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FIcDNAZ K, b 1 e OB R BR T . Bl I
9T S H BELR A AR 75 (WSS V)G Ja 2 2 R 4R
IBARA, S BE— BN T i L E 3 BRI G 2 By
PP AR P B Al

1 HRST

1.1 &R

HUAA K (4.54£0.25) cm. (2.1940.42) gff i B
B EHF, 1A% 200 LEOPVCHR T, B 75 7d3E47 5256,
SEIGHAN3d. EHCE IR AR B R R 1200 2 (5
FH100 ) 5 N4, B4 o 00 % BR B I Ge 4
BV IS B G 2H . WSSV YL 2H FIxt 18 21, 20
3ANSFAT, 3 AT 20 T R G R B IR G S

BEE&RAEIE  FCHI2216E GRIER: B
JR BRI v Bk A A 20 TN B R ) RN i B 1 K
TR (TSB)R AR K [ A 15 77 2, K4 . Al
W MLSICEE (Vibrio parahaemolyticus) # A (AN SL 56 %
TR BRI T 2216 B AR K 72 R, 28 CHEFR LK o
F2216E[E £ 773k _ERIL 4017k Se B A 8 V& 2
FF2216E R 725 1, 28°C 200 r/minfE R _E 1%
F:8—10h, 1§75 B 47E10° CFU/MLA AT o ¥4 B Bl
B, 35 B, AR B AR KON T AR EEAT I R PRI,
HEJE, AR X 10° CFU/mL.

4 4 0 (70 T ER 1 (Stphylococcus aureus)(AS 3K
U6 S ARAE) B PP T TSBUAA RS 7 3 v, 37°C o951t
W o T TSBREIMAE: 73 FRIZatif1 7k, B
WA T TSBU AR 7R EH, 37°C 180 r/minfE IR 1
B:F12h, fIE B A7E10° CFU/MLA 45 . 4 B
By, 5 IS, AR BE E KO B AR AT I R e,
R G, AR EA10° CFU/mL.

WSSV #HIZRHIHE BUKGEWSSVINE
JB R IR (AR 5256 B AR AT ) SRS g, IINE R
(800 pL) 4°C Til¥ ML £h 22 Pl (1xPBS), 20000 1/
minVKIE 5 3%, KRG 21 2 T-4°C 3000 r/min
O 15min, B EJE R R E B 03K (4000. 6000,
8000 r/min% 1 5min), ¥ FrfS (1) LG H0.45 pmiE
s 3ot W A, ¥ Ak T LB R B 1004 (3.7 10
copy/mL)#AT 73 2 FEORAFE T —80 CUKFE % H

S IR T B . WSS VA B M vE S
a AT R R ) 28 218 55 Ak N (20 pL/ ). X HE
S pH N T 41 xPBSZEM(20 pL/B). {ETESS
Jafi6h. 12h. 24h. 48h. 72hEUEE, BN A] 25 %
HUSRME, By . AFieiR. B8, WIREEAEL, T
SRNAFEEL .

1.2 HEAIFERNAREK DNAS K
B R AR H S RNASREUR FH TR1zo ik 7 (In-

vitrogen’a 7)), F %R %€ & 1X(Thermo, NanoDrop
2000)F11.0% B fl 4 Bk 12 HL VARG DI EL RN PR J5 8 e
SE#PE, [ DNase I RNase-free (Fermentas)if 7|
B BRI B RNA H A B (IDNA
cDNA & ik (20 pL): 10 pLAERNA, 2 puL
Oligo dT (50 pmol/L), 72°C 7K ¥ 5min, VK 2min, B
I 125 O B A VA VR R AR T IS 25 BRI TR N
1.0 uL ANTP Mixture (each 10 mmol/L). 5xM-MLV
Buffer 4.0 uL. 0.5 pL RNase Inhibitor (40 pL/mL,
TaKaRa)f11.0 uL M-MLV % #% 3¢ fiff(TaKaRa), i
DEPC/KAM AR, PCRAX 142°CHE Hlh; 72°CHEH
15min; 4°CHF H20min. 5 HIcDNAM T JEH1A 2
0 I 3 B 1 2 R 1 5e B 2 Real-time PCRAG M
H J FIF3 M5 RACERR ) 7 R #E SMARTTM
RACE Amplification Kiti5 B 15147 .
1.3 BHEAMMEEZEAARTEERFEDNAHE R
g
MR M GenBank 345 ) ML 1L i 25
FE[K(AJ250830.1) BE 15X MR (Penaeus monodon) i
B AR (AF4317371)  H AR YR (Macrobrachium
mipponensis) Ifil 1 &5 1 55 Kl (KF431830) 7 41 & 1 4]
51 HeL-FAIHCL-R (A TAY TRARA
A G R)(F 1) PCRMAA £ (20 pL): Trans Tag®
HiFi Polymerase (5 U/uL) 0.2 pL, 10xTrans Tag HiFi
Buffer II 2 puL, 2.5 mmol/L dNTPs 1.6 puL, HcLF
1 uL, HeLR 1 uL, F )& HiFcDNAR 2 pL, ddH,0
12.2 Lo RMNAESF: 94°C Smin; 94°C 30s, 58°C 30s,
72°C 30s, 354ME¥F; 72°C 10min; 4°CLRAE. 1% 3
JIE W g JI2 P Uk ARSE U /S, FH DN [RT U 7)  (Ab e
*1 KRB SIIFS
Tab. 1 Primers used in this study

5| ¥yPrimer J¥%Sequence (5'—3")

HeL-F CCWCCWCTCTACGAAGTCACHCC
HeL-R GTGTTCCATVACDCCTGGAGGCA
SHcL-1 GAAGTTTTCTCCTTTGCGGTCA
SHecL-2 GAATAAGAATCCCTCCACCAGA
3HcL-1 AGAGATGCCATTGCTCACGGAT
3HcL-2 GCTCTCCACAACACTGCCCATA
3HcL-3 GCCATTCCAGACATTCACACTA
UpM CTAATACGACTCACTATAGGGCAA

GCAGTGGTATCAACGCAGAGT

NUP AAGCAGTGGTATCAACGCAGAGT
B‘a;ﬁn‘ CGAAACCTTCAACACTCCCG
B‘agin‘ GGGACAGTGTGTGAAACGCC
QHcL-F AACTATCTCTTGTGGAAGGTGA
QHCL-R CTGAGTAATGGGAAGTGTCGGC
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FARAEACRHR A BR 2 7)) 2L PCRY 4K 57 =47,
PP pMDI18-T (TaKaRa) 34k b, BEAHH AL
F KA FDHS o 852 S4B (AL T RARAE LR
AR 2w A, PREE P v b - EAT B PCREGHIE S5
W
14 BEAITMESZEBAITECDNA 53 Kk
i

HRHE D 7 43 20 i 7 18] )57 51 % 1F 5" RACES| )
(5HcL-1. 5HcL-2)H13' RACE5| #)(3HcL-1. 3HcL-
2)(F& DI B R AR K 3 i 3% 2 3 K cDNA
LK F5 . $ESMART' " cDNA Amplification Kit
(Clontech) 1t B FHEF ¥ [ A4 58 I Js 2 2% A 30 AT
5" RACEFI3' RACE¥H # . PCRY™ /=¥ 14t
o R S P IR BT IR
15 K55

40 7 45 2 8k 5, R ContigExpressifAT
5'MI3'FE 41 HF4%, FINCBI BLAST (http://blast.ncbi.
nlm.gov/Blast.cgi) W TLEAT 7 41 FE X A 45 #a 38 7t
I SignalP 4.0%% {53 #7115 5 JIK, K FIDNAMAN# {4
HBEAT AN TR SR YR 1 1 86 5 I =R R Y 41 2 )7 A1) L
%t, FAIMEGA 6.0% "' fl)Neighbor-joiningi
PR GM
1.6 EcHcLEFBLA D HIFED T

HR Y56 (1 1§55 (A EcHe LEE R ¥ 1T 1F
7] 51 #)(QEcHcL-F/R) (3 1), T Real-time PCRAS
WMo F2 R AT IR 18 B 6 2 A JE 1R R T F, B
UREE . FRRAR. OE. BE. BLA. B BEfET.
MRAR . I gh e A T 2 RN AR FEHL K cDNA &
. F|HReal-time PCREG A [FJAH LR HH EcHe L3
R B 23 A 15 . 1 FISYBR Premix Ex Tag 11 X5
(TaKaRa), Applied Biosystems 7500 Real Time
PCRAX E 34T, SONAKRZ 10 pL: 5 pL SYBR Pre-
mix Ex Tag Il 1 pL ¢cDNA. 0.4 pL1E XA 54,
0.2 uL ROX Reference dye I 3 pL ddH,0. S
FEHF N95°C 10min; 95°C 30s, 95°C 5s, 60°C 34s,
40MIEFR; 95°C 15s; 60°C 1min; 95°C 15s. LLg-
actinBEFE NN S HEF, FEARFN S5 & 341
17, T2 I BB He LR R (6 235

1.7 BiRIEMEHBEEKEREEERL
BEEBEEEcHLHZRIE S

53 ) R i I TR RN 4 B £ R 2 R A e
J&i AN 7] B 18] 56 2 (1 A J it AR I 2 i 20 27 1)
RNA, % TR 77510 5% 5% A licDN A 17 Real -
time PCR, PAB-actinB: K NS B, HEARFI N 2
PV EIAAT, K W4 TR RS (18R 1 i 4
A0 Ji iR Ec He L2 [RITE AN [R) B [8) 050 1 3R 08 18
Do PR ZRS NFET S B R B 1.6 Frid
1.8 HWESEFRZSREEEERIECHCLEIR
BT

FEELW SS VIR YL J5 A [ INF 8] %5 22 (= 0P ifil 48 i
I R BR 20 2P RN A, 44 BE AT IR 5 7% I % 58 A Bk
cDNAj#1TReal-time PCR. RMNAKR. RMNFEF &
ot b B E a0 1.6 ik o

2 £R

2.1 BEATMBEEAATEEDNAZ KR
X F5) 34T

K HFIRACEJ7 i HIRT-PCRY 1 31454 )& 19 4F
I ¥ 2 AR 33 R cDNA4 K, fiv 4% NEcHcL
(GenBank & 35 : MFID143190). EcHcL¥ 55 #T
BRAK2192 bp, fFE2034 bp I 5] 3L HE
(ORF). 54 dE4wis X (UTP) 21 bpF1137 bpHi3'dE
X, LA AL IEFTAGH 2 KR H R
PolyAR(INE(E 5 AATAAA). @I FH 40 H7
7N, EcHe Lt 677 IR, T 7> F7978.5 kD,
PR 5 S (PI)AS.41. Signal P 4.0 Server (http:/
www.cbs.dtu.dk/services/SignalP/) 7 #T & 7~ ML 2
B 7 AN 2 1D R R R A S 5 Ik. SMART
(Simple Modular Architecture Research Tool) 3443
Mr R B, & B AU EcHe LI 2 1576 34 45 /0 35
Hemocyanin N (25-147aa). Hemocyanin M (154-
411aa). Hemocyanin C (420-668aa)(&] 1). Hemoe-
yanin-M&5 K38 b B P AN 25 1 45 5 67 5 B 6 R
?E@éﬂﬁ@ﬁﬁﬂé%Hzm\ H222\ H249\ H372\ H376\ H4140
2.2 EcHcLZEEBLFHIELSRIRME 247

ff FINCBI BLAST (http://blast.ncbi.nlm.nih.

=
E‘ o
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Fig.1 Three domains of EcHcL hemocyanin
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gov/Blast.cgi) X1 F & A YR EcHe L% K 4 15 1) 2 HL 1R
Jr 4 5 H AR b i) 1 TR A R R R A1 AT AR
PEEL AL, &5 RIS H A B IN (Macrobrachium
nipponense) [F1 YR 14 5 =118 2187 %, 5 FLYAVEXT IR
(Litopenaeus vannamei)~ Bt 1% MR (Penaeus mono-
don) H AN Marsupenaeus japonicus) [R5 14
RT3 % 12% T1%, 5980 A8 (Eriphia ver-
rucosa)~ "HHEGREEE (Eriocheir sinensis) BT 5
B\(Eurydice pulchra) B [FE1E 7 5 H68% 67%-
63%. K Z ANY)FP ) I 2X I Hemocyanin. M 45 #4
IR R I, X e B TR A H AR R S, R R
L 5190.97%, JF H Y& A P 1 455 60 A
2.3 EcHLREBFY|RGHL DT
FIFIMEGA 6.0% 15 45 & FHUF EcHeL 3 [ &
B P A AT RGHEAC T, TR R G A
(K 2). GRER1TMFeR, R AUFEcHL S H
ARIVRER . KFCKER(Caridina multidentata) Il ¥ 5

Hy HAZEXHR, BEXTER. FLAREXTIR ., o
XU (Fenneropenaeus chinensis)% 24 1) L ¥ 55 (1
RN—NHE . S, JiaiE, 258
(Metacarcinus magister) ¥ (Callinectes sapidus)-
L7 8 (Scylla paramamosain) N 75— /N Ef o
EcHcLAE#A F 5 HAVHIFR SR G R R, 515
F/NJEUR (Pacifastacus leniusculus) BE S iFmEl . i
AIKE\(Limnoria quadripunctata)~ 4N Gamma-
rus roeselii) RNEUNERER (Atyopsis moluccensis)-
W15 F8 BN ik (Odontodactylus scyllarus) 5 24 K]
I #E 8R F SR 40 RIBULE
24 EcHcLEREARNEHAPRIREDH
FIFART-PCR Ay W EcHeL B IRI{EAN [ 21 4L A ¥y
Rk KV, &R BIR, EcHcLE RS R HUr a8,
AL BB, oM. . AL B, IBME
. MRAR. e R A Rk, Hoh, FEBRR TR R
LR, OO M, EEMET . O

Marsupenaeus japonicus hemocyanin subunit L

enaeus monodon hemocyanin

98
48 P
100 . . .
Litopenaeus vannamei hemocyanin L

Fenneropenaeus chinensis hemocyanin

80 100
84
54

99

Caridina multidentata hemocyanin

100 100 {wxopalaemon carinicauda subunit L |
100 Macrobrachium nipponense hemocyanin subunit 1

Eriocheir sinensis hemocyanin subunit 6
Eriphia verrucosa hemocyanin
Metacarcinus magister hemocyanin subunit 5
Callinectes sapidus hemocyanin subunit

Seylla paramamosain hemocyanin subunit 1

Pacifastacus leniusculus hemocyanin 2
100 Eurydice pulchra hemocyanin subunit 2
Limnoria quadripunctata hemocyanin HC4

Gammarus roeselii hemocyanin subunit 1

48 |
100!

Atyopsis moluccensis hemocyanin subunit 1

0.05

Odontodactylus scyllarus hemocyanin subunit 3

B2 MEGA 6.0% {444 2 3 T EcHeL @ JE TR 551 NT R GE AL vt

Fig. 2 NJ phylogenetic tree based on EcHcL amino acid sequence by MEGA 6.0
BRI EE B A 58S HARBER Macrobrachium nipponense (AGA17871.1) KFUKUR Caridina multidentata (CCC55785.1)« H
AR FESUR Marsupenaeus japonicus (ABR14693.1). BE7 X UiF Penaeus monodon (AEB77775.1) JLANIESTER Litopenaeus vannamei
(AHY86472.1). W [EXIUFFenneropenaeus chinensis (ACM61982.1). W 1B & Eriocheir sinensis (AEG64817.1). Y510 % Eriphia
verrucosa (ALF44611.1). B E & Metacarcinus magister (AAWS57892.1). W& Callinectes sapidus (AAF64305.1). f7CHF EScylla
paramamosain (AKC96433.1). 155 /NBUF Pacifastacus leniusculus (AAO47336.1) Bt 5535 B Eurydice pulchra (ACS44713.1). HEAIK
#\ Limnoria quadripunctata (ADE58573.1)« #JUF Gammarus roeselii (CA178901.1). ARG ERUFAtyopsis moluccensis (CCF55382.1)+

W TE 5 i R ik Odontodactylus scyllarus (CAX46430.1)
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fr. 3. BREL. WAL B, IRWFREEEK
(Bl 3).
2.5 RRFEcHcLERFEERTERAR R MR F AR
V. K}

W 4FTR, B R IR R G 4 0 08 A BR B
ANAEMYLE . WSSVJE, B R AR R EcH-
cLFERIZR I — & (RIS TR A, S A 4RI N
Je Tt G AR . EcHeLRIA B 1E & 38 (R 4 BR 1E
IR 5 48hik B AE, 50 IR 40 A B 3 1k 22 R (P<
0.05), F|72h " [ 31| 5563 B2 G I 3 1 22 5%:(P>0.05)
EcHe L3R 1K 5 1E BV 15N B B8 4% J5 12hiks 2 0 {H,
550k R 2H 22 A T 35 (P<0.01), 24h 5 Bk BEAFLE R
B, E7207F & 21 5 6 BE 41 B 35 M 22 7 (P>0.05).
JRYLWSSV 5, EcHeLAE IR A 221k B AE 1 2hik 5|
KA, 50 R AH 22 57 2 25 (P<0.01). T 5
B, RGeS (VR B PR . BE N . WSSVJE,
R U g A I B I EcHeL AR RIB E R
DL STt s JE N B E S, YITE24hIA B WEAE, F H.
G T8 007 %) BR TR K L A FIW S S VIR e 21 55 %t HE 4
A EEA T3 1 22 7 (P<0.05), Bl I 5N B B ge 2 5
Xof B 4H AH bE 22 S A . 35 (P<0.01) .

3 g
3.1 EcHcLEFE DNAZ KT ERFFITHT

I W5 R A2 AL T Y 52 S bk B2 e i A
& e SIS PO RS =R NI BUES R o ke N =R
R, EEFREEWGE G NG, BARES 5 8
BN ARSI R O TR R E IR L 2
R[], 1l 2m b 25 5 7 1 & 478.5 kD, 58
Sy B H ARTBER . FLghsE X i i W B (K5
FEAEM B R, S S I &
H 2 R R ECN630—660. 43 F & N70—80 kD
(1) S R 4 S ) /S SR AR, 7S B AR TR g A T B 4 B
NEAGERYIR, b — . =5 o W R
RN Crir, 55 &5 K 3805 i W5 2 A i 1 A,
PR R VA e S TR O R N 5 s s 1| R =4
FRE E =AM E RS, EASK T, SMART
SRR, B R AR 8 H RS A 3AN
Ik: Hemocyanin N (25—147aa). Hemocyanin M
(154—411aa). Hemocyanin C (420—668aa) fMl
Hemoeyanin-M#25 438 o [f1 5 /N8 55 1 45 G A mi &
6/[\{%%15,92_&/5\‘@?21]3%%1{218\ H222\ H249\ H372\ H376
FH" . G F Hox 45 B8R, 418 T 45 B X
AEAAPE A i, U0 I 12 LK B R 45 & X AR EAL - AH
MRS . RGN T R B REcHL S H A VR EF

EcHcLARRX 6k &
Relative expression of EcHcL
(XN
S

£H 21 Tissue

K 3 EcHcLZERTEH R AR RIHR F 1RIE

Fig. 3 EcHcL expression level in different tissues of E. carini-

cauda
§25 O X 8 4% AHHERE o 8liE IR E 3 WSSV
s 3 iy
X g
Y =
=8
S 2
g
&

It} A Time (h)

Bl 4 EcHcLZ:FTER B CUFHF IR A i Ras A4k
Fig. 4 Relative expression of EcHcL in hepatopancreas of E. cari-
nicauda

R SLINE 5 X IR 72 7 B 2 (P<0.05); ** AR [R] — I ) SE 6
550 B 7 R AR 3 (P<0.01); R[]

* indicates significant difference (P<0.05); ** indicates highly
significant difference (P<0.01); the same applies below

Dﬁ%méﬁéﬁﬁﬁfmﬂﬁm%EEW$v

=W NNI00ND
SOOOOOOOOO

s om ﬂﬁ @ s

[t il Time (h)

EcHel A%k
Relative expression of EcHcL

Bl'5 EcHeL%:F{E4 R AR 20 i v (K 2k 42 1
Fig. 5 Relative expression of EcHcL in haemocytes of E. carini-
cauda

I ASE L eSS i AT cl LY 2R
B A P S5 0 L 8 7 1 35 BRI
3.2 EcHcLEREEAREHELEFHIFTIESHT

A SR EcHeLYE AR [ 21 400 i) 36 7 B AT
TI5E, KRIMEcHeL mRNARIFIEH LN A6T 2 H
LA R R S, E TR, MR, 5 A
PESRHR R E AR B S R B B
P T MBI P 2 3 0 0 B
B,
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33 BRFEcHLEREMNRIES

MR AT 78 R B, I 8 (B A 3 T REAT,
B BAETE . By LBEE . YU AU &
SRR . H A0TSR A I K AR R A R
SEENY G BB AR A B 5 2 — P, SRR
a2 220 g o L WS 2 AR 1 B A R i U
1B AT LA 378 899 75 () afL s AR UL, 3R i &R A
Al BE B A BEAETE I I & B3 o 5 0 v R IR
WA 2 BN W 7K =B I T R 4 7 €00 7 657 BR 1A 55
AR R B A MNEARMEERA, #EnmiE
HAHRA 2 IPEE N, I UGE T &
HA R R FR RE . Lee25 ™ 0T I8 R IS
SN U o AR AR BRI BE R BE KA S A BT
Jok, R 22 G B A AR T A S A AR i ) A A
o 25 ERTiR, IR 2 1 S L B BETE AR 2R 1
SRS RIEEEENEN . ALY, FREA
0 T R ot 200 i 9 B 1 R Ec He L3 (R 7 4
TR A ERE . BlAMNE RS, Rk ERI
S (R AR A, AR A R B o S T i R
%o B IRAN M40 Ec He L3 15 & 7E 4 v (3 4
BRI 5 240 PN R A R0 5, 1E48hIA B K,
L A 19245, BE 5 T B 2 50 B4 E B 35 2%
F(P>0.05), 5 Lus " W 50 B ST 40 9 103 4 B
BR S, FLANTEE T il WE A5 11 255 DR 7R R i b Rk &
18 0 93 5 A — B s R A A B A PUE AR
140 f EcHe L 323 57T 4 5 (0 7] %) BR 18 I L 5 24h
IE B KA, Zise X RRALI26%, 7T BE B T BR B K
YW T I SR 0 s v e, (R I o A R A
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c¢cDNA CLONING AND EXPRESSION ANALYSIS OF HEMOCYANIN SUBUNIT
GENE IN EXOPALAEMON CARINICAUDA

DOU Quan-Wei"?, LI Ji-Tao™’, LIU Ping””, LI Jian™>, LIU Jiu-Mei"’, SUN Dong-Fang’,
CAI Ying2 and HUAN Peng-Peng2
(1. College of Fisheries and Life, Ocean University of Dalian, Dalian 116023, China; 2. Key laboratory of Sustainable Development
of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fisheries Science,

Qingdao 266071, China; 3. Qingdao National Laboratory of Marine Science and Technology, Functional Laboratory of
Marine Fishery Science and Food Production Process, Qingdao 266235, China)

Abstract: This study cloned the cDNA of hemocyanin subunit from Exopalaemon carinicauda (named EcHcL) by ra-
pid amplification of cDNA ends (RACE). The EcHcL cDNA was 2192 bp in length including a 2034 bp open reading
frame (ORF) that encoded a 667 amino acids polypeptide with a signal peptide sequence (1—21 amino acid residues).
The predicted molecular weight of the mature peptide was 78.5 kD. The homology analysis revealed that the amino
acid sequence of EcHcL was highly conserved with other arthropod. The homology similarities of EcHcL amino acids
with Macrobarchium nipponense hemocyanin and Litopenaeus vannamei amino acid sequence were 87% and 73%, re-
spectively. The similarity of the M domain of the amino acid sequence between EcHcL and other shrimp was about
90%. EcHcL was detected in all tested tissues including gill, ovary, hepatopancreas, heart, intestine, muscle, stomach,
abdominal ganglion, eyestalk and haemocytes with the highest expression in hepatopancreas. EcHcL was induced dis-
tinctly in the hepatopancreas and haemocytes of shrimp by Staphylococcus aureus, Vibrio parahaemolyticus and white
spot syndrome virus (WSSV). The results suggest that the different temporal expression pattern of EcHcL might play
an important role in shrimp immune system.

Key words: Exopalaemon carinicauda; Hemocyanin subunit; Cloning; Expression analysis



