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Cloning, Expression and Activity Analysis of
Avian B-Defensin 6 and 9

LI Yitong, GENG Shu, YIN Dongdong, SHAO Ying, XUE Mei,
TU Jian, SONG Xiangjun, QI Kezong

(School of Life Sciences, Anhui Agricultural University, Anhui Provincial Key Laboratory of
Veterinary Pathology and Disease Control, Hefei 230036, China)

Abstract: [ Purpose ] To explore the prokaryotic expression and its biological characteristics of re-
combinant avian defensins 6 (AvBD6) and avian defensins 9 (AvBD9). [ Method ] The mature pep-
tide genes of 4vBD6 and AvBD9 were cloned into the expression vector pgex-6p-1, and the recombin-
ant expression plasmids pgex-6p-1-4AvBD6 and pgex-6p-1-AvBDY were constructed. Then the recom-
binant expression plasmid was transformed into BL21(DE3)pLysS. Purification after IPTG induced
protein expression SDS-PAGE was used to analyze the protein expression of AvBD6 and AvBD9,
then to detect their antibacterial activity in vitro and to observe the morphological changes of bacteria
with transmission electron microscope. In addition, the hemolytic activity of recombinant protein on
chicken erythrocytes was detected. [ Results ]| By SDS-PAGE analysis, the molecular weight of the
induced AvBD6 and AvBD?9 is about 30 ku, and it was mainly expressed in the supernatant. The re-
combinant protein had antibacterial activity against Escherichia coli and Staphylococcus aureus. Elec-

tron microscopic observation showed that the bacterial contents leaked out and the damage was seri-
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ous, and the hemolytic activity of the recombinant protein to chicken red blood cells was very low.

[ Conclusion ] The recombinant protein of AvBD6 and AvBD9 prepared in this study has good bio-

logical safety and antibacterial effect, and laid a foundation for further study of its antibacterial mech-

anism and preliminary clinical application.

Keywords: avian B-defensin 6; avian B-defensin 9; prokaryotic expression; recombinant protein; anti-

bacterial activity

MG, TERE IR T AR & s A
TR R, PR M KR
R T SRR E RN BUAE 2255 B8 RN 20 1 it 2414
HURR AR, It Y RE B NS B A f
FEY, BT, BUERB I ORI

& B-B5 1 2 (avian P-defensins, AvBDs) J&
—RAEERNTZ NIRRTk, B
AT Z AT . i e A e .
PR 85 5 S i ok 20 P g5l = SR ML, B AVvBDs 14
MR AL B BHUE R RIR e R G h k&
FER EEAEA™, AvBDs AP JE BRSO 5 A4
EAN, AgreEmeitt; HEASTFE/N, )
FoE kBRI AT . SR B G AN SR N
I ER B AL, BAE Sk R A R SR
UGB 2590 0T RN (EAL B W8 T E . AvBDs [1)
TR EA 2R, WPIGIRNREL . fb2a ks
B BRAERIAT e FAL RS Hod, (R ER IR
e G it R B | AR IR A AR, HAERS
PR, MR RIS RGN HERAER 5 A
= m S, BT A AvBDs, Nk
DL xR AL T —Fh a5 nT AT T B

AvBD6 I AvBD9 Y5 7E 38 i I fL 18 . T HIE
R IR S RERIL . AR
A AR B LAl -, H PCR Y73 T AvBD6 il
AvBDY WL, 44 KL H % 4 & pGEX-6P-1 %
e, XTHTE SR, R Y T
P S e AR, S AvBD6 1 AvBD9 B4
YISO I8 S 2 VPN PR i B AR
1 MR5E%

1.1 R R

DH5a 8% 52 75 21 g 71 BL21(DE3)pLysS &% 5%
ASYupEm A de st R AE M EARARAF; &
FORME R AE17. & HORABKE (ATCC

25923). FiA#IA pGEX-6P-1. AvBD6 2 AvBD9
SRCVET AR 24y vy 24 2 3 L A ) 2 5 958 9 B 4 2 B

BE TR ERT
1.2 R
1.2.1 5IMH¥it 56K

# #i GenBank (https://www.ncbi.nlm.nih.gov/
nuccore) FLSE S AvBD6 LR ¥ 51 (735
NM_001001193) F13% AvBD9 3t K 51 (FF %)
7 NM_001001611), AKHEF A HT 1 14 2 - &
PEXT BRI P At (R 1), ZEAT
AP TR (1) R A R ARG R RIEATE
B AvBD6 Tl AvBDY AL FER 34 L) K 5| Wik
I, A F Primer 5.0 43 51% 31 AvBD6 (/)41
5141 P1. P2 F1 AvBDY [ 34514 P3. P4 (3% 2),
T RIZ AT A

#1 IS AvBD6 F1 AvBDY PR FARAEE FF5
Tab. 1 Optimized AvBD6 and AvBD9 mature
peptide gene sequences

T
A WABEE R 5153
synthetic

gene sequence
gene

AGCCCGATTCATGCATGTCGTTATCAGCGTGGTGTTTGTA
AvBD6 TTCCGGGTCCGTGTCGTTGGCCGTATTATCGTGTTGGTAG
CTGTGGTAGCGGTCTGAAAAGCTGTTGTGTTCGTAATCGT
TGGGCC
GCAGATACCCTGGCATGTCGTCAGAGCCATGGTAGCTGT
AvBDY AGCTTTGTTGCATGTCGTGCACCGAGCGTTGATATTGGTA
CCTGTCGTGGTGGTAAACTGAAATGTTGTAAATGGGCAC

CGAGCAGC

&2 IR¥E AvBD6 71 AvBDY FFARKEEZ 514
Tab. 2 Primers designed according to AvBD6 and
AvBD9 mature peptide genes

I
TR SIS 3) BbIRL
synthetic primer sequence enzyme site
gene
Pl: CGCAGCCCGATTCATGCATGTC BamH 1
AvBD6 by CCGTAAGGCCCAACGATTACGAACA  EcoR 1
wgps P3¢ CGCGCAGATACCCTGGCATG BamH 1

P4: CCGTAAGCTGCTCGGTGCCCATT EcoR 1

1.2.2 SEAFREBRATIE

PL AvBD6 Fil AvBD9 I3 Ik cDNA b #A ,
120 W G S - iy, YY)
WATIEREMEBE RS LUK, IR AR DNA [l
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R S AT I, FHBR i N DI EcoR 1
BamH 1[4 HFEAEY TR K#E) BRRAH ] 505
St H B BOR# A& pGEX-6P-1 BEAT XU, J5 48
FEL UK S S e nl e glifb o K e I s i B B Bt
AvBD6 Tl AvBD9 413 5 84k pGEX-6P-1 % L1
1A% 16 C fEH] 12 h: AvBD6 5{ AvBD9 4% 7.5 L,
Ak 0.5 L. T4 E A T4 buffer % 1 uL. ¥
HERE WY AL 2 DHSo B2 2540, %A
FHZRVIR (Amp) PrHEREAR LB i, &F 37 C
it 12 h, BRBCRTEREDSEST PCR %5, JPKEFH M
B E AT A TR ARG BRA R, Wl
J 1E A 5 R 44 N pGEX-6P-1-AvBD6 Fl pGEX-
6P-1-AvBD9,
1.2.3 EHEARGE RIS KL

W EALTR 7 3545 L 2338 B BL21 (DE3)pL-
ysS 1, PRI TR IS o K B vE B R 1
A Amp IR LB 5535 36H, 37 C R 57
2 0Dy 155 0.4~0.6 B, MAZIKEE N 0.5 mmol/L
IPTG, 7E 16 C %M Fif5R3RA 16 h, KiffRE
K5 YRR 5000 r/min B0 10 min, WA R 1A,
BT UK AR (110 HZ #8875 260 4 T 20 i
TAERSIE] 3's, [EIBK Ss, #FAE 15 min), 10000
r/min 5.0 10 min J5 23 90 W e b R DTVE 2F 17
SDS-PAGE Hiik, Zr#riE AfAfeiE . &M GST
P& el feiatR e Ui Balifb E4E T, A
BCA & AR5 Sl 4l b J5 4 B A& i
1.2.4 FEA K Western-blot 55 1iE

alifb J5 1 8 H 20t 12.5% SDS-PAGE 435,
100 mA . 60 min %% % PVDF I |-, F 5% Bifg
Wik T 37 C EHMA 2 h, IMAHEHR 1 : 500 F
FEf) AVBD6 Al AVBD9 FUBEPLIA, 37 °C ¥F 1 h,
PBST V¥ 3 K, %K 10 min; I 1 : 2000 i
) HRP #ric A9 LA BT R 1gG, =W T HE 1 h,
PBST ¥ 3 ¥k, 4K 10 min, J5 ] ECL {4
g8
1.2.5 B E R BRI R i =K E (MIC)
(I sz

WA 7= TR & BOR I KT AEL7 4
B BRI (ATCC 25923) 73 ) 15 7% 2 ODgg
54 1.0, #FZE 1x10° CFU/mL, 43 51FF 2 Fh ik
FAS Fo A B 5 A B MR (300.0. 150.0. 75.0.
37.5 F1 18.8 pg/mL), J545HL 50 uL A 96 fLAR
H, BALR A 150 pL B R IR . =S H4A

150 uL LB K525 A1 S0uL #9 PBS, X} R4 N
150 pL B ¥ A1 50 pL PBS. ¥f 96 FLARIA 37 C
BEFRAA N R B RE 9%, DR ODgg (H, A4y
HiE 3 ISR,
1.2.6 &5 BT S B R

4lifkJ5 i AvBD6 il AvBD9 4351l 5 K HT i
& A A IR TE 28 °C WM pedhhs, &
O PBS YR 3 Ik, BHUTIERE M E T 2.5% 1Y
MR EE, I 1%0s0, B, SRJ5
K. A Y A BRG] AR . X
MR FH PBS AU E 4L 2 P forA R b B . XoF il 4%
A b (o PR FEL BB I T IR
1.2.7 HEAE A MR

R T B F A B X R I 2T A0 R S LA
M, DA o 20 AR 0 I R XS 1 i 6 25
FEFEAY, oA SV RIS % ARt
T A A MR . BB B Il in AR R
WD, UK A )2 R U 2 XS i 2T 40
L, FH 0.9% K P& Az BRER KK XS 1 21 240 A B &
2%, JFHIKFEAFER KK 3 Fivd 240 8 AR R R 24
TRV E SN 50, 150 F1 300 mg/L, AR vk
1) 2 1145 B 20 pl 43 3 I A ) %) TG TR 0
B, 0.9% JG B A= BEER K VR B XT IR, 0.2%
Triton-100 YEA FEPEXTRE; 2300l &R A 180 uL
RIS M LT ANME . B E 3 ~EE, 37 C
MEE 1 h, 1000 r/min 5.0 10 min J5 B B, M
ODse fH, HEAMFESM 3 A FATIE, JFELLT
IR A, BOFAIME,

1M1 =(OD 412811~ ODyiton)/ (OD ek —
ODxit0n)* 100%.

2 HBRESH

2.1 AvBD6 F1 AvBD9 FE[F 4 1

i I8 1A . LA AvBDG6 Fl AvBD9 i Ik
cDNA AR, P48 K /N2y 125 bp I B,
U RNMEFT
2.2 XEFII%E

P 2 AT 5. T R4 EcoR 1 Fll BamH
1 fi§Y), PCR ¥ ¥4 =W 5))5 H i R BeR/h—
%, HYH 125 bp, MIFEEREW: AvBD6 Fl
AvBD9 JE [ 3 oK e AE B Ak 28 A8 w1 B
pGEX-6p-1-4vBD6 Fl pGEX-6p-1-AvBD9 H 4 %
KRS AL
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250 bp — [0
100 bp —

250 bp —
100 bp —

1. M. DNA 43 F-HebRiE; 113, BIPEX B 2. AvBD6 PCR 7745 4.
AvBDY PCR 724,

Note: M. DNA molecular weight standard; 1 and 3. negative controls; 2. Av-
BD6 PCR product; 4. AvBD9 PCR product.

El1 3 AvBD6 F1 AvBD9 B[ PCR S4B kA&
Fig. 1 Identification of PCR products of chicken AvBD6 and
AvBD9Y gene by electrophoresis

1 M 2 3

5000 bp —

250 bp —
100 bp —

TE: M. DNA 7> Fibbnifie; 1 BIPEXT I 2. B4 Bok: pGEX-6p-1-
AvBDG6 UV Y ; 3. LTk pGEX-6p-1-AvBD9 WU~ .
Note: M. DNA molecular weight standard; 1. negative control; 2. recom-
binant plasmid pGEX-6p-1-AvBD6 double enzyme products; 3. recombin-
ant plasmid pGEX-6p-1-4vBD9 double enzyme products.

&2 =LBFER pGEX-6p-1-4vBD6 1 pGEX-6p-1-
AvBDY HXR BB Y] B8 kA
Fig. 2 Electrophoresis detection of recombinant plasmid
pGEX-6p-1-4vBD6 and pGEX-6p-1-4vBD9 after
double enzyme digestion

2.3 AvBD6 fil AvBD9 fil & & A Wik T RKIE K
afith,

2 SDS-PAGE HLJKk % %, # 41 it ki pGEX-
6P-1-AvBD6 Fll pGEX-6P-1-AvBD9 33k () fil & #6
HR/NAR 30 ku, FFETUNAR/N, H 2 FEE
HEHBLATFIEARE (8 3), MEHAEHN L
AL, SRR H R (B 4).

2.4 FEHEH Western-blot I il

Western-blot Z5 3 7. 2 FhE A H B
FESPESRAT, s BRI (B 5),

2.5  EYE AR Z PR S R R B R E R
(MIC) FIil5E
f & 6 nTH1: A1 AvBD6 1 AVBD9

35 ku—
25 ku—

35 ku—
25 ku—

TE: MCEASTFREbRE; 1R 6 BRI, 2. BREI AvB-
D6 Tk, 3. KFEFIN AvBD6 Tk W) 4. AvBDG6 W IEZIAT Y,
5. AvBD6 FIALIRIAZ A= 1) 7. RIS AvBDY9 Fiki=¥); 8. Kifs
[0 AvBDY £k ; 9. AvBDY (1 LIEFRIKT=H; 10. AvBDY (4L
ALY

Note: M. protein molecular weight standard; 1 and 6. induced empty vec-
tor; 2. induced AvBD6 expression product; 3. uninduced AvBD6 expres-
sion product; 4. supernatant expression product of 4vBDG6; 5. inclusion
body expression product of AvBDG; 7. induced AvBD9 expression
product; 8. uninduced 4AvBD9 expression product; 9. supernatant expres-
sion product of AvBDY; 10. inclusion expression products of AvBD9.

3 E!HZEBHK SDS-PAGE 74
Fig.3 SDS-PAGE analysis of recombinant proteins

35 ku—
25 ku—

Ee MCEAS T BRI 1~7. T4 AVBD6 &5 1~7 KB R 45
Hy 8~13. FL AVBD9 5 1~7 KBRS R

Note: M. protein molecular weight standard; 1-7. results after 1 to 7 times
eluting of recombinant AvBD6; 8-13. results after 1 to 7 times eluting of
recombinant AvBD9.

B4 EABANALER

Fig. 4 Recombinant protein purification results
Xof RN AT BT R < B (0 2 BR TR AT — R BT AL
o HEPEXTIRAALL, FA41HEH AvBD6 Fl AVBD9
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TE: 13 = 8IK; 2. pGEX-6p-1-4vBD6 HLHTHIIFRIL; 4. pGEX-6p-1-AvBDY HLHTHIIFRIL
Note: 1 and 3. empty vector; 2. expression of pGEX-6p-1-4vBD6 recombinant bacteria; 4. expression of pGEX-6p-1-4vBD9 recombinant bacteria.

5 FAEH Western-blot S

Fig. 5 Western-blot analysis of recombinant protein

- BHPEXTHR positive control @ FH:XT B negative control - 300.0 pg/mL & 150.0 pg/mL
75.0 pg/mL 37.5 pg/mL © 18.8 ug/mL

067 b)

30

30 30

I T8]/h
time
¥ a) Fl b) HAL AVvBD6 536 KT B A4 3 (AT BRI BT BTG 1 5 ©) A1 d) EE41 AvBDO 435I K A 4 3 (0 A5 3R TR A B PRI 1 o

Note: a) and b) antibacterial activity of recombinant AvBD6 against Escherichia coli and Staphylococcus aureus, respectively; ¢) and d) antibacterial activ-
ity of recombinant AvBD9 against E. coli and S. aureus, respectively.

Ee mNIEREREMNE
Fig. 6 Determination of the minimum inhibitory mass concentration
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R E N 150.0 mg/L i, XHHE/RE K E A
A IR Y BTRAREES 75.0 mg/L B,
XoF 4 B A A B TR ELA B S il R
2.6 PR RCR A BT ER

BT HRBEIEE (K 7) LB X IRAL Y R RS
%, HMURERE , REOEHE TR, AR UL B RN
it B 2 1 A 4 LA e N AN B 5 B 4L 1)
PR BT B S 4 A 4 LA AT 20 R o T 1115 S

PSP A5 B AR . DA 2 e 20 2 R e
T IR R AT T 0 4 00 ) 28 TR T A R 11 S8 3 2k
AT B b 300 1B G ELA A 8 P AR RO
2.7 HEAEDEMRE

ME 8. 9 Al%l. E4 AvBD 6 fil AVBD 9 7£
50, 150 A1 300 mg/L F ¥4 51 XS LT 40 il 2%
FR R ERGE T B X R 2+ R T S %) 20 40 i 7 A
MG, VLR 2 FhE 2H 2R 0 IS PR AR

TE: ) WHALRIBFFEE UL b) AvBD6 S5RMHTE IR MBI o) AVBDY SRR ENEMIEE; o) oA e w6
HEREREIIE; e) AVBD6 54 (A R IR E M EAIEE; 0 AvBD9 54 8 (A4 ER BRI B LS

Note: a) morphology of E. coli in control group; b) morphology of E. coli after co-culture of AvBD6; ¢) morphology of E. coli after co-culture of AvBD9;
d) morphology of S. aureus in control group; e) morphology of S. aureus after co-culture of AvBD6; f) morphology of S. aureus after co-culture of AvBD9.

El7 ESRENEMNELER

Fig. 7 Transmission electron microscope observation of the bacteriostasis

H: 1~3. AVBD6 50, 150 #1300 mg/L; 4~6. AvBD9 50, 150 #1300 mg/L; 7.0.9% AEFEEE/K; 8. Triton-100,
Note: 1-3. AvBD6 50, 150, 300 mg/L; 4-6. AvBD9 50, 150, 300 mg/L; 7. normal saline (0.9% NaCl); 8. Triton-100.

E 8 EHHFZRAMIXILLER

Fig. 8 Results of the recombinant protein hemolysis test
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9535 %

100

LA %
hemolytic rate
4
S

T ESS—__— S s—— s
0 0.9% NaCl  AvBD6- AvBD9- AvBDG6- AvBD9- AvBD9- AvBD9-  Triton-100
50mg/L 50mg/L  150mg/L  150mg/L 300 mg/L 300 mg/L
AL treatment

9 EEFERAAMEN

Fig. 9 Hemolytic activity of recombinant protein
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BAHEMEM, SN %ES BL21(DE3)pLysS
I A2 A5 A0 HLE E bR . BL21(DE3)pLysS i
Z A MIHE T pLysS Bk, pLysS & 41Kk T7

VSR A SEDR, AT DAE SR R T7 R AR
ik, T7 HREEEAT AR T RIGHF B 4u i RE 11
IR i KA, BR T7 Jd s v e mpy H
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SR, AR A IS R AR IR AR
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“EEPL. BRPU. TCPUEOR, Ik, SSReGEAR
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