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# OE: HBRT C4 4 4% 4G (Clb-binding protein, C4BP) 58s% £ % K. (Riemerella anatipestifer, RA) é’J
A EAER, 2P CABPa 4T 1% /?#mi ik, RN RS S LEAR, AR 4R R R LRI A BB A
KIEIE CABP 5 RA WA EAER . 4R 2T, ™ CABPa ¥ 8 574K % 1 230 bp, 53 C4BPa aﬁ#amliﬂi
& (82.1%); A Ltk &I, f?% C4BPa 5% CABPo & TR — A sttt o X b, MF R F b X & i,
C4BPa £ X M4 # Escherichia coli BL21 (DE3) ¥tk ik, TREGAMATIERY X AL, % LHEIAKK
#rA28it 1110 000, HETAESETMLEARARFFHR L, HHELAERLXEFmELLKELERILITRAL®
C4BP TAK AANEA A . FIRERAE—F BT RA BRG] L E T Kok,

B CALELEG a, LE, RERRA, BAEZRKE

Cloning and expression of duck C4BPa and verification of its
interaction with Riemerella anatipestifer

Delong Li, Lijuan Tan, Jiulong Gu, Siyuan Wang, Ting Liu, Sihuai Chen, Jiye Gao,
Fashu Tang, and Jixiang L.i

College of Animal Science, Southwest University, Chongging 402460, China

Abstract: To study the interaction between C4b-binding protein (C4BP) and Riemerella anatipestifer (RA), we cloned duck
C4BPa, conducted prokaryotic expression and prepared the polyclonal antibody by immunizing mice. Then indirect
immunofluorescence assay and dot blotting hybridization assay were used to verify the interaction between C4BP and RA. The
full length of duck C4BPa nucleotide sequence was 1 230 bp, with the highest similarity to chicken C4BPa (82.1%).
Phylogenetic tree analysis showed that duck C4BPa and chicken C4BPa were on the same phylogenetic tree branch and the
genetic evolution relationship between them was the closest. C4BPa was efficiently expressed in Escherichia coli BL21
(DE3). The recombinant proteins existed in intracellular soluble form. The titer of polyclonal antibody was more than 1:10 000

Received: June 4, 2019; Accepted: November 29, 2019

Supported by: The Fundamental Research Funds for the Central Universities (No. XDJK2018C055), Southwestern University PhD Fund
Project (No. 20700506).

Corresponding author: Jixiang Li. Tel: +86-23-46751058; E-mail: jixianglucky@126.com

e AR 55 2 T T 4 U H  (No. XDJK2018C055), FURg KA 54 (&5l AA4l) BWH (No. 20700506) ¥t i,

[ % H WA ] :© 2020-03-05 [ 4% HA BB AL« http://kns.cnki.net/kcms/detail/11.1998.Q.20200305.1023.001.html



694

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

and polyclonal antibodies could specifically recognize the recombinant proteins. The results of indirect immunofluorescence
assay and dot blot hybridization assay showed that RA could interact with duck C4BP. The results provide a basis to further

reveal the pathogenesis of RA.

Keywords:

gy BLBREC T (Riemerella anatipestifer, RA)
BTGB . ORI A % BRI T
FEFEYL 1-8 JEWAHY , HLL 2-3 JEIE TS i ) I8k,
RIGRFIET R IR, AR il T8R4
FeiePOl, —HORA B TRSRE, W R AL R
M7 A TYE SR, T LA T A A IR K T
P ARG I BT IR R T AR KX, L
7~ T RA BIEUEHLE, 7 BE S L 1 By 425 1% o

9o JELPE 20 P B i T, A AR IBUAT AR it 6
W FCHORE T e RN . *MA RS
FERIRGIE R G E A N5, th 30 2R ER
R, HA RS IEERIMRNGEA  WE fe e
I P A S o RO, AMA R 4 3
o MIRAE | BEER R IR RO B IR IS, TR AL
WA A% (Membrane attack complex, MAC),
A L P4 A 4 FO R 0 (A 9 40 ]
5 ) 7 kR A MA R G S BRI s
AN7E DY M P N 7 s g il Y
AT DU G R A AR e F i C4 455 iR
1 (C4b-binding protein, C4BP) LJik %Ik ke
Y H M2, CABP i 74> o BRI 14 B 44
JHIBEEE T, 7 T2 570 kDa, HHh R o fif
A 8 N IAIIEEE S )Y 41 (Short consensus repeats,
SCRs), B & 34 SCRs™ ™! C4BP %t
o ff SCRs 1-3 45 C4b 455 LT C3 1k
(CabC2a) myZe 5378, IFHAEN | A4 A
TN AMA R G 2 Mg s B2
ErpF M C4BP, MR WY C4BP HHSCHEFT
H, Wik = A OCHUAR ST . RA J& 15 E IR /Y
TR AN, HAEBOR R T RE T A S
CABP A5 Al H.AE I I a4k i 4D A 28 42 i i H
T ANV A

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

duck C4 binding protein a, cloning, prokaryotic expression, Riemerella anatipestifer

AWFFAEERE . BUZ RN CABPa M il 4 %
7 N i D2 (211 £ 2 0 vl W 4
(Immunofluorescence assay, IFA) FIHE i 24 25 i K
WFFENE CABPa 5 RAFHEAEH], 7R RA bkt
AMAE R GEIE BR P 35 S, [ Sy i — 25
K RA BEHi St TR I

L AR

1.1 ##
1.1.1 RK&sh¥

10 H Ry (kAT HG) W A 8 POk fa
Y ARAGBR A E . 6-8 JEIIE SPF ZMENE B /N
U B PE R BEAR R S s Wt .
112 BRMEBHE

KW HFE DH5a fil BL21 (DE3), JGkFEik#R
& pCold-TF ¥R V4 B K2 s W Bl 2= 24 B 2l 192
s B 45 5 H P N S D AR AR AT
1.1.3  EEEREAN

PrimeScript™ RT Master Mix, Tag™ DNA %
A BRI YIEE BamH 1 Al Hind 111} DNA
Ligation Kit %04 A5 H EAYHA L) AR
Zyil; EZ-10 A3 DNA BE [N & . SanPrep
FEA TR DNA /Nl 4 50 G550 A AR TAY)
T (Rig) BB ARAFR; HRP dRic L FE4i R
IgG. FITC Frid il FHikl 19G 1 TRIzol 5518 H
Sigma 2~ Al 5 AREEFS IS RAE A 10 H & RS ;
TF bR & M K& BT TF ARZEER 1 IMTE t AFFE iR
RIZH A5 IR AT
12 Ak
1.2.1 W8 C4BPa #H iS4

P SCHR A 1], R WA TS CABPa J7 4 K ,
AR 2% NCBI 4 C4BPa mRNA J¥%1] (GenBank
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RS NM_204664.2) ¥itsl¥ (s 4.
5-ATGCAGAGCTTTCCCGTTGGAA-3'; K5l
¥ 5-TCATTTACAGCTCGTATATTTGGC-3) fH
F CABPa B ATERIFANY 1S, 5149 th i 4 i A=
Y TR FRARLA AR

e ARG F RO AR B, TC B R B 4L 21
100 mg, B W A TR Btk g I TRIzol
R IRBOS RNA, 46 I e Sl vl i &
A% cDNA. Lk cDNA MBI 1T PCR Y3, K
%M. 94 °C 5min; 94°C30s, 52 °C 30s, 72°C
1.5 min, 30 ME#; 72 °C 10 min, PCR ¥ 147
Y2 1% BEBHEE RS LUK AS I, DIREITFH DNA #E
Ji2 1T i3] 6 1Tl H 9 DNA

15 i) DNA 5 pMDA9-T #k5% 4, #ik
% E. coli DH5a, 37 Cad#iiiss, PR
ARG R, REUTORL, PCR %5E, I 4& P F
Y TREABRAFRNT (48 pMD-C4BPa).
FIF NCBI BLAST #1 DNAStar MegAlign (Cluster
W Jrik) B T 5538 A clustal X 1.83
1 MEGA X (Neighbor-Joining method, bootstrap
B4 1000) #FF7imtfe AL 234 .
122 BEHEAWHEIFRE

R 48 B 80 Ak 44 OptimumGene™ X H
) DNA BHBRIF T8, IR A e
BT, K R R RS B SN T A AR
C4BPa, fii4 i C4BPa(m). L) pCold-TF ¢
2HZ 1k FUkL pCold-TF-C4BPa(m), %1t % E. coli
BL21 (DE3), JFHPiERPRIGEAE, ¥k
B e e 2o Amp MUWA LB, 37 C.
180 r/min 555 2.5 h (OD 4%y %y 0.6-0.8). 15 CH
H 30 min, I AL &y 1.0 mmol/L IPTG, 15 C .
180 r/min 5331k 24 h WAE R, 2500 J5 ] PBS
R, DRI S 0F T RS R TR R 2 B T
8 500xg. 4 ‘C&.L> 15 min, 43 5 EE FigAPTE,
T 12% SDS-PAGE #5:1ll] .
1.2.3 ZRBEHARNGIEREE

TF-C4BPa(m) ik /=14 SDS-PAGE 735,

% : 010-64807509

YIBCE 41 TF-CABPa(m) BERE ST, MET | AFEE,
JE A PR K S 78 4 ST 3R A B R LR . K
16 H 6-8 JHi SPF Zfi: L BH/INERBEAL /- 2 4,
8 H/H, MEimsE, —4 TS TF-C4BPa (m)
BEARIEPR, 5 —41 8 FiES 0.1 mLPBS £
faFREXT HE . DUAH [R50 s g% 2 vk, (] B[]
2 o 552 WOsR A T 2 JEAH IR BRCR 1 143
B, —20 CHEAEE .

ELISA %7 6 TF-CABPa(m) & 50 mmol/L
WRIR R 22 vP W (pH 9.6) Mkl 5 pg/mL, %3AL
100 pL, 4 CHpda; 4fL 200 pL 5%/ §5 k)
B, 37 CHM 2 h; FRE RIS C4BPa(m)
M3%, 100 pL/fL, 37 CHFHE 1 h, —Hih HRP #x
WAL AR 1gG (105 000), TMB kG R (3
15 min, 2 mol/L H,SO, 50 pL/fL, FEEHR{sE
ODusoo 150 H, FHfd B BRI IR A > B M XT B )
FEARIE : SIN=(FE i ODaso)/(BH M XT HE ODaso) ,
SIN>2.1 A BHE

Western blotting %% . % TF-C4BPa(m) &
% SDS-PAGE /)5, WHHB ER M M LW
(Polyvinylidene difluoride, PVDF) & I, 5%fif5
Wik ZWEA 1 h, B5 RS C4BPa(m) ML
4 CHWME , A HRP ARic I FEHL R 196G 9,
FEWE 1h, DAB BG R,

1.2.4  [E1EGER NG

FIF IFA %8 RA BB 51910 IE H C4BP &
AEAEAER, 3RS BESCER 181 U 13 S ele ik .
FEYG 5 J 3 g BRI 2SR RA-AF Bk, 37 Cid
WHEFR , PRBCFAR IR T LB % FE, PBS
Uk 3 WG BB, W&, ZRHE
il 30 min, PBS ¥t 3 ¥K; 10%(fd NS i i 5 ik
A e 37 Clt & ia 1 h, PBS vk 3 W Rimy
C4BPa(m) IMiH H—Hi, 4 CuwfEH, PBS ¥
3WK; FITC #nicll=EHT R 19G S —¥t, 37 CIEFE
1h (@), PBS Uk 3k, “tBMBEIES . K
H, BT TF PR M s A0 BRUTHS C4BPo(m)
I 385 A B PR % B, i R RS o 3 AR BT RY
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C4BPo(m) ML F %S FIXT HRAH .
1.2.5 BEEZEIAE

FFHBE S 2428 B 4 F RA BB TS 55 CABPa &
AMEAER, RS SR [19]3F 51718 2 ele it

FEALTIES . RA SlilEFR¥2 PBS Uk 3 WA I
I HE S % whEh /K (Gelatin veronal buffered saline,
GVBS™) ¥ 1 W i ¥ 1 % 1.9x10° CFU/mL ;
TF-C4BPa(m) H41EE 1. 10%fHHEMS i 7 F1 20%
it B 1L 375 430 5 B AE 37 CHEE 1 h, GVBS
e 3K B0 A EE T 0.06 mol/L Tris buffer (2%
SDS), &k 5 min; 12 000xg #5.L>» 5 min, kiRl
REFRE S . TF AR 8 AU TF-C4BPa(m)
ZH A 1O BT IR A

R AD IR o 3wl RRIRE S 0T PVDF fii
e, FIRFFE 10 min; 5%/ IE Wk iR
1h, TBST % 3¥K; R4 C4BPa(m) i H—
B, 4 CREAEM, TBST ¥ 3 1%; HRP #RicILE
Pl 19G I —¥t, 37 CYEAMEE 1 h, TBST Ik
3K ; DAB #Et I 8 10 min,

2 ER5AM

21 BEWMERBRESFIISH

PIMSHFZH 4R RNA S 564 i cDNA
BEMREAT PCR §7 8, £3%]—4~K/h>h 1230 bp Y
FRsebE B (8 1), 4 NCBI BLAST X, 538
C4BPa (GenBank %5 NM_204664.2) fFH1L

A 95;Bos-mutus-C4BPa
97 ﬂﬂBos—taurus—C4BPu

Bison-bison-bison-C4BPa
—Physeter-catodon-C4BPa
Eptesicus-fuscus-C4BPa
Phyllostomus-discolor-C4BPa
Homo-sapiens-C4BPa
Rattus-norvegicus-C4BPa

— Chicken-C4BPa
100 —— A Duck-C4BPa

—

0.1

& 2 C4BPa ERRFZHLF DT

PER 82.1%, JEE X RGESAR TR, 5
C4BPa FEALTT MR FZ SE /K F- b 344k F [F — 4
3, R R L (K 2). ARG RING
C4BPa A 74 1% GenBank, k5 H
MH282865.1.

22 EHEAMKNMELERRLEE

pCold-TF-C4BPa(m)/E. coli BL21 F&uk
4 1.0 mmol/L IPTG #1735 %%k, SDS-PAGE A
R B AR A 2 Rk B TR 28 93 kDa
PEAEN, SHHEHE N TF-C4BPa(m) K/h
—H, R RS R AR W AE, RIAEN
£ b, RE A OO N ] R R
(% 3).

1230 bp

1 C4BPa £H# PCR =49
Fig. 1 PCR product of C4BPa gene. M: DNA 2 000
marker; 1: C4BP«; 2: negative control.

90 Bos-mutus-C4BPa
98 JL[BOS-taurus-C4BPu
Bison-bison-bison-C4BPa

Physeter-catodon-C4BPa
Rattus-norvegicus-C4BPa

51 Homo-sapiens-C4BPa
76|EEptesicus-fuscus-C4BPa
100 Phyllostomus-discolor-C4BPa.

— Chicken-C4BPa,

100 L—— 4 Duck-C4BPaq,
0.1

Fig. 2 Phylogenetic tree analysis of C4BPa gene. (A) Phylogenetic tree analysis of nucleotides. (B) Phylogenetic tree

analysis of amino acids.
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kDa M1 2 3 4 5 6 7
| B |
H—= o e
75— - A A A
50— =
35— -
25—

B 3 pCold-TF-C4BPa(m)/E. coli BL21 EHKIERY
SDS-PAGE 43 #fr

Fig. 3 SDS-PAGE analysis of recombinant expression
of pCold-TF-C4BPo(m)/E. coli BL21. M: standard
protein molecular marker; 1: induced pCold-TF; 2:
uninduced pCold-TF-C4BPa(m)/E. coli BL21; 3: induced
pCold-TF-C4BPa(m)/E. coli BL21; 4: induced LB
supernatant after centrifugation ; 5: unbroken cells of
pCold-TF-C4BPa(m)/E. coli BL21 after induction; 6:
disrupted supernatant of pCold-TF-C4BPa(m)/E. coli
BL21 after induction; 7: disrupted precipitate of
pCold-TF-C4BPa(m)/E. coli BL21 after induction. The
triangle points to the TF-C4BPa(m) position.

2.3 ELISA il % SERERIA N

2 ELISA U, FRALHS C4BPo(m) LI 7EM
FEEE 1210 000 fIrii45 f)°F-3% ODgso & 0.605, S/N
PIRF 2.1, FULHl 2 s BEPTIR S  h FE T,

T 1 RS CABPa(m)Z sl #niR ELISA £ R

[Fi) B T LI i AR A s v, 83 12 10 000,
2K T 1 : 100 000 (3 1),

24 B wEHIKS TF-C4BPa(m) 3R MHES
Western blotting ¥ Z v 4T 44 1 4 5714 o
22450, PVDF [ H Bl — 4R 3E M2 4 93 kDa
ZM . AL, BTN C4BPa(m) LT AT LA
HAEH TF-C4BPa(m) FrFiEsia (K 4).

25 [EERERNLEE C4BPa 5 RAHEIEHR

IFA %521 C4BP 5 RA M HAE . X541 K
FRALHY CABPo(m)IMLIE J—Pt, AT WLiT Z B fE S (0
Pt (B 5A); BIMEXT IR (BT TF AR
ML R —Hr) Fas AT BE 2 (fd R R 3 AR —
Pt BUMTE) JLT- R W sk a5 5 (Bl 5B-C).

26 WMAZETIREEF C4BPa 5 RAHEIER

FHBE S 2 38R 50 S8 2 HY C4BPa 5 RA A AE
. RA 5 TF-CABPa(m) i 20 % 5 FH 4258 B A5
BEMWT, RA 5 10%7F1 20%1d M i 74 75 2 30
FeAZBE A, H5 20% I 75 45 FH A0 BE o5 B0 (0 5 v
ML TF ARZ 8 U TF-CABPa(m)E 4 4 1Y
BF 1 ot B2 A s BB S i 2 S8 B s, (D 6)

Table 1 ELISA results of mouse anti-duck C4BPa(m) polyclonal antibody

OD,so TF-C4BPa(m)

Serum dilution

697

OD,s0 negative control
No. 1 No. 2 No. 3 No. 4 No.5 No.6 No. 7 No. 8

100 1.722 1.697 1.718 1.714 1.708 1.699 1.710 1.704 0.284
1000 1.108 1.042  1.069 1.101 1.087 1.095 1.048 1.098 0.151
10 000 0.612 0.601 0.608 0.598 0.614 0.605 0.603 0.597 0.121
100 000 0.184 0.188 0.193 0.196 0.192 0.184 0.197 0.194 0.095

kDa
130
100

—70
+—50

T-C4BPa(m)

" .35
.25
20

El4 FRIEE C4BPa(m) % SEBEH{A Western blotting £55% 5 IFA#NAE C4BPa 5 RAHEIER (800x)

Fig. 4 Western blotting result of mouse anti-duck Fig. 5 The interaction between duck C4BPa and RA by
C4BPa(m) polyclonal antibody. M: 15 kDa-130 kDa IFA (800x). (A) Test group. (B) Negative control group.
pre-dyed marker; 1: TF-C4ABPa(m). (C) Blank control group.

% : 010-64807509 B<: cjb@im.ac.cn
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I 2 _3141

6 HAZRIXWLNEG C4BPo 5 RAHEIER
Fig. 6 The interaction between duck C4BPa and RA by
dot blotting hybridization. 1: RA and TF-C4BPa (m)
treated group; 2: RA and 10% healthy duck serum treated
group; 3: RA and 20% healthy duck serum treated group;
4: negative control group.

3 Wit

HMA FR GO R E O AR 1E )
e S RSz —, TR A Ptk
R EE IR RS FRAAMAT T & FOR A A &
ZAMA RGBT A4, CABP it J& 5 i UL I A MA
I E 2 P, C4BP @it THE C3 LG
C4bC2a ML %E 5327, LAKAE N | IR 7Y% B IR
T ) 28 LA AR 0 TG AR T R 4 A MA R G R R T A
FTSOL RA T LAY 30 A B PG R RMA 2R S
2GR R AR R AR0E ™Y, B2 RA BT
1518 CABP & AE AH HLAE I M T b sk A MA R B2 1
Tt HEr AT 4

T C4BP 4rF 3 K H.n] 5 i 3 HoAfth i 50 7
WA, NS B4l CABP M 44
KPR R, o4 CABP 5 Cab 4541 E
BIREIX K, C4BPo 11 SCRs 1-3 5 C4b 454 )5,
RERS T P Mg 12 e 55 K il 48 C3 K C5 ¥ 1L
AILH%E, FRamad | RT3 CAb B 2R 11K fiff 2L
BE B2 R A S SERETS CABPo JE[H, FE5
X4 I R BE CABPa 553t CABPa 15 4% ik Ak
AT, Bl pCold-TF-C4BPa(m)/E. coli BL21
HATE RIS, A EHE N TF-C4BPa(m),
i) FsF G 000 7 7 g R B A 3 A, R PR E 4 2R
FOM M N AT A PRk, Xl o e AR e
bR AE TR . FET R S PR, ABFT R
KB EMZNT, H BRI 2 ik R
EHMHEER, FrRCREBUIRAR A, X
Py g AT Rl L Pl ARG B A4
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Gt RE R oSO i1 L R RO R 2 N =N & 2 T <
1l 7 B SIS CABPa(m) I 28 ELISA K I AL AN
#A3 1210 000, %5%4bh Western blotting 455t %
W Z s BEPUATT DL S A E T TF-C4BPa(m) ¢
SRS A, UL Z BB A B, ARSI
Lg/i a8

JEGE RA Y CABPa tHEAEHIE R, AWF5E
AT T IFA FIBE 5 42581056 . DL RS C4BPa(m)
ML A —HEATHY IFA, FE9¢6 8 fsE T nl Wigg
P ZEASREIOCTEL, MR TF & HEN
L 375 e i B BRI 375 10 %ot R B O 22 3] I S Fy 4
PECBE N . R, fEBEAARIRE T, RA
TF-C4BPa(m) i 2H & [ M At FERS v VE AT, Hse
IR UL Zese Bt e, (HS TF & EAERA
A BE S . P ESS R BIR, IFA FIBES 4258
RIIAE RA 508 CABPa H/EBAH: S, RA
AEFH S0 FEWS M35 Fh (9 CABP. 7B s 24 38
1, RA 5 20%Ii0 35 VE F Rl (4 B s b 10% i
Bk, X450 5 SOk [19]4 B A 4 R — 3.

g5 bk, AR wlE TS C4BPa %k
I, 134 % BLFS CABPa 549 C4BPa j8if% ik
R R, il 2 09 BRUE 2 s BT IR s
RSP, IFA FIBE S 2838050 s B0 HiE. RA
Ae 5T M s CABP KAMEAEM . AW NER
RA 3tk #MA R GE I BR AL B T 3L A, [RES
E—2P & RA 2SR A 77 L% .
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