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Hh [ BA o AR B L B [ B cDNA B e BE 5 R HF1E

A, EEARS, R4,

R, A A,

(1. P EPHEBEFEBIZIT, LR FE 266071
2. HEPHEBERTIUERE, Jb3 100039; 3. INRELABIFIAT, LK B  266100)

FEE: A 3" 5'RACE & A A & B A st o e 40 f A 2 18 7 — /N8 4 {6 B2 JR & B FCproPO,
FCproPO # [ cDNA 4 % 2 311 bp, H # FF % [ 3 #£ 2 061 bp, 45 4 687 N & £ B, T 4 F
EHT78.71 ku, #AUNFF 5NN EMITEIRMEN 84% , 5 B A EXITEREHEHN 711% , RT-
PCR 234 K% ¥ ,FCproPO Z M M F AR R A BER &, ENERELF L F XK E,
R3] 57 & 3 FCproPO &7 WMk 57 B9 B F 45 &1L &5 # L 441 R 3 FCproPO 5 3 ¥ #t
HVH AR AP EANTEE AN BR AT RFLX R RL, REEERSEINE ot iF
ERRE(WSSV)RAEW AT HER PR LABERE N AT AN ERAAS &
7 ¥ [ W 24 #F FCproPO R B E K N R A EEEA

FKEWR:FEWRMT; BRENEEER TR K%

RES%ES:Q785; S 917

v [ B XHlF ( Fenneropenaeus chinensis ) 2=$8 [H
b5 BEEEKFRFERP R, EER , KR F IR
17, AR ok T BB . R
FRE WA FIR , B N SE S SRR LR
AXTAFEREARI T RERFRIFIUE T —RI K
B AERERE R UR— BRI SREH
XAFHDBELLE BEE T EMRETR,
B E AL I PR R L AR
F BERT & AR SRR BT 4
ZE AT ER,

B4R 4k B ( phenoloxidase, PO) X FR A BE & 1R
Fi% ( tyrosinase, EC1.14.18.1) , B2 —F& 459
B, R A R R (W E)
By SE AL R, BRAE JE BB AR AR 10 T T BB 45 1Y B B
FEYRaE R, ETEHESY T, PO — kLT
HFHEREEREERX — B A LBEER
( prophenoloxidase, proPO) fF7E , JLIS ) proPO
T ZREHMERTHERAEAEER PO,
B S AL B IR 3% 15 & 48 ( prophenoloxidase-activated
system, proPO-AS) 2 H proPO.PO. Z & B E H

1§, %% B #A :2009-03-05 &5 3 3§ :2009-07-28

MEKERIRAD A

B IR B AR J R A B — N R
ZREFER N ARG (X —AREMU T HES YD
MAMABTE RR) . EWEESIY Y, EAEE
REMIIRE, EAMS 5RAERT A RIEL
s O &G, T ELAETE 69 B8 52 L RV A HE
HERNREREDRY ™, 2HRES
RACE 77 T o B B iR By S AL B IR B
14k cDNA ¥ Hfy 44 & FCproPO ( GenBank %
F5:F594415) , B8R 3 LEE HRTEH
BA2 NMEEFEE M A, [FB X FCproPO 5
HoAth By S AL B R B R HEAT T AR (A1 LR I3y gt
3T R30St T LA RS Mk g 5 2Rk
BB EF—RIIHERBIS

1 ME5k

1.1 SEwH#

T EXRE B S LK R AT,
A 15 ~16 om, H¥EHAR ., LI HITE KA P
FEREFF 0 d, FHED KR EANFEIE, H
SR ERE I G LA 5 54t 3k i A BLO S,

AHEE : BR /N2 REARFR KRR (2006AA100311) ; EZ A APHEE ST H (30600458)

BREE: T F,E-mail; wanglei @ ms. gdio. ac. cn
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WL g ATLEERN " B TFELE M T
FAYe) JE B 800 x g B.L> 10 min, b ¥EH I
B, ULVE N MAHE. 78 M4 fd, A RNA guard
RE, —70 CHKAEPRAFSZM, RBUE RNA 1
#F &N Invitrogen /A B 2 . Realtime-PCR 3%
Fi_E ¥4 T (Sangon) ¥ Hot Start Fluorescent PCR
Core Reagent Kits &3 &, DNA & [5G &
T Sangon, 3t REE K HAb FEXH] g Promega
AHE]FI TaKaRa A E 72 5. 3',5" RACE PCR 3™
e B4 B Clonteck ) Smart Race &5 & 3478
PCR W #4511 LE T AR A M. KB
B TOP10 T # BRI TN T bk B AL =R F o
1.2 E RNA 9B FE cDNA &5

o 5] A %o 4P O 40 i 5. RNA 435 Fi] F Trizol
ARG & BTk 7 ik 3517, B RNA W Se B E
A o B L IR BEAT RN, RNA B BE AR
& OD,, HEfTE R . #i /] RQl RNase-Free DNase
(Promega,USA) £ & RNA R B FEEH
DNA, cDNA A ERINT : 76 20 pL fY 55
ZHHIA 1.0 pg 5 RNA 5 x MMLV 2%k 4.0
pL,2.5 mmol/L dNTP 4.0 pL,50 ng oligo-dT ,20
units RNase 145 ( Promega) 1 200 units MMLV
F % 3 (Promega) , BB B HIBS, HE
Do 42 CTRFF1 0,95 C 5 min KIERGEFE
A L) cDNA HH#4EN PCR [ HIARAR, — 20
CHREEH.
1.3 ThERAXIREEABEEE cDNA FER
Rk

M GenBank 345 T FL44 %X HF By & AL B )R
FEH (BU373096. 1) , B 5 X 45 By .1k B R A
( AF099741.1,AF521948. 1) %, IR 2 L 7 51
BT —X 351 ¥ Prosl Al Proal , 5| ¥y E ¥4
TAFA B LA E B ST HF i 40 s cDNA S 5
R, LA Prosl Fi Proal Jy 35| ¥y, #E47 PCR ¥ 3§,
PCR SRR 25 pL, ¥ 384494 THEHE 2
min,l PMEH ;94 T 30 5,55 TRk 45 5,72
CEfh 45 5,35 MEF ;72 CIEM 10 min, 1 4MF
54 CTRE, PCR Y 1. 0% BRABKE BEIKL
HLIKRI B BER /D, 0.5% EB Ju i, BERE IR X
WEE, ¥ 3 PCR =Y ] B¥gE T AR ™
) PCR 7= ¥y 8] e ik 0] & 3 47 44k, JF 50 3]
pMDI18-T Ffk( KiEEEYAR]) , BA KL
B K HAFTE TOPI0 Bk, ™4 W FHM: L4 PCR

gy =pil)s
1.4 ¢DNA 5'#1 3’ Rigay¥ 1

XTI Py 45 R 347 M b (http://www. ncbi.
nlm. nih. gov) kb3, DA T 525048 B 1 By 48 A0 B I
B4 F 5 HE Yy i By AL R R IR, AR 4
W48 7 3 F- i 71 1E 1] ( ProRace3-1, ProRace3-2) |
JZ 1] ( ProRace5-1, ProRace5-2) 3t 4 &3 ¥ T
RACE "1 H ¢cDNA 2K ¥ 3], 3',5 RACE
PCR 3 =2 i Fj Clonteck f¥] Smart Race &3 &
HEATHY , PCR =Y H) 53 B AL Py 55 5 ¥ 40 b Jr
o
1.5 EYEEESH

cDNA F%1{g B NCBI BLAST 72 (http://
www. ncbi. nlm. nih. gov) ¥E47 kb Xt 43 87, 85 0
Translate 34 # 47 ¢cDNA-TE H #1% (http ; //au.
expasy. org/tools/dna. html ) , X}#EF H K E AP
%\ F§ Protparam %X 4 ( http;//au. expasy. org/
tools/protparam. htm1) #4772 H LR TR,
Smart TN B REIR, SR A Clustal W 34347
ZIFFN WA 7RI IR i By S A i S 2 B )
A Clustal W BIE— N ZFFIH TR, REK
AR BEAG Y 43 A 78 L X B9 EE 6l B A MEGA 3.0
P 52 18, 7 4 BT Neighbor joining 7tk
gt
1.6 Realtime-PCR 1H3}E & 5 #7 & E B Xt #R Ep
FLEEE mRNA [A RS fHE

PRGN 7 B 45 14 o = B X 4F By 4 AL B DR 1Y
cDNA 3% T —X15] 4 Prorealls 1 Prorealla
FIF Realtime-PCR £, $2 B fe i 9 o ] A %o
AR IR 2E 2R (6 355 L 20 0 JFE 888 JFF R AEE L P
FEFARER) B9 RNA, 2 IR AR R R0 ko
A& B cDNA #475E 052 % E & PCR, BUA [ 4
Z{ cDNA & 1 pL,B-actin ZEEE KW, F] 6
T/ PCR [ 4544, LA 40 MBI 3% B 9 EH
AN AREEE F BT, R K A [5] %o i 2 41 b iy SE AL
HgJR mRNA BRI 1E 0. RA ¥4 TH Hot
Start Fluorescent PCR Core Reagent Kits i&37| &3k
7o RN Z 25 pL:SYBR(R) Green Realtime
PCR Master Mix 12.5 pL,ddH,0 10. 5 uL, %%
By cDNA 1 pL, SRE4&M:94 C A5 4 min;94
T 30 5,58 CiBk 30 5,72 CHEMH 45 5,40 4
183 ;4 TLRAF, PCR F= Yk R LA {7 o A
K EREEE B, ST HANERR 3 KRER,
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FH Line-Gene K #8443 #7 4b ¥ PCR 45 R (R H
27459k , B Spss 10. 0 SAGETHALHL

1.7 Realtime-PCR X EESMITIFANEE
F S P E B 3 SR ER 1L Bf [ mRNA f9RiEE
&

EICE 77 B AR R T URE T B #E4T WSSV &
PS8y, LIS RIRE DL 2L 5 B, R B H 41 DNA
Fi PCR Ry IESEA WSSV &, F WSSV #
SR M IR B 5 R W BEAT TS, § AR5 20
pwlo TR, B8 HAFE S 44 PBS Sl
(pH 7.4) , AR S X HRPE B 2 HEZH (0 h) 6
HESE 3.6.12.24.48 h 43 FIBUAT 4 B, BUSHFY
AR , VI B/NER , FAF . RNA #2850, 437142 BL
SRS A [e] i ) B v ] B X AP A B RNA 3%
MBI S R 17k 43 1A B cDNA,, BUAS [F] 1
Bt R B BB 1 cDNA & 1 L, B-actin F:H
YE ks, R R BRI TE Frid i) PCR RS, LA 40
MEFY 1 B ER AR EEE F B, REIA
[ SR e TR B v Py SR AL B IR mRINA R IB B L o

R FR N AR BB AL B S A F] TR
1.8 Realtime-PCR X EE D BN E R G
rh = B X3 4R Ep S L B R mRNA Ry3RiETL

HEICE 7 (4 PR AT AR T B8 HEA T 48 I R Rk
SN SEI6 F 88 K B ( Vibrio anguillarum) T 5255
Bi—KTEAL R, 76 LB 554 | 28 THEsF 24
h, {# R O AR BHEK UE T o BN & K
R 1 x10"/mL ME BB &M, LBRH
BRI XT R85 B HEAT HE A, 48 R AR TS 20
wlo XFHREH, B R AR 54 KR PBS 2
(pH 7.4) , AT SR AME R HA (0 h) o
HES G 3.6.12.,24.48 h 43 BT 4 B, BT HF
FERERR , VIR B, I F B RNA 2L, #BURI
JEAS [E] o TR B v T BA WP AR AR AR BL RNA, fefk
A B cDNA, A [6] R 3 B 18] B ) 76 B )G B
cDNA & 1 pL,B-actin FEFAE K W5, F) 6 H
BT iy PCR LR AR AR SRR 2R , SR ASIA [R)3R1
Bt A Br b By B AL IR mRNA BRA B0,
AT K5 o7 ka0 b i o

®1 IWHRFEHXY
Tab.1 Primers used in the experiments

SRR eIk 2]
primers primer sequences
HAKRYES| Y gene-specific primers
Prosl (forward) 5’-CCTCGGTGTTTGTGATGG-3’
Proal (reverse) 5’-ATTTCAACGGGCGGTCTG-3’
ProRace3-1 5’-GCAGGTGAACAACAGCGGTAAAGGGAT-3’
ProRace3-2 5'-GGGGACGAGGCAGGACGATACCAA-3’
ProRace5-1 5’-CTGCCTTITATCCCTTTACCGCTGTTG-3’
ProRace5-2 5’-TGGTAATTGAAGGGCTCGTGGTC-3’
Prorealls (forward) 5’-GTGACCCAACGAACTACC-3’
Prorealla (reverse) 5'-CACAGAAAACTGACCCCA-3’
B-actin B|¥] B-actin primers
AF(forward) 5’-TATGCCCTCCCTCACGCTAT-3’
AR(reverse) 5’ GCCAGACTCGTCGTATTCCT-3’'
B RIAFFE Top-10F, kB FH M R 4 I /5 T /e
2 iR

2.1 FEMRAFERELEESIK cDNA $SER
EA4Zamn

A ] B o L 4 L $R B, RNA, & BB b
BERc Tk (B 1) 7 L 28S.18S BN &4, LB
fEAE, LA R RSB ER, FHFR
73+ 54 Prosl 1 Proal #47 PCR 4 345
F|— 500 bp A cDNA F Bt B H TS T 8k

B P45 R B8R Xt (Blastx) , B 5 2%
T B FLEGN XA B 48 AL B R 5 Y (EU373096. 1) ,
BT Xt AR By 4 4k B R B (AR099741. 1,
AF521948.1) BA —EKI F ¥R, FRIENEH
b BF 51 %t RACE H 5| ¥ ProRace3-1,
ProRace3-2 , ProRace5-1 #1 ProRace5-2 43 H| #E 47
3'-RACE fil 5'-RACE, i 3' RACE 8 3] — %&
1185 bp ) cDNA J Bx, Hwh & & 1L H# T
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(TAA) , ZRBHBRINEE S (AATAAA) I
polyA FE, jEid 5'RACE 88| —4 1 047 bp W i
B, 7F5'% X 3 GCCGCTCAGCATGC 351
HaEF— IR EIFEE A (ATG) , EfE—
ERE L7 A Kozak FLIN 375 7 51| B4+ 1E (B
2) ., 3'#1 5'RACE ¥ 3 3K18 ) cDNA 351 PfH: 4R
BTHEAMNITBRAEABEERN2K, &R
FCproPO({ GenBank & 5 FJ594415) , #4430 tH
FHA 5B cDNA 45—~ 2 061 bp ¥y FF U 3%
}E (ORF) , 4 h 687 & 2% ;3'UTR 24 19 bp,5’
UTR(FE4wASIX ) fy 228 bp, H @ — & 1L
BF A polyA B (B 3), NEERRFF| 31718
0, v L B X AR R AL DR Y L 4 L AR (D) Oy
6.30, 1B T8N 78. 71 ku, 7ERFMLT,RE
BRI o5 Bl B 5 (8. 89% ), HIR A RZX AR
(7.73% ) FOKEE MR (7.43% ) ,

285 riNA

185 rBNA

E1 ERAXIRDALREE RNA BkEiE
Fig.1 The pattern of total RNA of haemocytes
from Fenneropenaeus chinensis

2 00¢% bp
L 008 bp
TH0 bp
a}l bp
23] bp

-
-an

A B
B2 e E B AR L B R E 37 F
5'RACE &Rk HEiE

A:3'RACE £ Ik Bl ; B.5'RACE £ R m ik i
Fig.2 The pattern of the cloned prophenoloxidase
gene fragments by 3’ and 5’ RACE from
Fenneropenaeus chinensis
A Electrophoresis of 3'RACE products, B Electrophoresis of
5'RACE products.

SMART ( simple modular architecture research
tool) 7347 HE T ) R AR B 7~ FCproPO & By & 1k
BRRIRPE— R . BEHSA 3 M EBHIKK
MY H 45148 hemocyanin-N 25143 (52 % 75
fif ~ 135 fif) , hemocyanin-M ( 5% £ 144 i/ ~ 418

fir) 45 #4 3 1 hemocyanin-C %5 #y I (5% %
424 fi ~681 i) (K 4) , RE BB BB A,
WEERMIhRES R, EHAWMRERE, &
FCproPO § 3 I L& A& hAts 2 M3
FHEMNA(E3) , FETH SR A(CuA) fi
FRFXE L D+, T448 6 - B(CuB) i
FRFXBIM P, X2 FCproPO B F 45 &1
AP RTFHHAREEA PR E S A8 212,
216,238,372,376 ,f1 412,72 3 FHHE S,
L5 HAL P s s VB B AL B R XS
5 MRSF XA T RILERE 3 Pir .
2.2 FCproPO EEREF 7145

BlastP 72 5 ¥ | H. %} & BE FCproPO & H ¥
35K EYR B By BB IR R —E AR
5 g E Xt #F ( Litopenaeus vannamei )
(ABY81277.1) By L MR IR A 84% WIAHMRL M, 5
H #& & I 4F { Marsupenaeus joponicus )
(ABO73223. 1) B E4LBEIRA 7T1% MAELIPE, 5
BEY B HE { Penceus monodon)} (AAMTT689. 107
67% WA, B M L R HIE S, F A
Clustal W i [ B Xf #F FCproPO #1H & By & L
P R AR R AR ST Y LK B B 45 I BEAT &2
FF % & Xt, FCproPO [ Hmocyanin-M
Hmocyanin-C 4} 3 5 JL 443 X 4F B 4 44 B JR i)
Hmocyanin-M R Hmocyanin-C & 50% 1 74% )
TR, SBETT AT { Penaens monodon) I8} S (L
B 57% 1 66% BYARMME, 5T ( Homarus
amertears ) [ &, 1L B[R ( Q6DN4T 3 3 55%
4% [ M . 5 E W A AR { Penceus
semisulcatus ) B By EAL BRI ( QBMUB Y 5 58%
66 % FrIFE AT o

SERHNT 31 AN [F B By B AR R T 51 3
HRE T BN ZERRAE L, A 1F] H MEGA 3%
XX EFPINHT T 50 F REFN, EMET
ARG RKER K ZRE EAIE T 5 E I XH4F FCproPO
MHEBEABERZ MHHELRR(ES), 4R
B FEYFRIRR By EAL B R Z AR R T I
HE—ERE FRHEXH. NRGEHMR EFTLL
& 3 ProPO # 43 N WA 43 32, 0 E A X 4F
FCproPO 5 JLANIEXTHF , BET7 XF 4, H A ZEXTHF,
T HF ( AAT73697. 1), ¥R 7K X R ( Pacifastacus
leniusculus ) ( CAA58471. 1), & [k J§ Z& #F
( Procambarus clarkii) ( ABR12412. 1) %5 &
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(Seylla serrata) ( ABD90511. 1) %5 H 58 s 41 14 By domestica) ( AAR84669. 1) , #§4 W ( Helicoverpa
AL TR A K — A RE, B K 8 (Apis  armigera) ( ABU9BGS3. 1), % % BE BY ( Acdes
mellifera) (NP _001011627. 1), JE ¥ ( Anopheles aegypti) ( XP_001663691. 1) % B H1 44 3l ) i) By 45,
gambiae ) ( AAC27383. 1), K M ( Musca  WBIRETHI—1THE

lgaszarcgagzicgoopccalggaaagaglicageagaac "
M 2 E 5 G i M ; |

PR DY BN

=i =]
[
T

oo

.

a - age
A LR S
ctrezageasaactaatgeaageacasttggaaateeaccgateogecoctaatgastet
L 9 E = L ¥ E & L L E I NN R S DI P L E &
argocaattetggtgeagcacggactogaat tigoogEgacacag i tgaagcc LEASCET
TpFr I % ¥ EH G L EF A G T Q0 L E F E__E
cgeotgtootactggapgeaggacatgecatcaccgeccaccactggoacriggoaco Lo
i L 5% " EED Y ¢ I » & HEWH®H L
1 = =

gletzococtategatatgralgiceaccagrpaceggoaagragaactgbLolactacatg
Y Y P L DY DWW K QDK KE G E L F ¥ ¥ M
gatgatcgocagstacgacatgragegocTotgootgggtotooogaggats

I ~ F ¥ L ¥ E K L © L & [ F R %

1

FaacTegegagetectategatgecggatacitectcasagetecaccgg

LW E A F I DD G Y F & E L - v
aatazctcagggagagcitgsgsgecgaggoaggecgataccaaaatgracgactiiceg
T R @ Db ODT KE M H L F 1
Liceccgagetcacegarciggagatc lggeBE loCogE
FTEVYTDLETUY¥R S E
atteatgatcgecegicaageggeacgagtgartons

F N o5  E B ¥ - L

X

s ooV T & E O & R HE ¥ F

gattcaastattagegtaaattcoocgrtat T
DS N T S VX S R Y Y & D L

3
%

ctretagctttetegeateaccctgacttorooceteaggagzaaangeotaeteargggt
L L & = 5 D P L F A HEZEE M A ¥ M &
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coargagggacecagtoitotaccgetgaeataagttegtggategac
A M R DP VF Y E W HEF v D D

1T *
accttocaagagtacaagtraatgeagaageeazacaccgagzgageagoteastetoteg
T F @ EY EL WWQ KEP ¥ T EE QL ¥ L 5
BECELgAAgatecgagegegtgggtgtogtocaggancaat gaggeggacgtoctocacaca
v £E I ER V¥V &V VR ¥ K E A D VvV L HT
ggtiggaacacceggeteticgaagocagregeoggetegattiteaacgggeggetgne
c W » TR L FEASREGLDFDNKGE S ¥
atggtecgecteaccocacetegaccacgagece ttecaattaccacttgoaggtgaacaac
M ¥R LTHTILUDUHEU®PTFNK T HUL LB ¥ K X
agcepltaaagggaltaaageacgtgacgetcaggoegtictirzgecetgaagt taaatget
s ¢ K & 1 E D ¥ TV R A F L A L E L N A
cgagpocaggaaatgtecttecatgeaacascgtatectgtgzgecgagatggacaaatoe

E G Q E X S F M E O R F
accgtticctigaagoccgggagtaaccacart tettotaaggactogiecate
T ¥ s L E P G & X H I VvV E S S K D S 1
acaaacaccgaggaattgaccttcagggacettgagaacgrogatecagaatotoccagoe

T~ T E E L ° F R DL E M V¥V I P P

[
3

E & A
gcopegereticaactiotgogggtgogergggocacageacatgetootoccocegoget
A A A F R FC G S G G P H ML L P REG
v
cgeocogagegtatgegctitieocagergttoiteatgeteaczgattateoccccagataag
EPEGMNMOATFQLEFFMYMYILTDTY A QD K
gtgaccraacgaactacccaagggtgTeocaaceggotatecttectgogggattoaggac
YV o QR T T Q & T A K z ¥V 5 F C & 1 Q D
gocaaglaccoTgacaccoggcocargeggcitiocattigacegcaggocacCgoaccas
4 K Y P DT REPMIGFPFEFEDEREEPFP R G
WV
clheocteggoogegatgieaacattgoepeagactatigracgootegataacgottatant
A

LoCLoggoecy B
L L &R DV XN I A& A D Y A R
catgatattagatcaagtrcttgegoTgataa
H DI S TITUEKF L A DEK L N
ctacaagetggeeteagttitetgTgatgetecctttgratgaaatttaaggagogto
at LﬂaLLaﬂtgﬂgagﬁgﬂLgLﬂuLgagﬂLaDﬂgggﬁaﬂngﬂCaCLgCZﬂLCLLaLagag
cataazaagagggtaacaageatcacaggracagetacageagectegtattitaccasga
aanaasanaaanaaaannaananaanaas

B3 o E B AR R B S A B R ST B R B R R BT A R B ER R 5

FAR iR 5 B M R IR 5 T (ATG) , KL BB T(TAA) . AR P EREN 3 T MBEEASHE, + £ B3 Ba b
RH 5 B RTFFFIR T RIZRS 6 MR THE LA KNARREENESiNL.

Fig.3 The complete nucleotide and deduced amino acid sequence of proPO from F. chinensis

The letter in the shadow indicates the start codon ( ATG), the stop codon (TAA). The three hemocyanin domains are shown in the

shadow. Regions [ — V are conserved domains among these arthropod proPOs. The six histidine residues within the copper-binding sites

are indicated by asterisks
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Query seq, 1 100 200 300 400 500 600

_ 687
Superfanilies Treaocenis

Hemazyanin F sepzrfanily 1€ Hepoovan ™= 7 sapertani v

E4 HEAENFEEEERERLY3 A ERNEEASREIE

Fig.4 Distribution of three tandem hemocyanin domains of proPO from F. chinensis

100

100

94

76

F. chinensis proPO

100| Penaecus semisulcatus proP0O AF521949.1

P. semisulcatus proP0 AAM77690. 1
Fenneropenaecus chinensis proP0O AB374531.1
P. monodon proP0O AF099741.1

100" P. monodon proPO AF521948.1

Litopenaeus vannamei proPOAY723296.1

100" L. vannamei proPO EF115296. 1

Marsupenaeus japonicus proPQ AB073223.1
M. japonicus proPA AB065371.1

———

100 [L. vannamei PROZ EU373096. 1

62 100% [, yannamei PRO2 EF565469. 1
— Homarus americanus pro PO AAT73697.1

95

100

99

93

—————— Procambarus clarkii pro PO ABR12412.1
100 Pacifastacus leniusculus proPO CAA5G8471.1
P. leniusculus proP0 X83494.1
Macrobrachium rosenbergii pro PO BA60740. 1
Scylla serrata pro PO ABD90511.1
Triops longicaudatus pro PO ABB59717.1
100 Anopheles stephensi proPO AAC69182.1
93 {Aedes aegypti proPO XP 001663691. 1
Culex quinquefasciatus proP0O XP_001867412.1
Anopheles dirus proPO AA039017. 2
100 Anopheles gambiae proP0 AAC27383.1
100 92 _|:Musca domestica proPO AAR84669. 1
L—————————Apis mellifera proP0O NP001011627.1
Galleria mellonella proPO AAK64363. 1

92 —————Ostrinia furnacalis pro PO ABC59699. 2

Hyphantria cunea proPO AAC34256. 1

100
0.05 94 Helicoverpa armigera proP0O ABU98653. 1

— 100

Spodoptera exigua proPO ABS59653. 1

BS FMA NJ L HaT 31 Fh AR ¥H R B eI E L B R &R B
Fig.5 Neighbor-joining phylogenetic tree of proPO amino acid sequences
from 31 different species of Crustacea and Insecta.

2.3 FPEMRXEFERE/LER mRNA ARG H

FIH Realtime-PCR HH 3 & & 77 ¥ 7047 T %
T By &AL IR FCproPO mRNA ZEA [A] R+ i
ik, R 2004 TE PCR 455 R MR 24
EEE AN 6 fin. M 6 H17T LI 2] FCproPO
S DR 7 I 40 P AR BRI o e RO P B e s 7R R 3R
B B R, (OB 5 PCR =4
BR; 7200 IEFRE S L TRk

2.4 REWMR G ER RS LR
FCproPO EE HIRIETH

BB WSSV HIBUE # E B 3 8RBy 4k
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The full length cDNA cloning and expression profile of
prophenoloxidase of Fenneropenaeus chinensis
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Abstract ; Chinese shrimp ( Fenneropenaeus chinensis) is one of the most economically valuable and widely
cultured species in China. During the last decade its development has been seriously affected on a regular
basis by the outbreak of viral and bacterial diseases. To analyze the immune defense mechanisms of shrimp
F. chinensis, a prophenoloxidase gene ( FCproPO) was cloned from haemocytes of Chinese shrimp by Rapid
Amplification Complementary DNA Ends (RACE) method. The full length cDNA of FCproPO consisted of
2 311 bp with a 2 061 bp Open Reading Frame ( ORF) , which encoded 687 amino acids,and the predicted
molecular mass was 78. 71 ku. It showed 84% and 71% homology with those of Litopenaeus vannamei and
Marsupenaeus japonicas. The Realtime-PCR results showed that the expression level of FCproPO in
haemoeytes was highest among seven studied tissues. Sequence analysis showed FCproPO contained two
conserved copper-binding sites. Phylogenetic analysis revealed that FCproPO and prophenoloxidase from L.
vannamei, M. japonicus and P. monodon were in the same phylogenetic branches. Realtime-PCR analysis
showed that the expression of FCproPO was up-regulated distinctly in the hepatopanereas of shrimp when
they were challenged by Vibrio anguillarum and white spot syndrome virus ( WSSV). FCproPO showed
different expression profiles in the hepatopancreas during V. anguillarum or WSSV virus infection. The result
implied that FCproPO might play an important role in the shrimp immune system.
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