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CHAPTER 1

General Introduction



The oocytes of insects attain prodigeous dimensions
during a short phase of their vitellogenic growth,
especially due to the deposition of massive amounts of
proteid yolk materials. The existing belief is that,
there is very little yolk protein synthesized within
the egg cells, because light and electron microscopic
studies showed a conspicuously poor development of the
usual cell organelles associated with biosynthetically
active secretory cells. Hence proteid yolk is believed
to be exogenous in origin either from the enveloping
follicle epithelial cells and/or by incorporation of
blood protein(s). During oogenesis, copious amounts of
vitellogenin(s), the female specific protein(s), are
synthesized in the fat body and discharged into the
haemolymph. This protein is sequestered by the develop-
ing oocytes and deposited as vitellin which ropnmu
the major protein of the yolk system (De wWilde and
De Loof, 1973a3; Wyatt and Pan, 1978; Engelmann, 1979;
Gong and Zhai, 1979; Hagedorn and Kunkel, 1979). The
number of vitellogenin(s) could vary from one to few,
out of the many haemolymph proteins present and they
are sequestered selectively by the developing oocytes
(Telfer, 1960, 1961; De Loof and De Wilde, 1970a,b;
Kunkel and Pan, 1976; Ferenze, 1978; Harry gt al., 1979;



could also be involved in biosynthesis of yolk proteins.
These, together with the blood protein, are built into
proteid yolk spheres (Ono et al., 1975; Heubner gt al.,
1975a,b3 Bast and Telfer, 19763 Benozzati and Basile,
19783 Borovsky and Van Handel, 19803 Jowett and
Postlethwait, 1980; Brennan et al., 198l1; Irie and
Yamashita, 1983). Further, the autoradiographic analysis
of the egg follicles of Hyalophora cecropia suggested

that this follicle cell protein serves as the trigger
for the subsequent pinocytotic uptake of wvitellogenin
(Anderson and Telfer, 1969). Thus, the present state of
our knowledge on the origin of proteid yolk indicates
that it has probably a dual origin, one from the haemo-
lymph (vitellogenin) and the other from the follicle
epithelium,

To date several studies exist on the hormonal
control of ovarian development in insects. Regulation of
vitellogenesis is brought about by endocrine mechanisms
which are apparently quite varied in different groups of
insects (Engelmann, 1968, 19703 De wWilde and De Loof,
1973b, Doane, 1973; Wyatt and Pan, 1978; Hagedorn and
Kunkel, 1979). It is now evident that the reproduction
of insects is controlled by at least three endocrine



glandss the cerebral neurosecretory cells, corpora
allata and the prothoracic glands. The corpora allata
(cA) secrete juvenile hormone (JH), which regulates the
maturation of reproductive organs. Among the several
JH=controlled individual processes associated with
reproduction the important ones are vitellogenin synthe=
sis, yolk deposition, pheromone production and accessory
gland development.

Five closely related juvenile hormones (JH) have
been reported, namely, JH I,JH II, JH III, JH O, and
4-methyl JH I - all of them occur in the tobacco horn-
worm Manduca sexta (Judy et al., 1973a; Bergot gt al.,
1980, 1981). Recent studies carried out in several
laboratories, to identify and characterise JH from
exopterygote insects, have shown that JH III is the most
commonly prevalent and naturally occuriing hormone in
exopterygota (Judy et al., 1973b; Muller et al., 19743
Trautman et al., 1974a,b, 19763 Tobe and Stay, 1977,
19793 Lanzrein et al., 19783 Roseler and Roseler, 1978
Caussanel gt al., 1979; Loher et al., 1983), including
the Hemipterans (Rankin and Riddiford, 1978). Hormeonal
regulation of oocyte maturation occurs at two critical
sites. One is the fat body, in which macromolecules are



synthesized for eventual incorporation into the oocytej
the other is the follicle epithelium, through which
molecules are passed selectively for incorporation into
maturing oocyte by pinocytosis. The synthesis of
vitellogenin has been shown by numerous investigators to
occur in the fat body and to be under the control of JH
secreted from corpora allata, under appropriate physio-
logical and/or environmental stimuli (Coles, 1965; Daufer
et al., 19703 Engelmann, 1971 Wyatt, 19723 Doane, 1973
Chen et al., 1976, 19793 De Wilde and De Loof, 1977;
Kelly and Telfer, 19773 Handler and Postlethwait, 1977,
19783 Hagedorn and Kunkel, 19793 Postlethwait and Handler,
19793 Jowett and Postlethwait, 19803 Rankin and Jackle,
19803 Reid and Chen, 1981 Engelmann, 19823 Zhai gt al.,
1984)., The rate of synthesis of vitellogenin is influ-
enced by several factors, such as JH titre (Engelmann,
19713 Pan and Wyatt, 1976), availability of protein
precursors and possibly also by the presence of mature
eggs in the ovaries. The last mentioned condition may
cause partial inhibition of CA (Hagedorn and Kunkel,
1979). Egg-maturation was also reported to be largely
independent of CA in honey bees, because even allatecto-
mised young as well as old queens continued to lay eggs
uninterruptedly (Van Laere, 19743 Engels and Ramamurty,
19763 Ramamurty and Engels, 1977b). These authors



suggested that in honey bee queens, there is the possi-
bility of other known insect hormones such as ecdysone
and/or brain hormone playing a gonadotropic role. In

Aedes aegypti vitellogenin synthesis in the fat body was

definitely shown to be induced by ecdysone which is
produced in the ovary after the blood meal(Fallon et al.,
1974; Hagedorn et al., 1975).

In certain insects the protocerebral neurosecretory
cells (NSC) were shown to be indispensible for oogenesis.
They perform their function either by activating the CA
resulting in the stimulation of protein synthesis in the
fat body, which is a pre=requisite for proteid yolk
formation, or by producing a true gonadotropic hormone
(De Wilde and De Loof, 1973b). In locusts, the haemolymph
protein concentration is controlled by the brain hormone
(BH) released from the neurosecretory cells, while the JH
is involved in regulating the transport of blood protein
across the follicle epithelium and its incorporation
into the maturing oocytes by a process of micropinocytosis
(Highnam et al., 1963). The neurosecretory cells were
reported to play an important role in the oogenesis of
Schistocerca (Hill, 1965), Leptinotarsa (De wWilde and

De Boer, 1969), Calliphora (Thomsen and Moller, 1963;



Thomsen and Thomsen, 1970), Phormiag (Orr, 1964a,b) and
Sarcophaga (Wilkens, 1967, 1968, 1969). From her experi-
mental studies on Calliphora, Thomsen concluded to an
influence of NSC on protein metabolism, but according to
wilkens (1969) and Engelmann gt al-(1971), in Sarcophaga,
the CA regulates vitellogenic protein synthesis whereas
NSC provide a gonadotropic hormone. As stated already,
definitive evidence is available to indicate that
ecdysterone controls vitellogenin synthesis in Aedes
aegypti (Hagedorn gt al., 1975). There are only few
insect specles where NSC do not appear to be necessary
for oogenesis. Oogenesis can be induced in isolated
abdomens of Rhodniug (Wigglesworth, 1936, 1948) and
Leucophaea (Chambers and Brookes, 1967), merely by
implantation of CA or by injection of synthetic JH (Bell
and Barth, 1970). In these insects, the CA hormone (JH)
seems to regulate protein metabolism assocliated with
vitellogenesis (Engelmann, 1970), and the NSC need not
activate the Ca,

The juvenile hormone is also known to influence
various morphological and biochemical events which are
assoclated with follicle epithelium differentiation
during oocyte maturation in different insect species.



It induces morphological alterations in the follicle
epithelium such as changes in the shape of the cells,
enlargement of the nucleus and development of conspicuous
intercellular spaces in the follicle epithelium that
facilitate inward migration of yolk precursors (Masner,
19683 Jalaja and Prabhu, 1976, 19773 Abu-Hakima and
Davey, 1977a,by Koeppe gt al., 19802). Furthermore, it
has been shown that JH stimulates the DNA synthesis in
the ovary, mainly in follicle epithelial cells (Koeppe
and wellman, 19803 Koeppe gt al., 19350a3y Koeppe, 1981).
Apart from this, JH is also known to regulate the DNA
dependent RNA synthesis in the follicle epithelial cells
(Sahota, 19733 Koeppe and Wellman, 1980). Another
follicle cell process that appears to be regulated by
JH, at least in Periplaneta, is the protein synthesis,

more precisely the induction of the specific folligle
cell protein (Bell and Sams, 19743 Sams and Bell, 1977).

In consonance with its multifarious regulative
functions, the corpora allata (CA) of various insects
undergo cyclical juvenile hormone synthesis during the
first gonotropic cycle and this is correlated with
cyclical changes in CA volume and cell numbers (Schooneveld
2t al.y 19773 Tobe and Stay, 19773 Kramer, 19783 Lanzrein



et al., 1978; Szibbo and Tobe, 1981). A similar change
in volume was observed during the first ovarian cycle in
Dysdercus cingulatus (Jalaja and Prabhu, 1977), Dysdercus
gimilis (Judson et al., 1979), Dysdercus koenigii (Tiwari
and Srivastava, 1979).

Bowers and his associates have successfully
isolated two chromene derivatives from the common bedding

plant Ageratum houstonianum (Bowers, 1976; Bowers gt al.,

1976), which induced precocious metamorphosis in Oncopeltus

fasciatus, Lygaeus kalmii and Dysdercus cingulatus. Because
of their ability to induce precocious metamorphosis, Bowers

(1976) named the active compounds as precocene I (P=I) and
precocene II (P-II), the latter being more potent than the
former. In addition, these compounds also possess an
indirect antigonadotropic influence and inhibit the ovarian
development in some species of Heteroptera, Coleoptera,
Diptera and Orthoptera (Bowers, 19763 Bowers et al.,

1976; Unnithan gt al., 1977; Pener gt al., 1979; Masner
gt al., 1979; Landers and Happ, 19803 Unnithan et al.,
1980; wilson et al., 1983). In many insect spec_iu the
corpus allatum was reported to be the main target for

P~1I because JH and its analogues could compensate for the
inhibitory effect of P~II in Oncopeltus fasciatus (Bowers
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et al., 19763 Masner et al., 1979), Locusta migratoria
( Pederson, 1978),  Schistocerca gregaria (Unnithan
et al., 1980) and Diploptera punctata (Feyereisen gt al.,

1981). Ultrastructural studies clearly revealed that

P=II selectively deitroyed the secretory cells of the

CA (Unnithan et al., 19773 Liechty and Sedlak, 19783
Schooneveld, 1979a,bj Feyereisen et al., 1981). In vitro
experiments suggest that P=II inhibits the CA directly
(Pratt and Bowers, 19773 Muller et al., 19793 Pratt et al.,
19803 Feyereisen gt al., 1981; Feldlaufer and Bowers,
1982). The transection of the nervous connection between
the brain and CA in Oncopeltus fasciatus does not alter

the susceptibility of CA to P-~II in vivo, indicating a
direct action of P=II1 on the CA, rather than involvement
of a neural mechanism of CA regulation (Bowers and Aldrich,
1980). However, P=II fails to inhibit ovarian development
in another Pyrrhocorid bug Pyrrhocoris apterus, which

appears to be caused both by a low P=II sensitivity of

the CA itself and an unknown 'anti-precocene mechanism'
outside the CA (Hodkova and Socha, 1982). This shows that
the sensitivity of different species to precocene is
highly variable. Similarly, P=II has no anti-JH effect

in the larval forms (Rembold gt al., 1979) as well as in
adults of honey bees (Fluri, 1983),



Recent studies on the mode of action of preco-
cenes have shown that CA cells are selectively destroyed
(*Chemical allatectomy') by the accumulation of a reactive
intermediate of precocene, formed in sity (Brooks gt al.,
19793 Pratt gt al., 1980). In adult insects, P=II thus
induces destruction of CA which results in deficiency of JH.

" Despite the numerous physiological investigations
on the Hemiptera, surprisingly, only fow data are availe
able on vitellogenin synthesis. Similarly, works dealing
with the hormenal regulation of vitellogenesis are alse
meagre and inconclusive,.

In Hemiptera, the classical work by Wigglesworth
(1936) on Rhodnius showed that the CA is essential for
yolk deposition and this was further confirmed by Vanderberg
(1963) and Baehr (1973). Contradictory findings were
reported in the same species by Davey and his coworkers
(Davey, 19673 Patchin and Davey, 19683 Pratt and Davey,
1972) who claimed that removal of CA did not totally
prevent the formation of mature eggs. However, Coles (1965)
clearly demonstrated that the yolk protein synthesis as
well as the uptake is regulated by corpora allata in
Bhodnius. Perassi (1973) suggested the involvement of



two different hormones (neurosecretory system and corpora
allata) in the protein synthesis and its uptake by the

maturing oocytes of Iriatoma infestans. In a related
species of Triatoma protracta, allatectomy prevented

yolk deposition and the topical application of JH-III
stimulated a dose-related de novo synthesis of vitello-
genin in allatectomised females (Mundall and Engelmann,
1977). In Oncopeltus (Johansson, 1958) and Dindymus
(Friedel, 1974), an active corpus allatum is essential
for egg maturation whereas the extirpation of MNSC does
not prevent vitellogenesis. Extirpation and reimplanta-
tion studies have revealed that both MNSC and CA are
essential for vitellogenesis in Dysdercus cingulatus,
although only CA was shown to play a direct gonadotropic
role in the female (Jalaja and Prabhu, 1977).

Kelly and Telfer (1977) reported the existence of
two vitellogenins (A and B) in the haemolymph of Oncopeltus

fasciatus, and that the synthesis of vitellogenin B is
JH~ dependent whereas A is not. On the other hand, Rankin
and Jackle (1980) suggested that vitellogenin A is the
precursor of vitellogenin B. According to these authors
synthesis of the precursor is ecdysteroid-mediated while
the uptake and perhaps the processing of the precursor
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into the final product may be under JH control in the

same insect, just mentioned above.

From the foregoing account it is clear that we
do not yet have a comprehensive and unified picture of
the endocrine mechanism (s) controlling vitellogenin
synthesis in the fat-body of Heteroptera, except perhaps
in a few species (Coles, 19653 Kelly and Telfer, 1977;
Mundall and Engelmann, 19773 Rankin and Jackle, 1980).
In the present study, therefore it was thought fit to
undertake a detailed study of the endocrine mechanism
involved in the synthesis of precursor yolk proteins

(vitellogenins) in a plant bug Dysdercus koenigii. In

addition, a biochemical study was made on the quantita-
tive changes occurring in the DNA, RNA and protein content
of the fat body and ovary as well as the protein content
of the haemolymph during the first reproductive cycle.
Since it is well known that actinomycin-D inhibits the
DNA-dependent RNA synthesis it was thought desirable to
investigate the effect of this antibiotic on the RNA
metabolism in the fat body of Dysdercus koenigii. Using

P=II as chemical allatectomiser, in the present study an
attempt was made to investigate the role of CA in the
regulation of fat body growth and its protein synthesis
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during egg-maturation. Ultrastructural changes in the
CA cells caused by P=II treatment, have also been
described.
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THE INVESTIGATION OBJECT

Dysdercus koenigii (Hemiptera: Pyrrhocoridae) is

commonly known as the red cotton bug. It is a serious

pest of cotton plant chiefly and thrives well also on the
alternate host plant, Hibiscus ssculentus.

Rearing method and life=cycle:

The insects were reared in a culture room at
26 + 1°C, RH=70 & 5%, 14110 LD period. These insects were
maintained on soaked cotton seeds in glass troughs.
Additional water requirement was provided by keeping
water bottles containing 0.05% L-ascorbic acid. Transfer
to fresh culture troughs was done on every third day. At
this time, the eggs were collected and kept in petridishes
with wet cotton swab in a corner to maintain the humidity
and left for hatching. The eggs hatch in about 5-6 days,
These newly hatched nymphs were transferred to another
jar with fresh, soaked cotton seeds. The post-embryonic
development in this bug passes through five nymphal
instars and the duration of first to fourth instars is
around 3-4 days. The fifth instar has a slightly longer
duration ranging between 5-6 days, after which they moult
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into adults. The adults start mating 2-3 days after their
emergence and the mating continues up to egg-laying.
Almost immediately after cessation of the prolonged
copulation, the females start laying eggs on 7th or 8th
day after emergence. The first reproductive cycle lasts
for 7-8 days. This is followed by more reproductive
cycles under laboratory conditions. Males have a longer

life-span than females,

Insects used for the experimentss

Newly emerged adult males as well as females were
collected at regular intervals and maintained separately.
These were used at different times, according to the
experimental requirements.

CHEMI

Acrylamide, actinomycin-D, bovine serum albumin
(fraction V), brilliant blue R, DNA (calf-thymus), JH=III
(cis=10,11~epoxy=3,7,11=trimethyl=trans-trans=2,6~dodeca~
dienoic acid methylester),N N'-methylene-bis-acrylamide,
POPOP (1,4-bis[2~(5-phonyloxazolyl) Jbenzene), PPO(2,5=
diphenyloxazole), RNA (yeast), TEMED (N,N,N',N'=tetra
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methylethylenediamine), trizma base[Tris(hydroxymethyl)-
amino methane ] were purchased from Sigma Chemical Company,
St.Louis, MO, USA. Isotopes H--leucine (3,300 mCi/mmole)
and Ho-uridine (13,800 mCi/mmole) were purchased from
Bhabha Atomic Research Centre, Trombay, India. Hyamine
hydroxide (tissue solubilizer) was supplied by Beckman
Company, England. Precocene II (6,7=dimethoxy=2,2-dimethyl-
2«H=1=benzopyran) was obtained from Ega=-Chemie, W. Germany.
Ilfoxrd Ky emulsion was purchased from Ilford Ltd., England.
Chemicals for electron microscopy were supplied by Taab
Laboratories, England. Stains were purchased from Serva
Chemical Company, Hiedelberg, W. Germany. All other chemi-
cals used were obtained from commercial sources in India

and were of analytical grade.

METHODS

Preparation of homogenates

The fat body and ovaries were dissected out and
freed from the surrounding tissues. All the subsequent
operations were carried out at 0-4°C, unless otherwise
specified. Tissues taken from several insects were pooled,
weighed and homogenized in cold distilled water to make 1x%
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to 10x homogenates as required, in a glass homogenizer
with a teflon pestle (Potter Elvejhem type). The aliquots
were used for the extraction of nucleiec acids and estima-
tion of proteins.

Extraction of nucleic acids:

The nucleic acids were extracted according teo the
procedure of Schmidt and Thannhauser (1945) slightly modi-
fied, as suggested by Munro (1966).

One ml of 10¢ homogenate (w/v) was mixed with
1425 ml of 10X ice cold TCA and centrifuged to remove
acid soluble compounds., The sediment was washed once
with 1,25 ml of ice cocld TCA. After the removal of acid
soluble compounds, the sediment was extracted m with
2.9 ml of 95X ethanol and the extract was removed by
centrifugation. An ethanclether (3:1) wash was given to
the sediment to remove the lipids present. The lipide
free pellet was suspended in 1 ml of 1 N Potassium hydroxide
and incubated for 2 h at 37°C. This incubation with
IN Potassium hydroxide was sufficient to hydrolyse the
RNA of the ovary and fat body. ODNA and protein were then
precipitated by the addition of 0,2 ml of 6N hydrochloric
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acid and 1.3 ml of 5% TCA and allowed to stand in ice for
10 min and centrifuged. The supernatant fraction was
collected separately to estimate RNA content. The sedi-
ment was suspended in 1,25 ml of 5% TCA at 90° for 15
min with occasional shaking. The mixture was centrifuged
and the supernatant was collected in a test tube, Now,
the sediment was washed with 0.75 ml of 5% TCA and both
the supernatants were taken for estimation of DNA.

Extraction of RNA by the method of Fong and Fuchs (1976):

The fat body was dissected out and homogenized in
1 ml of cold 95% ethanol containing 10X potassium acetate
(w/v). The homogenate was centrifuged at 27,000 g for
15 min at 4°C and the pellet was washed with 3 ml of cold
2% perchloric acid (PCA). Hydrolysis of RNA in the
pellet was accomplished by adding 1 ml of 0.5 N Potassium
hydroxide and incubating at 37°C for 24 h. After the
incubation, the hydrolysate was acidified by the addition
of 0.27 ml of 7% PCA., The hydrolysate was then centri-
fuged and the supernatant was used either for RNA esti~
mation or for radiolabelled counting using Bray's mixture
(see further below).
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Estimation of DNA and RNA:

DNA was estimated by diphenylamine method (Burton,
1956), For estimation of DNA, 1 ml of DNA extract was
mixed with 2 ml of diphenylamine reagent and heated for
10 min in boiling water. The intensity of blue colour
developed, was read at 600 nm in a Systronics spectro=-
photometer. The amount of DNA present in a sample was
determined from a standard curve using calfe-thymus DNA
as standard. RNA was estimated by the orcinel reaction
(Schneider, 1957). For estimation of RNA, 1 ml of RNA
extract was diluted to 2.5 ml Iith 5% TCA and heated for
30 min after adding 2.5 ml of orcinol reagent in a boil-
ing water bath. The intensity of the resultant green
colour was then read at 700 nm. A standard curve was
prepared using purified yeast RNA as the standard.

Diphenylamine reagent:

This was prepared by dissolving 1 g of purified
diphenylamine in 100 ml of glacial acetic acid and 2.7 ml
of concentrated sulphuric acid.
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Or:inol reagent:

One gram of purified orcinol was dissolved
immediately before use in 100 ml of concentrated hydro-
chloric acid containing 0.5 g of Ferric chloride,

Preparation of standards:

DNA (calf-thymus) and RNA (yeast) were first
dissolved in water at a concentration of 2 mg/ml. Then
a portion of this solution was diluted with 5x TCA and
heated for 15 min at 90°C. The volume of solution thus
obtained was made up with 5% TCA in such a way that the
final concentration was adjusted to 200 pg/ml.

Protein estimation;

To a fraction of the homogenate, an equal volume
of cold 104 TCA was added and kept at 0-4°C for 10 min,
The sample was then centrifuged and the pellet thus
obtained was washed twice with cold 5x TCA, followed by
a wash with an ethanol-ether (3:1) mixture. The pellet
was dissolved in O.,1 N sodium hydroxide and used for
protein estimation by the method of Lowry gt al., (1951).



An aliquot of the sample was made up to 1 ml with
distilled water. To this, 5 ml of alkaline copper reagent
was added (1 ml of 2% sodium pot?osos:‘m tartrate and 1 ml
of 1% copper sulphate mixed with|2X sodium bicarbonate in
0.1 N sodium hydroxide) and the contents of the tube were
mixed in a cyclomixer. After 15 min, 0.5 ml of Folin-=Cio
calteau reagent was added and the contents were stirred
immediately. The colour was allowed to develop and
after 30 min, the optical density readings were taken at
670 nm against a blank developed with 1 ml of distilled
water. The protein concentration of the samples were

determined from a standard curve drawn, using 20-200 pg

of bovine serum albumin (fraction V).

Ho-uridine incorporation into fat body RNA:

The insects were injected with Ho-uridine (13,800

mCi/m mole) at a dosage of 0.5 pCi/10 mg body weight and
sacrificed after 1 h incubation. The fat body was dis-
sected out, homogenized and RNA extraction was carried
out by the method of Fong and Fuchs (1976) as already
mentioned above. The samples were counted in Beckman
liquid scintillation counter (Model LS 3133 p-efficiency
40%) using 10 ml of Bray's solution.



Incorporation of H=-leucine into TCA=precipitable material:

Incorporation of Ho=leueine into TCA=-precipitable
material was determined at 1 h after the injection., The
insects were injected with 1 pCi/100 mg body weight,
After 1 h incubation, the haemolymph was collected with
the help of microcapillaries and diluted with cold distilled
water. Various organs like ovaries and fat body were
dissected out and homogenized (2x) in cold distilled
water. The samples were precipitated by the addition of
an equal volume of cold 10X TCA. The precipitate was
centrifuged at 2000 g for 10 min. The resulting pellet
was washed twice with cold 5% TCA, twice with ethanol,
followed by one wash with 3:1 mixture of ethanol-ether.
The pellet thus obtained was dissolved in tissue solubie
lizer (hyamine hydroxide) and counted in Beckman liquid
scintillation counter (Model LS 3133 P), using a vial
containing 10 ml of toluene-based scintillation fluid
(4 g PPO, 0.2 g POPOP in 1 1it of toluene).

Polmlatdo gel olumo_seuu

Fat body and ovaries were dissected out from the
adult insects and were homogenized in cold distilled water.
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The haemolymph samples were collected from the clipped
end of the antennaeof the imsects in a capillary tube

and diluted with cold distilled water, according to the
requirement. After protein estimation, the appropriate
amounts of the same samples were used for electrophoresis.

Polyacrylamide gel electrophoresis was carried out
at 4°C, using 7% gels in O.1 M Tris=0.039 M glycine buffer
(pH 8.3) at a current of 3 m amp per gel (Davis, 1964).
Staining of the gels was performed with Coomassie brilliant
blue and destaining was done as described by Weber and
Osborn (1969).

Histological and autoradiegraphic techniques:

For histological studies, the tissues were dissected
out in insect Ringer and fixed in Bouin's fluid. Paraffin
sections were cut at 5~7 ym and stained routinely in iron
alum haematoxylin-cosin,

For autoradiographic investigations, the insects
were injected with Ho=leucine (2 pCi/20 mg body wt.) as
the precursor of protein. After varied incubation periods
ranging from 30 min to 8 h, the insects were sacrificed.



The fat body and ovary were dissected out and fixed for

3 h in Carnoy's fluid. Paraffin sections (6 pm) were
processed for autoradiography, using Ilford K, emulsion.
The exposure time varied between 3-5 weeks. The emulsion
coated slides were then developed in Kodak D 19 B developer.
Autoradiographs were mounted in Zeiss L-15 mounting medium
and examined under phase optics.

Staining of neurosecretory cellss

The brain and retrocerebral complex were dissected
out in insect Ringer and fixed in Bouin's fluid. The
whole preparations of the brain and retrocerebral complex
were stained with paraldehyde=fuchsin (PF) technique, as
modified by Dojra and Tandan (1964).

Measurement of corpus allatum volume:

The corpora allata were dissected out and taken
in a drop of insect Ringer on a slide. The length and
width were measured by occulometer and allatal volume
was calculatod using the equation V = n/6 d°L, according
to Goodman gt al., (1968), where V is volume, d is dia-
meter and L is length.
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Electron-microscopic studies:

Electron microscopic studies were carried out on
corpora allata of experimental (precocene-treated) as
well as control (acetone~treated) insects. The CA were
dissected out and fixed in 2.5% glutaraldehyde in sodium=—
cacodylate buffer (pH 7.4) for 2 h at 4°C. After 2 h of
repeated buffer wash, the materials were post-fixed in
14X osmium tetroxide for 1 he Following dehydration, the
materials were embedded in epon through propylene-oxide.
Ultra=thin sections were contrasted with uranyl acetate
and lead citrate, according to Reynolds (1963) and studied
with Siemens Elmiscope 102 at an accelerating voltage of
60 K.V,

Statistical analysis:

All the data obtained in the study were statisti-
cally treated and the significance of difference between
any two values was calculated according to Student's
t-test.



MATERIALS AND METHODS

Laboratory reared insects of various age groups
(ranging from O day to 6 days) were used for these studies.
The source of chemicals is given in Chapter II. The nucleic
acids of the fat body and ovary were extracted according
to the procedure of Schmidt and Thannhauser (1945),
slightly modified, as suggested by Munro (1966). The
estimation of protein content and Ho-leucine incorporation
studies were carried out as mentioned in Chapter II.

QBSERVATIONS

Changes in the weight of fat body and ovary during the

first reproductive cycle:

The results obtained from this study can be
visualised from Table I. It is seen that the wet weight
of the fat body increased steadily up to 5 days and
declined thereafter. The wet weight of the ovary was
found to be low in freshly emerged females, increased
gradually throughout the gonotropic cycle up to 6 days.



However, the increase was more pronounced in the later
half of the cycle, mainly due to hectic vitellogenic

activity.

Meskntheﬂﬂl\and@ﬁﬂoamtof_}hogtbw
ovary:

The DNA and RNA contents of the fat body on different
days of the first gonotropic cycle is presented in Table 2.
It could be seen that the total DNA content of the fat
body steadily increased up to 4 days, remained constant
in 5 days old insects but declined slightly in 6 days old
females. It may be noted that there was a significant
increase in DNA between day 3 to 4. However, when the
DNA content was expressed per mg tissue, it was found teo
be low up to day 1, but increased in 2 days old insects
and remained more or less constant thereafter.

The total RNA content increased gradually and
reached a high value at 5 days. Thereafter, a slight
decrease was observed in 6 days old insects. The concen-
tration of RNA per mg of fat body tissue increased up to
4 days. However, there was a slight decline in the RNA
concentration at 5 days but it remained more or less at
the same level in 6 days old females (Table 2).
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Table 3 shows the DNA and RNA content of the ovary
as a function of advancing age of the insect during the
first reproductive cycle. The total DNA content of the
ovary increased gradually up to 2 days, remained at the
same level in 3 days old insects, but increased once again
in still older females to reach the peak value in 6 days
old insects. However, when the DNA content was expressed
per mg of the ovary, the values diminished continuously
from O day onwards up to 6 days and this is mainly due to
a significant increase in the ovarian weight which is
associated with the accumulation of large amounts of
yolk protein.

The total RNA content of the ovary increased steadily
up to 2 days and remained constant in 3 days old females but
increased significantly once again in the second half of the
reproductive cycle and reached a peak value at 6 diys.
Nevertheless, as in the case of DNA content of the ovary,
the concentration of RNA per mg of ovary declined steadily
from O-day to 6-days.

S e protein content of the fat "
haemolymph and ovary:

Table 4 shows the changes in the total protein
content and the protein expressed per mg wet weight of



fat body, ovary and haemolymph. In the fat body the total
protein content increased steadily up to 4 days. There-
after, a decrease could be observed up to 6 days. The
protein, as expressed per mg of wet weight, also increased
up to 3 days and thereafter it has dropped to a lower
plateau.

The haemolymph protein content was found to be
high in freshly emerged females but declined drastically
at 1 day and remained more or less constant up to 3 days.
Again in 4 days old females there was a significant
increase (89%) in the protein concentration of haemolymph
and this remained high,up to 5 days. But once again it
declined drastically in 6 days old insects, as it is being
used up by the developing oocytes.

The total protein content of the ovary increased
throughout the reproductive cycle so as to reach a high
value in the 6 days old insects. It is to be noted that
the increase was more pronounced in the second half of
the cycle. The protein content, when expressed per mg
wet weight of the ovary, remained low up to 2 days but
increased later up to 5 days and remained more or less
at the same level in 6 days old insects.
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Ho-leucine incorporation into the TCA-precipitable

roteins of fat b haemol and dur
the first reproductive cycle:

The pattern of Hs-lminc incorporation into the

TCA precipitable proteins of the fat body, haemolymph and
ovary has been set forth in the Table 5. The rate of
incorporation was fairly high in the fat body of 2 and 3
days old insects but declined thereafter. The rate of
incorporation of H‘?'-leucine into the haemolymph protein
increased from 2 to 4 days but declined significantly in
S days and a further decrease was observed in 6 days old

insects.

The rate of Ha-leucine incorporation into the
ovarian protein was high up to 3 days, decreased slightly
in 4 days which was followed by a drastic dmeﬁ in 5
days old insects and remained more or less the same in 6
days old insects. The rate of incorporation of Ha-lml.m
per mg tissue follows the same pattern as the rate of
synthesis i.e.,incorporation per mg protein.



Elec oretic studies:

The electrophoretic study of the haemolymph samples
of the male and female insects revealed the appearance of
two new female-specific protein bands on the 3rd day after
adult emergence (Fig. l,¢). It may be noted that these
bands are conspicuously absent in the haemolymph samples
of males of the same age group (see Fig.l,d). Further-
more, these bands are not in evidence in 1 and 2 days old
females and make their appearance only on day 3 of the
female gonotropic cycle. These haemolymph proteins showed
a resemblance in their mobility to the two protein bands
present in the ovary on 4th day in a more accentuated

manner, as shown in Fig. 2.

Histology of the ovariole:

The ovary on each side is composed of seven
ovarioles, Each ovariole is distinguishable into the
api.cal.temj.nal filament, followed by the germarium and
vitellarium. The germarium is comprised of a large number
of trophocytes which are densely packed into polygonal
configurations. A small number of prefollicular cells and
differentiated oocytes are found towards posterior end of



the germarium. The central part of the germarium shows

a hyaline trophic core (Fig.3). As in all the Hemiptera,
the present species also possesses the meroistic-telotroph
ovarioles with distinct trophic cords issuing from the
trophic core to the developing oocytes in the vitellarium
(Fig.4).

The vitellarium is composed of large number of
developing oocytes arranged in a serial order (Fig.5).
During the first reproductive cycle, usually 9-11 oocytes
undergo maturation simultaneously. Previtellogenic
oocytes are characterised by the presence of a yolk-free
ooplasma, a centrally placed germinal vesicle and the
follicular envelope made up of close~fitting columnar
epithelial cells bearing oval shaped nuclei (Fig.5). The
germinal vesicle usually has a large number of nucleoli
evenly distributed in the nucleoplasm (Fig.6). The
follicle epithelium rests on a basement membrane, external
to which a double layered peritoneal sheath is present
(Figs.5 and 7). During the early vitellogenic stage, the
histology does not change appreciably, excepting for the
appearance of small yolk globules at the ococyte cortex
(Fig.6). One often finds binucleate condition in follicle
epithelial cells (Fig.8). In active vitellogenic follicles,
the follicle epithelial cells assume cubical outline



(Figs.9 and 10). The ooplasma is replete with densely
packed yolk spheres of various dimensions (Figs.9 and 10)
and the germinal vesicle is displaced to a lateral posi-

tion (Figs.6 and 8).

utoradi ic studies of ote lis
Ho-leucine in vitellogenic egg follicles:

To study the vitellogenic activity, 3,4 and 5 days
old insects were injected with Ho=leucine and autoradio-
graphs were produced in the manner already described in
the Chapter II dealing with Materials and Methods, In 3
days old insects, with 2 h incubation, a moderately strong
radiocactive zone at the follicle epithelium-ococyte inter-
face was seen to develop (Fig.ll) although with this
incubation time, the radicactivity was still not detec-
table deep inside the oocyte. It was only with 4 h incu-
bation that the radiocactive yolk spheres begin to be
pinched off from the oocyte cortex. However, the labelled
yolk spheres were found only at the periphery of the
oocyte and did not yet move far inwards (Fig.12). As the
incubation period was extended to 8 h, the radiocactivity
of the follicle epithelial layer diminished slightly.



Autoradiographs obtained with Ho-leucine clearly
showed that the rate of incorporation of yolk protein is
much higher and more rapid in the 4 days old insect in
comparison to 3 days. WwWith 2 h incubation itself, one
could see intense labelling of the follicle epithelium
accompanied by the release of radicactive yolk spheres
from the oocyte cortex (Fig.13). As the incubation was
extended to 4 h, there was further increased intensity
in the labelling of the yolk spheres (Fig.l4).

The incorporation pattern in 5 days old insects
however, presents a strikingly different picture (Figs.l15
and 16). The follicle epithelium was moderately labelled
while the chorion which is in the process of its formation,
tends to be strongly radicactive (Fig.15). Also, the
oocyte cortex, which became loosened and separated off
from the chorion was strongly radiocactive, but still
deeper parts of the oocyte cortex, including the large
yolk spheres, remained more or less unlabelled, This is
apparently due to the cessation of the transport activity
of the labelled molecules from the haemolymph to the
oocyte across the follicle epithelium occasioned by the
interpclation of the chorion (Fig.l6)., As the vitello-
genesis was fully accomplished at this stage, there was



no evidence of large scale movement of radicactive
substances into the deeper parts of the ocoecyte (Fig.l6).



Plate I

Fig.l. Comparison of the electrophoretic patterns of
haemolymph proteins on lst (a), 2nd (b) and
3rd (¢) day females with haemolymph proteins
of 3rd (d) day male. Note the appearance of
two new female specific proteins (> ) in ¢
in the haemolymph of 3 day old insects.

Fig.2. Comparison of the electrophoretic patterns of
haemolymph (a) and ovarian (b) proteins of the
4th day females. Note the presence of two
corresponding proteins (—+1,2) with similar
electrophoretic mobilities. In the ovary both
these bands are greatly accentuated.
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Fig.3.

Fig.‘.

Fig.5.

Fig.b.

Fig..?o

Fig.B.

Plate II

Sec;.:don t::phtho gemithmt;hmg the glmil

pac ocytes w eir large p ploid

nuclei (N) and well developed trophic czre (TCo).

Note the presence of large number of young

oocytes ( = ) at the posterior end of the

germarium. B emalum-Eosin. 75
x

L.5« of an ovariole showing the trophic cords (TC)

reaching the oocyte. FE = Follicle epithelium.

souin/Haemalum-Eosin. .
x

L.S. of the vitellarium showing previtellogenic(I)
and early vitellogenic(Il) oocytes 03} show
their columnar follicle epithelium (FE) which is
bounded externally by a double layered peritoneal
epithelium (PE). Bouin/Haemalum-:osin.

x 320

An oocyte (OC) where the yolk formation has just

commenced. Note the presence of finely distri-

buted chromatin material in the germinal vesicle

(Gv). TC = Trophic cord, FE = Follicle epithelial

cells. Bouin/Haemalum-Cosin. P
x

Section of an early vitenogen.tc ootFE.e, showing
columnar follicle epithelial cells ), which

is extemall; lined a double layered peritoneal
epithelial (PE) sheath. Note the presence of
large number of small yolk droplets (= ) at the
Eeriphery of the oocyte (OC). Bouin/Haemalum-
osin. x

Active vitellogenic oocyte showing the accumu-

lation of 1 number of darkly stained yolk

platelets (YP). Note the psreunto ?f binucleate

( =) follicle epithelial cells (FE) and eccentric

position of the germinal vesicle (GV). Bouin/

Haemalum-Eosin. -
x

Figs.9 and 10. Section of late vitellogenic oocytes (OC)

showing the advancement of vitellogenesis, with
c tant change in the shape of follicle
epithelial cells (FE), which are now more or less
cuboidal in shape. The ooplasma is filled with
massive numbers of large yolk platelets (YP),
Bouin/Hacmalum~Eosin, Fige 9 x 120
Fig.1l0 x 480
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CHAPTER 1V

Effect of actinomycin-D on the fat body RNA content



The source of chemicals and insects is given in
Chapter II. Actinomycin-D was dissolved in water and

diluted according to the requirements. Different dosages
of actinomycin=D (Csl pg, 025 ug, 1.0 pg and 2,5 pg/
Insect) were injected into the body cavity of insects of
different age groups with 10 pl volume. The injections
were given with the help of microsyringe piercing through
the base of metathoracic leg. The control insects
received an equal volume of the carrier. Both the
control and experimental insects were sacrificed 24 h
after treatment. The RNA and protein contents of the fat
body were determined according to the method of Fong and
Fuchs (1976), described in Chapter II.



OBSERVAT ICNS

Effect of actin in-D trea t th bod
RNA content:

The effect of 24 h treatment with different dosages
of actinomycin=D, on the weight of fat body in insects of
various age groups is presented in Table 1. Two days old
insects, when treated with actinomycin-D, did not show
any variation in the weight of the fat body and it
remained more or less the same in experimental as well as
control insects. Injection of different dosages of
actinomycin-D in 3 days old insects caused a decline in
the fat body weight in a dose-dependent manner. However,
a similar treatment given to the 4 days old insects did
not reveal any effect on the weight of the fat body.

When 5 days old insects were treated with actinomyecin-D,
the fat body weight was fairly high in experimental

insects.

Table 2 shows the changes in the total RNA as well
as the RNA expressed per mg of wet weight after actino-
mycin-D treatment. In 2 days old insects, the actino-
mycin-D treatment had no effect even with the highest



dose (2.5 pg/insect). Actinomycin-D at a dose of 0.l pg/
insect caused a slight decrease (20X) in the total RNA
content in 3 days old insects and the effect was more
pronounced with higher dosages. It is to be noted that

1 pg/insect dose produced a significant decrease (68%) in
the total RNA content in 3 days old insects. The con-
centration of RNA per mg of fat body also showed a
similar pattern. Wwhen 4 days old insects were treated
with actinomycin-D at a dose of 0.l pg/insect, it showed
no effect on the total RNA content, which declined gra-
dually with higher dosages. A similar effect was found
when the RNA values were expressed per mg of fat body.
The actinomycin-D treatment had more or less no effect

in the 5 days old insects because the RNA values remained

the same as in the controls.

The effect of actinomycin-D on the protein content
is given in Table 3. Here also, the maximum effect was
found in the 3 days old insects.
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CHAPTER V

Effect of precocene-Il on the neuroendocrine

regulation of reproduction.
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MATERIALS AND METHODS

The source of chemicals and insects used, was
already given in Chapter II. Precocene-Il was dissolved
in acetone (5 mg/ml) and was applied topically to newly
emerged females (within 10-15 min of emergence), at a
dosage of 50 pg/insect which was found to be the optimal
dose to bring about total inhibition of egg-maturation
with the least mortality rate. The topical application
was made on the dorsal surface of the atidomen below the
wings, with the help of a microsyringe (TOP Company,
Bombay). The control females were treated with an equal
volume of acetone. All these insects were maintained in
a glass container on soaked cotton seeds for the required
duration together with an equal number of males. The
methods used for extraction and estimation of RNA, Ho=
uridine incorporation and determination of protein content
were the same as described in Chapter II.

Precocene as well as acetone-treated 5 days old
control insects were injected with Ho=leucine (2 pCci/20 mg
body wt.,) and incubated for 4 h. The ovaries were dissected,
fixed at the end of 4 h and were processed for autoradio-
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graphic studies., Paraldehyde-fuchsin staining was per-
formed on the whole brains dissected out from 4 and 6 days
old experimental and control insects to visualise the
distribution of neurosecretory material. For electron
microscopic studies, the corpora allata of precocene and
acetone treated 6 days old insects were used. To study
the recovery effect of exogenous JH-III on precocene
treated animals, JH-III dissolved in acetone, was topi-
cally applied to precocene-primed 3 days old insects at
two different dosages of 5 and 10 pg/insect. The preco-
cene treated insects of the same age group were used as
controls. The insects were sacrificed on day 8 and the
protein content of the ovary was estimated, according to
the method of Lowry et al. (1951).

In order to study the effect of exogenous JH-IIT
on RNA metabolism in the fat body, JH-III was dissolved
in acetone and applied topically to the 2 days old female
insects in various dosages ranging from 5-=15 pg. The
insects were sacrificed 24 h after JH III treatment and
the RNA of fat body was extracted by the method of Fong
and Fuchs (1976) and estimated with the help of orcinol

reaction.
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GBSERVAT IONS

Effect of precocene on the body nlght and egg maturation:

Table 1 shows the changes in the body weight and
ovarian weight in acetone and precocene treated insects.
The acetone treated 6 days old insects have a much higher
body weight (105 + 12.05 mg/insect) 1n comparison to the
precocene treated insects (60 4+ 5.22 mg/insect) and this
is more or less equal to the body weight found in 3 days
old normal insects (62 4 3.71 mg/insect), The ovarian
weight of 6 days old acetone treated insects is fairly
high and is nearly 15 times greater, as compared to the
precocene treated insects of the same age group. The
ovarian weight of precocene treated 6 days old insects is
nearly equal to that of the 3 days old normal insects.
This clearly indicates the deleterious effect of precocene

on the ovarian weight.

Plate IV shows the effect of precocene treatment
(50 pg/insect) on the general appearance of the insect.
Acetone treated insects (Fig.l), usually possess a bulged
abdomen which is largely due to the unhindered normal



ovarian development., On the other hand, precocene treated
insects (Fig.2) show a narrow and flat abdomen whose
dimensions and appearance are closely similar to the
abdomen of 3 days old normal insects (Fig.3).

Dissected ovaries of 6 days old precocene treated
females, remained considerably small and contained undiffe~
rentiated eggs, as compared to acetone~treated control
insects, wherein the ovarioles showed the presence of a
series of well differentiated mature oocytes (cf.Fig.da
and b). The ovaries of the precocene treated 6 days old
insects appear to be about the same as those of 3 days old
normal immature insects (cf.Fig.5a and b). This indi=-
cates that precocene has effectively blocked the normal
ovarian growth and differentiation. Examination of histo-
logical preparations of the ovarioles showed that in the
ovaries of control insects, there is a uniformly active
vitellogenesis corresponding to the histological pictures
of vitellogenic follicles shown in Figs. 8-10 (Plate II).
However, in the ovaries of experimental insects, vitello-
genesis was inhibited and the oocytes were devoid of yeolk
platelets and they remained fairly small in size. These
gross morphological and histelogical observations on the
ovaries were confirmed by tracer studies also, using



Ho-leucine as the precursor for yolk proteins. Control
insects showed the appearance of several radioactive

yolk spheres at the oocyte cortex in all the vitellogenic
follicles. However, with 4 h incubation period, the
labelled yolk droplets were mainly confined to the perie
phery of the oocyte and did not yet move far inwards
(Figs.6 and 7). The follicle epithelium also showed
moderate labelling (Fig.8). With the same incubation
time, the incorporation patterns in precocene treated
insects, however, presented a strikingly different picture
(Figs.9,10 and 11). The follicle epithelium showed a
moderate labelling but the ocoplasm was practically devoid
of labelled yolk droplets (Fig.l0) and showed in some of
the younger oocytes a diffuse non-specific radioactivity,.
The terminal follicle of acetone treated insects was
fairly large and showed the presence of large number of
proteid yolk globules (Fig.6) suggesting hectic vitello=-
genic activity, whereas in the precocene treated females
even the terminal follicles remained smaller, with homo-
genous practically unlabelled ooplasm and with few lipid
yolk droplets but no proteid yolk spheres at all (ef.Figs.
6 and 11).



of the fat body;

Table 2 shows the effect of precocene treatment on
the weight and the RNA content of the fat body, after
different durations of treatment. The weight of the fat
body was found to be low in precocene treated 1 day old
insects. This increased gradually and reached its highest
value in precocene treated 6~days old insects. On the
other hand, in the control insects, the fat body weight
was initially low up to 3 days but increased significantly
(2 fold) at 4 days and remained more or less at the same
level up to 6 days. The total RNA content of the fat
body in precocene treated 1 day old insects was fairly
low (50%) when compared with control insects. In preco=
cene treated insects, a gradual increase was found up to
3 days, which remained nearly at the same level thereafter.
However, in acetone contrecl insects, it increased from
day 2 to 3. Once again, a significant increase (2 fold)
in total RNA content was observed in 4 days old control
insects. Thereafter, a slight decrcase was observed in
5 days old insects which remained nearly at the same level
up to 6 days. Acetone control insects showed a gradual
increase in the RNA content when expressed per mg tissue



up to 3 days, which shot up to a significant level (38x)
at 4 days, but declined slightly in 5 days old females
and remained nearly constant in 6 days old insects. In
the case of precocene treated insects, the RNA content,
when expressed per mg tissue, increased gradually from

1 to 3 days and declined gradually thereaffer till 6 days.

Effect of precocene on Ho=uridine incorporation into
the fat body RNA:

The effect of precocene (50 pg/insect) on the How
uridine incorporation into the fat body RNA is presented
in Table 3. The rate of RNA synthesis was found to be
high in 1 and 2 days old insects but declined gradually
up to 6 days and it showed more or less the same pattern
in experimental as well as control insects during the
first gonotropic cycle. But the total RNA synthesised in
the fat body varied conspicuously in experimental and
control insects. The total RNA synthesis was fairly low
(504) in precocene treated 1 day old insects in comparison
to controls, but it was found to be more or less the same
in 2 and 3 days old experimental and control insects.
However, the total RNA synthesis was significantly low



(approximately 40x) in 4 days old experimental insects in
comparison with the controls and this is mainly due to
the diminished quantity of fat body. Thereafter, the
total RNA synthesis declined gradually up to 6 days in
precocene treated insects. Even in controls, the total
RNA synthesised, has declined significantly from day 5 to

d.Y6o

Effect of precocene on the protein content of the fat body:

Protein content of the fat body in precocene treated
and acetone control insects are set forth in Table 4.
The total protein content of the fat body was fairly low
in precocene treated insects throughout the first repro-
ductive cycle as compared to the control insects and this
difference was more pronounced in the second half of the
cycle. When the protein content was expressed in terms
of per mg tissue, it was found to be higher in 1 day old
control insects than in precocene treated insects. How=
ever, the pattern remained more of less the same in 2 to
6 days old experimental and control insects.



Changes in the protein content of haemolymph after

precocene treatments

The data obtained on the effect of precocene
treatment on the haemolymph protein content has been
presented in Table 5. One day old experimental as well
as control insects showed a high haemolymph protein con-
tent which declined in 2 days old insects. In precocene
treated 3 days old insects, a further decrease was found
but it again increased slightly on day 4 and remained
nearly constant up to 6 days. On the other hand, 3 days
old control insects showed more or less the same protein
as in 2 days old insects. However, it shot up signifi-
cantly (2.5 fold) in 4 days old insects and remained more
or less the same in the 5 days old insects but decreased
drastically in 6 days old controls.

Effect of precocene on the neurosecretory cells

of the braing;

Two groups of median neurosecretory cells occur
medio-dorsally in the pars intercerebralis of the proto-
cerebral lobe of the brain. They consist of 9 cells on
each side of the pars intercerebralis and they are



prominently stainable with paraldehyde-fuchsin technique
(PF). In precocene treated 4 days (Fig.l4) and 6 days
(Fig.15) old insects, the cells are intensely stainable
with purple colour. They have a large amount of cyto-
plasm filled with abundant neurosecretory granules with

a relatively inconspicuous nucleus (Figs.l4 and 15)., On
comparing with the same kind of preparations of acetone
treated control insects of the same age group, it is seen
that the cells are faintly stained with FF and the cyto-
plasm of cells shows the presence of only a small quantity
of neurosecretory material (Figs.l2 and 13). They bear
conspicuously visible cell nuclei. These illustrations
convincingly demonstrate that precocene is interfering
with the release mechanism, leading to their massive
accumulation in the perikarya of the neurosecretory cells.
In the acetone controls there is a rapid turnover of the

neurosecretory material.

In acetone treated insects the CA showed remarkable
fluctuations in its volume during the first reproductive
cycle (Table 6). The CA volume increased gradually from
1 to 4 days in control insects but declined thereafter,
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whereas, the CA volume did not show such marked fluctua-
tion and remained at a low level in precocene-treated
insects throughout the first reproductive cycle. In
general, the CA of the experimental gréups of insects of
all ages, revealed lower values of their volume as
compared to acetone treated controls. This indicates
that precocene has a definite deleterious effect on the
allatal growth.

Electron microscopic observations on the corpus allatums

How the volume changes in CA caused by precocene
treatment, reflect themselves in the ultrastructural
organisation of the allatal cells was investigated with

the electron microscope.

Acetone treated control insect:

The gland cells rest externally on a basement
membrane of moderate thickness (Fig.l16), The cell
nuclei are branched. In the cytoplasmic space, several
inclusions are noticeable. These include rough endo-
plasmic reticulum, mitochondria, golgi vesicles and
numerous free ribosomes (Fig. 17).
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The rough endoplasmic reticulum is often present
in form of stacks or cisternae (Fig.l7). The ribosomes
may sometimes form dense aggregates and exhibit polysomal
configuration (Fig.18). Typical Golgi lamellae found in
the vertebrate cells are not present here. But few vesi-
cular type of Golgi bodies are seen scattered in the
cytoplasmic space, sometimes very close to the rough endo-
plasmic reticulum (Fig.17). The cytoplasm shows the
presence of large number of evenly distributed mitochondria
of ordinary size with well marked cristae (Fig. 18). The
cytoarchitecture reveals the picture of all cell organells
associated with active secretory cells.

Precocene treated insect:

Ultrastructural studies revealed a number of
degenerative changes in the allatal cells of precoun-
treated insects. The basement membrane became loose,
disorganised and detached from the cellular layer (Fig.l19).
Mitochondria tend to become aggregated but they retain,
by and large, their internal organisation (Fig.20).
Cisternae like organisation of rough endoplasmic reti-
culum is also not visible any more. The most conspicuous
feature is the presence of large number of intracellular



vacuoles some of which contain electron dense material
(Fig.21). These may be the autophagic vacuoles and/or
the multivesicular bodies associated with primary lyso-
somes. Such structures are not detectable in the CA cells
of acetone treated controls.

Effect of exogenous JH on precocene treated insects:

The precocene primed (50 pg/insect were topically
administered two dosages of JH-III at 5 and 10 pg/insect
on the 4th day after precocene treatment. As shown in
Table 7, when 5 pg JH was applied, there was a 3 fold
increase in ovarian weight and a 4 fold increase in total
ovarian protein, in comparison with that of precocene
control insects. However, 10 pg JH had less pronounced
effect than 5 pg treatment.

Effect of exogenous JH on fat body ANA of normal insects:

The effect of JH on the fat body 7.\ in 2 days old
insects, after 24 h treatment, can be seen from the data
given in Table 8. The weight of the fat body increased
significantly (43%) in 5 pg JH treated insects, av .
Compared to the acetone treated controls., In those
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insects treated with 10 and 15 pg JH the weight of the
fat body remained more or less the same as in acetone
controls. The total RNA content of the fat body per
insect incrcased by about 64X in 5 pg JH treated insects
when compared to the controls, whereas only a slight
increase was observed in case of 10 and 15 pg JH treated.

insects. The RNA concentration ( /mg fat body) also
followed the same pattern as that of total RNA content.



Figs.l=3.

Fig od.
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Plate IV

Macrophotographs of 6 days old females show the
bulged abdomen due to ovarian maturation in
acetone treated control Fig.2 illustrates the
effect of precocene on the general body appea-
rance. Note the presence of a flat abdomen in
precocene treated 6 days old insects which
resembles closely that of the 3 days old nor-
mal immature insects (Fig.3).

x 60

Shows a macrophotograph of the female internal
reproductive systems of precocene-=treated (a)

and acetone treated (b) 6 days old insects as

they appear in the dissected condition. Note

the presence of well developed mature oocytes

in acetone controls, while the ovaries in (b)

appear degenerate.

x 75

Illustrates the comparison of internal repro-
ductive system of precocene treated 6 days (a)
old insects with 3 days old normal insects (b).

They appear roughly to be equal. v
X






Plate V

Figs.6=11. Illustrate the pattern of Ho-leucine incorpo-
ration in acetone (Figs.6-8) and precocene
(Figs.9=11) treated 5 days old insects with
4 h incubation. HNote the large number of
labelled yolk droplets ( =) at the cortex
of the terminal (Fig.6) and other developing
oocytes (Figs.7 and 8) in acetone treated
5 days old insects. On comparing the acetone
autoradiograms with those of precocene
(Figs.9=11), it is seen that there is a total
absence of radiocactive yolk spheres at the
follicle cell/oocyte interface, suggesting
the cessation of wvitellogenin deposition in
the ococyte (OC). PD = pedicel.

Figs.6 and 9 x 160
Figs.7 and 10 x 320
Fig. 8 x 480
Fig.ll x 37
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Fig. «12-13.,

Plate V1

While preparations of brain showing the
median neurosecretory cells of acetone
treated 4 (Fig.l2) and 6 (Fig.l13) days old
insects, and precocene treated 4 (Fig.l4)
and 6 (Fig.15) days old insects. Note the
small amount of neurosecretory colloids in
perikarya of acetone treated insects (Figs.
12 and 13) indicating a rapid turnover
while the precocene treated (Figs.l4 and 15)
insects show the accumulation of large
amount of colloid in the perikarya probably
due to the inhibition of release. N = Nucleus,
CY = Cytoplasm. Bouin/Aldehyde Fuchsin.

x 520






Figs.16 and 17.

Plate VII

Electron micrographs of the corpus
allatum of acetone treated 5 days old
insects, depicting the gland cells
closely adhering to the basement
membrane (BM). The cells show inter-
cellular spaces (IS) in Fig.16, mito-
chondria (M) in Figs.16 and 17,
nucleus (N) with several nucleoli in
Fig.16. The rough endoplasmie
reticulum exists as stacks of
¢cisteznae in close assocliation with
Goldi vesicles (V) (Fig.17).
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Fig.19.

Plate VIII

Electron micrograph of gland cells of the
corpus allatum of acetone treated 5 days old
insects. Picture shows the presence of inter-
cellular spaces (IS), mitochondria (M) and
numerous polysomes ( - ).

Electron micrograph of gland cells of the corpus
allatum of precocene treated 5 days old insects,
showing the detached basement membrane (BM)
which becomes disorganised, clustered mito-
chondria (M). The cisternse-like organisation
of rough endoplasmie reticulum (rER) is no longer
in evidence.
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Figs.20 and 2l.

Plate IX

Electron micrographs showing the
presence of large number of intracellu-
lar vacuoles (IV) which appear in the
corpus allatum gland cells after pre-
cocene treatment. Note the presence of
clusters of mitochondria (M).
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CHAPTER VI

General discussion



In Dysdercus koenigii, a large number of oocytes
in different ovarioles mature synchronously. This species
lays eggs in a cyclical manner and the first gonotropic
cycle is of about 7 days duration. The rate of ococyte
growth in velume is not uniform in its progression.
Previtellogenesis and the early phase of vitellogenesis
are periods of relatively slow growth. Thereafter, the
tempo of growth picks up dramatically until chorion forma-
tion (Goltzene, 19773 Ferenze, 1978). Rapid oocyte growth
and vitellogenesis, as consequences of increased output of
juvenile hormone from corpus allatum, has been convincingly
demonstrated in several groups of insects (Engelmann,
19703 Rankin and Riddiford, 1978). Maturation of oocytes
goes on hand in hand with the morphodynamic and functional
changes in the follicle cells which have to keep pace
with the steadily increasing volume of the oocytes
(Anderson, 1964). The DNA content of the ovary was shown
here to increase rapidly during egg maturation. Although
the present study cannot offer any plausible explanation
for this increase there might be two possibilities:
increase in DNA material could be either due to the
follicle cell proliferation or due to polyploid growth
of the follicle cell nuclei (Koeppe and Wellmann, 1980).
In Oncopeltus, polypleoidy of follicle cells appears to



be dependent on JH (Koeppe and wWellmann, 1980). Also
in Leucophaea, the follicle cells of vitellogenic
oocytes synthesise large quantities of DNA which is
regulated by JH (Koeppe and wWellmann, 1980; Koeppe

et al., 1980a, 19813 Koeppe, 1981) and the rate of DNA
synthesis in a terminal follicle increases 20«100 fold
in comparison to a non-vitellogenic follicle. Polyploidi-
zation, as a rule, accompanies cell differentiation and
enables the follicle cells to carry out their programmed
functions (Brodsky and Uryvaeva, 19773 Nagl, 1978).

This has been demonstrated convineingly in the follicle
cells of Carausius morosus, in which there is a direct
relationship between the degree of polypolidy and the
developmental processes in the growing ococyte (Pijnacker
and Godeke, 1984). Telfer (1979), suggested that poly-
ploidy - a mechanism for gene amplification = is neces-
sary during oocyte maturation for the increased synthe~-
sis of specific proteins required for maintaining the
interfollicular spaces or for the production of proteins
which may help in the incorporation of wvitellogenin
through the intercellular channels in the follicle epi-
thelium. The binucleate condition of the follicle cells
observed here may also serve the purpose of increasing
the DNA material in the follicle epithelium.



As in many other Hemiptera, the present species
also possesses telotrophic ovarioles (Mays, 19723
Schreiner, 1977a,b)s During the previtellogenic growth
of oocytes, large amounts of RNA are known to accumulate
in the ooplasm and this RNA may be used up during the
subsequent embryogenesis. The triophocytes of telotrophic
ovarioles are known to be most actively involved in
synthesising RNA in their large polyploid nuclei and
exporting it to the oocyte through the trophic cords
(Zinmeister and Davenport, 19713 Mays, 19723 Buning,
19723 Ullmann, 19733 Matuszaki, 19753 Ray, 1979; Ray
and Ramamurty, 1979; Dittmann gt al., 1981). The steady
increase of RNA content of the ovary throughout the
first gonotropic cycle in the present species indicates
that it may be used firstly for yolk :ynthesis and later
for embryogenesis.

During the first reproductive cycle in Dysdercus
xroenigii, the protein content of the fat body as well
as haemolymph showed a significant quantitative change
and this is directly related to the process of yolk
deposition. During vitellogenesis, in a short time,
remarkable amounts of proteins as well as other sub-
stances are deposited as yolk in the developing oocytes.
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Electrophoretic studies have revealed that the vitello-
genins produced by the fat body appear in the haemolymph
of the adult female at about two days after adult
emergence. The haemolymph protein concentration rose
rapidly during early vitellogenic period and it remained
high during active vitellogenic period but declined in

6 days old insects. These vitellogenins collectively
form a large proportion of the haemolymph protein, so
that their synthesis and uptake by the developing cocytes
could account for the fluctuations in haemolymph protein
titre during the gonotropic cycle (Elliott and Gillott,
1977). Althouch the fat bodies of 4 days old insects
showed a lower amount of H =leucine incorporation as
compared to 2 and 3 days old insects, the amount of
lab.} appearing in the haemolymph was 3 times more in
the former than in the latter. This suggests that a
greater proportion of the newly synthesised protein

was being released into the haemolymph during active
vitellogenic period and therefore it does not accumu=~
late in the fat body (Brooks, 19693 Engelmann gt al.,
19713 wyss-Huber and Luscher, 1972), The rate of pro-
tein synthesis as well as its release by the fat body
declined drastically towards the end of the vitellogenic
period and this corresponds closely with the depleted



protein content of the haemolymph in 6 days old insects
(Slama, 1964).

The cytologically detectable cyclical activity
of the fat body is consistent with its known biochemical
rhythms of vitellogenin production (Wuest, 1978). In the
present insect the well defined activity cycle begins
with a short inactive phase (basal metabolism) during
which non-specific protein synthesis occurs. From day 3
onwards, the fat body enters the phase of active
vitellogenin production and its release, as reflected
in the appearance of new protein bands in electrophero-
gram (see Pl.,1). This phase coincides with the short
period of rapid yolk deposition. Thereafter the fat
body returns to an inactive state, with low rate of
protein synthesis during the post vitellogenic stage
of oocyte development. The reason for this may be the
presence of mature eggs in the ovariole which may cause
partial feed-back inhibition of CA (Hagedorn and Kunkel,
1979). This, in its turn may be responsible for the
lowered rate of protein synthesis by the fat body and
the concomitant depletion of the haemolymph protein
content. The haemolymph protein level is reflected in
the observed changes both in the rate of synthesis in



the fat body and the rate of uptake by the developing
oocytes (Bakker-Grunewald and Applebaum, 1977). These
proteins enter the ococyte from the haemolymph through
intercellular spaces in the follicle epithelium which
have been demonstrated in several insects by vital stain-
ing, autoradiographic, electron microscopic as well as
fluorescence-labelled antibody methods (Bier and Rama=
murty, 1963; Ramamurty, 1964, Telfer, 1961).

The present studies on Dysdercus with tritiated
amino acid (H3-l.oucl.ne) have yielded autoradiographic
patterns that are largely in agreement with those des-
cribed by several previous authors (Bier, 19623 Rama-
murty, 19643 King and Agarwal, 19653 Melius and Telfer,
19693 Engels, 19723 Giorgi and Jacob, 1977bj Ramamurty
and Engels, 1977a3 Ray et al., 1981). The incorpora-
tion of label into the yolk spheres at the oocyte
cortex is phase-specific, being confined only to vitello-
genic stages and is conspicuously absent in the preced-
ing as well as the subsequent stages. There are two
female specific proteins (vitellogenins) in Dysdercus,
recognisable as two distinct bands in polyacrylamide
gel electrophoresis of haemolymph of mature reproduc-
tive females, and these are absent in the haemolymph of




males and immature females (see pl. I). These 2
bands showed similarity in their electrophoretic
mobility with the two ovarian proteins. Both of them
are probably glycolipoproteins as their chemical
nature was convincingly shown in a variety of insect
species (Yamasaki, 19743 Gellisen gt al., 19763 Chen
et al., 19763 MeGregor and Loughton, 19773 Wyatt and
Pan, 19783 Engelmann, 19793 Jensen gt al., 1981).
Vitellogenin(s) synthesised and released by the insect
fat body are selectively taken up by the developing
oocytes (Telfer, 19603 Hagedorn, 19743 Ferenz, 1978;
Harry et al., 1979).

The CA produces JH in insects (Dahm 3t agl.,
1976). In the imaginal stage of most insects, JH is
the principal gonadotropin that stimulates oogenesis
(Engelmann, 19703 De Wilde and De Loof, 1973b)., There
is a large body of experimental evidence in several
species of insects to show that JH controls the synthe-
sis of protein yolk precursor, vitellogenin (Engelmann
and Penney, 19663 Engelmann, 19693 Bell, 1969, 19703
nell and Barth, 19703 De Loof and De Wilde, 1970bj
pPan and Wyatt, 19713 Lanzreinj 1974), including the
Hemiptera (Mundall and Engelmann, 19773 Kelly and Telfer,



1977). Surgical extirpation of CA before the natural
induction of vitellogenin synthesis by the fat body
blocks the oocyte maturation,

In the present species the weight of the fat
body increased significantly during the first gono-
tropic cycle and this increase is most probably due to
hypertrophy of the cells and not occasioned by cell
proliferation. No cell proliferation has been found
to take place in fat body during vitellogenesis in
Locusta (Reid and Chen, 1981). The total RNA content
of the fat body inereased rapidly from 3 to 4 days
(Hagedorn gt al., 1973; Behan and Hagedorn, 1978;

Chen gt al.y 1979). This RNA presumably supports the
increased rate of protein synthesis during the active
vitellogenic period. The fat body in the vitellogenic
females of the cockroach Leucophaea maderae contain a
prominent population of large polysomes each made up of
approximately 30-40 ribosomes, whereas fat bodies of
non-vitellogenic females and males of all ages de

not exhibit such large number of pelysomes (Engelmann,
1977). Reid and Chen (1981) demonstrated the accumula-
tion of ribosomes in the fat body of female locusts
after adult ecdysis and this is soon followed by the



appearance of vitellogenin polysomes. JH analogues
stimulated RNA synthesis in the allatectomised locust
and a2 major portion of this is shown to be rRNA (Chen
&t al., 1979), as reflected in the massive accumulation
of stable ribosomes in the fat body (Lauverjat, 19773
Couble gt al., 19793 Reid and Chen, 1981). Therefore,
it appears that the primary action of JH on the fat
body involves selective stimulation of transcription
of vitellogenin genes, accompanied by synthesis of
rRNA and build-up of protein synthesizing apparatus
(Reid and Chenj 1981),

In the present study, injection of actinomyecin=D
inhibited the total RNA synthesis. Also it has almost
completely blocked the subsequent peak of ANA builde-up
(normally found in the active vitellogenic females)
when actinomycin-D was administered on the 4th day.
when the insects were given this drug at progressively
later time points on day 5 and 6, less and less inhibie
tion of RNA production was observed. Our results
suggest that, by day 8, a major gquantity of RNA neces-
sary for vitellogenin synthesis has already beenm
synthesised and accumulated. In Aedes aegypti, acti-
nomycin-D inhibited RNA synthesis in vive and prevented



normal increase in the rate of yolk protein synthesis,
but allowed synthesis to proceed at the rate expected
for the tissue assayed at the time of injection
(Hagedorn gt al., 1973). On this evidence the authors
suggested that the synthesis and accumulation of long
lived mRNA for yolk protein takes place. They also
suggested that the synthesis of vitellogenin is controlled
in this insect at the transcriptional level. In the
same insect species, injection of either a-amanitin or
cordycepin together with ecdysterone did not inhibit the
vitellogenic protein synthesis, whereas actinomycin-D
was found to be inhibitory (Fong and Fuchs, 1976). It
is well known that actinomycin-D inhibits synthesis of
all RNA~-gpecies while g=amanitin and cordycepin, in
general, seem to be more selective. Therefore, it is
possible that ecdysone does induce transcription of
not mRNA, but of rRNA and/or tRNA, either or both of
which may be needed for subsequent translation (Feng
and Fuchs, 1976). However, in Leucophaea maderae,
g-amanitin inhibited the incorporation of uridine into
rapidly labelled RNA =i protein synthesis (Engelmann,
1974).




In Dysdercus koemigii, Precocene~I inhibited
egc maturation in a dose dependent manner (Ramalakshmi,

1983). However, in the present study, a single topical
application of 50 pg of P-II resulted in total inhibie
tion of vitellogenesis. After its topical application
precocene readily appears in the haemolymph of insects
(Bergot gt al., 19803 Feyereisen gt al., 1981). In
Heteroptera, since vitellogenesis is under the influence
of JH (Kelly and Davenport, 19763 Rankin and Riddiford,
19783 Davey, 198l1), it seems reasonable to suggest that
precocene depresses the haemolymph JH titre in the pre=-
sent insect also, although JH-assay was not carried out
after precocene treatment.

In Dysdercus koenigii the incorporation of Ho=uri-
dine into the fat body total RNA increased steadily
during the period of egg-maturation to reach the maxie
mum, accompanied by a small rise in tissue RNA content
in 4 days old insects and it remained high in 5 days
old insects. On the other hand, in precocene~Il treated
insects, Ho~uridine incorporation into the fat body RNA
diminished gradually. This may be attributed to the
deficiency of JH output occasioned by the degeneration
of CA cells. The haemolymph protein concentration in



Precocene treated animals did not show the wusual incre-
ase with the advancement of age and remained fairly low
throughout, as compared to the acetone treated controls.
The observed increase in the fat body protein titre
after precocene treatment, might be due to the accumula=-
tion of other (mon-vitellogenic) proteins (Coles, 19643
Elliott and Gillott, 1979).

In acetone treated control females the volume
of the CA increases and reaches a peak value on day 4
af ter the imaginal moult, midway during the first gono-
tropic cycle. This observation is in accord with the
findings of previous authors (Jalaja and Prabhu, 1977;
Judson gt al., 19793 Tiwari and Shrivastava, 1979). It
indicates that the egg maturation is positively corre~
lated with allatal activity in the present species of
Dysdercus. Such a direct correlation of allatal volume
with oocyte growth is consistent with the well known
gonadotropic role of the CA in the imaginal life of
many insect species because allatectomy in most insects
results in failure of egg maturation. A parallelism
between the rate of JH synthesis and CA volume during
the ovarian development is reparted for Nauphoeta
cinerea (Lanzrein gt al., 1978) and Leptinotarsa




decemlineata (Schooneveld gt al., 19773 Kramer, 1978).
The CA volume could increase either by multiplication
of the cell numbers (Johansson, 1958; Barth and Sroka,
1975) or merely by increase in the cytoplasmic volume
(Schooneveld, 19703 De Laurence and Charpin, 1978) or
by both the metheds (Szibbo and Tobe, 1981). In adult
females of Dysdercus koenigii, it is seen that P=II
inhibits the increase of the volume of CA, which occurs
normally during the first gonotropic cycle (Bowers and
Martinez-Pardo, 19773 Judson gt al., 1979).

Ultrastructural studies of the CA clearly indie-
cate that P-II not only inhibits the increase of CA
volume but also produces abnormal morphology of CA cells
which is associated with massive autophagy and degenera-«
tion of various cell organelles (Unnithan gt al., 19773
Liechty and Sedlak, 19783 Schooneveld, 1979a,by Feyereisen

et al., 1981).

In Dysdercus M. apart from the disorga-
nization of the basement membrane, mitochondria, cisternae
of the rER and polysomal configuration of the ribosomes
in P=II treated insects, the main difference, as compared
to the acetone controls, is the accumulation of several
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intracellular vacuoles and aggregations of numerous
vesicles, the latter being filled with diffuse electron
dense materials. These vesicles probably represent
autophagic vacudles resulting from lysosomal activation.
In Oncopeltus fasciatus, Leichty and Sedlak (1978) and
in Diploptera punctata, Feyereisen gt al.,(1981) have
described extensive damage to the cytoarchitecture of
the allatal cells at the dosages of Precocene II used
by them. However, in our species of Dysdercus koenigii
at the dosage employed, such severe damage is not in
evidence. Conceivably the susceptibility of the CA
cells to P-II may vary in different species of insects
and also with the dosage.

P-II induced effect is possibly due to a reactive
precocene metabolite, produced by CA cells (Brooks gt al.,
1979,Muller et al., 1979, Feyereisen gt al., 1981).

The CA from adult female of Locusta migrateria rapidly
metabolises precocene to dihydrodiols in the presence

of high levels of epoxidases and this causes selective
cell death in CA (Pratt gt al., 1980, 1982). However,

the effect of precocene is spontancously reversible with
passage of time in other insect species such as Drosophila

melanogaster (Landers and Happ, 1980, wilson gt al., 1983),




and in aphids like Acrythosiphon (Mackauer et al.,

1979) and Myzus (Hale and Mittler, 1981). Such reversi=
bility is not in evidence in the present species, since
the ultrastructure of the CA was not investigated after
JH treatment.

While the vitellogenesis is controlled by the
CA in a large number of insects, its role in the regula-
tion of previtellogenesis is controversial. According
to Masner (1968) the CA is required for the differentia-
tion of the follicular cells. However, Joly (1968)
pointed out that ovarian reaction to ablation of CA
varies in different species. Some need the CA only
from the stage of vitellus deposition whereas others
require them for previtellogenesis as well (Girardie,
19623 Pluot, 1973). The CA is indispensible during the
previtellogenic growth period of oocytes in 'w
megistus (Furtado, 1979). Previtellogenesis in Dysdercus
is most likely regulated by BH, because previtellogenic
growth occurs even after precocene treatment.

The consistently large amounts of PF-positive
materials accumulated in the neurosecretory cells of
the brain, observed in precocene treated females of



Dysdercus is most likely due to inhibition of the
release of neurosecretory colloid from the cells. The
results shown here are at variance with those reported
for Oncopeltus fasciatus by Unnithan et al., (1978),
because these authors believe that precocene inhibits
synthesis of the neurosecretory A-cells and this could
be restored by JH~III application.

Extirpation and reimplantation techniques have
revealed that both the neurosecretory cells of the
brain and CA are essential for vitellogenesis in the
females of Dysdercus cingulatus (Jalaja and Prabhu, 1976,
1977). Only the CA plays a direct gonadotropic role in
females and the neurosecretory cells serve to activate
the CA (Jalaja and Prabhu, 1977). However, these authors
have nct paid any attention to the fat body protein
synthesis and its hormonal regulation.

In most insects studied, the CA have been shown
to stimulate the de novo synthesis of the female-speci-
fic protein in the fat body (Doane, 1973; Engelmann,
19743 Highnam and Hill, 1977; Hagedorn and Kunkel, 1979)
including some Hemipterans (Coles, 19653 Kelly and
Telfer, 19773 Mundall and Engelmann, 19773 Rankin and



Jackle, 1980). In Dysdercus cingulatus, the absence of
protein uptake by the developing oocytes of allatecto-
mized females have been attributed to the failure of
the follicle cells to differentiate (Jalaja and Prabhu,
1976). However, the present study clearly indicates
that CA (JH) not only controls the vitellogenin uptaxe
by the developing cocyte (Slama, 19643 Jalaja and Prabhu,
1976, 1977) but also regulates the protein synthesis

by the fat body in Dyscdercus koeningii.




General Summary



Chapter III

In the red cotton bug, Dysdercus koenigii, the
first reproductive cycle is of 7 days duration. The
ovary of each side consists of 7 telotrophic ovarioles.
About 9-11 cocytes undergo maturation in each ovariole
during the first reproductive cycle. The ovarian
growth is divisible into 3 different phases each of
which is characterised by morphological and biochemi-

cal processes.

a) Pre-vitellogenic phase lasting the first 2 days
af ter emergence.

b) Vitellogenic phase lasting through the next 3 days.

¢) Post-vitellogenic phase lasting the next 2 days.

The oocyte undergoes euplasmic growth during
the pre-vitellogenic phase mainly by deriving macro-
molecules, especially RNA, from the nurse cells via
the tropic cords. It also synthesises its own proteins
to a limited extent. During this phase, there is a
small increase in the ovarian weight which is reflected



in a two fold increase in the total protein content,

A high rate of Ha-l.mi.m incorporation seen in scintil-
lation counting studies, also suggests an endogenous
protein synthesis.

The ovarian weight increases significantly
during the next vitellogenic phase. This increase is
accomplished by the oocytes through the sequestration
of large quantities of exogenous proteins mainly vitele
logenins of glycolipoproteinaceous nature, which are
synthesised mostly in the fat body and transported via
the haemolymph to the developing ooevt;t. This is
clearly demonstrable by autoradiographic studies using
H3-1mlm.

During the last post-vitellogenic phase a further
increase in the ovarian weight is seen. The main fea-
ture of this phase is the occurrence of chorion depo=
sition which is also evident from autoradiographs.

The weight of the fat body increases gradually
till the early vitellogenic phase. There is a sharp
increase in the fat body weight from the pre-vitello-
genic to the active vitellogenic phase, and this weight



decreases again during the post-vitellogenic phase.

A similar pattern is seen in the changes occurring in
the DNA, RNA and protein contents in the whole fat body,
The increase in DNA and #NA contents seen during this
stage may sustain the increased synthesis of the yolk
protein precursor (vitellogenin). The total protein
content thus remains low upto early vitellogenic
period, increases significantly during the rest of

the vitellogenic period but declines thereaf ter.
Seintillation counting studies using Ho=leucine clearly
indicate a high rate of protein synthesis by the fat
body and its simultaneous release into the haemolymph
which was the highest in 4 days old insects.

The various aspects of studies undertaken
clearly demonstrate the synthesis of the female speci-
fic yolkeprotein precursor by the fat body, its
release into the haemolymph and then its sequestration
into the oocytes wherein it constitutes the major
yolk protein. This conclusion is further supported
by the evidence from electrophoretic studies of the
fat body and ovarian homogenates as well as haemolymph
of both males and females.



Chapter IV:

Effect of actinomycin-Ds

The effect of actinomycin-D, a well known
inhibitor of RNA synthesis, was investigated on fat
body RNA content. Females of different age groups,
namely, 2 days, 3 days, 4 days and 5 days old insects,
were injected with various dosages of 0.1, 0.25, 1.0
and 2.5 pg of actinomycin-D/insect. The total RNA
and protein contents were estimated after 24 h, 2 and
S days old insects injected with actinomycin-D showed
no effect at all. The maximum effect i.e., maximum
inhibition of RNA synthesis, was seen in 3 days old
insects injected with actinomycin~D., These results
suggest that 2 days old insects are in the pre-vitello=-
genic phase and hence there is no smuieht RNA
synthesis in the fat body due to which actinomycin=D
cannot bring about its inhibitory effect, In the
3 day old insects which enter the active vitellogenic
phase a large amount of RNA synthesis occurs to meet
the required increase in yolk protein synthesis. At
this time actinomycin-D exerts its highest inhibitory
effect. In 4 days old insects, since most of the RNA,



required for the yolk protein synthesis ls aifeady
accomplished and only limited RNA synthesis continues
to occur, actinomycin-D causes only partial inhibitien.
When the insects become 5 days old, since almost all
the RNA synthesis is completed and they enter into the
post-vitellogenic phase, actinomycin-D does not show
any effect on the total RNA content of the fat body.
These conclusions are based upon the total RNA content
and are confirmed also by estimations of the total fat
body protein in the insects of the same age groups,
injected with actinomycin-D.

Chapter V

Effect of an anti-~juvenoid Precccene-Il:

Precocene~II, dissolved in acetone, was topi-
cally applied at a dosage of 50 pg/female within 10-15
minutes after emergence. This dose of precocene was
found to be optimum because there is negligible effect
on the mortality rate and at the same time a complete
inhibition of vitellogenesis is achieved. The body
weight drops to one half in experimental insects. The
ovaries of insects treated with precocene remained



considerably small and contained only undifferentiated
eggs, whereas in acetone treated insects the ovarioles
showed the presence of a series of well differentiated
mature oocytes. In 6 days old normal and acetone
treated insects, the ovarian weight was 45 mg/insect
and 38 mg/insect respectively, while it was drastically
low at 3.5 mg/insect in precocene treated ones. This
corresponds with the weight of the previtellogenic
ovary during normal growth phase, thereby indicating

a clear-cut inhibition of vitellogenesis. Histologial
preparations showed that in the ovaries of experimental
insects, vitellogenesis was inhibited and the oocytes
were devoid of yolk platelets. This pattern was
confirmed by tracer studies using Hs-lml.m as a pro=-

tein precursor.

The effect of precocene II was also studied on
the weight, RNA and protein content of the fat body.
In control insects, the fat body weight increased
significantly (nearly 3 fold) from 3 to 4 days, where-
as 4 days old experimental insects retained more or
less the same fat body weight as that of 3 days old
experimental insects. This may be attributed to the
deficiency of juvenile hormone which has an important



role in the control of growth and synthetic activity
of the fat body. Precocene also blocks the increase
in total RNA content as well as the total Ho-uridine
incorporation, which occurs normally in 3«4 days old
insects, as evidenced by scintillation counting studies.
In precocene treated insects, the total RNA synthesised
was only 50X of the control value. This suggests that
the increase. RNA synthesis of the fat body at this
stage may be regulated by a high JH titre. As this is
very low in precocene treated insects, it results in

a very low amount of RNA synthrsis. The increase in
the haemolymph protein content that normally occurs
from 3-4 days was also blocked, thereby indicating

that the increased RNA synthesis at this stage most
probably supports the synthesis of female-specific
proteins (vitellogenin) which are selectively incorpo-
rated into the developing oocytes.

Exogenous JH-III application to precocene
treated insects counteracts the deleterious effect of
this substance only to a very small extent when compared
to the acetone controls. This is shown by the slight
increase in the protein content of the ovaries. In
this insect, the pre-vitellogenic growth seems to be



controlled by brain hormone. But a certain titre of
JH may also be required during this phase to make the
fat body competent for its growth as well as vitello-
genin synthesis. In precocene-primed insects even
after treatment with JH, the fat body is not able to
actively synthesise vitellogenin. This might be due
to the inadequate titre of JH in the previtellogenic
phase.

Ultrastructural studies revealed a number of
degenerative changes in the allatal cells of precocene
treated insects, such as the disorganisation of the
basement membrane, cisternae of the rER and polysomal
configuration of the ribosomes as well as clustering
of mitochondria., Several intracellular vocuoles and
numerous vesicles filled with an electron dense mate-
rial also appear. The latter may be the autophagic
vacuoles resulting from lysosomal activation. The
resultant chemical destruction of CA is irreversible
with time in the present insect because even when the
precocene treated insects were left for 30-40 days,

they did not lay any eggs.



The cyclical changes in CA volume which wex.
seen in acetone treated insects were not in evidence
in precocene treated insects. The increase in the
CA volume which occurs in acetone treated insects
from the pre-vitellogenic to the active vitellogenic
phase, most probably reflects the increased JH synthe=-
sis because a high JH titre is required for sustaining
the high rate of protein synthesis during this phase.

PF staining of neurosecretory cells revealed in-
tensely stained cells in precocene treated insects and
very lightly stained cells in acetone treated insects.
The intense staining seen in the experimental insects
may be attributed to the feedback inhibition of the
release of neurosecretory material, resulting in its

accumulation in these cells,

Lastly topical application of 5 pg JH, to 2 days
old normal insects which were still in the previtello-
genic phase, resulted in a 40x increase in fat body
weight and a 60X increase in the total RNA content of
the fat body. These values are close to the values of
RNA content observed in 4 days old insects. This shows
that initially a low titre of JH is present in haemolymph



and in the vitellogenic phase when the JH titre
increaseg the RNA synthesis also undergoes a spurt.
One may infer that the fat body growth and its RNA
synthesis is under the control of JH. It may be :
concluded from the data presented here that JH not
only controls the vitellogenin uptake by the develop=-
ing oocytes but it also regulates the yolk protein
synthesis by the fat body in Dysdercus koenigii.



References



ABU-HAKIMA, R. and DAVEY, K.G. (1977,a) The action of
Juvenile hormone on the follicular cells of
Rhodnius prolixus:t the importance of volume change.
Je« Exp, Biol., 59, 33-44,

ABU-HAKIHA. R. and DAVEY, K.G. (lm’b) Effects of
hormones and inhibitors of macromolecular
synthesis on the follicle cells of Rhodnius.
J« Insect Physiol., 23, 913-917.

ANDERSON, E. (1964) Oocyte differentiation and vitello=~

genesis in the roach Periplaneta americana.
Je Cell B’u‘l.. zg. 131155,

contribution to the yolk spheres of moth oocytes.
Tissue Cell, 1, 633«644,

BAEHR, J.C. (1973) Controle neurcendocrine du fonctionne-

ment du corpus allatum chez Rhodnius prolixus.
J. Insect Ph',.’.&lo. n. 1041-1056.

BAKKER=-GRUNWALD, T. and APPLEBAUM, S.W. (1977) A
quantitative description of vitellogenesis in

Locusta migratoria migratorioides.
J. Insect Physiol., 23, 259-263.

BARTH, R.H. and SROKA, P. (1975) Initiation and regula=-
tion of oocyte growth by the brain and corpora
allata of the cockroach Nauphoeta cinerea.

J. Insect Physiol., 21, 321-330.



BAST, R.E. and TELFER, W.H. (1976) Follicle cell protein
synthesis and its contribution to the yolk of the
cecropia moth oocyte.

Devl. Biol., 52, 83-97.

BEHAN, J. and HAGEDORN, H.H. (1978) Ultrastructural
changes in the fat body of adult female Aedes
aegypti in relationship to vitellogenin synthesis.
Cell Tiss. Res., 186, 499-506.

'BELL, W.J. (1969) Dual role of juvenile hormone in the
control of yolk formation in Periplaneta americana.
J+ Insect Physiol., 15, 1279-1290.

BELL, WJJ. (1970) Demonstration and characterization of
two vitellogenic blood proteins in Periplaneta
&10“.0 Je Ingsect m"lol.. m’ 291-299,

BELL, W.J. and BARTH, R.H. (1970) Quantitative effects of
juvenile hormone on reproduction in the cockroach

Je« Insect Physiol., 16, 2303~2313,

BELL, W.J. and SAMS, G.Re. (1974) Factors promoting
vitellogenic competence and yolk deposition in
the cockroach ovary: the post ecdysis female.
J. Insect Physiol., mp 291-300,

BENOZZATI, M,L. and BASILE, R. (1978) Studies on protein
composition and synthesis in the ovary of
Rhynchosciara americana (Diptera, Sciaridae).
Experientia, 34, 177-178.



Bﬁm. BeJey JMESG, GeCey RATCLIFFE, M.A. and
SCHOOLEY, D.A. (1980) JH zero: New naturally
occurring insect juvenile hormone from developing

embryos of the tobacco hornworm. Science,
New York, 210, 336-338.

BERGOT, B.Jey BAKER, FoCs., CERF, D.Ce., JAMIESON, G, and
SCHOOLEY, D.A. (1981) Qualitative and quantitative
aspects of juvenile hormone titers in developing
embryos of several insect species: discovery of a
new JH~ like substance extracted from eggs of
Manduca sexta. In 'Juvenile Hormone Biochemistry®,
Pratt, G.E. and Brooks, G.T. (E“-) 3345,
Elsevier, Amsterdam.

BIER, K¢ (1962) Autoradiographische Untersuchungen zur
Dotterbildung. Naturwissenschaften, 49, 332-333.

BIER, K. and RAMAMURTY, P.S. (1964) Elektronenoptische

Untersuchungen zur Einlagerung der Dotterproteine
in die Oocyte. Naturwissenschaften, 51, 223-224,

BITSCH, C. and BITSCH, J. (1984) Antigonadotropic and
antiallatal effects of precocene II in the firebrat,
Thermobia domestica (Thysanura: Lepismatidae).

J. Insect Physiol., 30, 463=470,

BOROVSKY, D. and VAN HANDEL, E. (1980) Synthesis of ovary
specific proteins in mosquitoes, Int, J. Invertebr,
Reprod., z. 153=-163,



BOULETREAU-MERLE, J. (1976) Destruction de la pars
intercerebralis chez Drosophila melanogasters:
effect sur la fecondite et sur la stimulation
par 1° accouplement. J. Insect m.’-‘l.' al
933-940,

BONERS, W.S. (1976) The Juvenile Hormones, Gilbert, L.I.
(Ed.) Plenum Press, New York and London, 394,

BOWERS, W.S. and MARTINEZ-PARDO, R. (1977) Anti-allato-
tropins, inhibition of corpus allatum development.
Science., New York, 197, 1369-1371.

BCﬂERS. WeSep CHTA.. T.' GI..EERE. Je«Se+ and IARSELLA, PeAs
(1976) Discovery of insect anti-juvenile hormones
in plants, Science, Washington, 193, 542547,

BOWERS, WS« and ALDRICH, J.P, (1980) In yivo inactiva=-
tion of denervated corpora allata by precocene II
in the bug Oncopeltus fasciatus. Experientia, 36,
362363,

BRENNAN, Me.Osy WEINER, AeJey GORALSKI, T.J. and MAHOWALD, A.P.
(1981) The follicle cells are a major site of

vitellogenin synthesis in Drescophila melanogaster.
Devl. Biol., 22. 225-236.

BRODSKY, W.Y. and URYVAEVA, I.V. (1977) Cell polyploidys
its relation to tissue growth and function.
Int. Rev. Cytol., 50, 275=332,



BROOKES, V.J. (1969) The induction of yolk protein synthe-
sis in the fat body of an insect, Leucophaca maderae,
by an analog of the juvenile hormone,

Devl, Biol., 20, 459-471,

BROOKS, G.T., HAMNETT, AsFey JENNINGS, ReCey OTTRIDGE, AoPs
and PRATT, G.E. (1979) Aspects of the mode of action
of precocenes on milkweed bug (Oncopeltus fasciatus)
and locus ts (Locusta migratoria). Proc. 1979
British Crop Protection Conf. on pests and diseases,
273-279,

BUNING, J. (1972) Untersuchungen am ovar von Bruchidius
obtectis Say. (Coleoptera - polyphaga) zur Klarung
des Oocytenwachstums in der Pre-vitellogenese,

Ze Zellforsch., 128, 217-232.

CAUSSANEL, C., BAEHR, J.Cey CASSIER, P+, DRAY, F., and
PORCHERON, P. (1979) Correlations humorales of
ultrastructurales au cours de la vitellogenese et
de la periode de soins aux oeufs chez Labidura
riparia. C.R. Acad. Sci., 288, 513-516.

CHAMBERS, D.L. and BROOKES, V.J. (1967) Hormonal control
of reproduction -~I. Initiation of cocyte developw
ment in the isolated abdomen of Leucophaeca maderae.
J« Insect phv.iﬁl.. n' 99=112.

CHEN, T.T., COUBLE, P,, DELUCCA, F.L. and WYATT, G.R. (1976)
Juvenile hormone control of vitellogenin synthesis in
Locusta migratoria fat body. In "The Juvenile
Hormones', Gilbert, L.I. (Ed.) Plenum press, New York,
505=529.




CHEN, T.T., COUBLE, P., ABU=-HAKIMA, R. and WYATT, G.R.

(1979) Juvenile hormone controlled vitellogenin
synthesis in Locusta migratoria fat body. Devl.
Biol.. Qg. 59-72.

CHIA, W.K. and MORRISON, P.E. (1972) Autoradiographic and

ultrastructural studies on the origin of yolk pro-
tein in the housefly, Musca domestica L. Canadian
Je zml-. -ég. 1569-1676.

COLES, G.C. (1964) Some effects of decapitation on meta-

bolism in Rhodnius prolixus Stal. Nature, 203, 323.

COLES, Ge.Cs (1965) Studies on the hormonal control of

metabolism in Rhodnius prolixus Stal. I. The adult
female. J. Insect Physiol., 11, 1325-1330.

COUBLE, P., CHEN, T.T. and WYATT, G.R. (1979) Juvenile

hormone controlled vitellogenin synthesis in
Locusta migratoria fat body: cytological develop-
ment. J. Insect Physieol., 25, 327-338.

CUMMINGS, M.R. and KING, R.C. (1970) The cytology of the

vitellogenic stages of oogenesis in Drosophila
melanogaster-II. Ultrastructural investigations on
the origin of protein yolk spheres.

J. Morph., 130, 467-478.




DAIM, KeHe, BHASKARAN, G., PETER, MeGey SHIRK, P.Ds,
SESHAN, K.R. and ROLLER, H, (1976) The identity
of the juvenile hormome in insects. Ing The
Juvenile Hormones. Gilbert, L.I. (Ed.) Plenum
Press, New York, 19-47,

DAVEY, K.G. (1967) Some consequences of copulation in
Rhodnius prolixus. J. Insect Physiol., 13, 1629=1636,

DAVEY, K.Gs (1981) Hormonal control of vitellogenin uptake
in Rhodnius prolixus Stal. Am. Zool., 21, 701-705

DAVIS, B.J. (1964) Disc electrophoresis. II. Method and
application to human serum protein. Ann. N.Y.
Acad. Sei., 131, 404-427,

DELEURANCE, S, and CHARPIN, P. (1975) Evelution ultra-
structurale des corps allates de la larvae du
demier stade de Choleva angustata (Fab.)
(Catopidae) Actiardu jeune, en presence ounan d'
ecdysterone. C.r.hebd. S'eanc. Acad. Sci., Paris,
2800, 2113-2116. -

DE LOOF, A. and DE WILDE, J. (1970,a) The relation between
haemolymph proteins and vitellogenesis in the
colorado potato beetle, Leptinotarsa decemlineata.
Je. Insect Physiol., 16, 157-164.

DE LOOF, A. and DE WILDE, J. (1970,b) Hormonal control of
synthesis of vitellogenic female protein in the

colorado potato beetle, Leptinotarsa decemlineata.
16, 1455-1466.



DE LOCF, A. and LAGASSE, A. (1970) The ultrastructure of
the follicle cells of the ovary of colorade beetle
in relation to yolk formation., J. Insect Physiol.,
16, 211-220,

DE WILDE, J. and DE BOER, J.A. (1969) Humoral and nervous
pathways in photoperiodic induction of diapause in

Leptinotarsa decemlineata. J. Insect Physiol., 135,
661-675,

DE WILDE, J. and DE LOOF, A. (1973,a) Reproduction, Ing
The Physiology of Insecta, 1, Rockstein, M. (Ed.)
Academic Press, London, 12«85,

DE WILDE, J, and DE LOOF, A. (1973,b ) Reproduction
Endocrine Control, In: The Physiology of Insecta,
1, Rockstein, M. (Ed.) Academic press, London,
9?"'1500

DITIMANN, F., EHNI, R. and ENGELS, W. (1981) Bioelectric
aspects of the hemipteran telotrophic ovariole
(Dysdercus intermedius). Wilhelm Roux's Arch.,

190, 221-225.

DOANE, W.We (1973) Role of hormones in insect development.
In: 'Developmental Systems: Insects', Waddington, C.H.
(Ed.) Academic press, London.

DOGRA, GeS. and TANDAN, B.K. (1964) Adaptation of certain
histological techniques for in situ demonstration
of the neuroendocrine system of insects and other
animals., Quart, J. Microsc. Sci., 105, 455-466.



DQUFER, D., TASKAR, S.P. and PERRON, J.M. (1970) Ontogenesis
of a female specific protein from the locust

Schistocerca gregaria. J. Insect Physiol., 16,
1369=1377.

ELLIOTT, R.Hs and GILLOTT, C. (1976) Histological changes
in the ovary in relation to yolk deposition,
allatectomy and destruction of the median neuro-

secreiory cells in Melanoplus sanguinipes. Can.
Je 10010. a, 185=192,

ELLIOTT, R.He and GILLOTT, C. (1977) Changes in protein
concentration and volume of the haemolymph in
relation to yolk deposition, ovariectomy, allatectomy,
and cautery of the median neurosecretery cells in

mlmOEI‘. 'm‘.ﬂia.o Can. J. zwlo. n. 97-103.

ELLIOTT, R.H. and GILLOTT, C. (1979) An electrophoretic
study of proteins of the ovary, fat body and haemo-
lymph in the migratory grasshopper, Melanoplus
sanguinipes. J. Insect Physiol., 25, 405-410,

ENGELMANN, F. (1968) Endocrine control of reproduction in
insects. Ann. Rev. Ent., 13, 7-26.

ENGELMANN, F. (1969) Female sepcific protein: biosynthesis
controlled by corpus allatum in Leucophaeca maderae.
Science, Washington, 165, 407-409.

ENGELMANN, F. (1970) The Physiology of Insect Reproduction.
Pergamon press, Oxford.



ENGELMANN, F, (1971) Juvenile hormone controlled synthesis
of female specific protein in the cockroach

Leucophaea maderae. Arch. Biochem. Biophys.,
145, 439-447,

ENGELMANN, F, (1972) Juvenile hormone-induced RNA and
specific protein synthesis in the adult insect.
Gen. Comp. Endocrinol. (Sm.l.).. b 168=173,

ENGELMANN, F. (1974). Juvenile hormone induction of the
insect yolk protein precursor. Am. Zool., 14,
1195=1206,

ENGELMANN, F. (1977) Un-degraded vitellogenin polysomes
from female insect fat bodies. Biochem. Biophys.
Res. Commune., 78, 641-647.

ENGELMANN, F. (1979) Insect vitellogenin: Identification,
blosynthesis and role in wvitellogenesis. Adv.
Insect Physiol., 14, 49-108.

ENGELMANN, Fo (1982) vitellogenesis: aspects of endocrine-
promoted egg growth, Gen. Comp. Endocrinol., 46, 352.

ENGELMANN, F., HILL, F. and WILKENS, J.L. (1971) Juvenile
hormone control of female specific protein in
Leucophaca maderae, Schistocerca vaga and Sarcophaga
bullata. J. Insect Physiol., 17, 2179-2191.



21

ENGELMANN, F. and PENNEY, D. (1966) Studies on the endocrine
control of metabolism in Leucophaea maderae
(Blattaria). I. The hacmolymph proteins during egg
maturation. Gen. Comp. Endocrinol., 1, 314-325,

ENGELS, w. (1972) Quantitative Untersuchungen zum
Dotterprotein-haushalt der Honigbiene (Apis
M). Wilhelm Roux' Arch. Entwickl.-Mech.
Orge, 171, 55=86.

ENGELS, We and RAMAMURTY, P,S. (1976). Initiation of
oogenesis in allatectomized virgin honey bee
queens by carbondioxide treatment. J. Insect
Physiol., 22, 1427-1432,

FALLON, AuMe, HAGEDORN, HeHe, WYATT, GeR. and LAUFER, H
(1974) Activation of vitellogenin synthesis in the
mosquito Aedes m by ecdysone., J. Insect
Physiol. 20, 1815-1824,

FELDLAUFER, M.F, and BOWERS, W.S. (1982) In yitro
inactivation of holometabola and hemimetabela
corpora allata by precocenes, Gen. Comp. Endo-
crinol., 46, 377.

FERENZ, HeJe (1978) Uptake of vitellogenin into

developing oocytes of Locusta migratoria,
J. m‘.ct PhYOlol.. a. 27“780

FEYERE ISEN, Rey JOHNSON, Gey KCENER, Je, STAY, B. and
TOBE, S.Se (1981) Precocenes as proallatocidins
in adult female Diploptera punttata: a functional and
ultras tructural study, J. Insect Physiol., 27, 855«
868,




92

FEYEREISEN, R. and TOBE, S.S. (1981) A rapid partition
assay for routine analysis of juvenile hormone
release by insect corpora allata. Analyt.
Biochem., 111,372-375-

FLURI, P. (1983) Precocene II has no antijuvenile hormone
effects in adult honeybees. Experientia, 39,
919-920.

FONG, W.F. and FUCHS, M.S. (1976)The long term effect
of a-amanitin in RNA synthesis in adult female
Diploptera punctata: a functional and ultra struc-

tural study. J. Insect Physiol., 27, 855-868.

FRIEDEL, T. (1974) Endocrine control of vitellogenesis in
the harlequin bug, Dindymus versicolor. J. Insect
Phys’.oj-q' 2_9' 717—733.

FURTADO, A. (1979) The hormonal control of mitosis and
meiosis during oogenesis in a blood sucking bug

Panstrongylus megistus. J. Insect Physiol., 25,

GELLISEN, G., WAJC, E., COHEN, E., EMMERICH, H., APPLEBAUM,
S.W. and FLOSSDORF, J. (1976) Purification and
properties of oocyte vitellin from the migratory
locust. J. Comp. Physiol., 108, 287-301l.

GILLOTT, C. and ELLIOTT, R.H. (1976) Reproductive growth
in normal allatectomised, median neurosecretory
cellcauterized, and ovariectomized female Melanoplus

sanguinipes, Can. J. Zool., 34, 162-171.



GIORGI, F. and JACOS, J. (1977,a) . Recent findings on
oogenesis of Drosophila melanogaster. I. Ultra-
structural observations on the developing ocoplasm.
J« Embryol, Exptl, Morphol., 38, 115-124,

GIORGI, F. and JACOB, J. (1977,b) Recent findings on
oogenesis of Drosophila melanogaster. II. Further
evidence on the origin of yolk platelets.

J. Embryol. Exptl. Morphol., 38, 125138,

GIRARDIE, A. (1962) Etude biometrique de la croissance
ovarienne apres ablation et implantation de corpora
allata chez Periplaneta americana. J. Insect.
Physiol, 10, 599=609.

GOLTZENE, F. (1977) Croissance et differenciation de 1°
ovocyte et de son follicule chez Locusta migratoria
migratoriodes R et F (Orthoptera), Cur: hebd. Se‘anc.
Acad. Sci., Paris, 284, 1195-1197.

GONG, H. and ZHAI, Q.He (1979) Insect vitellogenin and
ﬁtellog’m‘iso Acta ent. Slnlca. 2. 219=236,

GOODMAN, T., MORRISON, P.E. and DAVIES, D.M. (1968)
Cytological changes in the developing ovary of the
housefly fed milk and other diets. Can.J. Zool.,

.4__6-. 409-421.

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



HAGEDORN, H.H., FALLON, A.M, and LAUFER, H. (1973)
Vitellogenin synthesis by the fat body of the
mosquito Aedes aegypti: evidence for transcrip-
tional control. Devl. Biol., 31, 285294,

HAGEDORN, H.H. and JUDSON, C.L. (1972) Purification and

site of synthesis of Aedes aegypti yolk protein.
Je Exp. Zool., m. 367-378.

HAGEDORN, HeHe, O'CONNOR, J.D., FUCHS, MS., SAGE, B,
SCHLAEGER, D.As and BOHM, M.K. (1975) The ovary as
a source of g-ecdysone in an adult mosquito. Proc.
Natn. Acad. Sei., USA, 72, 3255-3259.

HAGEDORN, H.H. and KUNKEL, J.Ge. (1979) Vitellogenin and
vitellin in insects. Ann. Rev. Entomol., a. 475505,

HALE, D.F., and MITTLER, T.E. (1981) Precocious metamorphosis
of the aphid Myzus persicae induced by the precocene
analogue 6-methoxy=7-ethoxy-2, 2-dimethylchromene.

J. Insect Physiol., 27, 333=337.

HANDLER, A.M, and POSTLETHWAIT, J.H. (1977) Endocrine

control of vitellogenesis in Drosophila melanogaster.
Insect Biochem., !. 319-328.

AANDLER, AJM, and POSTLETHWAIT, J.H. (1978) Regulation of
vitellogenin synthesis in Drosophila by ecdysterone
and Jml.h hormone. J« Exptle. Z“l.. m. 247-254,



m. Pay PMS. M. and APPLEBAUM, S.W. (lm) Changes
in the pattern of secretion of locust female di-
glyceridecarrying lipoprotein and vitellogenin by
the fat body in yitro, during ococyte development.
Comp. Biochem. Physiol., 63 B, 287-293,

HEUBNER, E. and ANDERSON, E. (1972) A cytological study

of the ovary of Rhodnius prolixus, J. Morphol., 137,
385-416,

HEUBNER, E,, TOBE, S.S. and DAVEY, K.G. (1975, a) Structural
and functional dynamics of oogenesis in Glossina
austeni: Vitellogenesis with special reference to
the follicular epithelium. Tissue and Cell, 3,
535-558,

HEUBNER, E,., TOGBE, S.S. and DAVEY, K.G. (1975, b) Structural
and functional dynamics of oogenesis in Glossina
austeni: Vitellogenesis with special reference to
the follicular epithelium. Tissue and Cell, 7,
535=558.

HIGHNAM, KeCs, LUSIS, O, and Hill, L. (1963) The role of
corpora allata during oocyte growth in the desert
locust Schistocerca gregaria Forsh. J. Insect
Physiol., 9, 587=596.

HIGHNAM, Ke.C. and HILL, L. (1977) The Comparitive
Endocrinology of the Invertebrates, 2nd edition,
Arnold, E. (.dc). London.



96

HILL, L. (1965) The incorporation of C =glyecine into
the protein of the fat body of the desert locust
during ovarian development. J. Insect Physiol.,
11, 1605-1615,

HODKOVA, M. and SOCHA, R. (1982) why is Pyrrhocoris
apterus insensitive to precocene II? txperientia,
38, 977-979,

HOPKI’B, CsRs and ICING. P.E. (1966) An electron micro-
scopical and histochemical study of the oocyte
periphery in Bombus terrestris during vitellogenesis.
Je Cell Sdo. b 201=216.

IRIE, K. and YAMASHITA, O. (1983) Egg specific protein
in the silkworm, Bombyx mori: purification and
titre changes during oogenesis and embryogenesis.
Insect BiOCh.... a. T1=80.

IZUMI, S., TOMINO, S, and CHINO, H. (1980, a) Purification
and molecular properties of vitellin from the
silkworm Bombyx mori. Insect Biochem., 10, 199-208.

IZUMI, S., TOJO, S. and TOMINO, S. (1980, b) Translation
of fat body me-RNA from the silkworm, Bombyx mori.
Insect Biochem., 10, 429-434,

‘JALAJA, M. and PRABHU, V.K.K. (1971) Blood protein
concentration in relation to vitellogenesis in

Dysdercus gingulatus. Experientia, 27, 639



JALAJA, M. and PRABHU, V.K.K. (1976) Inhibition of
vitellogenesis by allatectomy in the red cotton
bug, Dysdercus cingulatus Fabr. (Insecta,
Heteroptera, pyrrhocoridae). Entomon, 1, 193-194,

' JALAJA, M. and PRABHU, V.K.K. (1977) Endocrine control of
vitellogenesis in the red cotton bug, Dysdercus
cingulatus Fabr. Entomon, 2, 17«29,

JENSEN, P.V., HANSEN, B.,L., HANSEN, G,N. and THOMSEN, E.
(1981) Vitellogenin and vitellin from the blowfly
Calliphora vicina: occurrence, purification and
antigenic characterization. Insect Biochem.,

1l, 129-136.

JOHANSSON, A.S. (1958) Relation of nutrition to endocrine
reproductive functicns in the milkweed bug
Oncopeltus fasciatus (Dallas) (Heteroptera: Lygaeidae).

Nytt. Mag. Zool., 7, 1=132.

JOLY, P. (1968) Endocrinologie des Insectes, lst edition.
Masson and Cie, Paris.

JOWETT, T. and POSTLETHWAILT, J.H. (1980) The regulation of
yolk polypeptide synthesis in Drosophila ovaries
and fat body by 20-~hydroxyecdysone and juvenile
hormone analogue. Devl. Biel., 80, 225-234,

JUDSON, Pe, KISHEN RAO, Bs, THAKUR, S.5. and REVATHY, D.
(1979) Effect of precocene II on reproduction of
the bug Dysdercus similis (F) Heteroptera. Indian.
Je Expe Biol., u. 947=-949,




JUDY, KeJos SCHOOLEY, DyAes, DUNHAM, L.L., HALL, M.S.,
BERGO'!‘. BeJe and SIDDAL. JeBe. (19?3. .) Io.l..tion.
structure and absolute configuration of a new
natural insect juvenile hormone from Manduca sexta.
Proc. Natn. Acad. Scl.y UsSeA, m. 1509=1513.,

/

JUDY, KeJsy SCHOOLEY, DeAs, HALL, M.S., BERGOT, B.J. and
SIDDAL, J.B. (1973,b) Chemical structure and
absolute configuration of a juvenile hormone from

grasshopper corpora allata in yitro. Life Seci.,

KELLY, T.J. and DAVENPORT, R, (1976) Juvenile hormone
induced ovarian uptake of a female specific blood
protein in Oncopeltus fasciatus. J. Insect Physiol.,
22, 1381-1393,

“KELLY, T.J. and TELFER, W.H. (1977) Antigenic and electro-
phoretic variants of vitellogenin in Oncopeltus
blood and their control by juvenile hormone. Devl.
Biol.,61, 58=69.

KESSEL, ReG. and BEAMS, H.W. (1963) Micropinocytosis and
yolk formation in oocyte of the small milkweed bug.
Exptl. Cell. Res., 30, 440-443,

KING, R.C. (1960) Oogenesis in adult Drosophila melano-
gaster: Studies on the cytochemistry and ultra-

structure of developing oocytes. Growth, 24,
265=323.



KING, R.C. and AGARWAL, S.K. (1965) Oogenesis in
Hyalophora cecropia. Growth, 29, 17-84.

KOEPPE, JuKe (1981) Juvenile hormone regulation of ovarian
maturation in Leucophaea maderae. Symposium on
'Regulation of Insect Development and Behaviour"'
sponsored and published by the Technical University
of Wrowclaw, Poland.

KCEPPE, J,K« and WELLMANN, S.E, (1980) Ovarian maturation
in Leucophaea maderae: Juvenile hormone regulation
of thymidine uptake into follicular cell DNA,

Je Insect Physiol., 29. 219-228,

KOPPE, J.Ke, HOBSON, K. and WELLMAN, S.E. (1980, a) Juvenile
hormone regulation of structural changes and DNA
synthesis in the follicular epithelium of Legucochgea
maderae. J. Insect Physiol., 26, 229240,

KOEPPE, JeKey BRANTLEY, S.G. and NIJHOUT, M.M. (1980, b)
Structure, haemolymph, and regulatory effects of
juvenile hormone during ovarian maturation in

Leucophaea maderae. J. Insect Physiol., 26, 749-753.

KCEPPE, J.Key JARNAGIN, F.N. and BENNETT, L.N. (1981)
Changes in follicle cell morphology, ovarian protein
synthesis and ovarian DNA synthesis during oocyte
maturation in Leucophaea maderae. Role of Juvenile
Hormone. J. Insect Physiol., 27, 281-291.




100

KRAMER, S.J. (1978) Age dependent changes in corpus allatum
activity in vitro in the adult colorado potato beetle,
Leptinotarsa decemlineata. J. Insect Physiol., 24,
461-464,

KUNKEL, J.G. and PAN, M.L. (1976) Selectivity of yolk
protein uptake: comparison of vitellogenin in two
insects. J. Insect Physiol., 22, 809818,

LANDERS, M.He, and HAPP, G.M. (1980) Precocene inhibition

of vitellogenesis in Drosophila melanogaster.

Experientia, 36, 619=620,

LANZREIN, B, (1974) Influence of a juvenile hormone
analogue on vitellogenin synthesis and oogenesis
in larvae of Nauphoeta cinerea. J. Insect Physiol.,
20, 1871-1885.

LANZRE IN, B,, GENTINETTA, V., FEHR, R. and LUSCHER, M,
(1978) Correlation between haemolymph juvenile
hormone titre, corpus allatum volume, and corpus
allatum in vivo and in yitro activity during oocyte
maturation in a cockroach (Nauphoeta cinerea).
ien. Comp. Endocrinol., 36, 339-345,

LAUVERJAT, S. (1977) L'evolution post-imaginale du tissu
adipeux femelle de Locusta migratoria et son controle
endocrin. Gen. Comp. Endocrineol., ﬂ. 13-34,

LIECHTY, L. and SEDLAK, B.J. (1978) Ultrastructure of
precocene~induced effects on the corpora allata of
the adult milkweed bug, Oncopeltus fasciatus. Gen.
Comp. Endocrinol., 36, 433-436.



101

LOHER, W., RUZO, L., BAKER, F,C., MILLER, C.A. and
SCHOOLEY, De.A. (1983) Identification of juvenile

hormone from the cricket Teleogryllus commodus and
JH titre changes.

J. Insect Physiol., 29, 585590,

LOWRY, O.H., ROSEBROUGH, NeJe., FARR, AsL. and RANDALL, R.J.
(1951) Protein measurement with Folin-phenol
reagent. J. Biol. Chem., 193, 265-275,

MACKAUER, M., NAIR, K.K. and UNNITHAN, Ge.C. (1979) Effect
of precocene II on alate production in the pea
aphid, Acrythosiphon pisum. Can. J. Zool., 37,
856-859,

MAHOWALD, A. (1972) Ultrastructural observations on ocogene-
sis in D:M!u‘o Je umlo. m. 29-48,

" MASNER, P. (1968) The inductors of differentiation of pre-
follicular tissue and the follicular epithelium in
the ovarioles of Pyrrhocoris apterus (Heteroptera).

Je Eml. Exp. Morphol., m. 1-13.

MASNER, P., BOWERS, WeS., KALIN, M. and MUHLE, T. (1979)
Effect of precocene II on the endocrine regulation
of development and reproduction in the bug
Oncopeltus fasciatus. Gen. Comp. Endocrinol., 37,
156=166.

MATUSZAKI, M. (1975) Ultrastructural changes in developing
oocytes, nurse cells and follicular cells during
oogenesis in the telotrophic ovarioles of Bothrogonia
japonica (Homoptera). Kontyu, 43, 75~90.



o2

MAYS, U+(1972) staff transport im Ovar von Nahrzellen zur
oocyte der Feurwanze _PlEhmru apterus L
(Heteroptera). Z. Zellforsch., 123, 395-410,

" Me GREGOR, D.A. and LOUGHTON, B.Ge (1977) Amino acid
composition, degradation and utilization of locust
vitellogenin during embryogenesis. Wilhelm Roux®
Archiv,., 181, 113-122,

MELIUS, M.E. and TELFER, We.H. (1969) An autoradiographic
analysis of yolk deposition in the cortex of the
cecropia moth oocyte. J. Morphol., 219, 1l=l16.

MINKS, A.Kes (1967) Biochemical aspects of juvenile hormone
action in the adult Locusta migratoria.
Archs. Neerl. Zool., 17, 175-258.

MULLER, PoJe, MASNER, P.,, TRAUTMANN, K.H., SUCHY, M., and
WIPF, Ke (1974) The isolation and identification of
juvenile hormone from cockroach corpora allata in vitro.
Life Sci., 15, 915-921.

WR. poJo’ mmﬂ. po' mm. M. and BMRS. WeSe (197’)
In vitro inactivation of corpora allata of the bug
Oncopeltus fasciatus by precocene II. Experientia,
Q. 704« B,

xmALL. E. and ENGELMANN, F. (1977) Endocrine control of
vitellogenin synthesis and vitellogenesis in
Triatoma protracta. J. Insect Physiol., 23, 825836,



108

MUNRO, HeN. (1966) Methods of Biochemical Analysis.
Glick, D. (Ed.), Interscience Publishers, New York,
vol X1V, pp. 113,

NAGL, We (1978) Endopolyploidy and polyteny in Differentia-
tion and Evolution. North~Holland, Amsterdam.

ONO, S., NAGAYAMA, H. and SHIMURA, K. (1975) The occurrence
and synthesis of female and egg-specific protein
in the silkworm, Bombyx mori. Insect Biochem., 5,
313-329,

ORRy CuW.M. (1964, a) The influence of nutritional and
hormonal factors on egg development in the blowfly
Phormia regina (Meig). J. Insect Physiol., 10, 53~64.

ORR, C.W.M. (1964, b) The influence of nutritional and
hormonal factors on the chemistry of the fat body,
blood and ovaries of the blowfly Phormia regina
(Ioi.g). Je Insect physiol,., m 103-120,

PAN, MJL. and WYATT, GeRe (1971) Juvenile hormone induces
vitellogenin synthesis in the monarch butterfly.
Science, Washington, 174, 503-505.

PAN, M.L. and WYATT, G.R. (1976) Control of vitellogenin
synthesis in the monarch butterfly by juvenile
hormone. Devl. Biol., 54, 127-134,

PATCHIN, S, and DAVEY, K.G. (1968) The histology of
vitellogenesis in Rhodnius prolixus. J. Insect

Physiol., 14, 1815-1820,




104

PEDERSON, L.E.K. (1978) Effects of anti-juvenile hormone
(precocene I) on the development of Logusta
migratoria L. Gen. Comp. Endocrinol., 36, S502-509.

PENER, M.P., ORSHAN, L. and DE WILDE, J, (1978) Precocene II

causes atrophy of corpora allata in Locusta migra-
toria. Nature, London, 272, 350=353.

PERASSI, R. (1973) Female specific proteins in Iriatoma

infestans haemolymph. J. Insect Physiol., 19,
663=672.

PETZELT, C. and BIER, K, (1970) Synthese der Haemolymph
roteine und die Aufnahme der Dotterfraktion in
die oocyte unter Actinomycin - Einflub (Unter-

suchungen an Musca domestica)e Wilhelm Roux®
Arch. Entwicklungsmech Orge, 164, 359=366.

PIJNACKER, L.P. and GUDEKE, J. (1984) Development of
ovarian follicle cells of the stick insect,
Carausius morosus Br. (Phasmotodea), in relation
to their function. Int. J. Insect Morphol. E‘)ﬂﬁlo.
13, 21-28,

PLUOT, D, (1973) Effects d'une discontinuite de 1'
oviducte sur 1' ovaire et les Pedicelles corres-
pondants chez Dysdercus (Hem. Pyrrhocoridae). Ann.
Soc. ent. Fr. Ne S.y 2, 813-839,



106

POSTLETHWAIT, J. and HANDLER, A.M. (1979) The roles of
Juvenile hormone and 20-hydroxyecdysone during
vitellogenesis in isolated abdomens of Drosophila
melanogaster. J. Insect Physiol., 25, 455=460,

PRATT, GsE. and BOWERS, W.S. (1977) Precocene II inhibits
juvenile hormone biosynthesis by cockroach corpora
allata in yitro. Nature, London, 272, 350-353,

PRATT, GsE. and DAVEY, K.G. (1972) The corpus allatum and
oogenesis in Rhodnius prolixus. J.Exp. Biol., 56,
201-214,

'PRATT, GeE., WEAVER, R.J. and HAMNETT, A.F. (1976) Contie
nuous monitoring of juvenile hormone release by
superfused corpora allata of Periplaneta americana.
In 'The Juvenile Hormones'. Gilbert, L.I. (Ed.)
ppe 164«178, Plenum press, New York.

PRATT, GeE., JENNINGS, R.Ce, HAMNETT, A.F. and BROOKS, G.T.
(1980) Lethal metabolism of precocene I to a
reactive epoxide by locust corpora allata. Nature,
London, 284, 320-323.

PRATT, GeE.y HAMNETT, A.F., JENNINGS, ReCsp ALEXANDER, BeAeJs
and FEYEREISEN, R. (1982) Further studlies on the
metabolism and action of precocene I in Locusta
migratoria corpora allata. Gen. Comp. Endocrinol.,

46, 378.



106

PRICE, GsM. (1973) Protein and nucleic acid metabolism in
insect fat body. Biol. Rev. 48, 333-375.

RAMALAKSHMI, J.V. (1983) Effect of precocene I on egg
maturation in the Red cotton bug, Dysdercus koenigii

(Heteroptera), M. Phil thesis, University of
H'd’r.bGd’ m..

RAMAMURTY, P.S. (1964) On the contribution of the follicle
epithelium to the deposition of yolk in the oocytes
of Panorpa communis. Exptl. Cell Res., 33, 602=604,

RAMAMURTY, P.S. and ENGELS, w. (1977, a) Occurrence of
intercellular bridges between follicle epithelial

cells in the ovary of Apis mellifica queens.
Je Cell Seci., 24, 195-202.

' RAMAMURTY, P.S. and ENGELS, W. (1977, b) Allatectomie-und
Juvenilhormone Wirkungen auf synthese und
Einlagerung von Vitellogenin bei der Bienenkonigin.
Zool. Jb. (Physiol.), 81, 165«176.

fRANKIN. M.A. and JACKLE, H. (1980) Hormonal control of
vitellogenin synthesis in Oncopeltus fasciatus.

J. Insect Physiol., 26, 671-684,

" RANKIN, M.A. and RIDDIFORD, L.M. (1978) Significance of
haemolymph juvenile hormone titre changes in timing
of migration and reproduction in adult Oncopeltus

f”d.h!' Je« Insect th'lOl.. a. 1-8,



107

RAY, A. (1979) Autoradiographic studies on RNA synthesis
in trophocytes and germinal vesicle of Menochilus

sexmaculatus F. (Coleoptera, Coccinellidae).
Entomon, 4, 1-5,

RAY, A. and RAMAMURTY, P,S. (1979) Sources of RNA supply
to the oocytes in Crynodes peregrinus Fuessly
(Coleoptera: Chrysomelidae). Int. J. Imsect Morphol.
and Embryol., 8, 113-122,

RAY, A., RAMAMURTY, P.S. and VIMALA DEVI, K.S. (1981)
Autoradiographic studies on the haemolymph protein
uptake by the developing ococytes of Crynodes
peregrinus F. (Coleoptera): Entomon, §, 239-245.

REID, P.C. and CHEN, T,T. (1981) Juvenile hormone controlled
vitellogenin synthesis in the fat body of the locust
(Locusta migratoria): isolation and characteriza-
tion of vitellogenin polysomes and their induction
g vivo. J. Insect Biochem., n,. 297306,

REMBOLD, H., CZOPPELT, C. and SHARMA, G.K. (1979) Preco=-
cene II is no antijuvenile hormone in the honeybee, Apis
mellifera.Z. Naturforsch., 34 C, 1261-1263,

ROTH, T.F., CUTTING, J.A. and ATLAS, S.B. (1976) Protein
transport: A selective mechanism. J. Supramol.
Struct., 4, 527-548.



108

ROSELER, PoF. and ROSELER, I, (1978) Studies on the
regulation of the juvenile hormone titre in bumble

bee workers, Bombus terrestris. J. Insect Physiol.,
24, 701713,

ROTH, T.F. and PORTER, K. (1964) Yolk protein uptake in
the oocytes of the mosquito Aedes aegypti L.
Je Cell, Biol., 20, 313-332,

SAHOTA, T.S. (1973) Yolk deposition in Douglas-fir beetle
oocy tes: possible role of RNA synthesis in the
follicular epithelium. J. Insect Physiol., 19,
1087-1096.

' SAMS, GeRe and BELL, W.J, (1977) Juvenile hormone initia=-
tion of yolk deposition in yitro in the ovary of
the cockroach, Periplaneta americana. Adv. Invert.
Reprod., 1, 404-413,

SCHMIDT, G. and THANNHAUSER, SeI. (1945) A method for
the determination of deoxyribonucleic acid,
ribonucleic acid and phospho-proteins in animal
tissues. J. Biol, Chen., m. 83=89.

SCHNEIDER, (1957) In ‘'Methods in Enzymology', Colowick, S.P.
and Kaplan, N.O. (Ed.) Yol, III, Academic Press Inc.
m‘J.'her‘. New Yﬂ.'k, PP« 680,

SCHOONEVELD, He (1970) Structural aspects of neurosecretory
and corpus allatum activity in the adult colorado
beetle, Leptinotarsa decemlineata Say, as a function
of daylergthe Neth. J. Zool., aQ. 151-237.




109

SCHOONEVELD, H. (1979, a) Precocene induced collapse and
resorption of corpora allata in nymphs of Locusta
migratoria. Experientia, 35, 363-364,

SCHOONEVELD, H. (1979, b) Precocene Induced necrosis and
haemocy te-mediated breakdown of corpora allata in
nymphs of the locust, Locusta migratoria. Cell
Tiss. Res., 203, 25-33.

SCHOONEVELD, H., OTAZO, S. and DE WILDE, J. (1977) Juvenile
hormone induced break and termination of diapause
in the colorado potato beetle. J. Insect Physiol.,
23, 689696,

SCHRE INER, B. (1977, a) Vitellogenesis in the milkweed
bug, eltus fasciatus Dallas (Hemiptera). A
light microscopic and electron microscopic investie-
gat.lm. J+ Morphol., m, 81-109.

'SGIFEIINER. Be (1977, b) The eoffect of the hormone (s)
from the corpus allatum complex on the ovarian tissue
of Oncopeltus fasciatus. A light and electron
microscopic investigation. J. Morphol., m. 8l=109.

SLAMA, K. (1964) Hormonal control of haemolymph protein
concentration in the adults of Pyrrhocoris
apterus L. (Hemiptera) J. Insect Physieol., 10,
T73=T782.

STAY, B. (1965) Protein uptake in the oocytes of the
cecropia moth, J. Cell, Biol., 26, 49-62.



110

SZIBBO, C.M. and TOBE, S,S. (1981) Cellular and volumetric
changes in relation to the activity cycle in the

corpora allataof Diploptera punctata. J. Insect
Physiol., 27, 655-665,

TELFER, W.Hs (1960) The selective accumulation of blood
proteins by the oocytes of Saturnid moths. Biol.
Bull., Woods Ho.le. m. 338=-351,

TELFER, W.H. (1961) The route of entry and localization
of proteins in the oocytes of saturnid moths.
J. Biophys. Biochem. Cytol., 9, 747=759.

TELFER, W.H. (1979) Sulfate and glucosamine labeling of
the intercellular matrix in vitellogenic follicles
of a moth. Roux's Arch. Devl. Biel,, 185, 347-362.

THOMSEN, E. and MOLLER, I. (1963) Influence of neuro-
secretory cells and of corpus allatum on intestinal
protease activity in the adult Calliphora
erythrocephala Meig. J. Exp. Biol., 40, 301-321.

THOMSEN, E. and THOMSEN, M. (1970) Fine structure of the
corpus allatum of the female blowfly, Calliphora
exythrocephala. Z. Zellforsch., 110, 40-60,

rd

in relation to egg maturation in the red cotton

bug, Dysdercus koenigii (Heteroptera).Acta Entomolo
gica, 76, 175~180.



111

'TOBE, S.5. and STAY, B, (1977) Corpus allatum activity
in vitro during the reproductive cycle of th-

viviparous cockroach, Diploptera punctata
‘E.meb‘l“)o Gen. Comp. EMOG!!.HOI., ﬂ' 138-147.

'TOBE, S.S. and STAY, B. (1979) Modulation of juvenile
hormone synthesis by an analogue in the cockroach
Nature, 28, 481-482,

TRAUTMANN, K.H., SCHULER, A., SUCHY, M. and WIPF, H.K.
(1974,a) A method for the qualitative determination
of three natural insect juvenile hormones. Evidence
of methyl 10, ll-epoxy-3,7, lletri-methyl-2-trans-

6~trans-dodecadienoate in Melolantha melolantha.
Ze N.tﬂrfor.Cho’ n S' 161~-168.

TRAUTMAN, K.H., MASNER, P., SCHULER, A., SUCHY, M. and
WIPF, H.K. (1974,b) Evidence of the juvenile hormone
methyl (2E,6E) = 10, ll=epoxy=3,7,ll=trimethyl-2,6-
dodecadienocate (JH=3) in insects of four orders.
Naturforsch., 29 C, 757=759.

TRAUTMAN, K.H., SUCHY, M., MASNER, P., WIPF, H.K. and
SCHULER, A« (1976) Isolation and identification of
juvenile hormones by means of a radioactive isotope
dilution method: evidence for JH III in eight
species from four orders. In 'The Juvenile
Hormones', Gilbert, L.I. (Ed.), 118«130-

ULLMANN, S.L. (1973) Oogenesis in Jengbrio molitor: Histo-
logical and autoradiographical observations on
pupal and adult ovaries. J. Embryol. Exptl. Morphol.,
30, 179-217.



UNNITHAN, G.C., NAIR, K.K. and BOWERS, W.S. (1977)
Precocene induced degeneration of the corpus allatum

of adult females of the bug, Ongopeltus fasciatus.
J. Insect Physiol., 23, 1081-1094.

UNNITHAN, G.Ce., NAIR, K.K. and KOOMAN, C.J. (1978)
Effects of precocene~II and juvenile hormone III
on the activity of neurosecretory A-cells in

Oncopeltus fasciatus. Experientia, 34, 411

UNNITHAN, G.C., NAIR, K.K. and SYED, A. (1980) Precocene
induced metamorphosis in the desert locust

Schistocerca gregaria. Experientia, 36, 135-136.

VANDERBERG, J.Ps (1963) The role of the gonadotropie
" hormone in the synthesis of protein and RNA in

Bhodnius prolixus. Biol. Bull., Woods Hole, 118, 338-351.

VAN LAERE, O. (1974) Physiology of the honey bee corpora
allata. 3: A new method for allatectomy of queens.
J. Apicultural Res., 13, 15-18.

WEBER, K. and OSBORN, M. (1969) The reliability of
molecular weight determination by sodium dodecyl
sulfate polyacrylamide gel electrophoresis.,

Je 3101.. Chem., zﬂ’ 4406-4412.,

WIGGESWORTH, V.B. (1936) The function of the corpus allatum
in the growth and reproduction of Rhodnius prolixus
‘(Hemiptera). Quart, J. Microsc. Seci., 79, 91-121.




s

113

WIGGLESWORTH, V.B. (1948) The functions of the corpus
allatum in Rhodnius prolixus (Hemiptera).
Je Exps Blol,, 22. 1-16.

WILKENS, J.Les (1967) The control of egg maturation in
Sarcophaga bullata (Diptera). Am. Zool., 7, 723-724,

WILKENS, J.L. (1968) The endocrine and nutritional control
of egg-maturation in the fleshfly Sarcophaga
bullata. J. Insect Physiol., 14, 927-945,

WILKENS, J.L. (1969) The endocrine control of protein
metabolism as related to reproduction in the
fleshfly Sarcophaga bullata. J.Insect Physiol.,
15, 1015-1024,

WILSON, TeGe LANDERS, MsHe and HAPP, G.M. (1983) Preco-
cene I and II inhibition of vitellogenic ococyte

development in Drosophila melanogaster. J. Insect
Physiol., 29, 249-254,

WUEST, J. (1978) Histological and cytological studies on
the fat body of the cockroach Nauphoeta cinerea
during the first reproductive cycle. Cell Tiss.Res.,
188, 481-490.

WYATT, GeRe (1972) Insect Hormones: In ‘*Biochemical Action
of Hormones', Litwack, G. (Ed.) Academic press,
New York, 2, 385=490.



WYATT, GeRe. and PAN, M.L, (1978) Insect plasma proteins,.
Ann. Rev. Biochem,., 47, 779-8i7.

WYSS-HUBER, M, and LUSCHER, M. (1972) In vitro synthesis
and release of proteins by fat body and ovarian
tissue of Leucophaea maderae during the sexual
cycle. J. Insect Physiol., 18, 689-711,

YAMASAKI, Ke (1974) Yolk protein from eggs of Locusta
migratoria and glycopeptides from the protein.
Insect Biochem., 4, 411-422,

ZINME ISTER, P.P. and DAVENPORT, D, (1971) An autoradio-
graphic and cytochemical study of cellular interace-
tions during oogenesis in the milkweed bug,
Oncopeltus fasciatus. Exptl. Cell Res., ﬂ. 273=278,

” ZHAL, QeH., POSTLETHWAIT, J.H. and BODLEY, J.W. (1984)
Vitellogenin synthesis in the lady beetle,
Coccinella septempunctata. Insect Biochem.,

14, 299-306.




