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Abstract—Both juvenile hormone and 20-hydroxy-ecdysone seem to be involved in the regulation of
vitellogenesis in Drosophila melanogaster. 1t is the purpose of this paper to begin to define the functions of
these two hormones. Although vitellogenin synthesis does not occur at a high rate in l-day-old female
abdomens isolated from the head and thorax before 0.75 hr after eclosion, both ZR 515 (4 juvenile hormone
analogue) and 20-hydroxy-ecdysone can cause in these preparations vitellogenin synthesis and secretion into
the haemolymph. The synthesis and secretion into the haemolymph of all three vitellogenins which are
detectable by electrophoresis in sodium dodecyl sulphate-containing gels of polyacrylamide is promoted by
both hormones. That result excludes the hypothesis that these two hormones regulate the synthesis of
different vitellogenins. A dose~response curve showed that an injection of 0.2 gl of a 107° M 20-hydroxy-
ecdysone solution was sufficient to promote vitellogenin synthesis and secretion in isolated abdomens.
Ovaries from isolated female abdomens treated with juvenile hormone analogue showed nearly normal
amounts of all three vitellogenins and morphologically normal advanced vitellogenic follicles, whereas
ovaries from isolated abdomens treated with 20-hydroxy-ecdysone contained little vitellogenin and no
vitellogenic follicles. We conclude that under the conditions used, juvenile hormone permits vitellogenin
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uptake into the odeyte much more readily than does 20-hydroxy-ecdysone.
Key word Index: Drosophila melanogaster, vitellogenesis, 20-hydroxy-ecdysone, juvenile hormone,

odgenesis, yolk protein synthesis.

INTRODUCTION

TwoO GENERAL processes are involved in vitellogenesis.
The first is the synthesis of vitellogenin by the fat body
and its secretion into the haemolymph, and the second
is the sequestration of vitellogenin from the
haemolymph and its deposition into yolk granules in
the odcytes (Doang, 1973). Vitellogenin synthesis is
regulated in different ways by various insect species.
For example, in Hyalophora cecropia, vitellogenin
synthesis is a programmed component of
metamorphosis  rather than an  independently
controlled process (Pan, 1977). In the two flies dedes
aegypti (HAGEDORN, 1974) and Sarcophaga bullata
(HuysrecuTs and DeLoor, [977) either ecdysone or
20-hydroxy-ecdysone can induce vitellogenin
synthesis, while in many other insects, juvenile
hormone regulates vitellogenin synthesis (DOANE,
1973). In Drosophila, vitellogenin synthesis occurs in a
mutant defective in juvenile hormone metabolism
(Gavin and WiLLiaMsoN, 1976) and there have been
suggestions that ecdysteroids may be important in
obgenesis (HODGETTS et al., 1977, GAREN e/ al., 1977).
The present work is directed toward defining the roles
of juvenile hormone and 20-hydroxy-ecdysone in
Drosophila vitellogenesis.

We have recently shown that both 20-hydroxy-
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ecdysone and ju;veni]e hormone can cause vitellogenin
synthesis in isolated female abdomens of Drosophila
melanogaster (HANDLER AND POSTLETHWAIT, 1978),
although in those experiments, tube gels were used
which did not resolve the vitellogenin region into the
multiple bands detected in gradient slab gels (Bownes
and HaMes, 1977). There are several hypotheses that
might account for the fact that two different hormones
are each sufficient for the appearance of yolk protein
in the haemolymph. The first possibility is that one
hormone causes the other to appear, and it is the
second hormone which actually stimulates
vitellogenin synthesis. An alternative is that each
hormone acts independently to induce a distinct
protein species not resolved by the techniques
previously used, The first purpose of this work is to test
whether 20-hydroxy-ecdysone and juvenile hormone
stimulate the synthesis of different vitellogenins in
isolated female abdomens using high resolution slab
gels to independently assay for each of the three
vitellogenins.

It has been suggested that juvenile hormone is
involved in the uptake of vitellogenin into the odcyte
on the basis of studies with female sterile mutants
(PostLETHWAIT and WESEr, 1973 GaviN and
WiLLiaMson, 1976; KamByseLris, 1977,
PosTLETHWAIT and HANDLER, 1978) and surgically
altered wild type flies (PosTLETHWAIT et al., 1976;
HanpLErR and PostLeTHwalt, 1977). The second
purpose of this work was to test whether 20-hydroxy-
ecdysone is also capable of causing vitellogenin to
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appear in odcytes or whether the effects of 20-
hydroxy-ecdysone and juvenile hormone analogue on
isolated abdomens could be distinguished on this
basis.

MATERIALS AND METHODS

An Oregon R stock provided flies. Abdomens were
isolated from the head and thorax of flies less than 0.75
hr old by ligation followed by removing the thorax
with scissors. Age was determined from time of
eclosion. The juvenile hormone analogue ZR515 (a
gift from Zoecon Corporation) was dissolved in
acetone to a concentration of 0.54 g/l and 0.3 ul was
topically applied to the tergites of experimental
preparations. Controls received only acetone. 20-
Hydroxy-ecdysone (Rohto Pharmaceutical) was
dissolved at various concentrations in 10% ethanol in
CHaN and GeHrING (1971) Ringer’s solution and 0.2
ul was injected into the ventral abdomen. Controls
received only 10% ethanol in Ringers. Preparations
were injected with 0.5 pCi of *H-leucine (AMERSHAM)
dissolved in 0.2 ul Ringers for protein synthesis
studies. Haemolymph was collected from the 6th
tergite in a drawn out capillary tube. For SDS
polyacrylamide gels, samples were dissolved in 1%,
SDS, 0.01%, f-mercaptoethanol, 0.05 M Tris (pH 6.8)
and boiled for 1 min, after which pyronin and glycerin
were added at final concentrations of 0.2% and 6%,
respectively. A 5-20% gradient of polyacrylamide
was used for the slab gels, employing the
electrophoretic procedures described by O’FARRELL
(1975). The autofluorographic procedures were those
described by Laskey and MicLs (1975). For sodium
dodecyl sulphate (SDS) polyacrylamide tube gels, the
procedure of SoBieszek and BreMeL (1975) was
followed. Gels were sliced in | mm slices which were
then incubated for 48 hr at 40 in toluene-based
scintillation fluid with 2.5% Protosol, and counted ina
Beckman scintillation counter. The haemolymph of
ten preparations was pooled for each sample run on the
gel. A total of 453 control and experiemental isolated
abdomens was used in the present study.

RESULTS

A. Hormonal control of vitellogenin synthesis

Our first objective was to find if 20-hydroxy-
ecdysone and a juvenile hormone analogue cause
different vitellogenin protein species to appear in the
blood of isolated abdomens. To confirm the fact that
none of the three vitellogenins is synthesized in
abdomens isolated at the time of eclosion, two groups
of isolated abdomens were prepared. The first group of
abdomens was isolated at less than 0.75 hr after
eclosion and allowed to age for 32 hr. The second
group of abdomens was isolated from females 30 hr
old to provide adult controls. When both sets of
abdomens were 32 hr old, they were injected with *H-
leucine, and 2 hr later haemolymph was collected and
proteins separated on denaturing polyacrylamide gels.
Figure 1A and G show that abdomens isolated at 30 hr
not only contained the three vitellogenin species but
that they were also rapidly synthesizing those proteins.

J.'H. POSTLETHWAIT AND A. M. HANDLER

In contrast, abdomens isolated at eclosion had at 32 hy
reduced quantities of these vitellogenins (Fig. 1B), and
had also an altered synthetic pattern (Fig. 1H). Only
one slightly radioactive band was found in the yolk
region. This band migrated slightly but consistently
more rapidly than the larger molecular weight band,
This experiment allows the conclusion that in
abdomens isolated shortly after eclosion, the synthesis
and secretion of vitellogenin is reduced or eliminated.

To find if a juvenile hormone analogue could cause
the synthetic pattern to return to normal, we isolated
female abdomens at less than 0.75 hr after eclosion and
treated the abdomens with either juvenile hormone
analogue or acetone at 24 hr followed by injection of
*H-leucine at 32 hr and collection of haemolymph at
34 hr. Figures 1C and I show that acetone treatment
had no effect on the proteins present or the proteins
synthesized by isolated abdomens (compare Fig. 1C
and I and 1B and H). The juvenile hormone analogue
on the other hand, caused the synthesis of all three
vitellogenins (Fig. 1D and J). This experiment shows
first, that the absence of vitellogenin synthesis in
isolated abdomens is not due to an irrepairable defect,
but that these preparations are lacking a factor from
the anterior that is required for vitellogenin synthesis.
Second, this result indicates that a substance with
juvenile hormone activity can replace the factor
missing from isolated abdomens. These experimental
results also rule out the hypothesis that juvenile
hormone only controls the synthesis of one or two of
the three vitellogenin proteins.

The effect of 20-hydroxy-ecdysone was tested by
preparing isolated abdomens at less than 0.75 hr,
injecting them with either 10™% M 20-hydroxy-ecdysone
or control solution at 24 hr, injecting *H-leucine at 32
hr, and finally, collecting haemolymph at 34 hr.
Electrophoresis and fluorography (Fig. 1E and K)
showed that ethanol-Ringers control solution did not
stimulate vitellogenin  synthesis, although the
synthesis of some lower molecular weight species was
enhanced. In contrast, 20-hydroxy-ecdysone
stimulated rapid synthesis of all three vitellogenins
(Fig. 1F and L). This result again rules out the
hypothesis that ecdysteroids and juvenile hormone act
by regulating the synthesis of separate vitellogenin
proteins.

B. Hormonal control of vitellogenin uptake

To test the effects of juvenile hormone analogue and
20-hydroxy-ecdysone on the uptake of vitellogenin
into the odcytes, we prepared isolated abdomens less
than 0.75 hr after eclosion, treated them with either
juvenile hormone analogue or 107* M 20-hydroxy-
ecdysone at 8 hr, and collected haemolymph and
ovaries at 50 hr. In Fig. 2, 20 of these experimental
ovaries were loaded to each of slots B, C, and D. The
results show that juvenile hormone analogue caused
all three vitellogenins to appear in the ovaries,
although the faster migrating form was found in
amounts somewhat less than notmal. This extends our
earlier work (HANDLER and PosTLETHWAIT, 1977)
and shows that juvenile hormone analogue causes all
three vitellogenins to appear in both haemolymph and
ovaries. The ovaries of 20-hydroxy-ecdysone-treated
isolated abdomens, on the other hand, contained
much less vitellogenin (Fig. 2D). This result was
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Fig. 1. Vitellogenin in haemolymph of isolated abdomens. A and G, abdomens isolated at 32 hr; B-F and
H-L, abdomens isolated at less than 0.75 hr; B and H, no treatment; C and I, treatment with acetone; D and
J, treatment with juvenile hormone analogue; E and K, injection with Ringers; F and L, injection with 107 M
20-hydroxy-ecdysterone. For C to F and I to L, abdomens were treated with hormone or control
solutions at 24 hr, injected with *H-leucine at 32 hr, and haemolymph collected at 34 hr. A-F, gel stained for
! protein; G-L, autofluorograph. This experiment was conducted three times.
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Fig. 2. Ovaries from control and hormone treated isolated abdomens. A. Four ovaries from 50 hr old

untreated control females; B. abdomens isolated at less than 0.75 hr after eclosion and 20 ovaries dissected at

50 hrold; C. 20 ovaries from isolated abdomens treated with juvenile hormone analogue; D. 20 ovaries from

isolated abdomens treated with 107* M 20-hydroxy-ecdysone. The photograph is of the gel stained with
Coomassie Blue. This experiment was conducted twice.

458



Drosophila vitellogenesis

1A '
N
10- A :%‘
9 I 1.
L
Il |
1
[}
! |
|
L
oy
" i
'o :W',
»® : Il
= Vol
o ; \
o 1 1
Jh\‘l \
! \
\
1
40 50
60 NORMAL ©
a
I
£ | B
- S50
W
o
o
= 40
w
<<
o
>
530'
w
'—
=
3 201
(8]
Q
T LS o | W L} L T
o 107216 16® 68 6% 152

ECDYSTERONE MOLARITY

Fig. 3. Dose-response curve. A total counts incorporated into
each 1 mm slice of the first half of gels of isolated abdomens
injected with Ringers (solid line) or [07% M ecdysterone
(broken line), B per cent of counts in the vitellogenin peak for
controls and various concentrations of ecdysterone (20-
hydroxy-ecdysone). R Ringer injected controls; N, Normal
females. This experiment was conducted three times.

confirmed by a direct visual observation of follicles in
20-hydroxy-ccdysone treated isolated abdomens. In
44isolated abdomens treated with 1074, 1073, 0r 1072 M
concentrations of this hormone, no follicles were
found over stage 7. This contrasts to the situation with
juvenile hormone where 22 of 22 abdomens treated
with  juvenile hormone analogue contained
vitellogenic stages including many morphologically
mature stage 14 odcytes (see also HANDLER and
PosTLETHWAIT, 1977). Although 20-hydroxy-ecdy-
sone can induce the appearance of vitellogenins in
the blood, it does not cause these proteins to be
sequestered in large amounts by the ovary.

C. Dose~response curve for 20-hydroxy-ecdysone

To find whether the moulting hormone is effective at
physiological concentrations, we prepared isolated
abdomens at less than 0.75 hr, and treated them at 24
hr with different concentrations of 20-hydroxy-
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ecdysone. At 32 hr 3H-leucine was injected into the
preparations, and at 34 hr, haemolymph was f;oilected
and prepared for tube gel clectrophoresis. Figure 3A
shows the number of counts incorporated into
different | mm slices after treatments with Ringers or
high concentrations of 20-hydroxy-ecdysone. To
obtain the data in the dose-response curve (Fig. 3B),
we calculated the per cent of total counts incorporated
into the vitellogenin peak. The data show that a
response is first detectable at 107° M.

DISCUSSION

These experiments rule out the possibility that the
synthesis of one or two of the three vitellogenins is
regulated by juvenile hormone analogue while the
complementary species is controlled by 20-hydroxy-
ecdysone. Other hypotheses to account for this dual
hormonal control of these three proteins have yet to be
excluded. For example, juvenile hormone could cause
an abdominal tissue to produce ecdysone or 20-
hydroxy-ecdysone which then directly causes yolk
protein synthesis (or vice versa). Alternatively, there
might be two tissues that synthesize and secrete
vitellogenin and each hormone might act on a different
tissue. Or it may be that indeed one tissue can respond
to either hormones by making all three proteins. These
possibilities can be distinguished by in vitre culture
experiments.

The concentration of 20-hydroxy-ecdysone
required to cause an effect on vitellogenin synthesis
can be compared to the amount required for in vitro
effects. The minimal dose tested that gave an effect was
0.2 pl of 107 M hormone in isolated abdomens which
represents about 60%, of the weight of an intact fly. If
the 0.13 ul of haemolymph in a normal female (GAVIN
and WiLLiamson, 1976) is evenly distributed, then the
final concentration of 20-hydroxy-ecdysone in the
haemolymph would be about 7 x 10~7 M. Half maximal
effect of 20-hydroxy-ecdysone on Drosophila tissues
and cells in culture occur at 1078 to 10~ 7 M (FRrISTROM,
1972; ASHBURNER, 1973; CHERBAS et al., 1977).
Although not enough different concentrations were
tested to accurately define the threshold and half
maximal dose, it seems that this in vivo system requires
only about one or two orders of magnitude greater
concentration for an effect than the in vitro systems
cited.

Although both 20-hydroxy-ecdysone and a juvenile
hormone analogue can cause synthesis of the three
vitellogenins, the functions of these hormones in the
process of vitellogenesis are not totally overlapping,
The present work shows that the juvenile hormone
analogue causes both synthesis of vitellogenin and its
sequestration into the odcytes to form morphologi-
cally mature stage 14 odcytes. The effects of 20-
hydroxy-ecdysone are limited to promoting synthesis
and secretion. No follicles in vitellogenic stages were
seen, although a small amount of the three
vitellogenins was detected in these ovaries by
electrophoresis. We can therefore conclude that at
hormone levels that cause equivalent amounts of
vitellogenin synthesis, juvenile hormone analogue is
much more effective at causing vitellogenin to appear
in oocytes, suggesting that juvenile hormone, but not
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20-hydroxy-ecdysone, sequestration  of

vitellogenin.

causcs

Acknowledgements—We thank Drs. G. Krew and R.
KascHnitz  for  helpful discussions, D. SEArs and
N. PosTLETHWAIT for assistance, the Fullbright Commission,
and United States Public Health Service for funding. JHP
was supported by a Career Development Award from NIH,
and AMH by a Behavioral Biology Training Grant also from
NIH.

REFERENCES

ASHBURNER M. (1973) Sequential gene activation by
ecdysone in polytene chromosomes of Drosophila
melanogaster. Devl. Biol, 35, 47-61.

Bownes M. and Hames B. (1977) Accumulation and
degradation of three major yolk proteins in Drosophila
melanogaster. J. exp. Zool. 200, 149-156.

Cuan L. and Genuring W. (1971) Determination of
blastoderm cells in Drosophila melanogaster. Proc. natn.
Acad. Sci., U.S.A. 68, 2217-2221.

Cuereas P., CHerBas L. and WiLriams C. (1977) Induction
of acetylcholinesterase activity by fi-ecdysone in a
Drosophila cell line. Science 197, 275-277.

Doane W. (1973) Role of hormones in insect development.
Developmental Systems, Insects: (Ed. by Couck S. J. and
WabppingTon C. H.) Academic Press, London.

Fristrom J. (1972) The biochemistry of imaginal disk
development. In The Biology of Imaginal Disks, Ed. by
UrsprunG H. and NoTHINGER R.) Springer, Berlin.

GareN A, Kauver L, and Lepesant J. A. (1977) Roles of
ecdysone in Drosophila development. Proc. nan. Acad.
Sei., U.S.A. 74, 5099-5103.

Gavin J. and WiLLiamson J. (1976) Juvenile hormone-
induced vitellogenesis in apterous*, a non-vitellogenic
mutant in Drosophila melanogaster. J. Insect. Physiol. 22,
1737-1742.

J. H. PostLETHWAIT AND A. M. HANDLER

Haceporn H. (1974) The control of vitellogenesis in the
mosquito, Aedes aegypti. Am. Zool. 14, 1207-1217.

HanpLER A. and PostLETHWAIT N. (1977) Endocrine and
gene control of vitellogenesis in Drosophila melanogaster:
Effects of the brain and corpus allatum. J. exp. Zool. 202,
389-402.

HanpLER A. and PostLeTHwart J. (1978) Regulation of
vitellogenin synthesis in Drosophila by ecdysterone and
juvenile hormone. J. exp. Zool. 206, 247-254.

HopGerts R. B., SaGe B. and O’Connor J. D. (1977)
Ecdysone titers during post embryonic development of
Drosophila melanogaster. Devl. Biol. 60, 310-317.

Huverecuts R. and DeLoor A. (1977) Induction of
vitellogenin synthesis in male Sarcophaga bullata by
ecdysterone. J. fnsect Physiol. 23, 1359-1362.

KamByseLLis M. (1977) Genetic and hormonal regulation of

vitellogenesis in Drosophila Am. Zool. 17, 535-549.

Laskey R. and MiLLs A. (1975) Quantitative film detection of
*Hand '*Cin polyacrylamide gels by fluorography. Eur. J,
Biochem. 56, 335-341.

O'FArreLL P, (1975) High resolution two-dimensional
electrophoresis of proteins. J. biol. Chem. 250, 4007-4021.

Pan M. (1977) Juvenile hormone and vitellogenin synthesis
in the Cecropia silkworm. Biol. Bull. 153, 336-345.

PostLETHWAIT J., HANDLER A. and Gray P. (1976) A
genetic approach to the study of juvenile hormone control
of vitellogenesis in Drosophila melanogaster. Juvenile
Hormones (Ed. by GiLgerT L.) Plenum, New York.

PosTLETHWAIT J., and HANDLER A, (1978) Nonvitellogenic
Female Sterile Mutants and the Regulation of
Vitellogenesis in Drosophila melanogaster. Devel. Biol. 67,
225-236.

PostLeTHwart J., and Weser K. (1973) Vitellogenesis
induced by juvenile hormone in the female sterile mutant
apterous* in Drosophila melanogaster, nature New  Biol,
244, 284-285.

Sosieszek A, and Bremer R. (1975) Preparation and
properties of vertebrate smooth muscle myofibrils and
actomyosin. Eur. J. Biochem. 55, 49-60).



