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ABSTRCT A hemocyanin gene (FCHc) was cloned from hepatopancreas of Chinese shrimp
Fenneropenaeus chinensis by Rapid Amplification Complementary DNA Ends (RACE) method. The
full length cDNA of FCHc consists of 2,161bp with a 2,034 bp Open Reading Frame (ORF) which
encoded 678 amino acids and the predicted molecular mass was 77.59kDa. It showed 82% and 85%
homology with those of Litopenaeus vannamei and Marsupenaeus japonicas. The real-time PCR
results showed that the expression level of FCHc in hepatopancreas was the highest among seven
studied tissues Real-time PCR analysis showed that the expression of FCHc was up-regulated
distinctly in the hepatopanereas of shrimp when they were challenged by Vibrio anguillarum and
white spot syndrome virus (WSSV). FCHc showed different expression profiles in the hepatopancreas
during V. anguillarum or WSSV virus infection The results implied that FCHc might play an
important role in the shrimp immune system
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cDNA Penaeus monodon
Litopenaeus vannamei Marsupenaeus japonicus
RACE cDNA FCHc GenBank
FJ594414 FCHc
1
11
15-16cm
10 RNA guard
-70 RNA Invitrogen Realltime-PCR
Sangon Hot Start Fluorescent PCR Core Reagent Kits DNA
Sangon Promega TaKaRa 3> 5" RACE PCR
Clonteck Smart Race PCR
TOP10
1.2 RNA cDNA
RNA Trizol (Invitrogen )
RNA RNA 0D260 RQ1
RNase-Free DNase (Promega USA) RNA DNA c¢DNA
20uL 1.0pg RNA 5xMMLV 4.0uL 2.5mM dNTP4.0uL 50ng
oligo-dT 20 units RNase (Promega) 200 units MMLV (Promega)
42 lh 95 Smin cDNA PCR
-20
1.3 cDNA
GenBank CAA57880.1
AAL27460.1 ABR14693.1
Xuesl Xueal cDNA Xuesl Xueal
PCR PCR 25uL 94 2min 1 94
30s 55 45s 72 458 35 72 10 min 1 4 PCR
1.0% 100V 0.5%EB ,
PCR PCR PMD18-T (
) TOP10 PCR
1.4cDNAS 3
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XueRace3-1 XueRace3-2
XueRace5-1 XueRace5-2 RACE cDNA 3> 5> RACE PCR
Clonteck Smart Race PCR



1.5

cDNA NCBI BLAST (http://www.ncbi.nlm.nih.gov) Translate
cDNA- (http://au.expasy.org/tools/dna.htm1)
Protparam (http://au.expasy.org/tools/protparam.htm1) Smart
SingalP Clustal W
Clustal-W
MEGA 3.0 Kumar etal. 2001 neighbor-joining Saitou etal. 1987
1.6 Real Time-PCR MRNA
cDNA Xuerealls Xuerealla
Realtime-PCR
RNA cDNA PCR
cDNA 1ul pB-actin PCR 40
mRNA Hot Start
Fluorescent PCR Core Reagent Kits 25ul  SYBR(R)Green Realtime PCR
Master Mix12.5uL  ddH20 10. 5ul cDNA 1ul 94 4 min 94 30s
58 30s 72 45s 40 4 PCR
Line-Gene K PCR 2z
Spss10.0 2007
1.7 Realtime-PCR WSSV MRNA
WSSV 5 DNA
PCR WSSV WSSV 20ul
PBS pH7.4 Oh
3h 6h 12h 24h 48h 4 RNA
RNA cDNA
cDNA 1ul B-actin PCR
40 mRNA
1.8 Realtime-PCR MRNA
Vibrio anguillarum
LB 28 24h
1*10 cells.ml™
20ul PBS pH7.4
Oh 3h 6h 12h 24h 48h 4 RNA
RNA cDNA
cDNA 1ul p-actin PCR
mRNA

1
Table 1 Primers used in the experiments

Primer name Primer sequence

Gene specific primer

Xues! (Forward) 5> CCTCGGTGTTTGTGATGG 3’
Xueal (Reverse) 5° ATTTCAACGGGCGGTCTG 3
XueRace3-1 5> GTCAGTTCCCCTCTCGTCCAGATAATG 3’

XueRace3-2 5> AGGATGTGGATGGTGTTGCTCG ¥
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XueRace5-1 5> ATGCGAGCAACACCATCCACATCCT 3’

Xuerealls(Forward) 5> CCCAACCTAAAAGGAAAAG 3
Xuerealla (Reverse) 5> ATGAGAACATCGAAGAGCA 3°
B-actin
AF (Forward) 5> TATGCCCTCCCTCACGCTAT 3’
AR (Reverse) 5’ GCCAGACTCGTCGTATTCCT 3’
2
2.1 cDNA
cDNA
FCHc GenBank FJ594414 cDNA 2034bp
ORF 678 3'UTR  9bp S5’UTR 115bp

Polyadenylation Signal Site AATAAA polyA
SignalP V1.1 World Wide Web Server
N 15 663
pl 5.37 77.59 kDa
8.11% 7.82% 7.52%

accaacaac.aaggtcctcgtagtgctcgcttttgtcgcgact
M K VL VVLAFVAT
geggetgeceggecgaacctecggattccaggeggacgetgeagatgtgtcagatgeecag
A A ARPNVLUGTFQADAADVS D A Q
aagcagcatgatatcaacttcctgctgcacaagatctacggagaaatccgtgatcccaac
K QHDINV FLTILHIKTIYGETIRDPN
ctaaaaggaaaagctgattcctttgacccggaggctgatttatcccattacagtgacagt
L K GK ADJ ST FDUPEADT LS SUHY S DS
ggtgaggocggtacataaactcataagagatctcaaggatcacagactcctcgaacagaac
G EAVHI KU LTIRDTELIKDHI RTIELTLE QN
cactggttctctctcctcageccaagacagegtcatgaagceacttatgetcttcgatgtt
HWZFSILILS SUPIRQRHEALMMTLYFUDV
R
A

ctcattcgctgcaaggattgggatacatttgtcagcaatgcagcectacttccgtcagegt
LT RCKDWDTU FVSNAWAYFRDQ
atgaacgagggagagtttgtctacgecttgtatgttgcagtcatccactctectetgget
M NEGEVFVY ALYV AVIHS SU&PL
gaacacgttgtacttcctccactctatgaggtcgcetcctcatetettcactaacagtgaa
E HV V L P
gacattgaagcagcttatcgtgccaagcagacacagacccctggtaaattccagtettce

tttactggaacaaagaagaaccctgaacaaagagtagcctatttcggagaggacattgga
atgaacactcaccacgttacatggcatatggaattcccattctggtggcaagatgaatac

agtcatcatctggatcgcaaaggagagagcttcttctgggtacatcatcatcttgecgtt

cictttiatictiaacitctctccaattatttiiatcccitciaciaacttcactiiiai




aaicccatcitacaaiittttictccccacaccacttacaaitatiiaiitcaittcccc
tctcitccaiataatitaaacttciaiiatitiiatiitittictciaattciaiatctﬁ
ctcattittiaiaicciaattcitiatictattﬁcccaciittatattattiacaaacaa
gicaatcﬁcattﬁacatcatﬁaatiaicitiicattﬁacattcttiiaiacatcattiaa
tcctcaatitataitcctaatitccaitactatiiiicttticataatactictcatatt
gtactciitcﬁacaiiccﬁatccacatiiaaaatacictctaccacctiititactaiaa
cattttiaaacticcacacitiatcccaﬁtttcttcaiictacacaaatatatiiataat

atcttcaaagaacataaggattctcttcccccatactcaaaggaagaattaactttcaca
ﬁHKDSLPPYSKEELTFT

ggtottaatgttgaaaatctatccgttgatggtgaattagagaccttctttgaggactat

G VNV ENVLSVDUGETLETTFFET DY
gagtacagtcttattaatgctgttgacgacactgaagaaattgecggatgtagaaatctct

E'Y SLINAVDUDTETETIADVETIS
acgtacgttcctcgtctcaaccacaaagatttcgcatacaacattgaagttacaaacaat

T YV PRILNHIKDT FAYNTIEVTNN
aacggcaaggaagttctaacaacagtccgcattttcgectggectcaccgtgacaacaat

N GKEVLTTVIRIFAWUPHRDNN
ggtattgaatacactttcgacgagggtcgttggaatgctattgaactagacaagttttgg

G I EYTV FDEU GRWNAIETLDIKTFW
gttaagttgtctcccggetcaaaccacattgtccgtaagtcatcagaatcageagtaact
vVKLSPGSNHTIVRIKSSZSESAWVT
gttcctgatgtaccaagtttcgatactctcttcaagaaggecgaagetgecttgggtgoc

v pDVPSFDTULTFI K KAEAALGSG
gggoatgccggacttacagaattcgagagtgcgactggcattcctaaccgtttcctecte

G DAGLTETFESATU GTIUPNIRYFILL
cccaagggtaacgaacagggtctggagttcgatcttgtcgtagetgtgacggatggtgaa

P K GNZEOQGLEVFDILVV AV TD G E
gctgacgecagetgtagagggactacacgataatactgacttcatccactacggttcecat

A DAAV EGLHUDNTUDYZ FIHYGSH
ggcaaataccctgataatcgcccacatggctaccecctggatcgtaaagttccagatgac

G KYPDNRPHUGYU?PLD RIKVPDD
cgcgtgtttgaagtccttcccaacttcaagcacattcaagtaaaggtcttcaatcacggt

R VF EVL LUPNTFIKHIOQV KV FNUHAG
gaacatatccatcaccat.ctaatagaaatcgataagacttgaacaaataccacatgt

E H I H H H - tttatttatcttccttaaaggatatgcgttttcaataaagtagatttcattcaaaaaaaa
aaaaaaaaaaaaaaaa
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ATG TGA AATAAA



Fig.1 The complete nucleotide and deduced amino acid sequence of hemocyanin in F. chinensis

The letter in the shadow indicates the start codon (ATG), the stop codon (TAA) and the
polyadenylation signal sequence (AATAAA). The putative sequence of signal peptide is underlined
with single line. The three hemocyanin domains are shown in the shadow. The six histidine residues
within the copper-binding sites are indicated by asterisks.
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Fig.2 Distribution of three tandem hemocyanin domain of hemocyanin in F. chinensis
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Fig.3 Neighbor-joining phylogenic tree of hemocyanin amino acid sequences from 21 different
species of Crustacea and Insecta
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Fig.4. Real-time PCR analysis of FCHc gene expression from different tissues of F. chinensis
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Fig.5. Time-course expression analysis of FCHC mRNA in F. chinensis haemocytes in response to the
stimulation by Vibrio anguillarum

12

10

8

5 B WSSV
= O
€ 4
Q
S 2
L

0

h
6 FCHc mRNA WSSV

Fig.6. Time-course expression analysis of FCHc mRNA in F. chinensis haemocytes in response to
WSSV challenge
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