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ABSTRACT

Peroxiredoxins (Prx) are a family of antioxidant proteins and perform important functions in intracellular
signal transduction. Here, we report a Prx gene from Chinese shrimp Fenneropenaeus chinensis. The full-
length cDNA of FcPrx gene contained an open reading frame of 735 bp encoding a polypeptide of 275
amino acids. The molecular mass of the deduced amino acid of FcPrx is 27445.43 Da with an estimated pl
of 5.71. Sequence comparison showed that the FcPrx shares high identities with Prx IVs and it was named
FcPrx4. A real-Time PCR (qRT-PCR) assay was developed to assess the mRNA expression of FcPrx4 in
different tissues and temporal expression in hemocytes and hepatopancreas of F. chinensis challenged by
white spot syndrome virus (WSSV). Transcripts of FcPrx4 can be detected in all tissues examined. The
expression of FcPrx4 showed significant up-regulation in shrimp hemocytes and hepatopancreas after
artificial infection with WSSV. A fusion protein containing FcPrx4 was produced in vitro and was
confirmed by Matrix-assisted laser desorption ionization mass spectrometry (MALDI-MS) assay. And
activity analysis indicated that the recombinant FcPrx4 proteins can reduce H,0, in the presence of

dithiothreitol.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Hemocytes play significant role in invertebrate innate defense
reactions. When the organism is attacked by microorganisms or
viruses, invertebrate hemocytes can remove pathogens by phago-
cytosis [1]. In the process of phagocytosis, the host’s NADPH-
oxidase gets activated and results in the production of a mass of
reactive oxygen species (ROS), such as superoxide anion (0, "),
hydrogen peroxide (H,0;) and hydroxyl radical (OH") [2]. Though
the production of ROS is an important host defense mechanism for
killing invading pathogens, the mass accumulation of these reactive
molecules in hosts will cause serious cell damage and more path-
ogen replication [3,4]. Organisms have evolved protective enzy-
matic systems, including superoxide dismutase, catalase, and many
kinds of peroxidases to reduce and regulate the level of ROS [5,6].
Among the peroxidases, peroxiredoxins (Prx), also named thio-
redoxin peroxidase (TPx), play a particularly central role in
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elimination of hydroperoxide with thioredoxin as an immediate
hydrogen donor [7].

Prx is a selenium independent peroxidase protein, and it is a
large family of antioxidant proteins ubiquitously found in all living
organisms from prokaryotes to eukaryotes [8]. In the past decades,
Prxs have received increasing attention for their distinctive char-
acteristics in catalytic activity and functioning as chaperonins [9—
11]. Saccharomyces cerevisiae cytosolic TPx I was the first peroxir-
edoxin isolated from a eukaryotic cell [9]. Subsequently, the pres-
ence of multiple isoforms of Prxs and their characterization were
reported in mammalian cells. In mammals, Prxs are divided into six
subtypes with Prx1—4 belonging to the typical 2-Cys type, Prx5 to
the atypical 2-Cys type and Prx6 to the 1-Cys type [12].

Prxs have been shown to be participating in immune response
following pathogen infection in many species including fly, yellow
croaker and human [13—15]. Recently, different isoforms of Prx
have been found in some species of crustacean such as Fenner-
openaeus chinensis [16], Marsupenaeus japonicus [17], Eriocheir
sinensis [18], Eurypanopeus depressus [19], Penaeus monodon [20],
Litopenaeus vannamei [21], Fenneropenaeus indicus [22], and Mac-
robrachium rosenbergii [23]. The research results of the literature
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Table 1

Primers used in the experiments.
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above-mentioned also revealed the fact that Prxs were involved in

Primer name

FcPrx4-F1
FcPrx4-R1
FcPrx4-RT-F
FcPrx4-RT-R
FcPrx4-EF
FcPrx4-ER
18S—F
18S-R
BDA-oligo
AOLP

NUP

AP

the immune reactions against pathogen infection in crustaceans.

Primer sequences In the present study, we report the molecular cloning and
5/ CCTCGTCTICTTCTTCTACC-3' charactgrlzatlon of aPrx4 homologug (FcPrx4) from F. chinensis. The
5/_TCATCTTGCGGAACTCCT-3' expression profiles of FcPrx4 mRNA in hemocytes and hepatopan-
5'-CCGCAAGATGAACACAGA-3' creas of shrimp after infection with white spot syndrome virus
5'-ACACCGTAGTCCTGAGAG-3' (WSSV) were studied, and the enzyme activity of recombinant

5'-GCTAGCATGGATCTGCGGGCGGTT-3/
5'-GAATTCGATGACCAACCGAAAGAAC-3'
5'-GCCTGAGAAACGGCTACCAPRXC-3'
5'-GTAGTAGCGACGGGCGGTGTGT-3'
5'-AAGCAGTGGTATCAACGCAGAGTACGCGGG-3'
5'-CCACGCGTCGACTAGTAC(T)16(A/C/G)-3'
5'-AAGCAGTGGTATCAACGCAGAGT-3' 2.1. Shrimp and immune challenge
5'-GGCCACGCGTCGACTAGTAC-3'

FcPrx4 protein was assayed.

2. Materials and methods

The underlined characters show the sequences recognized by the restriction
enzyme Nhe I and EcoR I, respectively.

1 GTG GGC CGG TCT GIG GAT GAG CCC CTG OGT CTG GTT CAG GCC TTC CGG CTT GCG GTG GAAL 60
61 GGA GCA GCA AGG AGA ATC CTA GAL GAL ATA GGG GGG AGT TGA GAG CAL GAT GCA GAT CAG 120
121 AGG GAG LAG TTG AGA GTA ATG GGA TCC TOC AGT COCC GTG OGA AAT OGA CGC CGG COC4 TCT 180
181 CCA CCG CCA GCC 056 CCC GTC Car CTG AMT CAA AAC ACA AGC TCA AMG COC GAA TTT CCT 240
241 COG CAd AN GAC OCT CTT TTA AGC OCC TTC GCG[ATG|GAT CTG CGG GCG GTT TTG GCG ACA 300
1 ¥ p L R & ¥ L & T 8
301 GOG CTG TGC CTG AGT GTG GGC GTG ATG GGT GCG GCG CCG GAL GAG CAA TGC CAT ACG TTC 360
m &+ L C L 5 ¥ ¢6¥V M ¢ 4 A PE E @ C H T F 28
361 GOG GGC GGT GCA GTT TAC OCA AAT ACA GAA GGC AGG GCT TCG GGA CAC AGC CTG CAG TGG 420
0 4 ¢ G A ¥ Y P N TE G K & 5 ¢ H 5 L @ W 48
421 ACC ALA GOC ATG ATC AGC 4G4 COF GCC CCA GTG TGG GAA GGC ACT GCG GTC ATC GAC GGA 480
50 T K Ao M I 5 E P & PV W E ¢ T 4 ¥ I D G 69
481 GA: TTC CGT GAG CTC AAG CTT A4 GAT TAC CGC GGG 444 TAC CTC GTC TTC TTC TTC TAC 540
0O E F R EL XK L K DY KR ¢ K YL ¥ F F F T 83
541 COC TTG GAC TTT ACA TTT GTC TGC OCA ACG GAG ATC CTG GCT TTC AAT GAC CGC GTT GAG 600
90 P L D F T F ¥ C P T E I L & F N D R ¥ E 108
601 G&G TTC CGC AAG ATG AAC ACA GAG GTC GTG GCC TGT TCC ATA GAC TCG CAT TTT ACC CAT 660
1 E FR K X ¥ T E ¥v¥ 4 C 5 ID 5 H FT H 128
661 CTT GCT TGG ACT AAC ACG CCA CGC AMG GAT GGT GGC CTG GGA AfG CTC LAG ATC CCA CTG 720
130 L. o4 ¥w¥T N T PR K D GG L G K L K I P L 142
T21 CTG TCT GAC ATC ACC CAC 24G ATC TCT C&G GAC TAC GGT GTC TAC CTA GAG GAC CAA GGC TEO
(0 L 5 p I T H KI 5§ @ D Y ¢ ¥%¥ L E D @ G168
T81 ATT GCC CTC AGG GGC CTG TTC ATC ATT GAT GAC AAG GGA GTA CTG AGA CAG ATC ACC ATG 840
o 1 & LK ¢ L F I I D D K ¥ L E @ I T N 189
841 AAC GAC CTC CCT GTG GGC OGG TCT GTG GAT GAG ACC CTG OGT CTG GTT CAG GCC TTC CAG 900
80 N p L P ¥ ¢ R 5 V¥ D E T L RL ¥V @ & F Q209
901 TIC ACA GAC CAG CAT GGG Gad GTC TGC CCA GCC GGA TGG 4G CCT GGG GAT GAC ACG ATC 960
200F T p @ H 6 E¥ C P & ¢ W K PG D DT I 220
961 ATC CCC AAC CCA GAL GAG 444 CTC Afh TAC TTC ASG ALA GCC AL CAG TaG GGC CAG TOC1020
230 I PR P E E KL K Y F K K & N Q =« 245
10214GC TGT TGC ATG GGG TTG CAL LAC AGG CTT GCG GTG GAL GGA GCA GCA ASG AGA ATC CTA 1080
1081GAA GAL ATA GGG GGA AFT TGA GAG CAA GAT GAG GAA AGC AGA TCA GAG GGA GAA GTT GAG 1140
11414GC LAT GGG TTC CTC CAG TCC OGT GCG 444 TCG AGT GGA TTT GGT GGC GGT GGT GAT GAT 1200
1201C6C TTC TTA AGA GTG TTC TGT 4GA COGC ATT TTC GAG GAT GTA CAA AT COG GTG ATG GGA 1260
1261CTA TTG GAG TAT GTC ATG 4GG 444 TTT GAT GCT Afd GTG ATT TGT TGT TGT TGT TTT TTT 1320
1321GGT TGT TTG TTT TTG ATG ATT TTG TTG ATA TAT CIG GGT TGA TGA TGA CTG GIG ATG TTT 1380
1381TTG CAT ACA GGT ATT TG4 ATT TTG TTT AGA TGT LAG GCT TTA TTT TTT CAT 4441440
1441TAT TTT AAT GTG TTC AAT AGC AAG ACA GTT ATA TTT ATT ACA TTC CTA GTG C 1500
1601ATG TCA Abh TCA GCA ATA AAG CCA GAC TTT 2G4 CTC ATA TTG ATT TTG TCA TAC ATT CCA 1560
1661ATT GTA AAT AA% ASA 405 ALK ANA 1584

Chinese shrimp F. chinensis, about 16 g in body weight, were
purchased from a local shrimp farm and reared in 8 m> fiber glass

Fig. 1. The complete nucleotide and deduced amino acid sequence of FcPrx4 from Chinese shrimp F. chinensis. The letters in boxes indicate the start codon (ATG) and the poly-
adenylation signal sequence (AATAAA and AATTAAA). The Prx signature motifs (FYPLDFTFVCPTEI and GEVCPA) are shaded.
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