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Molecular cloning, sequence analysis and expression of
ayu complement component C9 gene

KONG Cheng-Jiang, HUANG Zuo-An, CHEN Jiong", SHI Yu-Hong, LU Xin-Jiang

(Key laboratory of Applied marine Biotechnology, Ministry of Education, Ningbo University, Ningbo 315211, China)

Abstract: C9, a component of the membrane attack complex, participates in the final stage of the complement
cascade which lyses foreign organisms by disrupting the integrity of their cell membranes. In the present study, a
full-length ayu C9 (aC9) cDNA was cloned which contains 2,125 nucleotides and encodes a protein of 592 amino acids.
A signal peptide was deposited in the N-terminal 22 residues. The deduced amino acid sequence of aC9 showed 56.8%
identity to the C9 of rainbow trout, and 40.9% to 53.8% identity to the C9 of other teleosts. RT-PCR analysis
demonstrated that the mRNA of aC9 was expressed in the liver, spleen, intestine, gill and muscle of healthy ayu fish with
the highest level in the liver. Quantitative RT-PCR analysis showed that aC9 transcripts were significantly up-regulated
in the liver at 4 h post Listonella anguillarum infection, peaked at 16 h post injection. Western blotting analysis revealed
that serum aC9 significantly increased in Listonella anguillarum infected ayu fish. Our results suggested that aC9 may
play an important role in fish immune response of anti-bacteria.
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1%(Classical pathway) 5% %1% 17 (Alternative pathway)
Ik 4K 3 1812 (Lectin pathway)(Endo et al, 2011;
Sarmar & Ward, 2011). fMEBIE 19 )5 B 5% 4
C5b~C9 JE Jk JB: B 5 2 & ¥ (Membrane  attack
complex, MAC), 1 il ik 5 PR 95 JER A4 41 Jifo J (1) 5 3
P S50 41 B %5 /% (Muller-Eberhard, 1986; Fosbrink et
al, 2005). HFLBNYIAMA R > CO J&— 2K PN i
M, BEBE S & b AR 4> T iR 7.8 % (Biesecker
et al, 1982), Z 5EEAUR I MAC HIJE K, & fMA
RGOS B A5 VR R0 1 1 B A MA T AT 145
AER, ZRHA CO WIFT CRkIE, i K (Fugu
rubripes)(Yeo et al, 1997) . 4 #F (Paralichthys
olivaceus)(Katagiri et al, 1999). W% (Oncorhynchus
mykiss)(Stanley & Herz, 1987; Tomlinson et al, 1993;
Chondrou et al, 2006). ¥ (Ctenopharyngodon
idella)(Li et al, 2007)F15E 5 ff1(Danio rerio)(Encinas
et al, 2010)%%,

Tl (Plecoglossus altivelis) & N H Fr fa R},
SR HIIX — PN 2 50 4 B0 2, A0 P [ I A5
MG o34 T s S IR, FhTOR A S SR PR3
Hos 3 R R AE, Ho DUBE ) Wi (K 56 (Listonella
anguillarum) i N ™ (Li et al, 2009). FHT7 X077
P BT SR A, HA (IR D a B — Rl %,
B UAE 22 55 20T U6 O 4Bk B AN 18 N 55 8
MIFRIE K, B, 8P BRI T a5 2 A
RIED, K5 T F 7 iA (Uenobe et al, 2007;
Chen et al, 2008). AHF5TIHRL SCE 745 4 RACE
BT RIS T A0 C9 (aC9)FEN ) cDNA 427
G, ForHr T HPHIRAE & mRNA A 2R IE R,
[F) IR 3 o SR A Ak 2% T/ BT aC9 LI, I PAE
T 5 R Tt £ T e % Jm 7 £ ALY 1 aC9 (R TA
WA, R BERAIE CO AE A A B fe e
IR I BE5E T A

1 #MR57F%

1.1 LIRS

SRR A A1 S0 2, MATE 2025 g, T
H 7oK RS ICR /N R B 7R B 2 Bt
SIS ) o R L R A A A B A
ayu-H080701. KHZ#F B TG1. BL21 pLys E FlJ5 A%
Fik Ak pET-28a HIAS S = {547

ik #: Gel Extraction Kit ) f Omega A #l; Bf
MREEFRC RN B 1eG W B AL st i & E

ARABRAA]; K N-FEHFEY F (PNGase F)IWH New
England Biolabs /2 ]; RNAiso. Oligotex-d T30<super>
mRNA Purification Kit. AMV W 3% M. MMuLV
Wi s Ex Tag DNA 541+ 100 bp DNA Ladder
Marker. DNA Ligation Kit Ver.2.0. ¢cDNA Library
Construction Kit 1 SYBR Premix Ex Taq %555 &2
H Takara 2~ #); ECL 22 R GIAF & B2 e ik
A R X-OMAT BT b FUH Jr i &0 B 38 =
RAEBARWG; 51006 A7 i i
RAM TREA T SEREG HAbH R 22 257703 0 [
i TES IR
1.2 HmEl&E

I 4 FRAERER 0, RN B B . D
8 LA AR, R RS, T aC9 HEN
mRNA FIALURBAFAL T o T4 B 1173 hy S0
AR, % 23 )&, Sl fy Rt i s v At
100 pL fi8 A 3715 K 1 B:98(1.0x10° CFU/mL PBS),
X W2 4 2 A A0 VS 100 pL o PBSVEST 5 24 h,
BEHLPkIL SR A A A0 3 RHEAT N s A 70 1, Ak
TR (L et al, 2009). S54RI 21 A 487335
S 4. 84 164 24 H1 36 h BUFE, £k 3 2/
A, HhRE KR T 4 CHE 4 h, Hrif
M5 &L 5-70 CORAE, HRFER, W45 T
R IRAT
1.3 & aC9 EFE cDNA £FFIIRIGRFTISH

K SCPEM PP (1 T35 953745 aC9 B DX cDNA )7
4y 5(Huang et al, 2011), 457 RACE Jyiky 13k
% aC9 KR cDNA 5'-F1 3'- K3 ) P41, [y 545 545
F| aC9 HP cDNA 2751 {55 IKFFF R A
SignalP 3.0 7E£&% A} (http://www.cbs.dtu.dk/services/
SignalP/), &5 %5 1E 5> #1K B Scanprosite (http:/
www.expasy.org/tools/scanprosite/)fll Motifscan 7E£k
# J¥  (http://myhits.isb-sib.ch/cgi-bin/motif scan),
ZHJPHILERS . BEAL I M AR SEREAL I 3 R H
MEGA 4.0 (Tamura et al, 2007).
1.4 Ff aC9 EF mRNA BYELLARIKFES T

PAFIRFFAL 7 TR ) RNA $¢H(. DNase I
Ab PRI 2 — 5 cDNA & i85 J7 VA1 W CHR (Huang et
al, 2011). HR¥E aC9 F[K cDNA J7 5 N & 1
—XFP WY C9ex10F (5'-CCTGAATTCGAAGGA
CTGGC-3"F1 C9ex11R (5'-CAGAGAGTTGGCCTG
TCTTG-3"), TP 14 7 Bk 160 bp. WARKHBE XK
FEIK B-actin, §HEEIMI4 pActin2(+)/pActin2(-), T
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Wi 14 A Bk 234 bp (Huang et al, 2011). PCR § 1
DAE B #5212 cDNA AR, 25 w1 R B AR Z& U
T: cDNA H#i 25 ng, 10x Ex PCR 2239 2.5 pL,
dNTP JRAHI(5% 2.5 mmol/L) 2 pL, 1E A7 5]
YI(10 pmol/L)4% 1 pL, Ex Tag DNA B4 1.25 U,
MZEIKAM L 25 uLo 94 CAZYE 2 min J&, $%LLFFE
FEHEAT 28 MEIR: 94 CASYE 30 s, 58 ‘CiBK 30 s,
72 CIEA 30 s, ARG AT 72 CHRLLAEAT [ Y. 7
min. PCR /“#IH 2 Y%Bi lapi st ik 40 2y, s
BEREAATI 6

1.5 S58FHMIKEEREXHEEFELSR aC9

EE mRNA B9FRIET L

YNGR s v S5 J A [) B ) (1 75 L HF 2L 21, A U
aC9 JEPF mRNA K& & 17840 o 45— HURE I ) 25 17
SEIG A A A % 3 R, ol AR
RNA. RNA #filiff¢. DNase I ZFFI%E 4% cDNA &
J§ 5% 72 R SCHR(Huang et al, 2011). SEA 56658 &
PCR (RT-gPCR)X 25 uL R MNAAR, &% SYBR
Premix Ex Taq ()2 12.5 pL, 1ERAR 5]
Y)(10 pmol/L) % 1 uL, A4 0.5 puL, K 7K 10 pL.
Y44 [ N AE Stratagene Mx3000P ¢ 32 2 PCR Y I
HEAT, 94 CASVE 180 s J&, % LA NREPREAT 40 M
FR: 94 °C 305,58 °C 305,72 C 30s. MHfifes ik
P14, PCR &5 0 04 34 7= Wy b AT s gt th 2 43 A7,
WFEA 94 °C 305,72 °C 60s,95 °C 30 s. &M
AR E R 3 K. POt E LR T MxPro 3.2
B, SR M A X g e 2Rk 27 (Livak &
Schmittgen, 2001) 73 AT A & B 45 R
1.6 Ffa aC9 HEZFTEFMMES &

BT 5 EL 514 pET-28a-C(+)(5'-CCATATG
AGGACCTTCTCTACTGT-3") Hil pET-28a-C9(-)(5"-
GGGATCCTTAACAGTAATCGTCGCTGC-3"), LL 7
T 2140 cDNA SRR, PCR 3719 aC9 FE K 4= KT
T EAELE, AN =1 790 bp)&E 1 % (W/v)
SHNE B B e vk o B S, VIR alifh . alifb e
Nde 1#1 BamH 1 XBY), 4\ pET-28a #ifk, K3
FA IR pET-282-aC9. 47 pET-282-aC9 1K
%A% BL21 pLys E £ IPTG %35, SDS-PAGE
R o FIAR /N 3R B 1 4 DI 2lifh 5 4
Re/NR, HIES DU (Huang et al, 2011),

1.7 MBEEABEREEL

AR B PR & U B, IH AR 9 pl(2

20 pg), M 10xHEE AR TS M 1 ul, 100 CAZ

P£ 10 min, #HIF)EIR S, A1 pL ) 10xG7 ZZ
W, 1 uL [ 10% NP-40, 1 pL [f] PNGase F (500
U/uL), 37 ‘CM. 1 he N EFEGEMRAD BEFF: 5 5,
Western blotting % & H #x 8 [ KT G DL
1.8 ZEHRENE

HAFEZ SDS-PAGE HLIK /3 255, % NC i)
H ECL 1k 27 K 6 iEA M (Huang et al, 2011). —Hi 4
AEFTHI & /N BT aCO Prilid, Pl B ik
Yl bRic i =EBT bR 1gGe
1.9 HESHR

S 2 AR A I AR HE R, K SPSS K
F1(13.0) ¥ HL R 3R 77 2243 T (One-way ANOVA )i
11851t, P<0.05 N B #% 5.

2 &4 R

2.1 & aC9 EEF cDNA FHI5Hh

aC9 F: cDNA JPol 4K 2 125 Mg
(GenBank &3¢S : FR714486), 4whd—AN 592 4>
IERAL IS AHRE > 7 BBk 6.56x10° (AT AR B 11
MRS N i 22 D25 AE 5 IRP 81, stk
aC9 FRMIAINT 73T N 6.34x10%, G5B HT
N, A BAECHI CO FHEMERIZHI(LI et al,
2007; Katagiri et al, 1999; Tomlinson et al, 1993; Yeo
etal, 1997), 45 TSP1 (thrombospondin type-1)£5#4
I (Asp4l~ Asn94). LDLa (low-density lipoprotein
receptor class A)%h 43k (Leul 00~Asp135). MACPF
(MAC/perforin) &5 f4/45(Val 138~Lys503) H!l EGF-like
(epidermal  growth  factor  like) 45 #J 1
(Cys522~Cys533). £ HEJFHILLA RN, £ SFImF,
K COTEE M C A RN e, 028 CO TR X
& BAT A TSP1 45Ik(Lys549~Pro586), {HIH
FLAMW A (B D)o BT S 47, aCo 7
FIAELE 1 ANTELE 1) N-BEEEAL AT A (Asn254)

RIEM T HI LR W, aCO UL C9 [A]— i
w, 18 56.8%, HH ek 9 WFE—HAT
40.9%~53.8% [8], HWiFLah CO WfH— KT
32.8%. R TR, M8 CO MFL3hY)
CY %, fEfZE Corh, Bty IR C9 K%
Bz, X HAl A 25 €9, aC9 UL CO f1)ik1k
AIL(A 2)o
2.2 FHf aC9 E[E mRNA AL FTIAFE

£ [N 4] DNA £ DNase I #4b#1 )5, PCR 314 aC9
F B-actin, WA KILH WM 4, UL LB
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TSP1
Plecoglossus altivelis 508 QNGGSVILIDGSC SCLCTPEFEGLACQTLKSDKRRPT————SVTE}I(GNWACWSAWSSCSAGRRQRSRLCKFGQL— SGATCLGNPSSDDYC 592 —
Paralichthys olivaceus 470 HNGGTLAMLD GHC MCLC SFL FEGMGCQNFKGDEAQHA-GTRPTVINHEGNWSCWS AWS SCSGGKRTRARNCNTDGL- PDANCRGDTN SDEFC 553
Taifugu rubripes 488 HNGGTLALLDGHC ICMC SNL FEGLGCQNFEGDEARVP —AARPAVTQEGNWSCWS SWSNCQGQERSRTRYCNTEGV- LGAECRGEIRSEEYC 586
Fundulus heteroclitus 487 QNGGTLAL IDGHC ICMC TGAFEGLACQNYR ADKA ANQ 4GQR PPV LQEGNWSCWGFWSPC SGGKHSRTRRCRTDGL SETVECRGEAT SEEYC 677 .
Xiphophorus hellerii 501 HNGGTLAL IDGHEC ICMCPEL FEGLGCQNFK ADEA SHQ-GKEFTP LQEGNWSCWG SWSAC SGGERSRTRRCNTDGLGP SWTRKGELTSEDYC 580 Fish
Oncorhynchus rpliss 512 HNGGSLALLDGHCLCLCLPQFEGLACQDAK ADNNENTETPVESVPQEGNWSCWAAWSGC SGGERIRTRSCNTQGL - SDATCRGDIVIEDYC 601
Clenopharyngodon idella 566 QNGGTVIQIDGECKCMCLFGSEGVACQ IVDMEMVHIK ———-SFEQLGNWGCWTPWSPC SGRRRERTRTCNTRGV- PN ICKGDTT SEDYC 650
Dimio rerio 589 QNGGTVIQIDGQCECMCLPGSEGVACQ ITDMEMMEGE ———-TFEQLGNWGCYS AWSHC SGGRRTRSRSCHNRGL- TNG ICEGDET SEDYC 675 ——
Bos taurus 519 QNGGTVVLLD GEC VCSCPEE FHGVACE THE 548 —
Sus scrofa 518 PEWRDSDSAGWTVEFVFLPEQ ISGNCL 543
Howmo sapiens 514 QNGGTVILMD GHCLCACPFKFEG IACE ISKQKISEGL PALE FPNEK: 550 Mammals
Eguus caballus 514 QNGGTVIQIDGQCLCSCPIAFEGIACETGKEKIS 547
Orpetolagus cuniculus 524 QNGGTALLMDGQCLCTCPFMFEGTACE TSKRELA 657
Rattus norvegicus 523 QNGGTAILLDGQCMCSCTIKFHKE IACE ISKQR- 554 |

Bl 1 LB IR AL B0 CO 1Y C A DX 51 i o
Fig.1 Multiple alignment of the C-terminal amino acid sequences of fish and mammalian C9

BRI CO FPFNE S Fr A (FR714486) ULHE(INM_001124426). £ #i& 73 )5 fili(U87241) JKHK(AY495671) FHE(AB020963). H.1f1(EF363857).
BE L £ (BX510649) &2 (HQ714333). KFR(U49071). 4-(BC105174). A(BC020721). H(U19381). #(NM_001082346)F1f#(NM_001097448).
Accession numbers of sequences used are: Plecoglossus altivelis, FR714486; Oncorhynchus mykiss, NM_001124426; Takifugu rubripes, U87241; Fundulus
heteroclitus, AY495671; Paralichthys olivaceus, AB020963; Ctenopharyngodon idella, EF363857; Danio rerio, BX510649; Xiphophorus hellerii, HQ714333;
Rattus norvegicus, U49071; Bos taurus, BC105174; Homo sapiens, BC020721; Equus caballus, U19381; Oryctolagus cuniculus, NM_001082346; Sus scrofa,
NM_001097448.
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Fig.2 Phylogenetic tree of the amino acid sequences of animals C9 using neighbor-joining method
43 SURBUEAR R 1 000 KSR B EA5 1%, N BRGNS 60 %Ll EIHIE; b1 UK SR B SR A 0.1 IE . S48 CO P48 35
A 1.
The values at the forks indicate the percentage of trees in which this grouping occurred after bootstrapping the data (1000 replicates; shown only when >60%).

The scale bar shows the number of substitutions per site. GenBank Accession numbers of sequences used are listed in Fig.1.

3L DNA JEAKT RT-PCR 4537 AT Hi(E o
3)o LG cDNA [1) PCR ¥ B 45 S W, fe B —

i aco s mRNA gt s, wpn "
WAL s — ek, SERILI A RO, 43 7 aCO 4P mRNA (041412
ﬁﬁ,ﬁ\{&éﬂéﬂﬂiffi@Jﬂm%%( 3). Fig.3 The mRNA expression pattern of ayu aC9

. M: 100 bp DNA Ladder Marker, 4% M 1 EI 43514 300,200 F1 100 bp;
2.3 EBRETRERERFIFELE aC9 E£E mRNA 1: Ffa3E[HZ] DNA (DNase I AbFE); 2. TOHERRBIERT G 30 BT; 40 it

: lIIZ"]<;6: ﬂ[j_(l_;7: ‘E‘;S: @E;9: E)LI’ﬂ;lO: Hi/o

HIFR T, N
A= ST M: 100 bp DNA Ladder Marker, the three bands marks 300, 200 and 100 bp

LE TR B - 123, aC9 FE R ) mRNA £
EAT PRIk, FRATIBE)G ] RT-qPCR Jyvit— 1

respectively; 1: ayu genomic DNA treated with DNase I; 2: without
template, negative control; 3: liver; hepatopancreas; 4: spleen; 5: kidney; 6:
brain; 7: heart; 8: gill; 9: muscle; 10: intestine.
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¥ OX}HR41(Control group)
W 525541 (Infected group)

aC9 mRNARYAIXS £ ih
C9 relative expression/p-actin
o

*

Ll

4 8 16 24 36
HE R ) (h)

Hours post injection (h)

4 AT R R I A 24120 aC9 K]
mRNA [{JZRIEEAY
Fig.4 Dynamic expression of ayu aC9 mRNA in ayu liver
during Listonella anguillarum infection
*; I 2Pk 2% 5 (Significant differences)(n = 3)(P < 0.05).

9855 AR I GAT R I AT aC9 K mRNA Fik
A 25 R, A BEIEKG 4 h, aC9FEP mRNA
FiEEEE LA, LRI RAR 2.65 1%, 16 h I
IRRIRFEAE, T IR 31.97 £, WEREET
B, HE2 36 h, {5503 5 0 41(19.79 £%) (&
4),

24 FHfa aC9 MEZRIZRMFEPRARKITESR

N3

FEY AL IPTG 175 TR B F ARG, £
SDS-PAGE 73 &5 i W82 21| — 45 A o3 T L 400
6.8x10% (1115 P RIZE &M (& 52), S aC9
R B PRI 23 T R Y45 (6.78x10%) . 14K 11 44
DI atifl G fosie /L, il PTG .

P RAF T, aC9 J3 1 AEAE— N AE 1) N-K
FEARAT S Asn254, Western blotting 45 R348 B, 113
Hi) aC9 HEARKART 4> T BB 24N 6.76x10%, Hit
FAEK 4.2x10° 7247, 1% PNGase F AbBEJS, A%
T IREREAT N 6.35%10%, S-S EREA &,
71N aC9 AETE R IR JT N-FHIEAAE 1 (18] 5b) o i 75 &
R TR 6.07%.

25 WBRHHHRKEREEEFEMEBEACINTETK

FHRTFT % & i aC9 £ 31, Western blotting

S BT BE AR Bl (G R4 4% 04 4. 8. 164 24 1136 h It
(R A A1 I35 2R IR (B 6). 45 R, AR 45,

Mo 2 3 4 s 1 2 3 NC
974 p— = .
660 w—m L e e -, by
- ;
130 e — - E
=-Es
31.0 | d— a b
Bl5  #Ffh aC9 BEBR 1 JFUZ L AL BRIk 1)
B AT

Fig.5 Prokaryotic expression of ayu aC9 and the confirmation
of its posttranslational N-glycosylation
a) SDS-PAGE Kl & ff aC9 LR [ 5% R I5, 5 B2 G-250 Y4,
M: ARAAR 2> 7 R bRdE 82 10 (x 10%); 1: BL21 plysE, IPTG i54%; 2:
AYAT pET-28a Jitkif) BL21 plys E, IPTG i#5; 3: #4447 pET-28a-aC9
FLHFRLIY BL21 plys E, IPTG Ki%5'3; 4: #4647 pET-28a-aC9 41 kL
i) BL21 plys E, IPTG 5% 5: 2 82 1 4 M DR 44674 - b) Western
blotting J3 A4 LA L H aCY AR N-HHAL, ECL Wi, 1: %
MY, A% PNGase F 4bHE; 2: F Iy, £ PNGase F 4bH; 3: 5%
FIEHI; NC: 2 A BIHE R
a) SDS-PAGE analysis of prokaryotic expressed ayu aC9, stained by
Coomassie brilliant blue G-250. M: protein molecular weight standards (x
10%; 1: BL21 plys E, induced by IPTG; 2: pET-28a (+)-transformed BL21
plys E, induced by IPTG; 3: pET-28a-aC9-transformed BL21 plysE, not
induced by IPTG; 4: pET-28a-aC9-transformed BL21 plys E, induced by
IPTG; 5: purified recombinant protein. b) The confirmation of
posttranslational N-glycosylation of aC9 by Western blotting, development
by ECL. 1: ayu serum, not digested by PNGase F; 2: ayu serum, digested by
PNGase F; 3: recombinant aC9 produced in E. coli; NC: Negative control.

(a) 0 4 8 16 24 36
T — — ——— S

—~
(=5
~

700

600

500 T
400 X . I
300
200
100 j
L— 4 8 16 24 36

AR (h)
Hours post injection (h)
¥l 6  Western blotting Ao il g 71 Jrifii FG B 4% 4%
JE AL aCO AR L
Fig.6 Western blotting analysis of ayu serum aC9 content

aCORY AN ik (%)
Relative expression of aC9 (%)

during Listonella anguillarum infection
a: F WA A FAIMIE+ aC9 ) Western blotting Al 4547; b: aC9 1)
Western blotting 245 AHXT & R *: BEMZE T (n =3)(P <0.05).
a: Western blotting analysis of ayu serum aC9 at different time post L.
anguillarum infection; b: Quantification of the aC9 levels based on the
Western blotting results shown in a. *: significant differences (n = 3)(P < 0.05).
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FEALILTE F ) aCO & EFFEERE N, 4 h I8 In 2 1F 5
LA 3.0 %, & 36 h I, KAFIEH RIEEN
5.8 fi%.

3 i i

AR SCEERHLIN 7 454 RACE 1732, 3k
T EwFMAMELS aC9 142K cDNA J¥51. J7514)
Wi B, & fhaC9 BHA CANM) COFFEPELE 1, JH
025 C9 1) C i LU FL 3% C9 £ —A> TSP1 454
(Tomlinson et al, 1993; Li et al, 2007), {HZ)4%) C9 J7*
I ZE R A g R Ihfe b ZESs, WA frilt— Dt
9T. Al aC9 AFAERITES 1 N-FE AL B 1, X512
WG ALY C9 45— E(Bunkenborg et al,
2004). RGBT L], 58 C FIHFL2E C9
Oy, A aC9 ST C9 A .

HRRIL R U 7R, A aC9 KA
mRNA BN hRE, B —emXiE, .
LR RN ot A D R TA, AR 2 A A I 3
CLANfa 2R C9 FE R mRNA [ LR IERF AT — 2 2
S, WEALEME . WA, R . . 6,
BB S B, OREKESE 12 AN R
1A5(Li et al, 2007), THLEENIZERG . 7. B JHART B
2] 21 h %15 (Chondrou et al, 2006).

it T PANE, TAERAE P [E ) FR 5 1
FUH Za 590, AR5 55 e 80 7™ i, e g R B £

Bk

Biesecker G, Gerard C, Hugli TE. 1982. An amphiphilic structure of the
ninth component of human complement. Evidence from analysis of
fragments produced by alpha-thrombin[J]. J Biol Chem, 257(5):
2584-2590.

Bunkenborg J, Pilch BJ, Podtelejnikov AV, Wisniewski JR. 2004.
Screening for N-glycosylated proteins by liquid chromatography mass
spectrometry[J]. Proteomics, 4(2): 454-465.

Chen J, Shi YH, Li MY, Ding WC, Niu H. 2008. Molecular cloning of liver
angiotensinogen gene in ayu (Plecoglossus altivelis) and mRNA
expression changes upon Aeromonas hydrophila infection[J]. Fish
Shellfish Immunol, 24(5): 659-662.

Chondrou MP, Londou AV, Zarkadis IK. 2006. Expression and
phylogenetic analysis of the ninth complement component (C9) in
rainbow trout[J]. Fish Shellfish Immunol, 21(5): 572-576.

Dunkelberger JR, Song WC. 2010. Complement and its role in innate and
adaptive immune responses[J]. Cell Res, 20(1): 34-50.

Encinas P, Rodriguez-Milla MA, Novoa B, Estepa A, Figueras A, Coll J.
2010. Zebrafish fin immune responses during high mortality infections
with viral haemorrhagic septicemia rhabdovirus. A proteomic and
transcriptomic approach[J]. BMC Genomics, 11: 518.

Endo Y, Matsushita M, Fujita T. 2011. The role of ficolins in the lectin

SR A SR A R R — . B, b
X BN B G T AR 2% i A 0 ) S S N EA T T
AMA IR R G B A R G R NS, C9 B
T A AN M R T B 2 S MI(MAC), 5 S04 i
fifto ASSCHIFFUR W], B8 M [Q i 4 n, AT 41418
H aC9 FA mRNA B 51970, 16 h IFIAFE(E, £
36 h A5 2 i TR RAL, RSV R B K aC9.
I T 9T AR B, AR VT R Rl AR R e (R
columnare) 1 d Jii, AL C9 FK mRNA FKik & i
# FR(Li et al, 2007); 5995 73 Ph H i 2 DS i i 1)
profa gt C9 KK mRNA Rik# L 1533
¥ (Encinas et al, 2010), S5&AINLERYIE. FHh
aC9FEPR mRNA [FRIBAE L5 K HR 73 T 2RI ) 2
Pk B & W & [ (acute phase protein, APP) A 1Ll
(Witzel-Schlomp et al, 2001; Shi et al, 2010; Huang et
al, 2011). G EBHIFTRY], 9 RZ 95 AN,
AL aC9 & & R W E B N, 467 —Fb
APP. Z¥) APPs (MR EBE %, 4i/ M I REZ b
ZFE, AT DL BR 5ERE R 9916 )=
H JROE A g BE AL 238 R A2, T AE AL A4 (]
52 3] N 52 & (Gerwick et al, 2002).

LE LR, ASCHRIE T A EAMART aC9 FEH]
(] cDNA 2751, JEx AR ik AL 5 g
M B P R Al R AT T A SRS, B
RS IR AT 9T B 1 Bk fil o

pathway of innate immunity[J]. Int J Biochem Cell Biol, 43(5):
705-712.

Fosbrink M, Niculescu F, Rus H. 2005. The role of c¢5b-9 terminal
complement complex in activation of the cell cycle and transcription[J].
Immunol Res, 31(1): 37-46.

Gerwick L, Steinhauer R, Lapatra S, Sandell T, Ortuno J, Hajiseyedjavadi N,
Bayne CJ. 2002. The acute phase response of rainbow trout
(Oncorhynchus mykiss) plasma proteins to viral, bacterial and fungal
inflammatory agents[J]. Fish Shellfish Immunol, 12(3): 229-242.

Huang ZA, Chen J, Lu XJ, Shi YH, Li MY. 2011. Alteration on the
expression of ayu coagulation factor X gene upon Listonella
anguillarum infection[J]. Zool Res, 32(5): 492-498. [ ¥ /2%, B/, [l
B, AL, . 2011, BRI T X HER RIS 5685
T PG A PR DGR [T]. B~ T 9T, 32(5): 492-498.]

Katagiri T, Hirono I, Aoki T. 1999. Molecular analysis of complement
component C8beta and C9 ¢cDNAs of Japanese flounder, Paralichthys
olivaceus[J]. Immunogenetics, 50(1-2): 43-48.

Li CH, Chen J, Shi YH, Li MY. 2009. Characterization of Listonella
anguillarum as the aetiological agent of vibriosis occurred in cultured
ayu (Plecoglossus altivelis) in Ninghai country, China[lJ]. Acta
Micriobiol Sin, 2009, 49(7): 931-937. [Z5K4L, WM, SLFi4r, 250



234 LB B EAMARSY CO FERIMIbERE . 3514047 L ik 157

2. 2009. THREH DS A fh IR L R S E (). BB AR, 49(7):
931-937.]

Li L, Chang MX, Nie P. 2007. Molecular cloning, promoter analysis and
induced expression of the complement component C9 gene in the grass
carp Ctenopharyngodon idella[J]. Vet Immunol Immunopathol,
118(3-4): 270-282.

Livak KJ, Schmittgen TD. 2001. Analysis of relative gene expression data
using real-time quantitative PCR and the 2*; method[J]. Methods,
25(4): 402-408.

Muller-Eberhard HJ. 1986. The membrane attack complex of
complement[J]. Annu Rev Immunol, 4(1): 503-528.

Qu HC, Ricklin D, Lambris JD. 2009. Recent developments in low
molecular weight complement inhibitors[J]. Mol Immunol, 47(2-3):
185-195.

Rutkowski MJ, Sughrue ME, Kane AJ, Ahn BJ, Fang SN, Parsa AT. 2010.
The complement cascade as a mediator of tissue growth and
regeneration[J]. Inflamm Res, 59(11): 897-905.

Sarmar JV, Ward PA. 2011. The complement system[J]. Cell Tissue Res,
343(1): 227-235.

Shi YH, Chen J, Li CH, Li MY. 2010. Molecular cloning of liver Wap65
c¢DNA in ayu (Plecoglossus altivelis) and mRNA expression changes
following Listonella anguillarum infection[J]. Mol Biol Rep, 37(3):
1523-1529.

Stanley KK, Herz J. 1987. Topological mapping of complement

component C9 by recombinant DNA techniques suggests a novel
mechanism for its insertion into target membranes[J]. EMBO J, 6(7):
1951-1957.

Tamura K, Dudley J, Nei M, Kumar S. 2007. MEGA4: Molecular
evolutionary genetics analysis (MEGA) software version 4.0[J]. Mol
Biol Evol, 24(8): 1596-1599.

Toapanta FR, Ross TM. 2006. Complement-mediated activation of the
adaptive immune responses: role of C3d in linking the innate and
adaptive immunity[J]. Immunol Res, 36(1-3): 197-210.

Tomlinson S, Stanley KK, Esser AF. 1993. Domain structure, functional
activity, and polymerization of trout complement protein C9[J]. Dev
Comp Immunol, 17(1): 67-76.

Uenobe M, Kohchi C, Yoshioka N, Yuasa A, Inagawa H, Morii K,
Nishizawa T, Takahashi Y, Soma GI. 2007. Cloning and
characterization of a TNF-like protein of Plecoglossus altivelis (ayu
fish)[J]. Mol Immunol, 44(6): 1115-1122.

Wagner E, Frank MM. 2010. Therapeutic potential of complement
modulation[J]. Nat Rev Drug Discov, 9(1): 43-56.

Witzel-Schlomp K, Rittner C, Schneider PM. 2001. The human complement
C9 gene: structural analysis of the 5' gene region and genetic
polymorphism studies[J]. Eur J Immunogenet, 28(5): 515-522.

Yeo GSH, Elgar G, Sandford R, Breneer S. 1997. Cloning and sequencing
of complement component C9 and its linkage to DOC-2 in the
pufferfish Fugu rubripes[J]. Gene, 200(1-2): 203-211.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


