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(2. PHEBEREMEAEYBIGET Jbat 100101)

HOE: [86) RENB-HHE 7 (Gal-7) 0 m KA R 57 A AR, #EE&E Gal-7
XA A TA2H, AR AT HE Gal-7 AR EDFEE, [F 1] Fomiy
gal-7 2 B % 14 2] X AT B & A 4K pGEX-6p-1 F, 1F%| & 41/ 42 pGEX-6p-gal7, 44X
MATH BL21(DE3), £ IPTG #-F+ R &EMHFF|4 GST A as&Ea GST-Gal7; /& A
Prescission & @ 244 GST A&k, JF3t A KAATR BT, B AR FAGITILY #0E
) Gal-7 R ARG RIN T A F 1, A 2 BRI T e RKITH KL, [4R]
RAME Gal-7T KA A FRAATAER, RiAdhibey T4 Gal-7 RAKRABL T T2
4 5 516 Da, HxF# &#M3KHE (NCIB 8166). 4% & % £ 3K (ATCC 25923). £k
(ATCC 29212). X AT H# (CMCC 44102) ¥4 ¥ 8 &M, wAKI7 & RE 4% 16.875.67.5.
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Heterologous expression of chicken beta-defensin-7 in
Escherichia coli and antimicrobial activity analysis

LI Min-Huan' QI Ke-Zong"” TU Jian® ZHONG Jin*

(1. College of Animal Science and Technology, Anhui Agricultural University, Hefei, Anhui 230036, China)

(2. Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: [Objective] In order to study the antimicrobial activity of Gal-7 mature peptide in
vitro, we constructed an engineered E. coli strain contains chicken beta-defensin-7 (gal-7)
gene encoding Gal-7 mature peptide published previously. [Methods] Based on the gene se-
guence, we synthesized the gal-7 gene, cloned into pGEX-6p-1 prokaryotic expression vector
and subsequently transformed into the E. coli BL21(DE3). The E. coli strain contains the ex-
pression vector was induced with IPTG and the fusion protein GST-Gal7 was purified by af-
finity chromatograph, then Prescission protease was used to remove GST-label to form Gal-7
mature peptide. The molecular weight of purified Gal-7 mature peptide was monitored by
MALDI-TOF-MS and antimicrobial activity was tested by the agar well diffusion assay. Be-
sides 2-fold dilution method was used to determine the minimum inhibitory concentration of
Gal-7 mature peptide. [Results] We successfully constructed the engineered E. coli strain ex-
pressing pGEX-6p-Gal7 and GST-label was cleaved by Prescission protease. The molecule
weight of purified Gal-7 mature peptide was 5 516 Da, it exhibited antimicrobial activity
against Micrococcus flavus (NCIB 8166), S. aureus (ATCC 25923), E. faecalis (ATCC 29212),
E. coli (CMCC 44102) with MICs 16.875, 67.5, 67.5, 135 mg/L respectively. [Conclusion]
The GST-Gal7 protein was successfully expressed in E. coli, besides the Gal-7 mature peptide
without GST-label showed antimicrobial activity against several indicator strains.

Keywords: Beta-defensin, Gal-7 mature peptide, Heterologous expression, Antimicrobial activity
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FH 25 -F T 7 Bk (Cationic antimicrobial pep-
tides, CAMPs)&} K48 H14: % (Natural antibiotics),
SENUR P AETE R — P S B A M EE N £
R, WJETE 0 R G0 EE A Sy, BEAED
M DR B ) AR T B SR A T 1) H Al
ik, CEA T 800 Y FH ES T HU R KB 48 E
FEASEMEER . PIHZERSE, PR (Defensin)
—RE TR ARWHE TR K, B
18-54 MR FEIRH N, HHXS 737 i oy 4 000
6000 DaZify, 43 FH & 6 Bt aiRskit, &

% 3 XN e, AT 22 IR S 1 F
FTHY B-FrREb AL, H 3 2 A HE S AN G4 He
o R ARYE B R B2 R g5 R, T
S0 a-BitE . B-BItE AN 0-BifEEE 3 287,
Bl B 2 A AR SR AR TG M, BB RN L &
B LA O 2 (N HIV 5 28 A5 I A= )
TR AE R VR FHALERE O 5 A R e il i
IR JERAE i A R K R HER O o XS A4 Py
RS R It = A 14 FPRETHER, #UE T B-BhH
X, IR K gal-1-gal-14, T4
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IMARTEYL (A 393.5-303.7, K4 )y 86 kb,
X B-BiHRIEAR N AL AR, Hd gal-7
EEAAE TR B R RE T
T E S 2R

HHT, &I+ &k, LA bRl
hy LR FR 5 7 A T ) 32 B
12728, N TRANE RN, PIAERE 20
MTgkh, (B2, KRS8k
R AN DA TN 25 PR R 8, SR A B e e
NI I, fEISErFRaad i b U1
YLMEs. JCEEE . IR M AE B R ok
bR, DIRBEFRFE () fE e A e, RN TR AE
XTSI BRIR, B AT, TR RS A
ik 245 14 ) L o 2 W B TR ) A S XY BBl
E T HORIEAE PG, AL A=
PAEYLYE, B EAARE B4R R
“BiA: R T TSR B R A,
ST B AL IRIXE, R AR X i 5 AT B R Alifh
B FRAR B R R 1 ARk, R L
B TREHOR R P & e, Howl) iz i TR =R
IZRIR . SERTAHGE Th & LS B R 2187 =X
FEA VIR RS KGR RIK RGO 5 oR bk
FOR ARG, TSR R A H RS, IR
o AE TR A ARER I A% 8 R G ) TIOR#E AT R
LA, HBRABAR . OB, & T B
A . AR KT R RGN )RR
T HRi-&HEH GST-Gal7, FlH Prescission £ H ]
| GST #r%%, 15203 Gal-7 Bk, FFxTHARSN

VAP THE L.
1 MBEIE

1.1 RIEdR

111 BEWRFARCRL: WA BL21(DE3).
WO R B (NCIB 8166) . 1 {1, /& Bk # (ATCC
10231)Fl {0 /& 2K 1# (ATCC 90029) 9 H FElRl2# B
AR BT EE At Foki pGEX-6P-1 I B R4 B
0, %5 74 Bk 1 (ATCC  25923) . 2% % Bk 14 (ATCC
29212) . KIHFFHI(CMCC 44102) Jg 228kl Kk
SR FA I E R o XS gal-7 KA N
G i E T A TR AN SS A PR A RIE .
112 Eg5RF: RN TIEE T NEB 2w,
T4 DNA & 20T Fermantas /A /), EX Taq i
T TaKaRa A H], BUki#EH. PCR 4 [mIiaHH
BT Axygen 23], DNA marker 4T 4R}
AL EWRHABRA R, FEEHIK Marker 1
Ta s EE R EARA RN,
GST-Sefiniose™ Resin. Prescission & 14 T
A TAY TS AR, BCA 57
& F Thermo Scientific 2y F] .

1.2 REHZE

1.21 5|8t 5& K H4E GenBank Hi kil
1 gal-7 ¥ 8 (8 %5 DQ858344), i H
Premier 5.0 545811 1 X514 (GE 1) PL B 59 &
A EcoR I BV 5, P2 11 5% A Sal 1 B0
Mo WIS Il A TAY TR RS
A FRA R G R

*1 PCRYEmASI

Table 1 PCR primers used for amplification

519 32 DAY
Primer Sequence (5'—3) Enzyme site
P1 Sense primer CGGAATTCAGGCCTATTGATACTTGTAGGCTT EcoR |
P2 Anti-sense primer ACGCGTCGACTCAGCTCCTCCATCCCCTT Sal I

http://journals.im.ac.cn/wswxtbcn
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1.2.2 PCR #1838 gal-7 A BKERFEY: LY
gal-7 BEAVIKIL AR, H 1.2.1 P& G 19
1Y gal-7 BAIKIE R BB, PCR b 444
94 °C 5min; 94 °C 305,59 °C305s,72°C30s, it
30 MEFR; 72 °C 10 min, " HEFRERY gal-7 A
JRFEA

1.2.3 EHFRIEFFMBWERLEE: PCR Y 1™
Yz aife ) EcoR 1 A Sal T XU I a1 i 4k
tk, RIS ZAHFEREDI 4L pGEX-6P-1 Jitk:
3, ¥4k E. coli BL21(DER3)E3z 41 A
AR R ERRIEN ARG E LT, 54 PCR
P3G 0 TORL BRI, B ) % R A B K
DNA JFFI a2 (A5 1 1 A= B AR A B A R 3
AR T ZH 3K 8K pGEX-6P-gal7. L) A 4
BB IR (T e B gt i ) WIS ikt AT
124 EHREBAWFSTEMEEMAL: KT
ER R EREEERN T 3 mL LB Wik gasirh, &t
FAHRAARER MBS IPTG WREE . &
BFIE], AT i iRk i . AR AR
AR KRG IR E. coli BL21(DE3)/
PGEX-6P-gal7 i 3 mL 4% 500 mL &4
100 mg/L I HE#EZ LB H53Rdkr, 37 °C.200 r/min
YR58 5%, Ff ODggoih% 0.6-0.8 i, MIAZHKE
7 0.1 mmol/L 5N 3&-B-D-tf L FLHEFH (IPTG),
fE 16 °C &M FiFRRE 24 ho WERRAN,
SDS- & N #i It Jie %€ )1 H., Yk (SDS-PAGE) £ il
GST-Gal7 Wi F &Ik E L -

125 BERAURRIEEE: KA FRATIH
WHEAT RO, WA, TR E B TR RS v
W (PBS)f, i 24N, BONE i &AL
JE B (0.22 um)id JE )5, R GST-Sefiniose™
Resin SEMHZEH o EaifbEA. mAaEAH
Prescission & (M EEdEATAE VI, srE4lifh, Ude
Prescission & BB UIGENGE, SDS-PAGE Hijk
Ko AT 2R 1, R VR T g

(BRI R 4> F= /2 9 kD), 4 500 r/min. 2 h,
SDS-PAGE Hi KAl A B UE & IR H C18
ZipTip HALHLS, #5417 MALDI-TOF-MS it
5T

1.2.6 FTEFYRHINEE RN RAHFTFLY HL
AT, (1) F7R BRI 4 K R B
R (NCIB 8166) T- S1 3% 37 3P b %) £k |
30 °C R IEFRIG T 4 °C UKACE %, ¥dER
A 4> ¥ 00,7 % 3K I (ATCC 25923) . ZE 7 Bk
(ATCC 29212) . KA+ (CMCC 44102)F LB 15
FRHAPARRILR, 37 °C I IEFRIG TS 4 °C VK4
;AR TR E (ATCC 10231) F 6 & Bk
(ATCC 90029) T BS £i7rdk-F-Hl FRIZ, 25 °C it
WIGFEIETE 4 °C VKAE# FH o FHEERR R ME-Al 1
BIH— AR, MAGE R ICHEK(Z 3 mL), $k%
1R5), 1A 300 mL @ik 240 258 IR EE Y S1.
LB zk BS [EfAKEFRIE, IRAIFHE A BB =1L
N, B E ARG EIEER . (2) MBI ERIN: S
PPN EE . AR 7 mm BFTHLES 55
BIE B KR (NCIB 8166) . < 1 (A % BRI
(ATCC 25923), ZEMAERIE (ATCC 29212) . KinFT
W (CMCC 44102), HE&ERFE (ATCC 10231) A
0 2 2R B (ATCC 90029) 4548 /i Ak 345)
FTFL, HKEKINA 100 pL Xt FEIGHE 7K | 100 pL 1E
X IR A R SE XS I Nisin [7: {08 fiok
#(NCIB 8166)45 7~V Hise A Nisin S iEXTHR]

100 pL FFIEES, B TAES S HCE 20 min,
RS LY H . AR A (NCIB  8166) 7E
30°C BEFRAENIEE, 4 6 45 BRI (ATCC
25923) . ¢ BR B (ATCC 29212) . K W7 4T i
(CMCC 44102)7E 37 °C B 3eM NI E, 0 &ER
P (ATCC 10231) 1 &K (ATCC 90029)F% &
25 °C WEFEAE T, 24 h JE WIEREE I, MEAR{RAE
1.27 RiEFYMRNMIERENE: H BCA
(Bicinchoninic acid)& [ A6 I 357 & 42 BE U6 R
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MR8 Gal-7 BUARK(FTIE 7T 45 1IE 1)
()2 W o fe /NI B R B (MIC) T i S TR
Levengood My sk, BRI

(1) KFFTE R E KT FE 2 ODgoo A 0.9-1.0
CF B ), FEDBI B 1) 5 7S B 5 75 0 T VRO
10 f;

(2) £ FoRMEAERE 96 FLAPIETT, BE
¥ Gal-7 AR 2 R — R, &L
50 pL I AA IR FLH;

(3) ¥ 150 pL RS MBEEINA kLA,
AL 200 pL PR, [FIEHSOG IRZE A 150 pL
fef AR /N RTIRFEA 50 ub MTEEIK, 25 H4lh
150 pL YRR 50 pb BITCEEK, AT PRI SES:;

(4) Fr 96 FLARIAIE G 48 7 R SR B 1 s
FEA N E RS, LI N AIA R ODego 1H,
NIFF4A 5 h, AR L hill—ik, FfJ5 2 24 hill—ik;

(5) Hoe/ N TR R FE B PR ODgoo TH AL
/N

2 #HR

2.1 PCR {1835 gal-7 s E R F5)

¥ gal-7 SEFPATIERIME L, DA AR,
P1. P2 h5|¥), %4 PCR Y #1552 120 bp 134
gal-7 JEAIRIE I, 255 LA 1,
22 BHFEHAHMERETE

PCR § #2139 gal-7 WUk 3L K 2 4lifl 5
JH EcoR I A1 Sal I XDk zlif, AR5 54
HHIRI BT 2i4k Y pGEX-6p-1 ki, 1k
E. coli BL21(DE3)EZz &t HEAA AN E 5
IR ORI O ST T L A 73 1 QO EeA E DR A
EcoR I A1 Sal I XUf§YI%E, #E2) 5 000 bp Al
120 bp Absr5li —25 H 254 pGEX-6p-1 Fil
gal-7 (& 2) B s TERf A TR0 6 28 RIS, 45
SRR L AR )

http://journals.im.ac.cn/wswxtbcn

bp 1 2 3 4 5  bp

300 —
—120

B 1 78 Gal-7 B{FABAEE PCR #7714

Fig. 1 PCR amplification of gene fragments encoding
Gal-7 mature peptide

: 1: DNA marker; 2: PCR 1EX] fi#8; 3: PCR X H#; 4 .5: PCR
.

Note: 1: DNA marker; 2: Positive control; 3: Negative control;
4, 5: PCR products.

bp 1 2 bp
5000
4000~ —5000
300—
—120

B 2 ZF|HFR pGEX-6P-gal7 M) % E

Fig. 2  Double-digestion of recombinant plasmid
pGEX-6P-gal7

71:: 1: DNA marker; 2: EcoR 1 /Sal 1 XU 5 A Bx.

Note: 1: DNA marker; 2: Gene fragments after double-digested
by EcoR [ /Sal I enzymes.

23 EHEEHMMLIFERIE

SRR SR L BFE]L IPTG WREE TRl
AFEAMMTEERE SR, AiGEOAE
16 °C. 0.1 mmol/L i IPTG ¥ JF TS 24 h, ]
YRR R IA R A o WSO A P S S 1Y
W, P47 SDS-PAGE HLykKG I, % EH M
GST-Gal7 ¥ Fiie 29k 31 kD (/& 3),
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kb 1 2 3 4 5 6 7 8 9 10

71—
50—
35—
25—

16 —

3 SDS-PAGE KM AR &4 TRIEERAMR
5t

Fig. 3 SDS-PAGE analysis of fusion protein in differ-
ent conditions

E: 1: Protein marker; 2: i%55:Hi; 3. 5. 7. 9:30°C, 25°C.
20°C. 16 °C if53)5 ik, 4. 6.8, 10: 30 °C, 25 °C, 20 °C,
16 °C i #JE UIVE.

Note: 1: Protein marker; 2: The pGEX-6p-Gal7 in supernatant
before induction; 3, 5, 7, 9: Supernatant after induction at
30 °C, 25 °C, 20 °C, 16 °C; 4, 6, 8, 10: Precipitation after in-
duction at 30 °C, 25 °C, 20 °C, 16 °C.

24 ZERQA#L. SDS-PAGE k4Nt
¥E

W PLACZRIR IS W TR T B L, B 75 B 2
M5 B DU BE AR B, 1 4o L g
(0.22 um)i 3E 5 EER] GST-Sefiniose™ Resin /2
Brid A B2 MUEMr2lifh, W Prescission £

DI E i, SDS-PAGE HLykAGI , #JEE—
gl fb J5, SDS-PAGE HE ik £ I o &5 S % B
Prescission £ 0] LR A& 2 A V1T, 15310
Gal-7 BAKE 4T i E 208 6 kD (K] 4A. 4B).
W RIS G AR C18 ZipTip HbH)s, #f
i T MALDI-TOF-MS i otr, itk % & 5
44 5516 Da (& 5), o= 52126
SRR B o T HAEAT, 4ifbiS 8 Gal-7
LI RN TRIN 43 WL AR 2,

A B
kD 1 2 kD 1 2
71—
- 50—
35— 35—
25— _
16— 25
8§ — 16—

8_

4 Gal-7 FEABKEE 1L

Fig. 4 Purification of Gal-7 mature peptide

E: A Gal-7 BEIKR R FIENT4E4L; B: Gal-7 MUK #IE
4lifk. 1: Protein marker; 2: Gal-7 {8 ik.

Note: A: Purification of Gal-7 mature peptide by affinity chro-
matography; B: Purification of Gal-7 mature peptide by ul-
trafiltration. 1: Protein marker; 2: Gal-7 mature peptide.

4700 Linear Spec #1 MC[BP =5 516.0, 2 394]

100 _5516.143 6
90 [
80 [
70 Lk
60 L
50 [
40 [
30 [

20 [
10 [

Intensity (%)

2394

8009.412 6
“u& i &

0 A s
'

W

5374.0 63194

7264.8

8210.2 9155.6 10 101.0

Mass (m/z)

5 MALDI-TOF-MS %
Fig.5 MALDI-TOF-MS of purified Gal-7 mature peptide
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*2 SRR Gal-7 AR FIIFITN S T2

Table 2 Purified Gal-7 mature peptide sequence and molecular weight

Peptide Amino acid sequence Predicted mass (Da)
Gal-7 GPLGSPEFRPIDTCRLRNGICFPGICPRPYYWIGTCNNGIGSCCARGWRS 5520.35
25 FRKFHRIEE R S
SR AT AL B0 A6 I 24 Ak A5 31 1 X g 228 ik 1 1
Gal-7 XA O, 452RNE 6 B , . X ,
7N A B AR Gal-7 X B A K e
(NCIB 8166) . 475 (o #j 2 BRI (ATCC 25923) , 2%
PAERE (ATCC 29212) . KT E (CMCC 44102) ATCC 29212 CMCC 44102
HATHEIGE . 0, A9 B-DiH % Gal-7 ik 1 !
X F A8, 22K (ATCC 10231)F1 1 (4, &2k #i (ATCC 5 3 5 3

90029) LI AEFH o FHIL T %0, RS T 4lifk
HENAYRG B-BHE R Gal-7 BN —LekEE nytE
7 R AT R T
2.6 FRIEFYHR/NDEIRENE

JeH BCA 8 e i ik 5m) & i a4k 15 21 1y
Gal-7 WK (BT i /Al 5 8 IEA) I R B, B
R Levengood 2y I ik i 4l Ak 45 21 i 19
Gal-7 B2 R X AN [] 45 75 B 1Y) e /DN 100 7 e B
(MIC), HJamIZE R 3,

6 Gal-7 B ERBKEYHNEE AL

Fig. 6 Antimicrobial activity assay of Gal-7 mature peptide
0 A EOMERE (NCIB 8166); B: 4 (084K % (ATCC
25923); C: Z&MmERTE (ATCC 29212); D: K #F 14 (CMCC
44102); 1: HXHE(H,0); 20 IEXTIR(E R EE R DA Nisin);
3: Gal-7 ik,

Note: A: Micrococcus flavus (NCIB 8166); B: S. aureus (ATCC
25923); C: E. faecalis (ATCC 29212); D: E. coli (CMCC

44102); 1: Negative control (H,O); 2: Positive control (Am-
picillin or Nisin); 3: Gal-7 mature peptide.

3 I8 Gal-7 AR &R/ NNEIRE BN E

Table 3 Determination of minimum inhibitory concentration (MIC) of chicken Gal-7 mature peptide

24 [C I PER wMD S /M 2 [P /M
Gram-positive [Lp735 3 lgdngi WK Gram-negative PRIVREE
microorganism MIC (mg/L) E MIC (mg/L) E microorganism MIC (mg/L)

A HERE (NCIB 8166) | FIERIRIE (ATCC 10231) | ol (CMCC 44102)

Micrococcus flavus (NCIB 16.875 | Candida albican (ATCC >540 | E. coli (CMCC 44102) 135

8166) | 10231) s

4 # {0 4 % BK i (ATCC D[S BR H (ATCC 90029) '

25923) 67.500 ! candida albican (ATCC >540

S. aureus (ATCC 25923) 1 90029)

FEFRTE (ATCC 29212) e |

E. faecalis (ATCC 29212)

http://journals.im.ac.cn/wswxtbcn
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3 Wig

ZHTAFTR R, B g 2 ik = Ak
BLEITS, PRI B-Bi A 2 7E 8 250 e R g o
EWETAEN . U, REFRMARIG, £
H SR B (8 ST 5 32 BRI A R 28, T R
RERMILFR, 25 AFPEKZ IS
B SN TR @, HJE, MUK NI
7 0 2 R 3 Ak 2 5 B BT BR AC RE, A
T 249 T AR H, R TR 34
i 10 2 2 i ek A e ALY — A s T B, BT,
R JEAL T B R A R G e KIGHT I3
BRG M RERERE RGN, WS, K
FIRIERGER GO . TR A, 1 H
BAAMK . R . (A TR RS RITREA TR
SRIG AT, BT LLE SR RS B Ay kT
Fik, RIKJGHXTRLE WA TREDIAL 2R, 75 )
BAVHEIEMERNEM . Milona 25 His LA
FRIRRGFIA T HHAX Gal-7, G HEAR I
B, SEAE X R U1 R AR 50T T R T
HEAMEUEN . fFEE%RERG T, GST Alh
FIRRGI His 35 RGN a5 5 0 = Bl
FPERLE, LN, GST F& A B Py HA &N
B 32 WA MR i Y R T 4 e LA E P, TR
AR TR, RE T AR AL
AW . ARYE DA, AR GST Ay
FIRARG, F#ikT pGEX-6P-Gal7 fl&HEH,
JH Prescission £ FIBVIGR GST 174, meZalifbik
A TP XS IR Gal-7. 45 EFRR, RAH GST
fill G 2Rk R G R FRIR HIWE 1, RSN T
PEEAS T A FRAR A 45 R

AR5 77 0 22 43 1) 5 () &5 ) R e o ML 38 T
A, BURAFr 3 N TR I M E e
5 i Gal-8 BIBFSE R, TR H
A R Ling Y. AF PR B R IE L UE A

T BEAE DU T A R AR . AR S,
FIFH K FF B DA 3 38 R e ik a4k 15 2 Y
Gal-7 BLRA R 28 et o 15 45 v HfE b v 2 11 4 B
WY 2 DT, H Gal-7 BN ok
(NCIB 8166) ., 47 (o] % BRI (ATCC 25923) , 3%
WK (ATCC 29212), KA (CMCC 44102)
PIAMEIER, RURGEEARK Gal-7 TR T i H:
ey AN €N R o

BUIAEREAT ENPTREEE, e R
FEAS AR IR GE Y, T EAE AL RRR, RE S
s R E P A p 2Pk, DR G J i 3
ik SRR B B N . ASDFST I
KIFF B £ A R G RB N RUK Gal-7, % H:
FIRFFMHAT TR E: B RS SR
YAt IR AR, SR AR . R
ik IPTG WREEHTHRIL, MBI T KB TRER
Fi o Ffife s — R A aifb il RS 15 2B GST
PREE Gal-7 iikIfi#1T MALDI-TOF-MS
JRE AT, kS E T8k 5 516 Da, 19
Jo e S 2 AR 5 O A 1 A A L, T
FEATRITER T 2 4 Rk mmxs ik Gal-7
P RSMM R R EE B, B0 2 PR B B R A %
FC PH PR A A IR, B S i A 240G
P BCEERIFFE A S R i I 5 A 2R ADRR S I (8
BRI T SRR, BB E M Tl kA 7 B E
T —EMRREE R

2 % X W
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