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The steroid 20-hydroxyecdysone can stimulate yolk protein synthesis in Drosophila, and
an ecdysteroid is produced by the ovaries in several insect species. In this work we test the
hypothesis that normal ovaries are necessary for yolk polypeptide synthesis by studying the
incorporation of [**S}methionine into hemolymph yolk protein precursors in (1) flies surgi-
cally ovariectomized at eclosion; (2) isolated female abdomens experimentaily deprived of
anterior endocrine organs at eclosion; and (3) females genetically agametic (X*7). The
results show that, while isolated abdomens have low rates of yolk polypeptide synthesis a
day after eclosion, ovariectomized flies continue to synthesize rapidly yolk polypeptides at
least a week after the operation. Likewise, agametic X*7 flies also synthesize yolk polypep-
tides for many days. These experiments show that, although an anterior factor is required for
high levels of yolk polypeptide synthesis, no ovarian factor is necessary after 30 min past
eclosion, and neither the oocyte nor the nurse cells are needed for yolk polypeptide synthe-

sis at any stage in the life cycle.

A remarkable parallel exists in the hor-
monal regulation of yolk production be-
tween vertebrates and insects (Hagedorn,
1974; Tata, 1976). In some species of both
groups a steroid hormone produced by the
ovary stimulates the synthesis and secre-
tion of yolk protein precursors (vitellogen-
ins) by the liver or its analog, the fat body.
Vitellogenin is then sequestered from the
circulation by the developing oocyte to
form mature yolk protein (vitellin). It is the
purpose of these experiments to test
whether the ovary and/or the germ cells are
necessary for vitellogenin synthesis in
Drosophila.

It was shown many years ago that the
process of yolk deposition (vitellogensis) is
also under hormonal control in the fruitfly
Drosophiia (Vogt, 1940; Bodenstein, 1947},
but the precise endocrine interactions re-
main obscure. Although recent work has
indicated that the juvenile hormone (JH) is
necessary for sequestration of yolk protein
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precursors, into the developing ococyte
(Postlethwait and Weiser, 1973; Kambysel-
lis and Heed, 1974; Gavin and Williamson,
1976) the synthesis of yolk protein (YP) pre-
cursors {Bownes and Hames, 1977; Warren
and Mahowald, 1979) appears to be regu-
lated by two hormones: Both JH and 20-
hydroxyecdysone (20-HE) are able to stim-
ulate YP synthesis in isolated Drosophila
abdomens (Handler and Postlethwait, 1978:
Postlethwait and Handler, 1979). At least
two hypotheses might account for this re-
sult. First, each hormone might act inde-
pendently to stimulate vitellogenin synthe-
sis and secretion. Alternatively, one of the
hormones might cause the synthesis and/or
secretion of the second hormone which in
turn actually induces YP synthesis.

The corpus allatum, an endocrine organ
which in Drosophila resides in the thorax,
secretes JH in adult insects (Wigglesworth,
1965), and the ovary contains or produces
ecdysteroids in the adults of a number of
insects (Hagedorner al., 1975; Legay et al.,
1976; Laverdure et al., 1977; Delbecque et
al., 1978; Bollenbacher er al., 1978). Ec-
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dysone, secreted from the ovaries, stimu-
lates the synthesis of vitellogenin in mos-
quitoes (Hagedorn, 1974). It was deter-
mined by radioimmunoassay that adult
female Drosophila contain more ecdy-
steroids than males (Hodgetts et al., 1977),
and that most of it is in the ovaries (Garen
et al., 1977).

Finally, the transplantation of Drosophila
ovaries into hosts lacking YPs, such as
pupae or mature males (Bodenstein, 1947;
Kambysellis, 1977), results in an accumu-
lation of yolk in the implanted ovary. Since
ovaries apparently can make an ecdy-
steroid, since an ecdysteroid stimulates YP
synthesis in isolated abdomens, and since it
has been suggested by Kambysellis (1977)
that implanted ovaries induce YP synthesis
in males, the hypothesis suggests itself that
in isolated Drosophila abdomens JH may
act on the ovary to effect the secretion of
ecdysone, which in turn induces vitello-
genin synthesis in the fat body. It is the
purpose of this paper to test the hypothesis
that ovaries are required for yolk protein
synthesis in Drosophila. The production of
yolk proteins was monitored in female flies
which were surgically ovariectomized and
in mutant flies which possess no germ cells.

MATERIALS AND METHODS

Oregon R flies 15 to 30 min after eclosion were
ovariectomized by removing the ovaries with forceps
through a slit torn in the lateral abdominal wall be-
tween the fourth and fifth tergites. Four or seven days
later the flies were injected with 0.9
1 Ci[**S]methionine in 0.3 ul Drosophila Ringer’s
(Chan and Gehring, 1971). Hemolymph was collected
into a drawn out capillary 3 hr later. Isolated abdo-
mens were prepared from Oregon R flies less than 30
min after eclosion by tying a ligature between the
thorax and abdomen and removing the head and
thorax with scissors. Thirty hours later preparations
were labeled as described above. Abdomens isolated
at less than 30 min after eclosion were treated topically
at 24 hr with 0.2 ug ZR-515, a JH analog for
Drosophila (Postlethwait, 1974). At 30 hr hormore-
treated abdomens were radioactively labeled as de-
scribed above. Agametic female flies were obtained
from the offspring of homozygous X*7 females
(Thierry-Meig, 1976; Laugé ef al., 1977). Agametic
animals were aged for 14 days and then radioactively
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labeled as described above. Hemolymph proteins were
separated by electrophoresis in polyacrylamide gels in
the presence of sodium dodecyl sulfate (SDS—-PAGE)
after the method of O’Farrell (1975) and then au-
toradiographed (Lasky and Mills, 1975). The behavior
of the three Drosophila YPs on SDS—PAGE has been
extensively documented and it serves as a positive
identification for these polypeptides in the hemolymph
(Bownes and Hames, 1977; Postlethwait and Kas-
chnitz, 1978; Warren and Mahowald, 1979).

RESULTS AND CONCLUSIONS

To test whether the ovary is continuously
required after eclosion for YP synthesis, we
removed either one or both ovaries from
freshly eclosed Oregon R flics and 4 or 7
days later examined the incorporation of
radioactive amino acids into circulating YP
precursors. Removal of one (Fig. 1¢) or
even both (Fig. 1b) ovaries only slightly di-
minished the ability of a fly to synthesize
vitellogenins. All three YPs were found to
be labeled in the hemolymph of these flies
and in nearly normal guantities (Fig. la).
The synthesis of a number of polypeptides,
other than YPs, seems to be stimulated by
the surgery when uni- and bilaterally
ovariectomized flies are compared to oper-
ated controls (Figs. la—c¢). Since the same
amount of label is distributed among more
bands in the operated animals, the relative
incorporation into YPs is somewhat higher
in the control. The conclusion however re-
mains clear that ovariectomy at eclosion
does not prevent the normal increase in YP
synthesis that occurs after emergence. This
result is in concordance with that obtained
after ovariectomy in several other insect
species (Telfer, 1954; Bell, 1969; Wilkens,
1969; De Loof and De Wild, 1970; Engel-
mann, 1978), but is different for the result
obtained after ovariectomy in mosquitoes
(Hagedorn and Fallon, 1973).

To show that hormonal signals are still
required for YP synthesis at the time of
ovariectomy, we removed by ligation the
anterior of the fly, which contains the cor-
pus allatum and other endocrine organs.
This treatment blocks most, but not all, of
the increase in vitellogenin synthesis seen
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Fic. 1. Synthesis of yolk protein precursors in
ovariectomized females and in isolated female abdo-
mens. Hemolymph from (a) 10 control females; (b) 10
bilaterally ovariectomized females; (c) 10 unilaterally
ovariectomized controls; (d) 10 isolated abdomens; (¢)
10 isolated abdomens treated with ZR-515. The figure
is an autoradiograph of the gel.

after eclosion (compare Figs. la and d),
demonstrating that vitellogenin synthesis is
not yet fully autonomous by 30 min after
eclosion, but requires input from the fly’s
anterior. Vitellogenin synthesis can be re-
gained by treating isolated abdomens with a
JH analog (Fig. le). Although the levels of
JH analog used were likely greater than the

natural JH titer, implantation of corpora

allata into isolated abdomens can cause
complete vitellogenesis, inciuding not only
YP synthesis, but uptake as well (Handler
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and Postlethwait, 1977), thus showing that
the naturally occurring hormones can act in
the same way. The experiments reported
here show that removal of the anterior en-
docrine organs, but not extirpation of the
ovaries, results in significant diminution of
the ability to synthesize yolk protein pre-
cursors. Apparently continued presence of
the ovaries is unnecessary for the increase
in YP synthesis that occurs after eclosion.

These experiments thus rule out the hy-
pothesis that JH triggers the ovary to pro-
duce or release ecdysone, which then acts
on the fat body as the sole stimulator of YP
synthesis after eclosion. It is still conceiv-
able that an ovarian factor plays a role in
vitellogenin production prior to 30 min after
eclosion. This is an especially relevant
question since it has been shown that
ovaries in culture secrete YPs (Postlethwait
and Bownes, in preparation) and that
ovaries contain YP mRNA (Bownes and
Hames, 1978). Although we have not been
able to successfully hilaterally ovariec-
tomize flies prior to eclosion, we have made
use of the X% mutant. Females homozy-
gous for X* produce eggs that frequently
have defects in pole cell development so
that no pole cells populate the gonads.
These eggs develop into daughters whose
ovaries contain no germ cells, and only a
rudimentary mesodermal component
(Laugé et al., 1977). Hence the original
mutant has no grandchildren. Penetrance of
X* is incompiete, so hemolymph from each
fly was collected separately and then her
ovaries were dissected and examined for
the presence of germ cells. Homozygous
mutant animals in which one or both
ovaries were populated with germ cells
served as controls. The results showed that
X% ovaries with no germ cells contained no
YPs (Fig. 2a), but mutant ovaries contain-
ing germ cells possessed the normal com-
plement of YPs (Fig. 2d). When the
bemolymph samples were examined, a re-
markable concentration of viteilogenins and
elevated levels of a few other hemolymph
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proteins were found in the agametic flies
(Fig. 2b), but normal amounts of vitello-
genins appeared in the hemolymph of sib-
lings that contained developing oocytes
(Fig. 2¢). The autoradiographs confirmed
that agametic flies continued to synthesize
and secrete vitellogenins even 14 days after
eclosion (Figs. 2e—h).

Our results prove that there is no depen-
dence in any way on the germ cells for the
induction or continuation of YP synthesis.
In addition, the prodigious quantity of YPs
in the hemolymph of agametic flies indi-
cates that either there is no feedback mech-
anism regulating vitellogenin synthesis
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Fic. 2. Synthesis of yolk protein precursors in offspring of homozygous X*" females. (a and ¢) Ova-
ries from six agametic mutant flies; (b and f) hemolymph from six agametic mutant flies; (c and g)
hemolymph from six vitellogenic mutant flies; (d and h) ovaries from one vitellogenic mutant fly.
Tracks a—d are the gel stained for protein and tracks e—h are the autoradiographs of the gel.

when vitellogenin levels in the hemolymph
exceed usual concentrations, or if such a
mechanism exists, it is mediated through
the germ cells. Kambysellis (1977) has also
reported high titers of YP in the hemolymph
of some genetically nonvitellogenic flies
with defective germ cells. It may prove 1o
be that deposition of yolk in the oocytes is
the only means of decreasing the
hemolymph concentrations of vitellogen-
ns.

At this point it is unknown whether the
agametic daughters of X%? contain ec-
dysone. It has recently been shown that in
locusts ecdysone reaches remarkable con-
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centrations in the follicle cells (Glass et al.,
1978) and that it may be synthesized in the
follicle cells (Lagueux et al., 1977). Since
the follicle cells are present, albeit not
completely normal, in the ovaries of
agametic offspring of X*7 females, it is pos-
sible that these cells could provide a source
of ecdysone in agametic females even
though our ovariectomy experiments indi-
cate that postulation of such ovarian ec-
dysone is unnecessary for the stimulation of
YP synthesis seen after eclosion. The
oecnocytes have also been suggested as a
site of ecdysone synthesis (Locke, 1969;
Romer et al., 1974; Huybrechts and De
Loof, 1977).

While these experiments show that no
ovarian factor is necessary for YP synthesis
after 30 min past eclosion, and no germ
cell-derived factor is required at any time in
development, the precise role of an ecdy-
steroid in Drosophila vitellogenesis and its
source is still in question. Experiments in-
volving radioimmunoassay of various sur-
gically altered flies for ecdysone are
underway.
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