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, MS-222 ,
, 8 , RNA
,—80°C
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, ; , , 10° CFU/mL
, 100 ,
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(Boshra et al, 2006) 200uL s 200uL PBS
Oh, 6h, 12h, 24h, 36h 48h
) 4 3 , —80°C
(Molina et al, 2004) Trizol (Invitrogen) RNA, (Fermentas)
CFH RCA , cDNA, CFH CFHR2
CFH C3b 1.2 Lec-cfh  Le-cfhr2 cDNA
C3 , CFI ,
, CFI C3b CFH CFHR2
C3b P1 P2, PCR
, CFH CFHR2 (Le-cfh
) , (Buresova Lc-cfhr2)ORF
et al, 2011) CFH , 5 CFH 1.3
CFHR1-5 NCBI OREF finder Le-cfh
Lc-cfhr2 ,
SCRs , SCR SMART (http: //smart.embl-heidelberg.de/)  SignalP
60 (Hourcade et al, 4.0 (http: //www.cbs. dtu.dk/services/ SignalP/)
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P3 P4,
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2011)
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60s, 95°C 30s, 3 2744 (Livak et SPSS18.0 (One-way
al, 2001) , ANOVA) , P<0.05

%1 PCR3I¥EF

Tab.1  Primers used for PCR amplification

(53"
P1 F: ATGGAGGGGAGTCCTTACAGAAC Lc-cfh ORF
R: TTAATGGCAAGTGGGCAGTGTTA
P2 F: ATGACCTGGGCTCTCCACTCTG Lc-cfhr2 ORF
R: TCAGTTATACCCGAGATACTCTGC
P3 F: TCAGAAGAGTCCAGATTAGC Lc-cfh qPCR
R: ACCCAAGTGGCAGCACAATA
P4 F: TGCTTTGCTCCAACTATCCC Le-cfhr2  qPCR
R: TGTTGTTTTCTGCTCCCTCT
B-actin F: TGCGTGACATCAAGGAGAAG
R: GCTGGAAGGTGGACAGAGAG
N 32 , 4 CCP
2 ( 1b) 3 N-
2.1 Lc-cfh Lce-cfhr2 cDNA (Asn90, Asnl112, Asn148) ,
Le-cfh cDNA 1332bp , CCP
(GenBank : KP710858), 443 CFH
> SCRs7, SCRs13, SCRs20  (Krushal ez al, 1998)
49.96 kDa, 6.66 N 24 Le-¢fh Le-cfhr?  Hs-c¢fh Hs-cfhr2 CCP
SMART , (Cys) ,
, Le-cfh 5 CCP ( 1la) CCPs 4  Cys 5
1 N- (Asn237) Lc-cfhr2 ,
cDNA 1170bp (GenBank ( 2
: KP710859), 389 Le-cfh Le-cfhr2
, 43.53 kDa 5.61, , (Mesocricetus auratus)
a
| CCP - CCP = CCP - CCP - CCP
0 100 200 300 400
b

mmm- CCP - CCP - CCP ——mm CCP

0 100 200 300

1 Le-cfh Le-cfhr2
Fig.1 Structural domains of Lc-¢fh and Le-cfhr2 putative amino acids sequences
a. Le-cfh ; b. Le-cfhr2
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CCP1 HEL...... FERENTEILTGSWSDQTY¥PEGTQAIYEERPGYRS . LGNVIMV. .[8REG . ENVALNELRE 60
CCP2 ®CHE...... GDTPEGTETL. .TGGHNVEEYGVEAVYT®NEGY (L . LGEINYR . e 0TD . GNTNDIFI. .« 57
CCP3 ®LEVT..... LPENGKIVSSAMEFDREYHFGQAVRFVNSGYKI . EGDEEMH. [@SOOGFWSKEREE. [« 60
CCP4 ESP...uun. OVING...SPISQRIIYRENERFGYRENMGYEY . SERGOAV. .@TES.GWNREL.ES. .« 53
CCP5 ONP...... Y.IPNGDYSFE..LRIK.HRTGDEITY(J8RNGFYPATRGNTAK . .8TST.GWIPFA.ER. .[o 54
CCP6 DYE..... DIKHGGLYHENMRREYFEVAVGEYYSY V@ DEHFETESGSYWOHIHETOD . GNSEL . VE. .[e 61
CCP7 YEFP...u.. Y¥.LENGYNQN. .HGRE.FVQGESIDVMeHFGYALFKAQTTIVT. .[eMEN . GHSFT . ER. .| 54
CCP8 SES..... SIDIENGFISE..SQYT.¥ALRERARYeRLGYVIADGETSCGSIRECGED . GNSAQ.ET. .[e 58
CCP9 0. ....... IPVEMNARTE. .NDFITWERLNDTLDYE®HOGYESNTGSTIGSIV®GYN .GNSOL.EFI. [« 56
CCP10 ELF.......EIDVHLVED. .REEDQYRVGEVLKEF 8KPGETI.VGENSVG. .[@YHF .GLSED.LF. I{= 55
CCP11 GEE...... FELLNGN. .VEERTKEEYGHSEVVEYY®NERFLM . KGENRIQ. .@VDG.ENTTL.EV. .« 55
CCP12 GDI...... FELEHG...WAQLSSPPYYYGOSVEFM@SESETM . IGHRSIT. .[@IHG. VWTQL.EQ. .[= 54
CCP13 E55...... NLIILEEHLE...NEEEFDHNSNIRYH®EG..KE..GWIHTV. .[@ING.RNDFE.VN. .| 51
CCP14 FEP...... FQIPN...SHNMTTTLNYROGEEVSVI®QENYLI.QEGEEIT. .@XDG.RNGQSI.EL. .[« 54
CCP15 ®SOF...... PQIEHGTINSSRSSQESYAHGTEKLSYIMEGGERI.SEENETT. .(8YMG.ENSSE.EQ. [« 57
CCP16 ®ESE. .. ... PEISHG...VVEHMSDSYQYGEEVTYHFEGEGI . DGEAILE . .@LGE . KNSHE.ES. .[« 54
CCP17 ISL...... ESFENRI. .PMGEREDVYEARGEQVTYT®ATYYEM . DGASHVT . .(8INS . RNTGR.ET. .« 55
CCP18 YNE...... FTVQNRY. . IVSRQMSKEYESGERVEY({8RSEYEM . FGDEEVH. .[8LNG.NNTEE.E(. .= 55
CCP19 GEP...... FEIDNGD. .ITSFELSVYAPASSVEY(QNLYQL .EGNERIT. .[8RNG . NSEF .FE. .[e 55
CCP20 VISREIMENYNIAZLRWTAE. .QELY.SRTGESVEFVERGYRLSSRESHTLRTINWD . . GELEY . ET. .[e 62
CCP21 OFF.....EINHGILYDEEEYKPFSQVPTGEVEYY{EYNFVSESESFWTRIT[®LEE . GHSET . BX. [ 61
CCP22 ®FFF...... F.VENGHSES..SGQT.HLEGDTVQII®NTGYRLGNNENNIS. .(@VER .GNSTE.EE. .« 54
CCP23 GEP...... FEIDNGD..ITSFLLSVYAPGSSVEY({eQNLYQL .EGNNGIT. .(8RNG.WSEE.FE. .[« 55
CCP24 VISQEIMERYNIKLEWING. .QELY.SRTGOIVEFVEESGYHE . TRSHSFRAMeQN . . GELVY.ES. .[e 61
CFH1 MNE...... EALVDGD. .TVTSLEYQYSHEGERVOYT®ONYYTM . EGSEYRT. [8SHG . QNTGE . ME.. .= 55
CFH2 HEP....... RLOHGYFVE. . .EQHMYAHESMLTY e CHRHEKFVMENWWAK IT{®QNG . NHSHE . B . (= 56
CFH3 FRP....... TIPNANYTE. .NQDGWYEEGYEIRIT®DTGYEFPENNDATAV. .WTNG.TNSSV.EV. (o 55
CFH4 GEP...... FQFPHRVIIH. .HYQEVEAVDSEVQYESEDGY TVEGAENEESI®ISG . VNTEG.ET. .[« 58
CFH5 SCLY...... EVVEN........ SVAVEESEYILEY((eNNY¥RH.DGPETVM. .[@HSOGSWSEL.EV. .|« 50
CFHR21 STL...... EDVEHRF . VSDETEEDEYQEGOVIDEI®GEGYTS . SGESEYV. @ TRG.GNLAV . RGGHe 58
CFHR22 SPL...... EDVEHEL.VSDETREDEYREGOMIDEIEEPGYTS. SQTSEYV. @TRD. GWNMAL . RGG 58
CFHR23 DFF....... PAGSFIVEGLFENDEFIGFOHIITVI®DGFGRELNGSSVLI. @GECGOWNTEEFES. .| 59
CFHR24 EVG..enrnn CVESHNVYTIFE..DVRQLREGERLEKFJ@SHREHFLGGNAEVR. [@LFGGCWSDOSEET . [« 57
Consensusc c
2 Lec-cfh  Le-cfhr2  Hs-cfh  Hs-cfhr2 CCP
Fig.2 CCP alignment of Lc-cfh, Le-cfhr2, Hs-cfh and Hs-cfhr2
CCPs , CCP1-20  Hs-cfh CCPs, CCP21-24  Hs-cfhr2 CCPs, CFH1-5  Lc-¢fh CCPs, CFHR21-24  Lc-¢fhr2 CCPs;
CCPs ; , >50% ,
(Cynoglossus semilaevis)CFI , Le-cfh  Lc-cfhr2
3 , Le-cfh  Le-cfhr2 ,
CFHs CFHR2s R 6h, Lc-cfh R 24h
, , 114 Lc-cfh
, CFH CFHR2 Le-cfhr2
, CFI , , Lc-cfh , Le-cfhr2
24h , 43 (
2.2 Lc-cfh  Le-cfhr2 5a) , , Le-cfh Le-cfhr2
4 , 6h,
8 , Le-cfh , , Le-cfh
Le-cfhr2 , 36h , 35 Le-cfhr2
S 48h R 6.1
, Le-cfh , 12h , Le-cfhr2
, Le-cfhr2 Lc-cfh, , , Le-cfhr2
Le-cfh ( 5b) ,
2.3 ,Le-cfh  Le-cfhr2 , Le-cfh 24h
, Le-cfh  Lc-cfhr2 R 48h 8.4
5 , , Le-cfhr2 24h ,
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100 Bos taurus CFH
100 { s afi o
Ovis aries CFH I,
62 L Pantroglodytes CFH
91 Xenopus laevis CFH _
Oncorhynchus mykiss CFH —
Darnir rerio CFH .
64 74 2B
59 Perca flavescens CFH
—100|: A Lanmichthys crocea CFH _|

Strongyfocentrotus purpuratus CFH:| NeliES
Branchiostoma floridae CFHR2

N A [arimichthys crocea CFHR2 @k
43 I Takifugu rubripes CFHR2

29— Dasypus novemcinctus CFHR2

86
| Tupaia chinensis CFHR2
95 Panthera tigris altaica CFHR2 IEEAIES
30 Cercocebus atys CFHR2
100 { Homo sapiens CFHR2
85 Chlorocabus sabaeus CFHR2
—— Mesocricetus auratus CF/
10— Cynoglossus semilaevis CF/
A
0.1
3 CFH CFHR2
Fig.3 The phylogenetic tree of CFH and CFHR2 based on neighbor-joining method
GenBank : Larimichthys crocea CFH( KP710858.1); Oncorhynchus mykiss CFH( NP 001117899.1); Oreochromis
niloticus CFH( XP 013131964.1); Pan troglodytes CFH( XP 003308708.1); Danio rerio CFH( NP 001186119.1; Perca
flavescens CFH( ADX97184.1); Homo sapiens CFH(  ABB02180.1); Bos taurus CFH( NP 001029108.1); Oreochromis niloticus CFH(
XP 005476028.1); Xenopus laevis CFH( NP 001079684.1); Larimichthys crocea CFHR2 ( KP710859.1);
Strongylocentrotus purpuratus CFH( XP 003724666.1); Takifugu rubripes CFHR2( fiff XP 011614930.1); Dasypus novemcinctus
CFHR2( XP 004476415.1); Panthera tigris altaica CFHR2( XP 007096167.1); Tupaia chinensis CFHR2( i XP 006155519.1);
Mesocricetus auratus CFHR2( XP 012971310.1); Cercocebus atys CFHR2( XP 011891503.1); Chlorocebus sabaeus CFHR2(
XP 007987272.1); Mesocricetus auratus CFI (XP 012978061.1); Cynoglossus semilaevis CFI( AKN79751.1)
350 7
mm CFH - Le-cfn ¢ 59
=3 CFHR2
300 4 . 3
- l 31 Lc-cfh  Le-cfhr2
5250 . ,
= 40
B CFH CFHR2 cDNA ,
@
30 1
ORF , Le-cfh Le-cfhr2 ORF
201 . (GenBank: KP710858.1, KP710859.1)
101 , Le-cfh Lc-cfhr2 CCPs
0 CCP
oo 8 OF R B & N ( ),
4R , (regulators of
4 Le-cfth Le-cfhr2 complement activation, RCA)
Fig.4 Tissue distributions of Lc-¢fh and Le-cfhr2 (non-RCA)(Zipfel et al, 2009) CCP
* P<0.05
60 R , CCP
46 , “Cys-Cys-Cys-Trp-Cys” (LHR),

Le-cfhr2 , 24h (Soares et al, 2005) Lc-cfh Le-cfhr2
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“a == CFH * [ALJ———" . R .
o EICFHR2 6/ EECFHR2 T | EICFHR2
51 . °
B 4 5o Z 4
, 2
2 1] 21
770 6 12 24 3 48 70 6 12 24 36 48 770 6 12 24 36 48
RERIEN) REATIE) BIEh)
5 ,Le-cfh Le-cfhr2 (a) (b) (c)
Fig.5 Expression characteristic analysis of Lc-cfh and Le-cfhr2 in croaker liver (a), kidney (b) and spleen
(c) induced by V. alginolyticus
* P<0.05
CCP 4 Cys , CCP , CCPs N C
RCA CFH , CFH1 CFHR21 55.1% ,
, C3b , CFH1 CFHR23 47.6% , CFH2
FB C3b C3 , CFHR21 49%
CFI C3 (Yates et ,
al,2007) C3b CFH 1—4 CCP
, C3b 3.2 CFH CFHR2
CFI1 s , CFH
(Janssen et al, 2006; Wu et al, 2009) CFHR2 (sun et al, 2010)
, SCR (Hellwage et al, 2006) , CFH
(Hourcade et al, 1989) mRNA
CCPs , ,
(Van Kooyk et al, ,
2008) SCRs , (Zipfel et al, 2002; Wang
CFH CFHRs CCP , et al, 2008b)
CFH CFH 5 CCP (Sun et al, 2010) (Anastasiou et
, CFH 20 CCP , al, 2011)
(Xenopus laevis) 7 CCP , , ,
(Danio rerio) 15 CCPs,
(Perca flavescens) 4 CCP , , Le-cfh Le-cfhr2 mRNA
2 SCRs (Cai et al, 2014),
CFH mRNA 6h  24h ,
CFH CFHR2 CFH mRNA
, , 6h 3,
, CFH  CFHR2 48h CFHR2 mRNA
CFH CFHRs(CFHR1-5) 24h  48h ,
CFH s 4.6 6.2
s SCRs

(Skerka et al, 2013) Le-cfh - Le-cfhr2
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CHARACTERIZATION AND EXPRESSION ANALYSIS OF COMPLEMENT
REGULATOR FACTOR CFH AND CFHR2 IN LARGE YELLOW CROAKER
LARIMICHTHYS CROCEA

GUO Bao-Ying, ZHANG Chuan, QI Peng-Zhi, ZHANG Jian-She, GUAN Ao,
CHEN Yu, WU Yu-Ting, WU Chang-Wen
(National Engineering Research Center of Marine Facilities Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract The complement system is an important component in fish innate immunity which can recognize, facilitate
the elimination of pathogens, promote the function of phagocyte, activate immune cell as well as modulate the adaptive
immune response. In the immune tissues, about half of the complement components exist as regulating factors, which play
key role in complement activation. CFH and CFHR2 are important regulator factors in alternative pathways of complement
system and maintain component system function well. Although the complement system of Larimichthys crocea has been
extensively studied, the expression and evolution of CFH and CFHR2 remain unknown. In this study, we reported the
primary sequence of Larimichthys crocea complement regulator factor H and HR2. CFH open reading frame (ORF) is 1332
bp and encodes for 443 amino acids with a putative signal peptide of 24 amino acid residues. CFHR2 open reading frame
(ORF) is 1170 bp and encodes for 339 aa with a putative signal peptide of 32 amino acid residues. Deduced amino acid
sequence of the structure analysis indicated that the L. crocea CFH and CFHR2 have typical characteristics of RCA protein
family, possessing several conservative CCP structures (complement control protein). Real-time PCR analysis showed that
the Liver displayed the most abundant expression level of three genes among the tested tissues of the healthy individuals.
We found that Vibrio alginolyticus exposure up-regulated the expressions significantly in the early induction. As the
change of infection time, the expression present different rising trend. The result showed that CFH and CFHR2 gene are
very sensitive to pathogenic substances, which indicated that complement regulator factors may play an significant role in
immunologic mechanisms of croaker.

Key words Large yellow croaker Larimichthys crocea; complement regulator factor CFH; complement regulator

factor CFHR2; molecular characterization; expression analysis



