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REMERFARERR-RERZEXE
HEPHSHRERELFESEE

REE LXE Eg FXY
Grdtgelb ke shpli R2EBe BRIV WR/REE  150030)

B OE: (NI EAHREHEFMEE AR S, AR A e Z0 R 4R H B AT a5
RMEZ — WEHKREA S48 RAFH, Z7EWIH K IT R A & 20 & 3k 3 iR ok B Aot
AMRAEAEEEEL. [FF] REFIKEZOEZEREZNEM, T —FHA 694
AL R SL4k & & £ - R &% (LfcinB-Cecropin), #&# Escherichia coli %14 &t 4
AR, AR R REEEMESA KRR LfcinB-Cecropin A B k B3 M 4k 6g &40 K &
B4R, 45403 E. coli BL2L(DE3)i#t 47 &40 &k, [4£ 2] £ IPTG %%, LfcinB-Cecropin &
HSFORDFFERL, BREEE. Qidkthib., TREAME, FFEAAIIPH EMY
Ze &K LfcinB-Cecropin. [45# ) K47 —4t & M 6937 2 4 i Bk LfcinB-Cecropin, 5 2L
TAE. coli P S Fea 4L,

X WEAK, Filk&ad, REF, THRZE

High-level expression of a hybrid antimicrobial peptide
LfcinB-Cecropin in Escherichia coli and its activity
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Heilongjiang 150030, China)

Abstract: [Objective] Resistant strains have become increasingly prominent issues, and the

E£WB: BEXHAREIL4 T H (No. 30800794); BIpITLA T 4ER2£IL 4T H (No. QC08CO5); B IpiT & I+ /5
WHIE 73475 H (No. LBH-Q10145)
*@iflfEL . Tel: 86-451-55191395; b<: fengxingjun2008@163.com
Wis BEA: 2011-12-29; #5 HER: 2012-04-11



TEREAF A A PURE KR FLER 3R - R A 3 A R B e 9 w8 2Rk B G PR

development of safe and efficient antimicrobial agents becomes the focus one of researches so
far. Antimicrobial peptides possess many attractive features. Exploration and recombinant ex-
pression of antimicrobial peptides with high activity have important significance for solving
resistant strains problem. [Methods] A novel hybrid antimicrobial peptide LfcinB-Cecropin
was designed based on the structures of LfcinB and Cecropin. The gene encoding
LfcinB-Cecropin was synthesized according to codon preference of E. coli. Tandem expression
plasmids contained multicopy tandem LfcinB-Cecropin genes were constructed by the method
of isocaudarner, and expressed them in E. coli. [Results] LfcinB-Cecropin was successfully
expressed as fusion protein by IPTG induction. After sonication, inclusion body purification,
formic acid cleavage, the recombinant LfcinB-Cecropin was obtained and showed obvious an-
tibacterial activity. [Conclusion] A novel antimicrobial peptide LfcinB-Cecropin was obtained

1243

and recombinantly expressed in E. coli in high level.

Keywords: Antimicrobial peptides, LfcinB, Cecropin, Recombinant expression

PR — K EADUAE . PUWTEE . Dray R
U] P T 200 A G2 T 1 N 22 KT,
PRENEL, TCREENE, RS r L2y rER, [
IHYEFMLTI R . Bk PR BRR e . RAER TR
Tl P ik A IE B A e R E Y 64 Mk,
EETZAEYARERE . 52K Y. MY K&JR
A &I 800 2w ik, B2 30-50
MR LAY . 4 A KEAFR LicinB
(FKCRRWQWRMKKLGAPSITCVRAF)J& KT
ALK N 555 17-41 o B3 5k 5L it v v
ZRK, T H o SR BER B-Ir B BT Kk
M LfcinB 54 FLEREE HAHLL, BRABEGS SRR +
Hb, BAFUERER I HA ISR o AR Wi v, b
WL PLEE . PURTE . R AIA A . THER R
iE M5 5 508 O A e, Cecropin J2& & Il
R s —KhtE ik, nIPEH T 2 K
P T A 22 PGB AT, Cecropin X2 2% [G B 1
P AR i T o 22 TPV TR, R4 TR A vk B
FI, BAEMmMES, Cecropin B4 45T 8/,
IR AFRE M AR, HAA TR R 0 FH 25
THHE, EXBAREE S 1Y pH (AR 1Y 21

SR —E PR 4T 4 000 D, 4 F N
AP mikt, FEEOMIRIES, B 2 W%
- BEENOL, SRl o BT T TR e 0 R ) B
g5,

Andesren 5 Vorland 25T 20 LcinB 1y
il 15 2R S LfcinB A R PT RS PE, 1
i Trp A AEAS I AR R LicinB APTBIs
KA ZRMIHT 8 DEEEMRITFS KWKLFKKI o 12
BELEHE, JEHDIBEG AR, SERR . BT
G BT B A B P TR IR 1 45 Bk AT TR R
FRET RHFFRYE LicinB 5 Cecropin fY
SF S5 IRERIMOCR, HEEL LfcinB i 15 M2t
MITH, JHH 10 fify Met By Trp, 5
CecropinA IR 8 NIV HIIeA, — 3 HH
it 3 NEILMR(GSG)iEH:, Wit —FHia Ak
LfcinB-Cecropin; JEAIH KT R EAH K IL RS
YIS T SR E A R, REWAGEAL
H IR, A% 1T BAT I MY LfcinB-Cecropin £
. AR A AR IR S S RS, AR
RERZAPUREIK LfcinB-Cecropin, NHTERE
R A BEE T BB LR
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1 RS

1.1 ##d
1.1.1 FRAES®EEK: ok pGEX-4T-2 1 pUC18,
TIRERAZ A E. coli DH5a. FiREAZA E. coli
BL21(DE3)) A< S & R A
1.1.2 DNA &infgE5H M4 k7 R
NYIRE EcoR 1 . BamH I . Bglll . Hind IIIF1i%
PR G T RGE T AW F]; Tag DNA AT,
TEREEEE R MG &, Bk B &, DNA
Marker 30 FAb 5T B A8 Fl; AR 1A R
FERERER ) R OXID 7=y Hog ki35 ok [ =
A IR
1.1.3 SI¥&RKE DNA JFE: i BiEET A
TR SS A7 BR A 7 578 o
12 FH%
1.2.1 LfcinB-Cecropin #A3ERE MLt 5 &R
4 E. coli % %+ i & VL1 1T 4w i LfcinB-
Cecropin HJ5EH B, 7E4whY LfcinB-Cecropin %
R BCRIE A T gt IR %S 1. i TEF
FARME, 7F 5% A EcoR I 1 BamH 1 i 44,
3 Bgl 11 1 Hind 111,

RS REIN B BEIESE M 5'-GAATTCGGATCCG

ACCCGTTCAAATGCCGTCGTTGGCAGTGGCG
ATTGAAAAAGCTGGGTGCTGGCTCTGGCAA
ATGGAAGCTGTTCAAGAAAATCGACCCGAG

ATCTAAGCTT-3"; Ju4%M: 5-AAGCTTAGATCTC

GGGTCGATTTTCTTGAACAGCTTCCATTTGC
CAGAGCCAGCACCCAGCTTTTTCATACGCCA
CTGCCAACGACGGCATTTGAACGGGTCGGA

TCCGAATTC-3', K45 EE/RHVIE S BER A . 1B K
Ji, 2% s SRR B R FEL DK, [T B ) B

122 FHEFREHEBIEE: K2tk Lcin-
Cecropin £:[K % 4% A pUC18 iy EcoR 1 A1 Hind 111
DA, ARAFSE 545 DL LfcinB-Cecropin 2 119
yelEEki, FIFH BamH I | Bol Il [A) A F A5
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H A LfcinB-Cecropin J5 [R¥% D800 ek, J7ik
Z: JSCHR[15]

VU 10 5 A A T4 DL e 2 1A FH
EcoR I Al Hind WGV 4tk Inlis H 19 A B,
5FIH] EcoR 1 1 Hind A J5 i pGEX-4T-2
., #4kF) E. coli DH5a 7, PCR J5 ki &
A HMER R EHRIREMAE, LY HR

P1: 5-GGGCTGGCAAGCCACGTTTGGTG-3'; Py:
5'-CCGGGAGCTGCATGTGTCAGAGG-3',

123 MEEBEMBESFRIE: BIENES 2-6
i N Y S 20 Rk BTk 4k E. coli BL21(DE3),
Ay IHERI T 10 mL £ 100 mo/L & N HHE X LB
WAk RE g A, 37 °C IR TR G HE 7R, Wk H
W H 300 pL PS4 T 30 mL & 100 mg/L &%
HERMN LB WA FRHET, 37 °C KRR
ODsoo M 0.8 %47, HIA 0.3 mmol/L IPTG, 28 °C
7T 4 h HUk: SDS-PAGE 43#r, ik H ik w s
e 20 SRR SR AL T IF B DB R A,
FH I R, 12 000 r/min B0, A3 SIBGTTE A
7%, #17 SDS-PAGE, Ml AR IRIE R
124 BEKMSBESEL: g2 MRt
PBS (20 mmol/L Tris-HCIl, 50 mmol/L NacCl,
1 mmol/L EDTA, 0.5% Triton X-100, pH 8.0)%t#%%,
4000 r/min B> 10 min, # i, UUIEH 2 mol/L
JRZ A, 4000 r/min B5.0> 10 min, BEUTHE, HBURE
1T SDS-PAGE /37 .

1.2.5 LfcinB-Cecropin ERA MM S a1k ¥
VRS LIRS A 70% 2, 30 °C #EIKZL#
2hJ5T, IALEF7KEE:; 13 000 r/min £.0>
10 min, M EIEME R4t e &, FIH AKTA
explorer £ (1 4lifbfBE S U8 Z AT aifb B 1, Wish
AH AR R 2% #hifE (0.5 mol/L Na,HPQ,, 0.15 mol/L
NaCl, pH 7.0), W8 B9y, SRISH#EATIER,
DLEBEFIKRIahtl, 7Bk hdh. Kraifkiids
1Y LfcinB-Cecropin 25 H % T )5 BUEE AT IR & -
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Tricine-SDS-PAGE 43+#. | F S AH i OB (3%
JrksEaiE, k3% C18 column (250 cm,
4.6 mm, 5 um), A AT 0.1% =M LR LG
W, B N 0.1% =M LMRMN/KIER, Wh
FHTE 30 min N OB BE B 20%3% 3| 50%, ik
1 mL/min, &M% K 214 nm.,
1.26 BMIBERE MIC BIME: FREELE
T J5 Y LfcinB-Cecropin, FH PBS i#fit)s, Fikits
FILA T AR EE A 1 2 048, 1024, 512, 256,
128. 64, 32, 16. 8 1 4 mg/L. FIFfHiE N %
FEEME MIC, B LUAR B S5 AN IRV B AT i
WA BN E K E R 96 FLR NIRRT, 158
55 10 FLIARERIIK, &4l 10 pL, %6 12 fLnA
100 L MH Rz sEFRAE, PRI, F
WA E T MH AR RERBER
(2-5)x107, [ 1-11 FLH A SIANA 100 pL, 55 11
FLVE R BRPEXT R, 37 °C 251555 18-20 h, %E
ODeoo, PATC OD {EHAR K I FL H L B IR 0 ¥ s
1 MIC,,
127 AMMMERMNE: EhkCREXNIM 1 mL,
3000 r/min 5.0 5 min Y AELT 40, PBS P34 3 3,
1M 10 mL PBS H &I 8% (V/V)IfiL 40l i
W, B 100 pL £r4 8075 100 uL H PBS #
i (R AS ] 9 B Y LfcinB-Cecropin A TRIE 4,
37 °C #¥%& 1 h,3 000 r/min &5.0> 5 min, B35,
IAZE] 96 fLAR, BEPRIGIIE 540 nm WOGAHE,
F 3K, BOEHIME, PBS fEREAPEXT IR, 0.1%0H)
Triton-100 fBHXT R . 3R I %

5 102 (%)=

BESR O -PBSIR G
0.1% Triton-100M Y {E-PBSI Y (H

2 GiR

21 REBERMZITSEMK
SEREW4RES LfcinB-Cecropin 4 115 bp, 4

%100,

2%EE e FBL K & ks, A B Ak R A B,
Kl 1R
2.2 BHENFRIEHAREE

PGEX-4T-2 ¥ 5'Y5 3:@ A543 5
PGEX-4T-2 [ 869—891 bp. 1 042—1 020 bp [a] )
BRCEE AN, LAY 5 | i e 20 JBoks,  2%#5E
FEHLDK S, gl 2 Frs, BAVEXTRR, BILLEA Bk

bp 1 2

200 —
100 —

B 1 #{kaY LfcinB-Cecropin 4RAZEE
Fig. 1 Purified gene of LfcinB-Cecropin
TE: 1: DNA srFibbrif; 20 4k gmid i
Note: 1: DNA marker; 2: Purified gene.

bp 1 2 3 4 5 6 7

2000 —

1000 —
750 —

500 —
250 —

100 —

El2 PCR{fikh) 2-6 & ELH pGEX-LfcinB-Cecropin
RixH K

Fig. 2 PCR screening of 2—6 copies of the recombinant
expression plasmid of pGEX-LfcinB-Cecropin

1 1: DNAZT-HARiE; 2: pGEX-4T-2 JFoki; 3-7: 2—6 44 Nl &
2l pGEX-LfcinB-Cecropin k.

Note: 1: DNA marker; 2: Plasmid of pGEX-4T-2; 3-7: 2-6
copies of recombinant plasmid of pGEX-LfcinB-Cecropin.
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PGEX-4T-2 (YR V& ML) PCR F=¥)°h 174 bp
) DNA %, i&a 2-6 15 H a3 A BHPE B 2
Fokid) 5 /ol 360, 450, 550, 650,
750 bp 2479 DNA 4547, BRHFE AR
A HW R B
23 HWERRBEARRERIE

SDS-PAGE 4r#r& (Kl 3), 2 fiAKEH &L
b T e — 2 K2 33 KD R rE A,
L5114 1 (26+2%3.6) kD K/h—5, S 3 h iy
JEFEL pGEX-AT-2 Ak 26 kD %47, MMiA
2% IPTG 5 IR AL L O 55 2 45 R,
1M 3—6 15 H 4 Feah SR Ak T2k =4 b I 2
(ARSI 450
24 BURKREERSEK

W 2 ATHR IR DX i A R Ak 1 200 TR
J& L FPRE 3 BB b, KMEMERZ
BACTE T UiE (B 4, Wil 2), BLBFRIRME
F o DAL AT o oA 403 W DT VE 48

kD 1 2 3 4 5 6 7 8

70—
55—
40—
35—
25—

E 3 AR NEHTFFESRKIE"Y) SDS-PAGE 531
Fig. 3 SDS-PAGE analysis of expression of E. coli
BL21(DE3) transformed with different recombinant
plasmids

TE: 10 A B FRARIE; 20 7591 pGEX-AT-2 b+ FKib
7R 30 KRS pGEX-4T-2 e fb ¥Rk W), 4-8: i
3 1 (DGEX-LfcinB-Cecropin), ¢ B 4 % ik & /K 5% fb 7%
kY.

Note: 1: Protein marker; 2: Induced expression of E. coli
BL21(DE3) transformed with pGEX-4T-2; 3: Non-induced
expression of the E. coli BL21(DE3) transformed with
pPGEX-4T-2; 4-8: Induced expression of E. coli BL21(DE3)
transformed with different recombinant plasmids.
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G IREVRSE, SRARLiER SR B RS
M, SEEREZ a1, HaiEAE 85%L (& 4,
STERC)E
25 FLEEHMAMEEL

W F A B AL TER R FH Y R 24 ) (K] 5),
I FH B s ot g R AT 4l 22 A PUE K LfcinB-
Cecropin, 41l 6 s, 7= T 5#itit K/ 3.6 kD
— B AT, B AT Al B R 4 A P K
LfcinB-Cecropin, RP-HPLC ZpifrcH, 4k
T 95%,

kD 1 2 3

70—
40—
35—
25—

B4 FEHEEERK

Fig. 4 Washed inclusion bodies

T LR b 20 2 f5EAFRALFRIA T
FEDTEE; 3: 2 mol/L JRZ e Ja RO TTHE.

Note: 1: Protein marker; 2: Broken precipitation of E. coli

BL21(DE3) transformed with 2-copy plasmid; 3: Inclusion
bodies washed by 2 mol/L of urea.

kD 1 2 kD
10.0 —
50—

—3.6

5 HEEAMBHMESER

Fig. 5 Fusion protein cleaved by formic acid
L P ERIE 20 RN EEN.
Note: 1: Protein marker; 2: Cleaved fusion protein.
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kD 1 2

50—
35—

6 FRRHMFEEAIZER LfcinB-Cecropin

Fig. 6 The hybrid antimicrobial peptide LfcinB-Ce-
cropin purified from fusion protein cleaved by formic
acid

1 ARG TERRIE 20 44k LfcinB-Cecropin.
Note: 1: Protein marker; 2: Purified LfcinB-Cecropin.

2.6 EHITEBK LfcinB-Cecropin I & & 14

IR PR 120 R 1 DN B 2L e RO 2% [ B
PERE A 2 ERE ATCC25923 5 > [RAYE
W KIAFTF I ATCC25922 ., ST 1A ATCC27853 .,
FAGZEVN TR C77-31 /MW E, It 5
LfcinB. Cecropin L4414 e/ M B Mk FE EF T X L,
gk 1 fon, RUIBOTHAE AL LfcinB-
Cecropin HA7 B B TR TGP
2.7 HHEMERAYAMEY

FEVRRMR ISR, HA AP IK LcinB-
Cecropin X IfiL 2T 2 AL i 35 i RARAIG (36 2), #0(E
) <5%, KA LIIAA LfcinB-Cecropin 1)1 &k
JEE 0 1B N DG Hfn A

%1 FHIBEBL LfcinB-Cecropin X A MK EHI MIC

Table 1 MIC of LfcinB-Cecropin for different tested bacteria

- 5V O A BR AT N7 LRMEATTA SALFEVD TR
gz ATCC25923 ATCC25922 ATCC27853 C77-31
Tested bacteria Staphylococcus Escherichia coli Pseudomonas aerugi- Salmonella typhi-
aureus ATCC25923 ATCC25922 nosa ATCC27853 murium C77-31

T E AL LfcinB-Cecropin 5

N R 16 32 64 64

MIC of LfcinB-Cecropin (mg/L)

g o

LfcinB Bi/J_\?fﬂ b7 16 32 32 32

MIC of LfcinB (mg/L)

Cecropin fit/ )M AL 64 16 2 2

MIC of Cecropin (mg/L)

2 FTREIREREHLITE LfcinB-Cecropin X3 [ £T A 1 8475 [

Table 2 Hemolysis rate of chicken blood erythrocyte at different concentrations of LfcinB-Cecropin

FUI Hevke e
S . _ 8 16 32 64 128 256 512
Concentration of LfcinB-Cecropin (pg/mL)
TR . 0.16 0.30 0.54 0.97 1.13 1.32 1.67
Hemolysis rate (%)

3 it () PURIRG THUDN, R ARRED, AT

KRR FIE R GEHA AR . 254 A
B BT RFREIN, Oy R A S hURE K £
BRIBRGZ — o (AL IR FB PR K
EAFAE AN TR (1) EARF=H0%t TR B REE;

FER M ER R 7 1%, LARES J730RK, 18
P AR IR TER R, SCBERE AR B ER IR
F1% 2 18] 3 28 A S i L o JER B4 X T T 10 5
VR, Z 5 )P I B A Ta] A = SR o7 i ORE Rl
R IREA, AITT R o B B BRI IR 5
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HAHEMTE E. coli TRk, HERBEA MK
A5y R (1) ISR ihaRiE; (2) AR AT
PERIK; (3) ML PERIL, HI= Wy LA A
AR, 2w, AR FAMm A EA
ML DAL AT AT R A H
TEHAEARMKEN, SR Emaifkd
T PRI, KA T R Al A AR R
EE S ARG RN, R B Pt
JRF B, AW T AL AR i S VM BT, 1Y
B RIIA

X T HUR KA TS B 3 H EA ke A W
WAL, VFZIFFTAR X L bt B S A= 2= m
B/ NG R, B HAR B B S THiAE R
B o AHJEA SRR PUA R A T 25 PR iR 13X
— 7 Jry PR, i L T S 4 T R e LK
Wit SRR PO TS TR B AR AR X 40
i 2e 5, Rikw i E A BRI i s
SRS AR E . ASBFSE A FVR B AR A R TR R
THEA—E IR L,

Liu %558 W15 LfcinB AYRT 9. 13, 15 M4
FERATAEY I EEYE, &I LfcinB BYHT 15 4>
FIERRAT A DM IS MR P, Cao Z5thg T
CA(1-7)-M(4-11) Fl CB(1-7)-M(4-11) W Ff 4= & 4t
PRI R R Bk v S 63k, SRR I X A
ARE PRI KIGHFF A . o O KA R A
BERBINEIE PR Zhao VA T 2 AP H
Ik LFM23, 1 LfcinB 1Y 15 M FEMR I RE R
) 8 FILFR A MG, Mok, oGPk
LFM23 ELAG #eai A i v, HLJGu I
ARSI RS W H A 24 A PUR AR LfcinB-Cecropin
X4 v (0, 2R ATCC25923 ) MIC 2y 16 mg/L,
S} R ATCC25922 it MIC iy 32 mg/L.,
B TN [ PR P R RE T

ZHCHT DA R B 1 3 2y U8 i 5 SR A
MIZE G, B AR i A M RE, B0 T 240 i
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WERAL L, 5 SRR MR R 28 1k, DA%
FHELANAA, A A0 AR R S
LR IRGS G PTUBLRE I A 2 7
MEF 2451 o AL P s )T T ORI o AT A A
P, il A MR EHE, LfcinB-Cecropin JoH
A MG P o A5 IRAS 1 30 B 2 e HLJCHS I
PR —FPE R 22 A PUE K LfcinB-Cecropin, #JH
KIGFFRERIERG LI T H @ E A Rk, X
WK & 5 sk s A EE e
SR

2 % X M
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