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Cloning and analysis of the full-length cDNA sequence of bighead carp ( Aristichthys nobil-
is ) microcystin-detoxifizyme gene

DING Xuefen, LIANG Xufang™ , WANG Zuhao, LEI Lamei & HAN Boping
(College of Life Science and Technology, Jinan University, Guangzhou 510632 ,P. R. China)

Abstract ; Soluble Glutathione S-transferase (sGST) of freshwater fish is extremely important to microcystin purifi-
cation from fish body, and therefore is also named microcystin-detoxifizyme. PCR using two degenerated primers,
yielded a ¢cDNA fragment of 405 bp from the liver of bighead carp (Aristichthys nobilis). This ¢cDNA fragment was
completed by 5- and 3:RACE. The complete sGST ¢cDNA sequence of bighead carp was 934 bp in length, contai-
ning an open reading frame of 672 bp (encoding 223 amino acids) , flanked by 104 bp 5<UTR and 158 bp 3-UTR.
The deduced amino acid sequence from this sGST ¢DNA fragment contains two conserved domains, N-terminal do-
main ( glutathione-binding site) and C-terminal domain ( substrate-binding site). Comparison of the N-terminal do-
main and C-terminal domain of bighead carp sGST with rock bream ( Oplegnathus fasciatus), red sea bream
(Pagrus major) , chicken, mouse, rat and human sGST showed that, the N-terminal domain is highly conserved
(75% ) in the sGST of fishes, Aves and mammals, while the C-terminal domain has less similarity (43.6%
—=55.9% ) among different sGST, which is consistent with the different function of the two domains. From the ho-
mologous analysis result, we might conclude that, there is a big difference in the C-terminal substrate-binding site
between the microcystin-detoxifizyme gene of freshwater fish and the glutathione S-transferase gene of mammals,
which seems to be consistent to the special function of this gene in freshwater fish for microcystin detoxification.

Keywords: Microcystin-detoxifizyme gene; cDNA sequence; molecular cloning; bighead carp

WA BT B IR AR A, S ORI B BT UK A TR e 7 T R R R s R P e

« EK BB ELS (30670367 ) T ARAK SR TEBEE S UH ) AR A RHE TR H (2005B20301005) R4 A A
Bl 545 (031886) ) N AiRHE 155 H (06A1207088 ) (208 34K & % [0 A R B S8 4156 4 % 8. 2006 - 01
— 11 Yg#i ;2007 —01 09 Wl Bcks. T 5%, %40,1981 4FA  Wi-W55 A ; E-mail ; kinki635@ sohu. com.
wx  JMINAEF : E-mail ; tliangxf@ jnu. edu. cn.



TERF R Easd X H0AR DNA &350 0 L5 55 547 327

FR G —FhJ2: (P63 75 K (microcystin, MC) , Al R AESY) K E KESEPRIET 7,951 R AKHF
RN o6 2 S f ) B R 3 X A B T s B B T 5 Lt 54 AN TR R G2 %
TECTN L ERNT, AR R R IR ALy s I R R R W R (AR KR SR AL R
P, A SRR Ak PR A R B T MRS ER 67 PR, &R A ) 2 B Tl i A 2522 Jr s R BRI e g
F O TR B IZ AN 5T 05 oK B S T s MRS BEH K S-5%#218f (soluble glutathione S-transferase, sGST)
TERIVRAS T FE TR BERE R S5 RAR BN 2558, IRIMTIR K 028 sGST JE IR Sk R A I M e 5 K 25 5¢
B AT ORI HES Y sGST ZHERROR~F I H B 1 AR 5149, R RT-PCR HOAR Y™ 4 i 0 T
WL B BE R AR cDNA .0 7 B, BN A 57 -RACE F1 37 -RACE Hi R B AR B A PR e i g R &
BEMFSL cDNA 2541, LA I B0 0 i 3 e 3 R L3 0 PRI S 8.

1 #FRfn &

1.1 #r#

L1 Es Sl N AR WA

1.1.2 3% #%] SV Total RNA Isolation System 4 Promega /3 ]/ i, TaKaRa RNA LA PCR™ Kit( AMV) Ver.
1. 1,pMD 18-T Vector,Taq DNA 3G Jy 5 AE 4 TRE (K% ) A B2 w7 i, Hg sl 24 o i 11 73 i % [
FEAT R AR

1.2 /3%

1.2.1 % RNA $#2 5Ufn cDNA % — 4% 8y & i ABIFAOC PR 53 B P IEZH 2, A8 RNA B2 05 2l {b 4% Promega
INFIRY SV Total RNA Isolation System 7] &5 #E 37 7 e #E47. ¢DNA 88 — 4% i) & hli {# ] TaKaRa RNA LA
PCR™ Kit(AMV) Ver. 1. 1385 & , A8 4 RNA RBE4R , oligo (dT) s o R 55140, AR H ) & e iy
AT

122 e RS HELE£FHEE DNA w1 ARIFOAEHESIY) sGST Z IR T4 IR F X i 1A AL
iE R a7 3514 sGSTOLF F1 sGSTO2R (3% 1), 4 a0 sGST FE[H cDNA #.0 i B, PCR 9 14 4440y
94°C A5 3 min, 94°C 1 min, 40°C 1 min, 72°C 1 min, 3t 30 MEH, 55 72°C ZEf# 5 min.

% 1 i sGST 3P4 PCR 514
Tab. 1 PCR primer sequences for cloning of bighead carp sGST gene

Name of primer Sequence of primer
sGSTO1F 5= ATCCTGAACTACATCGCAGG(A/G)AA(G/A)TA(T/C) -3
sGSTO2R 5= TGGAGGTTTCCTAGCGCTGCC(A/T/C)GG(T/C) TG -3~
sGSTSRT 5°= (P)AACACAGGCAGGAAG -3
sGST551 5= GGATCTCATCATAATGTCTG -3°
sGST5A1 5°— CTCTGCATACATGTCAATC -3~
sGST582(sGST3S1) 5= GCAGAAACAGCTCGGTAA -3-
sGST5A2 5= AGCCCGTTCTTTAAGGTC -3-
sGST352 5°— GCCTTACCAAGAATCAGCA -3°

1.2.3 e mEREREELEMHmIEE S5 3% cDNA ¥ 3 (5°-RACE) f1 37 3% ¢cDNA 73 (3’ -RACE)

1.2.3.15°-RACE R 3T /515 3 py i 4 sGST FE K cDNA #%.0> B Br % it 5° -RACE 2 #% 5% 2 1% sGST5’ RT
F12 %t PCR 54 sGST5° S1 .sGST5” Al, sGST5’S2 sGST5” A2 (32 1).5  -RACE (3 /EH R F & 72 7 ik
AT BUS pl B RNA(ZY 5 pg) , LA sGSTS” RT 5 | ¥4 i cDNA 55 —4% )5 , il A RNase H, 73/t mRNA , #:45
JH T4 FEHERXTEAEE cDNA #1730k, cDNA 31467~ %) ] TE Buffer #i %8 10 £545 F. B X PCR N f& &R Ky 10
fE5# R4 4 wl 10 x PCR buffer 5 wl [dNTP (2.5 mM each) 4 ul . 1Taq fif 0. 25 wl, Ll K sGST5’ S1 sGST5” Al
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bp B4 1wl 1 ddH, 0 % 50 wl. PCR JZ R 414 H :94°C T A5 Pk 3 min,94°C 1

min,55°C 1 min,72%C 1 min, 25 PMEFR, F )5 72°CLEM S min. BOF Y )
1 wl, B sGST5° S2 sGST5” A2 5|4 iEAT ¥k PCR ¥ 1. I 48 44480 . 94°C Tl AR
£ 3 min,94°C 1 min,60°C 1 min,72°C 1 min, 3£ 30 MG, H )5 72°C ZE
5 min.

1.2.3.23’-RACE 3’ -RACE M#/ES IGR G 7 ik it 47, 1 58 LA aR
ALY oligo dT-3sites Adaptor primer 5| ¥)3E4T S 3E 5% S g . SR ) LA 3sites
Adaptor primer (I &3R4 ) F1 sGST3’ S1( 5 sGSTS’ 2 [FHIAHN) (F 1)K
FIHATE IR PCR I, PCR [ 45445 5° -RACE 28— PCR AH[H] , H1F
IRRECH 30 ¥R 2 PCR AT 54K 3sites Adaptor primer £ sGST3* S2 (3
1), PCR 2% 41415 5 -RACE —yk PCR Hi[Fl.

1.2.4 PCR =4l J5 B J7 5l 041 PCR J=¥) % 2% Sr g WEBE I v Dk 454k, H.
Q. &. Q. Gel Extraction Kit II ( U-gene) [BlIiJ5 T2[% % pMD18-T 2544 ( Takara) ,
FILRT-PCR SRAGHE gty 25 . coli IM109. I MI3 TEZ 101514, B3 PCR [ K6 078 ) 1

FARFAE SGST AN gy grpe i i oy W RS0 00 . 290 LA 42 B8 D veetor NTI suite
cDNA B 1% 3508 6.0 sxqk.

R e L vk
Fig. 1 sGST cDNA fragment 2 Z55R
generated by RT-PCR 5 1 g BFR <GST cDNA £ 3IH B I 5 447
from the liver of bighead A JFFIE cDNA S50, H] sGSTOIF sGSTO2R A5 141 T PCR 44 , 7%
carp. M marker B 1A R BRI PCR P24 (8 1) S Pk alifb I , sEbse 2 pMDIS-T #;
. FH I3 TE 1605 | 4 TR0 75 1)1 405 bp () cDNA F B
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Fig.2 5’ -RACE PCR product. M; marker Fig.3 3’ -RACE PCR product. M; marker

FIFT 5* -RACE Fil 3° -RACE $5 A 53 5 S € JIFIE 3175 2 /MBI - BE A/ PCR 7=y (112, 1 3) . 4
3 2 AN HBEIEAT SO I, 0 53 510 418 bp 269 bp () cDNA FBE. i3 FE 5 i, i M sGST 214
¢DNA 4Ky 934 bp, Fith 5 JEBIIFIX (57-UTR) % 104 bp,3” AEEHIRIX (3" -UTR) g 158 bp, JF il bl S AE
(ORF) % 672 bp, 4l 223 1M HLH. polyA IR(E 545 ATAAA (€] 4).
2.2 FEUFEREELBMET S BN

54005 4 AT ECHR A8 KB UM ZE 2 A sCST B RR R M 3 55.7% - 66.2% (& 5). ilE—
I 4 E S 5 5 4% 7700 ZC8 A8 B /ML sGST (1) N b5 Cok ol 2 B0, #2519, 95 17l
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GGTACCCTCTGCACACACACACACACACTGCTGCACAGCAAAGAGTTTCGCTTCATTTT
GAGAACATTTATTTTATTTTTTAAGTGTCGCTTTATTTTGTGAAAATG TCTGGGAAAGTT
M S G K V
GTGTTGCATTACTTCAATGGAAGAGGGAAAATGGAGTCGGTCCGATGGCTTTTGGCCGCA
vVLIHYFNGRGKMETSVRWLILAA
GCTGGAGTCGAGTTTGAGGAGGTGTTTCTGACCAAAAGGGAGCATTTTGATAAACTGCTG
AGVEFEEVFLTI KR REUHTFDIKTLTL
AATGATGGAGCCCTGATGTTTCAGCAGGTGCCTTTGGTTGAAATAGATGGGATGCAGCTT
NDGALMPFQQVPLVETLIDS GMMA QL
GTGCAGTCAAGGGCTATCTTGAATTACATCGCTGGAAAATACAATCTCTATGGAAAAGAC
vV SRAILNYTAGEKYNTLYGIKT?D
CTTAAAGAACGGGCTTTGATTGACATGTATGCAGAGGGTACCAGCGATCTAATGGATCTC
LKERALTIDMYAEGTSDILMDL
ATCATAATGTCTGTTTTCGCTCCACCCGAAAACAAGCAGAAACAGCTCGGTAATATTGAG
I T MSVFAPPENI KU QK QLGNTIE
CAAAAGGCAAAAGAGCGCTTCCTGCCTGTGTTTGAAAAGGGTCTTGCAAACTCTCAATTC
Q K AKERFLPVFEZKTGLANSZGQF
CTGGTGGGAAACCAGTTGAGCCGCGCTGATGTTCACCTTCTGGAGGTCACTCTGATGCTG
L v ¢GNQLSURADVHLTLEVTTLML
CAGGAGTTATTCCCTACAATACTGTCAACCTTTCCCAAAATCCAGGCGTTCCAGGAAAGA
Q ELFPTTIULSTTFPIEKTI® GQATFZ QETR
ATGAAGGCCTTACCAAGAATCAGCAAGTTCCTGCAGCCCGGCAGTGCAAGAAAACCTCCT
M KALPRTISIKTFILIQPGSARTEKPP
CCTGATGAGGTGTACGTGAAAACTGTGAAGGAGGTGTTGAGCCACCTCTTTAAGTAGAAG
pPDEVYVKTVKEVLSHLTF K %
GACCACTTAAAAACATTTAGATGATGTTAATCACTAATTAATTTACAAGCTTCCTTATTA
AAACTGAGGCACTAAAATGGACAGATTTATTTGGAATGTACAAGATACTGTCTGGATAAA
GTAATAATATTGTGATATGCAAAAAAAAAAAAAAA
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P 4 S Aa TP sGST JEP cDNA 42351 FHEI i AR 7 1. AR IR % 15 T (ATG) HIMRMEROR,
LRI (TAG) HI = Anihh, ZRIRH RS 5 P81 (ATAAA) LIF |4 7m

Fig. 4 The nucleotide sequence of bighead carp sGST ¢DNA and predicted amino acid sequence.

The ATG start codon is boldfaced and the TAG translation stop codon is marked by* s 7.

The underlined (ATAAA) is polyadenylation signal

SRR Rl IR ARG, (S 43.6% —55.9% (3£2).

% 2 fifi 0 5 A HESI ) sCST ZAERR 7 N AR C A [ I LA (% )

Tab.2 Amino acid sequences identity of the N-terminal domain and the C-terminal

domain of sGST from bighead carp and other vertebrates( % )

4
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RAFARIERE sGST B N-A i D B 8 HE R [R) IR PR 45 , IR 3 75 % 7oA, X SE AR 267 sGST #Y C-A i 2y

. beGST rbGST rshGST c¢GST rGST mGST

S
N C N C N C N C N C

rbGST 76.3 55.9
rshGST 71.3 55.0 86.3 73.1
c¢GST 77.2 50.4 68.8 44.9 68.8 42.9
rGST 72.5 49.6 68.8 42.8 65.0 42.1 70.0 54.9
mGST 68.8 53.0 67.5 47.8 63.8 46.3 68.8 53.7 72.5 58.2

hGSTA1

73.8 43.6 68.8 43.5 67.5 41.2 78.8 53.7 70.0 49.3 70.0 54.4
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beGST 1 MSGKVVLHYFNGRGKMESVRWLLAAAGVEFEEVFLTKREHFDKLLNDGALMFQQVPLVEL 60
rbGST 1 MAGRVVLHYFNGRGKMESIRWLLTVAGVEFDEMYLTTRDQYEKLLSDGALMFQQVPMVEL 60
rshGST 1 MAGKVVLHY INGRGRMESIRWLLTVAEVEFDEVHLTTRDQLKQLLSDGDLMFQQVPMVEL 60
cGST 1 MSGKPVLHYANTRGRMESVRWLLAAAGVEFEEKFLEKKEDLQKLKSDGSLLFQQVPMVEL 60
rGST 1 MAGKPVLHYFNGRGRMESVRWLLAAAGVEFEEELFETREEFEKLLQGGTLMYEQVPMVEL 60
mGST 1 MAAKPKLYYFNGRGRMESIRWLLAAAGVEFEEEFLETREQYEKMQKDGHLLFGQVPLVEL ~ 60
caGST 1 MAGKPTLHYFNGRGRMECIRWLLAAAGVEFEEKFIEKPEDLDKLKNDGSLMFQQVPMVEL 60
shGST 1 MAAKPKLYYFNGRGRMESIRWLLAAAGVEFEEEFLETREQYEKMQKDGHLLFGQVPLVEL 60
hGSTALT 1 MAEKPKLHYFNARGRMESTRWLLAAAGVEFEEKF IKSAEDLDKLRNDGYLMFQQVPMVEL 60

beGST 61 DGMQLVQSRATLNYTAGKYNLYGKDLKERALIDMYAEGTSDLMDLIIMSVFAPPENKQKQ 120
rbGST 61 DGMKLVQTKAILNYTAEKYNLHGTNPKDRVTINMYCEGVMDLMEMIMMLPESTDP-KEK— 120
rsbGST 61 DGMKLIQTKAILNYTAEKYNLHGKDLKDRVMINMYSEGVMDLMEMIMLLPFTKDP-KPK— 120
cGST 61 DGMKMVQTRAILNYTAGKYNLYGKDLKERALIDMYVEGLADLYEL IMMNVVQPADKKEEH 120
rGST 61 DGMNLVQTRAILRYVAAKYDLYGRNQEEQAWIDMYVEGLRDLSDMIMYFPLSLPEEKEMN 120
mGST 61 DGMMLTQTRAILSYLAAKYNLYGKDLKERVRIDMYADGTQDLMMMIAVAPFKTPKEKEES 120
caGST 61 DGMKLVQTRAILNYTATKYNLYGKDMKERALIDMYSEGVADLGEMIMHFPLCPPAEKDAK 120
shGST 61 DGMMLTQTRAILSYLAAKYNLYGKDLKERVRIDMYADGTQDLMMMIAVAPFKTPKEKEES 120
hGSTA1 61 DGMKLVQTRAILNYTIASKYNLYGKDIKERALIDMYIEGIADLGEMILLLPVCPPEEKDAK 120
sk ok dkk & % ok ok ok * k% bk % *

beGST 121 LGNIEQKAKERFLPVFEKGLA-—NSQFLVGNQLSRADVHLLEVTLMLQELFPTILSTFPK 178
rbGST 121 LDTIQTKAKERYLPVFEKALT--GPIYLVGGKLSCADVQLVECTLMLEEKFPGILADFPN 176
rsbGST 121 LANIEAKATERYLPVFEKVLS——GQIYLVGGKVSVADVLLLECTLMLEEKFAGILGDFRN 176
cGST 121 LANALDKAANRYFPVFEKVLKDHGHDFLVGNKLSRADVHLLETILAVEESKPDALAKFPL 180
rGST 121 LEYILQRATTRFFPVYEKALRDHGQDFLVGNRLSWADYQLLEVILMAEECHASVLSGFPL 180
mGST 121 YDLILSRAKTRYFPVFEKILKDHGEAFLVGNQLSWADIQLLEATLMVEELSAPVLSDFPL 180
caGST 121 LTLIREKTTNRYLPAFENVLKSHGQDYLVGNKLSRADIHLVELLYYVEELDPSLLANFPL — 180
shGST 121 YDLILSRAKTRYFPVFEKILKDHGEAFLVGNQLSWADIQLLEAILMVEELSAPVLSDFPL 180
hGSTA1 121 LALIKEKIKNRYFPAFEKVLKSHGQDYLVGNKLSRADIHLVELLYYVEELDSSLISSFPL — 180
* ok ok % sk ok kk ok ok * *

beGST 179 TQAFQERMKALPRISKFLQPGSARKPPPDEVYVKTVKEVLSHLFK 223
rbGST 177 LKSFQGRMTLLPAISRFLQPGSKRKPQPDETYVKTIMEVFKIQF- 220

rshGST 177 VKAFQGRMTRIPAIDEFLKPGSKRKPQPDDQYVKTYMEV————— 215
cGST 181 LQSFKARTSNIPNIKKFLQPGSQRKP———— RLEE————— 210
6T 181 LQDFKVRTSQIPTINRFLQPGSQRKPPLDEQSIGTAKDI-————— 219
mGST 181 LQAFKTRISNIPTIKKFLQPGSQRKPPPDGPYVEVVRTVL-———- 220
caGST 181 LKALKARVSSLPAVKKFLQPGSQRKPPTDEKKIEEARKV————— 219
shGST 181 LQAFKTRISNIPTIKKFLQPGSQRKPPPDGPYVEVVRTVL-——— 220
hGSTA1 181 LKALKTRISNLPTVKKFLQPGSPRKPPMDEKSLEEARKIFRF—— 222
* * ok ok ke

P S i £ 5 HAB T HESI Y sGST ZUHERR ¥ 51 [R1 5 LU , A IR A Z B AR S 1 o At . 8 €11 (beGST,
AAI 02541) , 25 A1 (tbGST, AAU 44618) , FLf# (rsbGST, BAE 06150) , %% ( cGST,NP_001001777) ,
KEL(rGST, XP_343546) ,/Nil (mGST, BAB 31640) ,4=(caGST, AAB 72239),
£ (shGST,AAD 42800) , A (hGSTA1, NP_665683)

Fig.5 Alignment of the deduced amino acid sequences of sGST from bighead carp and other vertebrates.
The identical residues are indicated by “ % 7. Bighead carp (beGST, AAI 02541), rock bream
(rbGST, AAU 44618) , red sea bream (rshGST, BAE 06150) , chicken (¢GST, NP_001001777) ,
mouse (mGST,XP_343546) , rat (rGST, BAB 31640), cattle (caGST, AAB 72239) ,
sheep (shGST,AAD 42800) ,human (hGSTA1, NP_665683)
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H RS HES Y & B0 8 Fh2eHy sGST, £34% alpha .mu pi . theta sigma zeta .kappa .omega®’ . St £t - JiE
sGST H£17 BLAST 73 #7, % B 5 % HE 514 alpha B sGST [ Y5 1 B v, PRIt A A 9 400 JIF I sGST 7% J&@ T
alpha 7.

ARAEA alpha % sGST (GSTAL) g™ Hfi 3 th W 6 FFIE sGST 19 — 4y o phy AR DL T i
B G N-A S D) BE AN C-A S I BE R (1&16) . N R D REIRAL T45 1 (2555 80 fL 2 KR , 175 3 1> o #R
JiEFn 4 4> B & N-AR o) Be il i) EZIIBe R 5A M H AR (GSH) 45 &, 25 9 ALy ms SRRk B S 67 1Y
B ABNERAR GSH 5 NRum P BE U BLAE 75 1, BATHEAR R4 R Y alpha B sGST g sy, C-2R
U L REBRAL T-56 87 (1% 223 (i & FERR A5 14> B H& M 6 4> o BRAE, P o9 JE alpha B sGST X Ji| TH
A sGST MY F T, IR eI Xt ZJRAKES 5 J5 AR Pk B AR IR ML AR LS alpha B sGST 4544
AR, C- A D Re bR S K MoR R Y (BN s R) 45650 T AR 4 1 « BHEEH — MR
NI RA GRS 4 GSH 254t VA

beGST 1 MSGKVVLHYFNGRGKMESVRWLLAAAGVEFEEVELTKREHFDKLLNDGALMFQQVPLVEL 60
hGSTAL 1 MAEKPKLHYFNARGRMESTRWLLAAAGVEFEEKF TKSAEDLDKLRNDGYLMFQQVPMVEL 60
p1 al p2 a2 p3

beGST 61 DGMQLVQSRATLNYTAGKYNLYGKDLKERAL IDMYAEGTSDLMDLIIMSVFAPPENKQKQ 120
hGSTA1 61  DGMKLVQTRATLNYTASKYNLYGKDIKERALIDMYTEGIADLGEMILLLPVCPPEEKDAK 120

p4 a3 od
beGST 121 LGNIEQKAKERFLPVFEKGLAN—SQFLVGNQLSRADVHLLEVTLMLQELFPTILSTFPK 178
hGSTA1 121 LALIKEKTKNRYFPAFEKVLKSHGQDYLVGNKLSRADIHLVELLYYVEELDSSLISSFPL 180
a5 ab
beGST 179 IQAFQERMKALPRISKFLQPGSARKPPPDEVYVKTVKEVLSHLFK 223
hGSTA1 181 LKALKTRISNLPTVKKFLQPGSPRKPPMDEKSLEEARKIFRF— 222
a7 al p3 a9

Bl 6 5 N sGST M RIIEME LS. GSH &5 S S FFI R 3R B B RS M s SR ke 2k
HTRILFER. o R o IRE, BFRm BITE
Fig. 6 Alignment of secondary structure element conservation in the amino acid sequences of bighead carp
and human sGST. Glutathione-binding residues are shaded. Amino acid residues in secondary
structure element are underlined. « refers to an a-helix, and B refers to a B-strand. bc:

bighead carp, h: human
3 it

WHKAEIRR G, — W0 e S R A BRI AR A R A SRR 5 LR N e B B R 3k, f ik
BRI G YIFEHEM R SR PR Sh. T # R B e BT 3R, 78 A SRR M 2L BUKA U W)
9V I e > ol TR R R M A A 11 SR A S TR ISR SR M 0 T 1YY , 17 V5 e e il /K
AR R R 2, LUK A Py 3R A B I (] B R 7R — N8 kP b A S B B R e A
PR IRERUIR SRR A S R GMRRE , I UM B B e 2232 1 P i 25 S 968 78 270
B AR T AR5 S B, S 92 ) ol 6 980 26 K A i AT s AR ORI T R BT
e H O ) B S 2 T AL Y S S R A Y Y el A W R N B R T S o B 2, 1K B Y A 2
PERI o [ AN R SR T ITUESE . P FRATTIA N, — 07 TR 2 M 42 K PR A 15 5%, IRk B s /b ok
HEBIRRI 3 73— 07 T2 HE— T SOt R AR AN R R K A LR WU A Y 25 S LB | gt i A S AR LG
RIS b AR 26 RE R0 o 2R A5 T vk S R Gl B R 3R S ST RO DA i B TS R K R A AR T
F0 ) 2 i 4t 2 O F A BB A Al

sGST B—FBCik —SRIKE 1, B EA — DRI 0, 73 T84 T 23 - 29 kDa, i 200 % 240 4~
BRI B HE ) 22 IR BT P 25 3 - N A SRR 5 F 3y 80 LR HESIE I B 1Bl =
JB o BRTE , & GSH L5 GO0 s HAREHERR LA S 21 6 I o SRR L C-A S 2 HE R S5 40 B, 2 2% vt - JB 14
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SELAEE T RREANE sGST (1 N-oAC i 28 FE IR 45 M 2h RESEAARIR] , TS [ A2 sGST 9 C-A 3t 44 L TR
SR e sGST AR MIES G Rt T C-oRuh s SEM A W I X PR ik M, {7 SGST B8 R AN ) Al
FUEA A 2 R RIS S YR IV R 11 . sGST ZE/R N = Eififk GSH 1% 3% (-SH) M 37 Ha 9 R (1)
FEHRL PR R A M H RS . B, RELA YA — SRR, TGS R U R, YT
5 GSH 541,
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