 1A E AR cpxP (Gene ID: 29704421), 5 A4 /£ FAg & % R 4 pET-15b
L, 4L E X AT HE Escherichia coli BL21 (DE3)#AT A A, Z4biLE #ATHE M Aedp ) 5200, £ R E T, IPTG
HFEFLRES 1L mmol/l, FRNTEONSBINRARL, bRk LLEGRE, Lk LA RIFHHAE
EtAe pH AT M, CpxP ZAMWH KB LERETHMN AT Mk 9 H R TiA 5| 44.89%, xt L4AF WA 9 EA
E A3 59.41%. Hit—FBHELIMANIE, FRIZE G TR LM T AH B %6506 Fa 37 B & G K25 keS80
TR B 5%,
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Purification and bacteriostatic identification of CpxP protein
from Pectobacterium carotovorum subsp. carotovorum

Lantian Miao, Tianhua Lu, Xiaoliang He, and Xiaohui Zhou

School of Bioscience and Bioengineering, Hebei University of Science and Technology, Shijiazhuang 050000, Hebei, China

Abstract: Pectobacterium carotovorum subsp. carotovorum is one of the world’s top ten plant pathogens, mainly infecting
cruciferous economic crops and ornamental flowers. In this study, an antibacterial gene cpxP (Gene ID: 29704421) was cloned
from the genome of Pectobacterium carotovorum subsp. carotovorum, and constructed on the prokaryotic expression plasmid
pET-15b, and the recombinant plasmid was transformed into Escherichia coli BL21 (DE3), then stability and bacteriostatic
experiments of the purified CpxP protein were performed. The final concentration of IPTG was 1 mmol/L, obtaining
high-efficiency exogenous expression of the CpxP protein. There was no other protein after purification, and the destined
protein exhibited good thermal stability and pH stability. The antibacterial test results showed that the inhibition rate of the
CpxP protein on carrot slice was 44.89% while the inhibition rate on potato slice was 59.41%. To further explain its
antibacterial mechanism, studying the spatial structure of this protein can provide new ideas for the control of soft rot and new

Received: January 6, 2019; Accepted: February 25, 2019

Supported by: National Natural Science Foundation of China (No. 31270077), Key Project of Hebei Province (No. 17223608D), “100
Talent Program” of Hebei Province (No. E2012100005).

Corresponding author: Xiaohui Zhou. Tel: +86-311-81668487; E-mail: zhouxh2003@aliyun.com

EF A RFHER4 (No. 31270077), Jdb A RHE R H (No. 17223608D), fldb4“H AiHRI" W H (No. E2012100005) %Hi .,




848

ISSN 1000-3061 CN 11-1998/Q /=¥ T.Fi%%4i  Chin J Biotech

protein pesticide targets.
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3L Luria-Bertani 3% 37 5t

1.3 EF4H DNA B92EX

BUd 7% 55 75 A 2 mL, 8 000 r/min .l
1 min;300 pL TE &, 450 pL 4 it 2L4#% % T 80 C
BEE 5 min ZAFANML; WK WG IMA 30 uL
10 mg/mL RNA [ 37 ‘CI# & 15 min LIiEBR RNA;
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29704421) H AT ERIF 5], HEAF Primer
Premier 76 & 1 89 4w X i A 75| Wi it . BUES |4
JFF 51 A Xho T BUIGL A, T UEsI )7 5151 A
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F-cpxP 2 pL. 10 mmol/L R-cpxP 2 pL . 10xHiFi %
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Table 1 Primers used in this study

Primer name Primer sequence (5'-3")
GGCCTCGAGGAAAGTGGAGACGCC
F-cpxP cc
R-cOXP CCGGATCCCTACTCGGGATTCTCTG
P TCTCG

: 010-64807509

Wik BARRILE My, AR 25 5 1 0 1 B
280 CUKFEH T IR 255 .
15 EHEHEBAWFSEFRIE

H bR Al T B TR EE A 2 R A
BL21 (DE3) & &4t , B RIRM oA E
B R AR R BT AR b PRI TR VR R
AR, T RO SR 85 R % % 2%
(VIV) BB S A PN LB WK
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il it pH fHh 4-12 BKES W, B9 4~ 1.5 mL EP
B, 1% 450 ul ANTE] pH 9 7K % 0F1 50 ul CpxP
EARES . IRAEET 4 CkH. 24 h )5k
B, U AR AR, UOTE A R O v
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1.8.1 CpxP EHMEE LR

PRI E RS AR PCL AR R
1.0x10° CFU/ML. HGE & (Y i B S0 A 1e
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Fig. 1 Agarose gel electrophoresis of double digested
products. M: DNA marker; 1: pET-15b plasmid; 2:
recombinant plasmid; 3: double digestion of recombinant
plasmid.
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hEAHWEN, ki D A EEFHR, EAK
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R, AR MR 1A 2 Ak, AT RIPEBEIEER
SRS GTERE BIZEE R, 2R R SR
WRIRVERE H A o 4Kk B $E T3 150 mmol/L
AT ARG o &5 A e B B B A, A
e EEHRTTF) 500 mmol/L AT 5848 H A e,
WA SR e, AT R —alifk.,

fifi i Sephacryl S-200 Tkt Ef 4tk anf&l
3A FiR, FEHEFE R R — g, HA
(2 i B, B e Bl 28-39, BUREIEAT

A Tube 27 28 29 30 31 3 33

SDS-PAGE 4. Ui 3B ftn, 4558k H %
4 HELAE 22 kDa Fflr, HL&& [ 4% IR/ INRI T
A 2R 143 TR ALY . SDS-PAGE 7 Jo HoAth
TR B, I AR RZ T B i e 2 M R A
Ak ARG T = Al A CpxP ZE 1, 4% Al ik 99%.

kDa w ELELEL ELE;
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50

40

30
25
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CpxP
22 kDa

Bl 2 CpxP ZEHBRETFEMBERSH

Fig. 2 Analysis of CpxP protein by nickel ion affinity
chromatography. M: low molecular weight protein
marker; NI: non-induced control; Cell: inducing
supernatant of induced recombinant bacteria; D:
flow-through after nickel-chelating affinity column; W:
the last drop of buffer 2 eluate; E;.,, Ej3, Ei4: buffer 3
protein eluate; E,.,, E,.3: buffer 4 protein eluent.
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Fig. 3 Analysis of CpxP protein by gel filtration chromatography. (A) Gel filtration chromatography peak map of
CpxP protein. (B) SDS-PAGE verification of gel filtration chromatography results. M: low molecular weight protein

marker; 28-39: protein sample of tube 28-39.
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2.3 EHEFZAMBREMNK
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PR
24 FHEZEAMIMENR
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5A fizn, ASEXTHER (@ FLA1 ¢ FL) FHFEA H B
LG, WINAR KR (b FLATd L) HISE5E
HEBMEIS, MEEOERm, MEEy K,

FIBr CpxP 2R FIXTEA S N O ST A 4 i 4
FH . CpxP 25 FIFESELESE M B b 3 TR U ge 45 21
Kl 5B fn, (EAHRIMRYLEER, BEE E M
WK, YL, BRI HIER,
TEE FAHE N 8 mg/mL WIS LR, 9 U 958 4
it

15 A L b, CoxP AR M A
R TE 28 CHEIRAE RS 18 h, 45 SR aniA
6A T, a Fl f 4350k BEAE XoF RN BF 4k X B, 52
Wdl b, c. d. e BEHEEIREN K, S8 MIE
RICHF T R P AT B . GEit BE ELAR T
RUNE 6B s, BHE XA A S 2% B E A2 N
18.90 mm, MERIE N 8 mg/mL A, FXIHEEE
HAEFEAE N 14.03 mm, EFEF] T 44.89%,
ULEH CpxP B FIXEA S | FUM S AT R B
HlYE

4 °C supernatant

4 °C precipitate

22 °C supernatant

22 °C precipitate
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4 CpxP EBTRREMSH

Fig. 4 Analysis of CpxP protein stability. (A) Stability of CpxP protein at 4 °C and 22 °C. (B) Stability of CpxP protein

under different pH conditions.
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El5 CpxP ZBHIIEEMREERD

Fig. 5 Analysis of antibacterial qualitative test results
of CpxP protein. (A) Plate antibacterial test results. a:
50 ulL sterile water; b: 50 uL protein aqueous solution; c:
100 pL sterile water; d: 100 uL protein aqueous solution.
(B) Effects of different infestation time on the leaf of the
doll. e: infestation for 18 h; f: infestation for 30 h; g:
infestation for 42 h; well 1: 10 uL PC1 bacterial solution
with water; well 2: 10 uL sterile water; well 3-5: 10 pL
PC1 bacterial solution with 1, 4, 8 mg/mL protein,
respectively.

A

22.00 16000
Z 2000} 150.00 §
§ 18.00 140.00 €
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= 3
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& 12.00 I 110.00 g

10.00 0.00

d e

6 CpxP EHEHE MIFLEESXEER
S

Fig. 6 Analysis of antibacterial quantitative test results
of CpxP protein on carrot slice. (A) Quantitative test
results of carrot slice bacteriostatic test. a: 15 uL PC1
bacterial solution with 15 pL sterile water; b—e: 15 pL
PC1 bacterial solution with 1, 2, 4, 8 mg/mL protein,
respectively; f: 15 pL sterile water with 15 ul. 8 mg/mL
protein. (B) Carrot slice bacteriostatic quantitative test
rot diameter and inhibition rate statistical results.
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CpxP #H FI7E 5488 E U1 i b i 3 & il 5 78
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G Gt HAR I ER K 7B B, FH
PEXT B X 3E B AR 21.33 mm, UL % b
BISRICAT I 2 8 %, HE MR L
F CpxP EHATESHHEY F RO LG T1EH
MR EWMSCR . MEAEE S 8 mg/mL B,
S 255 BE AR B AR A 13.59 mm, ) B R A
59.41%.
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Fig. 7 Analysis of antibacterial quantitative test results
of CpxP protein on potato slice. (A) Quantitative test
results of potato slice bacteriostatic test. a: 15 uL PC1
bacterial solution with 15 pL sterile water; b—e: 15 pL
PC1 bacterial solution with 1, 2, 4, 8 mg/mL protein,
respectively. (B) Potato slice bacteriostatic quantitative
test rot diameter and inhibition rate statistical results.
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3 itk
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Gy Z Y8R LA e 4 TR RE T (5 55, (HAEAS [F] A B
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TR BR H Y cpxA 55 B AL BRI IR R T
20 4 AR RE T W Sk 55, cpxA R B R SR AR Rk
LR /N BUA Y 97735 R R R AR, rina 25127
W R BLERE Cpx REt)E, IRIEBURME R
R JIREAR,  [FIEHZ 4 T RO e A R bt do
BRI T BRI R B 5 vE AT R Y cpxAR
GEAS KRN NS I IR Sy W g P A A A
TER Cpx RGBS RES A SO M EEOR F1. 1M
FERAE RS , Cpx WAL R R 5
)5 TG N R KSR AN IR A S R,
J17EAk . pH EAELSE . FEVDT ] QTR &5 — S S0 4
2RBAEE S, 24 CpxA E M Al 241
i, HaAasmit, ZEESmREREE R
CpxR 2 1 b (i A G2 2%, TG CpxR 2 11,
CpxR & 144 il & 5 147 (1) — L2 35 J7 FL A (hilD |
hilA, icmR)Z A1 (78 Bk etk . 1
&, IR ET I BT 2 B, R o R
A1) CpxP & 0 LA I Cpx AULH J3 8 N R 42 o
JEIRALET CpxP & B — B 4 A “ig 7" —
e, “ffE"T CpxA FH L, XFMERZ M
IEFHATES SRR, (13 CpxA % AR RE
W [R5 54> F Aok, DA TTTE i 5G] Cpx 45 &
4i, LAZL CpxAIR HIIARERIE, AREHHIT
TR 1 3R Ak o LIS BRI AN E I R B R 2
YePEREAIK, CpxP & A FEBH M AROR . H M
HLER AT AT, CpxP #E F 2 M35 5## Cpx W4 43
R A, AN AR 2 M Cpx XU 4 R Ge i i
Tty 25 PO AR BT i i Rk ALY CpxP
BOMEIMIE L, #iE T CpxP & MRS
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JS7 P A S X 5 S R SR R A o A
A, FRE AL AT REJE R]F i AR IR A 41 )
FEXUE 53 22 58 BOCHE M 38 B HAM TR ORI

R R o o LT Wy BT T B 1, A
IR D A A7 RS AR VR AR L I I R A
PR AR Ty e T S e D B
P, LW I A R A, X T AR ) A
MR AEAERRBF . HE, AEARIAMEY
B AR IR B H BB i i) £ 2T By, B2k
= 245 59 A 4 A ] S it F X R 8 R B A2 25 IR A
N LR iy 22 At i 1 B o PUAE R BiA T ik
ZUTINER, AER. TRER, L FRHNEE
PR K AN, TSR 2SR, B iR
ROR MR P LA FoRGE AV B 6Tk
JEAIEY), CpxP H H M ARSI B S5 HYIESE,
Rk Al R B T 2%

4 Lk

A5 ) FH S R TR R o o ) A i A R
JBTAL cpxP-pET-15b, FF7E K T 11 2 15 1 ik v 512
BT CpxP EAHMM S FHRSE, IELE
BT RN AT AN BE I 3L U8 AT AR B T Al A
FM . [\, BET CpxP & MAPA BIFHHda
SEPERT pH RsEtE . MBI, CpxP 7R
B NIH _ERIIE RN 44.89%, £ A EY) A B
MM B N 59.41% LA 255 itk — B 98 i% 8
FIAGZS (R &5 0 . AL (L T4 st Lk
AT 9 1) TSI R B T B T TR I SR B
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