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Abstract

To elucidate the role of the juvenile hormone (JH) in the control of Drosophila reproduction under stress, JH degradation,
dopamine (DA) content and reproduction were studied upon 20E treatment in Drosophila virilis females of wild type (w¢) and a
mutant, with increased 20E level and decreased fertility, under normal and nutritional stress conditions. 20E treatment of wt flies for
7 days results in an increase of DA content in young females, but a decrease in mature females, a decrease of JH degradation in both
young and mature females, an 1-day delay in onset of oviposition and a decrease of fecundity to the level typical of mutant flies. One
day of 20E treatment in 7-day-old fed and starved flies results in a small decrease of JH degradation in the fed females and a great
decrease in the starved ones. Fecundity decreases in the fed flies to the levels of the starved untreated flies in both wt and mutant
strains. An oviposition arrest is observed in the treated and the untreated starved, but not in the treated fed, females of both strains.

The data obtained suggest ecdysone control of JH metabolism mediated via DA.

© 2005 Published by Elsevier Ltd.

Keywords: Juvenile hormone; 20-hydroxyecdysone; Dopamine; Fertility; Drosophila virilis; Starvation

1. Introduction

Ecdysteroids and the juvenile hormone (JH) are
known to play a gonadotropic role in insect reproduc-
tion. It has long been postulated that vitellogenesis, the
process of yolk protein (YP) synthesis and oocyte
uptake, is regulated both by JH (produced in the corpus
allatum) and by ecdysteroids that are synthesized by the
ovary follicular cells and other tissues (Koeppe et al.,
1985; Bownes, 1986, 1989). However, recently, Richard
et al. (1998, 2001) have proposed a hypothesis that in

*Corresponding author. Tel.: +73832331267, fax:
+73832331278.
E-mail addresses: nataly@bionet.nsc.ru (N.E. Gruntenko), iraush-

en@bionet.nsc.ru (Y. Rauschenbach).

0022-1910/$ - see front matter © 2005 Published by Elsevier Ltd.
doi:10.1016/j.jinsphys.2005.01.007

Drosophila JH initiates only early stages of vitellogenesis
in the fat body and in the ovary follicular cells as well as
ecdysteroid production in the ovary, while 20-hydro-
xyecdysone (20E) plays the prominent role in the control
of oogenesis by stimulating the late stages of YP
production in the fat body, their transportation from
hemolymph to the nurse cells and their further uptake
by the oocytes. On the other hand, Soller et al. (1999),
based on the results of experiments on the effect of
exogenous JH and 20E treatment on Drosophila
melanogaster vitellogenesis, have come to the conclusion
that the development of vitellogenic oocytes, including
both YP production by the follicular cells and their
uptake by the oocytes is promoted by JH, while 20E
regulates previtellogenic stages of the oocyte develop-
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ment. The authors also assume that for the normal
progress of oogenesis in Drosophila, a proper balance
between JH and 20E is of a paramount importance
(Soller et al., 1999).

We obtained evidence in favor of the latter hypoth-
esis, having studied the effects of shifting the balance
between 20E and JH on the process of oogenesis in
Drosophila virilis: changes in the endogenous levels of
20E and JH as a result of heat or nutritional stress or as
a result of a mutation led to serious disturbances in
oogenesis (Gruntenko et al., 2003a; Rauschenbach et al.,
2004a). We also found that in females of D. virilis strain
147 (called heat stress (hs) mutant), changes are
observed under /s in early vitellogenic stages (degrada-
tion of some egg chambers at stages 89 and a delay of
oocyte transition through stage 10) but there is no effect
on late stages (i.e. there is no accumulation of stage 14
oocytes typical of wild type (wf) females) (Gruntenko et
al., 2003a). In hs females, the response of the JH
metabolic system to /s is inhibited (Rauschenbach et al.,
1995, 1996), but does not interfere with the response of
the 20E system (Gruntenko et al., 2003a). However, in
females of this strain the JH metabolic system responds
to the nutritional stress (the hormone degradation
decreases, like in the wt), and they accumulate mature
oocytes and stop laying eggs when starved (Rauschen-
bach et al., 2004a). A similar oviposition arrest is
observed in wt females upon JH application (Rauschen-
bach et al., 2004a). Based on these data we have
concluded that under stress 20E controls the early stages
of oogenesis and JH, the late ones and oviposition.

Here, we report data on the effect of an experimental
increase of 20E titer on JH metabolism, dopamine (DA)
content and fecundity, which support both the hypoth-
esis by Soller et al. (1999) about the importance of the
gonadotropins balance in the control of Drosophila
oogenesis and the concept of Richard et al. (2001)
regarding the prominent role of 20E in the hormonal
control of the Drosophila female reproductive function.

2. Materials and methods
2.1. Maintenance of stocks

Two lines of D. virilis were used: 101, wt, and mutant
line 147 (hs mutant), carrying mutations brick, broken,
and detached on chromosome 2 and a temperature-
sensitive conditional larval lethal on chromosome 6
(Rauschenbach et al., 1984). Adult As females show
increased levels of both 20E and ecdysone and decreased
fertility under normal conditions (Rauschenbach et al.,
1996; Hirashima et al., 2000).

Flies were maintained on a standard yeast, cornmeal,
sugar, nipagin and agar medium at 25°C. Flies were

synchronized at eclosion (flies were collected that
eclosed within 3-4h).

2.2. JH hydrolysis assay

In the present study, we measured JH hydrolysis by
the partition assay of Hammock and Sparks (1977),
because earlier we showed that in D. virilis major JH
degradation was carried out by JH-esterase (JHE), and
the activity of JH-epoxide hydrolase was low and did
not change under stress (unlike that of JHE which
decreases steeply under stress conditions of various
natures) (Rauschenbach et al., 1995; Khlebodarova et
al., 1996). Each fly was homogenized in 30 pl ice-cold
0.1M sodium-phosphate buffer, pH 7.4, containing
0.5mM phenylthiourea. Sample size varied from 7 to
12 individuals for each group. Homogenates were
centrifuged for Smin at 13030g, and samples of the
supernatant (10 ul) were taken for the assay. A mixture
consisting of 0.1 ug unlabeled JH-III (Sigma, addition-
ally purified before using) and 12,500 dpm [*H]-JH-III
labelled at C-10 (17.4 Ci/mmol, NEN Research Pro-
ducts, Germany) was used as a substrate. The reaction
was carried out in 100 pl of the incubation mixture for
30min, and was stopped by the addition of 50 ul of a
solution containing 5% ammonia and 50% methanol
(V/V), and 250pul heptane. The tubes were shaken
vigorously and centrifuged at 13030g for 10min.
Samples (100 ul) of both organic and aqueous phases
were placed in vials containing dioxane scintillation fluid
and counted. Control experiments have shown a linear
substrate-reaction product relationship; further, the
activity measured is proportional to the amount of
supernatant (i.e. enzyme concentration) (Gruntenko et
al., 1999, 2000).

2.3. DA content measurements

DA content was measured using a slightly modified
method of Maickel et al. (1968). There is a difference in
the technique for the extraction of biogenic amines from
tissue: we used HCIO,4, whereas Maickel et al. (1968)
used acidified butanol for this purpose. However, we
obtained evidence that this difference did not affect the
results: there was no significant difference whether
perchloric acid or acidified butanol was used for
extraction, as reported elsewhere (Rauschenbach et al.,
1993). Flies were weighed and homogenized on ice in
0.1 M HCIO4 (1 fly in 0.12ml). Sample size varied from
10 to 15 individuals for each group. The homogenates
were centrifuged for 10min at 12,000rpm and DA
content was determined in 0.1 ml of supernatant. The
method of Maickel et al. (1968) is based on the specific
fluorescence of amines when oxidized by iodine. To
0.1 ml of the supernatant 0.05ml of 0.4 N HCI, 0.1 ml of
EDTA (pH 7.0) (for the fluorofor stabilization), and
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0.1ml of iodine dissolved in alcohol were added
successively. The mixture was incubated for 2min at
room temperature, then 0.1 ml of sodium alkaline
sulphite was added to interrupt the iodine oxidation of
the amines. In 1.5min 0.1 ml of 10N acetic acid was
added and the tubes were gently shaken. The samples
were heated on water bath at 96 °C for 6 min and cooled
in ice water right away. One milliliter of the twice-
distilled water was added to each sample and the
measurements were taken using a Hitachi fluorimeter
(the wavelengths were 330nm for exciting light and
370nm for emitted light). DA concentrations were
calculated by comparing sample values to that of the
DA standard.

2.4. Fecundity analysis
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Fecundity analysis was as follows: three newly eclosed
females and three males were placed into vials (10-12
vials in each control and experimental series), the
bottom and walls of which (1cm high) were covered
with filter paper wetted with 0.5ml of the nutrition
medium which contained 0.5% sucrose and 0.2% yeast.
In the experimental series, 30 or 60 pg of 20E (Sigma)
were added to this solution according to the modified
method of Farkas and Knopp (1977). [In the study of
fecundity upon 1-day starvation the nutrition medium
contained 0.5% sucrose only; 20E was added to the
solution in the experimental series only on that day.]
Flies were transferred to vials with fresh nutrition
medium daily for 8 or 11 days. Fecundity was
determined as the number of eggs laid by a female
within 24 h.

2.5. Statistical analysis

Statistical analyses were performed using Student’s 7-
test and ANOVA procedures in STATISTICA for
Windows, Release 4.5 (@StatSoft Inc., 1993).

3. Results

3.1. Effects of continuous 20E treatment on JH
metabolism and DA content in D. virilis wt strain

To find out whether an experimental increase in 20E
levels has any effect on JH metabolism in D. virilis, the
flies were kept for 8 days on a nutrient medium with
20E. Levels of JH degradation were measured in 20E-
treated and control young (just starting to oviposit) and
mature wt females. The results are presented in Figs. 1
and 2.

Fig. 1 shows that 20E treatment leads to dose-
dependent decrease of JH degradation in young females.
The comparison of control and 20E-treated females by

Fig. 1. Effect of 72h of 20E feeding (30 or 60 pug 20E per vial) on JH
degradation and DA content in 3-day-old wt females of D. virilis.
Means+SE.
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Fig. 2. Effect of 7 days of 20E feeding (60 ng 20E per vial) on JH
degradation and DA content in 7-day-old wt females of D. virilis.
Means+ SE.

one-way ANOVA, with 20E treatment dosage as fixed
effect, revealed significant effects of 20E concentrations
(»<0.001) for JH-hydrolyzing activity.

A question arises as to whether a change in the 20E
level directly affects JH metabolism or whether the effect
is mediated through the biogenic amine system, since
earlier we have shown that JH degradation under
normal conditions is regulated by DA (DA inhibits JH
degradation in the young females and stimulates it in the
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mature ones (Gruntenko et al., 2000; Gruntenko and
Rauschenbach, 2004)). The data in Fig. 1 show dose-
dependent increase of the DA level in young wt females
upon 20E treatment. Use of an one-way ANOVA on the
data for control and 20E treated females (20E concen-
trations as fixed effect) revealed that 20E significantly
(»<0.001) affected DA levels.

Fig. 2 represents changes in the DA content and the
levels of JH degradation in 20E-treated and control
mature (7-day-old) wr females. It is clear that in the
mature females too an increase in the 20E level results in
a decrease of JH degradation (differences from the
control are significant at p<0.01). However, the DA
content in the mature females, unlike that in the young
ones, decreases upon 20E treatment as compared to the
control group (differences are significant at p<0.01).

3.2. Effect of continuous 20E treatment on the fecundity
of D. virilis wt strain

To find out how the changes in the hormonal status of
the females affect fecundity upon treatment with 20E,
this parameter was measured in the wt flies 20E-fed for 8
days (the dose of the hormone—60 pg). These data were
compared with those from a control group of wt flies
and the mutant hs flies characterized, as mentioned
above, by much higher ecdysteroid levels than wt
(Hirashima et al., 2000). As one can see from the data
on Fig. 3, fecundity of wt flies treated with 20E drops
sharply, in comparison with the control flies of the same
strain, starting on day 5 after eclosion (differences from
the control on days 5-8 are significant at p<0.001), and
starting from day 6 it does not differ from fecundity of
hs mutants. Noteworthy is a delay in oviposition onset
in the 20E-treated wt females. It has to do, apparently,
with the enhanced, as compared to control, levels of
both gonadotropins (a putative increase of JH titer in
this experiment will be considered in the Discussion).
Earlier, we observed a similar delay after JH treatment
of hs mutants with the increased endogenous ecdysteroid
level (Rauschenbach et al., 2002).

607 ..o wt 20E
50 A —s—wt control
—o— hs mutant control

40
30
20

fecundity
(egg number/female parent)

days after hatching

Fig. 3. Effect of 8 days of 20E feeding (60 ng 20E per vial) on fecundity
of wt flies in comparison with wr and hs mutant untreated flies.
Means+SE.

3.3. Effect of 1-day 20E treatment and starvation on
fecundity of wt and hs strains

Earlier, we showed that JH treatment (applying 2 ug
of JH-I1I) of wt females resulted in an oviposition arrest
similar to that observed under starvation (Fig. 4B, data
reproduced from Rauschenbach et al., 2004a). To test if
treatment with 20E can produce the same effect, we
evaluated fecundity of the wr and /&s females 20E-fed for
24h in comparison with that of the yeast-fed and
starved (pure sugar-fed) groups (Figs. 4A and 5).

The data in Fig. 4A shows that unlike the JH
treatment (Fig. 4B) and starvation, 20E treatment does
not cause an oviposition arrest. The exogenous 20E
causes a prolonged decrease of fecundity: on the day of
treatment (7th day after eclosion), the fecundity of the
20E-treated flies is 71% from the control level (differ-
ences are significant at p<0.05); on days 9, 10 after
eclosion it is 63% and 74%, accordingly (differences are
significant at p<0.01 for both days), which corresponds
to the fecundity levels observed on days 9 and 10 in the
starved untreated flies. 20E-treatment of the starved
flies, unlike their JH-treatment (Fig. 4B), does not lead
to fecundity changes on the next day (day 8 after
eclosion for 20E treatment and day 4 for JH treatment),
but it decreases fecundity significantly (p<0.05) 24h
later as compared to that of the untreated starved flies
(Fig. 4A). On day 4 after the treatment (day 11 after
eclosion), differences between all groups disappear.

The data in Fig. 5 demonstrate that the pattern of
changes in the fecundity levels caused by the exogenous
20E in the flies with an increased, as compared to the wt,
endogenous 20E level (s mutant) is similar to that
found in wr flies. However, fecundity of 20E-treated /s
flies decreases on the day of treatment to level that is
lower than that of wr flies—it is only 62% from the
control level (differences are significant at p<0.01).

Noteworthy is a rise in fecundity on day 1, after the
end of starvation in females exposed to nutritional stress
on day 7 after eclosion (Fig. 4A). When wt flies were
starved on day 3 after eclosion this effect was not
observed (Fig. 4B). We suppose that this happens
because in the control females on day 8 after eclosion
a fertility drop occurs under normal conditions (which
usually takes place in D. virilis females 7, 8 or 9 days
after eclosion before re-mating), thus making the effect
of laying the accumulated eggs more noticeable than
during a fertility rise on day 4 after eclosion (Fig. 4B).
Earlier, we showed that the eggs accumulated during the
oviposition arrest in the females starved on day 3 after
eclosion were laid during the first 3h after the end of
starvation, and then a decrease of fertility started which
disguised this peak when the total number of eggs laid
within 24 h was counted (Rauschenbach et al., 2004a).
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Fig. 4. Effect of 24 h of 20E feeding (A, 60 pg of 20E per vial) and of JH application (B, 2 ug of JH per female, reproduced from Rauschenbach et al.,

2004a) on reproduction of fed (yeasts and sugar medium) and starved (pure sugar medium) for 24 h wt flies of D. virilis; untreated fed and starved flies

were used as control. The day of treatment is shown by arrow. Means + SE.

60 —@— fed control
— ---0-- fed+20E
= 504 ) .
1) —aA— starvation
g | ---A-- 20B+starvation
2 40 A
<
g i
S 30
)
) J
L
= 20 A
5 J
=

] |
é 0

0 A v

6 7 8 9 10 11

days after eclosion

Fig. 5. Effect of 24 h of 20E feeding (60 pg of 20E per vial) on fecundity of fed (yeasts and sugar medium) and starved (pure sugar medium) for 24 h

hs mutants of D. virilis; untreated fed and starved flies were used as control.

3.4. Effect of 1-day 20E treatment and starvation on JH
metabolism in wt females

Fig. 6 presents JH degradation levels measured 18 h
after the start of treatment in wt starved females
(exposed to 24h of nutritional stress), fed females

The day of treatment is shown by arrow. Means + SE.

treated with 20E, starved females treated with 20E,
and fed controls. One can see that 20E feeding for 18 h
decreases JH degradation level by 20% (differences from
the control group are on the margin of significance);
starvation decreases it by 40%; starvation and 20E
treatment, by 45%. A comparison of these results with
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22 4 [] control et al., 1991) did not result in a decrease of 20E titer. On
4 56f .
-~ [ treatment .the contrary, ap’” females are characterized py s.teeply
i increased levels of production of ecdysteroids in the
18 ovary for the first 3 days after eclosion (Richard et al.,

16{ % % % 4»

JH-hydrolysing activity (pmol/min/fly)

st 20E 20E+st JH

Fig. 6. Effect of 20E feeding, starvation and JH application
(reproduced from Rauschenbach et al., 2004a) on JH degradation in
wt females of D. virilis. Means+ SE. st—18 h of starvation (pure sugar
medium); 20E—18h of 20E feeding (yeasts and sugar medium with
60 ng 20E per vial); 20E+st—18h of starvation together with 20E
feeding; JH—18 h after JH application (2 pg of JH per female).

the data on JH degradation after the treatment with
exogenous JH (data reproduced from Rauschenbach et
al., 2004a) shows that JH treatment decreases JH
degradation to the same extent (42%) as starvation.

4. Discussion

Hormonal control of the vitellogenin production in
the ovary and in the fat body of D. melanogaster was
studied in detail by Postlethwait et al. (Postlethwait and
Handler, 1978; Jowett and Postlethwait, 1981; Post-
lethwait and Parker, 1987; Postlethwait and Shirk,
1981). They proposed the following mechanism of the
control: JH from the corpora allata is transfered to the
ovary where it stimulates synthesis of YPs in the
follicular cells and their further uptake by the oocytes.
Simultaneously, JH induces ecdysone-secreting ovary
cells to produce ecdysteroids which initiate YP synthesis
in the fat body. The latter are secreted to the
hemolymph and taken up later by the oocytes. JH
stimulation of ecdysteroid synthesis in the ovary of D.
melanogaster was confirmed in the study by Richard et
al. (1998) who showed an increase of ecdysteroid
biosynthesis in the case when the ovaries of young
females (within 18 h after eclosion) were incubated with
JHB;. At the same time, in this paper, the authors also
showed that a sharply reduced JH synthesis in the
mutant apterous’” ‘ (ap56f) of D. melanogaster (Altaratz

1998).

We assume that this testifies to the existence of a
mutual control of JH and 20E in Drosophila: not only
does JH stimulate ecdysteroid production, but also 20E,
in turn, is capable of regulating JH levels. In this case,
an increased ecdysteroid level in the ap®® mutant may be
regarded as a compensatory reaction to the decreased
JH titer, aimed at its increase. The data of the present
study confirm this assumption: 20E treatment of the wt
D. virilis females leads to a decrease in JH degradation
both in the young (see Fig. 1) and mature (see Fig. 2)
females. Furthermore, this decrease is dose-dependent:
addition of 30 and 60 pg of 20E to the nutrient medium
results in a decrease of JH-hydrolyzing activity by 14%
and 29%, correspondingly (see Fig. 1). Another proof of
the supposition that 20E affects JH metabolism are our
results of JH degradation measurement in the edysone-
less’ (ecd’) mutant of D. melanogaster: in 1- and 5-day-
old ecd’ females maintained at 29°C (shifting newly
emerged ecd’ adults to 29°C results in drastically
reduced ecdysone titers (Garren et al., 1977)), JH
degradation is significantly higher as compared to that
of ecd’ females kept at 19 °C (unpublished data).

Earlier, we showed that JH application to D. virilis
females resulted in a drastic decrease of the hormone
degradation (Rauschenbach et al., 2002; see Fig. 6). We
assumed this to be a consequence of the common
control of JH synthesis and degradation in Drosophila.
This suggestion was supported by the study of JH
metabolism in ap®” flies: despite the steeply decreased
JH synthesis (Altaratz et al., 1991), ap”® ‘females have a
sharply increased activity level of the JH-degrading
enzymes (Gruntenko et al., 2003b). The existence of a
common control of JH production and degradation
agrees with the fact that in wt adults of D. melanogaster
regulation of JH synthesis and degradation tend to be
opposing. Indeed, both JH titre (Bownes and Rembold,
1987; Sliter et al., 1987) and JH synthesis (Altaratz et al.,
1991) in young wt (Canton S) females were substantially
higher than in mature flies; at the same time, JH
degradation in young Canton S females is significantly
lower than in mature females (Gruntenko et al., 2000,
2003b). The notion of a correlated regulation of JH
synthesis and degradation in insects is also supported by
the data of Renucci et al. (1990) showing that
ovariectomy of Acheta domesticus females results in
the simultancous decrease of JH synthesis and an
increase in the activity of JHE, which degrades the
hormone.

Thus, a decrease of JH degradation in response to the
experimental increase of 20E level (see Figs. 1 and 2)
implies, by all appearance, an increase in JH titer in the
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wt females of D. wvirilis. This agrees both with the
concept of Soller et al. (1999) on the necessity of the
proper balance of 20E and JH for the normal progress
of oogenesis and with the above suggestion regarding
the mutual regulation of the gonadotropins in Droso-
phila.

Noteworthy are the changes in DA content upon 20E
treatment found in the present study: an increase of 20E
level causes a rise in the DA content in the young
females and a decrease in the mature ones (see Figs. 1
and 2). Furthermore, like with JH degradation, these
changes are dose dependent (see Fig. 1). The influence of
20E on DA levels in Drosophila is also confirmed by our
data regarding the significant decrease of the DA level in
the young and increase in the mature females of the
strain ecd’ D. melanogaster (unpublished data).

It is well known that in various insect species, biogenic
amines (octopamine and DA) affect JH synthesis and
degradation (Thompson et al., 1990; Pastor et al., 1991;
Woodring and Hoffmann, 1994; Granger et al., 1996;
Hirashima et al., 1999). Having studied JH degradation
in D. melangogaster females of the octopamineless strain
TBH"™'8 and two strains of independent origin carrying
the mutation ebony, which doubles DA content, we have
found that octopamine inhibits JH degradation both in
young and mature females, and DA inhibits JH
degradation in young but stimulates it in mature
Drosophila females (Gruntenko et al., 2000; Rauschen-
bach et al., 1987; Gruntenko and Rauschenbach, 2004).
Furthermore, there is a feedback in this regulation: JH
application results in a decrease of DA content in the
young and its increase in the mature D. virilis and D.
melanogaster females (Gruntenko et al.,, 2003b;
Rauschenbach et al., 2004b). The existence of ontoge-
netic differences in the control of JH synthesis was
demonstrated in females of Blattella germanica: DA
stimulated JH production on days 1 and 2 of the first
ovarian cycle and caused the opposite effect on days 6
and 7 (Pastor et al., 1991).

Taking the above into consideration, it is reasonable
to assume that the effect of 20E on JH metabolism in D.
virilis is mediated through the DA metabolic system.
Indeed, an increase in the DA content in the young
females after 20F treatment (see Fig. 1) and its decrease
in the mature ones (see Fig. 2) should result in a decrease
of the JH-hydrolyzing activity. This assumption is also
in good accord with the earlier found increased DA
content in the young females of the JH-deficient strain
ap’” of D. melanogaster that decreased upon JH
application (Gruntenko et al., 2003b). Based on our
hypothesis that JH regulation by 20E is mediated
through the DA metabolic system, the increased
ecdysteroid level (Richard et al., 1998) in the young
ap’” mutant might have been a beginning of a
compensatory reaction aimed at an increase in the JH
titer via the increase in the DA content.

An important result of the present study is a proof of
the conclusion made before that the oviposition arrest
under stress is caused by an increase in the JH level, and
the further decrease of fertility, by a rise in the 20E titer.
Indeed, a rise in the 20E titer does not interrupt
oviposition (see Fig. 4A) regardless of the fact that it
results in a decrease of JH-hydrolyzing activity (see Fig.
6). Apparently, the decrease in JH degradation (a
putative increase in the hormone titer) by 20% observed
upon l-day 20E treatment is not enough to stop
oviposition. At the same time, prolonged 20E treatment
decreases fecundity of wt females (see Fig. 3) to the level
typical of the hs mutant with the increased endogenous
20E titer (Hirashima et al., 2000), and 1-day 20E
treatment decreases fecundity of wt and As flies to the
level observed in the flies stressed by starvation (see
Figs. 4A and 5). The latter is not a surprise, since it was
demonstrated that treatment of D. melanogaster females
with exogenous 20E (Soller et al., 1999) or an increase of
the endogenous 20E level in D. virilis as a result of stress
or a mutation (Gruntenko et al., 2003a; Rauschenbach
et al., 2004a) lead to degradation of early vitellogenic
oocytes.

It is interesting to note that 20E treatment of wt and
hs females of D. virilis simultaneously with nutritional
stress leads to a more pronounced fecundity decrease
(see Figs. 4A and 5), unlike the JH treatment combined
with starvation which results in a fecundity (Rauschen-
bach et al., 2004a) and a fertility (see Fig. 4B) peak after
the end of the oviposition arrest because it ensures, as
Soller et al. (1999) showed, protection of a part of early
vitellogenic oocytes from 20E-induced resorption.

Thus, the data obtained (1) agree with our supposi-
tion about the mutual regulation of the gonadotropins
under stress in Drosophila, (2) present another proof to
the conclusion of Soller et al. (1999) regarding the
necessity of the proper balance between JH and 20E for
the normal progress of vitellogenesis in Drosophila and
(3) support the hypothesis of Richard et al. (1998) that
20E might play the main role (including JH titer
regulation) in this process.

Acknowledgments

This study was supported by Grants ## 03-04-48168,
04-04-48273 from the Russian Foundation for Basic
Research, by grants from President of Russian Federa-
tion ¥ MK-185.2003.04 for Young Scientists and % 2303-
2003 for Schools of Thought, by Integration Grant $151
from Siberian Division of Russian Academy of Sciences,
and by Russian Science Support Foundation. Dr.
Gruntenko was granted a Wellmark Scholarship for
the participation in the 8th International Conference on
the Juvenile Hormones.

57

59

61

63

65

67

69

71

73

75

77

79

81

83

85

87

89

91

93

95

97

99

101

103

105

107

109

111



11

13

15

17

19

21

23

25

27

29

31

33

35

37

39

41

43

45

47

49

51

53

55

IP : 1596

8 N.E. Gruntenko et al. | Journal of Insect Physiology 1 (1ill) 111-111

References

Altaratz, M., Applebaum, Sh.W., Richard, D.S., Gilbert, L.I., Segal,
D., 1991. Regulation of juvenile hormone synthethis in wild-type
and apterous mutant Drosophila. Molecular and Cellular Endocri-
nology 81, 205-216.

Bownes, M., 1986. Expression of genes coding for vitellogenin (yolk
protein). Annual Review of Entomology 31, 507-531.

Bownes, M., 1989. The roles of juvenile hormone, ecdysone and the
ovary in the control of Drosophila vitellogenesis. Journal of Insect
Physiology 35, 409—413.

Bownes, M., Rembold, H., 1987. The titre of juvenile hormone during
the pupal and adult stage of the life cycle of Drosophila
melanogaster. European Journal of Biochemistry 164, 709-712.

Farkas, R., Knopp, J., 1977. Ecdysone-modulated response of
Drosophila cytolic malate dehydrogenase to juvenile hormone.
Archives of Insect Biochemistry and Physiology 35, 71-83.

Garren, A., Kauvar, L., Lepesant, J.-A., 1977. Roles of ecdysone in
Drosophila development. Proceedings of the National Academy of
Sciences of the United States of America 74, 5099-5103.

Granger, N.A., Sturgis, S.L., Ebersohl, R., Geng, C., Sparks, T.C.,
1996. Dopaminergic control of corpora allata activity in the larval
tobacco hornworm, Manduca sexta. Archives of Insect Biochem-
istry and Physiology 32, 449-466.

Gruntenko, N.E., Rauschenbach, I.Yu., 2004. Adaptive value of genes
controlling the level of biogenic amines in Drosophila. Russian
Journal of Genetics 40, 703-709.

Gruntenko, N.E., Khlebodarova, T.M., Sukhanova, M.Jh., Vasenko-
va, ILA., Kaidanov, L.Z., Rauschenbach, I.Yu., 1999. Prolonged
negative selection of Drosophila melanogaster for a character of
adaptive significance disturbs stress reactivity. Insect Biochemistry
and Molecular Biology 29, 445-452.

Gruntenko, N.E., Wilson, T.G., Monastirioti, M., Rauschenbach,
L.Yu., 2000. Stress-reactivity and juvenile hormone degradation in
Drosophila melanogaster strains having stress-related mutations.
Insect Biochemistry and Molecular Biology 30, 775-783.

Gruntenko, N.E., Bownes, M., Terashima, J., Sukhanova, M.,
Rauschenbach, 1.Yu., 2003a. Environmental stress affects oogen-
esis differently in wild type and a Drosophila virilis mutant with
altered juvenile hormone and 20-hydroxyecdysone levels. Insect
Molecular Biology 12, 393-404.

Gruntenko, N.E., Chentsova, N.A., Andreenkova, E.V., Bownes, M.,
Segal, D., Adonyeva, N.V., Rauschenbach, I.Yu., 2003b. Stress
response in a juvenile hormone deficient Drosophila melanogaster
mutant apterous’. Insect Molecular Biology 12, 353-363.

Hammock, B.D., Sparks, T.C., 1977. A rapid assay for insect juvenile
hormone esterase activity. Analytical Biochemistry 82, 573-579.

Hirashima, A., Suetsugu, E., Hirokado, S., Kuwano, E., Taniguchi, E.,
Eto, M., 1999. Effect of octopamine on the activity of juvenile-
hormone esterase in the silkworm Bombyx mori and the red flour
beetle Tribolium freemani. General and Comparative Endocrinol-
ogy 116, 373-381.

Hirashima, A., Rauschenbach, 1.Yu., Sukhanova, M.Jh., 2000.
Ecdysteroids in stress responsive and nonresponsive Drosophila
virilis lines under stress conditions. Bioscience, Biotechnology, and
Biochemistry 64, 2657-2662.

Jowett, T., Postlethwait, J.H., 1981. Hormonal regulation of synthesis
of yolk proteins and a larval serum protein (LSP2) in Drosophila.
Nature 292, 633-635.

Khlebodarova, T.M., Gruntenko, N.E., Grenback, L.G., Sukhanova,
M.Z., Mazurov, M.M., Tomas, B.A., Hammock, B.D., Rauschen-
bach, 1.Y., 1996. A comparative analysis of juvenile hormone
metabolysing enzymes in two species of Drosophila during
development. Insect Biochemistry and Molecular Biology 26,
829-835.

Koeppe, J.K., Fuchs, M., Chen, T.T., Hunt, L.M., Kovalick, G.E.,
1985. The role of juvenile hormone in reproduction. In: Kerkut,
G.A., Gilbert, L.I. (Eds.), Comprehensive Insect Physiology,
Biochemistry and Pharmacology, vol. 8. Pergamon Press, New
York, pp. 165-203.

Maickel, P., Cox, R.H., Saillant, J., Miller, F.P., 1968. A method for
the determination of serotonin and noradrenaline in discrete areas
of rat brain. International Journal of Neuropharmacology 7,
275-278.

Pastor, D., Piulachs, M.D., Cassier, P., Andre, M., Belles, X., 1991. In
vivo and in vitro study of the action of dopamine on oocyte growth
and juvenile hormone production in Blattella germanica. Comptes
Rendus de ’Académie des Sciences—Series III—Sciences de la Vie,
Paris 313, 207-212.

Postlethwait, J.H., Handler, A.M., 1978. Nonvitellogenic female sterile
mutants and the regulation of vitellogenesis in Drosophila
melanogaster. Developmental Biology 67, 202-213.

Postlethwait, J.H., Parker, J., 1987. Regulation of vitellogenesis in
Drosophila. In: O’Connor, J.D. (Ed.), Molecular Biology of
Invertebrate Development. Alan R Liss Inc., New York, pp. 29-42.

Postlethwait, J.H., Shirk, P.D., 1981. Genetic and endocrine regulation
of vitellogenesis in Drosophila. American Zoology 21, 687-700.

Rauschenbach, 1.Yu., Lukashina, N.S., Korochkin, L.I., 1984. Genetic
of esterases in Drosophila. VII1. The gene controlling the activity of
JH-esterase in D. virilis. Biochemical Genetics 22, 65-80.

Rauschenbach, 1.Y., Lukashina, N.S., Maksimovsky, L.F., Koroch-
kin, L.I., 1987. Stress-like reaction of Drosophila to adverse
environmental factors. Journal of Comparative Physiology 157,
519-531.

Rauschenbach, I.Yu., Serova, L.I., Timochina, I.S., Chentsova, N.A.,
Schumnaja, L.V., 1993. Analysis of differences in dopamine
content between two lines of Drosophila virilis in response to heat
stress. Journal of Insect Physiology 39, 761-767.

Rauschenbach, 1.Y., Khlebodarova, T.M., Chentsova, N.A., Grun-
tenko, N.E., Grenback, L.G., Yantsen, E.I., Filipenko, M.L., 1995.
Metabolism of the juvenile hormone in Drosophila adults under
normal conditions and heat stress. Journal of Insect Physiology 41,
179-189.

Rauschenbach, I.Yu., Gruntenko, N.E., Khlebodarova, T.M., Mazur-
ov, M.M., Grenback, L.G., Sukhanova, M.Jh., Shumnaja, L.V,
Zakharov, 1.LK., Hammock, B.D., 1996. The role of the degrada-
tion system of the juvenile hormone in the reproduction of
Drosophila under stress. Journal of Insect Physiology 42, 735-742.

Rauschenbach, 1.Yu., Adon’eva, N.V., Gruntenko, N.E., Karpova,
E.K., Chentsova, N.A., Faddeeva, N.V., 2002. The synthesis and
degradation of juvenile hormone in Drosophila are under common
control. Doklady Biological Sciences 386, 448—450.

Rauschenbach, I.Yu., Gruntenko, N.E., Bownes, M., Adonieva, N.V.,
Terashima, J., Karpova, E.K., Faddeeva, N.V., Chentsova, N.A.,
2004a. The role of juvenile hormone in the control of reproductive
function in Drosophila virilis under nutritional stress. Journal of
Insect Physiology 50, 323-330.

Rauschenbach, 1.Yu., Gruntenko, N.E., Chentsova, N.A., Adonyeva,
N.V., Karpova, E.K., 2004b. Feetback in the regulation of juvenile
hormone titre by biogenic amines in Drosophila. Doklady
Biological Sciences 397, 324-325.

Renucci, M., Strambi, C., Strambi, A., Augier, R., Charpin, P., 1990.
Ovaries and regulation of juvenile hormone titer in Acheta
domesticus L. (Ortoptera). General and Comparative Endocrinol-
ogy 78, 137-149.

Richard, D.S., Watkins, N.L., Serafin, R.B., Gilbert, L.I., 1998.
Ecdysteroids regulate yolk protein uptake by Drosophila melano-
gaster oocytes. Journal of Insect Physiology 44, 637-644.

Richard, D.S., Jones, J.M., Barbarito, M.R., Cerula, S., Detweiler,
J.P., Fisher, S.J., Brannigan, D.M., Scheswohl, M., 2001.
Vitellogenesis in diapausing and mutant Drosophila melanogaster:

57

59

61

63

65

67

69

71

73

75

77

79

81

83

85

87

89

91

93

95

97

99

101

103

105

107

109

111



IP : 1596

N.E. Gruntenko et al. | Journal of Insect Physiology 1 (1ill) 111-111 9

further evidence for the ralative roles of ecdysteroids and juvenile
hormones. Journal of Insect Physiology 47, 905-913.

Sliter, T.J., Sedlak, B.J., Baker, F.C., Schooley, D.A., 1987. Juvenile
hormone in Drosophila. ldentification and titer determination
during development. Insect Biochemistry 17, 161-165.

Soller, M., Bownes, M., Kubli, E., 1999. Control of oocyte maturation
in sexually mature Drosophila females. Developmental Biology 208,
337-351.

Thompson, C.S., Yagi, K.J., Chen, Z.F., Tobe, S.S., 1990. The effects
of octopamine on juvenile hormone biosynthesis, electrophysiol-
ogy, and cAMP content of the corpora allata of the cockroach
Diploptera punctata. Journal of Comparative Physiology B 160,
241-249.

Woodring, J., Hoffmann, K.H., 1994. The effects of octopamine,
dopamine and serotonin on juvenile hormone synthesis, in vitro, in
the cricket, Gryllus bimaculatus. Journal of Insect Physiology 40,
797-802.

11

13

15

17



	Juvenile hormone, 20-hydroxyecdysone and dopamine interaction in Drosophila virilis reproduction under normal and nutritional stress conditions
	Introduction
	Materials and methods
	Maintenance of stocks
	JH hydrolysis assay
	DA content measurements
	Fecundity analysis
	Statistical analysis

	Results
	Effects of continuous 20E treatment on JH metabolism and DA content in D. virilis wt strain
	Effect of continuous 20E treatment on the fecundity of D. virilis wt strain
	Effect of 1-day 20E treatment and starvation on fecundity of wt and hs strains
	Effect of 1-day 20E treatment and starvation on JH metabolism in wt females

	Discussion
	Acknowledgments
	References


