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WE: VRN T M on % & AT B A B R (proPO) 2 B B 4k 4F 5 1= % 2 AL %1, Al I RACE
TR 2 B ot 7o % BT 28 e b on [ B B E G B8 R B cqproPO, cqproPO F [ cDNA 4 K %
2962 bp, FrAK EEAE N 1998 bp, 454 665 NEA KR, AL MF S ARANME FLE LA, T
WaF&HT5.86 ku; Bl IR M Hxt 45 R B 7, 20 % ot 72 % 4F CqproPO 5 7 [k & # T By A 1b B
By EIR MR B A T9% , 5 KR R AKEEIT T4% & A I 69% % B & I 67% % 53 1 o i1 &
I, CqproPO 5 57, [k J& £ T |3k /K 25 4T (#0 & 0T L2 B & T 5 B B A LB R K 4% X R R 1 ;Real
time-PCR 52 %3 £5 R % ¥ ,CqproPO £ M 40 . # K ik K P o, LR /7 fob A R V82 5% 5 £ T IR
fif A & E KL WSSV R B 5 41 % Ot 71 % oF CqproPO mRNA 72 i 28 fig | i fk AR A 82 41 20
AAARMEERFIES , BREREUAMEZER L4 mRNA XX EH A £S5 12h 124 h
KERAME, EA3 HAR T2 ANRGUAN CqproPO kK &AM EAM1.3~2.55F,8F &
T4 (P<0.05),2 5 cqproPO HEFH W4 FARKFHA L TH, %% 57 XHFRENIT,
CqproPO mRNA kK &£ 3 MA L P LK E TREA, BT dEWRERP XL E

S1.86% , % 9 % % 4 98 7 7T 0 HLIK B0 5 %

FIER .

713 5%, 3 B WSSV R e AL — i R

KR A B LR BT, BANLEE; ORELMMFE; TK; k&

HRESZES: Q786; S917.4

21 B B MF ( Cherax quadricarinatus ) X FR
CLEHNN B B R G RS, &
HAjih R F g stk agirz—"", &kHE
T 1992 A5 FEIAFR , B 57 G AL AN W 9K e
SRR BE IO 4R i, 45 b 97 SR T L H OB 52 e 21
BEAURFRGE O B & e o A BEZE 5 %% B (white
spot syndrome virus, WSSV ) J& & WL A9 8 2 —,
F 20 it 90 AR ARTE 4 i BB DAk, Hodg 30
AL S0 e 45 B A J R BB X 0F 27 T L
W RILT B A B K A 350 R A K sh i AR
K AEWTTL VLIRS M il 22 k4 T WSSV B AR
JRYL LLBEBE IR 1 o SR AR Y B B e
B HPUR PLAE 245 5 PR AR A i Z — .

%5 B #5:2012-04-16 &8 B #§:2012-10-03

XHEIR RS A

19y 48 1k B )it ( Prophenoloxidase , proPO) & 4
& W 72 3 W) e oA S SN AR &L H PO )
14588 5355 55 BILAA 1) f 5 0 4 AR DG, AT AE Dy A s T
FEENY R BE IR RN SRR —T . MO
B o FR 58 0 T EAH o), AT By S AL T D R Y
ERBIE ST, R TR AT W S A T D 7 A4 P R 3k
i WL P G 058 Th E 45 (9 SL At . Aspan 251 FE IRk
FMF ( Pacifastacus leniusculus ) F 1 KM E T
proPO IR 454, Z I Bl Ze 4l 7 W 52 sh iy
proPO J¥ 71, 41 nt & %" L B T 1 X AF
( Penaeus semisulcatus ) F1 B& 5 % ¥F ( Penaeus
monodon) [¥) proPO 3£ [H ; Ko 26" s b T 44 35
1% (Scylla serrata) [f) proPO LB ; Li 2" dpe T

TR : bR R 2 R 2 RS H (12391900700) 5 B AT 80E 2 57 2 BHIT QBT 9T H (11CXY18) 5 24 # PEAT Mk (Rl )

FHIF £ 35 (200903056 )
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O 37 %

on (G JR B AR ( Procambarus clarkii) 1Y) proPO £ [H ;
A ST e T [E B X ER ( Fenneropenaeus
chinensis) [f) proPO 2 [K . A #f 5% % F§ RACE
25 DA ZT# 2 0F Il 40 B b s B proPO 4 K
cDNA {3 i J7° 41 43 #7 B i€ proPO 114 33t 1% 25 1)
LI 2 2 UF proPO JE P 1 3 Ak #b 47 5 38 2o 23 B7
proPO J& K 7E A [ 40 21 Hh i) R ik 82 2 ) 72 WSSV
TR 5 RN S B S 22 W I 21 % S proPO Jik [
mRNA [ K1 O, KL R 7KL proPO 2 [
LT B 2 R AR o S P B P 2 [A] A A LG &R
DL Sl 4 J5 o) 32 ik DR A7 o 2H 3Rk TR T e A
555 77 T BB 5E B 5E 53 K7 1Y BRIE S

1 MRSk

1.1 SKIgs#

S AL A B R R 3 13 T 4 1L DX R R
KL, KK (14,65 £ 1.16) em, {A JiT &
(75.26 £6. 13) g Pk L4 BTG ) 58 19 AR 2 57
T PR IER N, K (25 £1)C .24 h %
ZEFE A LIEIRE IR T d, R R 1 K, 12
IR RNA B350 &8 Axygen 23 ] 7 il Al
i REAE W HAR A B ) 1Y RNA e i B 51
4. Real time-PCR 3} ] TaKaRa /4 &) 1) Premix
Ex Tagq™ Hot Start Version i 7| £ , ¥ 5% 5% g & H:
fi 3 23R 57 TaKaRa 24 &) ;= dfh . 3,5 RACE
PCR ¥ {# F Clontech 23 & ) SMARTer " RACE

c¢DNA Amplification {7 & . PCR B¥ 5|4t
AR A B L, PCR )y AR TR
Wy os w) SR Y o BELE G AR 1 A S = R
Fo TR 0E (T LR 20 BE ) W 7 ) Jb 42 3L E )
AHIRAF
1.2 3|¥i&it

M GenBank K45 1 o7, [X 5t 2 K My 4 AL il )it
HE[A(EF595973. 1) , 1R 7K 2 UF By 4 Ak il it 35 A
(X83494. 1), [® W] X} #F My %A 1k i bt 2 [
( ACM61982. 1), £ ¥ MF  ( Homarus
americanus ) [y Z AL JF 3 K ( AY655139. 1) Fil &
YR IR ( Macrobrachium rosenbergii) I 48 Ak T J5
FEA (AY947400. 1) , AR 405 7 51 353 1 %3951
¥ proPOF #1 proPOR, ¥ 14 4 proPO 3% [X cDNA
H o A B AR 4R 06 B8 e B Beile it 5-RACE HI
3'-RACE )45 5145 ¥ proPO5'R , proPO3'F ;1
A D P JIT 445 1Y) 2128 % R ) 4604k 8 )i ( CqproPO ) 42
£ cDNA #1520 52 & PCR 5|4 ,B-actin FE [N )
RS PE S AR I 2 i B AT R L X R
S5 4 proRTF1/proRTR1,1 X} B-actin 3 [H 5|
¥y antin F1/antin R1 & 46 0 2T B ESHR N [R] 20 4 vp
CqproPO mRNA ff) 2 ¥ M5 1 5 Fi 1 4552 31 4
proRTF2/proRTR2, 1 %} B-actin # [F 5| ¥ antin
F2/antin R2 4G I WSSV 3 2 AN [] 41 3% B 1] B
i 21 2B HF P IS 1L 00 6 CqproPO mRNA
MIRIRTEOL (R 1) .

®1 ZBPAINSIUREFT

Tab.1 Oligonucleotide primers used in the experiments

519 FIPFH(5-3")
primer primer sequence

proPOF HCACCACTGGCACTGGCA

proPOR GTCGAAWGGGAARCCCAT

proPO5'R ACCACCACATTCGGCAGGGACAG

proPO3'F CTAAGTCCCAACGCTCTGTTCTACGG

UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT

proPO-S TCGGGAAGCTCCCTTATT

proPO-V CCACCATTGTGCCTCCAA

proRTF1 GTTCGTTGACGGCATCTTTCAGGAG

proRTR1 ACCACATTCGGCAGGGACAG

proRTF2 CGTCACAACAGGAAAGTTAGGGATT

proRTR2 CACATTCGGCAGGGACAGAT

antin FI1 GAC TCG TCG TAC TCC TCC TTG GTG

antin R1 ACTGAGCGTGGCTACTCCTTCAC

antin F2 GCTTCCCGACGGTCAGGTCA

antin R2 TGTCGCACCTCATGATGGAGCTGTG

W:H=AorCorT,W=AorT,R=A or G,
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1.3 m#fE S RNA BIIREUK cDNA % —#H)
=1

I - 80 °C i 77 1Y 40 %% 25 0F I 20 M AE S
(100 ~200 mg) Fi RNA # Bt i 7] & ( Axygen,
USA) $2& It & RNA. Al & % 5 ok A &
( PrimeScript RT Master Mix Perfect Real Time
Kit) #E17 - & RNA 8% 5% L73 5] cDNA, 37 C
%5 15 min, 85 T 5 s K i Uik 5 i .

1.4 BEUEBEERE cDNA R RITEE

PAZL 2 20 I 20 i cDNA Sy BEAR, 2R O
5|4 proPOF # proPOR j#f 47 PCR § 1, PCR Jx
PR F R SO WL AL 5 4 18 261 :94 CHUETE 1
min;98 T 10 5,55 CiE k 30 5,72 C1Efdi 1
min,30 ~35 MEH ;72 CHEfH 3 ~5 min;4 C{E
ff. PCR =¥k b i AR W) 2 ) 3R 47 50 B&
R
1.5 ESRUEE cDNA £ KFIIHRET

Wy 25 R AE NCBI £ 4 2 (http: / www.
ncbi. nlm. nih. gov) 4T BlastX 43 8 H X, 4 LA
S AT B A A T SR 0 R 51 S L W R R 1
AP D [ 9, DU AR B I A5 64 17 81 5T OE 19
(proPOS'R) | Jz [i] (proPO3'F) 3t 2 K5I H T
RACE #"#4. % i SMART™ RACE cDNA it %
& (Clontech ) # 47 5’ 1 3'-RACE 3k 15 4 K
cDNA,

1.6 BEUBEEERERXSH

Koy Jr AN HE 3 A E
B,BAHEE 3 B, M4 (control) . T5 1.2 8
LA A R TE ST PBS i 0. 10 mL; Spe 4l
(group ) : 43 B IE4T 1. 0% H % 2 B ¥ i 0. 10
mL; &G 2] (group I ) : & & i1 4 PBS Z& nf i
0.10 mL,48 h J5{E 4} 0. 14 mL % & . & )a
Y] (grouplll) - 43 B IESS 1. 0% Gy 2 WA W
0.10 mL, %% 48 h J5 T 45 1.2 J& 95 JJL A 7 5F
0.14 mL WSSV J%5 5 -

oo LB B 4L AR ) & oy TS
0.6.12.24 48 F1 72 h I\ £1 8% 25 g f& 56 78 41l B
L 946 B A v I s U BE R L 7E 4 C AR
T, LA 3700 r/min .0 10 min J5 75 i 40 /2 ; 53 %)
BOF R B S VLD ORGSR T
-80 CLRAFE# o B 41 RN G 58 J J e 4 ik 56
HRE S B ATIURE O O b X IR A .

B3 % & % PCR 4 #7 RN

WRE B BE 51 IR KR AT A . ik )s
BB A A0 R 295 C WAL # 2 min; 95 °C A5k
15 5,60 CiB k 30 5,40 MEER, B 2H LU
A 3 CE B o W 45 U ) € Real-time PCR
(4 Gl 2% I A 2, BOd R 4R R AL B AR
StepOne Sequence Detection System | 47,

S i A B DLV 2 {H (mean , M) = A 1fE 22
(stdeva,SD) Ko, Frill cdfs LA SPSS 14. 0 1 F ik
a5 0B, R il One-Way ANOVA ik 47 i
FVERLR:, I ] Duncan a5k b fT ZHILEL. A
SR MR Livak' ™ {9 05 i AT 51 90 A9 AR K
PCR 7 W i) ¥ fiff i 26 50 A 2 0, 878 )7 W) o S
Uf o RAI 279k 4r AT AL B QRT-PCR 45 1, AC,
7E LM ER (B-actin) C AH5 H B2 H (cqproPO)
C, HAZ22ME, LA PBS X HBAIH)RE RN 1,

1.7 #ERPENE

S 21 NG 5 TG 2 oy o0 i 3 AN B
ANER 20 HAF, YL (X IR - R AT
PBS ZZ 11 0.10 mL,48 h J5 i 4f 0. 10 mL 5 &
W5 S S R 2 R R AT 1. 0% S 20T T
0.10 mL, 4% 48 h J5 {4+ 0. 10 mL WSSV J5 #
W AT WSSV iR JG ELE M A 7 d, il Rk & 4
TEGEAT — N R BUIE TR, SRR =
(F B FE T - R 450 1 ) /R B4 5t
T,

1.8 £MERFESH

F M http: / www. ncbi. nlm. nih. gov ¥4 |
i) BlastX T H 47 4% 82 #2517 91 A B0 B X
g3 #7 ;i i NCBI f) ORF Finder #E47 JT 7 g 32 HE
3 M O T Sk R 5 5 A ik R B i I ]
ExPASy-PROSITE [ 4 (http: // prosite. expasy.
org/ ) ; SignalP 2 J¥ 43 #7 15 %5 Ik ; SR A Clustal W
B AT Z 7 50 X e i MEGA 4.0 4
H1 ¥ NJ ( Neighbor-Joining ) 35 ¥4 et #EAL B . T A
J#&€ 12 (Bootstrap) #E47 1 000 W HE & A6 5 .

2 45

2.1 TEENRBEANLEE cqproPO EE £ K
cDNA =&

DL ZT RS 0T 1l 4 M cDNA g 54, FH 3 9F 5
PiEAT PCR P14, 3RA5 — 229 1 352 bp W v B,
2 BlastX 73 #, 78 5 O & 5 1) o [K 2 0
(ABRI12412.1) IR /K EUF (CAA58471. 1) B B
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¥R

37 %

¥R ( Nephrops norvegicus) (CCE46011.1) 3
o UF ( AY655139. 1) . KK W I8 ¥F ( Homarus
gammarus) ( CAE46724. 1) % T %8 1k il )7 35 [F A
A B FEIEE . LUX B 833 5" 3'-RACE
51945y AW #EAT 5 -RACE 1 3'-RACE, Jll J7* J&5 fIT 15
JP 95 X PR B T — 2% 2 962 bp 14 K 4L
#O 58 B IR By A AL B 5 cqproPO 3k A T 5
(GenBank % 55 : JQ388292 ) , 2y 1 Uk J7* 41 fY) 7 %
P, BT proPO-S . proPO-V o B My AL AL i I 42
KFH], 4550 5 PR S5 R — B, UEW] 58 % cDNA 3¢
BeE S
2.2 JEENEBEANEE cqproPO EE Fr I 4F1E
o

21 B FL MR proPO ¢cDNA 4K 2 962 bp, 13
% 7 —~78 bp [ 5'-UTR [X I fl— 1> 886 bp K

128 B 2 1 22 BB
il 1
(| 1 | 1 I

3'-UTR (g 5 X ) DX, A A 4 — A 2 1R 3 1Y
T (TAA), 2 P Z R HFRMEF 5
( Polyadenylation Signal Site ) ( AATAAA ) Fi
polyA FE. 1 998 bp i JT it e B2 HE (ORF) % i) 1
665 N HENR . LB R B A AL TG I B S
J(pl)h 6.15 31 5E 4y F 8N 75.86 ku, ORF %
£ 2 A 2 IR PG B R b AL 55 ( Tyrosine kinase
phosphorylation site) ; 13 4~ & % H ¥ B8 1T B 68 1k
v 55 ( Casein kinase Il phosphorylation site) ;7 4~
EH ¥ EE C R 1k {7 & ( Protein kinase C
phosphorylation site ) ; 1 4~ & #i T cAMP-and
cGMP [ 25 F 184 B i 12 A6 o7 25 ( cAMP-and ¢cGMP-
dependent protein kinase phosphorylation site ) ; 3
A~ N-E LA (v & ( N-glycosylation site) (& 1)

2 2| 58|12 28 28 12 2.2
| 11N

i+ H
(665 aa)

B1 IEZNMECHEER ORF fBRBUCAMEELCETER

L. i 2 BRI IR AL O (B () 5 2. PR 1 e I W R AL (o (B () 5 3. B e C B AR AL A R (2 (0) 5 4. N IR AL 7 A (IR
W) 5. MKHT cAMP-and cGMP {1 2 [ i iy 4 R 1L 078 (IR ) o

Fig.1 The phosphorylation sit and glycosylation site in ORF of prophenoloxidase from C. quadricarinatus
1. Tyrosine kinase phosphorylation sit( yellow) ; 2. Casein kinase Il phosphorylation site(blue) ; 3. Protein kinase C phosphorylation site

(green) ; 4. N-glycosylation site( deep blue) ; 5. cAMP-and cGMP-dependent protein kinase phosphorylation site( gray ) .

2.3 AEZFMEANER CqproPO L5 #

L1 H IR S AL G )5t CqproPO 547 3 4> 3
B I W 25 13 45 #4 3% : hemocyanin _N 2% ¥4 1, ( %
HE 43 fii - 108 {ii ) , hemocyanin _M 4} 14 5§ ( 4% K&
112 fi - 386 fii ) Fl hemocyanin_C 4% ¥4 I ( 5% 3%
392 fii =658 fii) (& 2) , H 55 1 454 30k W Ak
HEM N S, A RSN o BHE _RAH ;5 2 45
P s M2 o BB X, B I AR IS R AL
TR AL 2 A B 45 A AR (B 3) , ix
W2 F A A AL ORI A AR AE R T AL
Ay k177,181,203 ,337 ,341 #1377 DA M4 456
AL A SR 8 LR 1y 9 e FEARAY (0 3)

2.4 LEEY CqproPO SEBF 5 FFEMES

A ClustalW X1 %5 # #F CqproPO FIH & 14
Tl B S8 28 M S A Bl D 1 22 PP 9 X DL IR 3, 212 2T
CqproPO 5 5 [ J5 2 M My 40 A Tl it ) ] 54 e v
79% , HUZIRKEE IR T4% BRI iF 69% 3% [E T
U 67% FNRRIN K AF 67% o T3 5h 9 AFh 2« v [ W] X}
W LGN X BF ( Litopenaeus vannamei ) 515 X HF
H 7 & % K ( Marsupenaeus japonicus) | = Jt 15 T &
( Portunus trituberculatus ) . ¥ € % ( Metacarcinus
magister) . 55 15 X WF . A8 4§k B ( Eriocheir
sinensis) K JE U ( Panulirus longipes ) 5 41 FEFL MR
CqproPO A IR JEYE Ry 58% ~65%

Putative conserved domains have been detected.click on the image below for detailed results.

1 100 200
Query seq.

400 500 600 6635
i

superfanilies Hemocyanin_N| [

Hemocyanin_M  superfamily

] [ Hemocyanin_C  superfamily ]

B2 dEETMHESALBREIN=ARSRLEEAEMETETER

Fig.2 Distribution of three tandem hemocyanin domain of proPO from C. quadricarinatus
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His. CuA
Penaeus onodon GPEFSGTHLKPEHRISYWREDYGINVHHWHWHLIYPPAMGFDRDRKGELF 229
Fenneropenaeus chinensis GLEFSGTHLKPEHRLSYWREDYGINVHHWHWHLIYPPGMGFDRDRKGELF 229
Penaeus semisulcatus GPDFSGTHLKPEHRLSYWREDYGINVHHWHWHLIYPPAMGIDRDRKGELF 227
Marsupenaeus japonicus GLEFSGTHLKPEHRLSYWREDYGLSVHHWHWHLIYPVGMGVDRDRKGELF 229
Litopenaeus vannamei GLEFSGTHLKPEHRLAYWREDYGINAHHWHWHLVYPIDMGVNRDRKGELF 231
Portunus trituberculatus GPEFSSTHLKPEHRVAYWREDFGINSHHWHWHLVYPVDLGVSRDRKGELF 208
Metacarcinus magister GPEFSSTHLKPEHRVAYWREDYGINAHHWHWHLVYPVDLGVMRDRKGELF 206
Eriocheir sinensis GPEFSSTHLKPEHRVAYWREDYGINLHHWHWHLVYPLDMGVDRDRKGELF 214
Panulirus longipes GPEFSSTNIKPEHRVSYWREDYGINSHHWHWHLAYPAGFGDPPDRKGELF 215
Homarus gammarus GPDFSSNTIKPEHRVAYWREDYGMNVHHWHWHLVYPIEMNLNRDRKGEIF 223
Homarus americanus GPDFSSSAIKPEHRVAYWREDYGMNVHHWHWHLVYPIEMDLIRDRKGEIF 223
Nephrops norvegicus GPDFSSTSIKPEHRVSYWREDYGLNIHHWHWHLVYPIEMNVNRDRKGEIF 223
Pacifastacus leniusculus GPEFANTNQKAEHRVSYWREDFGINSHHWHWHLVYPIEMNVNRDRKGELF 239
Procambarus clarkii --AFEADGQLSPNFLFYG--DLHNIGHHWHWHLVYPIDTNVNRDRKGELF 163
|C herax quadricarinatus GPEFASTNLKPEHRVSYWREDYGINSHHWHWHLVYPAEMDVPGDRKGELF 199
* AR S sl ok L sfelelekok ok
His.
Penaeus monodon YYMHQQVIARYDIERLCLGLPRVEKLDNWRIPIEDGYFPKMTVSISGRNW 279
Fenneropenaeus chinensis YYMHQQVIARYDIERLCLGLRVEKL PDNWRIPIKDGYFPKLTISNSGRQW 279
Penaeus semisulcatus FYM HQQVIARYDIERLCLGLPRVEKL DNWRVPIKDGYFPKLTVNNSGRQW 277
Marsupenaeus japonicus YYMHQQLIARYDLERLSLGLPRVEKLDNWRVPIEDGYFPKLTISNTGRAW 279
Litopenaeus vannamei FYM HQQMVARYDMERLSLGLPRVQKLENWRAPIEDGYFPKLTVNNSGRAW 281
Portunus trituberculatus FYM HOQOMLARYDMDRLSVGLNRVQKL SNWRIPIPDGYFPKLTINNSGQTW 258
Metacarcinus magister YYMHQOMLARYDMDRLSVSLNRVQKL SNWRIPILDGYFPKLTINNSGQAW 256
Eriocheir sinensis YYMHQOMLARYDMDRLSVGLNRVEKLANWRMPIPDGYFSKLTLDNSGQVW 264
Panulirus longipes FYM HOQOMLARYDMERLSVGLTRTEKLENWRIPVPDGYFSKLTVNNTSRAW 265
Homarus gammarus FYM HQOMIARYDMERLSVGLRRVEKL ENWRIPVPDGYFSKLTVNNSGRAW 273
Homarus americanus FYM HQOMIARYDMERLSVGLRRVEKL ENWRIPIPDGYFSKLTVNNSGRAW 273
Nephrops norvegicus FYM HQOMITRYDMERLSVGLRRVEKL ENWRIPIPDGYFSKLTVNNSGRAW 273
Pacifastacus leniusculus Y YMHQOMVARYDWERLSYVNLNRVEKLENWRVPIPDGYFSKLTANNSGRPW 289
Procambarus clarkii Y YMHQOMIARYDMERLSVNLKRVEKLENWREPIPDGYFSKLTVNNSGRPW 213
|Cherax quadricarinatus Y YM HOOMVARYDMERLSVDLNRVEKL ENWRVPIRDGYFSKLTSNNSGRAW 249
shofololok s 1 ook ek, 1k sk, ek dlolok ks sklolok, kak L 1Lk

Penaeus onodon GSRQDNTLPKDLRRRELG-EFVDITDMEIWRSRLLDAIHQGFMIDRNGDK 328
Fenneropenaeus chinensis GSRQDNTLPKDLRRRELG-EFVDITDMEIWRSRLLDAIHQGFMIDCNGDK 328
Penaeus semisulcatus GSRQDNTLPKDLRRRELG-EFVDITDLEIWRSRLLDAIHQGFMIDRNGDK 326
Marsupenaeus japonicus GTRQDNTLPKDFRRREIG-EFVDITDLEIWRSRLLDAIHQGFMVDRKGNK 328
Litopenaeus vannamei GSRQDDTVMQDFLRNDFGLDFTDVTDLEIWRSRLFDAIHQGFMIDRAGKR 331
Portunus trituberculatus GSRQDNTLMQEYRREEFGLQPFDVSDLELWHRRIMDAIHQGYLINRDGNL 308
Metacarcinus magister GTRQDNTLMQDYKRDDFGLPQTDVSELEQWHSRIMDAIHQGFLVDREGKH 306
Eriocheir sinensis GSRQDGTLLQEYRRNEFMLEPFDVTDLEQHHSRLMDAIHQGHLIDREGKR 314
Panulirus longipes GTRQDNSMLMDFKRQDLGLDPIDITDIEIWRSRLLDAIHQGYMIDRNGDK 315
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Homarus gammarus LLDAIHQGYMKNPNGDT 323
Homarus americanus GTRQDNTYLKDFRRNDFGLQPLDITELEVWRSRLLDAIHQGYMKNPNGDT 323
Nephrops norvegicus GTRQDTTNMKDFRRNDIGLQQLDITELEVWRNRLMDAIHQGYMKNAKGDT 323
Pacifastacus leniusculus GTRQDNTFIKDFRRNDAGLDFIDISDMEIWRSRLMDAIHQGYMLNRNGER 339
Procambarus clarkii GTRQDNTLLKDLRRNEFGLDVTDISDMELWRSRLMDAIHQGYMLNRNGER 263
|Cherax quadricarinatus | GTRQDDSLMKDFRRTDFGLDFIDITVMEIWMSRLMDAIHQGYMINRNGDR 299
sodlok 1 1 ko koK ey R Lk
His.
Penaeus onodon VPLRDDVTS-GKRGIDILSEALEADAELSVNFPYYGDLH NRGH DILAFSH 377
Fenneropenaeus chinensis VPLRDDVTS-GKRGIEILSEALEADAELSVNFPY YGDLH NRGH DILAFSH 377
Penaeus semisulcatus VPLRDDVTS-GKRGIEILSEALEADAGLSVNFPY YGDLH NRGH DILAFSH 375
Marsupenaeus japonicus VPIRDDVTS-GQRGIDILAEALEADEDLSINYPF YGSL H NFGHDILAFSH 377
Litopenaeus vannamei VVLSDDVTS-GKRGIDILADALEADSNLSVNSPY YGDLHNMGH VLIAFSH 380
Portunus trituberculatus IKLTDKVKPPEKRGIDLLGDTVEADSSLSLNYPF YGDLHNMGH VLIAAAH 358
Metacarcinus magister TKLSDDVKLPQKRGIDLIADALGADSTLSLNSPF YGDLHNMGH VVISASH 356
Eriocheir sinensis VRLTDEGVAPNRRGIVLLGDALEADAGLSVNSPF YGDLH NSGH VIIAAAH 364
Panulirus longipes VPLSDDVTS-GKRGIDILGDAFEADRRLSVNSLY YGDLHNLG H VVIAFTH 364
Homarus gammarus IPLSDDVTS-GKRGIDILGDTLEADADLSPHYQF YGDLHNMS HVLISFSH 372
Homarus americanus IPLSDDVTS-GKRGVDILGDTLEADADLSPHYQF YGDLHNMCH VLISFSH 372
Nephrops norvegicus IHLSDDVTT-GKRGIDILGDAFEADSSLSPHFQF YGDLHNMAH VLISFSH 372
Pacifastacus leniusculus VPLSDNVTT-GKRGIDILGDAFEADAQLSPNYLF YGDLH NTGH VLLAFCH 388
Procambarus clarkii IPLSDNVTT-GKRGIDILADAFEADGQLSPNFLF HGDLH NIG HLMLAFCH 312
|Cherax quadricarinatus VPLSDNVTT-GKLGIEILGDAFEADASLSPNALF YGDLHNLG H LMIAFTH 348
N Dokroriorn Rk ko okokelk ok orrr X
CuB His.
Penaeus onodon DPDNAHKEEMGVVGDLGTSLRDPVFFRL HKLVDD LFQEYKVTQPPYTEEE 427
Fenneropenaeus chinensis DPDNAHKEEMGVVGDLGTSLRDPVFFLL HKLVDD LFQEYKVTQPPYTEAE 427
Penaeus semisulcatus DPDNAHKEEMGVVGDLGTSLRDPVFFLL HKLVDD LFQEYKVTQRPYTEAE 425
Marsupenaeus japonicus DPDNAHKEEMGVMGDTATAMRDPVFYRW HKFVDD TFQEYKLMQRPYTEEE 427
Litopenaeus vannamei DPDFAHKEEMAVMGDTSTAMRDPVEYRW HKFVDD TFQEYKLMQRPYTEQD 430
Portunus trituberculatus DPDNAHQENLGVMSETATAMRDPVFYRW HKYIDD IFQEYKLTQPPYTAEE 408
Metacarcinus magister DSDNAHREQLGVMSDTATAMRDPVFEYRW HKYIDD IFQEYKLIQRPYTVEE 406
Eriocheir sinensis DPDNAHRENLGVMSDTSTAMRDPVEYRW HKYIDD LFQEYKLTQPPYTMEQ 414
Panulirus longipes DSDNAHKEDMGVMGDSSTAMRDPIFYRW HKFVDD VFQEYKLTQQPYSLED 414
Homarus gammarus DNDNAHKEELGVMGDPATSMRDPVFYRL HKFVDD VFQAYKLTQRPYTMED 422
Homarus americanus DNDNAHKEELGVLGDPATSMRDPVFYRL HKFIDD VFQAYKLTQRPYTMED 422
Nephrops norvegicus DNDNAHKEEMGVMGDSATAMRDPVFYRL HKFVDD VFQAYKLTQRPYTLEN 422
Pacifastacus leniusculus DNDNSHREEIGVMGDSATALRDPVEYRW HKFVDDIFQEYKLTQPPYTMED 438

3 AEENBEALBESETRRTLAREFINS F IR
B 7R 2 A HE T CuA Fl CuB B3 5 B 88 145 4 0 s 1 6 2 IR SR A% , THLIAR H 3205 .
Fig.3 Multiple alignment of C. quadricarinatus proPO with the other crustacean proPO

The two sites of CuA,CuB and the six histidine residues within the copper-binding sit( bold letter H) are shown in the shadow.
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Fig.4 Neighbor-Joining phylogenic tree of prophenoloxidase amino

acid sequences from 25 different species of arthropod
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FIJT QRT-PCR A1) & i J7 1 40 7 T 40 2 3
W 5 420 AL 5 CaproPO 76 AR ] 4140 i1 46 3 , 3

M R K fe L kT HE S AL(P <
0.01) 5 FUCIE M . fnk A R G 00 B 58 5 7 e Jit o
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Fig.5 Tissue distribution of CqproPO mRNA (a) and cgproPO gene expression(b)

Hp. hepatopancreas, Hm. haemocytes, Gi. gill, St. stomach, In. intestine, AG. antennal gland, Ms. muscle, Sp. spermary, Ov. ovary. Bars

with different letters(a,b,c,etc. )indicate significant difference( P <0.05).

2.6 WSSV HEHERBLFLEEIR cqproPO £ H
I RIET

F B 25 A fIE 5 B 8% e o 21 B 5 0 M AR Ak il
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Fig.6 Real time-PCR analysis of CqproPO gene

expression from hemocyte of C. quadricarinatus

Bars with different letters (a, b, c, etc. ) indicate significant

difference( P <0.05).
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Fig.7 Real time-PCR analysis of CqproPO gene
expression from hepatopancreas of
C. quadricarinatus
Bars with different letters ( a, b, c, etc. ) indicate significant

difference( P <0.05).
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Fig.8 Real time-PCR analysis of CqproPO gene
expression from gill of C. quadricarinatus
Bars with different letters ( a, b, c, etc. ) indicate significant

difference( P <0.05).
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Fig.9 Cumulative survival against time
post-infection for C. quadricarinatus

challenged with WSSV
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cDNA cloning and expression analysis of
prophenoloxidase in Cherax quadricarinatus

1,2

WANG Danli'?, ZUO Di’, WANG Lanmei’, LI Jiayao’, ZHAO Yunlong®®
(1. School of Marine Sciences,Ningbo University , Ningbo 315211, China;
2. School of Life Science ,East China Normal University ,Shanghai 200062, China)

Abstract; The Australian redclaw crayfish, Cherax quadricarinatus,is a crustacean belonging to the order
Decapoda, family Parastacidae. In recent years,the cultivation of redclaw crayfish ( Cherax quadricarinatus)
is developing,and the disease of C. quadricarinatus was one of the major factors in its culture and even
caused redclaw crayfish to die. The viral disease was found in polyculture of redclaw crayfish with Penaeus
vannamei. To explore the pathogenic mechanism of C. quadricarinatus infected by WSSV ( white spot
syndrome virus) ,a prophenoloxidase gene( CqproPO ) was cloned from haemocytes of C. quadricarinatus by
Rapid Amplification Complementary DNA Ends ( RACE ) method, the proPO gene expression patterns in
different tissues and the mRNA expression of proPO gene in hemocyte , hepatopancreas and gill tissues of C.
quadricarinatus artificially infected by WSSV were studied. The results indicated that the full length cDNA
of CqproPO consisted of 2 962 bp with a 1 998 bp Open Reading Frame( ORF) , which encoded 665 amino
acids, and the predicted molecular mass was 75. 86 ku. Sequence analysis showed CqproPO contained two
conserved copperbinding sites; The secondary and tertiary structure assay also showed that the CqproPO has
a-helices and B-strands, which is delimiting a cavity where the hydrophobic ligands are bound just as other
HCs. ORF contains two tyrosine kinase phosphorylation sites, 13 casein kinase II phosphorylation sites,7
protein kinase C phosphorylation sites, one dependent on cAMP-and cGMP protein kinase phosphorylation
sites and three N-glycosylation sites, and these sites were structural basis of the physiological functions
completed. The deduced amino acids sequence of CqproPO shared 79% homology with Procambarus clarkii
and 74% ,69% ,67% ,67% with Pacifastacus leniusculus, Nephrops norvegicus, Homarus americanus,
Homarus gammarus respectively ; Phylogenetic analysis revealed that CqproPO and prophenoloxidase from
P. clarkii, P. leniusculus, N. norvegicus, H. americanus, H. gammarus and Panulirus longipes were in the
same phylogenetic branch ; The Realtime-PCR results showed that CqproPO was widely distributed, with the
highest expression level in haemocytes, small amount of expression in intestine, antennal gland, gills, ovary
and hepatopancreas, detectable expression level in stomach and muscle, while expression was almost
undetectable in testis; The expression levels of prophenoloxidase( proPO )in haemocytes, hepatopancreas and
gills from C. quadricarinatus were studied and compared by means of artificial WSSV infection. The results
indicated that the expression level of CqproPO in the non-immunized infected group ( group II ) and
immunized infected group( group III ) reached the maximum at 12 h and 24h, which was 1.3 —2.55 times
higher than that in the control group, and was noticeably higher than the controls (P < 0. 05). But the
expression level of prophenoloxidase gene had sharply declined with the time extending of the infection. The
expression level of proPO gene from crayfishes injected by immune polysaccharides before an infected virus
(groupIll ) were higher than the directly affected groups( group II ) in haemocytes, hepatopancreas and gills,
showing an immunoprotective rate of 51. 86% 7 days after exposure. These observations indicated that the
immunopotentiator could improve the innate anti-viral ability of the crustaceans against WSSV.

Key words; Cherax quadricarinatus; prophenoloxidase; WSSV ; gene clone; expression analysis
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