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Molecular Cloning and Expression Analysis of Lv — SP Gene from Litopenaeus vannamei
SONG Qiao-zhen,ZOU Rui-feng, ZHANG Yi-chen et al
Tianjin Normal University, Tianjin 300387 )

Abstract
od] Lv-SP gene was cloned by PCR. The bioinformatics analysis was performed by online software. Expression profiles of Lv-SP gene in tissue and
in response to WSSV challenge were analyzed by qRT-PCR. [ Result | The length of the open reading frame (ORF) of Lv-SP gene contained 1 104
bp,encoding 367 amino acids. The predicted protein molecular weight and calculated isoelectric point was 41 kD and 6. 93 ,respectively. Analyzed

(Tianjin Key Laboratory of Animal and Plant Resistance/ College of Life Science,

[ Objective | Functional research of serine protease (SP) gene(Lv-SP)from Litopenaeus vannamei in innate immunity response. [ Meth-

by online bioinformatics software ,Lv-SP was highly conservative. It contained a clip domain and a highly conserved SP domain (Tryp-SPc). Phylo-
genetic analysis showed that comparing to the SP protein in Fenneropenaeus chinensis and Eriocheir sinensis. ,Lv-SP had highest homologous. How-
ever, Lv-SP had lowest homology comparing to SP in Anopheles gambiae and Aethina tumida. qRT-PCR results showed that Lv-SP gene were ex-
pressed in different tissues of L. vannamei. Lv-SP gene had high expression level in gill and hemocytes and had low expression level in heart and
hepatopancreas. The expression of Lv-SP was up-regulated significantly in 48.0 h and 72.0 h after WSSV infection. [ Conclusion] Lv-SP has a typ-
ical clip domain and is highly conserved with other SPs with immunological functions. Lv-SP from L. vannamet might plays an important role in the

immune response according to the infection of pathogen.
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SIS SRR AR A | R R SE N sh ) e
FALEEIE RGBT R AMA R G (2 iR
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PAF LN BEXTEF Lo — SP BEDA, TR0 TP 91 e i S 20 A e
ik, FE 5307 FE N 2893 B AR G 1 Rk A, DU R TR AR
T HAE Sy e a2 i PR 7 Xk B 97 080 3 2 3 A% v A AL



46 £ 12 #1

RAGE  JLEAIF L R E Q8RR (Lo - SP) 09 3L B R GE 5H7 103

B A, I FH X (1 i RS A A T B

1 #R5FEZE

1.1 #F#

L1.1 fF5Eket. fEERRE 0 PLAA T X (I F R EE T P 7 X
XFURFRFEHEH) A 11 ~ 14 em fKH 9 ~ 14 g, T =G
IFRIUARGE T (16 C,HE 10%0, AT B4 ~5 d it
175,

1.1.2  #ZR{KMFEAR, pMDI8 — T - Vector (TaKaRa ), K/
FF DHS o B R RIS KA K AR A 2R 2 DA
L1.3  F 80, SanPrep #E30 DNA i [T i 55 & (4R
T.) \ExTaq if( TaKaRa) .2 x Taq PCR Master Mix ( Promega) .
LB ¥/ RS 35 3L (4= T.) .M — MLV Reverse Transcriptase
(Promega) . GoTag® MasterMix ( Promega) . T, DNA % % [iff
(TaKaRa) %,

1.1.4  F%{LA. PCR {L(BIO - RAD) (H1 kAL (DYY -
6C) ¥ THES (SW = CJ = 1FD) 7500 Fast Real — Time
PCR system( Applied Biosystems) . ## #% ( Eppendorf) 25

1.2 FHi&

1.2.1  JLANEXTER S RNA SR cDNA & %, FH Trizol
T EESR IO XS KR ML A0 M BEAFEZH U RNA, T/
SR TERERRATE , 22 1% MOPs BrifEBEEE N F kb7 22 PG
it NANO Drop 2000 43560 B i 3547 5 & 4G I, Ik
RNA ¥ F Fn5e 3t J5F B M — MLV Reverse Transcriptase [
He SR R IT HIMASE L 514 BDA (AOLP( 3% 1) 47 cDNA 1y
B

1.2.2 2%t 5 Lo - SP ORF XIS 1, S5
T LR XTI S 2 I PP 235 SR v i 1B 11 SP BRI kAT 5 | i
HOET), 519434% Lv - SP F1 Ly — SP R1 Hil Lv — SP F2
Lv = SPR2( 3R 1) 32 X5, I PCR HoARY 4 H 5L, Ha ik
Kl J5oF PCR 4 F H SanPrep 413X DNA Ji [m1 i) &k
TH4lifb J5 3% #25) pMDI8 — T — Vector I, i A F K 5 K 14
DHSo i, 6 G SE 2\ R AT I, ) Bioedit 2k {7 FI7E

£ BLAST F2J7 43 B 1y 25 SR 5 1 25 PR 75— 380, 3 1
JESE T ARAT Lo - SP BE[H ORF X,

1.2.3 AW E . B M Expasy BI7EL T TR
(http://web. expasy. org) X} Lv — SP £:[X ORF X #E47FH 1%k
TR BT 91 SR 53 B A5 H i R SMART 2%
A3 AT Ly — SP 25 H IS Re g #4318 FHH: SignalP 4. 1 Server
AT HER AR SR, it TMHMM 2.0 XJ Lv - SP 8 7
B AT I8 B Mo {4 Bioedit ., ClustalX 1. 83 4 M MEGA
6. OB AEXT Ly — SP ZUHL R AU Ay Ffr i vy [ A X R | rh A28
B LSRR SPUSPH ZUEEIR 91 AT 22 J LU X, O
Neighbour — Joining 44t 2 48 AL ( Bootstrap = 10000)
1.2.4 [y - SP BERZAZURIR T, MRS seRE 1Y) Lo — SP K&
K75, B9 i PCRAXIGZA 514 L - SP of ,Lv - SP qr
XTI DY) B — actin £,8 — actin v(F 1) , 44 JLYY X HF K-
YU IR RNA J5% Bk BE AR T 9 eDNA, 2% GoTag®
MasterMix §iH , FI| FHZZ € f PCR J5 A Lo — SP & A 7E
NN URARIH A Rk 51 22 57, & & PCR RV AK &R
it N GoTaq® MasterMix 12. 5 pL, Nuclease-Free Water
8.50 wL,5[4 1 pL,cDNA 2 pL, BAFL25 pL, & PCR X
W AR 195 °C AR 2 min;95 *CAR4: 15 5,60 °CiE k 60 s,40
ANMIEER s S5 A TR A . BT AR A BB A 2722
L ¢ KB kAT G o M T Lo — SP BE AN ik
IR ENER,

1.2.5 ARG BEFERO 35 (WSSV) Xf LN XS HF Lo —
SPEEP F Ak i MmN TR v I 5 2 R B AR R B
WSSV Jiiag, M B2 10° #5 DUBY/ wLo MR 56 41 Aot B 41
TR 50 H 284G I 1Y et B L9 95 X I, 4300 1 5 10
WSSV #l Tris — NaCl 2% #f13% (TN - buffer, F T-55 B WSSV) ,
Ay E S5 0.0.5.5.0.12.0.24.0.48.0 F172.0 h FhHC}
R AR EL , BRERIM A0 M RNA I 52 5% SR il 2 ¢DNA, BeiH%t B
1Y TP - qf , TPI - qr(F 1) , FIH] qPCR J3H7 LAY IE X AR
Lv — SP JE N FRIBEAAFIE (T71A R “1.2.47) .

x1 WHEETASIY

Table 1 Primers of experiments

AL/ EA S SIHFs1(5 -3") R

Primer names Sequences(5' -3") Comments
BDA AAGCAGTGGTATCAACGCAGAAGTACGCGGG [ S LY
AOLP GGCCACGCGTCGACTAGTAC(T)16(A/C/G) #3519

Lv-SP Fl CAGCGGAACAGCAAGCC Lv - SP S sl 5 14
Lv-SP Rl TGCCGAACTGAGTGTAGGAG Lv - SP £ 2R 5 1 4
Lv-SP F2 ATGAACTTGAAGAATCAA Lv - SP SN SIS 4
Lv-SP R2 CTATGGCCTCAGCGTCTC Lv - SP S sa /e 5 1 4

Lv - SP of AGCGGAACAGCAAGCCA Lv - SP 35X qPCR 4B 514
Lv-SP qr ACTCACTTGCTTCATCAGGA Lv - SP 3E[H qPCR 4347 HI5 14
TPI - qf GGTCACGTGTTGTCTTGGCTTATGAACC ERPARI TN S L A5 1)
TPI - qr CTGAACAAAGTCTGGCTTGAGAGCTGC PRI TN SR A5 1
B - actin f GAAGTAGCCGCCCTGGTTG HAFRIKIIT NS NG
B —actin r CGGTTAGCCTTGGGGTTGAGGGGAG ALFRIR T NS TG 1Y)
2 HBRES 1) WA H 5> 70 41 kD, A5 R0 6. 93, SignalP 4. 1

2.1 Lv-SPE[R cDNA FISMEREMEEFERTT v-
SP FHALE 141 104 bp 9 ORF X, Zrhid 367 &= F:R (K

Server T2 5 7R : Lv — SP & BEMR ¥ 51 & Fk v & A 23 4>
FEMRWE SRR, [F A TMHMM 2. 0 i 87 Lv — SP AL
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TAIMush & HEAE R . SMART Hill 45 % @ 7% Lv - SP &5 1 &

TryP — SPe Z5Hadslkr, A0 8 SP 5005 3 AR Y S B A

51 A clip ZEHIBRA | AN EIRSFHG TryP — SPe Z5HIBR, 5 BR(His) \KACERR(Asp) FIZLEA (Ser) , LML = IR %
clip Z5HIo 6157 6 AL BCERR, TEIEAR 3 A Bl 5 IR,

1
1
31

631
241
T21
271
811
301
901
33
991
361
1081

fa5hk

|M NLEKUNQGASTIULTLTYY¥SILATVISATVYA AI EQQ AIGQG
GGAACAGCAAGCCATTCAGGGT

P G Q REEIY P Vv sp[CJpPPLRDRLLEGSPTEES SFE
CCAGGATGCCAGAGGGAGGAGTGCGTCCCGG TG TCCGACTGCCCTCCACTCCGCGATCGCCTGCTCGAG TCTCCCACAGAGGAGAGCTTC
K EIRRLTITICFIREKVW¥YRE®PUWIICPP ALPPRPTTPP
AAGGAGATAAGAAGACTCACTTGCTTCATCAGGALATGGAGGCCATGGATATGTTGTCCTCCCGCGCTTCCTCCACGTCCTACTCCICCA
KL T@Q@ SLLPUNDTCGTFSSTYTV VPV AEGETETYV¥PLINS STY
AAGTTGACGCAGTCTCTCCTTCCTAATGACTGTGGATTTAGCAGCTACGTCCCAGTCGCTGAGGGAGAAGAAGTCCCACTCAACAGCTAC
P ¥NAVLQYXKDTIOSKGEKLUNTDRVYHCSGSV VIUNTID
CCGTGGAATGCAGTTCTGCAG TACAAAGACATTTCAALAGGAAMACTGAACACTGATCGCG TACACTGTTCAGGATCAG TCATCAACGAC
R Y VL VP AMCAFEXNLTITVYDRGLETLTYETVLVYGEHYVW
AGATACGTTCTTGTTCCTGCTCACTGTGCCTTTAAAAACTTGACAGTGGACAGAGGACTAGAGTTAGTCGAGGTTCTGG TCGGGGAATGG
D TS TDPDCTUNGSU RKRIRHACAPTPTYVQRTFALVYVETETY
GACACCTCGACGGACCCCGATTGCACGAACGGCAGCAGAAGAAGACACGCCTGCGCGCCCCCCGTGCAGAGGTTCGCCG TTGAGGAAGTC
T LHPDFFARGVYLSD[L ALLZRLIRRPTIDTFTEKMALA
ACTCTCCACCCGGACTTCTTCGCGCGCGGGG TCCTCTCCGACGACCTCGCCCTCCTCAGGCTCAGGAGGCCTATTGACTTCAAGGCGGCC
A 6 FIRPYVYCLPRVYDSPAEVVL ADGATILTS SUVW¥WN
GCGGGATTCATTCGGCCAG TG TGCCTCCCGCGCE TCGACAGCCCCGCAGAAGTAGTGCTTGCAGATGGAGCCATTTTAACCAGCTGGAAT
A T SHRPRUNHTILSY VDK ATCDI KT VLI RTDTTFTVHNE
GCGACGTCGCACAGGCCTCGCAACCACATTTTG TCGTACG TTGATAAGGCCACTIGCGATAAGG TCCTGCGAGACACTTTTG TTAACGAG
Q I C M Q ¥ A Q 6 PP DF S5 A Y G G P L XV YD AEKTERKTYS
CAGATCTGCATGCAAGTGGCCCAGGGGCCCCCAGATTTCTCCGCCG TCAGCGGAGG TCCGTTGATGG TG TACGATGCALLGAGG TACTCC
YTQF G ILTIGE K SRNSDTILEPGLTFTTYTITPPTYVQYVW
TACACTCAGTTCGGCATCTTGATCGGAAMATCAAGGAACTCGGACATTCTGCCTGG TCTCTTTACATATATCCCCCCTTATGTCCAGTGG
I EETLRP %

ATTGAGGAGACGCTGAGGCCATAG

T M G ITEFRIRF S Ik, BRE T RIZETR clip S5HE, 206 T RIZFEIR TryP - SPe £5H93, BAEATTHERIR 6 A FIERR(C) , ZLA TR R 4
RAIR(H) KAERR (D) FLZERR(S)
Note : The sequence in blue box represents the signal peptide,the clip domain is underlined by black line,the TryP — SPc domain is underlined by red

line, the bases (C) in black box represents six cysteines and the bases in red box represents histidine (H) ,aspartic acid(D) and serine (S)

B 1 Lv-SPEREHK cDNA FIIRENEQNEERFT]
Fig.1 The ORF cDNA sequence and the corresponding amino acid sequence of Lv — SP

2.2 Lv-SPHISZEFIILT R EESTT Ff Lv-SP
IR Y5 HALYFp SP & IR T 5017 £ 5 Hext (1 2)
KB, 12 F SP K SPH ¥ 44E & (/KT L BA B oM
Ik, H—LWEAGERAEMER: Ly -SP HAS®EN
XU | AR GBS AR DU LA R, SR OC &R LA, i Ak 2R
— AR 5 TS e N Y OB ZOC R TG (1K 3)
2.3 Lv-SP EEMBALRRIESH FIH RT - PCR 4347
Ly — SP RPN RIH AP i R IB K S5 R IR iz B 7
S E X UR %) 0 20 i P B8 4 9 NS B R
rh A SR I 4 A Y BRI R EGE, A O AU SRR E IR
(K4),
2.4 WSSV ERIAMEITE Lv -SSP EERZEZHE
Mg WSSV Py N TR YL i 46 45 3 87, v 5 WSSV J5
24 hZ PN Lo — SP SERIAEIRI6 20 A% B 41 (0 2k 34 3% 1A b
Al BRI SS 48.0 h A1 72.0 h, Ly - SP B H Ay AT
AN E EIER(P <0.01) (& 5), B HEN Lo - SP 5
FIRETE S S I 2 5 T 2% WSSV ) S y2 B A S
3 £ig5iFie

HEICEHESIYI R, & clip Z5H3800 22 &R B H RE S5 R
BYFERR IR B RN B E SR A5 5 G006 S Ry R R #R A T
YER , BRI T 22 2R 8 (1 B A 15 1B sh P vh i VE F AL B i

WD BT R A 2 & W& A clip 2589
A 6 ARSI R R, 0T LB Y 3 A w78 i ko o
TEREAF RN Lo — SP I it i & LR HAA — N LA 55
JRE5H , R EAE AN T DIRE , HE LN clip 45 R 3R&
A 6 AMESTIRE R R , 7T LB AL 3 A~ Rk, B s i 3
AR B IS5 R R RE R A A, clip 4544
BT BEFRAIL T —AN AR R RS R R U
Wy e R T RS 0 A DR TR A RO (A A SR 4
FIVBGR U5 1) FBAL AT LY Bl A . ) A 2 o0 i
SMART Hitiill : Lv — SP 1) C %ty 2% 4 ¥ Tryp — SPe &3, H
AL =i S His, Asp FI Ser 1% 3 MR IERRIE IR, %45
P 3k 2 BT AL AL B T RE . X9 3 AR 1) Lo - SP
FIREJE T2 AR E A BEE N R i H i 2 o K Lv - SP 2K
FFF1#E NCBI Hit 4T Blast P X}, 45 BB zEH S5 H
M Rh g SP 7R [ REA 40% ~ 80% [ AH{BLEE , 76 HF 2 b AH
LEHER R 60% LA I, I ALY BATEBARSF Y clip 546 3800 SP
S5 (Tryp - SPe) . ZHTH IR , 58 1) SP 515 H A
WA AL T B, 1 & AT clip 2543 SP £ E S
GEN A . Ly — SP 5 A XTI SP FIC e i FLAN I
XHUR Ly — SP2 7ERIERRIFA L2 57, R E M TERRAE A1)
fiE_b ] RERI AR AT AE %5t 3 DX iR 5 P 1 Lo — SP KR ]
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RELE S e I i e v 45 3 AN AR B2

Lv SP 1 LENQG ASILLWSLAVISAV

Ly SP2 1 RQRPS TST]

Fe SP 1 RQRPS ST

Es c-SP 1 SK AWCGY]

Pm c-SP 1 KQRPS TSP

Ha SP T MRUWSREVTR—AWLLVSL|

Sp SP 1 GR

Ag SP 1 MAKY|

Ad c-SP 1 VART|

Pt c-SP 1 WR VCCSL

Dm_SP 1 ISRC FV|

At SPH 1 ———————— MAQTTCNKQCNITLT--LCDLESFVLVLLVSNVSS——QWVIEDEGCRTPDRGRGDS

Lv SP 54 ~FKEIRRLTEF-TRKWRPWI@ P 99
Lv SP2 52 IRELQKEYT@F - INRREPV{Re8ZA 98
Fe SP 52 ~IRELQKRT@F - INRREPY 98
Es ¢-SP 55 ~TAEQTVRAMLBGGGGGRDLR 110
Pm c-SP 52 ~IGELQART@F—INKRQPY A p 95

Ha SP 61 —~AGIMAVQR p 114
———IKVVQE ¢
VLSEDEIDYLRKLQ
VLSEDEVDYLRQLQ)
GWEIIVREMT
~—ESQTSGQSVPADYASYLQKI
——QSPT——PITPKVQERLKQYM|

®AFKN-LTVDRGLE
®VNAN-ILNERELE
®@VNAN-TLNERELE
@VHRNFTNSLG——Q
@VNAN-ILNERELE
®ID——TNSLRGRR

81 ANK-KLDE-GER
8LANK-KLDE-GER
; HRNFTIPSGNGD

Lv SP 172 249
Lv SP2 168 239
Fec SP 168 239

Pm c-SP 165 242
Ha SP 184 257
Sp SP 150 226

Ad c¢-SP 167
Pt c-SP 182

240
253

At SPH 188 262
Lv SP 250 |y § 317
Lv SP2 240 [§ 313
Fe SP 240 I§ 313
Es ¢-SP 252 325
Pm c-SP 243 Ig 316
Ha SP 258 | 330
Sp SP 227 Iy 300

Ag SP 245
Ad c-SP 241

317
313

Pt c->P 254 ¢ ¢ CIgG C 327
Dm_SP 242 ITDELKQQAEQIN TYF] QANVISLQPRSA@SQAFRR— —SVPLT( ele C 315
At SPH 263 GSSRTYDFVNNNNKGV| G S C CINGG SO TN 342
Lv SP 318 [@E

Lv SP2 314

Fc SP 314

Es c¢-SP 326

Pm c-SP 317

Ha SP 331

Sp SP 301

Ag SP 318

Ad c-oP 314

Pt c-SP 328 (e G

Dm_SP 316 EEYuC ] G QE CG /| TDTMASHGL

At SPH 343 [ge G G A 'f DLNNIQ@**

T Lo SP2( FLYHE X IF AFW98996. 1) 5 Fe SP (1 [ BA Xt B, AFW98989. 1) ; Es ¢-SP ( 48 45 % 8, AKN46053. 1) 5 Pm c-SP ( BE45 4 IF,
ACP19561.1) ;Ha SP( i /& H, XP_018023883. 1) ; Sp SP (/< 75 8, AUC65357. 1) ; Ag SP ($& I, AAD38334. 1) ; Ad c-SP ( K 45 #i¢ L,
ABE97918. 1) ; Pt ¢-SP( =JitR 171 ,AFA42362. 1) ;Dm SP( i, XP_017144359. 1) ;A SPH(/)Ng55 H1 1, XP_019880096. 1)

Note:Lv SP2 ( Litopenaeus vannamei ,AFW98996. 1) ; Fc SP ( Fenneropenaeus chinensis,AFW98989. 1) ;Es c-SP ( Eriocheir sinensis, AKN46053. 1) ; Pm
¢-SP ( Penaeus monodon ,ACP19561. 1) ; Ha SP ( Hyalella azteca,XP_018023883.1) ;Sp SP (Scylla paramamosain, AUC65357. 1) ;Ag SP (A-
nopheles gambiae ,AAD38334.1) ;Ad c-SP (Anopheles dirus,ABE97918.1) ; Pt ¢-SP ( Portunus trituberculatus ,AFA42362.1) ;Dm SP ( Drosophila
miranda ,XP_017144359. 1) ;At SPH (Aethina tumida ,XP_019880096. 1)

B2 FANEXER Ly -SP 5SEMMAH S ERF I S ELLI
Fig.2 Multi-alignment of Lv-SP with other SPs from different species
Lo - SP BER LRI FHAE S BT RE 0 TN AL DB SR as B, X AP e LB Wik 22 S v G 7 B b 2y
RO WEN S, Lo - SP EETE LN X IR BA —&E B Lm2ES Lo - SP ﬁlﬁfﬁ*ﬁ@%ﬂ%ﬁﬁfﬁﬁﬁﬁi H 2
L KRR e, TE AN N RS A U RO S TR B A 56 7 U SR ATt P 4 e ] 1 He A
O R IA B AR AR, I 200 R A AR B Y i e A 2 IR SR I AR P R
SRR R P DA I A P ) i U A — R A
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100—— SP (33 A gambioe )

L oSP (k% A dirus)

SPH (JNEF W & A tumida )

SP(3R#%& 1 mirondo )

SP (3% 2 & A ozteco)
5_4‘—’:0—813 (P LB ANE F. sinensis)
100 CSP( =AM F#E P trituberculatus)
SP (4R

3 SP (BE 44T 2 monodon )
100 SP (Y EBARTSF £ chinensis)

100" SP2 ( FLghiZATEF L vonnaner)

F#& S poramonosoin )

_
0.1

A SP ( LhiEstET L vomnanes )

3 FLEXTER Ly - SP 5 H A7 SP By R £ 54T
Fig.3 Phelogenetic analysis of the Lv — SP with other SPs from different species

450

350

mRNAER A F
Relative expression
level of mRNA
N
2

A

Hemocytes

LA

Intestine
iz
Nerve
Muscle

Hepa topancreas

2B4% Tissue

El4 JLAAEXMR Ly - SP ERARRIESF

Fig.4 Expression analysis of Lv — SP gene in different tissues

21 WSSV
B TN buffer s
18F
\Ng
O "5
Y EE 1
W
+ 8% 10}
£
ﬁ:% 6F *ok
3"
2

0 0.5
B SR Time post-infection /I h

50 120 240 480 720

5 WSSV E/FNMETER M Ly — SP & FE # 3 R
K8
Fig.5 Relative expression of Lv — SP gene after WSSV challenge

in hemocytes

HSEsh Yk = PRAFIE G R G, HAEIKEE A B RIR s
FRYGEARARBUI A5 Tl LRI A AR o XFHF WSSV & —Fh5t
TR R RE , L0 3 AR T N T 48.0 h Nl 2x
BRI BIFET A R R O G e B P N2 WSSV R e
FIRBACRHE A5 A B TR ZEE I AED U 35 e e 1y 2 3o 7
HRIPEH] . REIIE R 27 K A A W A DI 2 T A s e )
Hré SR R Lv — SP Rk PBAT B0 R 50 107 2500 75 1= U )
fiEIZBFFE R gPCR FA , LA WSSV YL 5 HoAg Gk ik
K- BORAETR N BE S A BEEE DN (TP A NS 2RI it — 27
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Table 6 Results of microbiological detection under different storing

periods
g AT B B H B R
I 3k H
JS‘;JEEETIET] Total number Total number Number of
i ora/g/e d of bacteria of moulds coliform groups
1me A~/mL A~/mL A~/mL
0 2 0 0
30 8 6 0
60 29 12 0
90 51 20 0
120 81 28 1
180 98 30 2
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