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Abstract:  Glutathione S-transferase (GST) is important in plants to resist various stresses. In this study, two Phi GST
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genes (SMGSTF1 and SmGSTF2) were cloned from Selaginella moellendorffii. SMGSTF1 and SmGSTF2 genes encode
proteins of 215 amino acid residues. Gene expression analysis showed that the two genes were expressed in roots, stems
and leaves. The recombinant SmMGSTF1 and SmGSTF2 proteins were overexpressed in Escherichia coli, and purified by
Ni-affinity chromatography. SmGSTF1 and SmGSTF2 had the catalytic activity towards 1-Chloro-2,4-Dieitrobenzene,
4-Chloro-7-nitro-1,2,3-benzoxadiazole (NBD-Cl), and 4-Nitrobenzyl chloride substrates. SmGSTF1 also had the activity
towards Fluorodifen and Cumyl hydroperoxide (Cum-OOH), whereas SmGSTF2 not. The enzyme kinetics analysis showed
that SmGSTF1 and SmGSTF2 had high affinity towards glutathione, and low affinity towards 1-Chloro-2,
4-Dieitrobenzene. The enzymatic activity of SmGSTF1 and SmGSTF2 had high catalytic activity between pH 7 and 8.5,
and between 45 and 55 °C. SmGSTF1 and SmGSTF2 may have an important role in the resistance of Selaginella
moellendorfii against stress.

Keywords: Selaginella moellendorffii, glutathione S-transferase, gene expression, enzymatic activity
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1 MREFE
1.1 #}

RNA

1.2 SIF&EM Phi Z GSTHILE
GST

Phi
(17] NCBI
TBLASTN

1.3 IFEg%&4E SMGSTFL #1 SMGSTF2 £ F /Y

Transl-T1 ( )
X-gal/TPTG Amp
PCR

14 Phi£ GST REEXREXEDR
SmGSTF1  SmGSTF2

Phi GST Clustal X 1.83
BioEdit
MEGA 5.0  Neighbour-Joining (NJ)
Bootstrap 1 000

1.5 SmGSTF1 #1 SMGSTF2 BT X ER 5

e bE RNA (BioTeKe
50 mg ) 3 RNA
RNA (BioTeKe RNA (TaKaRa )
) RNA cDNA SmGSTF1-SP1/SP2
TaKaRa RNA SmGSTF2-SP1/SP2
cDNA SMGSTF1  SmGSTF2 cDNA Actin
SmGSTF1-EX1/EX2 RT-PCR SmGSTF1
SmGSTF2-EX1/EX2 cDNA SmGSTF2 ( 1) PCR
Q5 DNA (NEB ) 94 C 5min 94 °C30s 55C
PCR 1% 40s 72 °C 1 min 24 26 28
PCR DNA 72 C 5 min PCR
( ) PCR PCR
pEASY-Blunt ( ) PCR

*1 XAMRETANSY
Table 1 Primers used in this study

Gene Primer name

Sequence (5'-3")

SmGSTF1 SmGSTF1-SP1
SmGSTF1-SP2
SmGSTF1-EX1
SmGSTF1-EX2
SMGSTF2 SmGSTF2-SP1
SmGSTF2-SP2
SmGSTF2-EX1
SmGSTF2-EX2

GAGCTGGTTCCCGTCAATCT

GTAGTCCTGGGAGGCGAGAT
GCCATGGCTGATATCGGATCCATGGCGATCAAGATCTATGG
GTGGTGGTGGTGGTGCTCGAGTTATCACGGAGCAGCAGCGGC
CGAGCTGGTTCCCGTCAATAT

GTAGTCCTGGGAGGCGAGGT
GCCATGGCTGATATCGGATCCATGGCGATCAAGATCTATGG
GTGGTGGTGGTGGTGCTCGAGTTATCACGGAGCAGCAGCGGCA
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1.6 SMGSTF1 #1 SMGSTF2 E B\ & #1E )l
Phi GST(PDB:IGNW) X

SWISS-MODEL

prolife-3D

1.7 SmGSTF1 1 SmGSTF2 EHEHRIFKIE
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IPTG ( 0.1 mmol/L)
BL21 37 °C 200 r/min
4 °C 10 000xg
3 min A (20 mmol/L
0.5 mol/L NaCl 20 mmol/L Na3;PO,
pH 7.5)
10 min 4°C 10000xg
10 min
SDS-PAGE
A Ni ( Amersham
Pharmacia Biotech )
30 min A
B (0.5 mol/L

0.5 mol/L NaCl 20 mmol/L Na;PO, pH 7.5)
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Fig. 1 Amino acid sequence of SMGSTF1 and SMGSTF2 (Gray means different amino acids).
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) SmMGSTF1 Fig. 2 Phylogenetic relationships of Phi type GST.
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24 cycles
Root Stem Leaf Root Stem LeafRoot Stem Leaf

SmGSTF| )
SmGSTF?
SmActin T

Bl 3 If#E# SMGSTFL 1 SmGSTF2 £EEE A
HARFRIEZER

Fig. 3  Expression pattern of the SmGSTF1 and
SMGSTF2 gene in various tissues of S. moellendorffii.
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Fig. 4 Structure modelling of SmMGSTF1 and SmGSTEF2.
(A) Structural comparison of SmGSTF1 (green) and
SmGSTF2 (red), N: N-terminus; C: C-terminus. (B)
Evaluation of the structure of SmGSTFl and
SmGSTF2 by Profile-3D program.
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SmGSTF2 pH
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Fig. 5 Overexpression and purification of recombinant
SmGSTF1 and SmGSTF2. I:
negative control; 3 and 7: total cellular extracts from
induced bacteria containing recombinant SmGSTF1

protein marker; 2:

and SmGSTF2, respectively; 4 and 8: supernatant after
ultrasonication and centrifugation of cells expressing
recombinant SmGSTF1 and SmGSTF2, respectively; 5
and 9: cell pellet after ultrasonication and centrifugation
of cells expressing SmGSTF1 and
SmGSTF2, respectively; 6 and 10: the purified
recombinant SmMGSTF1 and SmGSTF2, respectively.

recombinant

Table 2 Specific enzymatic activities of the recombinant SMGSTF1 and SmGSTF2 towards different substrates

Specific activities (umol/min'mg)

GST
CDNB NBD-C1 DCNB NBC Fluorodifen Cum-OOH DHA
SmGSTF1 0.51+£0.02 0.72+0.03 n.d. 0.44+0.01 0.73+0.04 0.07+0.01 n.d.
SmGSTF2 0.67+£0.03 0.38+0.02 n.d. 0.03£0.01 n.d. n.d. n.d.

Values shown are X =S, calculated from three replicates, n.d. represents no detected.

F 3 SmMGSTF1 #1 SmGSTF2 &£ H*f GSH #1 CDNB 89z 1%
Table 3 Kinetic constants of SMGSTF1 and SmGSTF2 towards GSH and CDNB (Values shown are X s,

calculated from three replicates)

GST GSH CDNB
Kp(mMmol/L) ke (s)) K Kin (mmol/L-s) Kp(mmol/L) k(s ) Keat/ K (mmol/Ls)
SmGSTF1 0.07+0.01 0.66 9.77 2.11£0.09 1.18 0.56
SmGSTF2 0.10£0.01 0.49 5.04 5.07+0.12 2.82 0.56
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Fig. 6 Catalytic activity of SmGSTF1 and SmGSTF2
under different pH conditions. 98.14%
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X 80
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|
Fig. 7 Catalytic activity of SmGSTF1 and SmGSTF2
under different temperature conditions. SmGSTF1
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