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SUMMARY

The Drosophila Pax genepaired encodes a transcription in both cell types on the mating activity of adult males,
factor that is required for the activation of segment- possibly because Paired expression is regulated by negative
polarity genes and proper segmentation of the larval feedback. The early Paired function depends on domains
cuticle, postembryonic viability and male fertility. We show  or motifs in its C-terminal moiety and the late function on
that pairedexecutes a dual role in the development of male the DNA-binding specificity of its N-terminal paired-
accessory glands, the organ homologous to the human domain and/or homeodomain. Both Paired functions are
prostate. An early function is necessary to promote cell absolutely required for male fertility, and both depend on
proliferation, whereas a late function, which regulates the an enhancer located within 0.8 kb of the downstream
expression of accessory gland products such as the sexregion of paired

peptide and Acp26Aa protein, is essential for maturation

and differentiation of accessory glands. The late function

exhibits in main and secondary secretory cells of accessory Key words: Accessory gland, Cell differentiation, Cell proliferation,
glands dynamic patterns of Paired expression that depend Drosophilg Pax genegaired

INTRODUCTION cells, the predominant ‘main cells’, which comprise about 1000
cells per lobe, and the 40-50 ‘secondary cells’ (Bairati, 1968;
The Drosophilaaccessory gland is a secretory organ of théBertram et al.,, 1992). The main cells are flat, hexagonal,
male reproductive system and a functional homolog of theinucleate cells that surround the Ilumen of the glands.
human prostate. It secretes a complex mixture of proteingnterspersed between the main cells at the distal end of each
lipids and carbohydrates that are transferred, together wilbbe are the secondary cells, which are large, spherical,
sperm produced by the testes, to females during copulatidninucleate cells with large vacuoles. Each cell type produces
(Chen, 1984). Accessory gland secretions (or seminal fluignd secretes a characteristic set of products, and thus may
induce a number of physiological and behavioral responses aontribute to a subset of the responses elicited in mated
mated females, including increased oviposition, reduced sexut@males. Despite extensive studies on the functions of the
receptivity, diminished attractiveness to males and shortenextcessory gland fluid, little is known about the regulation of
life expectancy (Chen, 1984; Chen, 1996; Kubli, 1996jts components and the molecular mechanisms that specify
Wolfner, 1997). In addition, components of the seminal fluidaccessory gland development.
are absolutely required for sperm fertility (Xue and Noll, 2000) The Drosophila Pax gene paired (prd), initially
and essential for the storage of sperm in the female genital tradtaracterized as a pair-rule segmentation gene required for
(Tram and Wolfner, 1999). the establishment of positional information along the
The accessory glands are a pair of dead-end tubes thatteroposterior axis in th®rosophila embryo (Nusslein-
branch off the male genital tract at the anterior end of th&¥olhard and Wieschaus, 1980; Kilchherr et al., 1986), encodes
ejaculatory duct. They arise from a special set of cells in tha transcription factor whose N-terminal moiety contains two
male primordium of the genital disc (Nothiger et al., 1977)DNA-binding domains, a paired-domain and pad-type
whose developmental fate is determined by the male séhomeodomain (Bopp et al., 1986; Treisman et al., 1991; Noll,
determination pathway during the third larval instar (Chapmani993). In addition to its role in promoting proper segmentation
and Wolfner, 1988). Each accessory gland is composed ofdd the larval cuticle (NUsslein-Volhard and Wieschaus, 1980),
single layer of secretory cells surrounded by a sheath of musgbed is necessary for postembryonic viability and male fertility
cells that squeeze the gland and force the accumulatéBertuccioli et al., 1996; Xue and Noll, 1996; Xue and Noll,
secretions into the ejaculatory duct during mating. The&000) Investigation of this male fertility function has revealed
secretory cells consist of two morphologically distinct types othatprd is required for accessory gland formation (Bertuccioli
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Fig. 1.prd is essential for accessory gland formation.
(A,D) Accessory glands (ag) dissected from wild-type
(A) andDf(2L)Prl/prd2-45male rescued by one copy of
theprd-SN20 transgene (D). (B,C) Highly
underdeveloped (B) or absence (C) of accessory glands
in Df(2L)Prl/prd2-4>males rescued to adulthood by two
copies ofprd-Gsb (B) omprdRes (C) transgenes. (E,F)
Complete rescue of accessory glands by one copydef
mf5 transgene iDf(2L)Prl prd-mf5/pro2-4>males

rescued to adulthood by two copiegad-Gsb (E) or
prdRes (F) transgenes. Testes and seminal vesicles
connecting them to the anterior end of the ejaculatory
duct (ed) have been removed here and in Fig. 3, Fig. 4,
Fig. 5.

downstream fragments betweeiXbd and Sal,
corresponding tprd-mf1 toprd-mf8, were removed from
this plasmid and blunt-end ligated into t8end site of
the pKSpL5 plasmid (Xue and Noll, 1996), from which
they were again recoveredXdsa fragments and inserted,
in the proper orientation, into thé&a site of prd-mfO.

To obtainprd-mf9 andprd-mf10, the 1.6 kliEcoRI-Sal
prd downstream fragment was cloned into BwRI site
of the pKSpL2 plasmid (Gutjahr et al., 1994). From this
plasmid, fragments were amplified by PCR by the use of
the primers T7 (BAAT ACG ACT CAC TAT AG-3) and
pmfodown (5-CAT TGT GTG TGC G& CGC GAC
TCT AG-3; underlined bases do not pair with thel
downstream sequence to generdimtsite), or pmf10up
(5-CAC TAG TCG CGG GTC CAC ACA CAA T-3
underlined bases do not pair with thed downstream
sequence to generateSpé site) and T3 (BATT AAC
CCT CAC TAA AG-3), digested wittSpé andNotl, and
et al., 1996; Xue and Noll, 2000). We demonstrate that thigmserted between thepé andNotl sites ofprd-mf0.
requirement consists of a dual rolemfl in accessory gland  All the rescue constructs were injected together with plieiss
development, an early function required for cell proliferation?-élement helper plasmid (prepared by D. Rio and provided by E.
and a late differentiation function, regulating the expression afgn) '”Ejoé" d.embrggz, andw” transformants were selected
accessory gland products. While the early function depends ¢RuPin and Sprading, 1982).
a domain or motif present in the C-terminal moiety of Prd, thgjssection, immunostaining and X-Gal staining of
late function crucially depends on the DNA-binding specificityaccessory glands
of the N-terminal region of Prd. Both functions are essentiahccessory glands were dissected (Xue and Noll, 2000) and stained
for male fertility and require an enhancer located in the&yith antisera directed against Prd (Gutjahr et al., 1993a), Acp26Aa
downstreantis-regulatory region oprd. (Monsma et al., 1990) and Gsb (Gutjahr et al., 1993b) as described

elsewhere (Monsma et al.,, 1990). X-Gal staining was performed
according to Bertram et al. (Bertram et al., 1992).

MATERIALS AND METHODS
Fly stocks

: - . A Fly strains used in this work af@f(2L)Prl, prd2-4>andprd-Gsb (Xue
Plasmid constructions and gene'ratlon of transgenic flies . and Noll, 1996)prdRes (Bertuccioli et al., 1996)JASPrd (Jiao et
All prd-mf transgenes were derived from hvel-mfO vector, which al., 2001),UASMyc (Johnston et al., 1999IASCycE (Neufeld et
was generated in two steps. First, the 3.%PkHlI-Hindlll fragment L 1998),UASP35 (Hay et al 199,4)JASDp110 (Leevers et al
from prd-SN20, encoding 233 bp upstream, 2.8 kb transcribed anaé’ge) Df(’SL)thloz h Kknii-1 e‘;,TM6Q Sb (Meier et al. 2000)"
0.90 kb downstream sequencespaf, was subcloned by combining Df(3L5H99 knii-1 pP/TM3, Sh(White et al., 1994) andplécz . '
its 1.5 kbPvul-Pst and 2.4 kbPst-Hindlll subfragments between Styger-Schmucki, PhD Thesis Universityyof Zurich, 1992)

the EcaRV andHindlll sites of pSK to produce the pSK+prdBasal ' ' ' '
plasmid. Theprd-mfO vector was then obtained by inserting, in the

appropriate orientation, the 3.6 kBpeé-Xbad fragment from

pSK+prdBasal into th&ba site of the pDA188.E1 vector, which is RESULTS AND DISCUSSION

a P-element vector containing the Gal4-coding region placed under

control of thehsp70minimal promoter and including thebulinal prd is required for accessory gland formation
trailer (prepared and kindly provided by D. Nellen and K. Basler). . .
As a member of the pair-rule gene family, thel gene

To generateprd-mfl to prd-mf8, the 5.2 kbXba-Sal prd ; . .
downstream fragment, produced 8gl- and partialXba-mediated regulates the expression of segment-polarity genes in a double-

digestion ofprd-SN20, was first subcloned in the pSilasmid, and ~ Segment periodicity and thus specifies the segmental pattern of
the Xbd site close to th&al site was destroyed by partial digestion the larval cuticle. All knowrprd mutant alleles are deficient
with Xbad, blunt-ending and religation. Subsequently, thed  for this function ofpord and hence embryonic lethal (Tearle and
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Rescue of
Gene Structure acg  expressionof male
formation Prdinacg fertility
PD HD Xb Xh P B R (Xb) S
prd-mf5 T L1 |+ + +
0 Prd AATAAA PMFE 0 Gal4
o0 HD Xb Xh P B R)
prd-mf4 AT [ | | l|.| 1 - _ _
0 Prd AATAAA 0
PD HD Xb Xh P (B
prd-mf3 AT L | l|.| 1 - - -
0 Prd AATAAA 0
PV oD Xb Xh (P)
prd-mf2 AT ] l|4 1 - - -
0 Prd AATAAA 0
PV ek Xb Xh
prd-mf1l NAT ] i ] - - -
0 Prd  AATAAA 0
Pv PD HD Xb (R) (s)
prd-mf7 AT |+ + +
0 Prd AATAAA
Pv PD HD Xb (B) R (s)
prd-mf8 NAT ] ' ] 1+ + +
0 Prd  AATAAA 0
Pv PD HD Xb R
prd-mf9 AT : i |+ + +
0 Prd AATAAA 0
P ek Xb (S)
prd-mf10 AT ] —||4 1 - - _
0 Prd  AATAAA m 0
P

Fig. 2. Rescue byrd transgenes gfrd functions in accessory gland development. Mapgzr@fransgenes listed in the left column are shown,
while their abilities to rescue accessory gland (acg) formation, Prd expression in adult accessory glands, and mal@ferilittant males
rescued byrd-Gsb orprdRes are indicated on the right. The Prd-coding region is indicated as open boxes, interrupted by thepvdshaped
intron, with the paired-domain PD hatched andpittetype homeodomain HD stippled, and upstream and downstream sequences as straight
line. Positions of transcriptional starts (0) and poly(A) addition signal (AATAAA) are marked, and the Gal4-coding regiam iassbpen

box. The region including the enhancer responsible for the development of functional accessory glands, PMFE (Prd Médka frantkty),

has been mapped to a 0.8 kb fragment downstream BEttid site in theprd downstream region. Restriction sites in parentheses have been
destroyed. BBanHl; P, Pst; Pv, Pvul; R, EcaRl; Xb, Xba; Xh, Xhd.
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Fig. 3.Dynamic expression of Prd in adult accessory
glands. Expression patterns of Prd protein in accessory
glands from a 1-day- (A,B), 5-day- (C,D), or 10-day-old
(E,F) virgin male, or from a 5-day old-virgin male mated
with females for the next 5 days (G,H) are shown at low
(A,C,E,G) and high (B,D,F,H) magnification. Accessory
glands were stained with rabbit anti-Prd antiserum. mc,
main cells; sc, secondary cells.

1B) or no accessory glands (Fig. 1C), which is the
primary cause of the sterility (Xue and Noll, 2000).
As prd males rescued bprd-SN20 have accessory
glands of normal size (Fig. 1D) (Xue and Noll,
2000) and are fertile (Gutjahr et al., 1994), the 5.2
kb downstream sequences fl-SN20, which are
missing inprdRes, might include the enhancers that
are essential for accessory gland formation and the
male fertility function ofprd. To test this conjecture,

we constructedprd-mf5, a prd-Gal4 transgene
consisting of theprd promoter, prd transcribed
region, and 5.7 kb adjacent downstream sequences
placed upstream of thesp70basal promoter and the
yeastGal4-coding region (Fig. 2). This transgene is
expected to function both as Prd rescue construct for
functions mediated by downstream enhancesof
and as Gal4 reporter construct, because it drives the
expression of Prd as well as Gal4 proteins under the

10 days control of the sameis-regulatory region. Indeed,
—— prd-mf5 rescues both the accessory gland phenotype

H X .,“ Gl Vioiy, (Fig. 1E,F) and the male fertility (Fig. 2) qird

vy ._.-::1:1, Y mutant males rescued to adulthood by eitek
:: L. © Y Gsb or prdRes. It follows that the enhancer(s)
RIL --'-_-..',"a;‘.._-..;:a v/ required for prd functions in accessory gland
N T e i ’};-5-.'_1-.3.-“ formation and male fertility are located within the

e, ST Ay, S ,‘,_ . 5.7 kb downstream region pfd.
gt .ﬁ'\#&“"ﬁ..‘. SR Dynamic expression of Prd in main and
S+5days . 800G ':.*afwa‘l'ﬁ&m‘% St secondary cells of adult accessory glands

In addition to its requirement for accessory gland
Nusslein-Volhard, 1987). We have previously shown that thelevelopment, Prd is expressed in the differentiated glands of
mouse homolog of the Prd protein, Pax3, when expressetiult males (Bertuccioli et al.,, 1996). To examine the
under the control of the completes-regulatory region oprd, expression pattern of Prd in adult accessory glands more
is able to rescue this ‘cuticular’ function pfd, yet not its  closely, genital tracts were dissected from virgin males 1 day,
embryonic lethality (Xue and Noll, 1996). Therefore, Prd ha$ days and 10 days after eclosion, and stained for Prd protein
a ‘viability’ function that is separable from its cuticular by the use of a Prd antiserum (Gutjahr et al., 1993a). Prd is
function (Xue et al., 2001). Therd transgeneprd-SN20, a initially expressed at high levels in all secretory accessory
genomic fragment extending from 9.8 kb upstream to 5.7 kgland cells of newly eclosed flies (Fig. 3A,B), but levels are
downstream of the transcribed regionpad, rescuesrd null  gradually reduced with increasing age of virgin males, rapidly
mutants to fertile wild-type adults (Gutjahr et al., 1994) andn main cells and slowly in secondary cells (Fig. 3C,D). In 10-
hence includes the enhancers of ptd functions. Two day-old virgin males, Prd protein remains detectable only in a
additionalprd transgenes are also able to respuemutants  few scattered cells in the distal region of the glands (Fig. 3E,F).
to viable adultsprdRes, which lacks the distal 5.2 kb of the As these cells are large and round, they are probably secondary
downstream region qird-SN20 (Bertuccioli et al., 1996), and cells, a conclusion that was confirmed by double staining for
prd-Gsb, in which the coding region pfd-SN20 has been Prd andf-gal in the enhancer trap line 28280.1.4 (data
replaced by that ajsb(Xue and Noll, 1996 However, in both  not shown) expressin§-gal specifically in secondary cells
these cases all rescued males are sterile, while rescued femgRsrtram et al., 1992)
are fully fertile (Bertuccioli et al., 1996; Xue and Noll, 2000; To determine the effect of mating on Prd expression in
Xue et al., 2001). It follows that the wild-typerd gene accessory glands, these were dissected from 10-day old males
includes, in addition to its cuticular and viability functions, that had been allowed to mate after 5 days. Such males display
functions required for male fertility. The steripgd males enhanced Prd levels in both main and secondary cells
rescued byprd-Gsb orprdRes possess severely reduced (Figthroughout the entire glands (Fig. 3G,H). Similar patterns were
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Fig. 4.prd is required to promote cell proliferation in accessory
gland development. Accessory glands are shown that have b&n
dissected fronDf(2L)Prl prd-mf9.7/prd?45 prdRes/+ males
(A), carrying an additional copy of GASPrd (B),UASdMyc
(C), UASCycE (D), ortUASP35 (E) transgene, or hemizygou
for Df(3L)H99(F), uncovering the proapoptotic gemeaper,
grim andhid. Note that one copy @irdRes, as used here,
rescues about 20%, whereas two copies, used in Fig. 1C,F,
rescue about 75% @fd mutants to adult males that have no
accessory glands. The rescue efficiencies are not affected b
presence of pard-mf9.7 transgene, nor does the presence of
additional copy oprdRes augment the size of the accessory
glands shown in A.

C

observed in glands of 13-day-old males mated only
10 days (data not shown). Therefore, the elevate:
levels resulted from an increase in synthesis rather 1
slower decay of the Prd protein after mating. It is pos
that mating induces factor(s), for example a hormr
response, that regulafed positively. Alternatively, Pr
expression might be regulated by negative feec
that inhibits Prd synthesis in the presence of
concentrations of accessory gland fluid or at least ¢
its products. Accumulation of these secreted factors
absence of mating would thus downregulate Prd pr
whereas a reduction in concentration as a result of n
would in turn relieve the inhibition of Prd synthesis.
These results demonstrate that Prd exhibits dyr
expression patterns in main and secondary cel
differentiated accessory glands that depend on ag
mating activity in both secretory cell types. Similar i _
dependent and mating-stimulated expression patterns in bdilrther tested and confirmed by examining their ability to
secondary and main cells have been observed for sevemdpress Gal4 and activafiegal expression from BAS-lacZ
accessory gland proteins (DiBenedetto et al., 1990; Monsmteansgene (data not shown). Tgrd-mf1, -mf2, -mf3 and -mf4
et al., 1990) and accessory gland-specific enhancer trap lingansgenes all lack the most distal 1.6 kb ofottiedlownstream
(Bertram et al., 1992), which are probably regulated at theegion and are unable to perform any of these three functions
transcriptional level (Bertram et al., 1992). The fact that th€Fig. 2), which therefore strictly depend on enhancers partly or
expression of the Prd transcription factor correlates with thatompletely included in this 1.6 kiBcaRI-Sal fragment. By
of these accessory gland products suggests that Prd is involveshtrast, theprd-mf7 and prd-mf8 transgenes contain this

in their transcriptional regulation. fragment, and are able to execute all three functions (Fig. 2).
o ) It follows that theprd enhancers endowed with these functions
Delimiting the  prd enhancers regulating accessory are completely included in this region. To further delimit the
gland development and transcription in adult enhancer regiorprd-mf9 andprd-mf10 were constructed that
accessory glands subdivide this region into two halves of 0.8 kb (Fig. 2). While

The prd-mf5 transgene is not only able to rescue accessomyrd-mf9, which includes the proximal half, is again able to
gland development (Fig. 1E,F), but also to express Prd in adyerform all three functionsprd-mf10 is unable to support
accessory glands with the same profile as endogenous Prd (Fagcessory gland development (Fig. 2). Evidently, the 0.8 kb of
2; data not shown). In addition, it restores fertility (Fig. 2) inthe prd downstream region included prd-mf9 harbor theprd

prd mutant males rescued by eithprd-Gsb or prdRes male fertility enhancer (PMFE), which is necessary and
transgenes. These results indicate that the 5.7pkb sufficient for all prd functions required for accessory gland
downstream sequences include all enhancers that are necesshyelopment and male fertility. Additional experiments would
for prd functions in accessory gland development and anype required to elucidate whether this region contains a single
possible later functions ofprd required for fertility in  or two separate enhancers responsible fopttdunctions in
differentiated glands of adult males. To map these enhancees;cessory gland formation and its dynamic expression in adult
we constructed a seriespfl transgenes derived fropnd-mf5  accessory glands.

by deleting different portions of the downstream sequences ) ) ) .

(Fig. 2). These transgenes were introduced prtbmutant  Prd is required for cell proliferation during early

males, rescued by eitherd-Gsb orprdRes, and scored for accessory gland development

their abilities to rescue accessory gland formation, drive Prdrd mutant males rescued byrd-Gsb or prdRes exhibit
expression in adult accessory glands and restore fertility (Figeverely reduced (Fig. 1B) or no accessory glands (Fig. 1C), a
2). Expression of these transgenes in accessory glands wa®enotype that may result from an excess of apoptosis or a
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- Df(2L)Prl/prd>%; Df(2L)Prl prd-mf9/prd**5;
prd-GsbN+PrdC prd-GsbN+PrdC

Fig. 5.prd is required for accessory gland maturation. Expression of Acp26Aa protein (A,D,G), Gsb (B,E,F) and SP (C,F,l) in accelssory glan
of wild-type males (A-C), oDf(2L)Prl/prd2-45 prd-GsbN+PrdQsrd-GsbN+PrdC males carrying no (D-F) or one copy pfdamf9 transgene
recombined onto thBf(2L)Prl chromosome (G-I) is detected by rabbit antisera against Acp26Aa and Gsb, or visualized by X-Gal staining of
the product from asp-lacZ reporter gene.

block in cell proliferation during early accessory glandcompletely depends on the low level of Prd expression from
development. To discriminate between these alternatives, wed-mf9.7 in developing accessory glands. This is evident from
took advantage of a transgenic liped-mf9.7, that rescues the the complete absence of accessory glangsdmutant males
accessory glands pfdRes mutant males (Fig. 1C) completely that are rescued kyrdRes and carry prd3.1-Gal4 transgene
with two copies oprd-mf9 (data not shown), but only partially driving UASCycE or UASdMyc expression in accessory
with one copy (Fig. 4A), while restoration of fertility requires glands under control of thgrd downstream region (5.03 kb
two copies. By contrast, most otherd-mf9 lines display a Xba fragment in Fig. 2; data not shown). In contrast to CycE
complete rescue with a single copy (data not shown). The weakd Myc, expression of P35, the baculoviral protein that
rescue efficiency of thprd-mf9.7 line is presumably the result specifically inhibits caspase-mediated apoptosis (Hay et al.,
of a position effect on thprd-mf9 transgene causing its low 1994), is unable to rescue the accessory gland phenotype (Fig.
expression (data not shown). The fact that, in addition to théE). Consistent with this result, removing one copy of the
expression of Prghrd-mf9 drives Gal4 expression ubiquitously threadgene Df(3L)th102 data not shown), which encodes the
in developing accessory glands (data not shown) under thehibitor of apoptosis Diapl (Hay et al., 1995), or removing
control of the same enhancer (Fig. 2) permits us to express aoge copy of the threBrosophila proapoptotic genegaper,
protein in developing accessory glands under the control a@frim and hid (Wrinkled — FlyBase) (Quinn et al., 2000),
this enhancer by the use of the Gal4/UAS system and teoncovered by the deficien®f(3L)H99 (White et al., 1994),
subsequently test its ability to rescue the accessory gladts no effect on this phenotype (Fig. 4F). Similarly,
phenotype oprd mutant males that carry one copy each of theoverexpression in developing accessory glands of Dp110, the
prdRes andprd-mf9.7 transgenes. DrosophilaPI3-kinase, is unable to rescue their reduced size
As expected, one copy &ASPrd rescues the accessory (data not shown), although this kinase activates the insulin
glands to nearly wild-type size (Fig. 4B). In addition, signaling pathway promoting cell growth and proliferation
overexpression of Myc or CycE, both of which are required fofLeevers et al., 1996).
promoting cell proliferation (Neufeld et al., 1998; Johnston et We conclude that an inhibition of the cell cycle, presumably
al., 1999), rescues the accessory glands to a large extent (FigG1 (Neufeld et al., 1998; Johnston et al., 1999), rather than
4C,D) and restores male fertility. The rescue by CycE or Myinduced apoptosis is the primary cause for the reduction or loss



paired in accessory gland development 345

of accessory glands iprd mutant males, and thaird is  expressed in adult accessory glands include DNA-binding sites
required for promoting cell proliferation during early accessoryecognized by one or both DNA-binding domains of Prd, but

gland development. not by those of Gsb, whose expression depends on Prd.
) ) ) Preliminary experiments suggest that the enhancer o$ghe
prd is essential for accessory gland maturation gene includes DNA-binding sites recognized by the paired-

In adult accessory glandgrd exhibits a dynamic expression domain of Prd but not that of Gsh. It is possible, however, that
profile that depends on aging and mating activity (Fig. 3). Thisther genes whose expression in accessory glands depends on
suggests thaprd might be required for the regulation of Prd are regulated more directly by the Gsb transcription factor.
accessory gland products. In support of this hypothesis, We conclude thatrd performs a dual role in accessory gland
mutant males rescued to adulthood by two copies of development, an early function promoting cell proliferation
particularprd transgene are sterile even though the size of thethat is required for accessory gland formation and a late
accessory glands appears normal (Fig. 5D-F). This transgerfanction promoting cell differentiation that is essential for
prd-GsbN+PrdC, expresses a chimeric protein consisting of theccessory gland maturation. The early function demands a
N-terminal half of Gsb and the C-terminal region of Prd undedomain or motifs present in the C-terminal region of Prd,
the control of the completerd cis-regulatory region (Xue et whereas the late function depends on the DNA-binding
al., 2001). This finding suggests that development of accessaspecificity of at least one of the two N-terminal DNA-binding
glands to normal size does not strictly depend on the bindindomains of Prd. Both functions are essential for male fertility.
specificities of the paired-domain and homeodomain in the N- Interestingly,Pax3 which encodes a vertebrate homolog of
terminal moiety of Prd when compared with those in thePrd, also seems to be necessary for both cell proliferation and
homologous half of Gsb. Moreover, as the accessory glands differentiation. Whilesplotchmutations inPax3of mice lead
prd mutant males rescued by two copies pfl-Gsb are to the absence of limb muscles and a reduction in trunk
severely reduced (Fig. 1B), their development to normal sizewuscle mass (Franz et al., 1993; Tajbakhsh et al., 1997),
requires functions in the C-terminal region of Prd having theverexpression of Pax3 in cultured cells produces foci of
N-terminal moiety of the protein derived from Gsb. These Ciransformed cells that are able to develop tumors in nude mice
terminal functions reside partially, though not exclusively, in(Maulbecker and Gruss, 1993). MoreoverPax3 gain-of-
the PRD transactivation domain of Prd (Xue et al., 2001). function mutation produces alveolar rhabdomyosarcoma, a
The sterility ofprd mutant males, whose accessory glandshighly proliferative cancer (Shapiro et al., 1993). In addition
have been rescued to normal sizepbg-GsbN+PrdC, might to its role in regulating cell proliferatioax3acts upstream
result from a failure to express certain accessory gland factoo$§ MyoD and can induce muscle differentiation (Maroto et al.,
required for sperm fertility (Xue and Noll, 2000). To test this1997). The fact that both Prd and its vertebrate homolog Pax3
supposition, we examined the expression of Acp26Aa, Gsb ampdlay pivotal roles in the regulation of cell proliferation and
sex peptide (SP) in the accessory glands of wild-typepeshd differentiation might reflect an evolutionary mechanism
mutant males rescued pyd-GsbN+PrdC. While the Acp26Aa important during the evolution of Pax genes as well as many
protein is important for enhanced female oviposition during thether genes encoding transcription factors (Noll, 1993).
first day after copulation (Herndon and Wolfner, 1995), SP is Because gene networks have been conserved during
a key component of accessory gland secretions responsible folution (Noll 1993), it is reasonable to expect that many of
increased oviposition and reduced sexual receptivity in matetie factors present in seminal fluid whose synthesis depends
females (Chen et al., 1988; Kubli, 1996). The function of Gslon the late male fertility function gird are also synthesized
in adult accessory glands is not known. In wild-type accessoiy the human prostate and required for sperm fertility, a
glands, Acp26Aa is expressed in all secretory cells (Monsmaroposition now testable on the basis of the results reported
et al., 1990) (Fig. 5A), while Gsb is expressed only inhere.
secondary cells (Fig. 5B) and SP only in main cells as assayed
by the expression of lacZ reporter gene under control of the ~We thank E. Kubli, C. Desplan, B. Hay, P. Gallant, E. Hafen and
sperhancer (D Syger-Somucki PID Thesis, Unversiy of B0 S o e e o o Acpose
Zurich, 1992) (Fig. 5C). Iprd mutant males rescued Ipyd- _ . i P
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