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Cloning and Sequence Analysis of Bombyxin G Gene from Silkworm Bomby mori Larvae
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Abstract: Bombyxin is an insulin-related peptide synthesized in the brain of the silkworm Bombyx mori. Here
we cloned a new member of bombyxin gene family (named G gene) from the Chinese-race silkworm larvae. The
Open Reading Frame (ORF) of G gene encodes a precursor molecule which consists of four domains in the order
of signal peptide, B chain, C-peptide and A chain and shares 99% sequence identity with bombyxin previously
characterized. The result of protein prediction demonstrates that there are 45.6% of w-helix, 10.0% of extend
strand, 4.4% of p-turn and 40.0% of random ceil in the secondary structures. Whereas the natural function in
insect biology of this newly cloned bombyxin G protein need to be further investigated.
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INTRODUCTION

Bombyxin was first identified as a neurosecretory
hormone 1n the silk moth, Bombyx mori (Nagasawa et af.,
1984). Tt was isolated because of its ability to stimulate
ecdysone secretion by the prothoracic glands of the
moth Samia Cynthia and was therefore believed to be the
long-sought prothoracicotropic hormone of insects
(Nagasawa et al, 1986, Nyhout, 1981). However,
bombyxin has no sigmficant stimulating effect on the
prothoracic glands of B. mori either in vivo (Ishizaki et al.,
1983 Suzuki and Ishizaki, 1986) nor in vitro(Kirishi et al.,
1992).The bombyxin gene encodes a precursor molecule
which consists of 4 domains in the order of signal
peptide, B chain, C-peptide and A chain and shares
nucleotide sequence similarity with the vertebrate insulin
gene (Twami et al., 1989).

The copy number of the bombyxin gene 1s more than
32 perhaploid Bombyx genome and the 32 gene copies
have been classified into 7 families, A, B, C. D, E, F and G,
according to their sequence similarity (Kondo et al., 1996;
Tsuzuki et al., 1997, Yoshida et al., 1997 Yoshida et al.,
1998). The Bombyx haploid genome thus includes
10family-A, 12 family-B, 6 family-C, 1 family-D, 1 family-E,
1 family-F and 1 family-G gene. The bombyxin genes
except the family-E gene cluster in two DNA segments in
unique distribution patterns. Their arrangement 1s
classified into three categories: gene pairs, gene triplets
and single genes. All bombyxin genes so far characterized
lack introns, mdicating that they are presumably the
functional processed genes or genes derived from the
processed genes (Twami et al., 1989, Iwami et al., 1990,

Iwami, 1990). Bombyxin genes are expressed

predommantly in the bram (Iwami et al., 1989
Kawakami et al., 1989, Twami, 1990) and at low levels in a
number of other larval tissues (Iwami ef al., 1996), in
contrast to the msulin gene which 1s expressed m the
gastroenteromic organ and is almost silent in the brain.

In the present study, we cloned a new member of
bombyxin gene family (named G gene) and analyzed the
DNA sequence and secondary structure prediction. The
natural function in msect biology of this newly cloned
bombyxin G protein need to be further mvestigated.

MATERIALS AND METHODS

Insects: A racial hybrid of B. mori, Jingsong>Haoyue
(Showa) was fed fresh mulberry leaves and reared at
2541°C under a photoperiod of 12-h light and 12-h
darkness. Larvae were staged on the day of ecdysis to the

fifth-mstar used for experiments on the next day (day 1 of
the fifth-instar).

Genomic DNA extraction: The genomic DNA was
extracted from the second mstar larvae by using the
universal genomic DNA extraction kit (TaKaRa) according
to the manufacturer’s protocol. Briefly, fresh larval brain
tissue was processed by freezing with liquid mtrogen and
grinding inte a fine powder using a mortar and pestle.
Add 50 mg of this larvae powder to a 1.5 mL
microcentrifuge tube. The remainder of the procedure was
identical to the manufacturer’s protocol.

PCR amplification: Based on the structure and
expression of bombyxin G1 gene (Yoshida et al., 1998)
two primers were designed, Pl: 3-GCGGATCC
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ATGAAGCTCATCA-3'(BamHI) and P2: 5'-GGGAATTC
TTAACAATAAGAAC-3'(EcoRl). Two microliters of
serially diluted genomic DNA samples were added to 50
pL reaction mixture containing 0.2U Taq DNA polymerase
(TaKaRa) for PCR. Then the PCR was performed as
follows: (a) Denaturation: 4 min at 94°C; (b) Amplification:
35 cycles for all cytokines, 20 sec at 94°C, 20 sec at 55°C
and 30 sec at 72°C and (c) Extension: 10 min at 72°C.
Twelve microliters of each sample was run on a 2%
agarose gel, stained with ethidium bromide and viewed
using ultraviolet light.

DNA sequencing and sequence analysis: The PCR
product (obtained in the above section) was purified by
a PCR fragment recovery kit (TaKaRa) and then
sequenced by a DNA sequencer (ABI). By using different
biosofts to analysis the sequence of this cloned gene and
predict the secondary structure of its deduced protein.

RESULTS

PCR amplification: The previous study indicated that all
bombyxin genes so far characterized lack introns and hold
high sequence homology (Yoshida ez al., 1998). Therefore
direct PCR amplification was performed with a pair of
synthesized primers. The result of PCR showed the size of
specific gene fragment was approximately 270 bp (Fig. 1).
This evidence indicated that the new bombyxin G gene
was cloned.

DNA sequencing and sequence analysis: The result of
DNA sequencing showed that the length of the bombyxin
G gene was 270 bp and encoded 90 amino acids (Fig. 2).
By comparing to others genes in the bombyxin gene
family, the bombyxin G gene encodes a precursor peptide
which shows 99% sequence identity with bombyxin G1
and G1° genes previously characterized, except for two
positions (+105 and +257).

The result of amino acid sequence alignment showed
one-amino acid difference was found among bombyxin G,
G1 and GI” (Fig. 3). Furthermore, the open reading frame
of the G gene with four domains in the order signal
peptide (1-19)/B chain (20-46)/C-peptide (49-67)/A chain
(70-90), as in human insulin.

Protein secondary structure prediction: To investigate
the secondary structure of bombyxin G protein, the
prediction was performed online via web (http://npsa-
pbil.ibep.fr/cgi-bin/npsa_automat.pl?page = npsa_sopma.
html). The result showed that 41 amino acids formed
a-helix (45. 6%), 9 amino acids formed extend strand
(10.0%), 4 amino acids formed B-turn (4.4%) and 36 amino
acids formed random coil (40.0%) in the secondary
structures (Fig. 4).
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Fig. 1: The fragment of bombyxin G by PCR amplification.
M, DNA marker DL 2000 (TaKaRa); lane 1 and 2,
PCR products of bombyxin G gene. The arrow
indicates the 270 bp target gene
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Fig. 2: Nucleotide sequence and deduced amino acid
sequence of bombyxin G gene. The dash (-)
indicates the termination codon
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Fig.3: Amino acid sequence comparison among
bombyxin G, G1 and G1’ genes. The dot (.)
represents the termination of protein translation
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Fig. 4: Secondary structure prediction of bombyxin G protein by SOPMA software. The lowercase h indicates «-helix,
e indicates extend strand, ¢ indicates random coil and t indicates 3-turn

DISCUSSION

Like msulin, bombyxin is a heterodimer, with A and B
chains connected by disulfide bonds. Bombyxin genes
have also been identified in Samia cynthia (Saturniidae),
which has six genes and Agrius singulatus (Sphingidae),
which appears to have three genes. In both the latter
species the bombyxin genes belong to the same two
families, related to the A and B families of B. mori. The
msulin-like receptor was suggested to act in the
hypodermal and intestinal target tissues, in which a
change in metabolism is triggered by the dauer regulatory
cascade and to regulate the metabolism and remodelling
of tissues indirectly by controlling the production of other
hormones (Kimura ef a/., 1997). The insulin-like receptor
cascade also controls the reproductive maturation of the
germ line as well as morphogenetic aspects of the pharynx
and hypodermis. Bombyxin was reported to induce
meiosis in Bombyx ovarian cells in vitro (Orikasa et al.,
1993) and morphological changes in BM-N4 cells, a cell
line derived from a Bombyx ovarian tissue (Tanaka ef al.,
1995). In addition, the hemolymph titer of bombyxin
attains a peak value during pupal-adult development in
which tissue remodel- ling and reproductive maturation
are in maximum progress (Saegusa ef al., 1992). In the
development of silkworm, the hemolymph bombyxin titer
may fluctuate dynamically to a level, which is close to the
actually determined bombyxin titer at middle stages of
pupal-adult development (Suenobu ef al., 2004). It is
therefore highly probable that bombyxin plays an
important role in metamorphosis and reproduction
through 1its ability to metabolise energy and that
bombyxin G1 shares this important role in view of the
conserved amino acid similarity in the receptor binding
site with other bombyxin members.

The role of bombyxin in Bombyx larvae seems to
differ from that of insulin in mammals, although both
hormones share the same function in terms of being in
control of carbohydrate metabolism. Ancient insulin may
have evolved to acquire divergent metabolic actions in
different animal groups in accordance with their mode of
life while preserving its response to the glucose signal.
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