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A T AR K, AL S8R B POR (GPCR) o 3£ 43 T 3 4 40 41 4L 7o
NERERENERLATNER. AVELRFAMERZEEALK 1249bp, FHIF A
(ORF) X ¥ 1005 bp, 5-UTR # 156 bp, 3’-UTR 4 88 bp, ORF [X %42 334 MR 2, 4
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B e LR FHEE M K S Ny . B S ALl R SE . 22
FA R 1 T B LA o) ) 45— JR 8 B i A TR
J 22 5 R IR G B8 SOV, A 45 I AR 2
BEAR . PUTA ARG B . 200 O 20 B R 2R Ak S g A5
HE, RS2 AR TR I N BE T 20 i A 24
AR ARG I, DAL TBORAS = Rl fish &
T, RASEOREMIET,

1 SE AL T LG R 4E (prophenoloxidase-activ-
ated system, proPO-AS) &2 i By & AL EF R (proPO) .
A LS (PO). Py ALBEIG M (PPAE). 222K
G (SP). AR U AR 1R 1 A ) 50
) — DA, R G, X — it BT &
Eh ) I AMASOE AR . BT A SR
1 4 FpE LS, ALFE TR YR | Y
EAL TGRS 2R A B (PAP) RUTIRIE A R, 8
i B B B N BT PAP BiIR . FEET 25
T PAP 3T B S8 AVt it L S 22 B R A 11 it A1 o) 57
XF PAP (4| . PPAE. SPH I ZE [ il Xof M 41k
PG R B A EEARH, G By A A BREOS
K F- (PPAFs). BATTAL & i BEARSF Y C Wi 22 24 1R
A H RSN N s 2 5 D RERY clip 254458,
Ho clip &5 F38k — 47 30~65 AR, %6
A BEARSF I e R R L, B 3 A
XA G5 A L ICHE T B sh W Y SP A1 SPH Hh ) iz
KW, iz AT DA g R ) H At R R AT
WHEDIRE . A2 E R W 72 sh ) 5 IR EE AR (Proc-
ambarus clarkii) MNP EEEOF 7 fE T—Fh PPAFY,
HAEAREHIMNE VR BINFERT, 52 proPO
2400 A WG RS PO, 7E 518 (Callinectes sapidus)
e FE R 1E T 4% PPAF 1) cDNA™, 7£ H AR &%)
¥R (Marsupenaeus japonicus) " % 8K M AT DL
522 3K pseudo-clip SPH™, KT3I X HF (Penaeus mon-
odon) ™ (%) SPH A DL A& #5240 Mo 25 B 31 F0 5 8
SR (Yellow head virus, YHV) AHZ5 & R T ",
o E B XS BR (Fenneropenaeus chinensis) ¢ clip 45
T4 35 1% SP F1 SPH A LA & 62 9 18] (Vibrio anguil-
larum) BRI A< 5255 DN LGN I5 0 I i 40 i o
SEMERRAE T — B Lv-SPH, T T H T4
S SHB AR, 38T T HZ WSSV {2 L)
TR, BFSE S R IR AR HAE iz
] R DR X W I oy 257 3k A v 8 A P AL 2
7%, WA HE R TR R £ R SR A A
BiiiE o
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1 MRS TE

L1 SEREMRE. 5T SR

Fsdh  LANEXTIF (K 10~15 cm,
PRI 15~20 @), W T RAH OO, X IR B o, 78
GRS HR 6 d, il N S 1 A T
TFRESE5:

5256 4K, 7 TRIzol (Invitrogen, 3¢ &),
GoScript™ Reverse Transcription System (Promega,
%), GoTag" Green Master Mix (Promega, 3E[E),
AceQ” qPCR-SYBR" Green Master Mix (Vazyme,
), AR 24 S [ = B 3 A Sl

£ AL B Veriti™ PCR ¥ (Applied
Biosystems, 3£[E), NanoDrop 2000 (Thermo Fisher,
FEH), GRBEE.LHL (Eppendorf, fEE), fifE
W 4% (Eppendorf, 3% [H), LightCycler” 480 Sys-
tem (Roche, Fi+:), Gel Doc™ XR+ii{% &4t (Bio-
Rad, ), SEKREH (SX-5002, HA) %,

1.2 FLYTEXTER S RNA $2BUF0 cDNA &A%

18 R fg e FLAN X IR -3 4300 3 A FAT4,
B I A e . AR . B BAaE . B L O
M. s WEUK R LN SE SR 9 R a1 g, FIH
TRIzol #4541 4LfY i RNA, 4 1% MOPs Biflf
W B B HL Dk 5 Ak A% R A I % {Y (NanoDrop
2000) AT M FE A, —80 °C fRAEFT . AR
$& GoScript™ Reverse Transcription System i 45,
DL 2 ng #4415 RNA b e 7 s, FH k5|
¥) AOLP F1 BDA & il ¢cDNA, DL ML 44 5 XF &F -
actin YE WS FL K cDNA fite, ¥ I45[490
Actin-F 1 Actin-R (& 1),

1.3 Lv-SPH £ cDNA B [&

FE LI B T S A A ST A RS T, AR
MRS RN, & it I 2 HE (open read-
ing frame, ORF) X F¢ 5145149 Lv-SPH-F . Lv-SPH-
REIY G, P EARE A IMAN cDNA Rtk
P44 Lv-SPH, FIFH PCR J5 kb AT 18, [ 4%
. 94 °C A5V 4 min; 94 °C Z84% 1 min, 65 °C
i K 1 min, 72°C %Ef# 1 min, 35 PMEH, 72 °C
SLIEAH 10 ming 4 °C iR . TERERRAE FLAN I X iR
Lv-SPH 1] cDNA 5% ORF X 5%, 5 7ip ik
pMDI18-T 4%, PRIPH M vw Bt A7 7 4630F o

14 EYEEZSH
N FHAE 8 %K F BLAST # Lv-SPH (GenBank
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Tab.1 Information of primers used in this study

£ eIk SI¥IFEA1 (537
genes primer names sequences (5'-3")
BDA 5'-AAGCAGTGGTATCAACGCAGAGTACGCGGG-3'
AOLP 5'-GGCCACGCGTCGACTAGTAC(T)16(A/C/G)-3'
p-actin Actin-f 5'-ACAAGATGTGTGACGACGAAGTAG-3’
p-actin Actin-r 5'-GGATACCTCGCTTGCTCTGG-3'
Lv-SPH Lv-SPH-F 5'-TGCCCAGACTACAGAACAATG-3'
Lv-SPH Lv-SPH-R 5-GGTTCTCACTCTATGTTGTTCTT-3’
Lv-SPH Lv-SPHqF 5'-CCAACCGAGGAAGAGTGC-3'
Lv-SPH Lv-SPHqR 5'-CGAAGTCACCGAGACGAAC-3'
f-actin f-actinF 5'-GAAGTAGCCGCCCTGGTTG-3'
p-actin p-actinR 5'-CGGTTAGCCTTGGGGTTGAGGGGAG-3'

S . KR020739) 5 GenBank H 1) 4% R 3 511
FE S 9 S R 3 51 64T L X 38 i ExPASy
FELE T HATE Ly-SPH TR 114 53T A4 L A
Signalp 4.1 Server K /F #1715 %5 k5347, SMART
TE LR A 43 B 86 11 T B S5 AL SR D e 467 A5 . R
Clustal-X Fl MEGA 5.0 #4472 J5 51 Lo X Fl 5R
HKohr, RE AR K H Neighbour-Joining 77 1
Fyat,

1.5 Lv-SPHRY4RARIES R

S I8 BN, A6 RMAIZIUEN 141,
3 AFATH (n=3) LIRFE R4 412 cDNA
MR, LA Lv-SPHQF F1 Ly-SPHqR i H (5L K 1
5149, FIH qPCR W73 4T Lv-SPH AR [R| 2041
P RIRIENL, LA B-actin WIS IEH, NS I
Y 519K B-actinF A B-actinR (2 1), [N FEFF -
95 °C FiAL Ik 2 min; 95 °C 28 155, 60 °C il k
60s, 40 MER; FJ4 60 °C FHEF] 95 °C,
MEF T 0.5 °C ATt Ze oA . B dkis
IR ARG M E R 2722 3B, R TR
B0 H B FER Ly-SPH 255 i 351

1.6 ATEE WSSV XF JLYEXTER Lv-SPH 3R
oA

T FHXTER WSSV F 5050 % & 4R R4 L, S0
A FC ) KT A TN 22 MO WSSV Tl I 22 75 2L
MU BE (10° A/uL 948 L), FFORAFE T 4 °CTF .
TE A FLAE XTI, B R SEEn 2 | X R
MIZs 4, BEAIVEE 54 R ARRE M FLANEXT IR, ff
FH WSSV X} JLANEE X HREAT N TGS, SE5G 2 A

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

FEXTUR A BT 10 uL WSSV & (10° 4~/uL By 1),
X HR 2H A R XRS5 10 uL KB TN Z5vhi, a5
HXFHRTCATA I 5 o s (A R i A e, IR7E
SR 6 NIFIE] S (0.5, 5. 12, 24, 48 F1172 h)
A3 S BEHL 5 B 9 & XoF R £H R0 52 56 4 X6k 9 iy 400 i
53 BRI N 14, 3 ADFATH 0=3),
PRI B RNA Jf S 5% 8 ¢cDNA. LU e flisE
S [ ) 05 A4 140 D cDNA MR, H AR
NS IE K (9 845 | W TR “Ly-SPH (455047,
FI P 52 3¢ 5% 2 i PCR (qQPCR) 7 3£ 46 Ly-SPH
I WSSV 4t S22 Hill Y 4 FH X 3R 16 5 . qPCR I
BFEF . 95 °C W28 1 5 min; 95 °C 28 % 10 s,
60 °CiR K 30s, 40 MEH; AL I MER,
95°C 155, 60°C 1 min, 95°C 15 s JEA71 ARl £k
IMTe NS HRIG T AR, M 2™ Bk,
FRAS B AT 5, 0T Lv-SPH I AR ik &
JENF SPSS BT ¢ Ky, b 2E R E M (P<
0.05 FRzERRE, P<0.01 FREFWEE.

2 4R

2.1 Lv-SPH REREVERFEST

ARSI FERE AR T — T LA X AR SPH
(Lv-SPH) 4= ¢DNA J¥%1 (GenBank: KR020739),
%K 421K 1249 bp, ORF X} 1005 bp, Zifth
334 NEIHEMR, 5-UTR N 156 bp, 3'-UTR A 88 bp,
U H A TN 36.095 4 ku, FEIS SR S
4.84, @ EA 16 NEER(F T, @it SMART
(http://smart.emblheidelberg.de/) 7£ £k 43 #1, Lv-SPH

https://www.china-fishery.cn


http://smart.emblheidelberg.de/
http://smart.emblheidelberg.de/
https://www.china-fishery.cn

818 KopE OE R 46 45

i ) B 1A R 3 A — 1 clip 5 R4 BRI — A g B = HRARMEAR IS P07 250 His, Asp A1 Gly, H & i
SFHY SP 45 H4 (Tryp-SPc), Tryp-SPc 45 #4 e %) AU SPH 73 F HIRHE (B 1),

| agansataaaaggoaaaaagasastagtattt aaccttgtgagrooatgoposttttttttttaccacacst gracoagcattgoctcagan
1 L 1 S S S
91 acacaacctccaagotcgotoagocaagogottagttttogectgtocgot goccagact acagaacal TGCTTIGOE TGGGAAMC LATTT
9 LF VT AALEGvePrs§vsiccspecs §csgafbRr
181 TGCTG TTTGTC TATGOGGONS AMGE AT AGE T OGGCCOCT TOC TROS TCTOGE TGGG05G TTC ATACGEC AT TR THGATOGC 455C THAGT
39 L 5 v L 5 L W 5 g RDEP S ¥ g P F F S5 TP LGE§L L N T
271 GICTTTCT TACCTRAGTC TTG TCAR OCAGA GGAC GAFCTT TCTG TRC AFCOC TTCT TCAR CACEOOG TTGGGAG AGC A T THC TGAACT
69 ?SGIIP‘SKPLIPTEEEIGFSEPTGPQNDLQ
361 AOGTC TOGGGEA T T GOICTTOGALGOC TCT CAT T OCAMC GG A MG TORGCTT CTC TrAFCCTACT CTICAGALOGATCTTC
99 RRGP.WPWLAAVGKPFENTFLAL'GGSLITR
451 GGG OGCGETECATGECOGTGGTT M5C TEC OGTT GoAMMACCTT TOF AL ACACCTT TCT TOCATTATS TEGOSGATOCC TCAT CAC AT
29 RHEHVLTG¢asAJEITDQSGYNPYYVRELGDFDLS SR
541 GIOGCCATGTTCTCACASGARCCCATTG TAT AMCTGATCAG MG TS G TG TAAMOCCG TACTACS TTOGTCTCGE TR ACT TOG ADCTGAG CT
159 TDE&SH?DL?VVHHTNPGYSTTTHRDIISI
631 GUADGGACGAFGCTTCTCATS TOGA TCTGE TOTCG T ALC CACACTA ADCOGGEG G TATAG TACLMIG ACTCAZMGAG A0G ACAT ATCCE,
189 LTLERDYET FNDT FTIZRKEPUY¥YCLPFNTETSETETETLHZQ
721 TCTTGACTCTGGALAGGS AT TTGAATTCAL TEAC TTCATTOGACORG TCTGOCT TOC TTTCALMC TACUGG ARCS GG AAT TICTGAA TS
219 ELlL &AVYVYG&¢6¥T6¢ ETD ALALSESTG S EVP VTV LALATYL S Y VD
811 AMDGTCTTCCTGTTE TTGGCT 0G5 A0G ALC TEAC GOCCCAMS TTOS MGG G ATC GALGE T ACCAG TCGCAGTAS TEC TTTOOR TG T
249 LGAIQSTYDTLQYSFTLTDSQI'HGSESGD
901  ATTTGGGCGCATETC ASTOCACGTA TCACAT OCTGCAL TAT AR TT TCAOCT TCAC ASACTCOCAG ATC TG TGCASGCAG TG ALAS TOG A5
279 SIGGDIGGPLNYFDHNTRRFYVVGTVSLGV
991  ACTOC TETGGCGGTE ATSGOSGOGEGOCOCT CAL” TACTTCEATS TCAMCAOOCGCAG G TTCTACG TOS TOGGCA0GG TE TOOC T O5G O
309 GIGN&KFPG?YTRVGAYLRWIKNNIE*
1081 TORGG TG AT CAL AT TOOT MG 0G T CTAC ACACGAG TR GUFCCT A0CTO0G TTG GATC Al AN AN A TG M- TAs s acct e
1171 trctgacgoagogstzstt ot stttz act ctt ot sttt zaactt asz cag attt tagaacct gzant ttrazerazzsas

El1 FLYUEXER Lv-SPH HIZER 5 RS REBLF 5
B PIH GESIRT S T €T RIS PR CLBTRE R4 42 B olip S5 HIRI SP 45 H ks SRR3R R, T DUB AR R
B OB DM ER. KRR, HEM 3 MR RO AR SRR A H5 I AT A 45 K 1 7 2

Fig. 1 Nucleotide and deduced amino acid sequences of Lv-SPH

The signal peptide is marked by yellow shade; the clip domain is blue underlined; the serine protease-like domain is marked by gray shade; the green
shaded part indicates cysteine, which can form disulfide bonds; the replacement catalytic triad (H, D, and G) are marked as red shade, the black triangle

indicates the putative cleavage site for the signal peptide; the arrow indicates the putative active cleavage sites of the domain

2.2 Lv-SPH ZEFFILLXT R ARG H L 547 fRE AN (8 2). REHMLEIrEE R EN,

BLAST I HE LA B 3 Lv.sp byt Lv-SPH 5 FLURHEREER SPH 1) 3406 RRLIE, 1
A ity SPH A B 31%-74% oAbl e, sopy L TCLHROVII =505 SERahing sp 5L ik
Ej H ZIK%SH.E; SPH Iﬁlhﬁﬁ%% , ifﬁﬂ 74%; IEJHTJ. Zj]% SP %M@zjﬁ*jﬁfi, ﬁT‘EZjJ%J\\ EIFYJ‘I‘IJT\E%\

sinensis) %11 SP WA B & WFIEYE; 5 A (Homo ALY (B 3).

sapiens). AEMITIE (Xenopus laevis). 85 (Rat— 2.3 Lv-SPH WJ4B4A RIS #T

tus norvegicus) . V539 (Gallus gallus) W) H 8245 & AR SZH ) FH qPCR A B9 754, L B-actin N

BEE R MK L B MR E H M MASP) MU B . plydfl, % Lv-SPH 78 FLAE X 4 20 2 b g 4

s Ly-SPH %A MR Y 91 5 AR R XS U 5 A5 J 3k 4T T 4007 . Lv-SPH AEXTHFRI) 9 FH 21

AT Z Lo 2B, FETCEHESIY) T SPH (1) thg 4 A RIFLRE s, Kk BIEARE 48 h

*HMF*F%‘*&TEJ, e H AR MR FRUBE AR s 50% DL A il B 2s s, HoP7e M gn i b ik R,
. BAABARSFIY SP 254938 (Tryp-SPc), —Hk{K FERFIERR . OE. il . A —E BN RIS,

1&1’6&'@&,@* U Gly AMisy, 5E#Ep 2 TEMZE . BRANTEDK 2 h Rk Ak, 7ENLA L

https://www.china-fishery.cn R E K224 F 7/ sponsored by China Society of Fisheries
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538 Trogi, . PLOATEXTIR 22 IR A 11 R R Ak

(Lv-SPH) B FE % S G 28 Ioj 25 R AIE 819

JUNEEEE L. vannamei SPH
B F

BEAAIUE P monodon SP

B M Culu uinquefasciatus SP
FIAHEREN M. japonicus SP

SRS Riptortus pedestris SP

5l Holotichia diomphaia PPA-II

J:H (1% Hyphantria cunea CFP-1
TGYIHIL Acromyrmex echinatior SP
N H. sapiens MASP

ﬂu%m R norvegicus MASP

IS G. gallus MASP

i ,aumt X laevis MASP

AGTFHEF L vannamei SPH
WLA:J”IXI\L# F chinensis SP
U8 E, sinensis c-SD

f [P monodon SP

T L (ulev uinquefasciatus SP
H A #ext o] Japonicus SP
JREESER Riptorus pedestris SP
Wil Holotrichia diomphalia PPA-111
S ¢ m& Hyphantria cunea CFP-1

Tt UJM Acromyrmex echinatior SP z pPDQFEs R EI

B R norvegicus MASP

gallus MASP

N H. sapiens MASP F
M PFRGF!
5 G M P ERGF!
AE3IEE X Jaevis MASP F RFUGF

L. vannamei SPH
F. chinensis SP
T‘H:’f g E. sinensis c-S]
[ Y4UF P monodon SP
B rx (‘u/n uinquefasciatus SP
Tk ¥ Sapomicus s

% =4, Ryu/w/uvpm[e\/rl\ sp
W58 Holotrichia diomphalia PPA-III
[ (18] Hyphantria cunea CFP-1

TRPIHL Acromyrmex echinatior SP PQVP
A, H.sapiens MASD 4L RLSYRAAGNE
WHRE R norvegicus MASP v IHYTSTAQP
% G, gallus MASP v VM- TQRSLP 2
AEHINEE X laevis MASP v RLSYSVTGMP

o8 L. vannamei SPH
szmr F. chinensis SP

lex quinguefasciatus SP
M. japonicus SP

&k Riptortus pedestris S)
Wil Holotrichia diomphalia PPA- I]I
il lyphantria cunea CFP-1
T Acromyrmes echinatior SP
.. N H. sapiens MASP
WA R norvegicus MASP
505 G, gallus MASP
#REE X laevis MASP

mt;u..n C:
E

JUHERIUE L. vannamei SPH

FHEWIAR - F chinensis SP
FHEYEE  E. sinensis c-SP
SEVATEF P monodon SP

B n “ulex quinguefasciatus SP

TEATHE M. japonicus SP

wtr quu 3 pedesivis SP

Wil Holotrichia diomphalia PPA-IIT
[H (4R Hyphantria cunea CFP-1

fmtlJHHu Acromyrmex echinatior SP

. N apiens MASP NNLTTYKS

Wy EL R norvegicus MASP PEVTTYKA

G. gﬂ/hlt MASP PEKTTYSA

AL#REE X laevis MASP ENRTTFQS

St

Jug L. vannamei SPH
‘I‘\h\ﬂ AHUE - F chinensis SP
*1’%2’“‘ E. sinensis c-SP
BEATRIUR P monodon SP

mum 6}41(}'( uingucfusciatus SP

Japonicus SP
i ortis pedestris SP
i Holotichia diomphalia PPA-IIT

SLH F18%  Hyphantria cunea CFP-1
T UJM i Acromyrmex echinatior SP

N H. sapiens M.

R nopvegicus MASD
£ MASP

ihmmwﬁ X %ms MASP

ey

JUNERTER L. vannamei SPH
HH AR F chinensis SP
YRR E. sinensis c-SP [}
BETRTER P mor
FUREFERL  Cul Humq
H A iaponicus SP [
St i RL[JI()HL(\[/UI(HH\ sp o
, Holowichia diomphalia PEAJ 1l 3
SL[H B8R Hyphantria cunea CFP-1
Ty ”r fo Auomwrwx cchinatior SP
X H. sapiens MASP R

WRE R norvegicus MASP |}

U G, gallus MASP

R lenMAw

vannamei SPH
‘}‘U\JWJXJLT‘ F. chinensis SP
PHESLESR  E. sinensis c-S)
BEFIAUR P monodon SP

FEIEL  Culex quinquefasciatus SP
L1 AR ‘Z M. japonicus SP
SR Riptortus pedestris SP
Wt " Holotrichia diomphalia PPA-1I1
JelH E18% Hyphantria cunea CFP-1
TG Aummn«\ echinatior SP
1. sapiens MASP
KR n()t’\eguu\ MASP
JiHS G, gallus MASP
AENE X aevis MASP

ZO0ZZAXAZ-Z

~<H+ 00 H-EEEE

A-rCr- 00O MUTE<T

FLYESTER SPH (Lv-SPH) S5 E b 4% SPH & B0 % K5 tL %t

RO MR AR ERR, TTUIE R R, BE TR SP 45 3 ANENERL s [ B X UR SP (ACR15870.1), ARk E
# c-SP (ACP19733.1), BT 4 #F SPH (AAQ93679.1), ¥ #& & i SP (XP_001845946.1), [ 7 F& %f diF SPH (BAD34945.1), i 14 %% i% SP
(BAN21441.1), I5i# PPA-IIT (BAC15604.1), 3% [E (4l CFP-1 (AAL31705.1), M- SP (EGI5S7133.1), A MASP (D28593.1), #3% i MASP
(NM_172043.1), JE#% MASP (AY567828.1), i MASP (D83276.1)

Fig.2 Multiple alignment of deduced amino acid sequence of Lv-SPH with that of other species

The black triangle represents the position of cysteine, which can form disulfide bond; the black pentagram represents the location of three active sites in
SP domain; F. chinensis SP (ACR15870.1), E. sinensis c-SP (ACP19733.1), P. monodon SPH (AAQ93679.1), Culex quinquefasciatus SP
(XP_001845946.1), M. japonicus SPH (BAD34945.1), Riptortus pedestris SP (BAN21441.1), Holotrichia diomphalia PPA-IIl (BAC15604.1),
Hyphantria cunea CFP-1 (AAL31705.1), Acromyrmex echinatior SP (EGI57133.1), Homo sapiens MASP (D28593.1), R. norvegicus MASP
(NM_172043.1), G. gallus MASP (AY567828.1), X. laevis MASP (D83276.1)
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Koo R

46 &

100

A JLYNEXUF L vannamei SPH

=

HAZEXTUR M. japonicus SPH

100

94

R EBIXTER  F chinensis sp

26

PEFTGER P monodon SP

E. sinensis c-SP

RS

FIGZIE R pedestris SP
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Molecular cloning and characterization of a novel serine protease homologues
(Lv-SPH) in immune response from Litopenaeus vannamei

YIN Siyu', HE Yuxin', YU Jiao', ZHANG Yichen ',
LIU Yichen ", GENG Xuyun?’  SUN Jinsheng '

(1. Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Sciences,
Tianjin Normal University, Tianjin 300387, China;
2. Tianjin Fisheries Research Institute, Tianjin 300221, China)

Abstract: Serine protease (SP) is a kind of important and widely distributed proteolytic enzyme, which particip-
ates in a series of important physiological processes, including digestion, blood coagulation, embryonic develop-
ment and immune response. But there are only a few preliminary reports about SP in crustaceans. Shrimp farming
is constantly threatened by diseases. Further research on shrimp immune defense mechanism will provide clues for
finding new ideas of disease resistance. In this study, the full-length cDNA sequence of a novel serine protease
homologs (SPH) gene (Lv-SPH, GenBank accession number: KR020739) was cloned from hemocytes of Litopen-
aeus vannamei according to our previous transcriptome results. The sequence characteristics were analyzed by
bioinformatics method. Tissue distribution and expression profile in response to virus infection were dis-
cussed by real-time fluorescence quantitative PCR. Bioinformatics analysis showed that the total length of the
gene was 1 249 bp, the open reading frame (ORF ) region was 1 005 bp encoding 334 aa with 156 bp 5'-UTR
and 88 bp 3'-UTR. The deduced amino acid sequence contained a signal peptide sequence with 16 amino acids
at the amino end. SMART analysis showed that Lv-SPH contained a clip domain and a highly conserved SP
domain (Tryp-SPc), which had two of the three active catalytic sites (His and Asp), and the third one is Gly.
Lv-SPH was expressed in different tissues of L. vannamei. The main expression was in hemocyte, followed by hep-
atopancrease, heart and intestine. The lowest expression level was in muscle. Real time fluorescence quantitative
PCR analysis showed that white spot syndrome virus (WSSV) could induce the up-regulated expression of Lv-SPH
significantly. The relative expression of Lv-SPH increased significantly at 24 h and reached the highest level at 48
h, which was about three times that of the control group. Lv-SPH has typical characteristics of SPH family mem-
bers and has tissue expression specificity. WSSV can significantly induce the up-regulated expression of Lv-SPH
gene, indicating that it may be involved in the immune response process of L. vannamei induced by WSSV. The
results provide a reference for further exploring shrimp innate immune regulation mechanism, and have potential
application value in shrimp healthy culture and disease control.

Key words: Litopenaeus vannamei; serine protease homologue; gene expression; virus infection; innate immune

response
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