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(Lee et al, 1999), MGST1 PGES
38% , )
(Thorén et al, 2003) , MGST2
FLAP LTC4
s MGST3 (Bresell et al,
2005) MGST ,
17KDa, MGST ,
b / b b
(Jakobsson et al, 1996) MGST
(Guo et al, 2014)
RACE ,
GST(PyMGST3) c¢DNA ,
PyMGST3 )
1
1.1
(Pyropia yezoensis)
PES , 18°C,
50pumol/(m*s), 14 10h
PES , PES
CdCl, CuSO; cd® cu”
0.5mg/L  Img/L,
PES
cd®  cu” , 1 2 4 8 12h
1.2 RNA cDNA
RNAiso for Polysaccharide-rich Plant Tissue
(TaKaRa, ) RNA ,
; RNA DNase
(TaKaRa, ) DNA
Nanodrop 2000C 1%
RNA ; cDNA

PrimeScript™ 1st Strand cDNA Synthesis Kit (TaKaRa,

) , ;
cDNA -20C

PCR
1.3 PyMGST3 cDNA
NCBI EST (http://www.ncbi.nlm.
nih.gov/nucest/) GST EST ,
, Sequencher
s EST , NCBI
CD-search (http://www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi)
GST GST
cDNA s
PyMGST3-F  PyMGST3-R( 1) PCR
PCR
S 5" 3 outer
inner ( 1), Clontech
SMARTer™ RACE 5'/3'Kit ,
PCR 53 cDNA
, 1% ,
*1 SIBMEFS
Tab.1  Name and sequence of the primers
(5"-3"
PyMGST3-F ATGACGTCGGCTTTTGTCC
PyMGST3-R ACGACAGCAGCACCTTCAC

PyMGST3-3"-outer TGTGTTTCTTCTAATCGGCGG
PyMGST3-3'-inner TTCTTCTAATCGGCGGGCTGAG
PyMGST3-5"-outer TGACCTTGTTCTCGTACAGCAGCG
PyMGST3-5-inner AACGCCATCCACATCAACACGAACCAGT

PCR
qPyMGST3-F GGTCTGCACGCAAGGAAC
qPyMGST3-R CCGCCGATTAGAAGAAACA
qPyActin-F CGCCAAGGACGAGTATGTG
qPyActin-R TCCGAGTAGAAAGCGTGGTG

1.4 PyMGST3
GST ,

ORF Finder ;
SignalP 3.0 Server(http://www.cbs.dtu.dk/
services/SignalP-3.0/ TMHMM 2.0(http://www.cbs.dtu.
dk/servicessTMHMMY/) ProtScale(http://web.expasy.org/
protscale/)

NCBI

; NCBI (http://www.
ncbi.nlm.nih.gov/)  Blast P ,
Clustal X

: SWISS-MODEL (http:/
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swissmodel.expasy.org/) PyMGST3

1.5 PyMGST3

PyMGST3 PCR
qPyMGST3-F  qPyMGST3-R( 1)
142bp, B-actin(Accession No. AB292772.1)
, 135bp RT-PCR
cd*  cu* PyMGST3
TaKaRa TP800 PCR s
, 95°C Imin, 95°C 10s, 60°C
45s, 40 , )
3 PyMGST
AACt
1.6 PyMGST3
PyMGST3 5! 3’ BamH
I Sall , pET-28a
, pET-28a/PyMGST3
pET-28a
BL21(DE3), DNA
LB
, 1 50
50mL LB , ODgoo 0.6
s Immol/L  IPTG 4h
, SDS-PAGE
S-
KGTO005( , ) ,

1 GITGCICGCAGACGATCGAGCGACAGAGCCAACGTAGCTTGITGLCGLCGLTTCCGLTIGLCCAACACCCGIGLAGGL

1.7 PyMGST3

(  pET-28a/PyMGST3)

( pET-28a ) , 60ug/ mLAmp
LB 37°C , 1 100
(OD600 1.0 ) 50mL
LB 2h( ODygo 0.5 ),
IPTG Immol/L,
400umol/L CdCl,  200pmol/L
CuSO, , 1h ODgoo
12h, 3 )
CdCl, CuSOq4
2
2.1 PyMGST3 cDNA
PyMGST3-F PyMGST3-R ,
cDNA PCR ,
440bp 5" 3'RACE ,
172bp  375bp Sequencher
DNA 681bp
NCBI, ORF Finder
PyMGST3 417bp
) ATG, TGA,
138 , 15.3KDa, 5'
80bp, 3’ 184bp
GST cDNA 1
GenBank , Accession
Number  KX447713

CCATGACGICGGLCTITTIGICCC
M IS ATFUVP

100

101

201

301

401

501
601

TCTTCCCGGLCTGTATGGAGCAGT TATTTTIGACCGCAGT GGICAACTGGT TCGIGTTGATGTGGAT GGLGT TGATGGTAGGGT CTGCACGC AAGGAACAC 200
LPGLY GAVILTITIAVVIW¥FVLMWW¥YMWALMYVGSARIEKTEH
GGTGTCAAGTATCCGLTGCTGT ACGAGAAC AAGGT TACGAGC CAATTTGACCTIGT GCAACGT GLGCACCAGAATICGTIGGAGT GGAACACATCCTICC 300
¢ VKYPLLTYTEDNKVTISAQFIDLVQRAHXKQNISTI LEWWTDNINTSTFIL
TIGIGITICT T T AAT CGGLGGGLTGAGCCTTCCCCTCTCATGLGLTGT GOLCGGCACAGT CTACAACGICGGGLGLGTTITITATGCCAAGGGCTACTA 400
VFLLIGGLSILPLSTCAVAGIVYINIVGRVFTYAIKTEGTYT
T GGGGAACCCAC A AAGGGTCTTIGGGGGT IGTACGGGCTGT TITACCTCCTCGGT GLGACAGICTTCACTGCCTACAAGACTTTCACTGCGIGAGIT 500
S GNIPHKGLW¥YGLTYGLTFTULLGATUVFTATI KTTFTAx*
CACTGCGTGAAGGT LT G TGICGTCAGCACCT T TTTAACGCCTTTACTGCCTACAGGAGGT GTGIGICCCTAGACACGCATGCICTGIGCCGICCTIGTA 600
CGIGGGTTIGCCATCGCAATCCGTTCTACCTCGGACTCGAGTGACTCTGCGGCACATTTITTITIGT TTIGTAAAAAAAAAAAA 681

1 PyMGST3 cDNA
Fig.1 The nucleotide sequence of GST gene and deduced amino acid sequence
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, 36 37
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, TMHMM 2.0 Server PyMGST3 N 1-=-36
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10—30 , N- 36 ,
74—96 , 115—133 ,
, 1—9 97—114
, 31—73 PyMGST3 SWISS-
MODEL ,
20 26 , PyMGST3
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2b , PYMGST3 3 PyMGST3 (24,

GMQE(global model quality estimation) 0.61,

3.0 ,
1214 B BRSDn B 252 L
00000 e Saaa—— i |
1.0 2.0 [ J[ \ M
15— mi M
081 = m 1.0} \ [ i
e [ R g5 | ! f’f\ J &\
2= 0.6 | ap P | I\ I
2 \ 0.0 i { / Jm
0.4 -0.5 ‘\ “‘ “HH ‘yl[r"ﬂ] { - ‘
» — -1.0 RIS t
0.2 r \ Wl w,
' ‘ h | j‘ ! 29 | \‘/ w i
00 20 40 60 80 100 120 207720 a0 60 80 100 120
SEBMIE q SEBUE
101°© ClE—
SH
0.8r YE—
0.6}
W4t |
02r Mo
f \\// | A
0.0 /f\"’:lw 70 ug‘/\\ﬁ\——‘
MTSAFYPLPRLYGAYILTAVYNUFYLMUMALKYGSARKEHGIKYPLLYENKYTSQFDLYQRAHQNSLENW
0 1b 2IO 3I0 4IO 5I0 6IO 70
SERUE
2 PyMGST3
Fig.2 The prediction of transmembrance domains, hydrophobicity profile, signal peptide, and three-dimensional structure in PyMGST3
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2.3 PyMGST3 PyMGST3
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NCBI Blast P 39%, 25%—35%
R GST s 25%
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2+ 2+ 2+
PyMGST3 Cd Cu PyMGST3 0.5mg/LCd
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Fig.3 Multiple alignment of PyMGST3 and MGSTs from other species

: Aureococcus anophagefferens(
XP_005715962.1; Coccomyxa subellipsoidea(

): EGB09335.1; Chlamydomonas reinhardtii(

): EIE25236.1; Micromonas pusilla(

): XP_001703138.1; Chondrus crispus(

): XP_003055323.1; Ostreococcus

lucimarinus( ): XP_001420836.1; Pfiesteria piscicida( R ): ACU45089.1; Prorocentrum minimum( ):
AFO084301.1; Pyropia yezoensis( ): KX447713
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Fig.4 The transcription levels of PyMGSTS3 at different time points under Cd*™  Cu®" stresses
a: Cd* ;b: Cu** J* o EE (P<0.05) (P<0.01)
2.5 PyMGST3 S- 15.3KDa
SDS-PAGE , PyMGST3
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( 5 2 ) , IPTG
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EXPRESSION AND FUNCTIONAL ANALYSIS OF MICROSOMAL GLUTATHIONE
S-TRANSFERASE GENE IN PYROPIA YEZOENSIS UNDER HEAVY METAL STRESSES

TONG Shao-Ming, CHEN Yu-Xian, ZHANG Jing, HOU He-Sheng

(School of Life Science, Liaoning Normal University, the Key Laboratory of Plant Biotechnology of
Liaoning Province, Dalian 116081, China)

Abstract

transferase and peroxidase for playing important protection roles in cell and organelle under oxidative stress. However, this

Microsomal glutathione s-transferase is one of membrane-bound enzymes. It has activities of glutathione

gene has never been studied in Pyropia yezoensis. In this study, a novel microsomal glutathione S-transferase 3 (designated
as PyMGST3) gene was cloned from P. yezoensis. The full length of PyMGST3 gene was 681bp with a polyA tail. The
gene had a 417bp ORF, 80bp 5'-UTR, and 184bp 3'-UTR. The PyMGST3 protein contained three transmembrane and
hydrophobic domains and the sequence of PyMGST3 shared higher similarities with the MGST proteins of other species.
The results of the real-time PCR show that the PyMGST3 gene was up-regulated under Cd*" and Cu®" stresses. The purified
PyMGST3 protein showed the activity of glutathione transferase after expressed in E. coli cells. The analysis results of
transformed E. coli cells with PyMGST protein indicate that the abilities to resist Cd*" and Cu’" stresses were improved.
Therefore, the PyYMGST3 gene may have defense mechanisms associated with oxidative stress in P. yezoensis.

Key words MGST; heavy metal;

Pyropia yezoensis; prokaryotic expression
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