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Molecular Cloning and Tissue Expression of Glutathione
Peroxidase ¢cDNA in Hypophthalmichthys molitrix
Aristichthys nobilis and Ctenopharyngodon idella
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Abstract Glutathione peroxidase GPX ¢DNAs were cloned from the livers of phytoplanktivorous freshwater fish

Hypophthalmichthys molitrix ~ Aristichthys nobilis and herbivorious fish ~Ctenopharyngodon idella using RT-PCR.
Sequence analysis revealed that the cloned GPX cDNA fragments were all 263 bp in length encoding 87 amino acids.
Search results of the BLAST protein database revealed that the deduced amino acid sequences of Silver Carp Bighead
Carp and Grass Carp GPX were highly 75% —93% homologous with those of other vertebrates including Danio
rerio  Oplegnathus fasciatus Oncorhynchus mykiss human mouse rat pig and cow . Using beta-actin as control it was
showed that the GPX expression in livers form three freshwater fish species had a close relationship with their food

habit and that the expression in phytoplanktivorous fish Silver Carp and Bighead Carp is stronger than that in
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herbivorious fish Grass Carp suggesting that liver GPX might be important for fish to reduce lipid peroxides which

are induced by microcystins.

Key words Glutathione peroxidase ¢DNA Expression Food habit Detoxification
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o GPX
§-10 Hypophthalmichthys molitrix
Aristichthys nobilis Ctenopharyngodon
idella
GPX
c¢DNA
GPX
1
1.1

1.1.1
1.1.2 RNA SV Total
RNA Isolation System  Promega RNA

TaKaRa RNA LA PCR™ Kit

AMV  Ver. 1.1 pMD 18-T Vector Taq
DNA
H. Q. &. Q. Gel
Extraction Kit I U-gene
JM109
1.2
1.2.1 RNA cDNA
RNA
Promega SV Total RNA
Isolation System cDNA

TaKaRa RNA LA PCR™ Kit
AMV Ver.1.1
RNA oligo dT 18

1.2.2 GPX c¢cDNA
GPX
GPXO01F 5'-GGACATCAGGAGAACTGCAAG-
AACGA-3’ GPX02R 5'-ACCAGGAACTTCTC-
GAAGTTCCA-3’
cDNA GPXO01F GPX02R
PCR PCR 94C 3
min 94°C 60 s 40°C 60 s 72°C 60 s 30
72°C 5 min PCR 2%
pMD 18T
E . coli JM109 M13
PCR

1.2.3
http //www. ncbi. nlm. nih. gov/ BLAST/
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DNA Vector NTI suite 6.0
Clustal X 1.81
Mega 3 NJ method
1 000 bootstrap
AY216589
AY734530 AF281338 AF532927
NM_174076 NM_ 030826 BC086649
AY327818
1.2.4 GPX
mRNA RT-PCR
GPX  mRNA B-
RNA cDNA
GPX cDNA GPXO03F
5'-AGTCTCTGAAGTACGTCC-3"  GPX04F 5'-
AATCTCTGAAGTATGTCCG-3' GPX05R 5'-
GATGTCATTCCTGTTCAC-3’ GPXO03F
GPX05R GPX
cDNA 200 bp GPX04F
GPX05R GPX cDNA
200 bp ACTOIF 5'-
CGTGACATCAAGGAGAAGC-3’ ACTO2R 5'-
TCTGCTGGAAGGTGGACAG-3’
B- cDNA 436 bp
PCR 94°C 3 min 94°C
60s 55C 60 s 72°C 60 s 30
72°C 5 min PCR
2%

Alphalmager™  Alpha innotech USA

GPX B mRNA  RT-PCR
%
1.2.5 SPSS
10.0 post hoc test
GPX
P <0.05

Mean = SD 5

2
2.1 GPX cDNA
cDNA
GPXO1F  GPXO02R PCR
3 PCR PCR
pMD 18-T
M13
GPX cDNA
GPX ¢DNA 263
bp 87 1
GPX BLAST
GPX 75% ~ 93%
1 GPX
76% ~79% 1
1 GPX cDNA

%

Table 1 Homologies of deduced amino acid sequences of
GPX cDNAs of Silver Carp Bighead Carp Grass Carp

and other species

Hypophthal-

Ctenop-

Aristichthys  haryngodon
michthys
nobilis idella
molitrix
Danio rerio 89 93 92
82 85 85
Oplegnathus fasciatus
Oncorhynchus mykiss 75 77 77
Sus scrofa 78 79 79
Bos Taurus 76 77 7
Rattus norvegicus 77 77 77
Mus musculus 77 78 78
Homo sapiens 76 77 77
2.2 GPX ¢DNA B-
RT-PCR
GPX ¢cDNA 2
GPX ¢DNA
GPX
2
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GGACATCAGGAGAACTGCAAGAATGAAGAAATTCTGAAGTCTCTGAAGTACGTCCGACCG

&4 (Silver carp) 60
814 (Bighead carp) A-———— G 60
#ifh (Grass carp) G—C—G—-* A T-———-T-—- 60
fi#h (Silver carp) GHQENCIKNEETILI KSLIKYVRTP 2
41 (Bighead carp) B e T R T T |
#i4h (Grass carp) T T R\
% # (Silver carp) GGAGATGGCTTCGAGCCCAAATCCCAGCTTCTGGAGAAGCTTGAAGTGAACGGTGAGAAC 120
#if4 (Bighead carp) -—-A T 120
%4 (Grass carp) A T G T 120
%€ (Silver carp) G bGF.EPKSOQL E N N 40
s (Bighead carp) -N- - =-=-=-F - - - - - 40
Hifh (Grass carp) - N - - == =-F - === == - -=- - - 4
AN (Si lver carp) GCCCACCCTCTGTTTGTGTTCTTGAAAGAGAAGCTGCCTCAACCCAGTGACGACGCTGTG 180
#i#4 (Bighead carp) C 180
i (Grass carp) C T 180
#44 (Grass carp) A F F P QP D 60
#%f (Silver carp) - - - - - - 60
¥ifa(Grass carp) B T e ¢
%4 (Silver carp) TCCCTGATGGGTGATCCCAAATTCATCATCTGGAGTCCCGTGAACAGGAATGACATCGCC 240
i1 (Bighead carp) G 240
48 (Grass carp) 240
545 (Si lver carp) S L M K | W P N A 80
4 (Bighead carp) - - - - - - 80
48 (Grass carp) - - - - - - - - - - - - - - - - - - - - 80
fi ¢ (Silver carp) TGGAATTTTGAAAAGTTCCTGGT 263
it (Bighead carp) C—G 263
&4t (Grass carp) C 263
BE4h (Silver carp) W NFEKTFL 87
it (Bighead carp) - - - - - - - 87
H44(Grass carp) - - - - - - - 87
1 GPX ¢DNA
Fig.1 Nucleotide sequences and deduced amino acid sequences of Silver
Carp Bighead Carp and Grass Carp GPX cDNAs
o Dashes represent the nucleotide and amino acid identity.
58 1 = 3 M bp 58 1 5] 3 M bp
200 2400
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a br
2 GPX mRNA RT-PCR

Fig.2 Analysis of GPX mRNA expression among Silver Carp Bighead Carp and Grass Carp by RT-PCR
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M. DNA marker DL2000 1.Silver Carp 2.Bighead Carp 3.Grass Carp a GPX b (-actin.
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2 GPX
Table 2 GPX gene expression in liver of
Silver Carp Bighead Carp and Grass Carp

Species Ratio GPX/B-actin mRNA %
Hypophthalmichthys molitrix 200.04 +30.5*
Aristichthys nobilis 188.1 +16.6"
Ctenopharyngodon idella 102.02 + 13.5"

P <0.05

Different superscripts indicate significant difference P <0.05 .
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3.1 GPX cDNA
GPX

UGA SeC Se-
GPX SeC Se-
GPX
Se-GPX 4

classical GPX GPX-1
gastrointestinal GPX GPX-2
plasma GPX GPX-3

phospholipid-
hydroperoxide GPX PHGPX GPX-4 *  BLAST
GPX
GPX-1 80%
GPX GPX-1
GPX-1 201 ~ 206
GPX-1
191
GPX
GPX 73 159
GPX-1
GPX-1 N- UGA SeC
SeC GIn&2
Trp160 "
GPX Gln3
Trp81 GIn75

Trpl53 Arg52 98 179 180
Lys86
12
3
GPX 3
Asnd2-Tyr54
NVASLUGTTVRDYT Leu72-
GIn82  LGFPCNQFGHQ
Trp160-Phel62 WNF
13
GPX 3
3
SeC 4
GPX-1 2 3 4 SeC 2
GPX-5 7
GPX6 GPX6
SeC GPX
7 GPX
4
GPX
GPX-3 GPX-5
GPX-6 GPX
GPX
GPX
GPX-1
GPX GPX-1
3.2 GPX cDNA
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SeC
Silver carp
Bighead carp e
Grass carp
Zebrafish ~  —————————] MAGTMKKFYDLSAKLLSGDLLNFSSLKGKVVLIENVASLXGTTVRIDYT 48
Rock bream = ——=————————- MAGNVRRFYDLTAKLLSGESFSFSALKGKVVLIENVASLXGTTTIRDYT 48
Rainbow trout
Pig MCAAQRSAAALAAVAPRSVYAFSARPLAGGEPTSLGSLRGKVLLIENVASLXGTT Rpyr 60
Cow MCAAQRSAAALAAAAPRTVYAFSARPLAGGEPFNLSSLRGKVLLIENVASLXGTT RpYT 60
Rat MSAARL-—— SAVI\QSTVYAFSARPLAREEPVSLGSLRGKVLLIENVASLX(,|HE YT 55
Mouse MCAAR!.~———~SAAAQSTVYAFSARPLTGGEPVSLGSLRGKVLLIENVASLXGTTIRDYT 55
Human MCAARL-———— AAAAAQSVYAFSARPLAGGEPYSLGSLRGKVLLIENVASLXGTT RpyT 55
* P
loopl
Silver carp GHQENGKINEE ILKSLKY PGDGFEPKSQLLE!@L vV 36
Bighcad carp GHQENGKINEE 11 KSLKYVIRPGNGFEPKFQLLEKLEV 36
Grass carp GHQENCKINEEILKSLKY PGNGFEPKFQLLE&L vV 36
Zebrafish QMNELHERFAEKGLVVLGYPCNQFGYQENGTINEEILLSLKY GNGYEPKFQLLEEV@V 108
Rock bream QMNELHNRYSAKGLVTL.GVPCNQFGHQENCKINEETLKALKY GNGFEPKFQLLEiVﬁV 108
Rainbow trout ~MNELHSQYSEKGLYVLGYPCNQFGHQENCKINDEILRSLKY I GNGFEPKFPLFEE%MDV 108
Pig QMNELQRRLGPRGLVVLGFPCNQFGHQENAKINGETLNCLKY PGGGFEPNFMLFEKCEV 120
Cow QMNDLQRRLGPRGLVVLGFPCRQFGUQENAKINEE TLNCLKY PGGGFEPNFMLEEKCEY 120
Rat EMNDLQKRLGPRGLVVL.GFPCNQFGHQENGKINEE TLNSLKYVRPGGGFEPNFTL.FEKCEV 115
Mouse EMNDEQKRLGPRGLVVLGFPCNQFGHQENGKINEETLNSLKYVIRPGCGFEPNFTLFEKCEV 115 ,
Human QMNELQRRLGPRGLVVLGFPCNQFGHQENAKINEE [ LNSLKYVRIPGGGFEPNFMLFERCEV 115
dk ok ok sokk Rk dokdkolk dkk ok keilolololk % ok k ok kk
loop I
Silver carp NGENATIPLFVELKEKLPQPSDDAVSLMGDPKE [ 1WSPYNRNDTAWNFEKFL——~———~-— 87
Bighead carp NGENAHPLFVFLKEKLPQPSDDAVSIMGDPKF 1 IWSPYNRNDIAWNFEKFL - 87
Grass carp NGENAHPLFVFLKEKLPQPSDDAVSLMGDPKFT IWSPYNRND I AWNFEKFL-——————- 87
Zebrafish NGKNAHPLITFLKEKLPFPSDEPMPFMSDPKF L TWSPYCRNDIAWNFEKFLIGSDGVPFK 168
Rock bream NGQDAHPLFVFLKEKLPFPCDDAMALMEDPKF [ IWSPVSRNDVSWNFEKFLVSPDGEPYK 168
Rainbow trout NGKDAHPLFVYLKDKLPFPSDDSMALMSDPKF IMKSPVCRNDVSWNFEKFLVSPDGDPYK 168
Pig NGANAIPLFAFLREALPTPSDDATALMTDPKF I TWSPVCRNDIAWNFEKFLVGPDGVPLR 180 .
Cow NGEKAHPLFAFLREVLPTPSDDATALMEDPKFITWSPVCRNDVSWNIFEKFLVGPDGVPVR 180
Rat NGEKAHPLFTFLRNALPAPSDDPTALMEDPKY I IWSPVSRNDISWNFEKFLVGPDGVPVR 175
Mouse NGEKAHPLFTFLRNALPTPSDDPTALMIDPKY I IWSPVCRNDTAWNFEKFLVGPDGVPVR 175
Human NGAGAHPLFAFLREALPAPSDDATALMTIDPKLITWSPVCRNDVAWNFEKFLVGPDGVPLR 175
Fok dokdolk ok ok Slokok K kkk ok kdolk kkk ook
looplll
Silver carp
Bighead carp
Grass carp
Zebrafish RYSFI,TSGIDGDIKKLLSIPK--- 191
Rock bream RY FI,TTDIEADIKELLKRVK-—— 191
Rainbow trout RY FI,TSDIEADIKELI,N—VK——— 191
Pig RYS FLLTIDIEPDIEALLSQEPSSA 206
Cow RY, I?L‘]‘IDIEPDIETLLSQGASA— 205
Rat RY'lFRTIDIEI’DIEALLSKQSSNP 201
Mousc RYSFRT]DlEPD]ETLLSQQSGNS 201
Human RYSFQ’I‘ TDTEPDIEALLSQGPSCA 201

k% %k % % kkok kk

3 GPX GPX
Fig.3 Comparison of the GPX amino acid sequences among Silver Carp
Bighead Carp Grass Carp and other vertebrates
M. VX UGA
3

Dashes indicate the amino acid gaps which are necessary to align these sequences® * " indicates the same residue in all sequences! X"
indicates the residue of selenocysteine. The active-site residues located within hydrogen-bonding distances to the selenium atoms are boldfaced.
Residues directing the substrates toward the catalytic centers are boxed. Residues that are necessary for the activity of the enzyme are darkened.
Three loop structures that stabilize the structure of the enzyme are underlined.
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41| bighead carp GPX
sitver camp GPX
grass carp GPX
45 | WM 001007281 zebrafish GPX!
M21304 human GPX1
a3 BC03664% mouse GPX1

56
g0 — MM 030826 rat GEX1

BC067221 human GPX2
NM (30677 mouse GGPX2
100 89 _{ .
74 — NM 183403 rat GPX2
NM 145451 mouse GPXe
NM 147165 rat GPXo
NM 001509 hwman GIFXS

29 MM 010343 mouse GPX3
NB 182701 human GPX6
3 NM 213886 pig GPX5
18 NM 002084 human GPX3
BC049235 mouse GPX3

89 NM 022525 rat GPX3
100 [ NM 015896 human GPXT
NM 024198 mouse GPX7

B(I:OTS%AI zebrafish GPX4
~ NM (02085 human GPX4

96
o7 ATBOI2797 mouse GPX4
—
0.1 gg  ABO72798 rat GPX4
4 GPX

Fig.4 Phylogenetic tree inferred from GPX amino acid sequences of
Silver Carp Bighead Carp Grass Carp and various classes of mammalian GPX
GenBank Clustal X 1.81 Mega 3 NJ 500 bootstrap
=0.1
The number stands for GenBank accession number Amino acid sequence alignment was carried out by Clustal X 1.81.The consensus tree was
constructed by neighbor-joining bootstrap using Mega 3.Numbers are the bootstrap values for 500 trials Bar = 0.1 the bar indicates the

evolutionary distance between the groups.
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