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Mst57Dc has been isolated as a male accessory gland  Previous studies on the development and physiology of
transcript of Drosophila melanogasterlts product is a accessory glands have showed that the expression of genes
secretory protein, which is phosphorylated by protein in this organ is regulated in an age- and mating-dependent
kinase A. In the present study, the expression pattern of manner (DiBenedettet al, 1990; Monsmaet al, 1990).
Mst57Dcwas analyzed. It is preferentially expressed in  As virgin males age past three days, the synthesis rate of
but not restricted to the male accessory glands. Other accessory gland proteins decreases unless the flies mate.
than in the accessory glands, it is slightly expressed in Mating stimulates the synthesis of accessory gland product
other body parts, including the head and female body. (DiBenedettcet al, 1990; Monsmat al, 1990; Schmidét
In the accessory glands, a high level of expression was al., 1985; Yamamotat al, 1988). One of the accessory
detected right after eclosion when the titer of juvenile gland products, Acp95Emas been reported as being up-
hormone IIl (JHIII) reaches a peak. Its accumulation regulated at eclosion and by mating (DiBenedettal,
was increased by mating, which has been known to act 1990).
via JH. In ap‘%f, a JH-deficient mutant, the level of Juvenile hormone (JH) is one of the candidate
Mst57Dc transcripts was about 60% of the wild type.  molecules that act as a regulator of accessory gland gene
Moreover a JH-responsive element like palindromic  expression. In the insects, the hormones that govern
sequence and several sequence motifs were found in the growth and development have been known to control
5" and 3 flanking regions of Mst57Dc Taken together, reproduction in adult life (Kirmet al, 1999). It is secreted
JH is proposed as a regulator ofMst57Dc gene  from the adult corpora allata, usually directs some aspect
expression. of oogenesis in the female (Riddiford and Truman, 1978),
and is important in the maturation of accessory glands
Keywords: Drosophilg Gene Expression; JHRE; Juvenile (Leopold, 1976; Riddiford and Truman, 1978) or
Hormone; Male Accessory Glani¥st57Dc reproductive behavior (Ringet al, 1992) in the male.
JHIII or methoprene, JH analogue, activates overall protein
synthesis and transcription in the male accessory glands,
Introduction and the glands of the JH-deficient mutant, aptér(ags)
flies, are smaller than those from wild-type flies of similar
ge, presumably this is the result of a decrease in seminal
uid proteins (Shemshedimit al, 1990; Yamamotet al,
88).

The product oMst57Dcis one of the accessory gland

Male accessory glands are secretory organs whos
products are transferred to the female during matingI
Approximately 40 secretory proteins have been identifie
in the glands which elicit physiological and behavioral

rl%sspﬁnsl_zsémdtge ;nga;[g;j fﬁ]rglil gisn(Alimgslegdglé Chle;,in proteins, which is phosphorylated by PK® vitro (Cho
’ pold, ' 9 99 1aying al, 1999). It is secreted to the lumen of the glands and

(Dawd_, 1963) and decreased receptivity to further matmgtransferred to the female during mating. Its accumulation is
(Manning, 1967).
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started only after eclosion and gradually increased duringragits
sexual maturation. The accumulation reaches a plateau
about 3-5d after eclosion, in which the glands becomdistribution of Mst57Dctranscript It has been reported
very swollen with the accumulated secretion. The proteirthat Mst57Dcis strictly expressed in the male accessory
remains abundant in the accessory gland secretion, even @hands (Cheet al, 1999; Simmerkt al, 1995). Northern
14-d-old virgin males. blot analysis showed that there was preferential
In the present study, the regulation bfst57Dc  accumulation oMst57Dctranscript to the male accessory
expression was observed. From the examination o@lands (Fig. 1). But RT-PCR analysis revealed that
expression patterns in developmental stage, after matind/Ist57Dctranscripts are also present in small quantities in
and in the ap mutant, JH is proposed as a regulator ghe brain and in the female body, although adult male
Mst57Dcgene expression. accessory glands are the major expressing organs (Fig. 2).

Materials and Methods

Drosophila culture Flies were reared in half-pint glass bottles
on standard medium (cornmeal, sugar, agar, and yeast) containing ! _ ag
propionic acid as mold inhibitor and maintained at 70-80%
humidity at 24+ 1°C under a photoperiodic regime (12L : 12D).
Juvenile hormone deficient mutant, apterlg@p™®) was
used to measure the effect of JH Mst57Dcgene expression.
The allele aff'is recessive and viable. Its wing and haltere are
reduced to vestiges. Both sexes are fertile and long lived when

homozygous (FlyBase Report). - .

Aging and mating To measure the level dMst57Dctranscripts
during adult life, 30 pairs of the accessory glands were isolated
from 1-, 4-, 8-, and 14-d-old virgin male flies. To examine the
change ofMst57Dctranscripts level after mating, a single 10-d- Fig. 1. Determination ofMst57Dclocalization by Northern blot

old virgin male and one female were placed together in a glasgnalysis. TheVist57Dctranscripts were only detected in the male

vial and allowed to mate. The accessory glands were dissecte&{;cessory glands. F, female; M, male; t, total body; -, carcasses
from the 30 mated male flies 4 h after the end of mating and usegyxcept the accessory glands; ag, the accessory glands.
for total RNA extraction.

Northern analyses Total RNAs were isolated from the
dissected accessory glands using Ultraspecll RNA isolation
system (BIOTECX). The extracted RNAs were electrophoresed

on 1% agarose gels and blotted as described in Sambtak A
(1989). As described in a previous study (@&hal, 1999), the
PCR product with primers, mst57-2 'GGAGTCCTGG-
GATCTAACGG3) and mst57-3 (SFITACACTCCTTCCG-
GTTTCCAAG3) was used as the probe for Northern blotting.
Ribosomal protein 49r(49) cDNA was used as RNA quantity
control.

p49
Mst57Dc

RT-PCR The eluted total RNA templates were co-reverse
transcribed by 200 units of Moloney Murine Leukemia Virus
Reverse Transcriptase (M-MLV RT, Promega) inp2@f the
reaction mixture containing 50 pmol of random hexamer, 20 units
of RNase inhibitor, 10 mM Tris-HCI, pH 8.3, 50 mM KCI, 5 mM
MgCl, and 1 mM dNTP. The RT reaction was carried out &C37
for 1 h followed by heat inactivation at 95 for 5 min.
Subsequently, 40l of PCR reaction mixtures containing 10 mM Fig. 2. Determination ofMst57Dc localization by RT-PCR.
Tris-HCI, pH 8.3, 50 mM KCI, 2mM MgG] 10 pmol of = RT-PCR was performed with the total RNA of embryo (1), larvae
Mst57Dc (same as that used in the Northern blot) apd9 (2), pupae (3), females (4), males (5), carcasses (male fly bodies
primers and 2.5 units ofaq DNA polymerase (Promega) were excluding accessory glands) (6), and the accessory glands (7).
made. PCR amplification was then carried out (denaturation af. PCR products from respective stages. The mostist67Dc

94°C for 1 min, primer annealing at 85 for 1 min, and primer  transcripts are accumulated in the accessory gl@hdRelative
extension at 7 for 1 min). band intensity ofA.

Ratio of band intensity (Mst57Dclrp49)
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Increased amount ofMst57Dc transcript after eclosion c ma
in the accessory glands Several other accessory gland
transcripts have been known to be produced right after |- !l Mst57Dc
eclosion, and maintained during the gland maturation

(Bertram et al, 1992; Chapman and Wolfner, 1988; ” -

DiBenedettoet al, 1990). To know whethevist57Dcalso LEss
shows the same expression pattern during gland
maturation, we determined the levelM$t57Dctranscript

in the glands of flies of different ages. The level of the
transcript reaches a maximum at one day after eclosion and
then decreased gradually during maturation (Fig. 3). The
transcript expression profile is different from the amount of
its product. Previously, we revealed that the accumulation
of its products reaches a plateau at 3-5d after eclosion
(Cho et al, 1999). When virgin males are aged 14d
following eclosion, the level oMst57Dc transcripts
become reduced to 20% of that of young male flies (Fig. 3,
lane 3).
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Fig. 4. Increase oMst57Dctranscripts after mating. Total RNA

previous study, we characterized that the product ofrom the 30 male accessory glands of virgin male (c) or mate
males (at 4 h after mating, m4) were analyzed. Approximately

Mst57Dcis a secretory protein, which can be transferred to1.7-1‘0Id increasedMist57Dc accumulation was observed. Each

the fe_male during mating like other accessory gl_andbar represents the meanstandard error (S.E.) of three
secretions (Chet al, 1999). So, we expected that mating independent experiment49, ribosomal protein 49.

would up-regulate the expressionMét57Dcto replenish
the accessory glands. This was confirmed by the
comparison of theMst57Dc transcript amount in mated

Stimulated Mst57Dcgene expression by mating In the

males to naive males. Mating induced the expression of
Mst57Dcup to 1.7-fold level (Fig. 4). This is similar to
previous observations anst316-lacZ(DiBenedettoet al,

L 4 14 days 1990).

—
W Msto7be Effect of juvenile hormone (JH) on expression of

— Mst57Dctranscript  Previous studies have been reported
[ ' ; rp49 that JH mediates the mating-induced increase in
- - = transcription and translation of male accessory gland
transcripts (Shemshedirt al, 1990; Yamamotcet al,
1988). Therefore, we tested whether the levellsf57Dc
transcripts is decreased in JH deficient mutant. To
accomplish this, an apterous aIIeIe,seépNas used.
Accessory glands of 3?5 were smaller than those of the
wild type, and as shown in Fig. 5, the levelM$§t57Dc
transcripts was about 60% of wild type.
From the sequence analysis offanking region of the
Mst57Dc gene, we found an incomplete palindromic
sequence (AGGTTATATAACC: at positiofti294 from the

-
o

Relative % mst57Dc/rp49 (x100)
(9]

0.0 putative cap site), which shows similarity to juvenile
0 5 10 15 hormone responsive element (JHREAGGTTCGA-
days after eclosion GACCTC). This sequence also has a similarity with known

Fig. 3. Accumulation ofMst57Dc transcripts during maturation hormone responsive element, IRAGIGTCAATGACCT).

in the male accessory glands. Total RNAs extracted from the 3ges_lt_ies, there are three sequence motnfg (TATTCT (at
male accessory glands of differently aged male flies werepos"['ons_95 and-+135), TTGAAAT (at pos'l'Flons—552,
analyzed. The level offst57Dcis highest at 1d after eclosion 176 and+764), and CATCAAA (at positiont-776)),
and reduced thereafter. Each value represents th&hich were found to be common in thefanking regions
mean=+ standard error (S.E.) of three independent experimentsof the two JH target genes, juvenile hormone esterase-
rp49, ribosomal protein 49. related protein and juvenile hormone esterase of
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wit ap -63¢ WMW o 1 catttactia attgtttgca tgtaatagea
-576 atggcciatt tatittattt taagttgaaa tattaaatct attrtagzat acaagaatat
-516 accatatata ttttttcata aaccttttyt =cgaagetit gttiggocaa aacttattaa
- _ Mst57Dc -4536 tggteategs tritacgact agtcacaaic tgacagtata tcagatgttt ttgectaatt

-396 atattaaata taaatttraa tatatatatt ttctgctaaa aacgcaagtg tttcaaaaag
-336 cgctgatace gasaccaaag gtgccaatge caaatgtacc azaaaccazat gtaccaaaac

czaatgtagc aaaaccaatt ttaccazaato tastittcaa aagattigat ttegtacgac
- - fp49 Cgaaagaaas atgatttaac gat

za ttggccaccy ttazaagtta taaaccatte

i
[ ] tgcaacactt ggottataaa ctztataaaa accgggichg tgtottastt
E L cigatagaca tgaagtteet tgcgggttat tthittgctge ttattgogtt
. -36 cgcigtggoc caasaagaat gotgattcca atgtga

— 1 atcataatql aalsaazetl aattagacaa cattctatgr tglgagaaaa agaatazaag
'Erb' 1.0 61 attcrataaa atgigasctt attatglill tutatttatly gIratcguit aattigtgat
3 | 121 gasgotaatt attttattet caaattaatg tatattasaa agcattgatc aaggattgaa
ol 161 atatatagta tatttggaaT daactggaga tazazaatat aaatgocttg tfattgatcg
d 241 ataatcggte gatagatccg aageagtaga gaaatatgly ttggtcatat a”’@
[ 301 ceiccta ttgtaateaa ccatitcgaa fategateac atatoticcl ttaaccaats
"."._'! 5 - : ’ , > : e

g M‘éauhéntata a3zageetcs T

"I._u uﬂ {21 faatgoecda traaaacela gacggaagag qcyattaaa tgtttgaaat alglycatea
E wi EP 781 aaatgatttt aaa

Flg 5. Decrease ofMst57Dc transcripts in juvenile hormone F|g 6. Sequence motifs in tmst57chene and its ’5f|anking
deficient mutant, a5 Only 60% ofMst57Dctranscripts were  region. The genomic sequence presented here is a part of 3.7 kb
observed in the apterous mutant. Each bar represents thgenomic DNA of theist57D(Simmerlet al, 1995) modified by
mean= standard error of three independent experimep#9, Choet al (1999). A palindromic sequence that shows similarity
ribosomal protein 49; wt, wild type fly; ap, apterdisy. to juvenile hormone responsive element (JHRE), six sequence
motifs found in juvenile hormone esterase-related protein (JHER)
and juvenile hormone esterase (JHE), and five accessory gland-
specific motifs were found. The putative transcriptdVist57Db

and Mst57Dc are marked in an oblique line and underlined,

. , respectively. The coding region bst57Dcis in shaded type. A
CATCAAA are located in the'3end ofMst57Dcgene (at JHRE homologous palindromic sequence (AGGTTATATAACC)

+7E_54 and+776, respectively). In add't'on_’ there are flv.e. is presented in boxed and bold type letters. The sequence motifs
copies of the accessory gland- or genital duct-specificioynd in JHER and JHE (TATTCT, TTGAAAT, and CATCAAA)
consensus sequence (ATTGCAAT) in thée dpstream  are in dotted and bold type. The accessory gland-specific motifs
region of Mst57Dc Four of them have been found by (ATTGCAAT) are presented in bold-faced and italic type
Simmerlet al. (1995), and one (at311) is presented in (GenBank accession number: AF142325).

this study. These possible regulatory elements are marked

Trichoplusia Among the motifs, TTGAAAT and

in Fig. 6. .

In Fig. 6 1989), most of the accessory gland transcripts would be
made by this time. Another cue that affects the expression

DiScussion of accessory gland transcript is a mating. Because about

one third of seminal fluid proteins are transferred to the

Mst57Dcis an accessory gland transcript whose product iSemale during mating, overall protein synthesis and
a PKA-dependent phosphoprotein (Cko al, 1999; transcription are increased in the glands in order to refresh
Simmerlet al, 1995). Its product is a secretory protein andthem.
transferred to the female during mating. Although its role Here, we propose JHIII as a regulator for the expression
in male reproduction remains to be established, thef Mst57Dc Previous studies have shown that the
localization of its transcripts indicates that its role is notexpression of several insect proteins were increased by JH
confined in the male accessory glands. The transcripts alg@hinzeiet al, 1982; Dhadiallat al, 1987; Graharet al.,
exist in female and other male tissues except the accessot@96; Miuraet al, 1998; Noriegaet al, 1997; Tittiger
glands. Moreover, an EST clor@rfsophila melanogaster etal.,, 1999; Zhanget al, 1993). JH analogue, methopren
head cDNA clone GH27068) whose<equence is same as and its derivatives can stimulate gene transcription in
that of Mst57Dc was isolated from adult brain cDNA vertebrates by acting through the retinoic acid-responsive
library by Drosophila genome project. transcription factors, the retinoid X receptors (RXRS)

The age- and mating-dependent expression pattern ¢Harmonet al, 1995). Moreover, irDrosophilg the JH
Mst57Dc shows good agreement with those of othertiter begins to increase just before eclosion and peaks just
transcripts that encode secretory proteins of the malafterward (Bownes and Rembold, 1987), and overall
accessory gland. Because mdde melanogasterare  accessory gland protein synthesis is stimulated by JHIII
sexually mature about 12 h after eclosion (Ashburner(Yamamotoet al, 1988).
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Despite several target genes and théirflanking male-specific gene expressionbmosophilaaccessory glands.

sequences being isolated, the molecular mechanism of JH Dev- Biol. 126 195-202.

L Chen, P. S. (1984) The functional morphology and biochemistry
action is not well known. In the present study, we found a of insect male accessory glands and their secretinsu,

palindromic sequence that shows similarity to the putative Rey. Entomol29, 233-255.

JHRE of locust and the consensus element, IR-1. Althouglthinzei, Y., White, B. N., and Wyatt, G. R. (1982) Vitellogenin
there is no evidence for the involvement of this sequence MRNA in locust fat body: identification, isolation, and
in JH action, a previous study about the binding protein in guantitative changes induced by juvenile hormo@en. J.

. . ; Biochem.60, 243-251.
IR-1 makes it a reasonable candidate. That is, IR-1 ha ho, K. S., Lim, J. H., Won, D. H., Gye, M. C., Chung, K. W.,

been shown to bind the receptor-family protein farnesoid and Lee, C. C. (1999) A 45-kDa cAMP-dependent

receptor (FXR), which can mediate responsiveness to JH in phosphoprotein which is related to the producvst57Dcin

transgenic mammalian cells (Formanal, 1995). Drosophila melanogasterinsect. Biochem. Mol. Biol29,
Recently, two possible transcription factors that mediate_ 701-710.

. . . Dhadialla, T. S., Cook, K. E., and Wyatt, G. R. (1987)
JH action have been cloned and characterized ”P Vitellogenin mRNA in locust fat body: coordinate induction of

Drosophila One of thgm is MET, a cytosolic JH receptor two genes by a juvenile hormone anal@gv. Biol. 123
(Ashok, 1998). A previous study showed that MET existed 108-114.

in the male accessory glands Bf melanogasterand  DiBenedetto, A. J., Harada, H. A., and Wolfner, M. F. (1990)
bound to the JH (Shemshedit al, 1990). This protein Structure, cell-specific expression, and mating-induced

. . g ol _ regulation of éDrosophila melanogastenale accessory gland
shows homology with the basic helix-loop-helix/PER gene.Dev. Biol. 139, 134-148.

ARNT-SIM (bHLH'PAS_) family O_f transcriptional ~ Forman, B. M., Goode, E., Chen, J., Oro, A. E., Bradley, D. J.,
regulators. Another possible factor is a nuclear protein, Perlmann, T., Noonan, D. J., Burka, L. T., McMorris, T., and
ultraspiracle (USP). It is an invertebrate homologue of Lamph, W. W. (1995) Identification of a nuclear receptor that
RXR, which regulates gene expression (Leatial, 1992). is activated by farnesol metaboliteSell 81, 687-693.

. . . e Graham, L. A., Bendena, W. G., and Walker, V. K. (1996)
It binds JHIII and JHIII acid with specificity, and can Juvenile hormone regulation and developmental expression of

induce the JH-dependent transcription (Jones and Sharp, 5 Tenebrio desiccation stress protein geDev. Genet.18,

1997). However, further study is required in order to 296-305.

characterize their role iMst57Dcgene expression. Harmon, M. A., Boehm, M. F., Heyman, R. A., and Mangelsdorf,
To summarize, we propose JH as a regulator of the gene D. J. (1995) Activation of mammalian retinoid X receptors by

. o . the insect growth regulator methopreReoc. Natl. Acad. Sci.
expression oMst57Dc In addition, we found a putative USA92, 6157—6160.

JHRE and several motif-like elements for the first time inyemdon, L. A. and Wolfner, M. F. (1995) Brosophila seminal
Drosophila Further study on the regulatory elements fluid protein, Acp26Aa, stimulates egg laying in females for
might reveal the molecular mechanism of JH action in 1day after mating.Proc. Natl. Acad. Sci. USA2,
Drosophila 10114-10118.

Jones, G. and Sharp, P. A. (1997) Ultraspiracle: an invertebrate

) nuclear receptor for juvenile hormon&soc. Natl. Acad. Sci.
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