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(Fenneropenaeus chinensis) (Macrobrachium
(Penaeus monodon),
(Scylla paramamosain) (Liu et al, 2007,

Ren et al, 2009; Yeh et al, 2009; Liu et al, 2010; Fu et
al, 2012; Duan et al, 2013; Xia et al, 2013) ,

, GPx

rosenbergii)

>

(Liu et al, 2007; Ren et al,

2009; Yeh et al, 2009; Liu et al, 2010; Fu et al, 2012,
Duan et al, 2013; Xia et al, 2013)

0, 2016 125000

100 ( , 2017) ,
2004 ,

( ,2007;

, 2014a, b; , 2015; Li et al, 2013;

Wang et al, 2017)

GPx cDNA s

s GPx

1.1
[ (140+10)g], PCR

(Stentiford et al, 2005; Small et al,

2007a),
[ =30, =(23+0.5)°C,
=0—0.3mg/L, =0—0.6mg/L, pH=7.4—8.2]
1
) Small
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RNA
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( 1°C), 72°C
30s, 58°C 30s, 72°C
72°C
PCR
NUP , PCR
(TaKaRa , ) 5
pMDI19-T ,
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%1 AWRF 57 3’ RACE ¥ MK A EE PCR 5149
Tab.l1 The primers used for the 5'- and 3'-RACE and qRT-PCR

(5—3")
PtSeGPx-5gspl TCCACCTTGCCAAACATCTCCAT SRACE
PtSeGPx-5gsp2 CTCCTCGTGAGTGGTGTTTTCCTG
PtSeGPx-3gspl GCTDATCCAGAACACGGCG JRACE
PtSeGPx-3gsp2 GTCCTGGTAACAACTTTGAGCC
PtSeGPx-QRT-F GTCCTGGTAACAACTTTGAGCC
PtSeGPx-QRT-R ATGATACACTTGGGGTCTGCC ARTPCR
B-actin-qF TCACACACTGTCCCCATCTACG
p-actin-qR ACCACGCTCGGTCAGGATTTTC aRT-PCR
L CTANTACGACTCACTNTAGGGCAAGEAGTGOTATCACCAGAGT 5 e
NUP AAGCAGTGGTATCAACGCAGAGT 5" 3'RACE
14
MUSCLE PtSeGPx 6 12 24 48 96 192h
GPxs (http:// , 5
www.ebi.ac.uk/Tools/msa/muscle/), Lasergene ,
MegAlign PtSeGPx , Li (2015a,b) ,
GPxs MEGA 5.0 5
(http://www.megasoftware.net/)
PtSeGPx , PCR
GPxs 2 , PtSeGPx
InterPro(http://www.ebi.ac.uk/ ( ) >
interpro/)MotifScan(http://myhits.isb-sib.ch/cgi-bin/mo PCR 1,
tif scan) PtSeGPx 1%
N- NetNGlyc 1.0 Server PCR Rotor-Gene Q 2plex HRM
(http://www.cbs.dtu.dk/services/ (QIAGEN, ), 25uL PCR ,
NetNGlyc/) PtSeGPx 12.5uL SYBR Premix Ex Tag 11 (2x) (TaKaRa,
Swiss-model(http://swissmodel.expasy.org/) Japan) 10pmol/L 0.5 1pL cDNA
, LasergeneR 10.5puL , 3 PCR
(DNASTAR Inc., USA) EditSeq : 95°C 30s, 95°C 5s,
1.5 PtSeGPx 60°C 30s (40 ) PCR
PCR )
PtSeGPx E=10C"lop) PCR
, 70% (Rasmussen, 2001) 2 A (Livak et al, 2001),
(n=40) S-actin mRNA
100uL Nephrops (Liu et al, 2013; Li et al, 2015a, b)
(Shields et al, 2000), 10° / 1.6
; (n=40) + (mean£SD)
Nephrops , , SPSS 20.0
(Li (ANOVA) Duncan
et al,2015a, b) , P<0.05
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R2 KARFATFIISE GPx REARKFT
Tab.2 The members of GPx family used for sequence analysis
GenBank
GPx KY216076 Portunus trituberculatus
GPx AENG69448 Scylla paramamosain
GPx ADV17661 Macrobrachium nipponense
GPx ACM68948 Macrobrachium rosenbergii
GPx AGJ03551 Exopalaemon carinicauda
GPx ACF25900 Chlamys farreri
GPx ADRS51677 Meretrix meretrix
GPx ADY38576 Mpytilus galloprovincialis
GPx ANGS56607 Sinanodonta woodiana
GPx ACU83220 Ruditapes philippinarum
GPx ADF80272 Haliotis diversicolor supertexta
GPx1 NP_001088896 Xenopus laevis
GPx3a NP_001085319 X. laevis
GPx4a NP_001165215 X. laevis
GPx7 NP_001088904 X. laevis
GPx1 NP_001007282 Danio rerio
GPx2 NP_001316688 D. rerio
GPx3 NP_001131027 D. rerio
GPx4a NP_001333466 D. rerio
GPx4b NP_001025241 D. rerio
GPx7 NP_001018337 D. rerio
GPx1 NP_032186 Mus musculus
GPx2 NP_109602 M. musculus
GPx3 NP_032187 M. musculus
GPx4 AAI06148 M. musculus
GPx5 NP_034473 M. musculus
GPx6 NP_663426 M. musculus
GPx7 NP_077160 M. musculus
GPx8 NP_081403 M. musculus
GPx1 AAHO07865 Homo sapiens
GPx2 AAH22820 H. sapiens
GPx3 NP_002075 H. sapiens
GPx4 AAH39849 H. sapiens
GPx5 NP_001500 H. sapiens
GPx6 NP_874360 H. sapiens
GPx7 NP_056511 H. sapiens
GPx8 NP_001008398 H. sapiens
(GenBank KY216076)
2 PtSeGPx cDNA 696bp,
2.1 PtSeGPx cDNA 507bp, 168 , S'UTR
RACE 102bp, 3'UTR 87bp( 1) , cDNA
SeGPx cDNA , ATG TAG poly (A)
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1 PtSeGPx (D,
(220TG Azzz) (40U), Gln(74Q) (142W) 2
(Allmang et al, 2006) (R '"®R) (Aumann er al, 1997)( 1) ,
(Yeh et al, 2009; Liu et al, 2010; Duan et al, 2013), (Yeh et al, 2009; Liu et al, 2010;
PtSeGPx GPx Duan et al, 2013),  PtSeGPx 2
641 AFPCNQF” IS2WNFEKE' ONTT™® 108NGT110( 1

ACATGGGGACTCAGTCACCACCCAGACCTGACGGAGGATACA 42
GCTGCTGCCTCTTCCACCACCACCACCACCACCACTACCACTACTACTACTACTACTACA 102
ATGGCCAGCCGTGTTAAGTCTTTCTACGAGCTCAGTGCTAAGGCTCTCTCCGGTGTGGAG 162

MASRVKS SV FYELZSAKALSGV E (2
GTACCGTTCAGCAAGTACCGTGGGAAGGTCGTACTGATCCAGAACACGGCGTCTCTCTGA 222
VPFSKYRGKVVLIQNTASL(40)
GGTACGACCACGCGGGACTTCCTCGAGATGAACCAGCTGATCGAAAAGTTTGGTGACCGT 282
G TTTI RDVFILEMMNA QLTIET KT FGD R (60
CTCGCAGTCCTCGCGTTCCCCTGCAATCAGTTTGGTCACCAGGAAAACACCACTCACGAG 342
L AVLAFZPC CNA QFG GHU QENTTH E (80
GAGCTTCTGAGTTCCCTGCGCCACGTTCGTCCTGGTAACAACTTTGAGCCCAAGATGGAG 402
ELLSSILIRHVRPSGNNTEFEFEUPIKME (100
ATGTTTGGCAAGGTGGAGGTTAACGGAACGGGCACCCACCAGGTCTTCCAGCTACTGAAG 462
M F GKVEVNGTG GTHA QVF QL L K (120
GAGGCGCTGCCGTTGCCCGTGGACGACCCAGTGAGTCTAATGGCAGACCCCAAGTGTATC 522
EALPTLUPVDDZPVSLMADTPIKC I (140
ATCTGGAACCCCGTGACACGCTCTGATGTTGCCTGGAATTTTGAAAAGTTCCTTGTTGAC 582
I WNPVTRSUDVAWNTFEFEIKTEFEFTL V D 160
TCCAGCGGCAAGCCAATTAAAAGATAGGCAGGAAATTGAGAAGAGATAGGAAGGAAATTG 642
S SGKPTIZKT R (168)
AGAAAAAAGATAGGAAGAGGAAAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 696

1 PtSeGPx cDNA

Fig.1 The nucleotide and deduced amino acid sequences of PtSeGPx
ATG ATG , GPx (“*LAFPCNQF’" ("*WNFEKF"")

(740) and Trp (142W) (90R’ 168R) , (40U)
(76NTT78 IOSNGTIIO)

, PtSeGPx 18.8kDa,
7.98, 3 « 7 B
, *U) al B3
(2 ;
GPx 5 a 5 B
(Xia et al, 2013) , GPx
5 o 7 §
(Yeh et al, 2009) , GPx

2  PtSeGPx

Fig.2 The predicted three dimensional (3D) structure of
PtSeGPx
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2.2 91.0%( 3) , PtSeGPx GPx
, PtSeGPx (**LAFPCNQF™)
SeGPxs (>70%)  ("*WNFEKE'"") (*u)
GPxs (30%—60%), GPxs
SeGPx ( 3)
GPxXEZF2RI
PcGPx MSATESFYELSAKALS-GELVSFEE YQGKVVLIENT ASIUGT TTRDFVOMHELKEKFGND - LEVLAFPCHAFGHOERN-TEEELL 82
MnGPx MSATESTYELSAKALS-GEMVSFSE YEGEVILVENTASTUGTTTRDFLOMNELEDEF GDA-LEVLAFPCHIF GHUENN-TEEELL 82
MrGPx MSATESF -GETVSFSK YEGEVILVENT AAL UGTTTRDFVAMRELKERFGDA-LAVLAFPCHIFGHOERN-TDEELL 82
SpGPx MADSV) -GEEVPFSE YEGEVVLIQNT ASI UGTTTRDFLEMRELTEEFGDN-LAVLAFPCHAFGHOENT-THEELL 83
PtGPx SRVESFYELSAKALS-GVEVPFSK YRGKVVLIANTASI UGTTTRDFLEMHQLIEKFGDR-LAVLAFPCHOF GHQENT-THEELL 83
MgGPx MEDIRLESPASTENFHOFSAFHCVLIIKVRFSD FEGEVILVORVAST UGTTVREDF TAMNELI DEFGDE-LVILGFFCHAF GHOENG-HGEEIL 91
SwGPx MAVESPVELANFFELT AKTLN-GQEVNLSK FEGEVILVERVAST UGTTVEDFTQMHELASKFEGE-LVILGFPCHOF GHOENG-NHEEIL 87
DrGPx1 MAGTMEEFTDLSAKLLS -GDLLNFSS LEGKYVLIENVAST UGTTVEDY TQMNELHSEY ADQGLYVLGAPCHOF GHUERC-KNEETL 84
MmGPx1 MCAARLSAAARSTVY AFSARPLTGGEPVSLGS LEGKVLLIENVASI UGTTIRDY TENNDLAKRLGERGLYY LGFFCHAF GHOENG-KHEEIL 91
HsGPx1 MCAARLAAAAAAADSYY AFSARPLAGGERVSLGS LEGKVLLIENVASI UGTTVEDY TAMHELARRLGERGLVYLGFPCHAF GHIENA-TWEETL 93
AfGPX1  -MPGQSSGGVAVFAAFFGLLSSVSGAT--EVOSQPANSSSSVY DFSIQDITARRLINLSE YRGKVLLFVNVATY UGLAHA- Y VGLEALAKDY VARGLEVLGVECHOFAGLARGHNGSDIN 116
MMGPX  MQRGSATGALLSLTAALVGASEVDGDTPPRSTCOPSLSHNT IFDFTFQRVY GHASTDMTS LEGEVTLYVHVATY UGY VY- Y HGLHALOSHHGAEGLAY wcmmmmwmzw 119
L2 2 B S *k L ¥ ¥ EE 222
VulEatvi=y=2d] FEIUE (%)
PcGPx  NTLEYVEFGHWFVFEMEIFGEVTVHGSEAHFIFEYLKERLPLPSDDTVSFMDFQCIIHE PYCRRDI AW NFERF LIGKDGQPFERY SKEFET -~ - KNI AEDITSLLE-————————-——-—=— 711
MnGPx }TTLK‘Ib‘T{I‘CITH'Fb"PKMEIFCWTL"HG’“EA}E‘IFK‘J’UIRLPLP"]J]J" "SFMHDFQI“IIW}( PVC}TDUWN'FEICFLI\QI\:[]l;QPF}.}.YSI\:[;';ET :[]IEE]JINALU - 70.5
MrGPx 711
SpGPx 91.0
PtGPx G —
MgGPx NALEMRPGI(GF}‘I‘I(FPLFEKEDVNG}‘JJME‘IF "flf:ERLPI.I‘SDDA‘J‘SFMKSPL‘SII‘HE PYTRTDIAWNFEKF LIDPDGEFFERY SRYFQT-~~INIQSDIEMLIERHEY 58.1
SWGPx  FSLEYVRPGHGFEEAFPIMEKCDVHGSNAHPLFQFLREKLPLPSIDPYSLMTHTENITHE PYTRHDIS W HFERF LT APDGMPYERY SRQFT-—- INIQHDIKGLIQKFG 58.1
DrGPx1 GSLEYVEPGHGFEPKFQILEKLEVHGENAHPLFAFLKEKLPQPSODPYSLMGDFEFIING PYCRNDISWRFEKF LIGPDGEFFKRYSRRFLT---IDIDADIKELLERTE 60.5
MmGPx1 CRNDIAWHFEKF LVGPDGVPVRRYSRRFRT---IDIEPDIETLLSQQSGHS 55.7
HsGPx1 HSLEYVEPGGGFEPHFMLFEKCEVHGAGAHPLF AFLREALP APSODATALMTDPELITHS FYCENDVAWNFEKF LYGFDGVPLERY SRRFQT-—-TDIEFDIEALLSGGE 55.7
AfGPx1  LSVVHVEPGHGFQPLFQHTVHIDVHGY LAHPLY VY LEKFCF-PIHEEFH-———~ DELYYT PMSIFD‘:’]—‘:\‘NFEI‘TLVGEIJGRI‘»’I‘R‘IHI'YVLJP---‘JEIFL»\DIEP.ELJTH 33.8
MmMGPxX  DGLEYVRPGHGFVERFPLTEKVDYHGHIQHEMFNY LESLCE Q 35.6

3 PtSeGPx GPxs
Fig.3 Comparison and percent identity (%) of PtSeGPx protein sequence with the counterparts of other species
, GPx (*LAFPCNQF™") ("*WNFEKF"7) U)
™ O O
PtSeGPx (Lietal, 2016)
GPxs s PtSeGPx PtSeGPx ( Sa)
SeGPx , (  5b)
« 4 , , 6—192h
(Herbette et al, 2007), (P<0.05) , PtSeGPx
(SeGPx) 12 48 192h
(non-SeGPx) (P<0.05), 24h
(Arthur, 2001; Brigelius-Floh¢ ef al, 2013) , (P<0.05)( 5¢) , PtSeGPx

GPx
2.3 PtSeGPx
PtSeGPx PtSeGPx
PtSeGPx

( 95 , PtSeGPx , GPx
s GPx
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Fig.4 Phylogenetic analysis of PtSeGPx
GPx 2

(Duan et al, 2013; GPx CAT SOD ) ,
Xia et al, 2013)

, GPx

ROS, PtSeGPx
s PtSeGPx
(Liu et al, 2007; Yeh et
al,2009; Liu et al, 2010) Duan (2015)

5

(



156 50
a 3.0r—xiR Y « b 25roxm FHBRER
| = I-?er?vatodinium?ﬂﬂﬁ@ ™ - | == Hematodinium
S T X I :
B 25T Bo20F 7« [
*g 20} < s I
* Y Rolm
E 1 £
® x * "
d
I? hé 10
e ?
é @
a L o5
[ 2. i
: - : - - 0.0 : - - - - -
12 24 48 96 192 6 12 24 48 96 192
) 518 (h)
¢ 1 XI8R &3
S 2.0 - Hematodinium *
o5t
#®
< L
g 10} i
T 1
E L
g 0.5 ’—L‘ ’J>
2 oo \ : o - : -
L "7 6 12 2 48 96 192
S L
2 05t
578 (h)
5 PtSeGPx
Fig.5 Relative mRNA expression profiles of PtSeGPx transcripts
: *  (P<0.05, n=5)
, 46(4):
3 748—757
, 2017.
, 1—157
PtSeGPx cDNA Allmang C, Krol A, 2006. Selenoprotein synthesis: UGA does not
, gRT-PCR end the story. Biochimie, 88(11): 1561—1571
P1SeGPx Arthur J R, 2001. The glutathione peroxidases. Cell Mol Life Sci,
57(13—14): 1825—1835
3 > Aumann K D, Bedorf N, Brigelius-Flohé R et al, 1997.
PtSeGPx Glutathione peroxidase revisited — simulation of the
catalytic cycle by computer-assisted molecular modelling.
Biomed Environ Sci, 10(2—3): 136—155
Brigelius-Floh& R, Maiorino M, 2013. Glutathione peroxidases.
Biochim Biophys Acta, 1830(5): 3289—3303
Duan Y F, Liu P, Li J T et al, 2013. Expression profiles of
s s , 2007. selenium dependent glutathione peroxidase and glutathione
. , 31(5): 637—642 S-transferase from Exopalaemon carinicauda in response to
> , 2014a. Vibrio anguillarum and WSSV challenge. Fish Shellfish

(Hematodinium spp.)

5 >

(Hematodinium sp.)

,(1): 1—10
, 2014b.

, (4): 776—782

s s

, 2015.

Immunol, 35(3): 661—670

Duan Y F, Zhang J S, Dong H B et al, 2015. Oxidative stress
response of the black tiger shrimp Penaeus monodon to
Vibrio parahaemolyticus challenge. Fish Shellfish Immunol,
46(2): 354—365



157

Fu M J, Zou Z H, Liu S F et al, 2012. Selenium-dependent
glutathione peroxidase gene expression during gonad
development and its response to LPS and H,O, challenge in
Scylla  paramamosain. Fish Shellfish Immunol, 33(3):
532—542

Herbette S, Roeckel-Drevet P, Drevet J R, 2007.
Seleno-independent glutathione peroxidases. More than
simple antioxidant scavengers. FEBS J, 274(9): 2163—2180

LiC W, Song S Q, Liu Y ef al, 2013. Hematodinium infections in
cultured Chinese swimming crab, Portunus trituberculatus,
in northern China. Aquaculture, 396—399: 59—65

LiM, Li C W, Wang J F et al, 2015a. Immune response and gene
expression in hemocytes of Portunus trituberculatus
inoculated with the parasitic dinoflagellate Hematodinium.
Mol Immunol, 65(1): 113—122

Li M, Wang J F, Song S Q et al, 2015b. Early transcriptional
response to the parasitic dinoflagellate Hematodinium in
hepatopancreas of Portunus trituberculatus. ] Invertebr
Pathol, 130: 28—36

Li M, Wang J F, Song S Q et al, 2016. Molecular characterization
of a novel nitric oxide synthase gene from Portunus
trituberculatus and the roles of NO/O, -generating and
antioxidant systems in host immune responses to
Hematodinium. Fish Shellfish Immunol, 52: 263—277

Liu C H, Tseng M C, Cheng W, 2007. Identification and cloning
of the antioxidant enzyme, glutathione peroxidase, of white
shrimp, Litopenaeus vannamei, and its expression following

Vibrio alginolyticus infection. Fish Shellfish Immunol, 23(1):

34—45

Liu K F, Yeh M S, Kou G H ef al, 2010. Identification and
cloning of a selenium-dependent glutathione peroxidase
from tiger shrimp, Penaeus monodon, and its transcription
following pathogen infection and related to the molt stages.
Dev Comp Immunol, 34(9): 935—944

Liu Y, Cui Z X, Li X H et al, 2013. A newly identified
anti-lipopolysaccharide factor from the swimming crab
Portunus trituberculatus with broad spectrum antimicrobial
activity. Fish Shellfish Immunol, 34(2): 463—470

Livak K J, Schmittgen T D, 2001. Analysis of relative gene
expression data using real-time quantitative PCR and the
2722 method. Methods, 25(4): 402—408

Margis R, Dunand C, Teixeira F K et al, 2008. Glutathione

peroxidase family—an evolutionary overview. FEBS J,
275(15): 3959—3970

Rasmussen R, 2001. Quantification on the LightCycler. In:
Meuer S, Wittwer C, Nakagawara K I eds. Rapid Cycle
Real-time PCR. Berlin, Heidelberg: Springer Press, 21—34

Ren Q, Sun R R, Zhao X F et al, 2009. A selenium-dependent
glutathione peroxidase (Se-GPx) and two glutathione

(GSTs) from
(Fenneropenaeus chinensis). Comp Biochem Physiol C:
Toxicol Pharmacol, 149(4): 613—623

Shields J D, Squyars C M, 2000. Mortality and hematology of
blue crabs, Callinectes sapidus, experimentally infected with

S-transferases Chinese shrimp

the parasitic dinoflagellate Hematodinium perezi. Fish Bull,
98: 139—152

Small H J, Shields J D, Hudson K L et al, 2007a. Molecular
detection of Hematodinium sp. infecting the blue crab,
Callinectes sapidus. J Shellfish Res, 26(1): 131—139

Small H J, Shields J D, Neil D M et al, 2007b. Differences in
enzyme activities between two species of Hematodinium,
parasitic dinoflagellates of crustaceans. J Invertebr Pathol,
94(3): 175—183

Stentiford G D, Shields J D, 2005. A review of the parasitic
dinoflagellates Hematodinium species and Hematodinium-
like infections in marine crustaceans. Dis Aquat Organ,
66(1): 47—70

Toppo S, Vanin S, Bosello V et al, 2008. Evolutionary and
structural insights into the multifaceted glutathione
peroxidase (Gpx) superfamily. Antioxid Redox Signal, 10(9):
1501—1514

Ursini F, Maiorino M, Brigelius-Flohé R et a/, 1995. Diversity of
glutathione peroxidases. Methods Enzymol, 252: 38—53

Wang J F, Li M, Xiao J et al, 2017. Hematodinium spp. infections
in wild and cultured populations of marine crustaceans along
the coast of China. Dis Aquat Organ, 124(3): 181—191

Xia X F, Zheng J J, Shao G M et al, 2013. Cloning and functional
analysis of glutathione peroxidase gene in red swamp
crayfish Procambarus clarkii. Fish Shellfish Immunol, 34(6):
1587—1595

Yeh S P, Liu K F, Chiu S T et al, 2009. Identification and cloning
of a selenium dependent glutathione peroxidase from giant
freshwater prawn, Macrobrachium
Shellfish Immunol, 27(2): 181—191

rosenbergii.  Fish



158 50

MOLECULAR CLONING AND EXPRESSION OF A SELENIUM-DEPENDENT
GLUTATHIONE PEROXIDASE GENE FROM PORTUNUS TRITUBERCULATUS

LI Meng"?*?,  WANG Jin-Feng"*** ~HUANG Qian"*** LI Cai-Wen"?>?**

(1. CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China; 2. Marine Ecology and Environmental Science Laboratory, Qingdao National Laboratory for Marine Science
and Technology, Qingdao 266237, China; 3. Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China;

4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Glutathione peroxidase (GPx) is an essential antioxidant enzyme that associated with the immune defense of
aerobic living organisms against invading pathogens. To investigate the potential role of GPx genes in crustacean immune
response against parasitic infection, we isolated and characterized a novel selenium-dependent glutathione peroxidase gene
(PtSeGPx) in Portunus trituberculatus. The open reading frame (ORF) encoded 168 amino acids, with a characteristic
selenocysteine residue (**U) encoded by an opal codon (**TGA™). The conserved domains including the GPx signature
motif 2 (*LAFPCNQF"") and the active site motif ("">*WNFEKF'""), as well as the catalytically related amino acid residues
consisting of Gln ("*Q), Arg ("°R), Trp ("**W), and Arg ('°*R), were identified in the deduced PtSeGPx protein sequence.
Amino acid comparison and phylogenetic analyses indicated that the PtSeGPx was closely related to and clustered with the
crustacean SeGPxs. The PtSeGPx transcripts were extensively and induced significantly in multiple major tissues (e.g.
hemocytes, hepatopancreas, and gills) of P. trituberculatus during its host immune response against the invasion of the
parasitic dinoflagellate Hematodinium, implying its involvement in the crustacean innate immunity against parasitic
infection.

Key words crustacean; innate immunity; parasite; glutathione peroxidase gene; molecular cloning; gene

expression



