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Full length ¢cDNA cloning and tissue expression of prophenoloxidase from

Oratosquilla oratoria
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Abstract; Prophenoloxidase (proPO) is the terminal component of the proPO activating system, a defense and recognition
system in crustaceans and insects. It can be activated to generate the active enzyme phenoloxidase (PO) by a proteinase
cascade and some additional factors. PO can oxidize phenols to quinones that can then polymerize non-enzymatically to
melanin. Recently, molecular biology studies of proPO, such as gene expression, structure analysis, and real time
expression, have made great progress. However, these studies focused mainly on shrimps and crabs. To better understand
the phylogenetic relations and characteristics of the proPOs gene among crustaceans, it is necessary to study crustaceans
other than shrimp and crab. Oratosquilla oratoria belongs to order Stomatopoda in phylum Crustacea. O. oratoria is found
on muddy bottoms in the coastal waters of Russia, China, Korea, Japan, Vietnam, and Australia and is exploited
commercially in many regions. Its natural resources have degraded by degrees since fishing intensification increased and the
ecological environment of inshore areas deteriorated. Artificial breeding of O. oratoria is now practiced successfully.

However, just as the sustainability and development of shrimp aquaculture is increasingly threatened by significant
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ecological and pathological problems, it is likely that O. oratoria aquaculture will develop similar severe issues. To boost
the healthy development of O. oratoria aquaculture, much more attention should be paid to the PO enzyme which plays an
important part in the immune system of crustaceans. Research on the molecular structure and tissue expression of the proPO
gene may give us a more thorough understanding of the immunologic mechanisms in O. oratoria. In this paper, the cDNA of
the 0. oratoria proPO ( O-proPO) gene was cloned using reverse transcription PCR ( RT-PCR) and rapid amplification of
¢DNA ends (RACE). The full length ¢cDNA of O-proPO consisted of 2, 436 base pairs (bp) with a 2, 142 bp open
reading frame (ORF) , which can encode a 713 amino acid protein with a predicted molecular mass of 82, 446 Daltons and
an estimated p/ of 8.78. The nucleotide sequence of O-proPO showed 82% , 76% , 76% , 72% , 70% and the deduced
amino acid sequence of O-proPO showed 51% , 51% , 48% , 51% , and 50% homology with the corresponding sequences
from Penaeus monodon, Litopenaeus vannamei, Macrobrachium rosenbergii, Penaeus semisulcatus and Marsupenaeus
Japonicas respectively. Sequence analysis indicated that three tandem hemocyanin domains ( hemocyanin-N domains,
hemocyanin-C domains and hemocyanin-M domains) were present in the O-proPO amino acid sequence, confirming that
O-proPO is a member of the proPO family. The hemocyanin-M domains contained two conserved copper-binding sites
surrounded by six histidine residues that are highly conserved in other crustacean species. Five polyadenylation signal sites
were identified in the nucleotide sequence of O-proPO, suggesting that multiple shearing may occur at the 3" end. This
phenomenon has rarely been reported in crustaceans. Several immune modulatory sites were also detected in the amino acid
sequence of O-proPO; they include a putative cleavage site for zymogen activation by the proPO-activating enzyme (ppA) ,
five predicted N-linked glycosylation sites and an o,-macroglobulin site, all of which might play a critical role in the
immunologic process. The sequence of the a,-macroglobulin site, ACGWPQHV, was found to be conserved when the
O-proPO amino acid sequence was compared with proPO in other crustacean species. Phylogenetic analysis revealed that
O-proPO and proPO of decapod species formed two subgroups on the same branch of the tree. These subgroups then
clustered with proPO from Artemia franciscana. This finding is consistent with the taxonomic status of these species. Tissue
expression of the proPO gene was carried out in antenna, eyestalk, ovarian, intestine, muscle and hemolymph of
0. oratoria by semi-quantitative RT-PCR analysis. ProPO expression was detected in hemolymph and intestine, with the

higher expression level in hemolymph.

Key Words: Oratosquilla oratoria; prophenoloxidase; molecular cloning; expression analysis
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1 URES ( Oratosquilla oratoria) ) 3250 TAP Wy b HAS 58 [ B R 5 R R W T i, 9 HAE V20
SRR & R TR ARG K S 0 AR S IR A REIR , FIR i, AR GEUR B R A S R
FAR BT S G 55 R G452 TR . N LB W EARPAF MG 25, 1 lF bl 35 58 5 7 i
H [R) R BTG R AR IE A S AT Tk P B AR H AR e AL RA TR 0 S, At AR SOR T S
& PCR (RT-PCR) 5 cDNA 7R ¥ P 3 s & ( RACE ) £ AR 5B 1 1 ER 8 proPO ( 0-proP0O ) JE K 4 K ¢DNA
(GenBank %fili 5 : HQ588346 ) , XJ 1% Ak X K H G ith (1) 2 KR 3 9 AT T 4544 70t , IR D B PR TE A [R) 2H 21
T FIR TR0, LU S 11 MR S 5 P s B 2 B2 (3t J o e
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1 #R57EE
1.1 SEBbhR

TR I [ A 7 A K i T 3, PR 13.5—16. 0 em , T S2 56 22 18 BRI Al P 85 5% — J&) 5 S B
ML, RNA simple Total RNA Kit g H KR 4= L Bl 4% 4 B 2> Fl, M-MLV reverse transcriptase , Taq DNA
polymerase Hind Il \BamH 1 .D1.2000 Maker ,pMD19-T vector I H T 49 T 72 (K% ) AR H] . DNA [RISCFI
JoORE [a] Wi 2 BB 3k A= W 4 R PR A R Y AxyPrep“1 DNA Gel Extraction Kit £ Axyl)repTM Plasmid Miniprep
Kit, SMART™ RACE ¢DNA Amplification Kit 24 Clontech A7 i, KIGHFF# DHSo AR F bR 4 T F
BARM S AR A, Heiatsn o [ ot
1.2 & RNA 25 cDNA 5K

1R L GBS %5 SRR, T RNA simple Total RNA Kit $2HUM 405 RNA L 1% B35S BHEE IR i ko
FrEREC O HREG 2 RNA /) JH& ,M-MLV reverse transcriptase B mRNA S cDNA
1.3 0-proPO %X cDNA F Bty 5o

PLA R I Z0 A cDNA BT T PCR #7314, 47 #4591k . UPhF,5'-CACCACTGGCACTGGCA-3’ ; UPhRr,
5'-TACCCGAAGGGCAAGCTAGC-3", PCR JZ i 14 :94 °C FiZZ 4 2 min ;94 °CZA514: 30 5,56 CiB k30 5,72 C
FEAH 90 5,35 NMEFR;72 CHJF LEAH 2 min, PCR P*WIZ5d 1% BRASHHEERS BTk 73 5, DI atifl B 1y v B, SR
J5 R E pMD19-T #AA I 54403 E. coli DHSa B FE , PCR G B 7 e, 4600 J i e
1.4 O-proPO 3EH cDNA &K1

3 EARAFAY 0-proPO FEH cDNA FBListiT 3'RACE #:5 14514 UPhRf A1 5'RACE 5 53¥: 514 UPhSc,
51390 K AU FINUP (51155 W35 1) . 3'RACE PCR R 551 :94 C HiA8 14 2 min;94 °C 728 30 s,
56 CiBK 30 5,72 CHEMH 30 5,35 MEH ;72 CHJFIEM 2 min, 5'RACE PCR I 25 1F ;94 CHIALNE 3 min;
94 CANE45 5,55 CIB K45 5,72 CHEMI 2 min,35 DMEIR ;72 CHJE I 4 min, X PA FIIHEATHHE 205
cDNA 2K,
1.5 oA

K FH BLAST 27Xt 0-proPO K ¢DNA £ 513#E47 HEXF 5081 (http ://www. ncbi. nlm. nih. gov/blast/) , {#
H Primer Premier version 5.0 BAFFEAT51 9511 M cDNA 2 H B, WHES: I LR ¥ 51 F Protparam %X
% (http://au. expasy. org/tools/protparam. htm1 ) # 17 8 171 51 B AL KEPE TN , Smart 305 7000 T RE 88k, >R H
MEGA version 5.0 #0411y O-proPO BIER 7N AT o F A Hr Neighbor-joining ( NJ) T e
ARG
1.6 A[EZZ proPO FH ks Hr

FIFH2EE & RT-PCR HAR K0 0-proPO JEITEMANAL LA 7 OF S HRAR K fi i b i KA 1 0L, H Y
FAP 54 UPhF 1 UPhRr WNHGTHTIA , NARFE B-actin 74541 Actinf FI Actinr( BI¥IFFSI WLE 1) , HA4
AV 3 DFATH, PCR W S5 :94 CHUAEE 2 min;94 °C 751 30 s,55 CIB K 60 s,72 °CZE{H 30 5,28 4>
TEFR ;72 °CHJm IEAH 2min,

R1 KEHAASINRERFT

Table 1 primers used in this experiment

P 51 3104 5 751
Name of primers  Sequences Name of primers  Sequences

UPhRr 5'TACCCGAAGGGCAAGCTAGC-3' UPhsc 5'-CGGGGTCAAATCCGACGACAACG-3/
NUP 5'-AAGCAGTGGTATCAACGCAGAGT-3' AU 5'-GGCCACGGTCGACTAGTAC-3’
Actinf 5'-CGATATGGAGAAGATCTGGCAT-3' Actinr 5-AGCTTCTCCTTGATGTCACG-3'

http ; //www. ecologica. cn
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2 #R
2.1 O0-proPO FE[H cDNA $RE Kz FAR (1 2546 T

ZPHEN 0-proPO ¢DNA 414 2436bp, 17—~ 2142bp FF L IEHE (ORF) , 4wt 713 4~ EHEMR (&
1), O-proPO 4315~ 82446Da, %L 15 (pl) 4 8.78 . J¥ I Hr 3, 0-proPO A proPO Kk H i) — > I
ZEHSA 3 BB & 4535 hemocyanin-N 25 #4355 (5% & 42 —142 {37 ) .hemocyanin-M ( 5% & 144
f—421 {37 ) 25493015 hemocyanin-C 45 HII (FRIE 427 i—686 L) , EATHIN I proPO HYZHAELEHIHE ([
2), H hemocyanin-M S5t AT B T-25 G A5 A(CuA) Al B(CuB) . 6 DMEHEPRTE 2 45 & L
Hr L 2210 214 238 S A i 5,372 376 Fl 412 J B fisf, ZIFFI X RV, 2R 46 (Arg) —47 (Ser) (i 24
iR 22 [] 1) R EEEAR PTG B e AL TS AL I D B L . O-proPO & 5 A N-BEEREAL 5 1 4> o, BEEREEE
P75 (ACGWPQHYV)

1 acgegggtac ttgaaaagacgggeaaacccgaagatttcaacagt tggtecgecgecacacgtgectecegtegeccctetggacaccaacaacgattte tetatt cactaggaggtgaaaagaggtgagegagatggeg, gg@l‘CAGAGGACCAGAGAGGC 164
1 M S EDQRG 7
165 CTGCTCTACCTCTTCGA GCAGCCCTCCAGGGCTATTGCCTTCCCACGCGCCGCEGGGTC TGTCGTCTACGACA TGCCCCCAGAACAAATGCCOCCTGGAATGGAACTGGCGCCTCGATCCG66CCCGGAGCCCCGAGAACCG TCGTGACCGTGTCCCCTGTTGA 328
8 LLYLPFEG QP SRATIAFPRAAGS YV YDMPPEG QMPPGMETLAPTRASGPSPGRTVYTVSPVTD 62
329 CAACCTGAAAGACGAGCTCGGAAGCGCCCTG TCCATCCCCAAGGG GGCCGTCTTCTCCG TCTTCCTGAAGCAA CACCGGCAAGCGGC CAAGGACCTCATCG CTTGCTTCCTAAAACGCCGTTCACCCGCCGAGCTGAGGAATATCGCGGCGAACGTGCATGACA 492
63 N LKDETLGSALST®PZKGAVFSVFLZE K HRT QAAKDTILTACFLZEKRRSPAELTRNTIAANVYHD 116
493 T6GTCAACGAGAGCCTCTTCGTGTACTCGCTCTCCTTCGTCATCA TCCGGAGATCGGAC TTGAGGAATGTTCG CTTACCTCCCATCTACGAGACTTTCCCG TCTTGGTTTG TTCCCGAACCCACAATAGCCAAGGCCAGGGAAGAGGTG TCCAAACAACGGTAC 656
17 M VNEGSLEFVYSLSFVTITIRRSDTILRNVYVRTLPPTIYETTFEZPSWEFVPEFPTTIATZKARETEVSEKT® QRY 171

657 ATGCCCAAGACGGAGAGGATCGTGGTGGACCACGGCCTCGAGTTCTCCGGGACCGACGA GAACCCGGAGCACCGCETGGCCTACTGG CGCEAGGACTACGG GATCAACGCCCACCACTGGCACTGGCACATCGTCTTCCCCG CCGAGATCGAGATAGCCTTACA 820
166 M P KTERTIVYVVDHGLEFSGTTDENTPEHR VAYVWRETDYGTNAHHW¥HWYHTIVFEF®PAETETATLTH 226
821 TCGGGACAGGAAGGGCGAACTCTTCTATTACATGCATCAACAGATGATGGCCAGGTACGACATGGAGCGGATGAGTGTTGGTCTTGG AAGGATTGTCAAGC TGGACAACTGGAGA GAACCCA TCCCAGAGGGCTATTTCCCCAAGCTCACCACTGG CAACAGCA 984
220 R DRKGETLTFJYYMHQQMMATRTYTDMETRMSVG6LG6GRTVKTLDNWRETPTIPTESGYTFPZEKTLTTGNS 280
985 GCCTAAACTGGGGCTCCCGTCCCGATGGCCTGAGCGTCAAGAACT TGACTCG GCACAGGATACGCA TCAATATCAACGAGATGGAGA TG TGGAGAGACCGAATATTTGAGGCCATCCATT TG AAGAAAG TTGTGCAGGAGGA CGGGAAGGAGATCCAGCTCACG 1148
281 S L NW 6 S RPDGL SV KNTLTRHRTIPRTINTINMEMUW®RTDIRTIFETEATILHTLZEKTEKVY QFEDGEKTETLI® QLT 335
1149 GACGACCTCGATCCGGACCGTGGACAGAAGCGTGGCATCGACATCGTGEGCGATATGTTGGAGGCCGACACGA GGCTGAG TCCCAAC TACACTT TCTATGG GGACATG CACAACT TTGGCCACGTCCTTCTTGCCCTTGCTCACGACCCCGATGGTGTCCACAG 1312
336 DDLDPDRG®Q KRGTIODTIV GDMLEADTRTLSZPNYTTFTVYG6GDMHNEFEFGHYLLATLAHBTDPODG®GVHR 390
1313 GGAGGAGATGGGTGTGA TGGGCGACAGTGGAACAGCCA TGCGAGA TCCCGTCTTCTACCGCTGGCA TCGTTACATCGACGACATCTT TCAGGAG TACAAGT TCTTGCAGAAGCCC TACACTGAAGACCAGTTGAACTTCCCTGAAGTGTCTGTGGATAAAGTTA 1476
391 E EM GV MGDSGTAMPRTDEPVFYRW¥HRYTDDTIFQETYEKTFLAG QEKPVYTEDA QLNFEFPEVSVDEKZV 444
1477 CAGTGACTGCTGGCCTGGAGAACAATGTCCTGTATACATATTTCAATATGCGCGAGATTGAAGCTTCTCGTGG TCTCGAT TTTGATT CAGACACCCCTGTCATCGTCCGCCTCACCCATCTCGACCACAAGCCCTTCAAGTACCACTTCCAGATCTCGAACAAG 1640
445 TV TAGLENNVYVLYTYFNMRETEASRGLDFDSDT®PVY TV RLTHILDHIEKEPFEKTYHEF QTS SNEK 499
1641  AGCAGGAGTAAAGTGGAAGCGACAATTAGGGTCTTCATCGCCCCCATGTTGAACA TCCGTAACATGAGGATGAATT TCTTCGAACAGCGCACGCTCT TTGCTGAAATGGACAAGTTCCAGATCAG TCTCAAGCCTGGAAAGAACATCATCGAGAGAAGGGACGA 1804
500 S R S K VEATTRVEFTAPMLNTRNMPRMNETFTEG QRTTLTFAEMTDTETFQQTSLKPGKNTTITETRTRTDTD 554
1805  TGAATCCTCCATCACGCTCCCGCGGGAGTTCAACTTCAGGAACAT TGAAAGGGGCGAGG TGTACGAAGATGGCACTGTCGCACCACC TGAGAGCGACGGGTCCTTCTG TGCCTGCGGCTGGCCTCAGCA TG TGCTCTTACCGAGGGGGAAACCTGAGGGCATGC 1968
555 ESSITLPREFNFRNTITERGEVYETDGTVAPPETSTDG®GSTFEZC C 6 WP QHV|LLPRGEKPESGHM 608
1969  CCTTCCAGCTTGTTGTCATGGTTACTGACTGGAATGAAGATAAGG TGAACCAACCCACCCCGC666 CCTGC66CAATGCGGCCTCCT TCTGCG6 CATCCTCAACGGCAAGTATCCGGACAAGAAGCCCATG6GCT TCCCGTTCGATCGTCTGCCGATCACCCGA 2132
609 PF QL VYV MV TDWNETDEKVN QFPTZPRACGNAASTFTCGTTLNSGTEKY®PDEKTEKTPMGFZPFTDRTLFPTITTR 663
2133 CGAACGGTCCCTGGATGGTGGAGGAGTACTTGGGGCG T TTCAGCAACGTGTCCG TCACA GAAATCAACATCAAGTTCTCGAAGAAAA AAATCGCAGAGGAA TAGACGCCATCTTG GGAAG TG TTACTCCAAAAAAAGAGCACATGGCAGA aaagtatataa 2296

664 R TVPGWWRSTUWGVSATCPSQKSTSSSRZREKIEKSQRNTZERRIHELTGEKTCYSZKTZ KT RAHGHR 713
2297  gtaaghataadtgagtgaataggtasaaathataadganaagtaaataacaachatasaltganaataggtanaaa tpatandgaaatatagataaataacaadpataageaagaacaataga tanasanaaanaaaaa 2436

1 DR S ERERE cDNA RIENHSEERFT
Fig.1 Nucleotide sequence of proPO cDNA from Oratosquilla oratoria and its deduced amino acid sequence
THES BIFRABIG TR T (ATG) (o, FERE AN (ACCGWPQHV) ZIEFHS T~ (TGA) (2R a 75 IKEEF 51 (aataaa ) ; RIZARIC XN 3
AN ML 25 S5 AR 3R, IR R ROR 3 B 45 B AL sl N 19 6 A2 IR BRTE s =R IE 7 70 32 1 1 S A0 BB BB /K Ao i 5 IR (78 43y N-E 6
AL

1 100 200 300 400 500 600 713

Query seq. e
Speific hits
Super families Hemocyanin N - (I EEHoeyaRmRVI

2 DOIFEMENEESRN3 P RBENEEQEMETE

Fig.2 Distribution of three tandem hemocyanin domains of proPO from Oratosquilla oratoria

2.2 proPO [AIETF 9 J R Ge i A o3 b

0-proPO & F 315 Genbank % 55 I BRETT XT U ( Penaeus monodon, AF099741. 1)  FLANTEEXTHF ( Litopenaeus
vannamei, EU373096. 1) & [RIAYF ( Macrobrachium rosenbergii, DQ182596. 1) Fa 5 X} R ( Penaeus semisulcatus ,
AF521949. 1)  HAXSHF ( Marsupenaeus japonicus, AB073223. 1) H A7 & & R UM, 2050 82% .76% . 76%
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72% 10% , HEM) 0-proPO ZHER 351 -5 5 Loy iy [R] U4 4371 R 51% (AAM77689) 51% ( AAWS51360) |
48% ( ABA60740) 51% ( AAM77690) .50% ( BAB83773) , XF'E A1 proPO 2 45 &7 15 N & LR 7 5 JEA T
Fedss (K 3) , aT IR A2 G0 s N A 6 D RATR SMAHAR B MR 7 9 = RS . 8 TR YIFT proPO JE A1)

O. oratoria YGINAHHWHW HIVFPAEIEI ALHRDRKGEL FYYMHQQMMA RY
P. monodon YGINVHHWHW  HL IYP PAMG F DRDRKGEL FYYMHQ QVIA RY
P. semisulcatus YGINVHHWHW  HLIYP PAMG I DRDRKGEL FFYMHQ QVIA RY
L. vannamei YGINVHHWHW  HL IYP PGMGV DRDRKGEL FYYMHQQIIA RY
M. japonicas YGLSVHHWHW  HLIYPVGMGV DRDRKGEL FYYMHQQLIA RY
M. rosenbergii YGIN SHHWHW  HLVFPVE MDI RRDRK GEI FYYMHQ QMLA RY
* * *
O. oratoria  DMHNFGHVLL = ALAHDPDGVH REEMGVMGDS GTAMRDPVFEY RWHRY ID
P. monodon D LHNRGHDIL AFSHDPDNAH KEEMGV VGDL GT S LRDPVFF R LHKLVD
P semisulcatus D LHNRGHDIL  AFS HDPDNAH KEEMGV VGDL GT S LRDPVFF L LHKLVD
L. vannamei D LHNIGHDIL  AFS HDPDNAH KEEMGV VGDL GT S LRDPVFF R LHKLVD
M. japonicas S LHNF GHDIL  AFS HDPDNAH KEEMGVIGDV GISVKDPAFY R LHKLVD
M. rosenbergii  DLHNF AHVLI S FSHDPDFAH R EEVGAIGDP AT SMRDPTFY R LHKFVD
* * *

3 DORES R HAb SRR proPO 145 & i s A B SUEE B8 7 51 B IR 14 bL 3
Fig.3 Alignments of two copper binding sites of proPOs of Oratosquilla oratoria and other crustacean
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Fig.4 NJ Phylogenetic tree based on deduced proPO amino
acids of Oratosquilla oratoria and other crustacean
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proPO 7\7@*%3‘29"] o) /l\ﬂﬁﬁ , ﬁﬁ}aﬂ:z'zﬁzfﬁ E/‘J pI‘OPO Fig. 5 Semi-quantitative RT-PCR analysis of proPO gene in
ﬂéﬁi—‘éj\io EE [z] 4 EI%D ’ ‘I“E B ﬁJ;’SE{@ proPO Rﬁj\ﬂﬂ different tissues of Oratosquilla oratoria
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