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ABSTRACT

Invertebrate insulin-related peptides play key roles in growth and metabolism. Genes
encoding these peptides are specifically expressed in neurosecretory cells. Bombyxin
genes of the silkmoth Bombyx mori encode an insulin-related péptide and are expressed in
four pairs of the brain neurosecretory cells. No regulatory element has been identified to
confer the neurosecretory cell-specific expression. By promoter-deletion analysis and in
vitro electroporation, a 12 bp element was identified enough to confer the specific
expression of bombyxin F1 gene, one of the bombyxin multifamily genes. In addition, an

activator element was identified to be responsible for increasing the expression level.

Insulin-like activities are found in various phyla of invertebrate, indicating that
insulin-related peptides are common in invertebrates. The peptides are considered as key
hormones for the regulation of growth, metabolism, and longevity . Bombyxin of the
silkmoth Bombyx mori, molluscan insulin-related peptide, and locust insulin-related

peptide have been identified as insulin-related peptides. These peptides show remarkable
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conservation of the basic insulin-like structure and precursor organization. In addition,
many bombyxin-related genes with the insulin-like domain structure were discovered in
various insect species. In despite of the structural similarities to insulin, invertebrate
insulin-related peptides are produced predominantly in the neurosecretory cells. In
particular, bombyxin gene expression is restricted to occur in only four pairs of medial
group of the brain neurosecretory cells. This topological specificity led us to identify the
element(s) that is responsible for the expression of bombyxin gene. For this end, we
introduced reporter gene into the brain cells by an improved in vitro electroporation, which
enabled to perform reporter gene assay in various animals which have no transgenic

. system. '

Thirty-two copies of bombyxin gene are present in the Bombyx genome, and
classified into 7 families, A to G, according to their sequence similarities . These genes are
clustered on at least two genomic segments and arranged into three organizations: a gene
exists singly (single gene), makes a pair with an another gene (gene pair), or with two other
genes (gene triplet). Promoter-deletion experiment was used to analyze the promoter
region of the bombyxin F1 gene that shares a pair with bombyxin B10 gene in an opposite
transcriptional direction. When a construct consisted of the whole 5" upstream region of F1
gene as a promoter and the green fluorescent protein, GFP, gene as a reporter was
introduced into Bombyx brain by in vitro eletropoporation (Fig. 1A), strong green
fluorescence was detected in four pairs of the brain neurosecretory cells that had
previously been identified as bombyxin-producing cells (Fig. 1B, C). The GFP expression
levels were quantified approximately by immunodetection of GFP, and graded as high
(+++), medium (++), and low (+) ( Fig. 1D, E, and F).

A series of promoter-deletion constructs was prepared to identify the minimal .

region required for the cell-specific expression of the F1 gene (Fig. 2A). High GFP

expression level was detected from deletions up to -190 bp upstream of the F1 translation
start site. Medium and low expression levels were resulted from the deletion construct -174.
Further deletions up to -146 and -120 bp resulted in abolishment of GFP expression. These
results suggest the presence of an activator element which boosts the expression level high

and a cell-specific element which is responsible for the basal expression levels (low and
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medium) in the neurosecretory cells. The activator element may locate in the region from -
190 to -174 bp, whereas the cell-specific element may locate in the region from -174 to -
146 bp. To define the minimal sequence of the activator, a series of deletion constructs was
prepared in the downstream of -190 bp (Fig. 2B). Deletions up to the construct -185 did not
affect the high expression level, but the construct -184 resulted in the loss of the high level.
This result indicates that the 5' start of the activator is at -185 bp. The deletion constructs
between —184 and -180 were expressed in only medium and low levels, suggesting the
possibility that the 3' end of the activator is located in this region. Mutations of the three
nucleotides from -180 to -178 bp did not affect the high expression level, whereas

. mutations in the three nucleotides from -184 to -182 bp resulted in the loss of the high
expression level. These results indicate that the 3° end of the activator is —181 bp and thus
the minimal activator sequence is TCAAG from -185 to -181 bp upstream of F1 translation
start site. Electroporation of the whole promoter construct with a double stranded
oligonucleotide (AATCTTCAAGAATTTGTGCAAA) that contains the activator sequence
as a competitor resulted in the loss of the high expression level. The activator element is
similar to the core of the element TYAAGT (Y = C or T) in the gut-specific enhancer
region of the mosquito Anopheles gambiae trypsin gene. The similarity of the elements
indicates that Bombyx and Anopheles may share homologous transcription factor(s) that
binds two different genes in different organs, and that the regulatory system of genes
expressed in brain and gut is evolutionally conserved.

To determine the minimal sequence of the cell-specific expression element, many
deleted and mutated constructs were prepared in the region from -174 to —146 bp (Fig. 2C).
Deletions up to -170 bp resulted in maintaining the medium and low levels of expression,
but the deletion constructs -169 and -168 completely abolished the GFP expression,
indicating that the 5' start of the cell-specific expression element is at -170 bp. A set of
constructs mutated at the sites, -167 to -165 bp, -164 to -163 bp, and -162 to -161 bp,
resulted in no GFP expression, indicating that these mutated nucleotides are included in the
cell—speciﬁc expression element. Point mutations in the nucleotides at -159, -158 or —157
bp were prepared to determine the 3' end of the element. Only the construct with a

mutation at -159 bp resulted in no GFP expression, indicating that the 3' end of the cell-
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specific expression element is at —159 bp. Mutations in the nucleotides from -153 to -151
bp and -149 to - 147bp did not affect the expression levels. Therefore, the cell-specific
expression element, which is responsible for the basal expression levels (low and medium)
in the neurosecretory cells, is a 12 bp segment from~170 to -159 bp with a sequence of
AAACCTACACAC. Electroporation of the whole promoter construct with a double
stranded oligonucleotide (AAACCTACACACTGTCGAAACAGTT) that contains the 12
bp cell-specific element as a competitor resulted in the shutoff of all expression levels. No
protein that would bind to the 12 bp element was found by searching the transcription
factors database. Thus, the cell-specific element appears to be a novel regulatory element.
We therefore named the 12 bp element as BOSE, Bombyxin gene-Specific Element.

The tissue specificity conferred by cis-acting regulatory elements is examined for
the rat insulin I gene whose tissue-specific expression is not resulted from any single
minimal sequence but from an interaction of multiple sequence elements. In the rat insulin
II gene, an element as small as 41 bp is capable of regulating pancreatic temporal and
spatial gene expression. In the present study, BOSE is enough to confer the brain cell-
specific expression of bombyxin F1 gene. Genes of all 7 bombyxin families have been
proved to be expressed in the four pairs of neurosecretory cells in the brain. Sequence
comparisons of the bombyxin F1 cell-specific expression elemént with the identified
sequences of the presumed promoter regions of other bombyxin family genes revealed the
sequence identity and relative location with some genes and high similarities with others.
Present study first revealed an element involved in molecular mechanism underlying the
neurosecretory cell-specific gene expression and may provide important suggestions for
the mechanisms that control the neurosecretory cell-specific expression in other

invertebrates as well as vertebrates.

Figure legends

Fig. 1. (A) Schematic representation of the plasimd pB 10/F1::EGFP. The plasmid consists
of the whole 5' upstream region of bombyxin F1 gene including its translation start codon
and the reporter GFP gene in CMV-promoter-deleted plasmid pEGFP-N3. The amino acid

sequences of bombyxin F1, GFP, and the bridge between them are shown in orange, green,
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and purple, respectively. The positions of the TATA-boxes for F1 and B 10 genes are
indicated with red. (B) The cell-specific expression of pB10/F1::EGFP in the four pairs of
the medial neurosecretory cells of Bombyx brain as detected with UV microscope with
NIBA cube. Scale bar, 100um. (C) NUA cube was used to examine background of the
same brain in (B). No fluorescence was detected, indicating very weak background in the
brain in (B). The immunodetected levels of GFP expression were graded as high +++ (D),

medium ++ (E), and low + (F).

Fig. 2. Promoter-deletion analysis of bombyxin F1 gene. (A) (Left) The whole promoter
region, that is the spacer between the bombyxin gene pair B10/F1 (414 bp), was serially
deleted in the F1 transcriptional direction to identify the minimal promoter region that
includes the element(s) required for the cell-specific expression of F1 gene. Red boxes
show the position of TATA-box for each gene. Black arrowheads indicate the 5' start of
each deletion construct related to the F1 translation start site at +1. Blue box represents the
region from -190 to -174 bp that may include an activator element. Green box represents
the region from -190 to -174 bp that may include the cell-specific expression element.
(Right) The percentage of brains that showed one of four expression levels is shown
against each expression level. n, total number of electroporated brains. (B) (Left)
Nucleotide sequence of the region from -197 to —168 bp showing the activator element
sequence. The activator element is indicated in blue with underline. Several deleted and/or
mutated constructs were prepared in the region downstream of -190 bp to define the
minimal activator element sequence. Sequences in red represent BamHI site or mutated
nucleotides and those in blue show the activator element. Red arrowheads show the
position of the mutated nucleotides. (Right) Same as in (A). (C) (Left) Serial deletion of
nucleotides from the region from -178 to -146 bp reveals the cell-specific expression
element in the region from -170 to -159 bp. Deleted and mutated constructs in the region
from -172 to -146 bp were prepared to determine the cell-specific expression element. The
cell-specific element is indicated in green with underline. Sequences in red represent

BamHI site or mutated nucleotides and sequences in green show the cell-specific element.

(Right) Same as in (A).
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