31 6 Vol. 31, No. 6
2007 11 ACTA HYDROBIOLOGICA SINICA Nov., 2007
T M ReHF EmE FEE wHEF
( , 510632)

S (Soluble glutathione S-transferase, sGSI') (Microcystins, MCs)
(GH) , ( Glutathione peroxidase, GPX)  sGST
GH, 2( Uncoupling potein 2, UCP2)
sGST GPX  UCP2 cDNA s 5 RACE 3 RACE
sGST c¢DNA 5 3 c¢DNA sGST cDNA
861 bp, 5 (5-UTR) 25 bp, 3 (3-UTR) 167 bp, (ORF) 669 bp,
22 , G 2 N (GSH ) G (
) sGST ( Oplegnathus f asciatus ) , 64. 3% —78. 5%,
s 48. 2% —55. 9% GPX UCP2 c¢DNA
280 bp 776 bp, 92 258 GPX GPX
: 69. 6% —85. 9% UcP ( Leuciscus og halus )
Ucp2 . 7L 8% —93.8% (5—8g) MG LR( 50 Hg/ kg bwt),
sGST (p< 005, 24h  sGST
mRNA 80% 24h GPX UCP2 mRNA
, (p> 0.05 , SGST
5 GPX UCP2
; S ; ; 2; ; ;
1 Q344 . 1 tA : 1000-3207(2007) 06-0788-11
, (Microcystins, (el
MCs) S ( Soluble glutathione
60 R S-trandferase, sGST)
MGIR MGRR MGYR (1 ( Glutathione, GSH) ,
[2] , ,
[3] [7]
, ( Glutathione peroxidases, GPX),
(Reactive oxygen species, ROS) , ROS ROS
, MCs )
43, GPX :
: 2006009, :200716-30
(30670367) ; ; (2005B20301005) ;
(031886) ;
(1980—), . ; ;

, Tel: 020-85221497, E-mail: tlangxf@ jou. edu. en



789

2(Uncow
pling protein 2, UCP2) ,
, ROS
[8—10]
sGST cDNA
GPX UCP2 cDNA ,
B (B-ACT) ,

MG-LR (50 Hg/ kg body weight, bwt)
sGST GPX  UCP2 ,

1
(5—8 ¢
, 9L 3 5
10%
, (24 X2) C,
10 2,
5 ,
MG LR  Sigma
1.1 RNA cDNA
,  RNA Promega
SV Total RNA Isolation System
cDNA TaKaRa RNA LA
PCR™ Kit (AMV) Ver. 1.1 , RNA
,oligo(dI') 13 ,
-20C
1.2 sGST GPX UCP2 cDNA
sGSI' GPX
ucp2 3 (
1) cDNA , sGST'O1F
sGSTO2R GPXO1F  GPX02R UCP201F  UCP202R
sGSI' GPX  UCP2 DNA
PCR :94°C 3min, 94C
60s,40C 60s,72°C 60s, 30 , 727C
Smin  PCR 2% ,H. Q.
& Q. Gel Extraction Kit II (U-gene) pMD
18T (TaKaRa) , E. coli JM109,
M13 , PCR

, ABI Prism™ 377
(Perkin Elmer, USA) DNA

vector NT'I suite 6. 0
1 sGST GPX UCP2 B-ACT PCR
Tab. 1 PCR primer sequences for cloning of tilapia sGST,
GPX, UCP2, B-ACT gene

Name of primer Sequence of primers

GSTOIF 5§ ATCCTGAACTACAT CGCAGGGAAGIAT 3
sGSTO2R 5-TGGAGGTTTCCTAGCGCTGCCTGGITG 3
s$GSTO3F 5-AGGATCCCAAAGAACGAG-3
sGST04R 5-CAGAAACCTGCTGATGGG 3
GSI'3 S 5-AGCGCAGGATGACACAA-3
GSI'S RT 5—(P) CACAGGAAGGTAGCG-3
SIS SI §—CATGAT ACITCCCTT CACG-3
$GSTS Al 5-TTCCATGAGGTCTGTCAA-3
LSTS 2 5—GGACAACATTCAGAGCAA-3
GSI'S A2 5—CCTCAGAGTA CATGITGA-3
GPXO01F 5-GI'GCCCTGCAACCAGITTGGACACCAAGA-3
GPXO2R §- ACCAGGAACTTTTCGAAATTCCA-3
GPX03F 5-CACCAAGAGAACTGCAAG-3
GPX04R 5-CACGICATTCCTACACAG3
UCP201F 5-TCACCITTCCACTGGACACCGCAAAGGE3
UCP202R 5—- AT AGGTGACAAACATCACTACATTCCA-3
UCP203F 5-CATCCGAT ACAGAGGG-3
UCP24R 5-CACGGCAGATTGTCTGACAA-3
ACIOIF 5-CGTGACATCAAAGAGAAGG-3
ACTO2R 5-TCITGCT GGAAGGT GGACAG-3
1.3 3 5 RACE sGST cDNA
sGST cDNA
, 1 sGST3’S (1)
3> RACE sGST
cDNA , 5 sGSIRT
sGSI'S1 sGSI'S2 sGSTA1 sGSTA2 ( 1) 5’
RACE 3-Full RACE Core Set (TaKaRa)
,  Oligo dF3site Adaptor Primer
cDNA , REPCR :30°C
Imin, 50°C 30min, 95°C 5min, 5°C 5min
sGST3’ S 3site Adaptor
Primer PCR PCR 94°C
3min, 94°C 60s, 50°C 60s, 72°C 2min, 30
, 72°C Smin cDNA 3’
5’-Full RACE Core Set (TaKaRa)

5 SHL  RNA( 5 Ho),
sGSI'5’ RT cDNA R RNase
H,  mRNA, T4 <DNA

c¢DNA TE Buffer 10
PCR 10 4 ML, 10x PCR

buffer 5 BL. dNTP ( 2. Smmol/ L. each) 4 BL Taq
0.25 ML, sGST5’ S1 sGST'5’ Al 1 ML,
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ddH,0 50 M. PCR :94°C (3-UTR) 167 bp, (ORF) 669
3min, 94°C 1min, 55C 1min, 2°C Imin, 25 bp, 22 sGST

, 72C Smin 1 1L, TAA sGST cDNA polyA
sGSTS 2 sGSTS” A2 PCR , AATAAA( 1) , 8

: 94°C 3min, 94°C Imin, 60°C Imin, sGST, a(alpha) H(mu) T(pi) O(sigma) O
11
72°C Imin, 30 ., 7TC 5o (theta) ©(omega) K(kappa) —&(zeta) '
sGST @DNA 5 , sGST c¢DNA BLAST ,
3 5 sGST a sGST ,
, sGST cDNA sGST a sGST
2,8
1.4 sGST GPX UCP2  mRNA a  SGST S
3 ,10 sGST (1, 2
2 5 (N G
, , 3 «a 4 B
(PBS) ,MGLR 50 e/ kg bwt, i‘ ATGTCTGAAAAACCTGTGC 1<M(mmwu«t:?:?::::?:(u“«(u\:((i:lmtt n),
PBS 24h I MSEKPV LYY FNGRGKMESTIR 2
? 81
RNA <DNA 1.3 86 TGGCTTTTAACTGTTGCTGAAGTCGAGTTTGATGAAGTGCTTCTGACAACTCGGGAGCAG 145
20 L LT VAEVEFDEVLLTTREQ 40
B ) RFPCR al B2
146 TATGAAAAACTCCTGAATGATGGGGCGCTCATGTTTCAACAGGTCCCTTTGGTGGAAATG 205
sGSI' GPX  UCP2 mRNA 4 Y E KL LNDGALMEFQ@WNPLYEM 6
a2 B33
R sGSI' GPX UCP2 206 GATGGCATGAAGCTCATTCAGACAAAAGCAATCCTGAATTACATCGCAGAGAAATACAAT 265
GSTO3F CSTO4R  CPXBF 61 D G M K LI @ KA T L NY T AEKTYN 8
S R4 al
GPX04R UCPQO3F UCPQO4R( 1) 1 :Th (‘ll'tyti\]lt.t\A;\:(.<.kA)lt;‘t !\:!\h:\'.‘\t'(k,it,\lAA:.A:('\,:( A\I‘(,I:( I:l(‘:‘;ﬁt;’\][{,‘h\:] :;:,:,
ad
332 bp sGST cDNA 5 1 234 bp GPX 326 GACCTCATGGAAATGATCATGATACTTCCCTTCACCCCAGATCCCAAACCCAAACTGGAC 385
CDNA 1 485 bp UCP2 CDNA 100 P L M E M I M1 LPFTPDPKZPKTLDI2
B_ ( GenBank: 386 AACATTCAGAGCAAAGCAAAGGAGCGCTACCTTCCTGTGTATGAAAAGGCTCTGACTGGA 445

ABO37865) 2 ACTO1F  ACTOZR,

B cDNA (436bp) (1)
PCR 94°C 3min, 94°C 60s, 55°C
60s,72C 60s, 30 , nC Smin
PCR 2%
(Alphalmaget, Alpha Inotech, USA) ,
sGSI' GPX UCP2 B mRNA  RFPCR
(%)
1.5 SPSS 10. 0
sGSI' GPX  UCP2 MG LR
mRNA
p< 0.05,
2
2.1 sGST cDNA
REPCR  RACE ,
sGST cDNA
sGST ) sGST cDNA
861 bp, 5 (5-UTR) 25bp, 3

12 N 1 Q S K A K E R Y L P VYEKALTG 14
ab
446 CCCGTGTACCTGGTGGGAGGTAAACTAAGCCTTGCTGATGTGCTGCTTGTTGAATGCACC 505
141 P VY LV GG KLSLADVYLLVETCTI60
ab
506 CTGATGCTGGAGGAGAAATTTCCAGACATTCTGAAAGACTTCCCCAATATCAAGTCCTTT 565
61 L M L EEKFPDILKDFPNTIKSF I8
a7
566 CAGGGCAGGATGACACAAATCCCCGCCATCAGCAGGTTTCTGCAGCCGGGCAGCAAGAGG 625
181 Q G R M T QI PA1TSRFLQPGSK R 200
a8
626 AAGCCAGCGCCAGATGAAAAATACTTGAAAAATGTTGTGGAAGTCCTAAACCTCAAGTTG 685
200 K P APDEKYLKNVYVYEVLNLTKIL 20
Bs a9
686 CCACTTTAAGAAACACTACAAAAGATCTGTTACATTCCTCATTAGGCAACGTGATTATGA 745
221 P L = 222
746 TCAGTTACATCTGGAGGCATACGTGAAGATAAACGCTGCACTAACACAACAACATGGAAA 805
806 GAACTTCTGTAATCTGCTTTACCAATAAACACATTTGACACAAAAAAAAAAAAAAA 861

1 sGST cDNA
Fig 1 The ful-length nucleotides sequence and deduced amino acid
sequence of tilapia sGSI' gene
(ATG) , (TAA) .
( AATAAA)

GSH-
The ATG stat codon & holdfaced and the TGA trandation stop codon &
marked by an asterik. The underlined (ATAAA ) is polyadenylation signal
Resdues in secondary structure damain are underlined: a refers to ac-heli,
and B to a B-srand. Glutathione-binding residues (i. e the G-site ligands)
are shaded. The sense strand is displayed from the 5’ t03" dired on
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sGST BLAST
vector NTT suite 6.0
, sGST
( Oplegnathus f asciatus) sGST ,
75.2% 78.5% 64.3%,
( ) ) sGST ,
52.2% 2.7% 48.2% 51.8% 55.9% (  2)
2.2 GPX cDNA
GPXO01F GPX02R RF
PCR, 280 bp
GPX DNA ,
92 ( 3
GPX , 5 : GPX
(Classic or cytosolic GPX, GPX1)
GPX( Gastrointestinal-specific GPX, GPX2) GPX
(Plasma GPX, GPX3) GPX ( Phosphe-
lipid hydroperoxide GPX, GPX4)
GPX ( Epididymis-specific GPX, GPX5)!"I, 4

UGA ( Selenocys-
teine, SeC) , Se-GPX,  GPX5 SeC
GPX BLAST
GPX GPX
, GPX1

GPX1

( 4 SeC
Trp160 (4
Gln75  Trpl53,
SeC GPX
Arg52 Iys86 Arg98 Argl79  Argl80

GIn82

GSH ,
, GPX 3
’ , [15] ,
GPX ( 4 vector
NTI suite 6.0
, GPX GPX
85.9% 78.3% 83.7%,
GPX
71.7% 70.7% 70.7% 69.6% ( 4),
GPX
2.3 uar2 cDNA
UCP201F  UCP202R RF
PCR, 776
bp UCP2 cDNA ,
258 ()]
, ucr2
3 :
PLDTAKVRL ucpP2 3 11
; PTDVVKVRF ucr2
102 110 ; PVDVVKTRY
ucpP2 201 209 He e s
vector NTI suite 6. 0
, ucp2

( Leudscus cephalus) UuCpP2
93.8% 74. 1% 74.5% 73.8% 74.1%,
ucp2

72.9% 71.8% 71.8% ( 6) UCP2
UCP2
2.4 sGST GPX UCP2
mRNA
B ;
sGSI' GPX U(CP2 mRNA (
7, 8 , MGIR (50 Hg/ kg bwt)
24h sGSI' GPX UCP2
mRNA s
sGST mRNA

(p < 0.05)
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pGST
cGST

MAGKP ILHYFNGRGRMECIRWLLAAAGVEFEEKFIKTPEDLDKLTNDGSLLFQQVPMVEIL
MAAKPVLYYFNGRGKMESIRWLLAAAGVEFEEVFLETREQYEKLLQSGILMFQQVPMVETL
* * dok okk kkkolok ok ok kX * ok ok ok dokk ok

tGST 1 MSEKPVLYYFNGRGKMESIRWLLTVAEVEFDEVLLTTREQYEKLLNDGALMFQQVPLVEM
rshGST 1 MAGKVVLHYFNGRGRMES IRWLLTVAEVEFDEVHLTTRDQLKQLLSDGDLMFQQVPMVEI
rbGST 1 MAGRVVLHYFNGRGKMESTRWLLTVAGVEFDEMYLTTRDQYEKLLSDGALMFQQVPMVET
2GST 1 MSGKVVLHYFNGRGKMES IRWLLAVAGVQFEEVFLTEKEQFDKLLSDGALTFQQVPLVEL
hGST 1 MAEKPKLHYSNTRGRMES IRWLLAAAGVEFEEKF IKSAEDLDKLRNDGY LMFQQVPMVET
rGST 1 MPGKPVLYYFDGRGRMEP IRWLLAAAGVEFEEQFLKTRDDLARLRNDGSLMFQQVPMVEL
mGST 1 MAGKPVLHHFNARGRMECTRWLLAAAGVEFEEKF IQSPEDLEKLKKDGNLMFDQVPMVEI

1

1

tGST 61  DGMKLIQTKAILNYIAEKYNLHAKDPKERVMINMYSEGLTDLMEMIMILPFTPDPKPK——
rsbGST 61  DGMKLIQTKAILNYTAEKYNLHGKDLKDRVMINMYSEGVMDLMEMIMMLPF IPDPKPK—-
rbGST 61  DGMKLVQTKAILNYIAEKYNLHGTNPKDRVTINMYCEGVMDLMEMIMMLPFSTDPKEK——
zGST 61  DGMKLVQSKAILNYIAGKYNLYGKDLKERAMIDIYSEGLIDLMEMIMVSPFTPAENKEKV
hGST 61  DGMKLVQTRAILNYIASKYNLYGKDIKEKALIDMYIEGIADLGEMILLLPFTQPEEQDAK
rGST 61  DGMKLVQTRAILNYIATKYNLYGKDMKERALIDMYAEGVADLDEIVLHYPYIPPGEKEAS
mGST 61  DGMKLAQTRAILNYIATKYDLYGKDMKERALIDMYSEGILDLTEMIGQLVLCPPDQREAK
pGST 61  DGMKLVQTRAILNYIATKYNLYGKDAKERALIDMYTEGVADLGEMILLLPLCPPNEKDAK
cGST 61  DGMKLVQTRAILNYTAGKYNLYGKDLKERALIDMYVGGTDDLMGFLLSFPFLSAEDKVKQ
* bokok ok ok * * ok ok okk

tGST 119  LDNIQSKAKERYLPVYEKALT--GPVYLVGGKLSLADVLLVECTLMLEEKFPDILKDFPN
rsbGST 119 LANIEAKATERYLPVFEKVLS--GQIYLVGGKISVADVLLFECTLMLEEKFAGILGDFRN
rbGST 119 LDTIQTKAKERYLPVFEKALT--GPIYLVGGKLSCADVQLVECTLMLEEKFPGILADFPN
2GST 121 FSNIEEKAKVRFLPVFEKALA-—NSSFLVGKQLSRADVHLLEATLMLQELFPSILATFPK
hGST 121  LALIQEKTKNRYFPAFEKVLKSHGQDYLVGNKLSRADIHLVELLYYVEELDSSLISSFPL
rGST 121  LAKIKDKARNRYFPAFEKVLKSHGQDYLVGNRLSRADVYLVQVLYHVEELDPSALANFPL
mGST 121  TALAKDRTKNRYLPAFEKVLKSHGQDYLVGNRLTRVDIHLLEVLLYVEEFDASLLTPFPL
pGST 121  VASIKEKSTNRYLPAFEKVLKSHGQDYLVGNKLSRADIQLVELLYYVEELDPSLLANFPL
cGST 121  CAFVVEKATSRYFPAYEKVLKDHGQDFLVGNRLSWADTHLLEATLMVEEKKSDALSGFPL
* ok kk Xk ook * % * *

tGST 177  IKSFQGRMTQIPAISRFLQPGSKRKPAPDEKYLKNVVEVLNLKLPL-— 222
rsbGST 177 VKAFQGRMTRIPAIDEFLKPGSKRKPQPDDQYVKTIMEVLDIKSLP-—- 222
rbGST 177 LKSFQGRMTLLPAISRFLQPGSKRKPQPDETYVKTIMEVFKIQFPLK—— 223

zGST 177  TQAFQEQMKALPATSKFLQPGSARKPPPDEEYVRTVKAVLSHLFK-———— 223
hGST 181 LKALKTRISNLPTVKKFLQPGSPRKPPMDEKSLEE——-SRKIFRF-—- 222
rGST 181 LKALRTRVSNLPTVKKFLQPGSQRKPLEDEKCVGNPQLSLQLFRHL-—— 226
mGST 181 LKAFKSRISSLPNVKKFLQPGSQRKPPMDAKQIQEARKAFKIQ———— 223
pGST 181 LKALKTRVSNLPTVKKFLQPGSQRKPPMDAKKIRR—-SQEYFPD-——- 222

cGST 181 LQAFKKRISSIPTIKKFLAPGSKRKPISDDKYVETVRRVLRMYYDVKPH 229
* dk cklok ok ok

2 GST
sGST's
Fig 2 Deduced amino acid sequences of tilapia sGST' were aligned against published fish, mammalian and bird sGST's sequences
(tGST), (rsbGSI', GenBank: BAE06152), (thGSI, GenBank: AAU44618), (zGST, GenBank: NP-998559),
(hGSI', GenBank: CAA46642), (1GST, GenBank: AAF37739), (mGST, GenBank: NM-008181),  (pGSI, GenBank: CAA93433),
(GST, GenBank: NP-990743) “” Jex”

The sequences of GST's respedively were tilapia (1GST), Red sea bream (rshGST, GenBank: BAE06152), Rock bream (rbGST, GenBank: AAU44618),
Zebrafish (zGST, GenBank: NP-998559), Human ( hGST, GenBank: CAA46642), Rat (rGST, GenBank: AAF37739), Mouwse (mGST, GenBank: NM-
008181), Pig (pGSI, GenBank: CAA93433), Chicken (GSI, GenBank: NP-990743). The ammo acid sequence of dashes indicates the amino acid gaps

that are necessary to align these sequences. The conserved residues in all sequences are indicated by astersk (* )
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1 GTGCCCTGCACCAGTTTGGACACCAAGAGAACTGCAAGAACGATGAAATCCTAAGATCT 59
1 A LHQFGHQENCKNDETTLTR RS 19
60 CTGAAGTATGTCCGTCCAGGGAATGGCTTTGAACCAAAGTTCCAGCTCCTCGAGAAGGTG 119
20 LKYVRPGNGFEPIKTFA QLTLETZKV 39
120 GATGTGAATGGAAAGGATGCCCACCCCTTGTTTGTCTATCTGAAGGAAAAACTTCCATTC 179
40 DV NGKDAHPLTFVYLZKETKTLPTF 59
180 CCCTGCGATGATGCCCTGGGTCTCATGAATGATCCAAAGTACATCATTTGGAGTCCAGTG 239

60 P CDDALGLMNDPIKTYTI

I ¥ S PV 79

240 TGTAGGAATGACGTGTCCTGGAATTTCGAAAAGTTCCTGGT 280
8 C RNDV S WNTFETZKTFIL 92

3 GPX

cDNA

Fig. 3 The nucleotides sequence and deduced amio acid sequence of tilapia GPX gene The sense srand is displayed from the 5 to 3’ direction

3 , ucP2
ROS
’ [8710]7 ROS
, sGST ’
[18,19] Gehringer [20]
sGST
MG-IR ., GSI GPX
Best [ 21]
, sGST R ’
sGST , sGST ( )
R sGST
’ GPX UCP2
sGST
, GPX UCP2
(sGST) , ’
sGST E
’ 2,4 (CDNB)
ROS (GPX
340 nm CDNB
UCP2) , Gehringer
[20]
, 340 nm
, sGST
’ , sGST sGST
’ mRNA
GPX ,  GSH GSSG ’
,  sGST GSH ’
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PX 0
rbGPX 1 - MAGNVRRFYDLTAKLLSGESFSFSALKGKVVLIENVASLXGTTT
rtGPX 1 MAGNVRRFYDLTAKLLSGESFSFSALKGKVVL IENVASLXGTTT
6PX 1 —— MAGTMKKFYDLSAKLLSGDLLNFSSLKGKVVL IENVASLXGTTV
hGPX 1 MCAARL-———AAAAAQSVYAFSARPLAGGEPVSLGSLRGKVLLIENVASLXGTT
1
1
1

rGPX MSAARL———— SAVAQSTVYAFSARPLAREEPVSLGSLRGKVLLIENVASLXGTTT]
nGPX MCAARL-———- SAAAQSTVYAFSARPLTGGEPVSLGSLRGKVLLIENVASLXGTTI

pGPX MCAAQRSAAALAAVAPRSVYAFSARPLAGGEP [SLGSLRGKVLLIENVASLXGTTV
loopl

T ] eeee—— ALHQFG
rbGPX 49 QMNELHNRYSAKGLVILGVPCNQFG
rtGPX 49 QUNELHSQYSEKGLVVLGVPONQFG
ZGPX 49 QUNELHSRYADQGLVVLGAPCNQFG
hGPX 56  QMNELQRRLGPRGLVVLGFPCNQFG
rGPX 56  EMNDLQKRLGPRGLVVLGFPCNQFGH
mGPX 56 EMNDLQKRLGPRGLVVLGFPCNQFG EE ILNSLKYVIRPGGGFEPNFTLFERCEV
pGPX 61  QUNELQRRLGPRGLVVLGFPCNQFG GE TLNCLKYVIRPGGGFEPNFMLFEKCEV

sokfolokokk kk dkokk  kokokokolokok  kokokk Xk *k  k

loopll
(GPX 42  NGKDAHPLFVYLKEKLPFPCDDALGLMNDPKYI IWSPVCRNDV
rbGPX 109 NGQDAHPLFVFLKEKLPFPCDDAMALMEDPKFI IWSPVSRNDV
FtGPX 109 NGKDAHPLFVYLKDKLPFPSDDSMALMSDPKF TMWSPVCRNDV
ZGPX 109 NGENAHPLFAFLKEKLPQPSDDPVSLMGDPKF1 IWSPVCRNDI
hGPX 116  NGAGAHPLFAFLREALPAPSDDATALMEDPKLITWSPVCRNDV
rGPX 116 NGEKAHPLFTFLRNALPAPSDDPTALMEDPKYIIWSPVSRNDI
mGPX 116 NGEKAHPLETFLRNALPTPSDDPTALMEDPKY I INSPVCRND I AWNFEKFLVGPDGVPVR
pGPX 121 NGANAHPLFAFLREALPTPSDDATALMEDPKFITWSPVCRNDIAMNFEKFLVGPDGVPLR
¥k dkkkk ok *k Kk Kk sk ook ok okkk kokk  okskokkokok

DEILRSLKYV[RPGNGFEPKFQLLEKVDV
EEILKALKYV[RPGNGFEPKFQLLEKVDV
DETLRSLKY I{RIPGNGFEPKFPLFERMBY
EE ILQSLKYV[RIPGNGFEPKFQILEKLEV
EETLNSLKYV[RPGGGFEPNFMLFEKCEV
EE ILNSLKYV|RIPGGGFEPNFTLFEKCEV

ZzZ Z2 2z 2 Z 2 Z

b

\FEKFL—

\FEKFLVSPDGEPYK
\FEKFLVSPDGDPYK
(FEKFL1GPDGEPFK
FEKFLVGPDGVPLR
\FEKFLVGPDGVPVR

loopI Il
tGPX 92 = 92
rbGPX 169 ‘LTTDIEADIKELLKRVK— 190
rtGPX 169 g m ‘LTSDIEADIKELLNVK—— 189
zGPX 169 RY m ‘LTIDIDADIKELLKRTK-——— 191

hGPX 176 S m ‘QTIDIEPDIEALLSQGPSCA 201
rGPX 176 RY RTIDIEPDIEALLSKQSSNP 201
mGPX 176 RY ‘RTIDIEPDIETLLSQQSGNS 201
pGPX 181 RYS LTIDIEPDIEALLSQEPSSA 206

4 GPX GPXs
Fig. 4 Deduced amino acid sequences of tilapin GPX were aligned against published fish and manmalian GPXs s equences
(1GPX) (rbGPX, GenBank: AY734530), (HGPX, GenBank: AF281338), (4PX, GenBank: NM-
001007281),  (hGPX, GenBank: HUMGLP), (1GPX, GenBank: NM-030826) , (mGPX, GenBark: NVEOOS160),  (pGPX, GenBank:
AF532927) “r Jew? L 7 UGA ,

« » « » « »
s s

The sequences of GPX respedively were tilapia (tGPX), Rock bream (thGPX, GenBank: AY734530), Rainbow trout (tGPX, GenBank: AF281338), Ze
brafish (zGPX, GenBank: NM- 001007281). Human (hGPX, GenBank: HUMGLP), Rat (rGPX, GenBank: NM-030826), Mouse (mGPX, GenBank: NM-
008160) , Pig (pGPX, GenBank: AF532927), The amino acid sequence of dashes indicates the anino acid gaps that are necessary to align these sequences
The conserved residues in all sequences are indicated by astersk (* ). Selenoyseine residues are indicated by black hold, the adive-site residues located
within hydrogerbonding distance to the selenium atom are indicated hy shade boxes, catalytic adive sites are indicated by boxes, residues which

are important for the activity of GPX1 are indicated by shade Three loop sructures that gabilize the structure of the enzyme are underlined



795

1

60

20

120
40

180
60

240
80

300
100
360
120
420
140
480
160
540
180
600
200
660
220
720
240

The three mitochondrial carmrier protein signature motifs are boxed The sense strand is displayed from the 5 to 3 direction

TCACCTTTCCACTGGACACCGCAAAGGTCAGACTACAGATTCAAGGAGAGAAGAAGGCA
TFPLDTAKVYRLUJQI QGEKKA
GTGGGGGGCATCCGATACAGAGGGGTGTTTGGGACCATCAGCACCATGATCCGAACAGAA
VGGGIRYRGVFGTISTMTIRTE
GGGCCCAAGTCTCTGTACAATGGTCTGGTGGCTGGGCTGCAGAGACAGCTGTGCTTTGCC
GPKSLYNGLVYAGLG QR® QLT CTFA
TCCGTCAGAATCGGCCTCTATGACAACGTTAAAAATTTCTACACTGGTGGCAAAGACAAC
S VRIGLYDNVEKNFYTGGEKTDN
CCTAGTGTACTGGTACGTATCCTGGCTGGCTGCACCACAGGTGCCATGGCGGTGTCCTTT
PSVLVRILAGCTTGAMAVSTF
GCGCAGCCCACCGACGTGGTCAAGGTTCGATTCCAAGCCCAGATGAATCTGGACGGAGTG
A QP TDV VKV RFQAQMNLDGYV
GCCCGCCGCTACAGCAGCACCATGCAGGCTTACAGACACATCTTCCAACACGAGGGCATG
ARRYSSTMQAYRHTITFAO QHETGHM
CGTGGGCTCTGGAAAGGAACATTACCCAACATCACAAGAAACGCCCTGGTAAACTGCACA
R GLWEKGTTLPNTITRNALVNCT
GAGCTGGTTACATACGACCTGATAAAGGAGGCCATCCTTAGACACAAGCTGTTGTCAGAC
ELVTYDLTIKEATILILRHEKTLTLSHD
AATCTGCCGTGCCACTTTGTCTCTGCGTTTGGCGCCGGCTTCGTTACCACAGTGATTGCC
NLPCHFVSAFGAGTFVTTVTIA
TCCCCGGTAGACGTGGTAAAGACCAGATACATGAACTCACCGCCGGGCCAGTATAAGAGC
SPVDVVKTRVYMNSPPGQYEKS
GCCATTAACTGTGCCTGGACCATGTTAACTAAAGAGGGGCCAACAGCATTCTACAAAGGA
AT NCAWTMLTE KESGPTATFTYKSG
TTCGTGCCCTCGTTCCTGAGGTTGGGATCGTGGAATGTAGTGATGTTTGTCACCTAT
FVPSFLRLGSWNVYVMFVTY

5 ucpP2 cDNA
Fig 5 The nucleotides sequence and deduced amino acid sequence of tilapia UCP2 gene
3

tUCP2 1 TFPLDTAKVRLQIQGEKK-—--- AVGGIRY
rsbUCP2 1 Y
zUCP2 1 MVGFRAGDVPPTATVKF IGAGTAACIADLFTFPLDTAKVRLQIQGENKASTNMGRGPVKY
cclCP2 1 MVGFRAGDVPPTATVKE IGAGTAACTADLETFPLDTAKVRLQIQGESK IPVNTGHGPVKY
ecUCP2 1 MVGFRAGDVPPTATVKE IGAGTAACIADLETFPLDTAKVRLQIQGETKGPANTGHGPVQY
gelCP2 1 MVGFRAGDVPPTATVKFIGAGTAACTADPFTFPLDTAKVRLQIQGETKGPANTGHGPVKY
hucp2 1 MVGFKATDVPPTATVKFLGAGTAACIADLITFPLDTAKVRLQIQGESQGPVRATAS-AQY
rUCP2 1 MVGFKATDVPPTATVKFLGAGTAACIADLITFPLDTAKVRLQIQGESQGLARTAAS-AQY
mUCP2 1 MVGFKATDVPPTATVKFLGAGTAACIADLITFPLDTAKVRLQIQGESQGLVRTAAS-AQY

*

tUCP2 26 RGVFGTISTMIRTEGPKSLYNGLVAGLQRQLCFASVRIGLYDNVKNFYTGGKDNPSVLVR
rsbUCP2 2 RGVEGTISTMIKTEGPRSLYNGLVAGLQRQMCFAS IRTGLYDNVKNFYTGGKDNPNVLL IR
zUCP2 61  RGVFGTISTMVRVEGPRSLYSGLVAGLQRQMSFASVRIGLYDSVKQFYTKGSDHAGIGSR
ccUCP2 61  RGVFGTISTMVRVEGPRSLYSGLVAGLQRQMSFASVRTGLYDSVKQFYTKGSEHVGIGSR
ecUCPZ 61  RGVFGTISTMVRVEGPRSLYNGLVAGLQRQMSFASVRIGLYDSVKQFYTKGSDHVGIGSR
gcUCP2 61  RGVFGTISTMVRVEGPRSLYSGLVAGLQRQMSFASVRIGLYDSVKQFYTKGSDHVGIGSR
hUCP2 60  RGVMGTILTMVRTEGPRSLYNGLVAGLQRQMSFASVRIGLYDSVKQFYTKGSEHASIGSR
rucpr2 60 RGVLGTILTMVRTEGPRSLYNGLVAGLQRQMSFASVRIGLYDSVKQFYTKGSEHAG IGSR
mUCP2 60  RGVLGTILTMVRTEGPRSLYNGLVAGLQRQMSFASVRIGLYDSVKQFYTKGSEHAGIGSR

Kkk kokk kok k skkk skokok *k dokk k *

tUCP2 86  ILAGCTTGAMAVSFAQPTDVVKVRFQAQMNLDGVARRYSSTMQAYRHTFQHEGMRGLWKG
rsbUCP2 62  ILAGCTTGAMAVSFAQPTDVVKVRFQAQSNLDGVARRY TGTMQAYKHIFQNEGMRGLWKG
zUCP2 121 LMAGCTTGAMAVAVAQPTDVVKVRFQAQVSAG-SSKRYHSTMDAYRT IAKEEGFRGLWKG
ccUCP2Z 121 LMAGCTTGAMAVALAQPTDVVKVRFQAQNSAG-ANKRYHGTMDAYRT IAKEEGFRGLWKG
ecUCP2Z 121 LMAGCTTGAMAVALAQPTDVVKVRFQAQISAG-ANKRYQGTMDAYRTTAKEEGFRGLWKG
gcUCPZ 121 LMAGCTTGAMAVAVAQPTDVVKVRFQAQIGAG-ANKRYNGTMAAYRT IAKEEGFRGLWKG
hUCP2 120 LLAGSTTGALAVAVAQPTDVVKVRFQAQARAG-GGRRYQSTVNAYKTIAREEGFRGLWKG

rucP2 120 LLAGSTTGALAVAVAQPTDVVKVRFQAQARAG-GGRRYQSTVEAYKT IAREEG IRGLWKG

nUCP2 120  LLAGSTTGALAVAVAQPTDVVKVRFQAQARAG-GGRRYQSTVEAYKTIAREEG IRGLWKG

Kk okokk dkk kkokokkkokokskokokokokok *k ok okk ok Fokokokokokok

59
19
119
39
179
59
239
79
299
99
359
119
419
139
479
159
539
179
599
199
659
219
719
239
776
258



796 31

tUCP2 146 TLPNITRNALVNCTELVTYDLIKEATLRHKLLSDNLPCHFVSAFGAGFVTTVIASPVDVV

rsbUCP2 102  TLPNITRNALVNCTELVTYDLIKEAILKHNLLSDNLPCHFVSAFGAGFVTTVIASPVDVV

ZUCP2 180  TGPNTTRNATVNCTELVTYDLIKDALLKSSLMTDDLPCHFTSAFGAGFCTTTTASPVDVV

ccUCPZ 180 TGPNITRNAIVNCTELVTYDLIKDALLKSSLMTDDLPCHFTSAFGAGFCTTVIASPVDVV

ecUCPZ 180 TGPNITRNAIVNCTELVTYDLIKDALIKSMLMTDDLPCHFTSAFGAGFCTTVIASPVDVV

geUCPZ 180 TGPNITRNATVNCTELVTYDLIKDALLKSSLMTDDLPCHFTSAFGAGFCTTVIASPVDVV

hUCP2 179  TSPNVARNATVNCAELVTYDLIKDALLKANLMTDDLPCHFTSAFGAGFCTTVIASPVDVV

rUCP2 179 TSPNVARNAIVNCTELVTYDLIKDTLLKANLMTDDLPCHFTSAFGAGFCTTVIASPVDVV

mUCP2 179  TSPNVARNATIVNCAELVTYDLIKDTLLKANLMTDDLPCHFTSAFGAGFCTTVIASPVDVV
* okk Rk ook ckllllllk ok ok k lolololok okolololok olooiookolololok

tUCP2 206  KTRYMNSPPGQYKSATNCAWTMLTKEGPTAFYKGFVPSFLRLGSWNVVMFVTY

rsbUCP2 162 KTRYMNSPPGQYKSAINCAWTMMTKEGPTAFYKGFVPSFLRLG——————————————

2UCP2 240  KTRYMNSAQGQYSSALNCAVAMLTKEGPKAFYKGFMPSFLRLGSWNVVMFVTYEQLKRAM

ccUCP2 240  KTRYMNSAPGQYCSALNCAVAMLTKEGPKAFYKGFMPSFLRLGSWNVVMEVTYEQLKRAM

ecUCP2 240 KTRYMNSAQGQYSSALNCAVAMFAKEGPKAFYKGFMPSFLRLGSWNVVMFVTYEQLKRAL

gclUCP2 240 KTRYMNSAQGQYSGALNCAVAMLTKEGPKAFYKGFMPSFLRLGSWNVVMFVTYEQLKRAM

hUCP2 239  KTRYMNSALGQYSSAGHCALTMLQKEGPRAFYKGFMPSFLRLGSWNVVMFVTYEQLKRAL

rUCP2 239  KTRYMNSALGQYHSAGHCALTMLRKEGPRTFYKGFMPSFLRLGSWNVVMEVTYEQLKRAL

mUCP2 239  KTRYMNSALGQYHSAGHCALTMLRKEGPRAFYKGFMPSFLRLGSWNVVMFVTYEQLKRAL
dolololololok dokk ok ok ok dolokk ook okololololok

tucr2 258 ———— 258

rshUCP2 162 - - 204

2UCP2 300 MAARQNWHTPL 310

cclUCPZ2 300 MAARHNWATPL 310

ecUCP2 300 MAARHNWATPL 310

gelUCP2 300 MAARHNWVTPL 310

huCP2 299 MAACTSREAPF 309

rUCP2 299 MAAYESREAPF 309

mUCP2 299 MAAYQSREAPF 309

6 ucp2 ucr2
Fig 6 Deduced amino acid s equences of tlapia UCP2 were aligned againg published fish and mammalian UCP2 sequences
(wce2), ( sbUCP2, GenBank: AF487341), (AUCP2, GenBank: NM-131176), ( ¢cdJCP2, GenBark:
CCA243486) , (ecUCP2, GenBank: AY368268), (gcUCP2, GenBark: AYH8346), (hUCP2, GenBank: BCO11737), (rUcp2,
GenBank: ABO010743), (mUCP2, GenBank: U69135) “” Lk

The sequences of UCP2 respedively were tilapia (tUCP2), Red sea bream (rsbUCP2, GenBank: AF487341), Zebrafish (UCP2, GenBank: NM-131176),
Common carp (ccUCP2, GenBank: CCA243486), European chubUCP2 (edJCP2, GenBank: AY368268), Grass cap (gcUCP2, GenBank: AY948546),
Human (hUCP2, GenBank: BCO11737), Rat (rUCP2, GenBank: AB010743), Mouse (mUCP2, GenBank: U6135). The amino acid sequence of dashes

indicates the amino acid gaps that are necessary to align these sequences. The conserved residues in all sequences are indicated by asterisk (* )

B-ACT

(a) (c)
5 6

7 PBS(1 3. 5 MGLR(2 4 6) 24h sGST'/B- (a) GPX/B (b) UCPZB- (o)
Fig 7 Amlysi of GSI/B-ACT(a), GPX/BACT(b) and UCP2/B-ACT( ¢) mRNA expression in the liver of tiapia after i p. PBS (L 3. 5) and MG-LR
(2. 4. 6) for 24 h by RFPCR
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Fig. 8 Tilapia sGST, GPX and UCP2 mRNA aboundant after ex posure
1 PBS 2. MG-LR(50H¢/ kgbwt) 24h
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(G “w

1. PBS, 2 MGLR (50Hg kg bwt) for 24h to following i p treat-
ments. sGST/B-ACT % (blak), GPX/B-ACT % (gray), UCP2/B-
ACT % (white). The statigtically significant changes are indicated by

agerisk (* )
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MOLECULAR CLONING AND IN VIVO EXPRESSION ANALYSIS OF MICROCY STIN
DETOXIFICATION-RELATED GENES IN NILE TILAPIA ( OREOCHROMIS NILOTICUS)

WANG Lin, LIANG XuFang, ILIAO Wan-Qin, LEI LaMei and HAN Bo-Ping
( Gollege  Life Science and Technology, Jinan University, Guangzhou  510632)

Abstract: Soluble glutathione S-transferase (sGST) of freshwater fish is extremely important to miaocystins (MCs) purificat ion
from fish body, by catalyzing the conjugation of GSH ( Glutathione) with microgystins. Glutathione peroxidase ( GPX) is essential
to the detoxification of cyanotoxins by providing GSH for sGST. Because oxidation and readtive oxygen species ( ROS) generat ion
is necessarily involved in both the toxication and detoxification process of cyanotoxins in hepatocytes, uncoupling protein 2
(UCP2) also has an important role in inhibiting the excessive produdion of ROS to restrain hepatocytes apoptosis. In this study,

RF PCR using degenerated primers, yielded a sGST' dDNA fragment of 399 bp, a GPX cDNA fragment of 280 bp and a UCP2
cDNA fragment of 776 bp from the liver of a phytoplanktivorous freshwater fish, nile tilapia ( Oreochramis riloticus) , which con
sumed substantial amounts of toxic blue-green algae in the food. The sGSI' cDNA fragment was further completed by 5’ and 3’

RACE (Rapid amplification of cDNA ends) . The fult length tilapia sGST ¢DNA was 861 bp in length, containing an ORF ( Open
reading frame) of 669 bp ( encoding 222 amino acids), flanked by 25 bp 5 UTR ( Untranslated region) and 167 bp 3 UTR. The
deduced amino acid sequence from this sGST' ¢cDNA fragment contains two conserved damains, N terminal damain ( glutathione-
bindind site) and G-terminal domain ( substrate-binding site) . Homology of the sGST' amino acid sequence is high (4. 3% —
78.5%) with red sea bream ( Pagrus mgor), rock bream ( (plegnathus fasciatus) and zebrafish sGST, and is low (51. 8% —
55.9%) with human, rat, cow, pig and chicken sGSI'. However, both the GPX and UCP2 amino acid sequences show a high
onservation with GPX and UCP2 of both fish and mammals ( 69. 6% —85.9% for the GPX with rainbow trout, rock bream, ze-
brafish, human, rat, mouse, cow and pig GPX, and 71. 8% —93. 8% for the UCP2 with red sea bream, zebrafish, common
carp, European chub Leuciscus cohalus, grass carp, human, rat and mouse UCP2). Tilapia juveniles (5—8 g) were exposed
to a sub-lethal dose (50Me/ ke bwt) of MG-LR by intraperitoneal injection. Using B actin as external control, a significant in-
crease (about 80%) in the liver sGST mRNA expression was found in response to the MG-LR exposure after 24h ( p< 0. 05),

indicating the importance of GSI' in microcyst in detoxification. Although no significant changes were seen in the liver GPX and
UCP2 mRNA expression, the expression level of both genes tended to inarease after exposed to MG-LR. We suggested that sGST
might be responsible for the strong tolerance of the phytoplanktivorous fish to microcystins, and hepatocyte proteins coping with
oxidative stress ( GPX and UCP2), might also have same auxiliary effect.

Key words: Nile tilapia ( Oreochromis niloticus) ; Soluble Glutathione S-transferase ( sGST); Glutathione peroxidase ( GPX) ;
Uncoupling protein 2 (UCP2) ; Molecaular cloning; Inviwo induced expression; Micaocystins (MGCs)



