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cDNA , RACE
cDNA ,
(white spot syndrome virus,
WSSV)
WSSV ,
1
1.1
(Exopalaemon carinicauda)180
, (6.2+£0.4)cm, (1.72+0.29)g
200L  PVC , 30
23°C, 23, pH 8.2, 3,
7d
1.2 RNA cDNA
Trizol RNA RNA 1%
RNA DNase , M-MLV
Program cDNA ,
-20C DEPC Oligo(dT)s
M-MLV DNase TaKaRa , Trizol Reagent
Invitrogen
1.3 ferritin cDNA
NCBI (Fenneropenaeus
chinensis) (Litopenaeus vannamei)

(Penaeus monodon) (Macrobrachium

rosenbergii)  ferritin , Clustal X
( ): ferritin-F: 5'-ACA
AGCARATYAACATGG-3', ferritin-R: 5'-TCTCCAAG
WCCWGYTGG-3' cDNA ,
ferritin-F ferritin-R R
ferritin PCR 50ul,
:94°C 5min, 94°C 30s, 50.6°C
30s, 72°C Imin, 30 , 72°C 10min,
2% PCR
SanPrep
DNA , pMD18-T
(TaKaRa ), TOP10
(TaKaRa ),

PCR

1.4 cDNAS" 3’
NCBI (http://www.ncbi.nlm.
nih.gov) ferritin
ferritin
: ferritin-race3”: 5'-CAGTGACGA
AGAGAGGCAGCATGCCGAA-3', ferritin-race5": 5'-G

AGGTCGTGTTGTCCTTGAAACCATTGC-3'

RACE cDNA 3’-RACE
5'-RACE PCR Clonteck  Smart Race
, PCR

1.5 ferritin

ferritin NCBI
(http://www.ncbi.nlm.nih.gov/blast) BLASTN
BLASTX

DNAStar Expasy (http://

expasy.pku.edu.cn)
(http://www.expasy.ch/tools/pi)
SignalP3.0 (http://www.cbs.
dtu.dk/services/SignalP/) tool.html)
SWISS-MODEL (http://swissmodel.expasy.org/)

Clustal W Vector NTI Advance
10.3
MEGA 4.1
Neighbor-joining
1.6 WSSV ferritin
1.6.1 WSSV -807C
WSSV (
) ( )58, 4C
20000r/min ,4C
3000r/min 10min, 3
(4000r/min  6000r/min 8000r/min  10min),
400 , 0.45m
, , -80°C
1.6.2
WSSV , 50,
5 PCR WSSV
WSSV 20pl,

Oh 1.5h 3h 6h 12h 24h 48h,

RNA ,
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, 5
RNA
1.6.3 Ecfer mRNA real-time PCR
cDNA
10 ,  25ul SYBR
Premix Ex Taq™ II (2x) 12.5ul, PCR
(10umol/L)  1pl, ROX Reference Dye II 0.5ul,
cDNA 2ul, 8ul ferritin

fer-F: 5'-GCTTTGGATTTTGAGA
AGAACG-3', fer-R: 5-TATGAATGGCGTCTACCTG

TTC-3, 133bp 18S rRNA
, 18S-F: 5'-TATACGCTAGTGG
AGCTGGAA-3', 18S-R: 5'-GGGGAGGTAGTGACGA
AAAAT-3, 147bp PCR
1 95°C 30s, 95°C 5s, 60°C 34s,
40
96 ,
Applied Biosystems 7500 Real-Time PCR,
pranct Spass11.0
, P<0.05
2
2.1 Ecfer cDNA
ferritin
s RACE ferritin 3
5! cDNA , DNAMAN
ferritin 755bp cDNA
(GenBank :JN104389) EcFer 497bp
(ORF), 5 3’ 112bp
146bp, 169 )
pl 5.6, 19.1kDa
, AATAAA
poly(A) ATG 113—115
, 3 +4 ,
kozak (D , cDNA
SignalP3.0
Ecfer Expasy (http://www.
expasy.ch) 108—111
N- (GENY
Durand (2004) 5'-UTR,
13—38 (IRE)
Ecfer  IRE ,
CAGUGN( 2A), IRE

51
10

152

20

254

356

40

3

458

509

56(

61

662

acgcggggtgaacgagecaagecagtgetetataagtettecatetecaat
ttcctacctttttectttagetttetettetgtgtecacetgeatecage
cncup;ul.l,c('ll.cp;ccnp;ccmml,ccp;ccummcl,uccnl.p;p;p;p;ncl.p;c

MAS QT RQNYHGDC
gaacttgecatcaacaagecagatcaacatggaactacatgetagtcacgte
EL AT NKQTIT NMETLUHASHYV
tatctggecatgtecagetacttitggeagggacgatgtageeettcettgga
Y L AMSSYFGRDDVALLG
ttgcagaagttictticaaagaatccagtgacgaagagaggeageatgecgaa
L. Q K F FKESSDEETRQHAE

b actctcatcgagttccagaacaagegaggaggtegtgtigtecttgaaace

T™L T EFQNZKRGGRV V L ET
attgcaagycccaacagcaattcatggaatggtgttictggagggectecag
[ AS PNSNSWNGVLEGLQ
acagetttggattttgagaagaacgtcaaccagagectectagatettcac
T A L D F E KNV = L D L H
aaglttagcegecgagaggaacgacccacaactttgegactticetggagtea
KL AAERNDPQLCDTFLE'S
aaatacctgactgaacaggtagacgecatticataagategggecagatgata
K'Y L TEQVDATITHKTGQMI
acacagctgaaacgegetggtecageaggecttiggagaacacctgtttgat
T Q L KRAGPAGLGEHNTLFD
aagtcactctagtaacaactctgtaacaattgaagatttaggactttttet
K S L =

gatgtttgaggacctgeatttgataacaacgacactggtagtttgtggttt

713 cgagcaagaataaagatacaaaaaaaaaaaaaaaaaaaaaaaa

1 cDNA
Fig.1 Nucleotide sequence of the ferritin encoding cDNA from
E. carinicauda and its deduced aminoacid sequence
ATG s * >
AATAAA s N
S L N-
) (  2B)
SWISS-MODEL
, EcFer 12—40 ,47—74
, 94—120 , 124—156 163—167
5 «a ( 3 ), 4-bundle
, 4-bundle H-
2.2 Ecfer
Ecfer
NCBI s Clustal WI1.8
, Vector NTI Advance 10.3
3 Ecfer
S ferritin

, 67%

(Procambarus clarkii)
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A LTC..GCT.CA.CAGTG.T. TG.ACGG. . , 697
E. carincauda —-. GA. . CAAGC. .. .. C.C. AT. A. TC--2 5 ’
F chinensis - .CG.G.—..C.....—.G.6G...AGT-D ( )
P leniusculus G TT.. . G. GT. .. .. “AAC.T. . ... -7 Real-time PCR
Rana S TT . T A ... = T A AT WSSV
Mus-L — L TT. . T. LA - T.. 5. o AT Ecfer
Homo-H — L CT...T.. A ... -CT..G..... A-27
( 6A) ,
B Ecfer
GU GU GU GU (0—3h)
A G A G A G A G
c ¢ c U c U C ¢ s 6—12h
cu G G AU
GC AU GU AU 6—12h
AU 6 6 6
A UG UA UG )
AU G A GA UA
cA G G c (P<0.05), 12h ,
CA cG GC ¢ C
G CG CG i 3.27
AG C C G
AU UA UA cG 24—48h cher
GC G G UA
U aU ac ac s 48h Ecfer
E. carincauda F. chinensis P. leniusculus Homo-H
(P<0.05)
R OUF H AR WA A-TTiE WSSV
2 IRE (A) IRE (B) , Ecfer
Fig.2 IREs alignment (A) and predicted IRE secondary structure (B) of several different 6B )
species Ecf
CAGUGN ctet
1.5—12h , 24h
(Amblyomma americanum) (Dermacentor Ecfer
albipictus) 61% 64% 63% WSSV  0—1.5h ,
59% 64% 63%  60%; (P<0.05) 3—24h Ecfer
Ecfer ferritin (ferritin , 24h ,
heavy chain, FHC) ) (Rana cates- 4.37 48h Ecfer ,
beiana) (Danio rerio) (Mus musculus) (P<0.05)
(Homo sapiens) 57% 53% 56%
56% MEGA 4.1 3
ferritin Ferritin H L s
, Ecfer )
(4
Ecfer 5’
7 26bp (IRE),
(Q) Zhang  (2006)
2.3 Ecfer (2010) IRE
WSSV CAGUGN

Real-time PCR

B
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A _ B__
M.S. . RQNYH. DCE. . INKQIN[EL.AS.Vf] . M. . YF. RDD. AL. G. . KFFK.SSDEER. . .
E. carinicauda ......... G...LA......] H.H|.[LA.SS..G...... L.LQ....... ET. 64
F. chinensis R AR B F L. AH.UE..LLL L. FA..ooun.. D.|..1F 64
L. wannamel FR O P Y PN JL.JAY..E... ... FA....D.. IF 64
P.monodon . GT.V................0)....] L. AH.UE..LLL L. FA..oun.. CIF 64
M rosenbergii . S.E....S..... Lo..... ). M..SH.YD........ MSH. .. K. . NK. 64
P leniuscul . .... Hoo..... P L|F. .. ]|M. .GH..D...IS...4S....D.. G.K. 64
Poolarkii ..o Ao, 1].... ] M..GY..D........ AS....... G.K. 64
E sinensis .S.Lovoeeooo )il JM.SYF.D...I....MK. ) K 64
H C
...QN.RGGR.VL..TA.P....W...... LQ. ALD.[HK. VNQSLL. LH. . A. . . NDP. L. . .
E. carinicauda TEF....... V..ET..S.NSNS.NGV.EG..T...0.|.N......... KL.AE....Q.CD 128
4-bundle F. ChInensis «.....ooeve... Qoo TM. . TG Ee e ot Eovvnt. Govvn e K 128
L. wannamei . ............. Qoo M. TG B e B Gooon K 128
, H- P.monodon ... ........... Qoo M. TG B e Eouonn. Gooon K 128
M, rosenbergii . . . .. S A E.SL....SA.DG...... 0 ... ... TA .. K 128
(Hempstead et P. leniuscul ........ Ao A....NL....NLHD....... NE........ DA...KI...... N 128
. : ) Poolarkii ..o A....TL....TLHD....... Kevonn V...K.T.A...N 128
al, 1997; Theil, 1987; An- E sinensis .. ... Q. A....NQ....NCND....... 1o Koo, N 128
drews et al, 1992), -
_ D E
LE...L.HQV..I.K.G. MIT. LKRAG. .GLGE.LFDK...............
F carinicauda F..SK..T|] DA..... Q.. Q.. .. A Ho . .S mmmm e 169
F. chinensis L..DE...|J.D....... ... R..... AL YM.. ... e 170
L. wannamei L..DE...|[|[.D.......... K..... Ao Yool - — 170
P.monodon L..DE...||.D.. ... .. ... Keww.. A ... Y. .. MNST-———-—————— 170
M, rosenbergii F..DG....|.[ E...EL..... Koo... P SO A 171
P. leniuscul M..GEF..||.E..E...NL..R....TS....F...... KQRFLPSLTSHPN 181
P.clarkii M..EDF.. || E..E.L.N...R....TS....F...... Kommm e 170
E sinensis M..GEF.. || .E.M..L..... R....TS....F...... Eommmmmmm e 159

>

ferritin

, 2010)

Masuda
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(2007)

Fig.3 The comparison of E. carinicauda in ferritin polypep
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94 P.leniusculus CAA62186
98 P. clarkii AEB54659

78] E. sinensis ADD17345

97 M. rosenbergii ABY 75225

L.vannamei AAX55641

75 100|~F. chinensis ABB05537

83 P.monodon ABP68819

E. carinicauda IN104389*

C. gigas CAD91440

79
98 M. galloprovincialis ACM86786
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98 A. americanum AAQ54708
99\ D. albipictus AAQ54711
54
R. haemaphysaloides AAQ98621
Homo-HNP_000137
100
Musculus-H AAH83350
0.05
i
4 Ferritin
Fig.4 Phylogenetic tree of ferritins
H: ferritin
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Fig.5 Distribution of Ecfer transcript in different organs and
tissues in E. carinicauda
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Fig.6 Expression of ferritin gene in E. carinicauda hepatopan-
creas (A) and haemolymph (B) with after WSSV injection
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CLONING AND EXPRESSION ANALYSIS OF FERRITIN GENE IN EXOPALAEMON
CARINICAUDA

LI Mei-Yu"?, LI Jian®, LIU Ping®, LI Ji-Tao?
(1. Ocean University of Shanghai, Shanghai, 201306; 2. Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao, 266071)

Abstract The ferritin gene in Exopalamon carinicauda was first cloned using RT-PCR and RACE and a 755bp ¢cDNA
was acquired. The result of sequencing indicated that the 5’-and 3’-untranslated regions (UTR) of this gene were 112bp and
146bp, respectively. It had an open reading frame of 497bp that encoded a 169 amino-acid polypeptid (Mr 19.1kDa), which
had the isoelectric point (pI) of 5.46. The cDNA sequence was named Ecfer. Phylogenetic analysis using neighbor-joining
on amino acid sequence from different species showed that Ecfer was in the same category as those in the crustaceans
(homology was 64%—67%). In addition, the amino acid sequence of Ecfer shares 53%—57% similarity with the ferritin H
in vertebrates. We used quantitative real-time PCR to estimate mRNA expression of Ecfer in organs or tissues and its in-
duced expression in haemolymph, hepatopancreas of E. carinicauda following WSSV infection. The results showed that
Ecfer expression existed in all tested organs or tissues of E. carinicauda, including hepatopancreas, ovary, muscle, gills,
and haemolymph. 3h and 6h after WSSV injection, the levels of Ecfer mRNA in hepatopancreas and haemolymph clearly
increased, and this increase changed with time. We then concluded that Ecfer may be involved in the immune response of
resisting WSSV invasion in E. carinicauda.

Key words Exopalamon carinicauda, Expression\

Ferritin, WSSV, Gene cloning,



