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Abstract

The cDNA for Sp23, a structural protein of the spermatophore of Tenebrio molitor, had been previously cloned and characterized
(Paesen, G.C., Schwartz, M.B., Peferoen, M., Weyda, F. and Happ, G.M. (1992a) Amino acid sequence of Sp23, a structure protein
of the spermatophore of the mealworm beetle, Tenebrio molitor. J. Biol. Chem. 257, 18852-18857). Using the labeled cDNA for
Sp23 as a probe to screen a library of genomic DNA from Tenebrio molitor, we isolated a genomic clone for Sp23. A 5373-base
pair (bp) restriction fragment containing the Sp23 gene was sequenced. The coding region is separated by a 55-bp intron which is
located close to the translation start site. Three putative ecdysone response elements (EcRE) are identified in the 5’ flanking region
of the Sp23 gene. Comparison of the flanking regions of the Sp23 gene with those of the D-protein gene expressed in the accessory
glands of Tenebrio reveals similar sequences present in the flanking regions of the two genes. The genomic organization of the
coding region of the Sp23 gene shares similarities with that of the D-protein gene, three Drosophila accessory gland genes and two

Drosophila 20-OH ecdysone-responsive genes.
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1. Introduction

The accessory glands of male insects play diverse roles
in insect reproduction (Leopold, 1976; Happ, 1992). The
yellow mealworm beetle, Tenebrio molitor, has two pairs
of such glands: the smaller tubular accessory glands
(TAGs) and the larger bean-shaped accessory glands
(BAGs) (Gadzama, 1972; Gerber, 1976). Products of
both pairs of glands form the spermatophore that pack-
ages the sperm for transfer from male to female
(Gadzama and Happ, 1974). The TAGs secrete a protein-
aceous fluid which is mixed with the sperm within the
lumen of the spermatophore (Happ et al.,, 1977; Black
et al., 1982). The BAGs secrete sparingly soluble proteins,
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most of which are precursors of the structural proteins,
known as spermatophorins (Happ, 1987; Shinbo et al.,
1987). These proteins form the walls of the spermato-
phore (Gadzama and Happ, 1974). One of the proteins
produced by the BAGs, an intriguing soluble trehalase,
has been localized on the surface of the spermatophore
with a specific polyclonal antibody and the cDNA for
the trehalase has been cloned and characterized
(Takiguchi et al,, 1992; Yaginuma et al., 1996). Another
protein produced by the BAGs, a 23-kDa spermatopho-
rin designated Sp23, is a structural component that was
mapped to a layer within the wall of the spermatophore
with a monoclonal antibody (Shinbo et al., 1987). The
c¢DNA for Sp23 has been isolated from a cDNA expres-
sion library produced from the adult BAGs of Tenebrio
molitor (Paesen et al., 1992a). As deduced from the
nucleotide (nt) sequence of the cDNA for Sp23, the Sp23
protein is composed of 175 amino acids (aa). In this
paper, we report the isolation and sequencing of a
genomic clone for Sp23.
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2. Experimental and discussion

2.1. Isolation and sequencing of a genomic clone of Sp23
gene

Genomic clones of Sp23 gene were isolated from the
genomic DNA library of Tenebrio molitor (Paesen et al.,
1996) using a probe made from a cDNA clone for Sp23
(Paesen et al., 1992a). After screening about 800 000
plaques, 12 positive plaques were obtained from the
genomic DNA library. One positive plaque was ran-
domly selected for further analysis. Restriction digestion
of the phage DNA from the positive clone with BamHI
and Xbal generated three fragments in addition to the
phage arms: a 4-kilobase (kb) fragment, a 4.5-kb frag-
ment and a 5.4-kb fragment. Only the 5.4-kb fragment
positively reacted with the Sp23 ¢cDNA probe on a
southern blot. The 5.4-kb fragment was subcloned into
a pBluescript plasmid and, subsequently, sequenced.
Figure 1 shows the nt sequence of part of the 5.4-kb
fragment (from nt 1 to nt 3060) and the deduced aa
sequence. The coding sequence from the genomic clone
18 very similar, but not identical, to that of the reported
cDNA for Sp23 (Paesen et al,, 1992a). There are eight
nt differences, resulting in three changes in aa residues.
The differences may indicate that the allelic variants
exist in the Sp23 gene, and that the genomic clone and
the cDNA clone are from different individuals.
Consistently, the southern analysis of the Sp23 gene
suggested that different alleles exist in the Sp23 gene
(Paesen et al,, 1992a). The open reading frame (ORF)
contains one translation start codon (2307-2309), which
fits the pattern of a consensus sequence for a translation
start site [(A/G)NNATGG] (Kozak, 1983). A putative
TATA-box, found at position 2234-2239, agrees with
the consensus sequence (Buchei and Trifonov, 1986).
The coding region is separated by a 55-bp intron
(2326-2381). This intron follows the GT-AG rule and
is pyrimidine-rich at its 3’ terminus (Breathnach and
Chambon, 1981). The polyadenylation signal sequence
(AATAAA) is located at positions 29542959,

2.2. Putative EcRE in the upstream region of the Sp23
gene

Analogy with trehalase, another secretory protein of
the BAG (Yaginuma and Happ, 1989), suggests that the
molting hormone, 20-OH ecdysone, is required for

expression of the Sp23 gene. Thus, we searched for
putative EcRE in the regions flanking the Sp23 gene.
The EcRE consensus sequence, [PuG(G/T)T(C/G)
A(N)TG(C/A)(C/A)(C/t)Py] described by Antoniewski
et al. (1993) in Drosophila melanogaster, was used to
search for putative ECRE with the Findpattern program
of GCG (Genetics Computer Group). No sequence
identical to the fly consensus sequence was found in the
upstream or downstream regions of this beetle gene.
However, when the constraints were relaxed so that two
mismatches were permitted, four possible EcRE were
discovered in the upstream region and two putative
EcRE in downstream region of the Sp23 gene. As a
general rule, the first two nt (TG) of the second half site
are highly conserved among the other EcRE as well as
in vertebrate steroid hormone response elements ( Beato,
1989; Antoniewski et al., 1993). Since three of these six
putative EcRE have a variant nt at the first two positions
of the second half site, they are considered unlikely to
function as EcRE, and excluded. The remaining three
putative EcRE are shown in Fig.1. EcRE 1, 5-
CGGTGATTGTACC-3', is located at nt 442-454. EcRE
2, ¥-GGTGCGATGAATC-3, is located at nt 8§72-884
on the complementary strand. EcRE 3, 5-CAT-
TGATTGCCCT-3, is located at nt 1657-1669 on the
complementary strand.

2.3. Comparison of flanking regions of the Sp23 gene with
those of the D-protein gene

Like the Sp23 gene expressed in the BAGs, the D-
protein gene, which codes for the D-protein in the TAGs,
is expressed at the beginning of the adult stage, about 4
days after the pupal peak of ecdysteroids (Paesen et al.,
1992a,b). The parallel patterns of expression of the two
genes may indicate that they are transcriptionally regu-
lated by similar mechanisms. The nt sequence of a
genomic clone for the D-protein has been reported
elsewhere (Paesen et al., 1996). The Bestfit program of
GCG was used to compare the flanking regions of the
Sp23 and D-protein genes. In the 5’ flanking regions, two
segments of similarity between the two genes were
discovered. The first one (Segment 1) is 20 bp long with
80% similarity between the two genes (Fig. 2). The
second segment (Segment II) is 56 bp long with 69.8%
similarity between the two genes. In the 3’ flanking
regions of the Sp23 and D-protein genes, there are three
interesting regions of similar sequence in the two genes.

Fig. 1. Genomic nt sequence of the Sp23 gene and its flanking regions (GenBank accession No. U39658). Only the first 3060 sequenced nucleotides
are shown here. The putative EcCREs are numbered and indicated by boxes. The putative TATA-box, the translation start site and the polyadenylation
signal are double underlined, respectively. The intron is in italics. The stop codon is indicated by an asterisk. The differences between the genomic
sequence and the cDNA sequence (Paesen et al., 1992a) are indicated. The triplets overlined in the genomic sequence are different from those of
the cDNA. Their cDNA counterparts are provided above the overlines. Two of the cDNA counterparts encode different amino acids. The amino
acids encoded by these two cDNA counterparts are provided under the corresponding amino acids. One triplet (CCC) is missing in the genomic
sequence. The location of the missing triplet is indicated by a small arrow below the triplet (between 2718 and 2719).
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TCTAGAACTGATTTATTATGTTCGATGTCTTCCCGACAGTCGTGAACTGTCTTTGAAAGA
AGTATATTCGTTTAGTTTTTCTGAATCGCCCTGTGTATTTCCGATGTGATGGTACAACCT
CCGGGTATAAATTCCTGCCCGAAAAGAAGATTCTCCAGTTATCAACATGAAGTTGTCTGT
TGCTGTTTTAGTGGCATTGGTGGTTGCTATCGAAGGTAATATTTTGCGATTATTTTTATT
AAAAATCATCTCTATTGGTCATCTCTGTAGGTCAGGGAGATCCCGAGCAGCAGATGCAAA
ATTACTTCTATCCCTACCCTAATGGTCTTCCTAATTATTACGCTCCACATTACTATTCAC
CTGCCAATGATGTTGATGAACCCGTCGTTTCAAAACGTTTTCTAACATCACCATATATTG

TCAGTCCACCAGTAGCAGCCOCGGTGATTGTACOQTGCCCCTCCGCGAATTTCACTTTACG
CCACTAACATGG

ECRE
GTGGACCACCGAGGACTTCAGTACTGTACTCCACACCACCTCGTTCCGAATTAGTGTATT
ACTAAATTGATAATGCTGTACAACAGTGGTTGTTTGAAAATGATTTAGTCTCAATTTCTG
CAAGGACCTACTGTTGGTAAACCATTAGCATATTTATGGAGGTTTTCAAAACAAATGTTT
CTATTGCCGTACCAGTTTTTTTTATTTCCACATGCAAGCAATTCCCTTAAAARACTTATGA
TAGTTCACAGAAGAATCACACGTAATGTGCAGTCCATTCACTGTATGTGAAAACGCAACA
AAAGCATCTCTCAAAAACTGTAAATCATCTTTTGGGCAAAGAATCCAGTAACTTTATAAT

AGACAATTACTTTTCGCCCAGTCAAAAAGATIGATTCATCGCACCQCACTCTTCTTTCAGAT
TAAGTAGCGTGG
ECRE

GCGGGTAAAATATATTTCAGCATACAAGTTACTACTTATTTCTACCTTCCAATACTTGCT
TGGTCGAGGTGAACGTTACTTGTGAGAAAAATTTTGAGATCTTCTTGGTGGGAGCTGTTT
CTTAACAAATAGAATCCTTTCGCTCACTCACTTAGAGCGAAGTGTACATAAAAGAGAAGT
TCCTGACGATGCTTCAAAAATAAGAGCATAAAGTGCAGGAAAATAGAAAATCTATTAGTG
TAAATGATCGAGCAGGTACAAATAACTTATTAAAAAGATACAGTTAGTGTTATTGGTGAG
TAAAGATTAGCCAACTGAGTAACTGGAGAGCCAAGGATCTGTGAGTATCAACTGAGAGCT
GCACGAAAGGGAAAGGAATAAAAAAAAATATTGACGAAACATTTGCTGTAGTAAAACGAG
AAGGTGACCGAAATCTTTGACTTCTGCGTAGGTTTTAAACAATAAAATTAGCTCGATTAG
CGGTTTATTGTTTATTTTCAATCCGGTAGAGCAATATTTCGTGAATTTGATACACATGAT
GCGTAATATATTGCATTTTTATTTGGTCTCACCAGTATTTATATCATACCGTTAACACGG
TGTTGTTTCATTAAGTGTACCTCCGTTGGCAAGCAAAACAAACGGTGTAACCTAAGACCC
TCTAGCAATTTTTACCAAATAACGGTAGTTTAGAATGCAGCTGGTGGATCTCCAATTGCT

TCACTTTGACAGTGCGCTCGTGGTGCTACAAGAACHAGGGCAATCAATGHGTCTTGAAGAC
CCCGTTAGTTAQ

ECRE
TTTTTCTTTTTTCCATATTTCCGTTGGTTCGTGACATAAATGCCAAACAATTCGGAAACC
ACGCAGATGAGACCATCCGGCAAAACATCAACTAGTAATAATTTGCCTGTTCTCCCACTT
TCCACTTCTCACGTTTCGAATCGATCACTCACAGACAATTAAATTCAAAAAGTGTCACGT
GGGTGGACTACTCAAAATTAACGTTGACAATTCGATGGAGAAAAAAATGAGCCTGACGGG
TCGAACAACAAAACGAATGTTGCCGGATAATTTACCTTTACGGCATGTTTTGTTACATAT
ATACAAAGTGTATTTTATTCATTTTGTTATGGAAATTTATTTCTTTACGCATTACCGTTT
ATATCCTTTTATTTCTACCTGATGATAAAGAATTTGCGAATCAGATTGAAAACGAGCGAC
TACCCCAAAATCAGAAACAATTTCTTACGTACGATGTTTTTCCAGTTTCGGAAATCCGAA
TTTCGAGAAATTCCACCGATTTGATATGCTGAACCACCCAGTATATTTCAAAGGAGATGC
TGCAAGCTCCATATATAAATTC TGTGCGAAAACGGAAAAACAGCAGTTCTCAACATGAAG
TCATTGTTTGTCGGCATTTTAATGCCAIQGTGGCCAGCATTGCAGGTAATAATTTAAGTT
M VvV A S I A
TATTGTTTTTAACAATTATTTCAACTGGTAATCTGTATAGGCGAAGAAGAACCTGCTGCA
G E E E P A A
GAGAAGTCGCAGCAGTCCCCAGATCACTTCCAGCCTTACCGTCCTTATTACTATCCGCCC
E K 8 Q Q 8§ P D H F G P Y R P Y Y Y P P
PACAGGGGATACCCTATTACCTACCCTTACCCATACCCTCATGGCTACCCCAAACCCTAC
Y R ¢ Y P I T Y P Y P Y P BH G Y P K P Y
AR
CACAATTTCCAGACTATTGCCAGACCTAACGAAGGCCCCACTGACCAGCCCGAAGCCAAT
H N F 6 T I A R P N E G P T D G P E A N
L cTG
TCTGCAAACTCAATCGAAGAGGGTGGCGTTTCGAAACGTTTGTTCATCGAACCCATCTTT
S A N 8§ I E E G G V 8 K R L F I E P I F
cca
AACCTGTTCAGACCCAGACCAAGAGATCCAATTGTAGTCAATCAAGCAGCACCACCACCA
N L F R P R P R D P I V V N Q A A P P P
P

cce

CCGGTCATTTACCAG&;g;CACCACCACCACCACCACCAATATTCCAACAAGCACCTCCA
P V I Y Q A P P P P P P P I F Q Q A P P
CCG
ACGATTTATCAACAACCATQTEEKACGATAATCCAGCAAGCACCACAACCCTCAGTGACA
T I ¥ Q Q P §S$ p T I I Q Q A P G P S V T
cc6

AAACTTGTTTATTCACAACCAGAACCTTCACATTCTGTCATCTACCAGACACAGCCAAAA
K L VY S Q P E P 8 H S V I Y Q T Q P K
ACTGAGTTGGTGTACTTAAATCAATAAGAAAAAAATCAAGGGTTACCGGTTATTTACATT
T E L VvV Y L N Q *
TAATTAGAATTACAATAAATTTTTTATTGCCTTACCAGATTCGTTTTATTTCTAAATACA
AAGCAAGGAAACAAATAATTCACAATTAGAATGTTTAATAAGAAAGCAGTAGCAATAAGA
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Fig. 3. Comparison of the genomic organization of the coding regions of the D-protein and Sp23 genes with those of mst 355a, mst 355b, mst 316,
P1 and IMP-L1. C, coding region; I, intron. The numbers inside the boxes indicate the length of the introns or the coding regions.

The first one, designated Segment 111, is 32 bp long with
68.7% similarity between the two genes (Fig. 2). The
second one, designated Segment IV, is 117 bp long with
77.7% similarity between the two genes. The third one,
designated Segment V, is 114 bp long with 78% similarity
between the two genes. The existence of the similar
sequences in the flanking regions of these two genes is
intrigning. However, the potential roles of any of these
similar sequences in transcriptional regulation of expres-
sion of these two genes remain purely speculative without
a functional assay.

2.4. Comparison of the genomic organization of the Sp23
gene with genes in other insects

In their overall organization, the D-protein and Sp23
genes share similarities with other insect genes, notably
three Drosophila genes (mst 355a, mst 355b and mst 316)
expressed in the male accessory glands (Monsma and
Wolfner, 1988; DiBenedetto et al., 1990), a Drosophila
gene (PI) expressed in fat body cells (Maschat et al,,
1990), and a Drosophila gene (IMP-L1) expressed during
imaginal disc morphogenesis (Natzle et al., 1992). The
coding regions of all these genes are separated by small
introns which are located close to the translation start

sites (Fig. 3). The biological significance of the similar
genomic organization of the coding regions among these
genes remains unclear.
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