5535 545 0 W] K=

2011 49 A

JOURNAL OF FISHERIES OF CHINA

¢ Vol. 35, No.9

Sep. , 2011

X EHS 1000 —0615(2011)09 —1354 - 08

DOI:10.3724/SP. J. 1231. 2011. 17467

FHREREMHER S-EBBERNTERESRIESHT

Awma'®, 557,

$44'7, I

B e

-2
wo

(L. ¥t oA B VLI B A MR S s 7195 JE B 2220055
2. {feig T gBei A be , 1095 E R 222005)

WE: At H ik S-# 4 B (glutathione S-transferase,GST) 2 —k Z i &k & X ik, * 5 5/
FRPAME AR, A THE GST ELAEEX T REMELRFNER, TR T &
P — AT IE A K S-% A e B (4 4 & PyGST) iy & [ 41 DNA J7 7| 72 ¢cDNA ¥
F|, R LB RO B PCR AT T A T W Rk MAE, PYGST 44 — 4K 624 bp
SRR TR A A, 40 A X & — K 248 bp By & F . PyGST B A GST & & & ik o R ¥
WA AR F M . PyGST & % % GST #hy k4 k R &L, § 30 4 Sigma & GST 8y % % X &
RZ ;A dt i b PyGST % K % 4% & GST 5 24 4 Sigma & GST R 4 — f%, & ¥ PyGST &
% Sigma A GST, 48 ik B35 % 5 PYGST &k, WAL TR AKEE A PYGST 52 5 T &4

B EAE,

R SRR AR SR B KK K% B

hE45ZES: S917; Q781; Q 786

A BEH K S-5#: 351 ( glutathione S-transferase,
GST,EC2.5.1.18) & — 4 {53 T K4
AR 2 T REEE B, 1F Ry 32 200 5 — A 25 il
(phase Il detoxification enzyme) , %5 T #phE 1
o} RIS R oA R Y. GST REMEAL A
Bk BE BB S WS e R A G K
(glutathione ,GSH ) 25 45, ik $E 25 45 7 1) 2 4 Py 15
TEAR P W B B % i 1)l S A (‘apoplast) , M
TSR EE H 9™ . tesh, GST 1) GSH 4 i
of AL W B MR BB PR A o Ak W
(hydroperoxide ) , 5 F4 G 142 5 B A PR, AE
AL BATE S SO R T ES S Sk, GST
WRES 5 a5 B 3 A T MR B R T
Y BRER ESJR A I SRR A
IH RS R G S A ) 8 #2255 GST %
B R GST fERIYIR S POl AT i 2
EE FEAE

1970 4E F IRAEAEY) T R BLT GST™ | bt % i
FERA FEAS A A AR HRGE T KAL) GST &

W FE H #3:2011 - 04- 04 &8 H#3:2011-06-17

XEFRERL A

H % MG L 5, B 78 48 # I ( Arabidopsis
thaliana) K3 ( Glycine max) . £ K ( Zea mays) Fl
IKFG (Oryza sativa) 435 %230 T 48 25 42 Fil 59
A GST™ , HEAEY) GST Al 43 A i R, BIFF
16T M BT T () T s GST Fgh & T B b (1 foks
& GST, o af gtk GST X n[ 40k 7 28, 439k
Phi Tau Zeta Theta Lambda %I GST [J % i & $t
M B2 38 J5 Fif ( dehydroascorbate reductase ) Fi1 PU
& A RO Z [ ( tetrachlorohydroquinone
dehalogenase) >/,

SLTE 2252 ( Porphyra yezoensis Ueda) J& 2T 3
FIRBVE TR B, WRIE 8 38 VB IR T, A 2 b
YA E IR, 7EH EH VL A AL H AR F
SEUTIEH DX T R, HP R TR 2008 AR E A
5.5 JMITE IR TN K IR A
—ADEE, {HIE, 2009 4 1) i R i X
ERE NP/ T VAN L b A R GRE S TN SRR O 7
IR AR e AT PR T Y, R R A YT )
B AN T TS0 7 P VS S5 T LA I o Vi Sl B T A

FEBNTLE « LIRA HETE A W HOR T R SRR 2 T O (2008 HS004 ) 5 (8 R BHE S 2R BRI H (2006BAD09A01)

BIWEE A%t (& , E-mail ; yanbinlun @ yahoo. com. cn
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FRBLG . B S Y TEHITCR , A0 5wk i
WA 3R 5 S5 G o il 2% 2R Wi v v DB G 7E
P A ) S W ST K- TR 3 1, i X
A ) A AR TR A, AT SORE A 1 A B RN AR A
T LA RGBS 1 52 BN 07, I de ZAM R AR 1
BEQEHIET . Bl Sl i @ W B B
MR, LB LN, FI 5T a5
ERAERTIE Y T AR B AL LA SR SR B R SR
AR R A EE I L A
TR W], ZR B 55 38 R A 23 3 1 4 B 45 1
I 4k i ( superoxide dismutase ) I 15 48 1k ¥y i
(peroxidase ) 1 1 DA S SR 40 A8 Ak 7 oF G2 Ml 465 i aE
SIEREMRG . (HAE & BEE2E GST i
G507 0 AURE T Ok GST gk i vl %5 4
GST e HAEET M 38 T X IR A4 1) £ 3 45 4 G
FEAR WARIE

AR FHAEYIE B2 F1 RT-PCR AHZE & 19
AL FORE TARBESESE 1 DA A BEH K S-#4 7%
AtESL IR (w44 9 PyGST) 1) %L A 2 DNA 5 51 #il
cDNA 731, SR J5 R FH S 21 5E i PCR F AR 43
BT T AR5 58 22 AR AE 45 W 38 B PyGST 1y 3Rk
WAk, BEFE PyGST ¥ 47 B THR R SR BE LS R
PRI e L] D AR DC IR R B, Ol 25 B 52 SR Y 47t
PER BRI HE T .

1 MRSk

1.1 FBERMMRERESBEALE
SRBESERMRIR T 2010 4 2—3 J] i =%
X RS IE R S . eI B HL o4 BEfh
AR AATE S 50 38 N 78 UG I, A thl 1 K 3 B2 o
30 RN 8 T BME N 40 wmol photons/ (m® -
s) DB 12 hi 12 hOERE: 2RI 4K B iy
JKFIPES $538 . 9% 1 MG AT ia ab B, 1e
B L SHIEEI S ERINe = S o N N B N N7
PIEERS 2 & PO F M R 0,1,4,7,10 mg/L (1
K P AT AN R EE A LA B e, AL BE 2 h S R
Bl o BRI R PR G B 558 PO TR VR B O 10
mg/L [k T R SE A e, 407 0,2,4,6,8,
10,12 h J5EURE,
1.2 ZBILESEERFEZH DNA 15 RNA 5 B4
Z: 18 Plant DNA Isolation Reagent ( TaKaRa)
ULHIHRATE, 70 B 2l AL R A BE [ 41 DNA, 2 i
TRIZOL 157 ( Invitrogen ) Bt W44, 73 & 4lifk it

PR B RNA | 322 %5 4% DNase [ ( Fermentas) i B
Foxt S RNA 474k 38, DL kE 4 5k B8 i 2k A 4
DNA 52 i PCR R ME . i FH AR M3
BB I v Uk R A IR 2 11 € = {1 ( Bio-Rad) £
DNA FI RNA {4 & .

1.3 £BILSE PyGST cDNA FF 5 Ry ZREX

S Gk A ORIk XE PyGST #E4T T it
SHLAG B ve k%, R B GenBank [ 28 4% 5 BE 583K
FEFHHR%E (expressed sequence tag, EST) 2 5
TFHAHE P13 3) 71K 1 104 nt /Y contig,,
SRIG PRI BT RIS B — X va R TS 1, i 5 )
5'-CCGCCTTCTCGTCTTCC-3", )2 [n] 5| #: 5'-
GGTCGGCTCGACTGCTA-3", i ] 4 1 7= 4 K
713 bp.

B2 pg & RNA, L) Oligo (dT) S 51 ¥y, #%
RevertAid™ H Minus First Strand cDNA Synthesis
kit ( Fermentas ) 13t W # 1, Bz e 5% A2 05 — B
cDNA, PCR JZ M 7E 25 uL & &R il 17, k&
%7 1 x Dream Buffer ( with 2 mmol/L MgCl, ) ,
200 wmol/L dNTP,0.5 pwmol/L 5|4J,1 U Dream
Tag DNA % & @i ( Fermentas ), 1 L %5 — &%
cDNA, PCR {ff¥f >4 95 C 2 ¥4 3 min; 225 30
AMEIR, AT 95 TARPE 30 5,57 TRk
30 5,72 CIEMH 45 s; 5 72 CHRAFEf 5 min,
P87 AT R DRORS I AR T SO
1.4 KB PyGST HiBX A S FRIKIE

YK PyGST i b X, A 5 S 5 A7 16 N &
+, IR ZH DNA St AT 1473, 971 H 51
Py PCR [ AR 2 [7] 45 B 4552 PyGST cDNA J#
H AR T , PCR #1495 C A 3 min;
1254 30 MG, BAEFR 95 CTAPE30 5,57 TiR
& 30 5,68 CHEMH 5 min; fitJ7 68 T o/ ZEfi 10
min,, 473G P4 HEA T H DRAS I RN TE OS]
1.5 KBWERX PGST REMEMXNXTEE
PCR #ill

WA PyGST (10 745 R kit & PCR 514,
1EM 5|45 -TCTACTACCGCCATCCTGTCC-3',
K m 51 ¥) . 5'-CGCTGCCGTTCGCCTTG-3', i 1
PRI 142 bp, S5 L2055 17k ik
JH 18S rRNA fE N 2 #F 47 b A5 25 5% 1F F g 1fE
fbo H#% GenBank | 255 %5 3% 18S rRNA J¥ 5]
(DQ666486) 1 i1 % i PCR 59, IEm 5| 4):5'-
TGCCAGCACTGCGTTCTTACC-3', Jx [n] 5| 9.
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5'-AGCCTTCCGACCCAGGACTATC-3', i ¥ ¢~
B 163 bp, FA 51V H B T A

Fi¢ PrimeScript® RT reagent Kit( TaKaRa) i}
BH$E4E, L) Oligo(dT) 1 Random 6 mers 5|4
1T R RO o S 520 78 1 PCR RN AE 1Q5
PCR {{(Bio-Rad) b #t17, 25 pL i1 f ik &
f34 12. 5 pL 2 x SYBR® Premix Ex Tag™ I
(TaKaRa) .0.2 pmol/L 7 & PCR 5|#)#1 2 pL
FREE . RMIL PCR LT 1S, RV 6
95 CTHIAM: 1 min, SR J5 #EA 45 MG, A
95 TAEPE10 5,62 CHEH 30 s, EFRLE R,
M55 CLETHRF 95 C, Hil kgt . L
10 x R5Fi B cDNA i it 47 %t PCR, il
YE PYGST FIINZ bR HERN £k o B3 U B AR 13
[P BRI O ASEAR O BR, B B e 3 M AL
1.6 ¥R

I BLAST"" f£ GenBank ' #4751 I {b)
(similarity ) 3% 2%, Fj ProtParam'"’  Clustal W'"'
PhyML""*' 1 CDD''"' %} PyGST i) 3 A< B AL 45 1k |
Z PG R AR I RESS Skt A7 o0 Hr o
PRAFFL "™ #3700 72 ek PCR 54364 7
BT, 25 FER -85 £ HRifEZE (mean £ SD) 3K
K SPSS B#EATGEH b, A AR AR S 1 IEZS
PERTy 225 A, BT DA 6] 22 SR FH B R 3 2
53H7(One-Way ANOVA) , 21 [ Z 5 LR ] SNK
( Student-Newman-Keuls) f%, P <0. 05 F/rE 7
B,
2 45

2.1 ZPIESKEEH DNA F12 RNA o B4

LRI 4] DNA 28’ yk f il 5 $2 7t 249 20 kb
DLy, BT TG M ICHi R, 3L Ay/Ay, =
1.79,A,,/ Ay, =2. 03, T4 3 RNA HLIK G B
B2 H V5T Y 28S rRNA i1 18S rRNA Z545 1)
F—Se il #% rRNA Z5H7 , 5501 JCVREL, SFEFLIC
BRER L H Ay/Asy =1.9 ~2. 1, Ayy/Ayyy =2.0 ~
2.3, FWIHMELAIFE N 4] DNA FiLi RNA H BES5E
e Al AR T B L S SR SRR .
2.2 £ BEEX PYGST WE E 42 DNA FF 5l 1
cDNA F 7l

PLE RNA 47 , 28 RT-PCR § 34535 T —
K29 700 bp MR SPEY 1S 450 (B 1), ST
P38 =) KNS PCR =90 P 5 15 51 T
PyGST [f] ¢cDNA JF %1 ( GQ415054 ) , 55 contig 5

F58 & —2 (identity ) , HAL & — < 624 nt {Y5¢
R X

DAL 2 DNA it , 28 PCR § 1453 17—
ZRZ51.000 bp (REFIEY A (B 1) S
2] T PyGST 3£ [ 4 DNA J3 41 (JF729317) .
FiFEIH 41 DNA J¥ 515 cDNA J@ 81l i#E47 Hoxt, K B
£ PyGST W4t X A &A1 A& To W& T
THIG XIS 35 NERS TN, 1K 248 bp; BT A1
FEEEHL " GT-AG™ 3L, BIAE A& 114 5" 3
PRFHBZE GT,3" i A fR~FiE AG.

—
_

premm—

pre——

—
—
—

B 1 Higr=yaikE
1. PyGST cDNA JR3 {9 B4 7=4) ; 2. PyGST %:[F 21 DNA %)
HP 18 7747 ; M. 200 bp DNA Marker,
Fig.1 Electrophoresis of amplicons
1. PCR amplification products of cDNA of PyGST; 2. PCR
amplification products of genomic DNA of PyGST; M. 200 bp
DNA Marker.

2.3 £pIgsk PyGST & A5 5. Safnit L
S

PyGST 7 207 /e FEfR Gk Ak, /3 T 22.6
ku, HCmg R (g K PRI P 2 B R 43
30.24.77 140 4>, F i i E A LR E Leu
Ala, &5 i /D 1) )& Asn Al His, BRISSEHL 55 (pl) 2y
5.0, 4 el oy A 45 R 2 W, PyGST (1) 45 14 15 5
Sigma #Y GST FHfBL, H 1 ~ 71 (7 ZSEMRA AL N Sl
F3,85 ~ 191 i Z FLRRAL A C winafiiial, Horh, 5%
% YS ’Lll ’K47 ’T/IS ’G49 ’V()l iFﬂ D&%% GSH E"J%%?
BHE My, , Qg Ego , S0, Diy » Wi Fl Hie Z 5TE IR
%ﬁ:fﬁm%,@%% A/lé ’I()O ’V()l 7E()3 ’V(ﬂ 7R71 ’GSS ’VSQ ’
Eg ,Agy , Ag Fl Vo, 225 ZRIKHYIE I

%% HERVE 2" i 75 ¥: )\ GenBank ¥k Ht
U 57 K FE . N (Homo sapiens) | /)N B, ( Mus
musculus) S48 ( Drosophila melanogaster) |3t 1
1.( Danio rerio) Fl K #F i ( Escherichia coli) ¢
B W 1 25 AL 1) AT P GST LA K 4% il g 26
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SFIOR

9 1

GST HFZ ¥4 tbxt fak b ity i, Aigsh 2, 50075 —8EAN F18.8% ~28.5% .
Yy AEW) IR TR TR BT GST #84%  PyGST 5 RGBT 1Y Beta B GST 1K 4 K R A
ANFER AT RS, B AR B AN N B, P — 3 23. 9% . PyGST 5 H g 45 A
ITFIZKFE Y Zeta B GST N —F%, EAiI1H Theta  GST By 2K % & RERHLIE, 5 A A /N Y Theta,
T GST WRy—# (K 2) . L |, PyGST ~ Omega,Zeta ! GST i35 —E A T 16.8% ~
5490k i U3 ( Chondrus crispus, 213 ) 55328 20.5% Z[A], 5HEEITFUKFE R 457 GST 1741
GST WG K AR EIE, SEMBFH —BEg Rk —FHPEAT13.9% ~19.5% , 5 R0 K) Delta £
AT 28.0% ~39.6% ., PyGST 5 A Fil/ Epsilon & GST [ ¥ %] — St/ T 13. 2% ~
f{ Sigma,Pi, Mu # Alpha % GST fJ3E 2 K R IR 18.1% ,

-~
% s 5
% 9 5 &
Theta % A % 22 7 g g
N> S BE 9 2L
® a ® 23 4 Q 88
% %% QR o o« Q@ olal
% %2 B\ x 8 ERF P <
O %% 2 o 8 s al S
o CA T hafid 38 L
o ’,v‘@ %\=8 § % bb &5 & L7
) 28 8 o O 07
Telta ENGI 8 o 8 &5 >
70,7 o, . o % 2 & ®
"G, %, "o &J 8 > <>
Ong 70, % Al 5 3 1 &
ST0g n/d/ . . 2 4 S R
. P22 2, = 5
Eps1lon/ OGS Ty O X AT RN JAP
6 3 5
DmGsTeg ~>_s1’,’§5g 29 Ny, “ - [T
21N - ) ggggp ABR14708
2
{ & ABR1470q
DHAR %, 2
4.'0,,, 7 e > K 09, 200
NN,
% S mG
osn”‘;’a‘;? ims§;§; NP_001037077
1 9. P 001,
Ossy, 64490570 2 -%ggs a, 03699, Si
AANggqg z s, 6238 1gma
Lambda\_AtesTL3 Aams1675. L8609 075 > 9 50
GSTLY CABB6032' 052 09 %9, .
Al kY - MmGSTA CAA46155
J P 037 HsGST;
PT84l 3 p Z 4 0% A3 C;\;Hosas Alpha
#saSTO kst ’ S s\ 29 sgs,:f NP_o00g3,
os" Qs § s/ & %
e ¥ > PrGs
ot ¥ 7 T2
S0, & £ 2, 2 Acy,
Omega\ w o N > Q&Y BNlscg, 083
& 2 Gs:
o« Ry Py 33 A ¢ 857, roy, | Algal GST
)
S g . i
& S A 202 p,
v oS 964.
PN », 04,
& & 79, ¢ \ P
o & % 2N 1
5 $
SE o
Tau MAE ==
Se B
e ' 5 3I2 48
o Qg [SyE ==
XS REY
LS & I 3 °%
o X SR
SN~ o~ 134
& o3 &2
T 35 EE 99
A ° g8 2% Mu
2 %
TCHQD gz 83
1.0 Rho
Phi

2 AEEG GST HyigtiL i
FIH] PhyML F2 e RAUSRIE A HE GST AYMEALARY , 35 R/ NG R 73 SR 28, A A R GST #EAT 1T kR PB4 5 3R
AP - Hs \Mm (At Os .Dm .Bm Dr Sc Pl .Cr Tp .Cc .Ld .Es .Pp il Ec 7}l A /N IRIST OKAE RO 53 B B
i1 B A AL ZRDTACHE BRI R B SR BRI KK o WA 2R R AR AT T . — R4S #OR GST 1Y
B . AMP .S . T.O.Z,R.B D E UL HIF 45|35~ Alpha Mu Pi, Sigma, Theta, Omega,Zeta,Rho  Beta, Delta Epsilon , Tau
Lambda I Phi #/ GST,PGDS . TCHQD FI DHAR 7} 5|3 /R AT H1 3 D 4 i . DU 5 SR 50 b 2 56 70 5L S BT IR I BR I4 5L . GenBank
K5 RRTEATRG
Fig.2 Phylogenetic tree of GST family members

The maximum-likelihood tree of GSTs was constructed by the PhyML program. Numbers at the nodes indicate statistical support for each
branch, according to the approximate likelihood-ratio test( given in decimal values). Clustering of proteins into GST classes is indicated
The names of organisms are prefixed with two letters denoting the source organism: Hs. Homo sapiens; Mm. Mus musculus; At
Arabidopsis thaliana; Os. Oryza sativa; Dm. Drosophila melanogaster; Bm. Bombyx mori; Dr. Danio rerio; Sc. Siniperca chuatsi; Pl
Pyrocystis lunula; Cr. Chlamydomonas reinhardtii; Tp. Thalassiosira pseudonana; Cc. Chondrus crispus; Ld. Laminaria digitata; Es
Ectocarpus siliculosus; Pp. Pfiesteria piscicida; Ec. Escherichia coli. The classes of GSTs are suffixed with one letter; A. Alpha; M. Mu;
P. Pi; S. Sigma; T. Theta; O. Omega; Z. Zeta; R. Rho; B. Beta; D. Delta; E. Epsilon; U. Tau; L. Lambda; F. Phi. PGDS, TCHQD and

DHAR refer to prostaglandin D synthase, tetrachlorohydroquinone dehalogenase and dehydroascorbate reductase, respectively. Accession

numbers are shown after name.
http : // www. scxuebao. cn
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2.4 EPEZ PyGST WIRIES T W PyGST W) 3eik% 4 I, 555 BEOAA b 3R ik &

PyGST F1N 2 14" 3 il 2 4 52 R0 iy = 87
T, SR A8 B X A 2, B %o B R R AR X
WK AR, S ALIRY 14 il 2R S A F 5, I it o
LI BN B — 1R 0, YRR 100% =
5% . BiHE R PCR WA R R4, TCAEFE =1
3l R T R R A R

AN ) Jo R VA R A T B S 505 T AR B R R
AR PYGST ik (K] 3-a) . Hb#E 1 Fil4 mg/L
HiRA TS , PyGST 33K 5 5 i, 43 il & % B Y
2.11 F12. 54 £5;{H7E 7 F1 10 mg/L 8 HhiE T,
PyGST 1335 AR AR, 43 0% B 1. 26 F1
1.34 fi5o RS I8 535 5 A BE R SR R
& PyGST 3R3k , H PyGST Feik i TERE M Rp2L/ihia
bR R B SRS (EI3-b) JFE A Y6 h

= 35T a
3 30f a
i g 251
ﬁ § 2.0F b b
& 15 ¢
z § 1.0F
s 05F
o
- 1 1 1 1 ]
0 0 1 4 7 10
HIRBE / (mg/L)
Pb concentration
— (@
26
[ a
i &
7 4 b
® % 3 c c
R 5 d
I W
>
21 ’—1—|
<
E 0 |—I—| i L I L 1 L )
0 2 4 6 8 10 12
FfIE /h  time
(b)

B3 ZBILESK PyGST EMME THIEN RIEE

R FHSE I € 4 PCR AR T PyGST 16 A [a] B ik ¢ 2 475 iy
10 (a) FIFFLEETA (b) T RYAIX Rk 4, PyGST RYFIXS %
44 PRAFFL (007 51 Pl h Bl 30 1 P49 41 =

FrifE2E (n=3) MBI R TR F0R 22 1 B PE(P <

0.05)

Fig.3 The relative mRNA expression levels of PyGST

gene in P. yezoensis under Pb stress

The relative expression levels of PyGST in response to stress of
different concentration of Pb(a)and continuous Pb stress(b) were
analyzed using real-time PCR. The relative expression levels of the
PyGST were determined by the PFAFFL method "'*!. Error bars
indicate the mean and standard deviation(n =3 ). Different letters

above each bar indicate statistical difference( P <0.05).

M2 h () 1.34 1% EFH3 6 h (1) 3. 94 £ PyGST [1)
FAREAE 8 h B [EIVEE] 1. 99 £5, R &4 I
Tb, 2 12 h R EE AN A, B0 IR Y 3. 60 £,

3 bhe

HERVE %6 5 548t i ffy S 34k
W ( Laminaria digitata , ¥ % ) & A 2518 Sigma %Y
{) GST, i J5 DE FRANCO 2'*' ) 5 K%k =
( Ectocarpus siliculosus , ¥5% ) W n] 54 GST & T
Sigma %! GST. ¥y T F¢1F PyGST #4325, LA
PyGST A4 %} GenBank 4T BLAST # &, 4%
R 7R PyGST 5 %2k GST M3 41y Sigma %Y
GST HA 8w AL , (5 5 48 4 19 AR AR 251
AB4 PyGST Ay HLAR T 51| S 4nfefwe? 2% &%) GST
R MERWEBRE, BBIRZE, )2, K
JE B 5% 18] 4 1 9] — SO AR, A SOR TSR R AR
4 1 ( maximum-likelihood ) Fll LG A 70 21 44 4t
L #, % FJ aLRT ( approximate likelihood-ratio
test) J7 5 K I E AL 43 S H A A R
DE FRANCO %™ fil HERVE 21 1y 4% Ji 3 Ac
— 3, TEHEALRE b R T 20EE P SRR A B
A% GST 5 Beta #1 Pi I GST H2E7E LS,
CLIE B SR H SR R Z B i GST 5
Sigma #Y GST X b — K. KUk, AT DL HE W
PyGST J& T2 Sigma % GST, #] j& GST itk
R G EER SIS . BAR Theta BUREIN
JEERE Y R IR 9 — 28 GST™ H & JE 2K
GST 1 5 Z AR ; BAA Rl A M )1 f Sigma
B GST , {H 5[l A A 5 4% 00 R ) g e 20 5%
A Sigma B! GST; B AR K ZHPWXK GST §
Sigma BUAALL, {H A0 A7 0582 3[R A% 2E 7 1 Beta
A1 GST, X iEZe GST W REAAAE 2R R IR, K
ZHH 2% GST nl fig 5 Sigma B GST 77 1E # [A]
A

YA A R R R AR T R B A Y
JUER A JE U M S AR Y ™ EE R
P, ELBAET, PR fife B  4 JB RE PEX AE  A A T
SYEE, R YR T 2
T 4 Jm g B LW, BB O & )8 B E A
( metallothionein ) | i ¥ 4% & & ( phytochelatin ) |
GSH . Z @2 /& ( polyphosphate body) | JIfi 2 2 . #4
%% A (heat shock protein) 2/ 1L & GST. i
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AL AT ( catalase ) i A6 W) i | i 4R A6 W 1Ak
T2 Il 265 e 1 of T 4 J a7, Hidh, GST
FEGES VI 2 #7525 H 48 1 #: GST
AEfiEfk GSH B 5 H R & I mas &, i k%
R 5 i 25 1 FE R I G e ) VI B BT A MAR
i3z ™ GST g add S0 1 4 B 14 RE R JT) GSH 1)
Al F A K 3 A U R R R ) —
JGIE ( monohydroxy alcohol ) , M 1 25 fi#t 55 4= @ il
M7 A A A T

FEfE PCR 45 7R, PYGST Z 45 WA 1755
Fik ,RW] PyGST TE 5 IRIK I N 2 5
TAEIEE B R R TERRSEAL AR, PYGST
125 B R ISR, X ARk & 0 IR 3,
AIRESE PyGST 1t Sz 4ot 18 42 B 1) 9 4 FH 445
FEIREAR ) 7SS IR A AL A TG AE  (BAE ER
li# £ ( Saccharomyces cerevisiae ) 1 2. 4 % ¥ GSH
GRS YA BT B R R S
GST & HE™ s 2e /NP B R B GSH 5 R B3
o7/ PR R AV IR 7/ B S W 2 7 N S O
[ ( +)-anti-BPDE ] #2545 7 ¥ 76 Jd Joi v ) B3R
S P GST (& E™ . BR PYGST Z 45
B ERIR S PYGST WS IR A& .
vk BB 05 5 19 PyGST 23k f /N T R4
A B2 AR 038 175 T 1) 83K 6, R 2 vk A i aE
5 T 1Y 25 B R TR R v B A 5 R Gk
T, IXUERIABA R Y] SR B 2L MR AR LA 2 Fil
H 4w AR UL, AT Z AR PRIV E T, R 52 2
ANTR) iR BE AR A IR, I RRAA 25 20 5 A ] 4 A 1 AL
ok W X W dE . TETETEAE Y 2R R P S
( Posidonia oceanica) "1 % B0 T 2L A0 45 5%, 1%
W BE TR e Bf GST 36 M T, (AR Sk B SR a8
i GST 3%k T B, Mk 4 & R WA S A,

o TR HEME R GE, M) I 1 7 RS S F
& SR ARV A BT S A v, AT S B 4 e A
YRS, HNEEsESEEERE S
REENEHEY RS-0, BT R
N, IR KIGFFH GST SIS & R &
fiff ( phytochelatin synthase ) 2 f# 25 &t K] ) 4% 3t
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Molecular cloning and expression pattern of glutathione S-transferase
gene in Porphyra yezoensis Ueda( Bangiales , Rhodophyta )

ZHOU Xiang-hong'”, YI Le-fei'*, LI Xin-shu'”*, WANG Ping”, YAN Bin-lun"*
(1. Jiangsu Key Laboratory of Marine Biotechnology ,Huaihai Institute of Technology ,Lianyungang 222005 ,China;
8. Y Yo 8Y 8y yungang
2. School of Marine Science & Technology , Huaihai Institute of Technology ,Lianyungang 222005, China)

Abstract: Glutathione S-transferases ( GSTs) are a superfamily of multifunctional proteins present in all
organisms. GSTs catalyze the conjugation of reduced glutathioe with xenobiotics, to form more soluble,
nontoxic compounds, ready to be excreted or compartmentalized. So GSTs are primarily involved in
detoxification and antioxidant defense. So far, compared to higher plants and mammals, there is limited
information on genes related to detoxification or antioxidant defense from Porphyra yezoensis Ueda. In order
to investigate the contribution of GST to detoxification in thalli of P. yezoensis, molecular cloning and
expression analysis of a glutathione S-transferase gene ( designated as PyGST) from P. yezoensis were
performed. The genomic DNA and cDNA sequences of PyGST were obtained with computer assisted
cloning ,and characterized using multiple bioinformatic programs. The relative mRNA expression levels of
PyGST under lead stress were investigated in thalli of P. yezoensis using real-time quantitative PCR. The
PyGST cDNA contained a 624 nt of continuous complete coding region, encoding a polypeptide of 207
amino acids with a calculated molecular mass of 22. 6 ku. The alignment of the genomic DNA with the
cDNA showed that PyGST contained a 248 bp of intron,whose ends were defined by the 5'-GT and 3'-AG
rule. PyGST contained conserved N-and C-domains of GST family. The amino acids defining the binding
sites of glutathione and xenobiotic substrates were also conserved. Sequence comparison of PyGST revealed
28.0% —39.6% and 23. 0% —28. 5% identity with most algal GSTs and animal Sigma class GSTs,
respectively. PyGST was closely clustered with most algal GSTs in the phylogenetic tree. Phylogenetic tree
also showed that most algal GSTs including PyGST were distinct from previously described GST classes, but
were most closely related to the Sigma class. These features indicated that the PyGST belongs to Sigma-like
GST. Lead stress significantly induced the expression of PyGST. The expression levels of PyGST induced by
low concentrations of lead were higher than those by high concentrations of lead. Upon lead exposure (10
mg/L) for 12 h, the higher expression levels of PyGST were observed at 6 h and 12 h. These findings
indicated that PyGST plays a role in detoxification of lead in thalli of P. yezoensis.
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