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RS NERE RIRERAEFAZELH
AERHER A EPHRIA

ooRx', #EEX, Ima", g, s
(1 REIH R A Rl %0, RETEPIHEE QLK E, RE 300387

EPI?HS#m/E:/ﬂﬁnFﬁ IR F5  266071)
RE: BeEEORERNBR AR TR ERIN, ERPEREZHBERENR
FHABRFRETEEEMN. A THRECEEGEST RSB TNER, L1 #stiT
THNENITEFARN, BB T LA EFT25 LB BEE G X ELVPTI
LyvPT2, R W24 a8 X RF7IMUMER S, HERENHEGTXBELBEEGEARY
[ J& Mo F| A Real-time PCRJ7 % # AT 41 A K ik 94T K 3, LvPTUfnLvPT2 5 3t 4F 67 & B £
ﬁ%é@mwiﬂ EWE P EERE, A EEPCRY &, 44T LvPT24E 3t iF 7 41 &
FHWERZER. 2RET, DPREZKIIRHELL ERE, MERABTH#IT, X% E
BHER, ELTYHERBHELHE Rk, R KW, LvPTIFLVPT2 5 #FSOPs i [F]
—XEREEE, THEGTZRNARN TR, FERP I EHER LT B 7250

FREMENNRER T X EFEEEH

SR LB AT, BAM; EBRMEL; BELH

FESES: Q785; S968.2

[l & Ji5% (peritrophic membrane, PM)J& JC & HE
S 1 AL A — A BCR 5 AT, K
il b A S8R A MR RRIT, B
PR FURBESS & T LT BEF 4E N 45 v e s>
R R B b 1) 2 1 AR A Y 0 ) w2 R B A L T 42
HApX 3R E AR RIRA, WREAHERN
[l £ [ 2 H (peritrophin),  HLARI 254 RRIE B A L
T I 725 & 45 #4938 (chitin-binding domain 2,
ChtBD2)" [l £ I 8 1 f 702 A B U PM i
BRI, HREAER B E Y iE AR R
Yo S AMIE A AR e R R T B AR IR

EAERMESE B, MR B W B d 2R IRy
R B B2 A0 R LB A 7 LRI X R (Litope-
naeus vannamei)& N & B2 5% i 8 B & 2 (i) 5
WSSV Z M3 & A EAEH, FReHiB= S

i BHA: 2016-07-08 &R BHI: 2016-09-29

XRkARERRD: A

WSSV R G it #81 # 8 H IF (Exopalaemon
carinicauda)ﬁiljﬂiﬂjif)u— Si7piE Ny =]

MBS 5 WSSV R e ad #20 Br T I iEH 2L4h,

i B — S X IR 2 L AR 1 v A T A 4
girp e [E B X AR (Fenneropenaeus chinensis)f)
25 [l & S B A 7E OP S A1 21 B A R A SRR
IFHEASAGHMEAILT BTG TENY 5 X
(Penaeus semisulcatus)YP 5t i & 255 K peritrophin
JP81), BRI B 5L I AR 1 (shrimp ovarian
peritrophins, SOPs), Xﬁﬁ%ﬁﬁﬁﬁ%ﬁﬂ, EATRE
TESZHRG IR R EY, 2575 WIRTER(F. merguie-
nsis)R P & B — 25 SOP, EA P IKiGE ",
XS R, MR 26 R AR A R
o LU [6) B A4E R 3K 78 X 0 4 28 v k4 o L
FEHT .

BEHE: EXERRIAHES(41076101); RETTH =4ER 53T 4 DL B @B R AT H (SKQM110029);  FETTE K5 5] i3

A7 3475 H (SRL130)
BIE1EE: LW#, E-mail: wly712@163.com
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B IE FERE AT T PLYNTE T B 2 5% 28 [l £
B LN LyPTIFILVPT2 cDNAS K, R H &6 4 ik
1375001, FF X HAE AN TR) 21 20 (1 3¢ 3k 4 =X ik
fT7rE, RBEAREPEERE, B TEK
FEMLEE EBEE A ER R b m RSB WIERN, U
JU 9 1 X 0 IR i F0 45 301 4 00 Oy S R R, X
LvPTUM LvPT27E XHHR LI & & i Rk k47 T
e, WFRAS R IR T B g L 2
P B Ho A e T REAIF 5% 25 1 FE Rl

1 MRS ITE

1.1 SEIe#F R Rk 77

S5 BT L9 T T R A A VRS ORI
BMAE A F . ST H Unizolik F 4 [ i1 2
FL RS BB FR 2 5 7= i (Biostar Genechip, Shanghai,
China); M-MLV % %% 5% [ifi fIRQ1 RNase-free DNase
¥y Promega’s w77 it ;. DNA RIS &6 3
A TR TARA R W ; PMD-19-THIDHS o
KM FI =i nuclease-free water A Promega’zy )
7= s SYBR Green Master Mix_i Applied Biosy-
stemsZ 7 77 i 5 FLAB IR B0 B A pr k.

1.2 XPUNeH LR R

A3 LS L 4 7 X M B A Sk g R A 21
AUMRAR . 88, O E . HEERE. NLN . fila. b
W, JEhn. REE. Mg, B, KE& . D&t
KT . M), RaETRAad, #r)E
ZERNAJEHC . HE K 52 % FllReal-time PCRIZ

T LGN TR R A B LSS A2
¥ U (fertilized egg) . % AR 1 (blastulae) . J5 7 IR
(gastrulae). 2 (limb buds stage). B& N TG 14
K # (nauplius in membrane). J&7I5 41K
(nauplius) 18 . 3HIAI6H] . Z IR LA (zoea) 1~33] |
B AR 401 K (mysis) 1~339] FIAT-9F (post-larva) 1381, 4
7P A T, 475 S RNA$RE UM &2 B Real-
time PCREZH .

1.3 2 RNAIREUAcDNAA K

FIFH Unizolik 7], 4 B8 B 45 52 HOL 4R 2 %)
WFAZH 2L BARNA . BU3 pL RNAFH 1%35 i 4 5 fisc
KA, I A Nanodrop 200088 f# & 4 Y6 G EE 1T
(Thermo)iM ODH . #)HRQ1 RNase-free DNasef#
iR MRNATTG YL IUDNA, SR 5 45 FE 52 B B pg
SRNAVE Iy 5 53 R AR, 4% BEM-MLV J2
EESEBFE A A5, PAAOLP [5-GGCCACGCGTCGA-
CTAGTAC(T)16-3"1285%, BDA-Oligo (5'-
AAGCAGTGGTATCAACGCAGAGTACGCGG
G-3") FHk, #EATH —HEcDNA G, AT
LvPTVRILvPT2 R se b, sl & LABEALS [, i
1755 —#E cDNAM G B, FH T 25 08 & Fe
HPCRIY . HARNAE T80 °CukAf HIRA7 .
1.4 LvPTIF1LvPT2 cDNAZ K 55 [&

R Hi A TR A0 A T A5 L4 T %o 0 Sk ff R SR
HFR, Wit S5 Y LyPT1-F/LvPT1-RAI
LvPT2-F/LvPT2-R(3&1), ULk Mg H cDNAN AR ,
O3 AT LyPTI R LvPT2 5 IR Si e o 514 A4 T

*1 ZRFAASIYFIER

Tab.1 Primer sequences used in this study

5144 7k SR A(5'—3) R Z/PC PR fop

primer name sequence annealing temperature expected size
LvPT1-F ATGAGTTCAAATACTTTTTTTGTTGTGA 53 917
LvPT1-R GTCATGATTTATTCGAGACACATCG
LvPT2-F ATGAGTTCGAATACTTTTTTTGTTGT 53 915
LvPT2-R ATTCGAGACACACCGAAGTAGAG
RT-LvPT1-F CCTCCTGAACCAGCAGAACTAC 55 217
RT-LvPT1-R CGACCTCGTAAAAGTTCAAGAACCG
RT-LvPT2-F CCTCCTGAACCAGCAGAACTAC 55 223
RT-LvPT2-R TGCCCTCACTGTAGTAACCTTACTC
18S-F TATACGCTAGTGGAGCTGGAA 55 147
18S-R GGGGAGGTAGTGACGAAAAAT
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A TR A BRA A A L. P &R
94 °CAE 15 min, IMEHF; 94 °CAEME45 s, 53 °C
B k60s, 72°CHEMI60s, 35MEIR; 72 °CLEfH
10 min, A6 1%35 05 B 5 e A Ik 56 UF
PCR™ 4, DNA#E i B & Rl 5 1) R B
HARERAE S BN G U0 15647, B2 pLll i ™
Y i%E B B PMD-19-TH K, 7E16 °CilF 1Tl ) i%
e, T A AR Z S KT
DH50, #AL=¥AE37 °C 150 r/minsk 4 T 4k ¥ 5
7750 minf5 IR A T 5 2 N BLBRIMARE R4 |, &
THER AR A L A FR (12~16 h), BEBLPEIE
AT, AT A Z N LB R B 57
Hr, 37°C 150 r/mindR ¥ 75373 hJm, LA RAE N
BEARIEATPCRAGIN , 7 6 1 BH PR S e, 3% AR ROk
(BGDZA ®l AT

1.5 FHaHHh

H 91 #E 2 LU 3T 8 {4 BLASTX (http://blast.ncbi.
nlm.nih.gov/blast) 7 #1 L X} LvPTIMILVvPT2 . 1¥ 2%
Expasy#X - (http://web.expasy.org/compute_pi/)# 17
i b £ 1 0 1 AN A SN . 7EZR SMARTHK
{4 (http://smart.embl-heidelberg.de/) 53 §T LvPT1 1
LvPT25E N % % 28 5 TR 14 45 48 ke ik o R
Clustal W (http://www.ebi.ac.uk/clustalw/) FIMEGA
5.2.2%} A [A] peritrophinZ % 85 [ #E 47 & SE 12751 E
XA AT, ARG .

1.6 LvPTIFILvPTREREBLERIEDHR

WA LvPTI R LvPT2 3 [H g B 7=, 49 )ik
5% RT-LvPT1-F/RT-LvPT1-RFIRT-LvPT2-F/RT-
LvPT2-R(F1), PEATSCHTE & PCRIG LvPT1RI
LvPT2TEAS N P I R IRIE L . 18S rRNAE R
R FE B FHAEXT ], 51154 18S-FA118S-R
(F)o Ho M4 AL cDNAYE MM, TG
RNasel 7K A2 cDNAR AR A A B P X HR

SERF E HEPCRILN W25 pLiA &R, &1 U
TaKaRa Ex taq hot start, 1xEx taq buffer (plus
Mg*"), 0.2 mmol/L dNTP, 1xSYBR Green Master
Mix, 0.2 mmol/LIEM 5[4, 0.2 mmol/LJX [ 5]
Y, 1L cDNABHR . KN 55/F: 94 °C, 2 min,
IMEFR; 94°C, 15s; 55°C, 20sF172°C, 20,
A0NERS . SN sE S, AT IR b, 1
E A — RS PCRI= YD 1 . RS 5G
HATIRE S, BAFERECA S HAR, Aris Eds A

FH A SPSS 11,05 [K 38 J7 223 HT(One-Way ANOVA)
TR REAS B AT, P<O.0Sh MR E .

17 LyPREREFHAEPHRIEEL

4 S5 #RT-LvPT2- F/RT-LvPT2- R
(R DKW LyPT2AE X R 15~ B A & I 4 1 % 3
W, 18SrRNAVE RSN . i | PCRIGY 1
A Z NcDNA 1 puL, 10 umolV/LI | . T4
1 uL, 2xHD™ Reaction Mix 12.5 uL, Taq DNAX
A HF(2.5 U/ul)0.25 pL, KBB4k finZE 25 pl,
PCRY 4 F2% 494 °C 4 min, 1"MEH; 94°C45s,
55°C30s, 72°C30s, 25ME¥; 72 °CHEfH10 min,
IPCRY 14 72 Wy 8 L1 1.5% 14 3 JIE 96 468 Je F, Tk
G186

2 4R

21 LvPTIFILVPT2ES) 5

AW s AR AT T 255 K H B A FILvPTI
FMILVPT2 cDNAZ K ¥4, LvPT14K917 bp, &
A 831 bp Tkt ] 52 HE , Hifih277 4> = EL MR (&1 1),
M LvPT24= K915 bp, 754 828 bpF I HE, 4
52764 & FE/R (K12), LvPT1HILvPT2 % 55 11 4%
TE T 4351 24 30.997130.924 ku,  XF I 55 L A
435 H5.60F16.11, 8 i Smarti 4 78 4k 40 1 &
W, LvPTIMLvPT29m & A & A 34 il
ChtBD245 4 3(K13). £ )75 Lbxf k7R, LvPT1HI
LvPT255 HAth R 2 ] £ I AR 2 AR & 19 7 1 Al
IPE (K 4), LvPTIHILVPT2E A 90%LA | 1) )% %)
LM, 5 LgEXT AR e B . E R
IFEI AR . XTI B T UR2 . B
7 XT R (Penaeus monodon) VP 5 ] £ IR 111 1A121A
JERE X6 M PRl R AR 1 3 0 (] R T ik 31 70% LA
o FIFHMEGAS.2. 28 14 #9432 ¥ (Neighbor-
Joining, N & RGBT, 45K WK, CPAPI
(cuticular proteins analogous to peritophins 1),
CPAP3FIPMP(peritrophic matrix proteins)Z i i) [l
BREASNRE—E, RTHRANEBE
2 1 (EcPT)Z Ak, HABIFREERE AR —
X, LvPTIFILvPT2 5 HFRFIEBEE R A — L
(E5).

2.2 LvPTIFLvPT2E FE fY4H 4R R IK4H1E

i 1 Real-time PCRX LvPT1 M LvPT21E IF &
X URAS TR 2 AP ) Rk M & 88, LvPTIFILYPT2
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652 VL A%
1 @AGTTCAAATACTTTTTTTGTTGTGATGGTCCTGGGGGTGGCCCTTGTTGCAGCCGAAGAGGACTCGCGAGGTGAACGCAGTGTTACT
1 M SSNTV FFVVMVLGV ALY AAEEUDS ST RGET RS SYVT
91 ACAGATTACCACGATTACTCGAAACTGTGCGAATCCCAGCCCAACAAATTCATATGCGTCAATTGCAAGACCATGGTCCAGTGTGTGAAG
31). TDYHDYSZ KLT CES SO QPNIEKTFTICVNTC CIEKTMMVQCVEK
181 GGACAGGCCTTCACTCGCCACTGCATCGAGAACCACTACTGTTCAATGAAGCCCGAATTTGGCGGTGGAGTCTGCTACCCAGATGAGCCT
61 G Q AFTRHCIENHYTCSMEKTPETFGGSGVYCYTPDEFP?P
271  AAGGCCTGCAAATGCGAGAAGGCCAACTCCTTCCGAGTGGACCCCTACGACCCTCAGAGGTTCTTCTCTTGCAAGAACCTTGTAACCCCC
91 K A CKCEZKANGSFRVDPYDPQRTPFTFSCKNLUVTTFP
361 CCAGTGAACTACAAATGCCCAGATGGCATGGTATTCGACGAAGCCTCTGCCCAGTGCCAGACAGGAAATGGCCTGCCCCAATGTACTGAG
121 P VN YKCPDGMYVYF FDEASAQCQTSGNGLTPOQCTE
451 GCTGGTACTTTTGCCAACCCGGCTAACTGCAGTGTATACTATTCGTGCATTGGTCTTCGACATGGCTGGCTGCAGAAGAGCTTCCAGTGC
151 A6 T FANPANUCSVYYSTCIOGLT RHEGWLIQEKS ST FA QSC
541 AACAGCGGCTTGATGTACAACAAGGAAAAGGGAGTATGTGAAGACCCTTGCCTGTACCAGTTCGTGTGCAAGCAGGAAGGCCGATATCCT
18, N S G LM YNZE KTETZ KG GV CEDTPT CLYAOQFTVCEKAQETGT RTYT?P
631 GACCTCCTGAACCAGCAGAACTACTTTGAATGCTACATGTTGGGTGGCAAGTTACGGCAGCTCCGTTACAGCTGCCCTGAAGGCTACAGG
211 D LLNQQNYTFETCYMLGGEKTLT R QLI RYSCPETGTYR
721  TGGGATGAGATCTCTGCAGGTGTTGGCCAGTGTGTGGAGGACCATGACAAAAATGCTTCCAAGGGTGCCTTCTTTGGCTGCGACATTCCT
241 W D E I S AGV GQCVEDHDTEKNASEKTGATFTFG GCDTITFP
811  GACGGCTTCTGTCCCGGTTCTTGAACTTTTACGAGGTCGACCCTGCCTTGACACCGGGTGGCGTAAAGCCTGATATATGCTTCGATGTGT
271 D GF CP G S *
901 CTCGAATAAATCATGAC
B 1 MRS LvPTIE E cDNAR H 4L M S B B F 5
JTHEN NEIBEG T, FoR&ILEBT, TH
Fig.1 The nucleotide sequence and deduced amino acid sequence of LvPT1 gene
The initiation codon was boxed, “*” indicated the stop codon, the same below
1 [ATGAGTTCGAATACTTTTTTTGTTGTGCTGGTCCTGGGAGTAGCCCTTGCTGCAGCCAGAGACTTGCGAGCTAAACGCCGTGTTACTACA
1 M SSNTV FFVVLVLGVALAAARDTILTRERAKT RRVYVTT
91 GATTACCATGATTACTCGAAGATGTGTGAAGCTCAGCCTGACAAATTCATATGCGTCGACTGCAAGACCATGGTCCAGTGTGTGAAGGGA
31 DYHDY S KMCEAQPDI KT FTIT CVDC CIKTMYVQCVIKSG
181 CAGGCCTTCACTCGCCACTGCATCGAGGACCACTACTGTTCAATGAAGCCCGAGTTTGGCGGGGGAGTCTGCTACCCAGATGAGCCTAAG
61 Q AFTRHCTIEV DHYT CSMIEKZPETFS GGG GV CYUPDETFPK
271  GCCTGCAAATGCGAGAAGGCCAACTCCTTCCGAGTGGACCCCTACGACCCTCAGAAGTTCTTCTCTTGCAAGAACCTTGTAACCCCCCCA
91 A CKCEI KANST FRVDPYDPQIKT FFSCKNLVTTPTP
361 GTGAACTACAAATGCCCAGATGGCATGGTATTCGACGAAGCCTCTGCCCAATGCCAGACAGGAAATGGCCTGCCCCAATGTACTAGGGCT
121 VNYKCPDGMVFDEASAQCQTSGNSGLU®PIOQCTT RA
451  GGTACTTTTGCCAACCCGGCTAACTGCAGTGTATACTACTCGTGCATTGGCCTTCAAAATGGCTGGCTGCAGAAGAGCTTCCAGTGCAAC
151 G TFANPANTCSVYYSCIGLA QNGUWLAOQZ KT ST FAQTCN
541 AGTGGCTTGATGTACAACAAGGAAAAGGGAGCATGTGAAGACCCTTGCCTGTACCAGTTCGTGTGCAAGCAGGAGGGCCGATATCCTGAC
181 S GLMYNEKEZ KSGACET DZPT CLYAOQFV CKAQETGRYUZPTD
631 CTCCTGAACCAGCAGAACTACTTTGAATGCTACATGTTGGGTGGCAAGTTACGGCAGCTCCGTTACAGCTGCCCTGAAGGCTACAGGTGG
211 LLNQQNYV FET CYMLGSGI KT LI RQLU RYS ST CPESGTYTRW
721  GATGAGATCTCTGTAGGTGTTGGCCAGTGTGTGGAGGACCATGACCAAAATGCTTCCAAGGGTGCCTTCTTTGGCTGCGACATTCCTGAC
241 DEISV GGV GQCVEDHD QNASI KGAFT FGT CDTIPTD
811 GGCTTCTGTCCAGGTACTTAAGAGTAAGGTTACTACAGTGAGGGCAACCCTGTTGTAACTACAAAGTGGAGTAGGGCCAGGCCTCTACTT
271 G FCPGT *
901  CGGTGTGTCTCGAAT
B2 RAEXEFLvPT2E E DNAR HRIBHRERFT
Fig.2 The nucleotide sequence and deduced amino acid sequence of LvPT2 gene
LvPT1 N
Cht i Cht «
= \me O F 2L e A S T — B, 59 S L
S =X Vr Moy ¢
,/ %ﬁ%%%,\mﬁﬁ%\WHﬂ%K,Ew
N4 ‘ = N
0 100 200 WL EARIE . RN S AR E TP A Rk,
LPT2 ﬁ'ﬁﬁﬁ“&\ AIL\HE\ JHFJBE I AL PR 0 I 240 A i R
kDR IR B (R 6).
- [’ Cht Cht [' Cht
A t .,
szm BD2 23 LvPRRERFREMNINEHLZ B P RIRIX
' : ' i 13 2 %€ 7 Real-time PCR 5 ¥ X LvPT27E L
0 100 200

3 LvPTIFILVPT2JLT R [ B 45 & 554015
Fig. 3 Chitin-binding domain 2 of LvPT1 and LvPT2
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FcPT.seq FssHEFFWEATEVEEVERIRE. . ... .o e 32
FmSOP.seq MAFYNILIEMIMEVVCAVREELHCPGVGREFPDPRSCGAYYDCTPNNAGGYDITNDDCRGYTYDTANRICTDRMCETRSE 85
LvPT.seq LN A A e R T o 32
LvPTl1.seq MSSHT F E M L G B L VB EE . . ... ittt ittt et et a e e a e 32
LvPT2.seq MSSNIFFMWMEVEEVAEABER..............ctoruunnntneernantreeaaaanereeraanenns 31
PmPT3.seq MRSNIFEWWERLEIGLVEREE. .. ... tuvttttnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnns 32
PmSOP1.seq MRSNTYCWWEALGFALABEND. . ..ottt ettt e aneeaneeaneeaaneeaneeanseraneennnesns 32
PmMSOP2.seq MRSNIFEWVEALELALVARIEE . .. oottt etetaneennnssaneeannernneeaneesnnesnneennns 32
PsPTl.seq  MRSNIFFMWEVEVVALVEEEE. ... ...ounnnteeeeeninnneeeannnaeeeeennnseeenennnsnns 32
PsPT2.seq ..o MEREBVALVERIEE . . .ottt i ettt i it i 24
consensus

FcPT.seq WERV 117
FmSOP.seq 27198 RV 170
LvPT.seq AN 117
LvPT1.seq EANEFEV 117
LvI’T2.seq AN Y 116
PmPT3.seq Y 117
PmSOP1.seq o 117
PmSOP2.seq S A8 F v 117
PsPT1.seq BV 117
PsPT2.seq EEEV 109
consensus

FcPT.seq 202
FmSOP.seq 255
LvPT.seq 202
LvPTl1.seq 202
LvPT2.seq 201
PmPT3.seq 202
PmSOP1.seq 202
PmSOP2.seq 201
PsPT1.seq 202
PsPT2.seq 194
consensus

FcPT.seq s QEGRYPDLLNEONY 3 274
FmSOP.seq [eRNAensal  AibdIE 37 329
LvPT.seq CeQEGRYPDLLN#ENY 3 276
LvPTl.seq EQEGRYPDLLM#eNY Fla 2 277
LvPTZ.seq EOEGRYPDLLM@eNY 2 275
PmPT3.seq  [sCiolale:Raznaas < Cike 3 785
PmSOP1.seq [eCioleiFaanaag < OipasE 7] 577
PmSOP2.seq [eQielalei:33:=3naat < CiikaaEle 3 276
PsPT1.seq * QEGRYPDLLNEENY ] 277
PsPT2.seq (®QEGRYPDLLNENY ] 3 ; 269
consensus c gegrypdlln nyf cy gl grycpe v w gvg c edh

E 4 LvPTIFILVPT2S H 4T X E R E S EERF 53t
HEREREFT: AAZ663T1.1(H E X HFFE & A, FePT): AAVS83539.2(3 7% WX iR o) S [l & 2, FmSOP); AEI26265.1(JL 441 %}
SRR A 1, LvPT); KX110383. 1(MLANIEXEF K A A A1, LvPTl): KX110384. 1(JLYViE X 4R Bl & K& 92, LvPT2);
ABLS86146.1(BE 5 X UF [ & 2 (3, PmPT3); AAMA44049.1(BE F5 % iR O S H I 1, PmSOP1); AAM44050.1 (B 5 X Ui G 55 [ £y fis
F 2, PmSOP2); AAF34331.1(JHA AT UF K S (11, PsPT1); AAF34332.1(JE 4% R K & 12, PsPT2)

Fig.4 Amino acid sequence comparison of LvPT1 and LvPT2 with other shrimp peritrophins

GenBank accession number: AAZ66371.1 (peritrophin of F. chinensis, FcPT); AAV83539.2 (ovarian peritrophin of F. merguiensis, FmSOP);
AEI26265.1 (peritrophin of L. vannamei, LvPT); KX110383.1(peritrophin-like protein 1 of L.vannamei, LvPT1); KX110384.1(peritrophin-like protein 2
of L.vannamei, LvPT2); ABL86146.1 (peritrophin 3 precursor of P. monodon, PmPT3); AAM44049.1 (ovarian peritrophin 1 precursor of P. monodon,
PmSOP1); AAM44050.1 (ovarian peritrophin 2 precursor of P. monodon, PmSOP2); AAF34331.1 (peritrophin-like protein 1 of P. semisulcatus, PsPT1);

AAF34332.1 (peritrophin-like protein 2 of P. semisulcatus, PsPT2)

AR K IC T AR 1R, LvPT236 ik AR,
BRATHAIBIN, LyPT2ICH] B ik (E7).

3 iR

FURIT, o 5 [ AT S 2 o 24 X6F 0 % Bl A
TE KR B RBERT , WA . i E A S B By
2 TR 8 by T BR SR B A A5 i ok ) MR . R R
B RERIR WIS, LA R R IR R £ 5

AR AT LIS BB G E A BB, e A B S
B S FL AR TR AR B R R A IR A 4R G
B R A HEAEHCY, ARk, xR R
FH R (D) BE 0 F 5% 0 3 T R I . AR BIF ST
TEREFAT T LGN XTI 245 25 [l i 4 I LvPTI
FILVPT2 ¢cDNASR K, B 19w 1 2 L1 1y 51 #5
HA 34 M8 Y ChtBD245 # 1a,  ChtBD2.4%5 4 4uf, 2
JUT RS G A —F, FEAETHRER
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= HXTER F. merguiensis FmSOP
100 FLAEXS R L. vannamei LvPT

|: FNGNIEXTNR L. vannamei LvPT1
FNGNIEXTNE L. vannamei LvPT2

93
L 36 HHE B XTUF F. chinensis FePT
87 E FVANTUR P. scmisulcatus PsPT1
FEVAXTUR P. semisulcatus PSPT2
98 —— BETXTER P. monodon PmSOP1
41 9% _'—_EXE%XTQQF P. monodon PmSOP2
PETXTER P. monodon PmSOP3

100 B AR E. carinicauda EcPT

86 BiGKEWF A, pisum ApCPAP3-D2
9% Eﬁ?ﬂ?—\}ﬁ% T. castaneum TcCPAP3-D2
18] 57 WM 4 /N N, vitripennis NvCPAP3-D

R~ A. mellifera AmCPAP3-C

78 100 ﬁ'ﬁm@?ﬂﬁ T. castaneum TcCPAP3-C5-2
100" SRS T castaneum TcCPAP3-C5-1

20 IR T, castaneum TcCPAP3-D1

B T castaneum TcCPAP1-E

BERKEBTUE D. plexippus DpCPAP1-D

100 JE RN 1. scapulatis ISPMP

LK T. ni TnPMP

BB ML C. quinquefasciatus CQPMP

HRWAB Y T, castaneum TcCPAP1-H

WA T castaneum TcCPAP1-]

57 WG T, castaneum TcCPAP1-C

k4 PEEE D. plexippus DpCPAP1-G

 e—
0.1

E 5 YEMITLYPTIMLPT2S Efbiffl R h KB R EE B S EEF N ARG HILK 2

FER B 55 AAV83539.2(58 & B XTUF, FmSOP): AEI26265.1(JLANEEXUF, LvPT); AAZ66371.1("1[E BIXIUF, FcPT): AAF34331.1(%4
XTUR, PsPT1); AAF34332.1(JZVA X HF, PsPT2); AAMA44049.1(3E 5 XF4F, PmSOP1); AAMA44050.1(3E 15 X #F, PmSOP2); ABL86146.1(3
FTUF, PmPT3); AGG20312.1CH & FI4F, EcPT); NP_001165856.1(%i & K & iF, ApCPAP3-D2); NP_001073568.1(#* % ¥, TcCPAP3-
D2); NP_001165853.1(1# i & /Ni%, NvCPAP3-D2); NP_001165860.1(& 1%, AmCPAP3-C); NP_001107778.1(7% % ¥, TcCPAP3-C5-2);
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Fig. 5 The phylogenetic tree of LvPT1 and LvPT2 with peritrophins from other shrimp and insect species
GenBank accession number: AAV83539.2 (F. merguiensis, FmSOP); AEI26265.1 (L. vannamei, LvPT); AAZ66371.1 (F. chinensis, FcPT);
AAF34331.1 (P. semisulcatus, PsPT1); AAF34332.1 (P. semisulcatus, PsPT2); AAM44049.1(P. monodon, PmSOP1); AAM44050.1 (P. monodon,
PmSOP2); ABL86146.1 (P. monodon, PmPT3); AGG20312.1 (E. carinicauda, EcPT); NP_001165856.1 (Acyrthosiphon pisum, ApCPAP3-D2);
NP_001073568.1 (Tribolium castaneum, TcCPAP3-D2); NP_001165853.1 (Nasonia vitripennis, NvVCPAP3-D2); NP_001165860.1 (4pis mellifera,
AmCPAP3-C); NP_001107778.1 (T. castaneum, TcCPAP3-C5-2); NP_001073569.1 (T. castaneum, TcCPAP3-C5-1); NP_001161908.1 (T. castaneum,
TcCPAP3-D1); ACY95470.1 (T. castaneum, TcCPAP1-E); EHJ72033.1 (Danaus plexippus, DpCPAP1-D); EEC19499.1 (Ixodes scapularis, IsSPMP);
AAY46199.1 (Trichoplusis ni, TnPMP); EDS28614.1 (Culex quinquefasciatus, CQPMP); ACY95473.1 (T. castaneum, TcCPAP1-H); ACY95474.1 (T.
castaneum, TCCPAP1-]); ACY95468.1 (T. castaneum, TcCPAP1-C); EHJ65511.1 (D. plexippus, DpCPA1-G)
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Fig. 6 Tissue expression of LvPT1 and LvPT2 in
L. vannamei

1. eyestalk; 2. gill; 3. heart; 4. hepatopancreas; 5. muscle; 6. foregut; 7.
midgut; 8. hindgut; 9. skin; 10. nerve; 11. pleopod; 12. testis; 13. ovary;
14. lymphoid organ; 15. hemocyte
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Fig.7 Expression of LvPT2 in early development of
L. vannamei

F. fertilized egg; B. blastulae; G. gastrulae; L. limb buds stage; NM.
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Cloning and expression analysis of shrimp ovarian peritrophin-like gene during
early embryonic development in Litopenaeus vannamei

MA Huan', CHU Jixing', WANG Liyan', LIFuhua’, XIANG Jianhai

(1. Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Science,
Tianjin Normal University, Tianjin 300387, China;
2. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract: Peritrophin was one type of proteins which was the important structural component of peritrophic
membrane (PM) lining the midgut in invertebrate. It was first separated from insect, and played an important role
in protecting insects from invasion by microorganisms. Recently, many peritrophin-like genes were identified from
tissues not only intestine in crustacean, which implied that the role of peritrophin-like proteins might be diverse. In
this study, two cDNA sequences encoding peritrophin-like protein named as LvPT1 and LvPT2 were found and
cloned from Litopenaeus vannamei. Their deduced amino acid sequences exhibited high similarity to each other
and most other shrimp peritrophins which have been reported. Tissue expression analysis by Real-time PCR
revealed that LvPT1 and LvPT2 were mainly expressed in shrimp ovary, similar with shrimp ovarian peritrophins
(SOPs). Semi-quantitative RT-PCR was used for analyzing the expression of LvPT2 during the early development
of L. vannamei. The results showed that LvPT2 expression was the highest in fertilized eggs, and decreased
significantly in developing process. There was no obvious expression of LvPT?2 in nauplius hatched out from the
hatching membrane. Therefore, we presumed that LvPT1 and LvPT2 might be the same kind of peritrophin to play
the similar role with other shrimp SOPs, in participating in the formation and protection of fertilized egg, and
protecting shrimp embryo against pathogen infection.
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