Int. J. Indust. Entomol. Vol. 9, No. 1, 2004, pp. 65~71

International Journal of
Industrial Entomology

Molecular Cloning and mRNA Expression a Glutathione S-Transferase
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A fat body-specific glutathione S-transferase cDNA
was cloned from the spider, Araneus ventricosus.
The ¢cDNA encoding A. ventricosus glutathione S-
transferase (AvGST) is 645 base pairs long with an
open reading frame of 215 amino acid residues with
a calculated molecular weight of approximately 24
kDa. Northern blot analysis showed the tissue-spe-
cifically expression of AvGST in the A. ventricosus
fat body.
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Introduction

Glutathione S-transferases (GSTs; EC 2.5.1.18) are a
supergene family of multifunctional enzymes that cata-
lyze the conjugation of glutathione (GSH) to a variety of
electrophilic substances including carcinogenic, mutagenic,
and toxic compounds (Mannervik and Danielson, 1988;
Armstrong, 1991, 1997; Hayes and Pulford, 1995). The
GSTs have a main function as a detoxification enzyme
that protects the tissues against electrophilc toxicants by
catalyzing their conjugation with GSH.

Electrophilic substrates for GST include insecticides,
hervicides, chemptherapeutic agents, and other xenobi-
otics. GSTs also play a vital role in protecting tissues
against oxidative damage and oxidative stress (Pickett
and Lu, 1989; Daniel, 1993; Hayes and Pulford, 1995;
Vontas et al., 2001). The mammalian GST subunits are
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classified on the basis of sequence, activity, inhibitors,
and immunological relationships into alpha, mu, pi,
theta, sigma, and microsomal classes (Meyer et al.,
1991; Buetler and Eaton, 1992; Mannervik et al., 1992;
Daniel, 1993).

In insects, GSTs are primarily of interest because of
their role of insecticide resistance (Motoyama and Dau-
terman, 1980; Fouriner et al., 1992; Snyder et al., 1995;
Vontas et al., 2001). Molecular biological and biochem-
ical characterization of GSTs have been intensively stud-
ied in point of their role in the detoxification of many
insecticides (Wang et al., 1991; Fournier et al., 1992; Ran-
son et al., 1997, Huang et al., 1998). As in mammals,
GST activity also appears to have major roles in the pro-
tection of insects from xenobiotics. Recently, some reports
demonstrated that microsomal GST in insects is capable
of transcriptionally responding to oxidative stress and/or
xenobiotics (Kelner et al., 2000; Toba and Aigaki, 2000).
In order to obtain molecular information of the spider,
Araneus ventricosus, we previously constructed the
c¢DNA library using A. ventricosus whole bodies (Chung
et al., 2001). A GST homologue cDNA was isolated by
screening EST (expressed sequence tag) of the A. ventri-
cosus cDNA library. In this study, we report the cDNA
sequence of the putative GST gene from A. ventricosus
and compared the amino acid sequences with other GSTs.
Also, we found a tissue-specific expression of the A. ven-
tricosus GST in the fat body.

Materials and Methods

Animals

The spider, Araneus ventricosus, was collected at Nam-
hae, Kyungnam province in Korea. The live spider was
directly used in this study.
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c¢DNA library screening, nucleotide sequencing and
data analysis

A cDNA library (Chung et al., 2001) was constructed
using whole bodies of the spider A. ventricosus. Sequenc-
ing of randomly selected clones harboring cDNA inserts
was performed to generate the expressed sequence tags
(ESTs). For DNA sequencing, plasmid DNA was
extracted by Wizard mini-preparation kit (Promega, Mad-
ison, WI). Sequence of each cDNA clone was determined
using an automatic sequencer (model 310 Genetic Ana-
lyzer; Perkin-Elmer Applied Biosystems, Foster City,
CA). The sequences were compared using the DNASIS
and BLAST programs provided by the NCBI
(www.ncbi.nlm.nih.gov). GenBank, EMBL and Swis-
sProt databases were searched for sequence homology
using a BLAST algorithm program (www.ncbi.nim.nih.gov
/BLAST). MacVector (ver. 6.5) was used to align the
amino acid sequences of glutathione S-transferase (GST)
gene. With the fourteen GenBank-registered GST amino
acid sequences, phylogenetic analysis was performed
using PAUP* (Phylogenetic Analysis using Parsimony)
version 4.0 (Swofford, 2000). The accession numbers of
the sequences in the GenBank are as follows: Araneus
ventricosus (this study), Bombyx mori (AAP50848), Cae-
norhabditis elegans (NP508625), Dirofilaria immitis
(P46426), Solenopsis invicta (AAP79878), Manduca
sexta (P46429), Platynota idaeusalis (AAC34079), Blat-
tella germanica (O18598), Gryllotalpa orientalis
(AARS84628), Mus musculus (AAK28508), Rattus nor-
vegicus (NP803175), Mesocricetus auratus (A23732),
Musca domestica (PA6437), Drosophila melanogaster
(P41043), and Xenopus laevis (AAM82563). Hydropathic
analysis was done as described by Kyte and Doolittle
(1982). Helical and non-helical regions of A. ventricosus
GST were predicted by the Garnier-Robson method (Gar-
nier et al., 1978).

RNA isolation and Northern blot analysis

The spider A. ventricosus was dissected under the Stereo-
microscope (Zeiss, Jena, Germany), individual samples
such as fat body, midgut, silk gland, and epidermis were
harvested, and washed twice with PBS (140 mM NaCl, 27
mM KCl, 8 mM Na,HPO,, 1.5 mM KH,PO,, pH 7.4).
Total RNA was isolated from the whole body, midgut, fat
body, silk gland, and epidermis of the A. ventricosus by
using the Total RNA Extraction Kit (Promega). Total
RNA (10 pg/lane) from the A. ventricosus was denatured
by glyoxalation (McMaster and Carmichael, 1977), trans-
ferred onto a nylon blotting membrane (Schieicher &
Schuell, Dassel, Germany) and hybridized at 42°C with a
probe in a hybridization buffer containing 5 %< SSC, 5 X
Denhardts solution, 0.5% SDS, and 100 pg/ml denatured

salmon sperm DNA. The 823 bp A. ventricosus GST
¢DNA clone was labeled with [0-*?P] dCTP (Amersham,
Arlington Heights, IL) using the Prime-It II Random
Primer Labeling Kit (Stratagene, La Jolla, CA) for use as
a probe for hybridization. After hybridization, the mem-
brane filter was washed three times for 30 min each in
0.1% SDS and 0.2 x SSC (1 x SSC is 0.15 M NaCl and
0.015 M sodium citrate) at 65°C and exposed to autora-
diography film.

Results and Discussion

Cloning, sequencing and phylogenetic analysis of A.
ventricosus GST cDNA

A cDNA library was constructed using whole bodies of A.
ventricosus (Chung et al., 2001). Sequencing of randomly
selected clones harboring cDNA inserts was performed to
generate the A. ventricosus ESTs. One clone, which is 825
bp long had a full-length coding sequence similar to that
of previously reported GSTs. The nucleotide and deduced
amino acid sequences of a cDNA encoding the A. ven-
tricosus GST (AvGST) are presented in Fig. 1. The AvGST
¢DNA contains an open reading frame (ORF) of 645 bp
encoding 215 amino acid residues with a calculated
molecular weight of approximately 24 kDa.

-53 GCGCACTCATATTTCGARTCGAAGGCGCTCGCARCAGARCATACTGARAAGCC
1 BTECCTAAATACAAGATCATCGATTATCTGTATCCCACAACAGGAGAATTGGCCAGACTC
1M A K Y K I I b Yy v Y p T T G E L A R L

61 ATACTACAGTACAAAGATGTCGAGTACGATGATGAARAAAGTTGATTCGCCAGACAGATTA
21 I L Q ¥ X D V E Y D D E K V D S P D R L

121 TACGAAGCCGAAGAAGATTCTCCATTTGGCGTGTTACCAATTCTGCTAGTTGATGGAARA
41 Y E A E E D § P F 6 V L P I L L V D G K

181 GTAGTCGCTCAACAAAATGGAATTCCCCGATACTTAGCCAGAGAATTGGATCTCATTGGT
61 V V A Q Q N G I P R Y L A R E L DL I G

241 AGAAATAACGAAGAGGCCGCTATTTGCGATATGGTCATGGAGATGGCTTTGGGTGTCATG
81 R N N E EA A I ¢C DMVMEMMAZLGV M

301 TTCTCTAAAGCTGAGAGGAAACCAARATCTCGAAGCTCGATGCCAACAACAGATCGCTCTA
101 F §s K A E R K P N L E A R C Q0 Q ¢ I A L

361 TTCAAACAAATGATTGRAGAAGACGTTCCAAGATTCTTAGCARAGTACGAGAGGTTCCTA
120 F X ¢ M I E E D V P R F L A K Y E R F L

421 GAAARAGTCTGATCTCAAAAGTGGATACTTAGCAAGTGAACAGCTCACATGGTGTGATCTG
142 E X 8§ p L K § 6 Y L A S E ¢ L T W C b L

481 GGAGTGGCTTTGACGTTCGCTGGAATGCAAATCAGGCAACCAAAGCTCCTTGAGAAGTAT
161 6 V A L T F A G M ¢ I R QQ P K L L E K Y

541 CCTCGTCTGAAACATTTCGTGGATAAGGTTACAGCTAACGATGTTGTCTCTCATTTTGTA
181 P R L K H F v D X VvV VvV 8§ H F V E T E L A

601 GAAACTGAATTAGCACCGTCAGCTGTTCTCAGGAAAAACAGCATGTAAAAAGAATAATTT
200 E T E L A P S A V L R XK N 858 M *

661 GTGTTCGTTATCAATGTGATCARAATGTTGTGTTTATTTTTTTTAGCGGATAAATGATATA
721 ATGTATAATTCTGAGAAATTTGTTCAATAAATAATTAAAACTAAARAAAAAA

Fig. 1. The nucleotide and deduced amino acid sequences of A.
ventricosus GST cDNA. The start codon of ATG is boxed and
the termination codon is shown by asterisk. The polyadenyla-
tion signal AATAAA is underlined. The GenBank accession
numbers of A. ventricosus GST cDNA is AY700061.
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Fig. 2. Alignment of deduced amino acid sequences of A. ventricosus GST with known GSTs. Residues are numbered according to
the aligned GST sequences, and invariant residues are shaded black. Dots represent gaps introduced to improve alignment. The GST
sequences were taken from the following sources: A. ventricosus (AvGST; this study), B. mori (BmGST2; AAP50848), C. elegans
(CeGST-11; NP508625), D. immitis (DiGST; P46426), S. invicta (SiGST; AAP79878), M. sexta (MsGST2; P46429), P. idaeusalis
(PiGST; AAC34079), B. germanica (BgGST; 018598), D. melanogaster (DMGSTs2; P41043), M. domestica (MAGST; P46437),
G. orientalis (GoGST; AAR84628), M. musculus (MmGSTm?2; AAK28508), R. norvegicus (RnGST-Yb2; NP803175), M. auratus
(MaGST; A23732), and X. laevis (XIGST; AAM82563).



68 Geun Ho Shin et al.

Percent similarity

Species GenBank No. 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
1. A. ventricosus This study 39 44 40 38 39 38 38 33 35 38 32 31 33 33
2. B. mori AAP50848 25 42 43 49 72 76 56 45 47 49 36 36 35 40
3. C. elegans NP_508625 25 25 45 50 48 43 48 42 45 47 35 35 34 48
4. D. immitis P46426 24 27 29 44 44 42 46 36 39 43 43 41 43 37
5. 8. invicta AAPT79878 23 37 31 28 54 54 58 48 50 58 34 33 34 5t
6. M. sexta P46429 23 61 31 24 42 75 56 46 48 50 36 36 36 42
7. P. idaeusalis AAC34097 23 63 26 25 38 61 54 50 52 49 34 34 33 41
8. B. germanica 018598 22 45 32 29 45 42 43 54 55 67 33 33 36 51
9. D. melanogaster ~ P41043 21 32 28 20 34 33 35 40 86 48 34 33 33 42
10. M. domestica P46437 21 33 29 22 35 33 36 39 83 51 36 36 36 42
11. G orientalis AAR84628 20 38 32 27 41 38 38 57 38 41 35 34 34 46
12. M. musculus AAK28508 18 22 21 29 23 23 23 22 20 21 22 97 93 35
13. R. norvegicus NP_803175 18 22 21 28 22 23 23 22 19 21 22 95 93 34
14. M. auratus A23732 17 21 20 28 22 22 22 22 19 20 21 83 87 35
15. X laevis AAMBS2563 17 29 31 25 45 31 28 36 29 29 32 23 22 21

Percent identity

Fig. 3. Pairwise identities and similarities of the deduced amino acid sequence of A. ventricosus GST cDNA among GST

sequences.

A multiple sequence alignment of the deduced protein
sequence of AvGST with other GST sequences is shown
in Fig. 2. Alignment of the AvGST sequences with those
of GST from several other species indicates the extent
of the identity that exists. The AvGST showed 25% pro-
tein sequence identity to both the B. mori GST and C.
elegans GST, and 24 —20% to GST sequences from
other insects (Fig. 3). A phylogenetic analysis using
deduced amino acid sequences of known GST genes
revealed that the deduced amino acid sequence of
AvGST cDNA separated with C. elegans GST from
other GSTs (Fig. 4). :

Hydropathy profile and helical and non-helical regions
of AvGST were shown in Fig. 5. The deduced AvGST N-
terminal sequence contains a highly hydrophilic amino
acid stretch that is likely to function as a cytosolic enzyme
(Fig. 5A). The AvGST was predicted to be structure with a
helix-turn-helix motif (Fig. 5B). The enzyme is believed
to play an important role in cellular protection system.
Several studies have suggested that the cytosolic enzymes
are involved in susceptibility to carcinogenesis (Brock-
moller et al., 1998; Henderson et al., 1998; Hengstler et
al., 1998; Strange et al., 1998), cytotoxic drug resistance
of cells (Schecter er al., 1992; Tew et al., 1998), insec-
ticide resistance of insect (Wang et al., 1991; Fournier et
al., 1992; Ranson et al., 1997; Huang et al., 1998), and
protective role against oxidative damages to the cellular
membranes (Mosialou and Morgenstern, 1989; Mosialou
et al., 1995; Kelner et al., 2000).

Species

A. ventricosus

63— S. invicta

L— X laevis
[—— P. idaeusalis

100 L—— B. mori

o 5) A M sexta
o[ G. orientalis
B. germanica
100 M. domestica

— D. melanogaster

C. elegans
92 [ R. norvegicus
100 Y——— M. musculus
70 ———— M. auratus

D. immitis

Fig. 4. Phylogenetic tree of aligned amino acid sequences of
the A. ventricosus GST and the other known GSTs. The tree
was obtained by bootstrap analysis with the option of heuristic
search and the numbers on the branches represent bootstrap
values for 1,000 replicates.
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Fig. 5. Hydropathy profile (A) and predicted helical regions (B) of A. ventricosus GST.

1 2 3 435

Fig. 6. Northern blot analysis of the A. ventricosus GST mes-
sages. Total RNA was isolated from the whole body (lane 1),
fat body (lane 2), midgut (lane 3), silk gland (lane 4), and epi-
dermis (lane 5). The RNA was separated by 1.0% formalde-
hyde agarose gel electrophoresis (upper panel), transferred
onto a nylon membrane, and hybridized with the appropriate
radiolabelled probe (lower panel). A. ventricosus GST mes-
sages are indicated by arrow on the right side of the panel.

Tissue-specific expression of A. ventricosus GST
The tissue specific nature of AvGST expression was deter-
mined from fat body, midgut, silk gland and epidermis by
Northern blot analysis (Fig. 6). AvGST was found to be
expressed only in fat body and not in midgut, silk gland
and epidermis of A. ventricosus, evidencing the fat body
as a specific site for AvGST synthesis.

In previous reports, the insect GSTs were expressed in
the midgut (Tate et al., 1982; Snyder ez al., 1995), fat body

(Chien and Dauterman, 1991), hemolymph cells and other
tissues (Franciosa and Berge, 1995). In insects, GSTs play
an important role in the resistance and/or detoxification to
insecticides and other xenobiotics (Motoyama and Dau-
terman, 1980; Riskallah et al., 1986; Snyder et al., 1995;
Yu, 1982, 1989). Microsomal GST-I (MGST-I) in D. mel-
anogaster is expressed ubiquitously with the highest
expression in the larval fat body (Toba and Aigaki, 2000)
and is similar to mammalian membrane-bound GSTs
(Toba et al., 1999). It has been shown that a membrane-
bound enzyme, MGST-I has a protective role against oxi-
dative damages (Mosialon and Morgenstern, 1989;
Mosialou et al., 1995; Kelner et al., 2000). In this study,
the A. ventricosus GST is expressed only in the fat body.
It is likely that the fat body is a site where large quantities
of GST are synthesized for the protection of the cell from
oxidative damages and/or xenobiotics.

In conclusion, we have cloned and characterized a novel
c¢DNA encoding putative glutathione S-transferase from
the spider A. ventricosus. We hope that the molecular
characterization of glutathione S-transferase in A. ventri-
cosus in this study will expand the understanding of inver-
tebrate glutathione S-transferases.
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