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(1. el K2: Sk sape BRI FR/REE 150030)
2. FELVFEBE G RIEE R BEADBERERESLRE SELRTRE BRI BIRIE
150001)

B . [B ) RAET LR8P LIE48T B-Fi & | (AVBD) AR, £ XMAFE F ik A48T
AVBD1 &8, MEHEAEMFHE. [Fik] ZA RT-PCR HMAT B8040 F ¥ 38 45T AvBDI
AR, %A Real-time PCR AN Z AR A4 THARBEFPHEAENA. HZARLLEE K
MIAT B JR A% kA B AR pProEX-HTa #9 EcoR I #= Xho 1 WBEginfs s b, MEFHR KL RTEE
pProEX-pigeon AvBD1, ¥ E4REHTHFRIL,; iz Eax A, @3l & Haus
W RN IE F S A, (4R AT 7 340 0 F 15 5)45F AvBD1 A H, 3 cDNA
KA 198 bp, %A 65 NRLEL, %575, 45F AvBDI 5 AvBD1 R L85 7
A R 2 (81.5%). 45T AvBD1 &5 A T RZ A %A ALAL T . Tricine-SDS-PAGE
Wk RAY, TH4T ABDlI ZE 45 TE4 88 kD, H5MHKR I —H. zEHEFa LA
ERAER, HRRESFERLRBEN. I, ZTAFaHEaFEBIL [£iE] A
AT E R P LIS B 45T AVBDL AR, L EESAEIKG LR RGEAHEEGLT. ZE
MEOEA BILAEN, SR RELEZFERLAAFN, LZE4%G R 0FERIRIK.
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Cloning and bioactivity determination of pigeon avian beta-defensin 1
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Abstract: [Objective] The study was conducted to clone avian beta-defensinl (AvBD1) gene from pi-
geon tissues, expression of recombinant AvBD1 protein in Escherichia coli and determine its biological
characteristics. [Methods] The AvBD1 gene was amplified from bone marrow of pigeon by RT-PCR,
differential mRNA expression of this gene was evaluated by real-time PCR. The cDNA of pigeon
AvBD1 was sub-cloned into ECOR I and Xho I sites of pProEX-HTa vector to construct recombinant
plasmid pProEX-pigeon AvBDI1, the recombinant plasmid was expressed into E. coli, the bacteria in-

EEWH: WBRENRHAAA R LG4, B ILE N AR AR 5 & 114005 B (No. PC13502)
*BINIEE: Tel: 86-451-55190862; X: mdy296@sohu.com
WisBHI: 2013-11-06; #EZ HHE: 2014-01-13; fREEF I B #(www.cnkinet): 2014-01-16



FPFPFSE: 65 B-Fif R 1 FER 1 ve e S LA AR S

637

duced with IPTG. The recombinant protein was purified, antimicrobial activity, physio-chemical char-
acteristics of the recombinant protein were measured by colony counting assays in vitro. [Results] Se-
quence analysis showed that the cDNA of pigeon AvBD1 consisted of 198 bp nucleotide, encoding a
polypeptide of 65 amino acids. Homology analysis showed that pigeon AvBD1 shared the highest per-
centage of amino acid homology (81.5%) with duck AvBD1. The mRNA was widely expressed in im-
mune system and digestive system. It was demonstrated by Tricine-SDS-PAGE that a 8.8 kD protein
which was equal to pigeon pProEX-HTa AvBD1 protein in molecular weight was expressed. The puri-
fied recombinant pigeon AvBD1 exhibit extensive antimicrobial activity. In high salt ions conditions,
the antibacterial activity was significantly decreased. In addition, little hemolysis of erythrocytes was
observed at any concentration of the peptide. [Conclusion] The pigeon AvBD1 gene was successfully
cloned from bone marrow, the mRNA was widely expressed in immune system and digestive system.
The recombinant protein exhibit extensive antimicrobial activity, has little hemolytic properties. High

salt concentration significantly decreased its antibacterial activity.

Keywords: Pigeon AvBD1, Recombinant protein, Antimicrobial activity, Tissues distribution
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F1, 0 AR N T o8 6 o B LRI R, R 3k
NERSFHLRE RS, NilF—HREE B-
B R A 52 -5 N AR LIS 52
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PR [ 5K B 200 % B AL YL o 3 (R A 5 DU
ERTR(ATCC 2835). KMFFi(DE3). 4 (At
ERTAI(ATCC 29213), AhE ZEAFF IR (ATCC 9193).
X PRI VD T G B (C79-11-S11) W [ ] 24 1= 2
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% One Step SYBR Prime Script RT-PCR Kit" {5
EULHEAT, ROVFEF M : 92 °C 5 min; 95°C 10 s,
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x1 KWHREME PCR3IYFT
Table 1 The PCR primers used in this study

ElE7EA 7 527 ﬁﬁ;ﬁf‘%t’:ﬁ
Primer Sequence (5'—3') Prod(t;;t) size

P1 AAACCATGCGGATCGTGTACC
TGC 265

P2 ATGGGGGTTGTTTCCAGGAGC

P3 GAATTCATGACCCTGGCTCCA
GG

P4 CTCGAGTCAACCCCATATATT
TTTGCA

150

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

FE B BAPE R 6 I 5N A AR I R B0 A FR
iR}

1.2.3 E4HAEF AvBD1 EAMIESRIES L.
FeEHFIA TR pProEX-pigeon AvBD1 #4L K7
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SRR, KA 5 B 7K R 4 S AL A (NaCl)
WeRE, LR EES 518 0, 50, 100, 150 mmol/L.
SR 5 B AN [R) NaCl i B 9 2% wh i i e T 41 7Y
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100, 250, 500 mg/L, #5HL 20 pL 23 5 AJC I 2
O, [ PBS BAMEXTRE, 0.2% Triton-100
S B X BE, 23 5 el A A 180 pL 2141 My B
BHE 3AEE, 37 °CHFFE 1 h, 1 000xg B0
10 min J5 B B3, FICR 2066 EETHN ODsg {H I
TR S5

V5 145 250(%)=(0D #¢—O0Dpps)/(ODryiton—ODpps) >
1.2.7 8F AvBD1 E2FHAFHLARBIRIE: By T
RICHE . MGUNE . ERE . R, B mBkiR . AR
B, Mg, B, K. 2880, IR, &L 8
MRS S IRE L IUE L I BEAE . BRK .
M ZH 2R IS RNA, DI ZHZL RNA itk , 4
R R BRI S 4T Real-time PCR 2V, RWVAIKZ
% One Step SYBR Prime Script RT-PCR Kit" i
GULIHIET T, A ARG N 23] B-Actin FIAY T
AvBDI1, /Miuuﬁﬁ 5 AERE, BULEHEHTT

Sb L 2l
st ekt T 0

1.2.8 FHito#r: Z5RLEWEEr RSN, BT
B BRI RH SAS (1996) 2 MR (A 15 225087 o

2 GRG0
2.1 8F AvBD1 EEZESFIIHH
AT RS 2R BUR RNA, DL P1/P2 Hi5
PESIHIHE T RT-PCR ¥1, 153245 260 bp [HHEEA
F B, 5 LRGSR AEXS S R 2 rp R By R /INEEAR A
7265 bp), WL 1. FL[H P I 50Hr 2 B Hgm i X
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GHE BB R AEE IR S, Bl 6 A
LB ORST 10 2 e 2R ik S 4 AR, 43 B 5 F NI A
Cys1-Cys5.Cys2-Cys4 Fll Cys3-Cys6 3 XJ /i £ (&
2). i H DNAMAN #{¥45+ AvBD1 B[ 3741
SUOHE B-PiH RS E KL s p-piH R
1 BEHEPHNSEAT AL, Il et e (& 3),

bp

1 45F AvBD1 RT-PCR F=4 Bk 53 4

Figure 1 Electrophoretic analysis of pigeon AvBD1
RT-PCR product

TE: 1: #97 AvBD1 RT-PCR j“#); 2: DNA marker.

Note: 1: Pigeon AvBD1 RT-PCR product; 2: DNA marker.

Pigeon AvBDI1 MRIVYLLFPLLLLLAQGAAGSTLAPGNKKQCLREKGFCGFLKCSFPFVVSGKCSRFFFCCKNIWG
Duck AvBDI MRIVYLLFPFILLLVQGAAGSSLAPRNKEKCHREKGFCGFLKCSFPFIISGKCSRFFFCCKKIFG
Goose AvBD1 MRIVYLLFPFILLLVQGAAGSSLVPGNKQQCHREKGFCGFLNCPFPFGISGKCSRFFFCCKKLEG
Turkey AvBDI! MRIVYLLFPFILLLAQGAAGSSLALGKREKCLRRNGFCAFLKCPTLSVISGTCSRFQVCCKTLLG
Chicken AvBDI MRIVYLLLPFILLLAQGAAGSSQALGRKSDCFRKSGFCAFLKCPSLTLISGKCSREYLCCKRIWG
E 2 #5F AvBD1 EFE SRR FII5HXHE AvBDs REEF 5 LI
Figure 2 Alignment of amino acid sequences of pigeon AvBD1 and related AvBDs from other avian species
T NRIZbR R RS IR ERR ;. 2 IR AN [ (1 SRR A

Note: The highly conserved six cysteines (C) are underlined; The amino acids that differ among respective AvBDs are in bold.
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911 Chicken AvBDS5 (NM_001001608)
92 Duck AvBD5 (JE949720)
99 551 Goose AVBDS (HM452159)
Pigeon AvBDS5-alpha (JQ359444)
Pigeon AvBD5-beta (JQ359447)
[ Chicken AvBD4 (NM_001001610)
50 99 |—| King pigeon AvBD4 (DQ860106)
9" Ostrich AvBD4 (ABK40533)
Mus musculus Defbl (NM_007843)
— 78 Chicken AvBD1 (NM_204993)
Turkey AvBD1 (AF033337)
98 Goose AVBD1 (JQ359443)
—%E Duck AvBD1 (JQ359441.1)
43 [Pigeon AVBD1 (KF753803)]
Chicken AvBD11 (NM_001001779)
— 881 Chicken AvBD8 (NM_001001781)
% Ostrich AVBDS (P85116)
i [ Chicken AvBD3 (NM_204650)
Turkey AvBD3 (AF181953)
92 _{ Duck AvBD16 (JQ359445)
15 | King penguin AvBD103a (P83429)

28

37

9 King penguin AvBD103b (P83430)
9% ,ﬁ| Chicken AvBD7 (NM_001001194)
68 38 | Duck AVBD7 (JF831960)
4{ Turkey AvBD7 (XP_003204676.1)
89 Ostrich AvBD7 (P85115)
| Chicken AVBD6 (NM_001001193)
99| Duck AvBD6 (JQ359446)
Goose AVBD6 (JQ359442)
59 Chicken AvBD13 (AY621315)
69 Chicken AvBD14 (AM402954)
o8 ST Chicken AVBD10 (NM_001001609)
Quail AvBD10 (HM452158)
Duck AVBD10 (EU833478)
82 Goose AvBD10 (HQ909025)
T Goose AvBD9 (HQ909023)
99 Chicken AvBD9 (NM_001001611)
4|95 Duck AvBD9 (EF431957)
Quail AvBD9 (GQ985499)

—— 967 Duck AVBD2 (FJ465147)

Goose AvBD2 (HQ909024)
99 Ostrich AVBD2 (P85113)
65E Chicken AvBD2 (NM_204992)
75 Turkey AvBD2 (AF033338)
Chicken AvBD12 (NM_001001607)

{ Bos taurus EBD1 (NM_175703)
49 Equus caballus BDI (NM. 001081887)

25

0.5 0.4 0.3 0.2 0.1 0.0

3 #5F AvBD1 EES5HTE -FHER RS HE N -BAE R 1 EERFEH UM
Figure 3 Phylogenetic relationships based on the gene sequences of the pigeon AvBD1 and other AvBDs and p-defensin-1
from some mammalian animals
T SMITHER AT P ES T AvBD1 B 5 55 N IR BB k55 0 S RIEMRIR IR &
Note: The pigeon AvBD1, sequenced in this present study is boxed. Access numbers are shown in bracket. Branch lengths represent ge-
netic distance.
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RZIEHSE B-BiER 1 HHEER L. ¥
NS HEAERTFI SCERNE - E
1 SRR P T A, 45K AR S
5 AVBD1 ZIEFRAN DI e 55 0 81.54%, 5 3
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66.1%F1 66.1% . I, FATHE HAr 4 s+
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KF753803).
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iz A4 6 EE A5 2l 1 700 mg/Lo Xfafifb)s
8 F -1 T Tricine-SDS-PAGE Hi ik , 7] Ul %) 8.8 kD
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AR S5 R FH TRV THE0A I 2 AL A% T AvBDI
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K BR DA RN A AT TR L AT 58 BT B 1 14 (P<0.01),,
Xof R TR TT A | 4 B €0 25 K A1 R B 27 AT
W HL A R RE T T 1 (P<0.05), 7 HE 4 2K vk
0-500 mg/L X MEEEEVEHEN, FE HAH & kA
B, BRI MG

2.4 A NaCl iREXELHEF AvBD1 &
Eaprd:aAl!

W 6 s, M NaCl 40 F, T4 T
AVBDI1 2 AT B RN DO B BR B 10 40 il 4 A
FEAIGEE S, 24 NaCl ¥k 150 mmol/L B, %
ZH B U6 DU IBCER TR A e TR M 2 [ (P<0.05 B
P<0.01).

2.5 ELHET AvBD1 EAXAMETERIS MG

RIGZE R o (E 7), HARS T AvBD1 ZE A7
100, 250 F1 500 mg/L =¥ FE#R T 1 1243 1)
9 0.39%. 1.55%F1 1.94%, 5B XS BRAH 34 2%
S (P>0.05),

2.6 3F AvBD1 EFEFEHLPHTRIENH

2% Real-time PCR filll &, #%F AvBDI %
RITEJF I ik ey s 7EILIREE . BHE. /NG .
KW 35 Mk K RaE s EMNE . B Rk
Il R WE, EREh R R AR TR
7 SNE 77/ AN it <97/IN 173 SN 3 = BN || R = N4 N
kg Fp A S I 2] ek (] 8)o
3 e

BT, XT8 B-MifHRCHKREZVE,
SRR ULy DU LIS LTI LA e S

1 3 4

— == 20.0
“': ]5'0

2
.‘ — ‘-—10.0

—4.6

wn

6 7 8 kD

4 EYHLET AVBDI EHMRIES A

Figure 4 Expression and purification of recombinant
pigeon AvBD1

TE: 1o RV 2. BAIA; 3. slifbBE; 4: R Marker
(kD); 5: TifiT; 6-8: IPTG T 2, 4, 6 h JFHEARAR
ix.

Note: 1: Supernate; 2: Inclusion body; 3: Purified protein; 4:
Protein marker (kD); 5: Total protein of Rosseta containing pi-
geon AvBD1 without IPTG induction; 6—8: Total protein of Ros-

seta containing pigeon AvBD1 on 2, 4, 6 h, after induction with
IPTG.
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Escherichia coli Salmonella pullorum

120 —mrAVBD1 —O—His 120 —m—rAVBD 1 —O—His

Bacterial survival (%)
Bacterial survival (%)

40 - 40 -
20 - 20 +
0 L 1 1 0 1 L 1 1
0 50 100 250 500 0 50 100 250 500
Protein concentration (mg/L) Protein concentration {mg/L)
Staphylococcus aureus Bacillus subtilis
160 —m rAVBD 1 —O—His 140 —a—rAvBD 1 ——His
R 140 - 120+
S L =
S 100C T ot % %0
@ = 60 +
= 60r 8
2 40t g 40F
= 20+ 20
0 1 1 1 I 0 1 L 1
0 50 100 250 500 0 50 100 250 500
Protein concentration (mg/L) Protein concentration (mg/L)
160 Micrococcus tetragenus
—&—-rAvBD 1 —O—His
140 +
120
ER s
S 80
= 60
)
S 40
=20
0 1 L T\-
0 50 100 250 500
Protein concentration (mg/L)
B 5 EHST AvBD1 ZEBF His i EEAMMEEM
Figure S The antimicrobial activity of recombinant AvBD1 protein and His protein
100 Escherichia coli 100 Micrococcus tetragenus
S 80f S 80F
= ]
E 60 E 60
z 3
= 40 = 40+
< STV
5 3
§ 20 1 / § 20 -
O ] O"" 1 1 ]
0 50 100 150 0 50 100 150
NaCl concentration (mmol/L) NaCl concentration (mmol/L)

B 6 7EA[RE NaCliRET 250 mg/L E4H48F AvBD1 EH I EE 4

Figure 6 The antimicrobial activity of recombinant pigeon AvBD1 protein with 250 mg/L under different NaCl concentration
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Haemolysis (%)
wn
(=)

0 * *
0 100 250 500

Protein concentration (mg/L)

Positive

E7 ZE{:5F AvBD1 EHMFMIE M
Figure 7 The hemolysis activity of recombinant pigeon
AvBD1 protein
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W 1-5. 2-4 1 3-6 =XF TRLEE DL R B0 B AR
GXC J¥H, X 8 MRSFIE LML ARy -
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198 bp, Fihh 65 N2 SEMRERIL, T 21 2 LR
FRIEMIE 5 RS BB 5 44 A SRR R EL 0 )

1.00E+05
1.00E+04 +
1.00E+03

1.00E+02 -

(AvBD1/B-Actin)x10?
c¢DNA copy number

1.00E+01

1.00E+00

PR N SIS S T8 & S 2R, A5
KM B C bl T AR 2R A R T
AE HLAar , AT LA o LA FH 5 A0 1 R 1 B A )
WBERBARSS &, o R FE LU TR R B Sk . Mgt i
AL o] 2 Bz LN 5 & AVBD1 FE[H—43 32
b, BzERESHARR T SE RN E
AVBD1 ZHR P INMAT IR, K BZ AR 5
AVBD1 W ZFERAA I = oN 81.5%, H5#E . X,
K AvBD1 ZIEFRAHIE 2351 78.5% . 66.1%F1
66.1%. KRS T AvBDI1 TE[R]—FJE A A & Fha]
Z5H; AT AvBDI SIHFLEIIHE 1 89
AU RAG, X ARG ] R e AE bk fE v, AR TR
PrFP AN [ R 28, LA B K- R A R T
L LT E A 2 AN

KRR, RS RRAA7E . N T AR
FEHRBMBEER, #EA) PR, AL
A K AL FE A AR AR N B TF 20 R R
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Figure 8 The relative expression of AvBD1 mRNA in tissues of pigeon
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