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We describe here the cloning and characterization of a

cDNA encoding the glutathione S-transferase (GST)

from the bumblebee Bombus ignitus. The Delta-class

B. ignitus GST (BiGSTD) gene spans 1668 bp and consists

of four introns and five exons that encode 216 amino

acid residues with a calculated molecular weight of

approximately 24561 Da and a pI of 8.03. The N-ter-

minal domain of BiGSTD has a conserved Ser residue,

as well as conserved Lys, Pro, Glu, Ser and Tyr resi-

dues that are involved in the GSH-binding site of GST.

The BiGSTD showed 60% protein sequence identity to

the Bombyx mori GSTT1, 58% to Musca domestica

GST, 57% to Drosophila melanogaster GST, and 55%

to Anopheles gambiae GST1. BiGSTD was close to the

insect-specific Delta class of GSTs in a phylogenetic

tree. Northern blot analysis showed that BiGSTD is

highly expressed in the fat body and midgut, and less

so in the muscles of B. ignitus worker bees.
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Introduction

Glutathione S-transferases (GSTs) are detoxifying enzymes

that catalyze the conjugation of GSH to a variety of elec-

trophilic compounds. This modification generally increases

the solubility of the resultant products in water, and there-

fore renders them more excretable than non-GSH conju-

gated substrates. GSTs have been implicated in the

detoxification of both endogenous and xenobiotic com-

pounds, and are involved in intracellular transport, bio-

synthesis of hormones, and protection against oxidative

stress (Enayati et al., 2005). Mammalian GSTs have been

classified into seven classes: Alpha, Mu, Pi, Theta, Sigma,

Zeta, and Omega (Mannervik et al., 2005). In line with the

mammalian GST classification system, insect GSTs have

been grouped into six classes: Delta, Epsilon, Omega,

Theta, Sigma, and Zeta (Chelvanayagam et al., 2001;

Ranson et al., 2002; Claudianos et al., 2006). 

Insect GSTs are of particular interest because of their

role in insecticide resistance. An elevation in the activity

of these enzymes has been associated with resistance to all

of the major classes of insecticides (Fournier et al., 1992;

Prapanthadara et al., 1993; Huang et al., 1998; Ranson et

al., 2001; Vontas et al., 2001; Ortelli et al., 2003; Enayati

et al., 2005; Lumjuan et al., 2005). Due to the important

role of GSTs, GST genes have been cloned from several

insect species (Snyder et al., 1995; Arruda et al., 1997;

Ranson et al., 1997; Ding et al., 2003; Valles et al., 2003;

Claudianos et al., 2006; Yamamoto et al., 2005, 2006,

2007; Gui et al., 2008). 

We previously constructed a cDNA library using whole

bodies of Bombus ignitus bees to collect the entire genetic

material of the bumblebee (Choi et al., 2006, 2008). In

this study, we report the cDNA sequence and gene struc-

ture of a novel Delta-class GST gene (BiGSTD) from a

Korean native bumblebee, B. ignitus, which is an impor-

tant pollinator of various crops (Yoon et al., 2002). We

also describe the expression profile of the BiGSTD gene at

the transcriptional level.

Materials and Methods

Insects

B. ignitus bumblebees were reared under artificial condi-
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tions (28oC, 65% relative humidity, and continuous dark-

ness) at the Department of Agricultural Biology, National

Academy of Agricultural Science, Rural Development

Administration, Republic of Korea, as described previ-

ously (Yoon et al., 2002, 2004).

cDNA library screening, nucleotide sequencing, and

data analysis

Clones harboring the cDNA insert were selected using

expressed sequence tags (ESTs) from a cDNA library that

had been generated using entire bodies of B. ignitus bees

(Choi et al., 2006, 2008). The plasmid DNA was extracted

using the Wizard mini-preparation kit (Promega, Madi-

son, WI, USA) and sequenced using an ABI 310 auto-

mated DNA sequencer (Perkin-Elmer Applied Biosystems,

Foster City, CA, USA). The sequences were compared

using the DNASIS and BLAST programs provided by

NCBI (http://www.ncbi.nlm.nih.gov/BLAST). MacVector

(ver. 6.5, Oxford Molecular Ltd.) was used to align the

amino acid sequences of GST. Phylogenetic analysis was

performed on the thirteen GenBank-registered glutathione

S-transferase amino acid sequences using PAUP (Phylo-

genetic Analysis Using Parsimony) version 4.0 (Swof-

ford, 2000). The accession numbers of the sequences in

GenBank are as follows: B. ignitus (this study: FJ517557),

Bombyx mori (AB176691), Musca domestica (P28338),

Drosophila melanogaster (P20432), Anopheles gambiae

(Q93113), Aedes aegypti (EAT36156), Blattella german-

ica (O18598), B. mori (AB206971), Hyphantria cunea

(AB223045), Manduca sexta (P46429), Platynota idaeu-

salis (AF082570), Plutella xylostella (AB180454), and

Solenopsis invicta (AY255670).

Genomic DNA isolation and genomic PCR

The genomic DNA of B. ignitus was extracted using a

WizardTM Genomic DNA Purification Kit according to

the manufacturer’s instructions (Promega). The primers

used for amplification of the genomic DNA sequences

encoding BiGSTD were 5’-ATGCCAATTGATTTTTAT-

CAACTTC-3’ for the translational start sequence region

of BiGSTD and 5’-TCACTTTTTCGCCATGTTATC-

CAC-3’ for the 3’ non-coding region of BiGSTD, based

on the BiGSTD cDNA cloned in this study. PCR was con-

ducted using the following program: 94oC for 2 min, 35

cycles of amplification (94oC for 1 min; 55oC for 1 min;

72oC for 1 min), and 72oC for 10 min. The resulting

amplified fragment was analyzed by electrophoresis in

1.0% agarose gel. The PCR products for sequencing were

cloned into the pGem-T vector (Promega), and the con-

structs were then transformed into Escherichia coli

TOP10F’ cells (Invitrogen, Carlsbad, CA, USA). The

nucleotide sequence was determined using a BigDyeTer-

minator cycle sequencing kit and an automated DNA

sequencer, as described above. 

RNA isolation and Northern blot analysis

B. ignitus workers were dissected on ice under a stereo-

microscope (Zeiss, Jena, Germany). Individual samples

from muscle, the fat body, and the midgut were collected

and washed twice with phosphate-buffered saline (PBS;

140 mM NaCl, 27 mM KCl, 8 mM Na2HPO4, 1.5 mM

KH2PO4, pH 7.4). Total RNA was isolated from muscle,

the fat body, and the midgut of B. ignitus bees using a

Total RNA Extraction Kit (Promega). Total RNA (5 µg/

lane) from B. ignitus was separated by electrophoresis in

1.0% formaldehyde agarose gel, transferred onto a nylon

blotting membrane (Schleicher & Schuell, Dassel, Ger-

many), and hybridized at 42oC with a probe in a hybrid-

ization buffer containing 5× SSC, 5× Denhardt’s solution,

0.5% SDS, and 100 µg/ml denatured salmon sperm DNA.

A cDNA clone of BiGSTD was labeled with [α-32P]dCTP

(Amersham, Arlington Heights, IL, USA) using the

Prime-It II Random Primer Labeling Kit (Stratagene, La

Jolla, CA, USA), and used as a probe for hybridization.

After hybridization, the membrane filter was washed three

times for 30 min each in 0.1% SDS and 0.2× SSC (1×

SSC is 0.15 M NaCl and 0.015 M sodium citrate) at 65oC

and then exposed to autoradiography film.

Results and Discussion

Cloning, sequencing, and data analysis of BiGSTD

gene

A cDNA library was constructed using whole bodies of B.

ignitus bees. Randomly selected clones harboring cDNA

inserts were sequenced to generate B. ignitus ESTs. Of

these ESTs, one clone, which is 771 bp long, had a full-

length coding sequence similar to that of previously

reported glutathione S-transferase (GST) proteins. The

nucleotide and deduced amino acid sequences of cDNA

encoding a BiGSTD revealed that the cDNA sequences

were comprised of 648 bp coding for 216 amino acid res-

idues with a calculated molecular weight of approxi-

mately 24561 Da and a pI of 8.03 (Fig. 1A). The open

reading frame (ORF) had both a start (ATG) and a stop

codon (TAA), indicating that the sequences contain the

complete coding region. A putative polyadenylation sig-

nal, AATAAA, is located at nucleotide position 739-744. 

To characterize the genomic structure of the BiGSTD

gene, a primer set based on the sequences of the BiGSTD

cDNA was designed, and a band was amplified from B.

ignitus genomic DNA using this primer set. The PCR

product was cloned and sequenced. Genomic PCR prod-
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uct sequences were 100% identical to the BiGSTD cDNA.

The organization of the gene is illustrated in Fig. 1B.

Comparison of the genomic sequence with the sequence

of the cDNA revealed five exons and four introns in the

BiGSTD gene. The sequences at the exon-intron bound-

aries conformed to consensus eukaryotic splice sites,

including an invariant GT at the intron 5’ boundary and an

invariant AG at its 3’ boundary. The size of the genomic

DNA sequence from translation start codon to stop codon

was 1668 bp for BiGSTD. These BiGSTD cDNA and

genomic DNA sequences have been deposited in Gen-

Bank under accession numbers FJ517557 and FJ517558,

respectively. 

A multiple sequence alignment of the deduced protein

Fig. 1. cDNA sequence and genomic organization of the BiGSTD. (A) The nucleotide and deduced amino acid sequences of the

BiGSTD cDNA. The start codon of ATG is boxed, and the terminal codon is shown by an asterisk. The putative polyadenylation

signal is underlined. The GenBank accession number of BiGSTD cDNA is FJ517557. (B) Organization of the BiGSTD gene. Num-

bers indicate the position in the genomic sequences. The GenBank accession number of BiGSTD genomic DNA is FJ517558. 

Fig. 2. Alignment of the deduced amino acid sequence of BiGSTD with other insect GSTs. Residues are numbered according to the

aligned GST sequences, and invariant residues are shaded black. The conserved G-site residues are indicated by boxes. The open

triangle refers to the conserved serine residue at position 11. Dashes represent gaps introduced to improve alignment. 
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sequence from BiGSTD cDNA with available GST

sequences is shown in Fig. 2. Alignment with the deduced

amino acid sequence indicated that the BiGSTD gene

product is related to the GSTs of other insects. The N-ter-

minal domain of BiGSTD possesses a serine residue at

position 11, which is important for the catalytic mecha-

nism of GST (Rossjohn et al., 1998; Sheehan et al., 2001).

In addition, BiGSTD has two serines, a lysine, a proline,

a glutamate, and a tyrosine conserved residues, which are

involved in the GSH-binding site of GST (Yamamoto et

al., 2005; Gui et al., 2008). Alignment with the deduced

amino acid sequence of BiGSTD cDNA revealed that the

BiGSTD sequence is closely related to the GSTs of B.

mori (60% protein sequence identity), M. domestica (58%

protein sequence identity), D. melanogaster (57% protein

sequence identity), and A. gambiae (55% protein sequence

identity).

A phylogenetic analysis using the deduced amino acid

sequences of known insect GST genes yielded two sep-

arate groups (Fig. 3). BiGSTD and B. mori GSTT1, which

is renamed as a Delta-class GST (Yamamoto et al., 2005),

showed a close relationship, forming a subgroup. Based

on sequence similarity and phylogenetic analysis, BiG-

STD is assumed to be a Delta-class GST.

Expression of BiGSTD 

To characterize the expression of the BiGSTD gene at the

transcriptional level, Northern blot analysis was per-

formed using total RNA obtained from muscle, the fat

body, and the midgut, respectively. Northern blot analysis

showed that a hybridization signal was present in all tis-

sues examined (Fig. 4), suggesting the ubiquitous expres-

sion of BiGSTD. This result is consistent with previous

reports that the GST gene was expressed in various tissues

of B. mori larvae (Yamamoto et al., 2005; Gui et al.,

2008).

In conclusion, we report the cDNA and genomic DNA

sequences of a novel Delta-class glutathione S-transferase

in B. ignitus. We hope that the molecular characterization

of BiGSTD in this study will expand the understanding of

Delta-class insect GSTs.
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