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Abstract

In this study, fullength cDNA of glutathione peroxidases@PXX} of Onychostoma
macrolepiswas cloned by RACE, and expressioGBiXland activity of GPX i@.

macrolepisuffered from heat stress were analyzed. Compared with the control gr
O0Hnc/ 0 GKS SELISNAYSyiGlf FTAAK sSNB &
KSIFGSR 6+ GSNJ 6onc/ 0® [ AGBSN KEGPRIexgres3idht
among variass tissues after heat stress, indicated that liver was the highest sens
GA&dadzS G2 KSIG &aiNBaaod 2KSy GKS 41 G¢
the GPX activity decreased in fish serum, and the consumption of GPX eliminate
increase oROS caused by heat stress within 3h. However, after 6h and 12h stre
F OGAGAGE g a aPEDP)Awhidhdsldye dofthe
rapid response of GPX to heat stress. In summary, fish showed a transient :
response ad was acclimated to the new temperature after 24 h according to 1
overall expression of th&PXland the serum GPX activity, and bddXland GPX
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Gene cloning play crucial roles in this process.

Gene expression

Introduction

Biotic and abiotic stresses can trigger drama
increase of intracellular reactive oxygen species (R(
including superoxide radicals, hydroxyl radicals &
hydrogen peroxide (Fink & Scandalios, 2002; Magpis
al., 2008). Aerobic organisms have develdpeveral
non-enzymatic and enzymatic systems such
glutathione peroxidases (GPX), superoxide dismuta
(SOD), catalases (CAT) and ascorbate peroxidase
neutralize these compounds (Fink & Scandalios, 2C
Margiset al,, 2008). Glutathione peroxidas€GPXs) are
a family of antioxidant enzymes catalyzing the reducti
of HO:2 or organic hydroperoxides, and regulat
oxidative status together with other antioxidan
enzymes (Apel & Hirt, 2004). GPX1 is a vital compor

of the GPXs family (Topgbal,H nny T Cf 2 k¢
Cft 2KSXI HAnMMO ®GEEhsbeea Brprted
in the rainbow trout Oncorhynchus mykis¢Pacittiet
al., 2013), Antarctic fisirematomus bernacchiBSattin
et al, 2015) and grass cargtenopharyngodon idellys
(Liet al, 2008).

Onychostoma macrolepis belongs to the
Cypriniformes, Cyprinidae, Barbina@nychostomgYu
et al, 2017). In recent year$). macrolepihas been
becoming a cultured species in China due to its delicii
taste and high content of docosahexaenodida(DHA) in
muscle (Yiet al, 2017). Studies have been carried o
in this species, focusing on artificial breeding, gene
diversity and nutritional requirement (Chen, 2007; Zh:i
et al, 2011), as well as bioinformation of some gen
(Yanget al, 2014 Yuet al, 2017). However, there wa:
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no available information focusing on the ger
information, molecular characterization and expressit
profiling of GPX1n O. macrolepiso the present.

Water temperature is an important ecologic:
factor that affect behavior, growth, metabolism,
immune response, and survival of fish (Windisthal,
2011; Makrinos & Bowden, 2016; Dadtial, 2017). In
nature, O. macrolepicommonly inhabits in mountain
streams with relatively low temperature. Hence, watt
temperature is a key factor that affects the aquacultur
of this speciesO. macrolepihave an optimal growth
GSYLISNY GdzNBct GOMKSY S Hn.
dzadz t t 8 SELIR&ASR (2 KA3IK
in the summer, which can trigger their oxidatisgess
and poor growth performance (Yet al, 2017). Many
studies reveal that fish can modulate their antioxida
system to adapt to the temperature changes (Chehg
al., 2015; Wangt al., 2016; Madeirat al., 2016; Yet
al., 2017).GPX1as one oftie most important parts of
antioxidant system, might be a sensitive indicator a
defense barrier in response to heat stress @
macrolepis However, nothing is known about th
expression profiles adBPXland GPX activity changes ¢
O. macrolepisfter heat stress

In this study, the fullength cDNA sequence o
GPX1 from O. macrolepiswas identified and its
molecular sequence properties were characterizi
including phylogenetic analysis. ExpressiosBiXland
activity of GPX i©. macrolepisfter heatstress were
also determinegaiming to provide insights into the role
of GPXZand GPX in antioxidant defense@fmacrolepis
suffered from heat stress

Materials and Methods
Experimental ish

The fish was purchased from an aquaculture fa
in ShaanxProvince, China. Before the start of the form
experiment, the experimental fish were acclimated
Hnc/ FT2N) Gg2 6S8SS1ad CAa
8:00, 12:00 and 17:00, with a 5% of body wet weic
(Denget al., 2020).

ExperimentalProceduresand Sample Collection

All the animal experiments and samplin
procedures were approved by the Animal Care and {
Committee of Northwest A&F University and performe
in accordance with animal welfare and ethics (Appro
No. DKZC2019053). After acclimatiexperimental fish
were fasted for 24 h. One hundretbrty-four fish
AYRAGARdzZ ta gAGK GKS aAl
randomly into 8 groups. Each group contained thr
NBLX AOF(GS GFryla onpPHpPR
fish in each tank. Fdreat stress, the temperature rose
FNRY wn ¢/ G2 on c/ GA
GSYLISNI GdzNE o6on c/ 06 o618
temperature fluctuations that this fish specie

encounters in its natural habitat and the results of o
previous studyYuet al, 2017). The experimental fish ¢
GKS O2yidNRBf 3INRdzLI 6 SNB ¢
d onc/ 3T FTAEAK ¢6SNB al YL
hours, respectively.

Aeration was continuously provided during th
experiment to maintain the dissolde oxygen (DO)
higher than 5.0 mgL Water temperature was adjustec
and maintained using autcegulation induction
heaters. pH was within the range of 7.2 to 7%he
parameters of the water quality were measured daily.

The experimental fish were anestlimd using
tricaine methanesulfonate (M322, SigmaAldrich,
USA) with the dose of 90 mg hefore sampling. A 2.5m
hypodermic syringe was used to collect blood samp
FNRY GKS GFAf @SAYy o060 FJ
for 6 hours, the serum wa centrifuged (3,000xg, 1(
YAYydziSaz nc/ 0d ¢KSNBIFTFGE
in the same tanks were pooled together. Tissues o
individuals were collected in each tank, including tl
heart, liver, kidney, spleen, gills, intestines and muscl
and pooled together at each sampling time point. Tt

experimental samples were stocked-80 until being
analyzed.

Cloning offFultlength GPX1IcDNA

Total RNA was extracted from tissue samples us
TRIzol Reagent (Invitrogen, USA) according
YIydzFlF OGdzNBNR& LINBPG202¢ 3
by denaturing on agarose gel (1%). Quantity and qua
of extracted RNA was evaluated using a NanoDrop 2
spectrophotometer  (Thermo  Fisher  Scientifi
Wilmingon, DE, United States). The 260/280 n
absorbance ratio of all samples was above2.@ Then,
according to the manufacturer's method, firstrand
cDNA was synthesized using relevant reagents (TaK
Japan), and a partial cDNA sequence of its templ
GPXMwas amplified.

To amplifyGPX1partial cDNA sequence, primer
(Tablel) were designed according to the available ger
of other fish species, including grass ca
(Ctenopharyngodon idella silver carp
(Hypophthalmichthys molitr)x zebrafish Danio rerio)
and Chinese rare minnowspbiocypris rarys In order
to obtain the fulllength GPX1sequence, the first cDN#
was generated to quickly amplify the 5'/3' cDNA en
according to the manufacturer's protocols of
{a! wWe¢SNx w! /9 O5b! IlohtechJt
USA). The fulength GPXIcDNA was obtained by usin
p Q+#RACE methods with gene specific primers desig!
based on the obtained partial sequence @PXIcDNA
(Tablel). The PCR products were cloned into pMD1!
vector (Tiangen, China), and thémserted intoE. coli
strains. And positive clones were sequenced by San
Biotech (Shanghai, China). Finally, the partial seque
was assembled using cogti Express applicatior
software.
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Table 1 Primers used in the present study

Primer name t NAYSN) a%ljdiSyO0S op Purpose
GPX1F GTNCTNATTGARAATGTKGCGTC Cloning
GPX1R AGGAACTTYTCAAAGTTCCAGG Cloning
GPX1R1 TCGAAGCCATTTCCAGGA p w! [ ¢
GPX1R2 GACGGACTTCAGAGACAGCA p w! [ ¢
GPX1F1 TGTTCCTCAAGGAGAAGCTGCCTCA 0 w! [ ¢
GPX1F2 CGACTCTGCGTCCTTGATGGTTGAT o] w! [ ¢
GPXIrealF AGGCACAACAGTCAGGGATT gqRFPCR
GPXZrealR CGGACTTCAGAGACAGCAGA gRFPCR

I -ActinF TGACCCACACTGTACCCATC gRTPCR

I -ActinR CGGACAATTTCACTCTCGGC gqRTPCR

Note: Genbank No.GPX1KY569541;-Actin, JN254630.1.

BioinformaticsAnalysisof GPX1 5MIfAlFlYyZ tw [/ KAYIlO0Z -distlied

The ORF Finder prograr
(http://www.ncbi.nim.nih.gov/gorf/gorf.html) was
used to identify the ORF d&PX1 The online tool of
ExPASy was used to conduct the protein analysis.
deducedGPXlamino acids sequences @f. macrolepis
were selected for multiple alignments with othe
organisms. The organisms include silver ce
(Hypophthalmichthys molitr)x (ABUB4810.1),
Acrossocheilus fasciatus (Accession number:
AIM56842.1), grass carpCiegnopharyngodon idela
(ACF39780.1), crucian carp Carassius auratus
(ABJ09418.1), zebra fish D4drio rerio)
(NP_001007282.2)highead carpHypophthalmichthys
nobilis (ACO53608.1),Bastard halibut Paralichthys
olivaceus(ABU49600.1)Pacific bluefin tunalThunnus
orintalis (BAL41419.1) mefugu {Takifugu obscurys
(ACR20471.1), barred knifeja®@glegnaths fasciatuy
(AAU44619.1), gilthead seabreanBp@rus auratp
(AFY97790.1), humarH¢mo sapiens (CAA68491.1),
chicken Gallus gallus (NP_001264782.2), tropice
clawed frog Xenopus tropical)s (NP_001015740.2)
chimpanzeesPan troglodytes(NP_001070980.2)Bos
Taurus (AAA16579.2), modern horsdsquus caballus
(NP_001159951.1), Mus musculus (CAA27558.1),
Taeniopygia  guttate (NP_001130041.1). Thi
phylogenetic tree was generated by the neighbc
joining method of the MEGA 6.0 program. The prote
3D model predttion was carried out on the online tool:
(http://www.expasy.org) using SWISS MODEL onli
software.

GPXIExpressiorof O. macrolepis

Primers used for RFCR were designed using tr
Primer Express 2.0 software (Applied Biosystdraster
City, CA, USA) and listed irable 1. All primers
synthesized by Sangon Biotech (Shanghai, China).
housekeeping gene used for normalization of targ
gene was -actin (GenBank: JN254630.1).-RTR was
conducted using a CFX 96 REmhe PCR Dettion
System (BidRad, Hercules, CA, USA). Three replice
were LISNF2NXYSRXZ FyR SI OK
O2y Gl AyAy3a mn >[ 2F HP {

61 GSNE ™M >[ 2F ymMmY wndcRAX
forward and reverse primer. The RPCR procedure
AYyOf dzRAY 3 AYyAGALf FOGA@
F2tt26SR o0& nn 0Oe0tSa 27
YR p & | 4urve gnalysis Was peBoinied ¢
the end of each runAll amplification efficiencies were
ranged from 96% t0103%. The comparative Ct mett
2200 /(fivak & Schmittgen, 2001) was used to calcul
GKS 3SyS SELINBaaArAzy @Edctinc
(Genbank No. JN254630.1).

Activity of GPX in the&erum of O. macrolepis

Activity of GPX was measured according to €tit
al., 2013), using the Glutathione Peroxidase Assay
(Nanjing Jiancheng Bioengineering Institute, China).
activity of GPX was determined by measuring t
oxidation rate of redued glutathione (GSH) to oxidize
glutathione (GSSG) form by®4 and the catalysis of
Dt - ® ¢KS Dt - FOUAGAGE Wi

Statistical Aalysis

The student's t test was used to analyze tl
RAFTFSNBYyOS 2F GKS O2yidNI
SELISNAYSYy(d 3aANRdzL) G onc,
dzaSR (2 FyrtelS GKS RATT
for 0, 1, 3, 6, 12, 24 and 48 hours through amvay
analysis of variance (ANOVA). Prior to statisti
analyses, raw data were diagnosed for normality
distribution and homogeneity of variance with th
KolmogorogSmirnov test and Levene's tes
respectively (Zar, 1999). Statistical analysis and gra
were performed by Prism 5 Software (Graph Pad,
Jolla, CAP<0.05 was considered significant for all test

Results

Identification andBioinformatic Analyse®f GPX1lin
O. macrolepis

FulHength cDNA of GPX1in O. macrolepis
(Genbank accession No. KY569541) was cloned
means of RACE method. The full lengthGéX1of O.
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macrolepisis 915bp, and it contains a 525bp ope
reading frame (ORF) and encodes 174 amino acid:
putative peptide, with a theoretical pl of 5.92 and &
estimatedmolecular weight of 16332.71 D&igurel).

Multiple alignment of the deducedsPXlamino acid
sequences were conducted Figure 2) and a
phylogenetic tree was builtF{gure 3). The deduced
amino acid sequence @. macrolepi$SPXZXontained a
signature moif 2 (LGAPCNQF) and a conserved ac
site motif (WNFEKHFigure2). O. macrolepis GPXias

grouped together with thesPXIof other Cypriniformes
species, forming an independent clade branched frc
Perciformes, Pleuronectiformes and Tetraodontiforme
as well as amphibians, avian and mammalian. T
predicted threedimensional (3D) structure of GPX1 wi
O2 YLJ NI o f-fSS fo M @ KashektsBryured). |

Expression oGPX1in O. macrolepisSufferedfrom
Heat Stress

Tissue distribution of GPX1 expression inO.
macrolepiswas shown inFigure5. The expression o
GPX1in the muscle, spleen, liver, intestine, kidney, gi
and heart were tested. The highest expression level
GPX1was observed in the liver, and the lowe:
expression level ofsPX1were observed in the gills,
intestine and spleenf<0.05) Figureb).

Expression profiles ofGPX1of O. macrolepis
suffered from heat stress was shownHhigure6. After

g GSNI NB&aS (G2 KSFGAy3 @
level of GPX1in liver, intestine and gills significantly
increased P<0.05) Figure6), but the expression level ir
muscle and heart decreased significantli?<d.05)

(Figureb). The response rate &P Xlexpression to heat
stress varied in different tissues. The expression lef/e
GPXZIeached its peak at 0 hours in the liver, 3 hours
the heart, spleen and gills, and 6 hours in the intestir
YR YdzaOft Sa | FGSNJonc/ 3

Change irActivity of GPX irSerumof O. macrolepis
Sufferedfrom Heat Stress

Variation of GPX activity in serum©f macrolepis
subjected to heat stress was showrFigure7. After the
gL GSNJ g1 a NrAaSR G2 GKS
Oh, the GPX activity was found to be significan
decreased by testing the serum dD. macolepis
(P<0.05). And after the water temperature was kept :
onc/ F2NJ m K3I (GKS Dt
significantly decreased compared with 0 h by testing t
serum of O. macrolepiP(0.05). Studies have showi
that the GPX activity in serum gradiyatises within 1
hour to 6 hours, and on the contrary, it gradual
decreases within 6 hours to 48 hours. The hightest C
activity in serum of0. macrolepis ¥ 4 SNJ a i N.
was observed at 6 iP0.05). Activity of GPX in serum ¢
O. macrolepigftSNJ A NBaaSR |G o
significantlylower than that of 0 hFP<0.05).

1 aacaccactttgcgctttgaagtacgtagtaaacggcgtgttgga
46 gcatggcaggggccgcgaagaagttttacgatctgtccgccaaac
91 ttttgtcaggggacctcctaaatctttcctctctcaaaggtaaag

136 tggtgcttattgaaaatgtggcgtctctttgaggcacaacagtca
i M N E L H S R Y A D Q
181 gggattacacccagdATGRACGAGCTCCACAGCCGCTACGCTGATC
12 G L Vv T L &6 A P € N o F G H O
226 AGGGGCTCGTGATCCTGGGCGCTCCCTGCAACCAGTTCGGACATC
29 E N (S K N D E I L L S L K S v
271 AGGAGAACTGCAAGAACGATGAAATTCTGCTGTCTCTGAAGTCCG
42 R P G N G F E P Q F Q L L E K
316 TCCGTCCTGGAAATGGCTTCGAACCACAATTCCAACTTTTGGAGA
S L E v N G A N A H B L F M j O L
361 AGCTGGAAGTGAACGGTGCGAACGCCCACCCTCTGTTTATGTTCC
T2 K E K L P Q P S D D S A S L M
406 TCAAGGAGAAGCTGCCTCAGCCCAGTGACGACTCTGCGTCCTTGA
87 v D P K F B E F W S P v N R N D
451 TGGTTGATCCCAAATTCATCATCTGGAGTCCGGTGAACAGGAATG
1LO2 v S W N E BE K E L 3 E G P D G E
496 ACGTCTCCTGGAACTTTGAGAAGTTCCTCATCGGCCCGGACGGGG
3 13 8 P F K R Y S R R F L S L D L E
541 AACCGTTCAAGAGATACAGCAGAAGGTTCCTCACCATCGACATTG
132 A D i & K E L L K R r K o3
586 AAGCAGATATCAAAGAGCTTCTGAAGAGGACAAA}E!ELCctggc
631 atcctcctggtgttgtggccatgtgagataaaccgtccattccat
676 atcacttgtagagtgttgtttgatataggccgactgtgcagacat
721 gattaaagtgcagctgttttttagactgtttacttaatgaagatg
766 cttcctaaaacctttttgagggaagcttctgatgtaactgtaaat
811 gtttattataatagttgtcatttatccatgaactgcacagctcag
856 gttttatcattcaactgttaaccaacgtaaaaaaaaaa
901 aaaaaataaaaaaaa

Figure 1 Nucleotide and deduced amino acid sequence of@fRXrom O. macrolepisThe start codon, ATG and the stop codt
TGA are circled with black boxes. GPX signature motif 2 are marked with a dotted line, and conserved active site
underlined.
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Homo sapiens

Pan troglodytes

Equus caballus

Mus musculus

Taeniopygia guttata

Gallus gallus YAAPEG———————
Acrossocheilus fasciatus JABAABE-—---
Carassius auratus
Hypophthalmichthys nobilis

Ctenopharyngodon idella ‘TGN
Hypophthalmichthys molitrix

Danio rerio i AGTHEE-----

Onychostoma macrolepis
Takifugu obscurus
Thunnus orientalis
Oplegnathus fasciatus

Sparus aurata HABNYER

Paralichthys olivaceus

Xenopus tropicalis JfiRIAMNE -~ RN S AREES ABEN] ARS ONEGRVEEI =Y ASE UGTIIR DI O

XX X RMMMMNNNNE KRN N NHHN KX N NN XXX K

Homo sapiens

Pan troglodytes

Equus caballus

Mus musculus

Taeniopygia guttata

Gallus gallus
Acrossocheilus fasciatus
Carassius auratus
Hypophthalmichthys nobilis
Ctenopharyngodon idella
Hypophthalmichthys molitrix
Danio rerio

Onychostoma macrolepis
Takifugu obscurus

Thunnus orientalis
Oplegnathus fasciatus
Sparus aurata

Paralichthys olivaceus
Xenopus tropicalis

&b
I HE=EEm

F X XX NHNN X CIENNNN T X X X X X X XX XX
Homo sapiens DD ) ) CA—-
Pan troglodytes D), ) ) CA—
Equus caballus DD ) CA—-
Mus musculus T) A NE--
Taeniopygia guttata T) ) MINEEREL TGP DGYPEERYSRREET IRTODDIELLL OY A\ —— ———

Gallus gallus T) ) EABQ
Acrossocheilus fasciatus T)

Carassius auratus T)
Hypophthalmichthys nobilis DD
Ctenopharyngodon idella DD
Hypophthalmichthys molitrix DD
Danio rerio T)

Onychostoma macrolepis )
Takifugu obscurus T)
Thunnus orientalis DD
Oplegnathus fasciatus DD
Sparus aurata DD
Paralichthys olivaceus T)
Xenopus tropicalis T) A ) DETCE-————

(] (x] (T] [*] (7] [X] [X] [X] [X] (X] [T] [T]

Figure 2 Multiple alignment of amino acid sequences between GPX1s from fish and other species. The GPX signature
circled with red box and the conserved active site motif is circled with orange box.
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—1
- %_ﬂctl}pupiﬂukmdﬂtys
Hypophthalmichthys

11

81

Figure 3 Phylogenetic tree of the deduced amino acid sequences oGiRX1

Figure 43D structure of the GPXtredicted by SWISS MODEL.



