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WE: b % % &4 KE & 5a(complement component 5a, C5a). #&K7& & Sa %k (Csa
receptor, C5aR) Fn % f1 & F II (blood coagulation factor 11 , FII) 7£ & ¢ & 1 " 7 I /5 &
(grass carp reovirus, GCRV) W& AR A FAH LR, 4t % A CS5afn FI R AMET R
MRHAER. 4Pt E S CSaR & Az C5aR-KLH B84, 4t Z e, ARHEARAKE AR
W E&EIMEANS LESAR. FE G (Western blot), % 7 #£ 3 7€ (Co-IP) fadr T
(pull down) 5340 | 3 f & G £k 5 T 1E*X %, Westernblot 25 & i 7=, C5a Fz C5aR 7 {#
REANFIE. BUE. B X8 . B nsHaEakRE, FIARE. BlEf
fad ik, MAEBKE. kB S#FNAFRRE; ER-RS GCRV oy ¥ & AF JIE 41 A o CSa.
CsaR fn FIl e H M mE# EEN L A#ESE, Co-IPERE R, £ GCRV 4 # 57, Csa.
C5aR fo FIl & B BB A EAEHl % % . pull down % & 7=, C5a pull down 3£ % = 45 %| C3.
RIG-I1 % 28 M k¥ %& &, CSaR pulldown 4 Z R A|#Hizm. EXEAFT 24 M ELEEZA.
ZH RN EANFIT C5a. CSaR fn FIL EAE M35 X R ML K — F R AME A0 5k L R 3k R 4

W3 AN ECE A GCRV 4 i1 AL 3 % 7 2ot
RIA: T & CSa; CsaR; FIl; Fwikdifh; FEFFIHE (GCRV) ; Rb4Fik

FESTES: S 941

J6 R AE G g J2 A0 R KT S R A 5 — B
Bk, *MARS S BRI RS iR b g 2
RIFFEEAEH, AMA R FAENUAR R G B K &=
Y, #MA 5(complement component 5, C5) K
SO W AMATE 3 C5a™%, CSa 2 —Fhal i
AR R, [FIA AT B SR HLAR ) S e % . CSa 1l B
PAETRERAML, 51 MY 5K SR K Ikt
KAt CSa AT LAE T v M 20 e 7 A= i b /R P
T MR BE 1Y) CSa AT LU 2E %5 B R, PR
AR R AR, P R A B RG B 3R ™ A
A EE ", CSa BUA &5 HZ K (CSa
receptor, C5aR) 54, H G T. B 4l fnh
P A0 S R A M P -, AATTS S IL-1. IL-8
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CRAFRERS: A

L TNF-o 55 RAE N T B9 R s, FENLIA S AE
R R SC A I B I AR e R LA R L F) =
SPRHIBLE], e R RGBS , 2 5P
0 B g2 S N B I R T T 0L 2R e i
W, XOPRBEMLAEIE, J2 2 Ak b= 21, 2
PUASZ 2 e R, F 11w i B il 52 5 s
Shy 24 0 A T ) B ML P, OB I PR 2T A B
oL ge s e, FFMI B A TV o VL VIR
X, Mm4ERs Mg Aa s . 50 JAE A fie it 4 1
@%[18719]0

WFTERI, e e A5 L 3h 4 4 B PR Y 908
BErp, AR RG-S BEINL ARG E AT 2 A AR
FHE FEARGEML S, C5 B3 A b Z0 25 i AMA
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786 KopE OE R 46 45

M) = RisfR (gt | BEERIBR . FHKIBR)
Afier= A Csal", (HAERMA RS S EE M RS 1EH
T, BB RE A SO AR C5 TR L C5aY, A
T I R MR 2R 58 G o L 7 B8 I P 950 A
TRAEAE T, Csa BBtk AE IS, #5 3 a
PERL A AT AL Bl A2 3k P R G R 4 2 ) A AR
HIFEZ 5y, B CSa MYAFTEREWE 5 T FE B M kL
Y. rhPERLANM . EWEANM . PR AN AT AN
FZHEZA T (tissue factor, TF) BFIAFTEME, filkk
A FEE I SR, CS TR Lt RB e S B F T 22
it Ry 8 AT, T T L D ) R B N I I
BRI, CSa 55 1Y SRA% A LB 0E A Ti (s F 1T 24
R, 5FLEh AL, T CSa, CSaR Fi
F I 58 R 248 th el sr i o3 Sk . 2549 534t
SHL % IT, ¥4 (Ctenopharyngodon idella) |
WT 6% (Oncorhynchus mykiss). #E (Cyprinus carpio) .
BEHyff (Danio rerio) HAFIEISR] T C5 FlC5aR™,
T 557 L 4] CSa B IUERH, AB A28 CSa X 4h
A RSk B A0 AT R i A E R, JFRETR R
S B PN 1) IR W g B, KRR CSa IR TITIU A5
B, FfEYE L S, C5 mRNA 5 TNF-o,

IFN-y. IL-1B SERVEEFHAH UG FER A, it

4k £1 ] (Oplegnathus fasciatus) 1 55 15 8] T
FIIM™3,

ETU Btk almn, 2R EA 5L
PRI C5a, C5aR Al FIE IS 50 %
SiE SR, H SR B SRS WA 2L CSa.
C5aR F F I AHEAEFH M AR RT 1 Ry W T = 35 7E 2
i g% Y B F 7 I B (GCRYV) i (19 2 1 32 3K
FHEAEH], AR50 F0 ] 5 A% 36 3K s 2 i % 25
(KLH) 8 54 2 # oy 5 H A K H-F 4 (Orycto-
lagus cuniculus), WIIHIE A CSa, C5aRAIFII
2 i BEBUAR AR SE 25 H T ER 2 (Western blot),
BESLYLHE (Co-1P) ML (pull-down) L5y, I
UEHR T HEff CSa. CSaR Al FI1 22 [H) 45 #H B4
KR, NEAWIE MR FEE M R G 3
AR H A EAE AL LS %

1 bR

1.1 SRR

SEEHR R T e A D0 B T 2 e i i B ARt A i B
wff, ffA4KR (10.0+1.5)cm; SPF (specific pathogen-
free) 2% H AR K H-H %M H ABclonal 4w ; A

https://www.china-fishery.cn

EAIML R (CIK). AN R4 & (293T). GCRV
FRFERR 109 F1 TX0901 Hy A 5256 28 (1A

H Al cDNA K il £ 3 22 2 I TaKaRa Min-
iBEST Universal RNA Extraction ( TaKaRa,H' [)
71 & 1 RevertAid™ First Strand cDNA Synthesis Kit
(Thermo, JE[E) i HAF & UL 1. ik DNA
ARG . DNA BRI RG] £ WK T Axy-
gen A ) ; PCR WK ZR . DNA marker, &7 7
Y1l ifs DHSo WA3E T RARA AR db ) AR AT
AR pET-28a-SUMO 3K F 20 % 1 22 s A W B
HAMRAY; BamH 1 . Hind Il i . T4 DNA
ligase W4 3K F 8 2R /R BHEE (B D) A RA A .
FEPafbiA & . IR efn . BIRARTEeE
FIH4 0T Sigma-Aldrich 23 #] .

1.2 FIRthSRERNME

M NCBI M % (https://www.ncbi.nlm.nih.gov/)
GenBank%¥ 415 J& K & 3] %% 1 C5 (GenBank No.
MK256357.1 ). C5aR (GenBank No.AZZ09366) il
FII (GenBank No.KF937688) % [1/3°51, #|H DNA
star FPFARYE LR TG 20 . SRR . FZRIX K&
REMERZEH 4 NSRRI . G MES) R
ST LRGP A R RE i, RETT (R 5 IR X,
1 7 il 2% 22 e BEBUAR B PR X 8 . R CSaR 11
Z i BEPUIR L 2-20aa & £ Ik EGDYLDYGPEF-
DFSNESYSC, #itHips] KLH FJE K C5aR-KLH
BB PR . B CSa £ v BEHTIR B C5
J¥ %1 677~747 aa. F Il 2 5REHTIALE B 29~266 aa
VENPUIR X3, ARG R 1) cDNA 7313531514
(FE D BOIFC A TAY TR () B0 A R
WEIG . WEY R FMER 94 °C 5 min; 94 °C A%
PE30s, Bk 58°C30s, 72°C #EfH 30 s,
H 30 MEFF; 72°C 7 min, 53 C5a5 FII&EH
i L PCRY B =W, M ZH )G, FIH
BamH 1 Ml Hind 111 f§ X} PCR H 7= 9 AR #E47
BV, BEUIP=HF DNA P2 o & o KB
J5 B B 759 5 3K pET-28a-SUMO i 3% 1R 4,
HEEOERET 16 °C R NEZEK ., %
KR . #1K DNA (20 ng/uL) 1.0 uL, H Y FBL
(15 ng/uL) 5.0 uL, 10 x T4 Ligase Buffer 2.0 uL,
T4 Ligase (5 U/uL)1.0 pL, ddH,0 2.0 uL, % #%7"
YA 50 uL W2 540, ¥50 05 F ok e
30 min, BEGTE 42 °C KA 60 s, 1
FEVK BV H) 5 min, B RERIESIR T& RIPEERED

R E K224 F 7/ sponsored by China Society of Fisheries
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53 5 AU, % Hif C5a, C5aR Al F I £ si BEHiikmil & 5 Rk Rk 787

EARR: R b, BEEFRILT 37 °C ¥ derhid i,
REASPARGESE 3 NN, % E A 2 mL
LB B =5 i R, 300 x g BRI I

I, PEAT PCR % I 18 35— > BH M 7 bt 11 W
(200 pL) 3% 2= s BB R AE Y BB IR A F
My

#1 CS5aFfMFIS|4Y
Tab.1 Primers for C5a and F I

51444 7k

primers

S5 (5'—3")

primer sequences

T B

amplified fragment

pET-28a-SUMO-C5a-F
pET-28a-SUMO-C5a-R
pET-28a-SUMO-FII-F
pET-28a-SUMO-FII-R

TCACCTGACCTGGGGCAAAAG

GAACAGATTGGTGGATCCAATAATAAGGAAGCCTCT

C52029-2 241 bp

TGAATTTGCTATAAAGCTCCGT

FII 85-798 bp

TGCGGCCGCAAGCTTTCCTCCCACAATTCTGC

1.3 MEERRESHK

A3 i) B % 5 TF B 1) pET-28a-SUMO-C5a Fil
pET-28a-SUMO-F I 1 mL PH¥4: 5 B BN 1 uL
(1:1000, &) PTG Fif7iE S KA, 2h
J& 12 000 r/min #.0> 2 min, 3£ B, A 100 puL
B 1 x BERREh 2% iAW (PBS) & 7%, FAA 50 uL
i) 3 x SDS, 95 °C Jin# 30 min Ji 28 P4 475 Tk e Vi e
LUK (SDS-PAGE), iff7/MIERIRMIA, RIER
S W /N R IR B I A LB 537 3,
fHIR 37 °C ¥LRHEFE 4 h, >4 OD {HF3k 0.5~0.6 I
JNACIPTG (300 pL) 55 4 h, UAE4RTE, ®A )R
PSR LEW S . HIRREM, WATLHE,
PEAT TR BSOS B BT ORI AR K BT
T8 I 0 A B I E 4T SDS-PAGE Hi K ff o 2
FIRNIE . C5aR 1 N i £ ikt 35 E CMEZX #]
[ Liberty 4= H 2 2 K & WAL A L, R H Fmoc
Jrik, M C il N i o KA i oe i 2 I
T /K& -PBS ZZvpis b, s MECE] KLH I,
JE i CS5aR-KLH 8y, DL EERAE AL MH
JIK B 1R W S R0 2 AT 25 A 2 S VR B kAT Al
SDS-PAGE Hi, 3k kil

14 Ef&3MEANZRERESE

P A3 200 B AE S B A 1 x PBS 6 B 3]
1 mg/mL, SRA KT £ 8358 H A K H ARk
Wo 55 1 RARE, it o8 2 0 IO 7 5 P e 45
RA, BHES006mg. 52, 3. 4. SIKAE,
A2 RAAEN SRS EIREG, 8 REH
03 mg, ESFHEIEN 2 JE . ®PE 66dJE, X HA
KEHAREBHIKIETRML, 2BEaEbindg, &
i A& AR TR A, S EIBTik,
XS Ay C5a, C5aR, FIHiRHEFT 121 000 Hi
B, AL CIK 48 ff1 25 (1 F0 293T 28 i & (kA7
Western blot 4355 PERI .

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

1.5 Western blot 21X 46N

GCRV109 # bk, 208 B 50 A ik (0.1
mL/J8), FEXEEG 0d. R, el B
WA P A BORE X IR 4 T B TR A A
PBS, #FANEFIE] SE 3 BalE M EAE , Ko
WA E AL C5a. C5aR. FIIZ3afEdHiikLl 1: 1000
Fis BEAE R —Pi, WCHE S A (B AL SURFIE . AE |
BEAE. KB M. B LR DA R R A s 45
A B A AR ZUR R 1T, (8 BCA 08 &l e
U, 17 SDS-PAGE BEIEHLYK, HLUK4S R
JaFEEE A, 4°Cadk, PBST VL, WFE 4L,
WG, BEREISR T
1.6 3NEBHBEAEIE

B CIK 2 1k )5 Bl 2 40 M, 5 20
T 40 MRS 29 80%, I A F B 4 1Y) GCRV Ji% 3
(IX-0901), 158 o HUBE T WLES A0 s B0 BH 5 40 fifg
J5i A5 SN (cytopathic effect, CPE) I, {ii J1] IP 4
Mo A (b RIS ;4% C5a. C5aR. FII
Ly BEBURSS 5 ug 4N A 4 45 545 200 uL CIK
S EP T, 4°Clef M E K, & EPE
JmA 20 pL protein A+G agarose, 7 i€ IFH
2h KRS 4°C, 3000 x g B0 3 min, J3E
FIE T, B 1 mL 1P 40 M 2Lk 3 I, ik
SEfeJa— R L3 TALEE, JA 5xSDS _LHEZZ b
W, BT PCRAYL A 99.9 °C 25 ¥4 10 min; SDS-
PAGE $EHLYK , 5 I J5 FH i 48 i oA S — 4t
BEE (11000, HRALEL), PLILEdT% 1eG (1
2000, (R —Hr, DA C5a. CS5aR Al
FIT 3 AN A Z e A 7Ef A A B

L7 3NEBBIRESH

X CS5a. C5aR M F N HUAIFE LA protein A+G
agarose VA SOWE 3G 1 FLEIE 14T SDS-PAGE
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8 ko

46 &

I HL K 22 V5L T o B SR EE I, FH B S s
PR YL gL (4 15 min, ZRAB/KEE 3~5 1K, HIK
30 min, FEXFR I ARH R B RIGRG) A B 2E R
A BRA R TSR, sdr S HA BRI E A

2 4R

21 REBE3INEAME

DL E 41 i ki pET-28a-SUMO-C5a, pET-28a-
SUMO-F Il A#it, ¥ H%F {1 C5a. F I 2K F1 104
TIELR, 3G P2 T 1% JrRE W R I F Uk S 7
S RN 213 FI 714 bp (8] 1), STIIAR/N—2E,
P25 5 5 B0 F AT G, BV E 2 i) ok
| pET-28a-SUMO # A& (20 ku) I ¥ & A pET-
28a-SUMO-C5a il pET-28a-SUMO-F II JFi ki i1 K
FFE 23 5 3EFT IPTG 55, SDS-PAGE %53 s,
pET-28a-SUMO-C5a Hl pET-28a-SUMO-F II f &
S F i KN BIZ R 27 150 ku, H —F B ERIK
TE AL AR T (18] 2), X4l 4k 1 5 1 EFT Western
blot, Z55En, B LIKLI3] pET-28a-SUMO-C5a
1 pET-28a-SUMO-F 1T & [ iy 4 5 M &k 4l (181 3),
HaifEgm, vTUHT R,

FH C5aR ZIKMRER BT fb 45 ) C5aR
LKA Al )5 4l N 98%, 22Ik KLH 7] F T 9
L7/

2.2 FUiEHIENEE

Western blot #1255 H 7/~ , C5a. C5aR. F1I
Z i BEPURRETE CIK 08 (1) 8. 42 1 50 ku

kun I M 2 3 4 5 6
116-

66—
45-
35-

— *-pET—ZSa-SUMO-CSa
25-

18-
14- —

(@)

bp

1000

900
800
700

600

500
400,

300

200

100

1 C5a 5FII ERYISEE PCR 4 8/~ 45 K &
M. DNA 4> FHbridE; 1. C5a PCR ¥ 1#474); 2. FII PCR " 3474
Fig. 1 Electrophoretic map of PCR amplification
products of C5a and FII protein coding gene
M. DNA marker; 1. PCR product of C5a; 2. PCR product of F Il

Ak 5 SV AGI B AR X B — X B AT, AR 293T 4
M A P CPURPUALS & (B 4), 45RFW, S
il & Ay F £ C5a, C5aR. F Il Zygkediih H HATEL
Tr g Rk

2.3 Western blot KA MZER

GER R, R M 7 NS0, ®i CSa
Fl C5aR B4 35 (B 5-a, ¢), Hii C5aR HEH
BAENFE T RIE, H 5 HAh 6 MHLUFTE % 2%
5t (P<0.05). Fifl FINZEFNE . BELAE A ik,
e B e . SKE . SEAALA Rk (& 5-e).
GCRV J& L J5 , A [m] Bsf 91 i i CS5a. C5aR il

ku12M3456

116-

——

-”-pET—ZSa-SUMO-FH
' -

(b)

66-- -
45- e p—
35- —

25-

18-
14- -

2 C5a(a) F1 F Il (b) EHE HFRILH) SDS-PAGE £ E
M. EAS TEbrdE; 1.04 mg/mL BSA; 2. EiF 1; 3. pET-28a-SUMO % 8% FKik; 4. EiF 1 (2 mol/L JR RIFMRALRIA); 5. Bk 2 f%
FiE (8 molV/L JREEMHELIRIR): 6. BLIAMAR 5 f5F % (8 mol/L JR 2 V4 fift LIl 1)
Fig.2 SDS-PAGE identification of recombinant C5a protein(a) and F Il protein(b)

M. protein marker; 1. 0.4 mg/mL BSA; 2. supernatant [ ; 3. induced pET-28a-SUMO no-load expression; 4. supernatant Il (inclusion body in 2 mol/L

urea soluble); 5. inclusion body in 2-fold dilution (inclusion body in 8 mol/L urea soluble); 6. inclusion body in 5-fold dilution(inclusion body in 8 mol/L

urea soluble)
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540 Jh ML, . FAf C5a. C5aR M F Il £ bk a5 2 a8k 789

ku

180-
140-

100-
75-
60-

45- S—

35- — 1
25 .
15- e
10—

@

ku M 1 2 3

180-

140-
100- —

75-

60-

45.

35-

25-

15-
10-

NEREE

(b)

3 C5a(a) # F 1l (b) ELHZEHFKIEH Western blot £ 7E
M. A T EfdE; 1,04 mg/mL BSA; 2. pET-28a-SUMO-C5a il pET-28a-SUMO-FII 2 f&%#i#; 3. pET-28a-SUMO-C5a Fll pET-28a-SUMO-

FII 5 & Fike

Fig.3 Western blot identification of recombinant C5a(a) and F Il protein(b)

M. protein marker; 1. 0.4 mg/mL BSA; 2. pET-28a-SUMO-C5a and pET-28a-SUMO-FII diluted in 2 folds; 3. pET-28a-SUMO-C5a and pET-28a-

SUMO-F I diluted in 5 folds

ku 1 2 ku 3 4 ku 5 6
180-
180. 140. 180-
140- 100- 140-
100- 75. 100-
75- 60- 75-
60-
45 60- g
45- 35 45-
35-
35- 25
25- ) 25-
15- 15 15-
10+ - "
10-
(a) (b) (©)

El4 C5a(a). C5aR(b) F F Il (c) Z &R
Western blot &
1. 4. 6.C5a. C5aR. FIl ZwlEyiktaill 23T 41MBEH; 2. 3.
5.C5a. C5aR. FII Z kil CIK 4 & A
Fig. 4 Waestern blot identification of C5a(a),
C5aR(b) and F Il (¢) polyclonal antibodies

1,4,6. detection of 293T cell protein by C5a, C5aR, FII polyclonal anti-
bodies; 2,3,5. detection of CIK cell protein by C5a, C5aR, FII poly-

clonal antibodies

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

F I A8 PR 235 B 3 B i 1 e 2 B b e 94
(E5-b, d. O, ZEAWINY C5a, C5aR A FI 1Y
PR X 25 50 ) AR 0 R IsHY 3.949 % . 5.580
RN 3.749 4% o DL 25 IR B0 0E T il 48 19 2 e R
AT DA FH T8 30 Western blot 6 I 5 A HLAA P V5 72
;KM C5a. C5aR M FN &1,

24 3INEEHWBEAEELER

K F Co-IP B iiF # 1 C5a, CSaR, FII & [
ZAFTEAEAE N . 5 R W, WHEE Y CIK 248
il CSa, CSaR. F11 2 [ AE 6% 3 1 0% 7 W b 78
protein A+G agarose |-, Jf-# Western blot 5% 55 £
i E) (& 6), 45 KW, GCRVHIlEJE, Csa.
CSaR. FI&EHZAFTEAEAEN .

2.5 3NERMRIESING

SDS-PAGE #E s H1 ¥k J5 , C5a Fil C5aR pull
down UTYEPKIE AT WLEA I H i &4 (K 7), K E
VI, &Rk aArE, HEER Co-IP HARE M,
C5a pull down 4 5E F 28 L8 11, C5aR pull
down F: 45 5E B 24 PR E A (K 2, £ 3). FH
UniPort £ 48 200 48 0 B ARBC AT DI RETE R, 45
REH], C5aty CSaR HAEMMGEIEE V)G R,
A 17 MAERI R R T, KA M T
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790 Ko oE R 46 45

CRl a— e — e o - L —— —
[l o s - o O S o
L es @» D@ @
= =
2 08 ¢ = 20 ¢
% a a g
iz M a i R
Q& 06 + 2 Q& 15
O @]
H'R'( % a H% “5
£ 0457 a 25 10+
a0 % o 2
o B O
S5 02 ¢ &5 05 ¢
v 2 S
5 2
E 0 L L L L L L L T;-) 0 L L L L L L
L S K HK 1 G M 1 2 3 4 5 6
HI JEYLi 1
tissue infection period
(a) (b)
C5aR W 0 S . e — C5aR - T m—— — —
[raclin e g — . — o o— B-actin-- D TED G W
5 15 ¢ 5 06 ¢
g g
i S =1
Ha Na
RO 10} 2 RS 04
2% 2%
= < E e
1 -2 o -2
g o5 | # S 02 |
2§ o &
S o bc S o
o2 c o2
E ) . 1*| = . =1 E ) . . . . . .
[ [
= L K HK I G M = 1 2 3 4 5 6
H SRS ]
tissue infection period
(©) (d)
FFI A e FII RS
[actin s mmD o= e D P s I ]
£ 08 £ 08
-~ a ~—
E a E
%E 0.6 | 2 %E 0.6
Hﬁ s Hﬁ s
EE 04t EE 04}
a8 g
. B S
Pf 5 02t Hj 502}
= 2 =2
g b b b b E
8 O L L L L L L L 8 0 L L L L L L
L S K HK I G M 1 2 3 4 5 6
MY SR 1)
tissue infection period
(O] (®

5 C5a. C5aR. FII Tﬁi)ﬁiﬂiﬂﬂﬁﬁﬁﬁﬂéﬂﬂlﬂﬁ@%ﬁ%‘k
L.AFHE, S.MME, K.BIE, HKSKE, LW, G, M. JULA: 1.0d, 2038001, 3.8, 4. 2&M, s EW, 6 &am: Bsidhh
H¥BEa, by o RRBEMER (P<0.05); IREBERFIRMERE (=3)
Fig. 5 Protein expression of C5a, C5aR and FI[ in healthy and diseased tissues
L. liver, S. spleen, K. kidney, HK. head kidney, I. intestine, G. gill, M. muscle; 1. 0 d, 2. incubation period, 3. infection period, 4. outbreak period,
5. recovery period, 6. healing period; the different low-case letters indicate extremely significant differences (P<0.05); error bar shows the standard error

(n=3)
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Jh ML, . FAf C5a. C5aR M F Il £ bk a5 2 a8k 791

(b) - — o —C5aR (46 ku)

(C) e T 1] (50 ku)
B 6 LLC5a. C5aR. Fll L HEHARSEER,

detected by Western blot after co-immunoprecipitation,

using polyclonal antibodies against C5a, C5aR and

C5a C5a-C5aRIP C5a-FII IP
1 1 !

C5aR  C5aR-C5alP C5aR-FIIIP
! 1 |

FII-C5aIP FI-C5aR1IP  FII
1 l 1

RIEILTIER, Western blot #:30l| C5a.
C5aR. Fll BFRIE
Fig. 6 Expression of C5a, C5aR and F [I

F1I as bait proteins

«—C5a (8 ku)

kn M 1 2 3 45 6 7 8 9

180-
140-

100- s B8 -
75- - @ [ v
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Fig.7 SDS-PAGE result of pull down experiment

M. protein marker; 1. C5a pull down supernatant I ;2. C5a pull down super-
natant II; 3. C5a pull down precipitation; 4. F II pull down supernatant 1 ; 5.

F1I pull downsupernatantIl ;6.F II pulldownprecipitation; 7.C5aR pulldownsup-
ematant | ;8. C5aR pull down supernatant I ; 9. C5aR pull down precipitation
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Tab.2 Identification of interactive candidate proteins with C5a of C. idella

HH ke e HH> Tk B % RBHEA
proteins accession no. protein molecular weight coverage  peptides
HELEN B3VQI2 serotransferrin 73.515 45.994 29
MshiEH P83751 actin, cytoplasmic 1 41.726 49.067 11
ErkiEn Q6TAS2 alpha-2-macroglobulin 134.221 6.942 9
14 kugk I A Q6SXN7 14 ku apolipoprotein 15.271 31.387 4
fEAREA CI1KH73 keratin-like protein 42.477 10.000 5
C4a A0A3TOQI28 C4a anaphylatoxin 190.530 4.071 7
C3 QO6UAQ6 complement C3 187.997 4.532 7
oBRE Q8ITH84 alpha globin 15.456 22378 3
P B i B2MUP2 serpinal protein 49.303 12.217 5
WEERR Q4U122 intelectin 35.241 12.264 4
HRH ¥ A0A3QIU412 putative complement factor H 97.829 5.760 4
FINEAEGRER AOAOAICEZ3  galactose-binding lectin 26.527 13.546 3
FMAClqe HICTGO complement C1q subcomponent subunit C 26.146 13.525 3
GAPDH K9J9Z6 glyceraldehyde-3-phosphate dehydrogenase 28.172 7.925 2
&N ARG kufE - E1U3C1 warm temperature acclimation-related 65 ku protein 16.609 18.919 2
BEkEE Q8JH87 beta globin 16.215 14.966 2
EF-la F8QMSS Elongation factor 1-alpha 45.594 4.535 2
MEClga A0A3Q9U3J6  complement Clq subcomponent subunit a 25.790 11.429 2
EALIIR Bl WSFYF8 activation peptide fragment 1 59.699 1.527 1
MASP1 AO0A3QIVGY8  putative mannan-binding lectin serine peptidase 1 94.453 0.945 1
C3 AOA3TOQHS2  complement Component 3 198.603 0.571 1
#MACIgb RYUMAG complement C1q subcomponent subunit b 25.671 6.584 1
Histone H2A A0A068L824 Histone H2A 12.968 7.438 1
IGFIR-b B5AST2 receptor protein-tyrosine kinase 27.207 10.833 1
TLR22a AOA6COPI17 Toll-like receptor 22a 109.672 1.992 1
PR EHAENIEREH AGNAS2 intermediate light meromyosin 64.906 2.309 1
hsp60 E7D7N6 60 ku chaperonin 61.221 1.217 1
RIG-I F8QPI3 activating signal cointegrator 1 complex subunit 3 108.603 0.634 1
[ 7K 72 5 22 3275 sponsored by China Society of Fisheries https://www.china-fishery.cn
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#*3 E& CSaREEIERABRAEALEELSER
Tab. 3 Identification of interactive candidate proteins with CSaR of C. idella

EA gas Eitipa RHE7TE/ku A% TREEUA
proteins accession no. description protein molecular weight — coverage peptides
C4a AO0A3TOQI28 C4a anaphylatoxin 190.530 7.788 13
MEANEA CI1KH73 keratin-like protein 42.477 12.432 7
MzhEA P83751 actin 41.726 10.400 2
ExkEH A8VZJ0 alpha-1-microglobulin 38.818 10.632 3
#MEClqe H9CTGO complement C1q subcomponent subunit ¢ 26.146 18.852 4
#MAC1qga A0A3Q9U3J6 putative complement C1q subcomponent subunit a 25.790 17.143 4
akEHH Q8JHS4 alpha globin 15.456 20.979 3
H -+ A0A3Q9U4I2 putative complement factor H 97.829 3.802 4
C3 AOA3S5HYM4  putative complement component C3 171.972 1.100 2
EF-1a F8QMSS Elongation factor 1-alpha 45.594 6.921 3
C3 Q6UAQ6 complement C3 187.997 1.371 3
EALIIR Bl WSFYF8 activation peptide fragment 1 59.699 5.344 3
BugE A B2MUP2 serpinal protein 49.303 3.394 2
#MAC1gb RIUMA6 complement C1q subcomponent subunit b 25.671 6.584 1
FIANELGREER  AOAOAICEZ3  galactose-binding lectin 26.527 7.171 2
14 ku#JlEEH Q6SXN7 14 ku apolipoprotein 15.271 17.518 2
GAPDH K9J9Z6 Glyceraldehyde-3-phosphate dehydrogenase 28.172 5.283 1
14-3-38Hp/a A0A499PT42 14-3-3 protein beta/alpha 27.616 3.279 1
HEREN B3VQI2 serotransferrin 73.515 1.335 1
L Q8AYS7 transaldolase 20.865 3.243 1
C3 AO0A3TOQHS2 putative complement component C3 198.603 0.571 1
ExkEn Q6TAS2 alpha-2-macroglobulin 134.221 0.909 1
HEA AOA068L824 histone H2A 12.968 7.438 1
LA T32a A0A345D744 chemokine ligand 32a 22.061 19.898 1

N FE L, )Nk & C4a. #MK Clqe. #M A
C3 %, MAh, aiFAAML., SiadmReT.
ZHheR A SR EH

3 TR

FAD D MU A Ry — Bl RPN, X RE TR
Bl 1) A SRS I LR, R R A S5 £ S A IR
JkER . . BEEE . BEA . WLIA. M RESEIRAL
FRAL, FFREAE . RAE B ESESRALA H I A SR
2209 [ pif B A Y I TT % K TNF-a, IFN-=y,
IL-1B % RAEH F I K EEFRIK, 774 RAE RN,
VER KR e P B 5L, A R G FIBE Il 3R
BiHuh B 5 T KR X GCRV 72, A F5E
WUESE, #MA ZR G FIRE I 28 G0 7 fh (A ke w £ iy
MRRTE 2k B, C5. C5aR F1F I ) mRNA
ALY 5 ARG GCRV 1 FEA B
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SEIGAR PSR CSa. C5aR Fl F 11 AS[E (5 1
SRR, CSa FF I 2 5Pk R RIB 1
75 2 ML i 45 pET-28a-SUMO Hi i & 14, %71
& BTN E . NN Z I REREDS,
C5aR iy 7 SR A, RAEZFRIBMERERKR,
W3 FH 22 KA B 00 Oy Xl s bt R AR 1, IR A
()22 IKBEAER 1N 3t LA T outside X, REEMERE
I, FeSvk . R RCE K L, EAE
SRBCIREE, Gugie H AR K AR e 6T L R AT 4l
fEBHT, A4l B A B Rt CS5a. CS5aR I F I
EARETA /NN

CS5a WY A=W 22 D) BRAK M T 45 & C5aR LK,
CS5aR 7EAURA )z ik, Hitk CSa 7E& 4141
TS5 BE K A AR WA T REY . DR A R {4 41
Hr, CSafil C5aR I 7E 7T 1 HA B A R,
CSaR FEM@FENFAE P Rk e m, kF . ik,
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A CSa (W FRIKEA WE 2T, ULHIILH 7EfaflE f
KN C5a 5 C5aR A K25 iyaHh, &KisT1
2%, 78 GCRV ZbFHJ5 , C5a Al C5aR 278 AR 1)
F R X — B BO R R W L, DX — B B
Wb T ARG R, AMA R GUIE C5 Kt
fbh CSa, fafktufi =z A= i E 2 ek C5aR, H.
C5a 5 CSaR HE & it — HARFFS K H., X i
B oA rp A AR R Ge gl o BV, JC Ik IRl B E
I, TAMAR 9 3o B S0 23 XTI i UM UK &2
AT FR T L AR fa R P CSa il CSaR Y3
TR XY 55 0 3L 30 A b AR A 2R 8 R AR AL,
5 C5a Fl C5aR A[A A&, FILJFARZ3Rik, X
DR . RGLRE AN A Rk, HEDN X RT REE
At At B 10 (AR 20 2 PP BE Il R 5 R B U L R
GCRYV J& F 11 [a] A 2 76 7 AR 300 2 ak e 03X — i Bt
BRI, AR T R I R S S AL
Y EEIN R G RA —BUEY, YR A i R
RN B R S o A, SEER TR R B E T F T
2% GCRV YL 5 (W I e i W B B R ik it &2
PR R, UL AR ] BEAE A A i B T AN
HF I DA T 58 o 52 7 328 A5

TE GCRV JEYL () Hefili [, 52563 52 Co-IP jiE
SCw A CSat CSaR B AH EAEAT . 24 CS 6tk
b CSafa, CSabiz 5HAZKk CsaR 4G, —#
GG AR, B A CSa iy
N K % 5 C5aR 40 L /b N s, #f 45 A0 H N
C5a [ C R Fll C5aR MYESHEX B B L 8 1Y
SEA N HIEA A . LR Co-TP A & B E f4
 Csa Fl FILAFAE BAER R, X—45 R 53
YWh BRI A . Coa 5 FIL Z [\ B HAE R G
AIEMFL Y b B IE S, F I B s R e i
fitfJ5 , BEILEE EA S C5 #ALEEA 28 A9 VR AR
P C5 24 h C5a, CS5a 254 C5aR BT W Bl kL
20 R R TS0 8 RE A TR SRR R v g B SR Y,
WA I CSa MR T A 40 M A iF F I A A= A,
AT T S ATLAAR (4 B8 1 S5 107, S0fR AL AR 4 S S g
SRET . GCRV &Y CIK J5§, Cs5a f1 FII (9 H AR
SN ] R 5 L Eh M S oL, R L R A Y D A
HAIESFE . M ARA SCHRIESE CSaR 5 FIT Z ()47
TEEESS G AT AEHXCR, (HFE Co-IP Kl
AEAH ELATINAS 2], X 0] e 5 0 H AR S KRR S
B EHFEA &, 7€ GCRV AL PS5, C5a Al C5aR
EHUKRELSS, WSE C5a 5 C5aR IE SYHY
BB, B FIRERS 51X — & A9 kA 1H
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254, WMITE Co-IP 25 FILAES C5aR 454 .
i 1 pull down 4 %] C5a. C5aR 5 FII A{Y
REHAE, CSaifn]fEL 28 Rl vk & 1 kA Bk,
C5aR "l e 24 e 5 1 kA BAE . iRk H
H, RENMERGANREN, M GCRV B
WG, B M R G g B0E A2 C5a 5
CsaR &y, C3a EAMAE A A E R AL HE Coa 5
FILEAZ A Coa it BAEE A Y o ZRE HA
B EREEFIAMEREE (haptoglobin, Hp) A% 2 443, Hp
AR, BAPUETETE, JREHS R
TR A O KAV, = VF 250K T AE
YR EYY, C5a 5 HEAEW AE Y GCRV
PR ZE i CSa 13 FE O RN Bz —
5 Hp DIRE# SR AR 1) CSaR 1k B AR A H G s
i (transaldolase, GSM2) F /= £ ik 1l B85 Jm &
HARGAARC, BRAFTEIETE T DRI PSR R
A, 5 C5aR BAEA TRE LA B RIVEH], Tl
E A MR R KR K o BEAh, SEE A KB CSa, CSaR
(9 W5 75 AR 8 A PR A7 AE Toll B 3Z K (Toll-like
receptors, TLR). RIG-I (retinoic acid-inducible gene
D) SESERASEST T, HI I HE & A8 X GCRV /2%
Yemf, Csa - C5aR RILH SHFLSIE IR RHE
REAS 175 K 45 28 e 0 7 2 5 BIHLAR (1Y 98 0E S L
BT AR BAIE

(4 7 BA A SUTC 52 B s A2 B Al 25 )

S E #k (References):

[1] Nakao M, Yano T. Structural and functional identifica-
tion of complement components of the bony fish, carp
(Cyprinus carpio)[J]. Immunological Reviews, 1998,
166(1): 27-38.

[2] Blanco-Abad V, Noia M, Valle A, ef al. The fish coagu-
lation system could help to prevent infection by the cili-
ate parasite Philasterides dicentrarchi[]]. Fish & Shell-
fish Immunology, 2019, 91: 460.

[3] Choi G, Schultz M J, Levi M, et al. The relationship
between inflammation and the coagulation system[J].
Swiss Medical Weekly, 2006, 136(9-10): 139-144.

[4] Favoreel HW, Van De Walle G R, Nauwynck H J, ef al.
Virus complement evasion strategies[J]. Journal of Gen-
eral Virology, 2003, 84(1): 1-15.

[5] Gralinski L E, Morrison T E, Menachery V D, et al.
Complement activation contributes to severe acute res-

https://www.china-fishery.cn


http://dx.doi.org/10.1111/j.1600-065X.1998.tb01250.x
http://dx.doi.org/10.1099/vir.0.18709-0
http://dx.doi.org/10.1099/vir.0.18709-0
http://dx.doi.org/10.1099/vir.0.18709-0
http://dx.doi.org/10.1111/j.1600-065X.1998.tb01250.x
http://dx.doi.org/10.1099/vir.0.18709-0
http://dx.doi.org/10.1099/vir.0.18709-0
http://dx.doi.org/10.1099/vir.0.18709-0
https://www.china-fishery.cn

794 Koo 4 46 £
piratory syndrome coronavirus pathogenesis[J]. mBio, 2014, 123(17): 2605-2613.

2018, 9(5): e01753-18. [16] Anderson G F, Barnhart M 1. Prothrombin synthesis in

[6] Bajic G, Degn S E, Thiel S, et al. Complement activa- the dog[J]. American Journal of Physiology, 1964,
tion, regulation, and molecular basis for complement- 206(5): 929-938.
related diseases[J]. The EMBO Journal, 2015, 34(22): [17]  Rosing J, Tans G, Govers-Riemslag J W, et al. The role
2735-2757. of phospholipids and factor Va in the prothrombinase

[71 BB AMERIEF Y CSa £ =& LA EEUVN BB I complex[J]. Journal of Biological Chemistry, 1980,

45 i B2 R /R LA (D). A IR 2 BE R &, 255(1): 274-283.
2014. [18]  Sheehan J, Templer M, Gregory M, et al. Demonstration
Zha W S. Complement activation product C5a involved of the extrinsic coagulation pathway in teleostei: identi-
in renal injury induced by trichloroethylene sensitized in fication of zebrafish coagulation factor VII[J]. Proceed-
BALB/c mice[D]. Hefei: Anhui Medical University, ings of the National Academy of Sciences of the United
2014 (in Chinese). States of America, 2001, 98(15): 8768-8773.

[8] Colley C S, Popovic B, Sridharan S, et al. Structure and [19]  Choi K M, Jeong J M, Bae J S, et al. Coagulation factor
characterization of a high affinity C5a monoclonal anti- II from rock bream (Oplegnathus fasciatus): first report
body that blocks binding to C5aRl1 and C5aR2 on the molecular biological function and expression ana-
receptors[J]. mAbs, 2018, 10(1): 104-117. lysis in the teleost[J]. Fish & Shellfish Immunology,

[9] Schreiber A, Xiao H, Jennette J C, et al. C5a receptor 2016, 48: 145-153.
mediates neutrophil activation and ANCA-induced [20] Krem M M, Di Cera E. Evolution of enzyme cascades
glomerulonephritis[J]. Journal of the American Society from embryonic development to blood coagulation[J].
of Nephrology, 2009, 20(2): 289-298. Trends in Biochemical Sciences, 2002, 27(2): 67-74.

[10]  Goldstein I M, Weissmann G. Generation of C5-derived [21]  Amara U, Rittirsch D, Flierl M, et al. Interaction
lysosomal enzyme-releasing activity (C5a) by lysates of between the coagulation and complement system[J].
leukocyte lysosomes[J]. Journal of Immunology, 1974, Advances in Experimental Medicine and Biology, 2008,
113(5): 1583-1588. 632: 71-79.

[11]  WuN, LaPatra S E, Li J, ef al. Complement C5a acts as [22]  Rittirsch D, Flierl M A, Ward P A. Harmful molecular
molecular adjuvant in fish by enhancing antibody mechanisms in sepsis[J]. Nature Reviews Immunology,
response to soluble antigen[J]. Fish & Shellfish Immuno- 2008, 8(10): 776-787.
logy, 2014, 40(2): 616-623. [23] Amara U, Flierl M A, Rittirsch D, et al. Molecular inter-

[12]  Cavaillon J M, Fitting C, Haeffner-Cavaillon N. Recom- communication between the complement and coagula-
binant C5a enhances interleukin 1 and tumor necrosis tion systems[J]. The Journal of Immunology, 2010,
factor release by lipopolysaccharide-stimulated mono- 185(9): 5628-5636.
cytes and macrophages[J]. European Journal of Immuno- [24]  Huber-Lang M, Sarma J V, Zetoune F S, et al. Genera-
logy, 1990, 20(2): 253-257. tion of C5a in the absence of C3: a new complement

[13] Riedemann N C, Guo R F, Sarma V J, et al. Expression activation pathway[J]. Nature Medicine, 2006, 12(6):
and function of the C5a receptor in rat alveolar epi- 682-687.
thelial cells[J]. The Journal of Immunology, 2002, [25]  Tawara S, Sakai T, Matsuzaki O. Anti-inflammatory and
168(4): 1919-1925. anti-fibrinolytic effects of thrombomodulin alfa through

[14]  Chakraborty S, Winkelmann V E, Braumiiller S, et al. carboxypeptidase B2 in the presence of thrombin[J].
Role of the C5a-C5a receptor axis in the inflammatory Thrombosis Research, 2016, 147: 72-79.
responses of the lungs after experimental polytrauma and [26]  Markiewski M M, Nilsson B, Ekdahl K N, ef a/. Com-
hemorrhagic shock[J]. Scientific Reports, 2021, 11(1): plement and coagulation: strangers or partners in
2158. crime?[J]. Trends in Immunology, 2007, 28(4): 184-192.

[15]  Antoniak S, Mackman N. Multiple roles of the coagula- [27]  Ehrnstrom B, Kojen J F, Giambelluca M, et al. TLRS
tion protease cascade during virus infection[J]. Blood, and complement C5 induce cytokine release and throm-

https://www.china-fishery.cn R E K224 F 7/ sponsored by China Society of Fisheries


http://dx.doi.org/10.15252/embj.201591881
http://dx.doi.org/10.1080/19420862.2017.1384892
http://dx.doi.org/10.1681/ASN.2008050497
http://dx.doi.org/10.1681/ASN.2008050497
http://dx.doi.org/10.1002/eji.1830200204
http://dx.doi.org/10.1002/eji.1830200204
http://dx.doi.org/10.1002/eji.1830200204
http://dx.doi.org/10.4049/jimmunol.168.4.1919
http://dx.doi.org/10.1038/s41598-020-79607-1
http://dx.doi.org/10.1182/blood-2013-09-526277
http://dx.doi.org/10.1152/ajplegacy.1964.206.5.929
http://dx.doi.org/10.1016/S0021-9258(19)86294-4
http://dx.doi.org/10.1073/pnas.131109398
http://dx.doi.org/10.1073/pnas.131109398
http://dx.doi.org/10.1073/pnas.131109398
http://dx.doi.org/10.1016/S0968-0004(01)02007-2
http://dx.doi.org/10.1038/nri2402
http://dx.doi.org/10.4049/jimmunol.0903678
http://dx.doi.org/10.1038/nm1419
http://dx.doi.org/10.1016/j.thromres.2016.09.011
http://dx.doi.org/10.1016/j.it.2007.02.006
http://dx.doi.org/10.15252/embj.201591881
http://dx.doi.org/10.1080/19420862.2017.1384892
http://dx.doi.org/10.1681/ASN.2008050497
http://dx.doi.org/10.1681/ASN.2008050497
http://dx.doi.org/10.1002/eji.1830200204
http://dx.doi.org/10.1002/eji.1830200204
http://dx.doi.org/10.1002/eji.1830200204
http://dx.doi.org/10.4049/jimmunol.168.4.1919
http://dx.doi.org/10.1038/s41598-020-79607-1
http://dx.doi.org/10.1182/blood-2013-09-526277
http://dx.doi.org/10.1152/ajplegacy.1964.206.5.929
http://dx.doi.org/10.1016/S0021-9258(19)86294-4
http://dx.doi.org/10.1073/pnas.131109398
http://dx.doi.org/10.1073/pnas.131109398
http://dx.doi.org/10.1073/pnas.131109398
http://dx.doi.org/10.1016/S0968-0004(01)02007-2
http://dx.doi.org/10.1038/nri2402
http://dx.doi.org/10.4049/jimmunol.0903678
http://dx.doi.org/10.1038/nm1419
http://dx.doi.org/10.1016/j.thromres.2016.09.011
http://dx.doi.org/10.1016/j.it.2007.02.006
https://www.china-fishery.cn

53 MU, SF: Bl CS5a. CS5aR Al F Il ZFuREhuikmy il 52k Rtk 795
bin activation in human whole blood challenged with tion Ctenopharyngodon idella with grass carp reovirus
Gram-positive bacteria[J]. Journal of Leukocyte Biology, type II[J]. Journal of Fisheries of China, 2022, 46(2):
2020, 107(4): 673-683. 250-260 (in Chinese).

[28]  Skjeflo E W, Christiansen D, Fure H, et al. Staphylococ- 371  VFSE4L. B B f 0 A LL 3 5 S 4H 0 7 [D). Kb
cus aureus-induced complement activation promotes tis- IR LK 2, 2012.
sue factor-mediated coagulation[J]. Journal of Throm- Xu B H. Transcriptome analysis of grass carp infected
bosis and Haemostasis, 2018, 16(5): 905-918. GCHV[D]. Changsha: Hunan Agricultural University,

[29] BN Bt C5/C5a/C5aR 135538 & 5357 M < K 7 2012 (in Chinese).

MR IE [D]. Kb I R K, 2020. [38]  XIANEF, Brists, 20, &5 RIGAT i RIS R G5
Lv L G. Preliminary verification of C5/C5a/C5aR signal- [R A2 vt R P 16 B 5 SR e AR [J]. DR 24 2
ing pathway and some related factors in grass carp[D]. £, 2020, 29(21): 2434-2442.

Changsha: Hunan Agricultural University, 2020 (in Liu L Q, Chen T T, Li S W, et al. Escherichia coli
Chinese). expression system applied in the development of recom-

[30]  Franchini S, Zarkadis I K, Sfyroera G, et al. Cloning and binant human vaccines and its potential improvement[J].
purification of the rainbow trout fifth component of com- Chinese Journal of New Drugs, 2020, 29(21): 2434-2442
plement (C5)[J]. Developmental & Comparative Immun- (in Chinese).
ology, 2001, 25(5-6): 419-430. [39] kK FEIE. C5aR A~ F LPS i T 15 ik 75 IE LA & 5

[31] Kato Y, Nakao M, Mutsuro J, et al. The complement I/R A HLH A 7T [D]. 2R LK, 2016.
component C5 of the common carp (Cyprinus carpio): Zhang Z Y. Study on the mechanism of C5a receptor
cDNA cloning of two distinct isotypes that differ in a mediated lipopolysaccharide inducing renal sepsis and
functional site[J]. Immunogenetics, 2003, 54(11): 807- renal ischemia/reperfusion (I/R) injury[D]. Wuhan:
815. Hubei University, 2016 (in Chinese).

[32] Natarajan N, Abbas Y, Bryant D M, et al. Complement [40] B Rk, k8. N C5aR(CD88)/F 51l 4 ¥4 43 #r K H B
receptor C5aR1 plays an evolutionarily conserved role in YR AL, Sy 25 &, 1998(3): 153-156.
successful cardiac regeneration[J]. Circulation, 2018, Lv F L, Zhu X H. An alysis of characteristics and predic-
137(20): 2152-2165. ation of B-cell epitopes for the human C5a receptor[J].

[33] Boshra H, Peters R, Li J, ef al. Production of recombin- Immunological Journal, 1998(3): 153-156 (in Chinese).
ant C5a from rainbow trout (Oncorhynchus mykiss): role [417 BT, EEM, HBHR, &, Pen a | RALPURZ W EHIA
in leucocyte chemotaxis and respiratory burst[J]. Fish & IR 2% S 4 72 (3], P E Rk AL, 2013, 46(15): 3191-
Shellfish Immunology, 2004, 17(3): 293-303. 3198.

[34] XuBH, ChenKJ, Yao Y B, et al. Cloning, characteriz- Zhao J, Gao M X, Pan J R, et al. Preparation and identi-
ation and expression analysis of coagulation factor II fication of polyclonal antibody of one Pen al epitope
gene in grass carp (Ctenopharyngodon idella)[J]. Genet- peptide[J]. Scientia Agricultura Sinica, 2013, 46(15):
ics and Molecular Research, 2015, 14(4): 13764-13778. 3191-3198 (in Chinese).

[35]  ARAEEE, BEBLER, 4250 L, S5 B Y I ) L 4 B [42] V. C5aSZ AR MAE AL R %A 5 4% 2 []]. EAMEE %245y
WEFE[I]. K= 24K, 1986, 10(2): 151-159. T, 1997, 19(5): 196-201.

Zheng D C, Huang Q Y, Cai W Q, et al. Histopatholo- Qi J. Action sites and signal transduction of CS5a
gical studies on the hemorrage disease of grass carp[J]. receptor[J]. Foreign Medical Molecular Biology Fas-
Journal of Fisheries of China, 1986, 10(2): 151-159 (in cicles, 1997, 19(5): 196-201 (in Chinese).

Chinese). [43] Mans B J. Chemical equilibrium at the tick—host feeding

[36] #¥, JriEHE. AN S8 B AR S N TE interface: a critical examination of biological relevance
SRR G B A )75 BEORE DR R B 43 A B 9T (D). K= 254, in hematophagous behavior[J]. Frontiers in Physiology,
2022, 46(2): 250-260. 2019, 10: 530.

Yang L, Su J G. Studies on pathological symptoms and [44]  Yanase Y, Matsuo Y, Takahagi S, er al. Coagulation

virus distribution in natural and artificial injection infec-

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

factors induce human skin mast cell and basophil

https://www.china-fishery.cn


http://dx.doi.org/10.1002/JLB.3A0120-114R
http://dx.doi.org/10.1111/jth.13979
http://dx.doi.org/10.1111/jth.13979
http://dx.doi.org/10.1111/jth.13979
http://dx.doi.org/10.1007/s00251-002-0528-7
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.030801
http://dx.doi.org/10.4238/2015.October.28.39
http://dx.doi.org/10.4238/2015.October.28.39
http://dx.doi.org/10.3969/j.issn.1003-3734.2020.21.007
http://dx.doi.org/10.3969/j.issn.1003-3734.2020.21.007
http://dx.doi.org/10.3969/j.issn.1003-3734.2020.21.007
http://dx.doi.org/10.3864/j.issn.0578-1752.2013.15.013
http://dx.doi.org/10.3864/j.issn.0578-1752.2013.15.013
http://dx.doi.org/10.3389/fphys.2019.00530
http://dx.doi.org/10.1002/JLB.3A0120-114R
http://dx.doi.org/10.1111/jth.13979
http://dx.doi.org/10.1111/jth.13979
http://dx.doi.org/10.1111/jth.13979
http://dx.doi.org/10.1007/s00251-002-0528-7
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.030801
http://dx.doi.org/10.4238/2015.October.28.39
http://dx.doi.org/10.4238/2015.October.28.39
http://dx.doi.org/10.3969/j.issn.1003-3734.2020.21.007
http://dx.doi.org/10.3969/j.issn.1003-3734.2020.21.007
http://dx.doi.org/10.3969/j.issn.1003-3734.2020.21.007
http://dx.doi.org/10.3864/j.issn.0578-1752.2013.15.013
http://dx.doi.org/10.3864/j.issn.0578-1752.2013.15.013
http://dx.doi.org/10.3389/fphys.2019.00530
https://www.china-fishery.cn

796 KopE OE R 46 45

degranulation via activation of complement 5 and the dolase, contributes to reactive oxygen species homeo-
C5a receptor[J]. Journal of Allergy and Clinical Immun- stasis in Arabidopsis[J]. Plant Molecular Biology, 2020,
ology, 2021, 147(3): 1101-1104. 104(1-2): 39-53.

[45] Naryzhny S, Ronzhina N, Zorina E, et al. Evaluation of [47]1 Zaal A, Dieker M, Oudenampsen M, et al. Anaphyl-

haptoglobin and its proteoforms as glioblastoma mark- atoxin C5a regulates 6-sulfo-LacNAc dendritic cell func-

ers[J]. International Journal of Molecular Sciences, 2021, tion in human through crosstalk with toll-like receptor-

22(12): 6533. induced CREB signaling[J]. Frontiers in Immunology,
[46] Zheng M, Zhu C Y, Yang T T, ef al. GSM2, a transal- 2017, 8: 818.

Preparation and expression characteristics of polyclonal antibodies against
C5a, C5aR and F I in grass carp (Ctenopharyngodon idella)

SUHang, XIAO Tiaoyi’, XU Baohong’, LIU Qiaolin, LU Ligang, LIUYi

(Hunan Engineering Technology Research Center of Featured Aquatic Resources Utilization,

Hunan Agricultural University, Changsha 410128, China)

Abstract: Complement and coagulation cascade are important components of innate immunity, in which comple-
ment protein Sa (complement component 5a, C5a), complement protein 5a receptor (C5a receptor, C5aR) and
coagulation factor II (blood coagulation factor II, FII) play a key role in dealing with virus infection. In order to
study their protein expression and interaction in Ctenopharyngodon idella infected with grass carp reovirus
(GCRYV), the prokaryotic expression system of C5a and FII protein was constructed, the C5aR-KLH conjugate
against C5aR protein was constructed, and the protein was purified. Japanese big-eared rabbits were immunized to
prepare polyclonal antibodies against the three kinds of proteins. The expression and interaction of the three pro-
teins were detected by western blot, Co-immunoprecipitation (Co-IP) and pulldown test. Western blot results
showed that C5a and C5aR proteins were expressed in liver, spleen, kidney, head kidney, intestine, gill and muscle
of C. idella. FII protein was expressed in liver, spleen and intestine, but not in kidney, head kidney, gill and
muscle. Expression of C5a, C5aR and FII proteins in liver tissues of C. idella infected with GCRV showed an
upward trend with the progression of the disease. Co-IP results showed that C5a, C5aR and FII proteins interacted
with each other after GCRV treatment. Pull down results showed that 28 candidate proteins such as C3 and RIG-I
were identified by C5a pull down, and 24 candidate proteins such as transaldolase and macroglobulin were identi-
fied by C5aR pull down. This study provides a basis for further exploring the interaction and regulation of C5a,
C5aR and FII, and for further exploring the mechanism of the three associated proteins in the complement and
coagulation cascade system responding to GCRV infection.
Key words: Ctenopharyngodon idella; C5a; C5aR; F II; polyclonal antibody; grass carp reovirus (GCRV); expres-
sion characteristics
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