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38 Abstract

% The juvenile hormones (JHs) have long been believed to be key elements of the regulation of vitellogeDessophila

2 melanogasterThis essential role for JH was challenged in Richard et al. (Journal of Insect Physiology 44 (1998) 637) in a novel

a model of the endocrine control of vitellogenesis. Further evidence supporting this proposed model and for understanding yolk

a2 protein (YP) production and uptake in JH-deficient conditions is presented here. Pre-vitellogenic diapause in the Canton-S strain

43 was terminated within 4 days by the injection of 0.1 ng 20-hydroxyecdsyone; the applicatiou@fJH Il failed to elicit a

4 response suggesting once more that ecdysteroids may be the more important agent. Nevertheless, this dose of JH Ill did reverse

5 the delay associated with the onset of reproductive development of the JH-deficient apifait a manner consistent with the

n proposed role for JH of stimulating early YP synthesis by ovarian follicle cells. Similarly, JH Il applicatiap*ttemales also

a7 stimulated a degree of ovarian development. A high affinity JH 11l binding fa&tge1.5 nM) in whole body extracts was quantified

a8 by equilibrium dialysis. Binding levels were greater in Canton-S females thapiti females though irap®®" binding could be

49 stimulated within 18 h of eclosion by the application ofug JH 1. Ovaries fromap*®f and Canton-S failed to produce any JH-

50 like compounds. These data are discussed in the context of our model for the endocrine control of vitellog@resisphila [

51 2001 Elsevier Science Ltd. All rights reserved.
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56 1. Introduction rescued by the application of the JH analog methopresne
(Postlethwait and Weiser, 1973). Indeed, CA from these

57 Juvenile hormone (JH) and ecdysteroids have longfemales fail to produce normal levels of JH in vitra.

58 been believed to play positive gonadotropic roles in (Altaratz et al., 1991). Furthermore, when methoprene

59 reproduction in adult insects. Juvenile hormone synthe- was applied to starved wild-type adults or isolated abda-

60 sized by the corpus allatum (CA) ddrosophila mel- mens, under these conditions YP synthesis would ke

61 anogasterstimulates yolk protein (YP) synthesis and low, YP transcript became elevated (Jowett and Post-
62 uptake by the developing oocytes; ecdysteroids producedethwait, 1980). Methoprene also stimulated fat body YR
63 by follicle cells in the ovary, and by other tissues, stimu- transcript levels in fed flies (Bownes et al., 1987) furthes
64 late fat body YP synthesis (Koeppe et al., 1985; Bownes supporting the postulate that JH is required for vitellog-
6 et al., 1993; Kelly, 1994). This model is supported by enesis. In Richard et al. (1998), we presented evidenee
66 observations of the JH-deficient mutamatpterou$, in that this may not be due to the direct effect of the JH-
& which little vitellogenesis occurs; a condition partially analog upon YP synthesis by fat body, but rather due 4o
JH-stimulation of ovarian ecdysteroid synthesis, the lat-
ter in part responsible for YP production and uptake.

2 * Corresponding author. Tel#1-570-372-4206; fax+1-570-372-  BOWNes et al. (1996) presented evidence that 20-hydrax-

13 2751, yecdysone not JH regulated YP gene expressiorigia s

18 E-mail addressrichard@susqu.edu (D.S. Richard). acting sequences, further suggesting that JH does rot
directly affect YP transcription in the fat body. 8
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This widely accepted role for juvenile hormone was eriod at 12C (Saunders et al., 1989). Stocks ofi
challenged by observations of another JH deficient ap*/GlaBcElp and ap®®® mutant animals were raisedu:
mutant @pterous®) in which near normal vitellogenesis under L12:D12 at 25C. All animals were reared on arti- .
occurs in the absence of normal levels of JH production ficial Drosophila medium (Carolina Biological) sup- s
by isolated CA (Altaratz et al., 1991; Richard et al., plemented with dried baker’s yeast. Flies were anaesthet-
1998). However, ovaries from these flies produce aboveized on ice prior to dissection or injection/applicatioms
normal levels of ecdysteroids (Richard et al., 1998). The of hormones. 146
only apparent changes in reproduction as compared to 20-Hydroxyecdysone (Sigma) solutions were injected
wild-type females are a delay in YP uptake (Altaratz et in 23 nl of Eagles minimal essential medium MEMus
al., 1991) and altered sexual activity (Ringo et al., 1991). (Sigma) into the abdomens of flies using an oil-displaces
We believe that the delay is the result of absent early ment nanoliter injector (World Precision Instruments)so
YP synthesis due to sub-threshold levels of JH pro- Methylene blue was included in the MEM (1 mg/ml) ass:
duction and supporting data will be presented in this a visual indicator of successful injection in both experis:
paper. mental and control injections (no 20-hydroxyecdysone}:

Many insects enter an over-wintering diapause con- One microgram of JH Il (Sigma) in Ll acetone, or s
dition in response to changes in photoperiod and tem-1 pl acetone controls was applied to the abdomens &f
perature, apparently under the control of the endocrine diapausing andp®®' females using a 1Ql Hamilton syr- s
system which can disrupt the synthesis of JH and/or inge. 157
ecdysone (see Denlinger, 1985). This exhibits itself in  Equilibrium dialysis binding assays (Klotz, 1989;ss
D. melanogasters a pre-vitellogenic arrest in ovarian modified by Park et al., 1993) involved dialyzing tissues
development (Saunders et al.,, 1989). No YPs areextract against buffer containing radiolabeled JH Itk
deposited in the developing oocytes even though they(17.4 Ci/mM, 54,000 dpm per tube, New Englangk
are present in the hemolymph (Saunders et al., 1990)Nuclear). Two hundred milligrams of staged females:
and both JH and ecdysteroid synthesis are depressedvere homogenized on ice in 2 ml PBIS(comprising s
throughout (Richard et al., 1998). In some species, PBS pH 7.4 containing the protease inhibitors: EDTAg
female reproductive diapause is thought to result from a 1 mM; Leupeptin, 0.51g/ml; PMSF, 0.2 mM; Pepstatin, s
block in JH production by the CA (De Wilde and De 0.7 ug/ml; Aprotinin, 1 ug/ml; Antipain, 5pg/ml; Tryp- 1
Boer, 1961; Hodkova, 1977). Indeed, the application of sin Inhibitor, 50 ug/ml). One milliliter of a 100,000 g
JH Il or JHB; (Richard et al., 1989a) to abdomens of cytosolic extract, diluted to 5 mg equivalents/ml ines
diapausing females did restore vitellogenesis (SaundersPBStl, was enclosed in a length of PEG-treated 8008
et al., 1990). However, diapause termination by warming Da MW cutoff dialysis tubing (Spectrapour Inc.), andw
the flies from 11 to 2%C involves an increase in ecdys- the tube incubated overnight af@ in a 5 ml PEG-
teroid, but not JH synthesis, within 8 h of transfer treated shell vial containing 1 ml of PBSsupplemented 17
(Richard et al., 1998). The injection ofidg 20-hydrox- with the radiolabeled JH 1l and unlabelled competitos:
yecdysone into diapausing females can also initiate vitel- JH 11l (Sigma) as appropriate. Levels of radioactivity inw.
logenesis. In other words, ecdysteroids, but not JHs are0.5 ml aliquots of the extract and the dialysis buffer wergs
apparently active in diapause termination. determined using a Beckman LSC 6500. 176

In this paper, we will present further evidence that a  The radiochemical assay for JH production in vitra;
role for JH is to regulate early YP synthesis and uptake based on that developed by Tobe and Pratt (1974) was
from follicle cells, and that in the absence of JHs, late carried out with isolated third instar larval brain—ventrakb.
YP synthesis by the fat body is possibly under the con- ganglion—-ring gland complexes, whole abdomens ansl
trol of ecdysteroids. This naturally presupposes that theisolated ovaries in MEM (minus methionine) supzs
CA is the sole source of JH within the adult female fly. plemented withL-[*H-methyl]-methionine (Amersham, i
We shall present data supporting this supposition. The specific activity 81 Ci/mmol) as the methyl-group donorigs
presence and concentration of JH binding factors in and with the JH-esterase inhibitor octyl-1,1,1-trifluoropr.
developing wild-type and mutant females will also be ropanone (OTFP) to a concentration of OfBM s
discussed in the context of a limited role for JH in the (Hammock et al., 1984) as described previously (Richard
regulation of vitellogenesis. et al., 1989a; Altaratz et al., 1991). Immediately prior ta-

use, the tritiated methionine was washed 10 times with
50 volumes of hexane to remove lipid soluble contamis
2. Materials and methods nants that would otherwise interfere with the assayo
Whole disrupted abdomens, single pairs of ovaries and

Wild-type D. melanogaster(Canton-S strain) were third larval instar brain/ring gland complexes were inCus:
maintained under a L12:D12 photoperiod at@iinless bated for 2 h at 28 in the presence or absence of 20
otherwise indicated. Diapausing animals were obtained uM JH-precursor farnesoic acid (FA) (kindly suppliedss
by allowing adults to eclose under an L12:D12 photop- by Dr Stephen S. Tobe, University of Toronto). Pooleds
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19 hexane fractions were subjected to silica gel thin-layer cesses is demonstrated by the rescue of the 6 h delay

197 chromatography with a JH 1l standard visualized under associated withap®® vitellogenic development by thezs

198 UV light as described previously (Richard et al., 1989a). application of 1pug JH 1l in 1 pl acetone at 6 h post 20
eclosion. The flies were dissected at 2 h intervals there-
after. Stage 14 oocytes were found 6 h earlier in the 34

199 3. Results lll-treated than in either the acetone-treated or untreated
females (Fig. 3). The application of a similar dose of Jk.
200 Ovarian volume was calculated using the equation Ill to ap* homozygous females 1 h after eclosion alsss

201 70.5LW wherelL is the ovary length antlV is the ovary has a significant stimulatory effect on OMP<£0.008; 2.
202 width (Richard et al., 1998). The ovarian maturity index t=2.71 with 13 df) as measured at 18 h post eclosion at
203 (OMI) was calculated by multiplying ovarian volume by 25°C (Fig. 4). However, this OMI increase was dues
204 the stage of the most mature vitellogenic oocyte primarily to changes in ovary volume as little visibless
205 (determined according to King, 1970). If no yolk was accumulation of YPs was noted. The nature of this Vol
206 observed, the vitellogenic state was designated as stageme increase is uncertain. 241
207 7. The use of OMI as a measure of development allowed Scatchard analysis (Fig. 5A) of tritiated JH Il bindingx.
208 the rapid quantitative screening of large numbers of to 1 ml of a 5 mg/ml 24 h female Cantond3. mel- s
200 ovaries during the course of these experiments. anogaster100,000 g cytosolic extract was performecs
210 In Richard et al. (1998) we reported that the injection JH Il was added to the assays as a competitor ovee.a
211 of 1 pug 20-hydroxyecdysone into diapausing females 0.14-140 pmol concentration range. This demonstrated
212 resulted in the termination of diapause as determined bythat a JH Il binding factor was present with a saturable
213 the appearance of yolk in the developing oocytes. Fig. affinity of binding Kp) of 1.55 nM and a binding site s
au 1 demonstrates that dosages of 20-hydroxyecdysone asoncentration R;) of 0.0162 nmol/mg extract. 249
315 low as 0.1 ng are able to terminate diapause, resulting Homogenized extracts of newly eclosed Canton-S
216 in an increase in OMI from the diapausing level of wild-type females (as described above) bound three
217 between 200 and 300 to approximately 1000 within 7 times as much JH Il as equivalent agepP®’ females, 2
218 days. The time course of diapause termination is shownwhereas by 4 h post eclosion and thereafter, they bousad
219 in Fig. 2, where the injection of 11 ng 20-hydroxyecdy- only twice as much (Fig. 5B). 254
220 sone resulted in a significant increase in OMI within 4  The ability of topically applied JH IIl to induce zs
221 days P<0.001,t=—4.55 with 27 df). MEM-injected and  increases in JH IIl binding capacity ap*® females was 2
222 non-injected females did not show the same increase.investigated by equilibrium dialysis of extracts of 18 b
223 Stage 13/14 oocytes were present in the injected, but notpost-eclosion females to which [1g JH Ill had been s
224 in the untreated or MEM-injected, females after 4 days. applied 6 h post eclosion (Fig. 6). Significant increases
225 Females to which Jug JH Il was applied on day 9 did in JH Ill binding were observed as compared to acetong-

226 not show an increase in OMI. applied controlsP=0.013;t=2.299 with 34 df). Equival- 2
227 The ability of JH Ill to stimulate reproductive pro- ent increases were not noted upon the application of 3t
Il to wild-type females. 263
§
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12 Fig. 1. The dose-dependent effect of 20-hydroxyecdysone injection (in 23 nl MEM supplemented with 1 mg/ml methylene blue) on the ovarian
13 development (OMI) of diapausing CantorBs melanogastefemales 14 days after eclosion in L12:D12 at@2Flies were dissected and evaluated
14 7 days after injection. OMI of MEM injected females and uninjected females 21 days post eclosion wes& aifl 35422, respectivelyn=7-14.
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Fig. 2. The time course of diapause termination in day-14 Canton-S fdateelanogastefollowing injection of 20-hydroxyecdysone (11 ng

in 23 nl MEM supplemented with 1 mg/ml methylene blue — filled triangles); MEM (23 nl supplemented with 1 mg/ml methylene blue — filled
squares); or application of JH Il (fig in 1 ml acetone — open circles) or acetone (open squares). Untreated females shown by open diamonds.
Females were treated and then dissected for the evaluation of ovarian development (OMI) at the time pointa=stGv80;
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Fig. 3. The effect of application of fuig JH Ill in 1 pl acetone (filled circles) or 1l acetone (filled squares) 6 h after eclosion on the ovarian
development (OMI) ofap*®' female flies. Females were dissected at 2 h intervals thereafter. Untreated females are shown by open diamonds. The
numbers in parentheses denote the mean number of stage-14 oocytes (King, 1970) pemfeifialg.

The apparent level of JH production (Fig. 7) by both Rf=0.81). No JH-like factor was noted in either the FAss
Canton-S andhp®®' 24 h post-eclosion ovaries in vitro treated or untreated ovaries (data not shown). Likewise,
as measured by radiochemical assay in the absence ofvhen whole, disrupted abdomens were incubated in the
the JH precursor FA was comparable to published levels presence or absence of FA, no JH-like compounds wese
of JH production by isolated ring glands and adult CA produced (data not shown). The identity(ies) of the hexs
(Richard et al., 1989b; Altaratz et al., 1991). However, ane soluble radiolabel from the ovarian incubations
these levels did not increase in the presence of FA, andshown in Fig. 7 remains unknown. 285
even decreased in the caseapf® ovaries. Brain—ventral
ganglion-ring gland complexes produced expected lev-
els of radiolabel incorporation in both the absence and 4. Discussion 286
presence of FA. When the pooled hexane fractions from
the farnesoic acid-treated incubations were analyzed by The data presented here support a model (Richard.et
thin layer chromatography (Fig. 8), a factor consistent al., 1998) in which ecdysteroids play the more importaas
with JHB; was noted only with the brain—ventral gang- role in the regulation of vitellogenesis D. melanogas- s
lion-ring gland complexes (JHBRf=0.68, JH llI ter. JHs may play a less essential role as YP synthesis
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Fig. 4. The effect of JH Il application (fug in 1 ul acetone) on the Bound (Mx 10°")

ovarian development (OMI) aip® females at 25C. JH Ill was applied
1 h post eclosion, dissection and evaluation at 18 h post eclosion; 30
n=10-12.

25

and uptake can occur in their absence. This model was
based upon observations of the JH-deficiea®
mutation in which vitellogenesis occurred with only a
delay in its onset, and observations of diapausing Can-
ton-S females. Our interest in diapause is two-fold: (1)
the processes by which this overwintering condition is
induced and terminated, and (2) as a tool by which nor-
mal endocrine function can be interrupted conditionally
in a wild-type background. Since some endocrine-asso-

T T T I T T T I Tr T T T T I T T I T I T T I T T Y

fmols JH Il bound / mg tissue
+ SEM
@

ciated genes have proven to be pleiotropic in nature, for 0 4 8 12 16 24 48
exampleapterous(Cohen et al., 1992) and the tempera- Hours post eclosion
ture-sensitive allelecdysoneledgRedfern and Bownes, P Pt

1983), it is useful to disrupt hormonal production in a Fig. 5. (A) Scatchard plot of JH Il binding to 1 ml of a 5 mg/mlas
wild-type fly without worrying that other genetic influ- 24 h female Canton-S 100,000 g cytosolic extract (tritiated JH I, New

. e i~ England Nuclear, 0.14 pmol of 17.4 Ci/mM JH llI, 54,000 dpm peto
ences or nqn SpeCIfIC effects of temperature elevation assay). Unlabeled JH Il (Sigma) was added to the assays as a competi-
may be having an effect.

. ; - . . tor over a 0.14-141 pmol concentration range. The dissociation can-
Diapause in many insects is characterized by stagestant Kp) and total binding capacityR;) were calculated from the sz
specific arrested development resulting from pre-pro- regression linerecorrelation coefficient). (B) JH 11l binding in Can- s

grammed endocrine lesions (Denlinger, 1985). Dn ton-S (squares) arap>®' (diamonds) females during the 48 h followingss

; ; ihi Vi . eclosion at 2%C. Binding measured by equilibrium binding of 1.4se
melanogasterdiapause is exhibited as a pre-vitellogenic mol of 10 Ci/mM tritiated JH 111 (46,000 dpm) with 1 ml of 5 mg/ml s7

arrest under Short'day photoperiodg at IO_W temperature%oo,ooo g cytosolic extract (in PBS plus protease inhibitors) of 24
(Saunders et al., 1989). JH synthesis by isolated corporaemales:n=3-6. o

allata (Saunders et al., 1990) and ovarian ecdysteroid

synthesis (Richard et al., 1998) are low during diapause.(King, 1970). Here we report that diapausing females
However, during diapause termination, only ecdysteroid are even more sensitive to ecdysteroids than previously
synthesis is elevated, JH production remains below thedemonstrated. The injection of only 0.1 ng 20-hydrox.-
limits of detection (Richard et al., 1998). Nevertheless, yecdysone is sufficient to elicit major responses by the
the application of JH Ill or JHBto day-14 diapausing ovaries; ovarian volume and developmental stage baoth
females can result in the termination of diapause in someincrease significantly. This level of injected hormone iso
circumstances (Saunders et al., 1990). Furthermoreclose to the physiological range (2-10 pg/ovary/5 ki
Richard et al. (1998) reported that the injection ofid Richard et al., 1998) of ecdysteroid production by isos
of 20-hydroxyecdysone into similar diapausing females lated wild-type ovaries in vitro and to the published conss
resulted in the termination of diapause as noted by ancentration of immunoreactive ecdysteroids in adult herga
increase in ovarian volume and in mean oocyte stageolymph at eclosion of 10 pgl (Handler, 1982). a3
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16 after 7 days. The possibility that the amount of JH Il
15 4 being applied to the diapausing females was insufficiest
to elicit a response, perhaps due to degradation, was dis-
counted by the use of the same JH Il ap>5 experi- s
ments discussed below in which the hormone was effee-
tive at the same concentration. Another possibility that
remains to be addressed experimentally is the method:ef
anaesthetizing the females prior to the application of the
JH or the injection of the 20-hydroxyecdysone. In Sauis
ders et al. (1990) we etherized flies prior to treatment
whereas in the present study, and in Richard et ak
(1998), we cooled the adults on ice. Organic solvenis
(notably hexane) have pupal-diapause terminating
effects in both flies$arcophaga crassipalgisind moths  ses
s6r (Manduca sexta(Denlinger et al., 1980). It is possibless
ap  + acetone i therefore that the ether sensitized the diapauBiragso- =
Fig. 6. The inducibility of JH binding in 18 h post-eclosiap  Phila females to JH application in a way not achieveds
females by Iug JH 11l in 1 pl acetone applied at 6 h post eclosion to by the less physiologically invasive method of chillinges
500 flies (=35). Acetone was applied as a control to 100 flies1E). on ice. Diapause termination by JH application as we
Binding assayed by equilibrium dialysis as described in Fig. 5A. reported in Saunders et al. (1990) may therefore nat
accurately reflect the physiological condition but rather

14 1

13 4

+ SEM

fmol JH 111 bound / mg extract

0O N O O O
A

561
g

0.06 -

0.05 A

0.04 4
0.03 -
0.02 4
0.01 4
. | _mm -

CS Ov ap56f Ov BrRG CS Ow+FA ap6f BrRG + FA
Ov+FA

pmol JH equivalents f h * SEM

Fig. 7. The in vitro production of radiolabeled hexane soluble material (in pmol JH equivalents/h) by isolated ovaries from 24 h post-eclosion
Canton-S andp*® females, and by isolated brain—ventral ganglion-ring gland complexes from third instar Canton-S larvae, in the presence and

absence of 2QM FA. Incubation was for 2 h at 2&; n=6-12.

We also report the extensive use of a novel method be a pharmacological effect. This view is strengthened
of characterizing ovarian development, the OMI. This when the processes of receptor mediated endocytosis are
takes into consideration both changes in ovarian volumeexamined during diapause termination. In normal vitels
(Richard et al., 1998) and the maximum developmental logenesis, the endocytosis proteins clathdnadaptin s
stage and as such provides a useful, rapid and quantitatand the putative YP receptor are seen by immunoflue-
ive means of comparing separate samples. rescent localization both lining the boundary between

The time course of diapause termination following follicle cells and the oocyte during early YP uptake, angs
injection of 20-hydroxyecdysone and application of JH in nurse cells during late YP uptake (Richard, unpubs
Il suggests a greater temporal sensitivity to the steroid. lished observations). This follicle cell based endocytosis
The OMI increased to vitellogenic levels by 4 days post- is not seen during diapause termination, consistent with
injection, thereafter many stage 14 oocytes were presentthe observation that JH production does not rise during
No significant increase in OMI following JH application this process (Richard et al., 1998), and therefore with
was noted even by 9 days post application. This surpris-the model in which JHs only regulate early YP synthesis
ing result failed to reproduce the data reported in Saund-and uptake in non-diapausing females. Since JH& s
ers et al. (1990) in which a similar dose of either JH Ill been demonstrated to stimulate ovarian ecdysteroid pte-
or JHB; stimulated diapause termination as measured duction in newly eclosed females (Richard et al., 1998)s
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6000 early YP synthesis by ovarian follicle cells but that lates
U A fat body YP synthesis and trafficking still occurred undes
5000 the control of ecdysteroids produced by the ovaries
themselves (Garen et al., 1977; Rubenstein et al., 1982),
g o0e and possibly by other tissues as well (Bownes et alq
8 1984). The lack of follicle cell YPs, therefore, may have:
3000 resulted in the delay associated with this mutatiom
2000 reported in Altaratz et al. (1991). In the present papet;
the application of lug of JH Il in 1 pl acetone to the 4w
1000 abdomens of cold-anaesthetizag*® females rescued s
this delay as determined by both an OMI increase and
0. an increase in the number of stage 14 oocytes. These
Fraction observations were based' upon the application .of the
6000 same dose of JH IlI to chilledp>®’ females that failed o0
to elicit a response when applied to day-14 diapausing
5000 B Canton-S females. Interestingly, wherud JH 1l was 4
applied to 1 h post-eclosioap* homozygotes, these t00:.
4000 showed an increase in reproductive condition as determ-
3 ined by OMI, suggesting that JH may restore partiak
2000 function to even these severe mutants before prematuse
death ensues. Both alleles therefore show a delay .of
s 2000 ovarian development, possibly associated with lower
) early YP synthesis by follicle cells caused by an absenge
1000 H of JH. In both cases, this can be rescued by JH Il applis
cation, though to varying degrees. 420
oloocaanlN0aaniNn As shown,ap®®’ females have low levels of JH Il s
PR S e  action 1B e e production yet they remain responsive to stimulation by
6000 JH application. Presumably, there_fore, there must he
22070V < FA C plndmg protem/repeptor systems in .place, or at least
5000 inducible to working concentrations in order for suclas
response to occur. Juvenile hormones are believed to act
4000 via nuclear-binding protein receptors (Riddiford, 1994);,
£ much like the ecdysteroid receptor (Koelle et al., 1992},
3000 When JH 1l binding was examined by equilibriumuz
dialysis of whole body extracts of 24 h Canton-%o
2000 females, a binding factor with a saturable affinity of.
binding Kp) of 1.55 nM was noted. Such high affinityas
1000 ﬂ*l binding is characteristic of receptor proteins and is idents
ical to a 400 kDa JH binding proteinKf{=1.5nM) 4
P 1215 14 15 16 reported by Shemshedini and Wilson (1988). JH Il
o1 Fraction binding in staged Canton-S females was steady over the
8 Fig. 8. Thin-layer chromatographic analysis (Kodak silica gel F 48 h following adult eclosion (this paper). However
8 plates developed with 3:2 hexane:ethyl acetate) of selected radiolab-ap>®" female JH 1l binding was only one-third of theas
5 e:ed plrodt;%tj ’\;r?:rx F(ig)- ;-4(?) Brattin—\ller_ltral Cglantgliog—ring_glan? COZF?)- wild-type level at eclosion and approximately one-halfs
86 piex plus ) -N post-eciosion Canton-S ovaries plus i i 6f
M F: (©) 20 postedosore= ovares pus 2 7 The (SR B DESROR RS B RS MR SRR e
88 filled arrow denotes the position of a JH Il standard®B1), the ) A : . s
89 open arrow denotes the position of putative JHRf=0.68). examined 12 h later, a significant increase in binding

was noted as compared to the presumed developmental
increase seen with acetone-only applications. These pio-

389 it remains an additional possibility that the potentially files are consistent with receptor levels that may be both

390 ether-sensitized

females (Saunders et

1990)developmentally regulated and be induced by the pres-

301 responded to JH application by increasing ovarian ecdys-ence of the ligand such that in the absence of circulating
392 teroid production, and that it was the ecdysteroids that JH IIl binding, binding may be lower. This supports oukss
393 subsequently terminated diapause.
304 We proposed (Richard et al., 1998) that the JH in lower than normal levels of binding protein/receptotso
395 deficiency inap™®® females resulted in the absence of Nevertheless, the presence of low levels of this putative
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proposal that low circulating levels of JH ap*®f result 4
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receptor would be essential to account for the responsenurse cells immediately adjacent to the oocyte and then
of ap®®' to JH Il in terms of the induction of early fol-  translocated via ring canals to the oocyte. These mech-
licle cell YP synthesis, as noted above. The downstreamanisms remain a focus of our investigations in both
effects of JH action would therefore appear to include diapausing and mutant females. 511
the stimulation of YP synthesis, possibly by follicle This paper provides supporting evidence for our pre-
cells, and the accelerated deposition of these YPs intoviously published model for vitellogenesis D. mel- s
the developing oocytes. It should, however, be acknowl- anogastelin which JHs stimulate early YP synthesis by
edged that these binding studies were performed onfollicle cells, and ecdysteroids stimulate late YP Synis
whole body extracts rather than extracted ovaries so suchthesis by the fat body (Richard et al., 1998). While these
proposals remain tentative at present. observations advance our understanding of female repio-
These conclusions are largely based upon the obserductive processes, they are as yet incomplete. The
vation that the apparently JH-deficieap®®’ females are  involvement of other factors such as the 36 amino acid
not completely deficient in vitellogenic development. sex peptide or mating (Soller et al., 1997; Moshitzky.
This presupposes that there is no source of JH in theet al., 1996) in these processes remains to be assessed
insect other than the corpus allatum. The possibility that experimentally in the context of our proposed model. s
the ovaries themselves, or other abdominal tissues, are
a source of JH was tested by the incubation of isolated
24 h post-eclosion Canton-S amg®' ovaries or dis-  Acknowledgements 523
rupted abdomens, in radioactive methionine in the JH

radiochemical assay developed by Tobe and Pratt (1974) This work was supported by NIH GM/OD54905 tcs
and modified forDrosophilaby Richard et al. (1989a). D.S.R. The corresponding author would like to thanks
The absence of JH production by ovaries or abdomensprofessor David S. Saunders of Edinburgh University fas
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enesis (Richard et al., 1998). It remains to be seenpurgh University, for sharing unpublished information sz
whether other adult female tissues might be synthesizing

JHs, though there seems little evidence to suggest that
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