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SUMMARY

The work described in this thesis consists of a series of investigations into the
biosynthetic capacity, control and inhibition of the ecdysteroid biosynthetic pathway in
gonadal tissues of the insect species, Locusta migratoria, Spodoptera littoralis and
Spodoptera frugiperda.

The synthesis of a high specific radioactivity form of 7-dehydrocholesterol, based
on the synthesis of Vitamin D, is described. This synthetic pathway proceeded from
cholesterol via cholesta-1,4,6-trien-3-one, cholesta-1,5,7-trien-3-one and chcnl%sta— 1,5,7-
trien-3B-ol and enabled tritiation of the Al bond as the final stage. Thus, [1,2- Hj]7-
dehydrocholesterol with a specific activity of approximately 17Ci/mmol was obtained.

The ability of the testes of larvae of S. littoralis to synthesise ecdysteroids was
assessed. The haemolymph and testes ecdysteroid titre profiles and content were
determined for the final (sixth) instar larvae and were found to be different. Testes
converted [3H[2-deoxyecdysone and [3H]2,22,25-trideoxyecdysone into ecdysteroids
more efficiently than other larval tissues investigated during the final larval instar. The
ability of the testes to convert [3H]2,22,25 -trideoxyecdysone into ecdysteroids was found
to vary during the last larval instar (duration 120hr) reaching a maximum in the region of
57hr. Conversion of [3H]7-dehydrocholesterol into ecdysteroids by testes in vitro could
not be demonstrated, nor could reliable increases in ecdysteroid immunoreactivity be
shown when testes were incubated in vitro.

The ovaries of 1-3 day old S. frugiperda contained ecdysone in both the free and
conjugated forms and traces of 2-deoxyecdysone in the free form. The 0-24hr old eggs of
S. frugiperda contained predominantly 2-deoxyecdysone in both the free and conjugated
forms with smaller amounts of ecdysone also present in both fractions. Lesser amounts of
ecdysonoic acid and 20-hydroxyecdysonoic acid were also detected in the eggs.

Ovaries from day 1 adult S. littoralis that were incubated with [3H]2-
deoxyecdysone showed conversion into ecdysone, 2-deoxyecdysone 22-phosphate and
ecdysonoic acid and those incubated with [°H]2,22,25-trideoxyecdysone showed
conversion into 2,22-dideoxyecdysone, 2-deoxyecdysone, ecdysone and ecdysone 22-
phosphate. Ovaries from day 2 adults that were incubated with [3H]2,22,25-
trideoxyecdysone showed conversion into 2,22-dideoxyecdysone, 2-deoxyecdysone and
ecdysone but not into conjugated ecdysteroids. The significance of the results obtained in
S. frugiperda and S. littoralis is discussed with regard to ovarian ecdysteroids in the
Spodoptera genus.

The viability of an in vitro ecdysteroid biosynthetic system using ovarian follicle
cells of L. migratoria was demonstrated. The possible feedback inhibition by end
products of the pathway on the later ecdysteroid hydroxylation steps was investigated
using [3H]2,22,25-trideoxyecdysone as substrate. Exogenous ecdysone and 20-
hydroxyecdysone had very little feedback effect in this system but 2-deoxyecdysone 22-
phosphate and particularly ecdysone 22-phosphate produced feedback inhibition effects.
Inhibition seemed to occur preferentially at the C-22 hydroxylase and the significance of
this possible late feedback control step is discussed. Incorporation of [3H]7-
dehydrocholesterol into 2-deoxyecdysone, ecdysone, 20-hydroxyecdysone and the
corresponding 22-phosphates in the eggs of L. migratoria after maternal injection was
also obtained.

Inhibition of the late steps of ecdysteroid biosynthesis by selected cytochrome P-
450 inhibitors and other compounds was investigated in L. migratoria ovarian follicle
cells. The relative potencies of various inhibitor groups were obtained and a general
preferential inhibition of the C-22 hydroxylase noted. This significance of this is
discussed in terms of rate-limiting steps.
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ECDYSTEROID ABBREVIATIONS

In some cases in this thesis the names of ecdysteroids were abbreviated as

follows:

2,22,25dE
2,22dE
22,25dE
25dE
22dE
2dE
2d20E
E

20E
2dE22P
E22P
20E22P
EOIC
20EOIC

2,22,25-trideoxyecdysone
2,22-dideoxyecdysone
22,25-dideoxyecdysone
25-deoxyecdysone
22-deoxyecdysone
2-deoxyecdysone
2-deoxy-20-hydroxyecdysone
ecdysone

20-hydroxyecdysone
2-deoxyecdysone 22-phosphate
ecdysone 22-phosphate
20-hydroxyecdysone 22-phosphate
ecdysonoic acid

20-hydroxyecdysonoic acid



CHAPTER 1

Introduction



CHAPTER 1
1.1. GENERAL INTRODUCTION

Species of the phylum Arthropoda (Fig. 1.1) first appeared on earth during the
Devonian period 400 million years ago and have since evolved to fill virtually every
ecological niche on the planet. Within the phylum, the class Insecta (Fig. 1.2) is
estimated to contain between 1 and 10 million species and is widely accepted to be one of
the most successful on earth. One of the features that has enabled the insects to dominate
their environment is their chitinous exoskeleton which affords protection against
predators and allows them to reduce water loss from the body surface. However, besides
these advantages there is also a potential disadvantage in possessing an exoskeleton since
it cannot be enlarged as the insect grows. To overcome this disadvantage the insect must
moult at various stages of its immature life in order that a larger exoskeleton can be laid
down and the insect can grow.

Insect development can be either hemimetabolous or holometabolous. In
holometabolous development the insect passes through three morphologically separate
stages, namely, larva, pupa and adult. A succession of moults occur as the larva grows
and then pupates to form a pupa. During this period the body tissues are broken down and
reformed to give the adult structure on emergence from the pupa. In hemimetabolous
development, on the other hand, the immature forms superficially resemble the adults and
grow through a series of instars with moults at the end of each until the final moult into
the adult. The Lepidoptera are examples of holometabolous insects and the Orthoptera

are examples of hemimetabolous insects.



PHYLUM Arthropoda

CLASS Insecta Crustacea Arachnida Chilopoda Diplopoda Xiphosura

Fig. 1.1. The classes within the phylum Arthropoda.
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1.2. HORMONAL CONTROL OF INSECT POST-EMBRYONIC
DEVELOPMENT

Insect post-embryonic development is controlled by a complex and not fully
understood endocrine system which regulates both the timing and the type (larval-larval,
larval-pupal or pupal-adult) of moult. There are three major types of hormones that act in
conjunction as shown in the classical scheme of Fig. 1.3, namely, the ecdysteroids (also
known as moulting hormones), the prothoracicotropic hormone and the juvenile

hormones.

1.2.1. Ecdysteroids

In insect development the ecdysteroids control many processes involved in
moulting including; termination of feeding, gut emptying, apolysis, proliferation of the
epidermal cells, secretion of new cuticle, digestion of the old cuticle and sclerotization of
the new one (for reviews see Koolman, 1990; Sehnal, 1989). The ecdysteroid titre in the
insect haemolymph usually shows one large peak before the end of the stage and this
initiates the moulting process. Further background on ecdysteroids can be found in

subsequent sections of this introduction.

1.2.2. Prothoracicotropic Hormone (P.T.T.H.)

The timing of ecdysteroid synthesis is controlled by a neurohormone,
prothoracicotropic hormone (P.T.T.H.) which is synthesised in the neurosecretory cells of
the brain. P.T.T.H. release in response to various external stimuli, e.g. photoperiod and
temperature, stimulates ecdysteroid synthesis in the prothoracic glands (see section 1.6,

"Sites of Synthesis") of immature insects. In Manduca sexta at least, P.T.T.H. is stored in
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Fig. 1.3. The classical scheme of insect post-embryonic development.



the corpora allata subsequent to synthesis and released from there (for reviews see Smith
and Sedlmeier, 1990; Watson et al., 1989). However, the ability of P.T.T.H. to elicit a
response seems to depend on the competence of the prothoracic glands since ecdysteroid
synthesis in the afore-mentioned glands only increases in response to P.T.T.H. at various
points in development (Smith and Pasquarello, 1989). The structure of P.T.T.H. has been
investigated in Bombyx mori and M. sexta and in both species it has been found to be a
mixture of peptides containing large and small forms. These are 5kD and 22kD in B.
mori (Ishizaki er al., 1983) and 7kD and 28kD in M. sexta (Bollenbacher er al., 1984).

1.2.3. Juvenile Hormones (J.H.s)

The J.H.s are synthesised in the corpora allata of the brain complex and control
the nature of the moult (i.e. larval-larval, larval-pupal or pupal-adult). Many researchers
have shown that removal of the head of a larva and subsequent parabiosis to a later instar
larva has resulted in precocious metamorphosis of the former larva. The same effect is
obtained by removal of the corpora allata from the insect (for review see Wigglesworth,
1970). Also, parabiosis of a final instar larva to an earlier instar larva or application of
J.H.s has resulted in supernumary larval moults (for review see Gilbert, 1964). Thus, high
titres of J.H.s lead to larval-larval moults while the larval-pupal and pupal-adult moults
occur in the virtual absence of J.H.s.

The J.H.s have been identified as a family of farnesol-related isoprenoid
compounds which differ from each other in their ethyl substituents (Fig. 1.4). The roles
of the different forms of J.H. are not understood. In Lepidoptera JJH. 0, JH. Tor JH. II
always predominate with only small amounts of J.H. III present but in all other insect
orders so far studied (Coleoptera, Diptera, Dictyoptera, Orthoptera, Thysanura,
Hemiptera) J.H. III is the only form present (for review see Schooley et al., 1984). The

related compound methyl farnesoate, which is often thought of as a precursor, has also
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been identified in insects (Lanzrein et al., 1984). J.H. IIl is synthesised from acetate in
the same manner as farnesol in vertebrates, but in J.H. 0, J.H. I and J.H. II the ethyl
groups are derived from propionate; one molecule of which replaces an acetate for each
additional carbon in the J.H. (Schooley et al., 1976).

Just as P.T.T.H. stimulates ecdysteroid synthesis in the prothoracic glands it has
long been thought that an allatostatin or allatotropin should control J.H. synthesis in the
corpora allata. Recently an allatostatic peptide has been found in M. sexta (Granger and
Janzen, 1987) and four more have been characterised from Diploptera punctata
(Woodhead et al., 1989). These are in addition to an allatotropic peptide previously found
in M. sexta (Granger et al., 1984). In addition to this regulation of synthesis, control of
the J.H. titre also seems to occur by degradation, since at least in Lepidoptera, the levels
of the major degradation enzyme, J.H. esterase fluctuate during development. (Hammock
et al., 1984).

Some interaction between ecdysteroids and J.H.s may be expected to ensure both
work in a co-ordinated fashion and a model of how this could occur has been proposed
for M. sexta (Bollenbacher, 1988). This model is extremely complex but in essence it
suggests that a haemolymph protein factor, which is synthesised in the fat body after
stimulation by J.H., is able to stimulate ecdysteroid biosynthesis under suitable

conditions.

1.3. THE STRUCTURE OF ECDYSTEROIDS

The ecdysteroids (the generic name proposed by Goodwin et al., 1978) are a
family of polyhydroxylated steroid hormones based on the structure of ecdysone
(2B,3B,140,22R,25-pentahydroxy-5p-cholest-7-en-6-one), the parent compound. They
differ from vertebrate-type steroid hormones in a number of important features and the

structures of ecdysone and a typical vertebrate steroid are shown in Fig. 1.5. Ecdysteroids



(a) The numbering system of steroids

(b) The 3-dimensional structure of ecdysone

OH

(c) The 3-dimensional structure of a vertebrate-type steroid
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Fig. 1.5. Generalised steroid structures.
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possess a hydrocarbon side chain which is absent in vertebrate-type steroids and are
hydroxylated on both the side chain and the steroid nucleus. They contain a double bond
at the A7 position and a carbonyl group at C-6, which result in a much flattened B-ring
relative to vertebrate steroids. The A/B-ring junction is in the cis configuration (i.e. 5B
hydrogen atom) whereas in most vertebrate-type steroids it is in the zrans configuration
and this results in ecdysteroid molecules being much less planar overall than vertebrate
steroid molecules (see Fig. 1.5).

Many members of the ecdysteroid family have been discovered since ecdysone
was first isolated from pupae of the silkworm, B. mori (Butenandt and Karlson, 1954).
There are currently over 100 compounds in the group, although not all of these occur in
insects (see section 1.4, "Occurrence of Ecdysteroids in Nature"). Representatives of the
main sub-groups found in insects are shown in Fig. 1.6 and a summary of the known
adaptations to the ecdysone molecule is given in Fig. 1.7. As can be seen, the ecdysone
precursors lack certain of the hydroxyl groups present in the parent compound, while
other compounds such as 20-hydroxyecdysone (not shown) and 20,26-
dihydroxyecdysone have additional hydroxyl groups. Phosphate, acetate, fatty acyl and
glycoside esters, including double phosphate, acetate esters are also known with
esterification occurring at various of the hydroxylated positions. These are particularly C-
22 for phosphate and fatty acyl esters and C-3 for acetate esters (see numbering system in
Fig. 1.5). Oxidation of the C-26 hydroxyl group produces the corresponding 26-oic acid.
The 3-dehydroecdysteroids possess a carbonyl group at C-3 rather than a hydroxyl group
and in the 3-epi-ecdysteroids the hydroxyl group is in the 3o rather than the more usual
3P position. An exhaustive list of all fully characterised ecdysteroids found in the animal

kingdom has recently been published (Rees, 1989).
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1.4. OCCURRENCE OF ECDYSTEROIDS IN NATURE

The class Insecta is not the only class in which ecdysteroids have been identified;
they are increasingly found to be widespread in nature. Within the Arthropoda they have
been found in the classes Crustacea, Merostomata, Arachnida and Chilopoda in addition
to Insecta (for review see Spindler, 1989). Ecdysone and 20-hydroxyecdysone are the
most commonly found ecdysteroids and while this is not surprising it is possible that
other ecdysteroids may have been missed particularly if they are not sensitive to the
detection method used (principally radioimmunoassay). Work on classes other than
Insecta has traditionally lagged behind and although this situation is slowly changing the
variety of ecdysteroids so far found in these classes is less than in Insecta.

Outside the phylum Arthropoda, ecdysteroids are found in Coelenterata,
Platyhelminthes, Nemathelminthes, Annelida and Mollusca where the principal
compounds are ecdysone and 20-hydroxyecdysone (for review see Franke and Kauser,
1989). In the coelenterate Gerardia savaglia the relatively high levels of ecdysteroids
probably rule out a hormonal role for the compounds and although no definitive role has
been elucidated in any of the other non-arthropod phyla, a number of effects of
exogenous ecdysteroids have been demonstrated (Barker ez al., 1990). The synthesis of
ecdysteroids has not been shown in any of these phyla and this raises the question of how
they came to be present.

One possible source of the ecdysteroids occurring in the non-arthropod phyla is
from plants. In some of the above mentioned phyla organisms eat plants directly and in
others the species live in the intestines of animals where there would be a large amount of
semi-digested plant material. Various plants have been shown to contain large amounts
of ecdysteroids, including some found in animals (for review see Lafont and Horn, 1989).
The plant species concerned are mostly embryophytes. The concentration of ecdysteroids

in plants can be several orders of magnitude higher than in insects and since there is no
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apparent physiological role for them in plants they are assumed to act as deterrents to
insects. Their site of synthesis in plants is, as yet, unknown but they are not distributed
evenly around the plant (Achrem et al., 1973) nor are their levels the same throughout the

year (Yen et al., 1974).

1.5. ECDYSTEROIDS IN DIFFERENT DEVELOPMENTAL STAGES OF
INSECTS

1.5.1. Immature Forms

In successive larval instars and the pupal stage (if present) of insects the major
role of ecdysteroids is in the control of the moulting process, thus enabling the insect to
grow and develop. For some time the central dogma of insect physiology has been that
ecdysone synthesised in the prothoracic glands (see section 1.6, "Sites of Synthesis") is
released into the haemolymph and is then converted into the more physiologically active
20-hydroxyecdysone in the peripheral tissues, particularly the fat body and Malpighian
tubules. However, recent findings have suggested that this does not hold in all cases. The
nymphs of various species of the order Hemiptera have been shown to contain the C28
ecdysteroid, makisterone A as have pupae of the Hymenopteroid, Apis mellifera (for
review see Feldlaufer, 1989). Also, in a more radical departure from the established
dogma, the product of the prothoracic glands in M. sexta has been found to be 3-
dehydroecdysone which is rapidly converted into ecdysone by a ketoreductase in the
haemolymph (Warren et al., 1988a, 1988b.).

In larvae, the products of metabolism (inactivation) of the ecdysteroids are rapidly
excreted and hence do not accumulate in the insect; nonetheless, they can be analysed in
the faeces. However, in the pupa, which is a closed system from which no excretion is

possible, various products of ecdysteroid metabolism have been identified and found to
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be similar to those in larval faeces. These are usually assumed to be inactivation products
as they have lowered activity in moulting hormone bioassays compared to ecdysone and
20-hydroxyecdysone respectively (e.g. Kaplanis ez al., 1980b). The excreted
(inactivation) compounds vary greatly amongst the species examined and not all are
found in all species. In general the C-26 hydroxylated, and 26-oic acid forms of ecdysone
and 20-hydroxyecdysone along with the 3-epi-compounds and the C-3 acetates seem to

be the principal products (see Figs. 1.6 and 1.7, for review see Lafont and Connat, 1989).

1.5.2. Adult Females

In the adult female, ecdysteroids have been found in the ovaries of many species
and the synthetic tissue has been determined to be the ovarian follicle cells (see section
1.6, "Sites of Synthesis"). In many cases the bulk of the ecdysteroids are transferred to
the egg before oviposition (Hoffmann et al., 1980). Table 1.1 shows the ecdysteroids
found in the ovaries or newly laid eggs (which in these cases can be assumed to have the
same qualitative ecdysteroid content as the mature ovaries) of the best investigated insect
species. In all of these species the conjugated ecdysteroids are the major components and,
with the exception of M. sexta, they are all 22-phosphate esters. However, in some
species, free ecdysteroids predominate in the ovaries; e.g. ecdysone and 20-
hydroxyecdysone in Galleria mellonella (Smith and Bollenbacher, 1985). In other
species, such as Periplaneta americana, apolar esters have been found in which acyl
groups are esterified to the ecdysteroid moiety (Slinger and Isaac, 1988).

In the developing oocyte free ecdysone levels have been correlated with periods
of meiotic reinitiation and it has been shown that ecdysone is capable of triggering this
(Lanot et al., 1987,1988). The transfer of maternal ecdysteroids to the eggs is usually
assumed to be for a role in embryogenesis (see following section) and the conjugates

have been proposed to be a hormonally inactive storage form of the active hormone.



INSECT
Schistocerca gregaria

Locusta migratoria

Bombyx mori

Manduca sexta

ECDYSTEROID

*Ecdysone 22-phosphate

*2-Deoxyecdysone 22-phosphate
*20-Hydroxecdysone 22-phosphate
*2-Deoxy-20-hydroxyecdysone 22-phosphate
*Ecdysone

*2-Deoxyecdysone

*20-Hydroxyecdysone

2,22-Dideoxyecdysone
2,22,25-Trideoxyecdysone
2,14,22,25-Tetradeoxyecdysone
2-Deoxyecdysone
Ecdysone
*20-Hydroxyecdysone
2-Deoxyecdysone 22-adenosinemonophosphate
sprobably 2-Deoxyecdysone 22-phosphate)
Ecdysone 22-N6-(isopentenyl)-adenosinemonophosphate
(probably Ecdysone 22-phosphate)

Ecdysone

20-Hydroxyecdysone

2-Deoxyecdysone
2-Deoxyecdysone-20-hydroxyecdysone
2,22-Dideoxy-20-hydroxyecdysone

Ecdysone 22-phosphate

2-Deoxyecdysone 22-phosphate
2-Deoxy-20-hydroxyecdysone 22-phosphate
20-Hydroxyecdysone 22-phosphate
2,22-Dideoxy-20-hydroxyecdysone 3-phosphate

*26-Hydroxyecdysone 26-phosphate
26-Hydroxyecdysone 2-phosphate

Table 1.1. Ecdysteroids found in ovaries or newly laid eggs(*) of various species.

REFERENCE
Isaac et al., 1983a

Dinan and Rees, 1981a

Hetru et al., 1978,1982

Lagueux et al., 1981

Tsoupras et al., 1982a
Tsoupras et al., 1983a

Watanabe and Ohnishi, 1984

Ohnishi et al., 1977
Ohnishi et al., 1981
Ikekawa er al., 1980
Hiramoto et al., 1988

Thompson et al., 1985
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However, why such a variety of different conjugates should be required (some polar and
some apolar) and why in some cases free ecdysteroids should predominate is unclear and
likely to remain so for some time.

In a further complication of the situation, adult females of some species have been
shown to release ecdysteroids into the haemolymph after synthesis in the ovary (G.
mellonella, Smith and Bollenbacher, 1985; Nauphoeta cinerea, Zhu et al., 1983). Work
carried out with Aedes aegypti has suggested that these haemolymph ecdysteroids initiate
vitellogenin synthesis in the fat body (for review see Hagedorn, 1985) but whether this

will emerge as a general phenomenon is unclear.

1.5.3. Embryogenesis

During embryogenesis the ecdysteroids present in the egg change as the titres of
those present in the newly laid egg decrease and the titres of other forms of ecdysteroids
increase. This shows that there are enzyme systems present that are capable of
metabolising ecdysteroids. It is generally thought that ecdysteroids in the egg control the
development of the embryo and in a variety of species levels of free ecdysone and 20-
hydroxyecdysone have been correlated with the onset of the deposition of the different
cuticles (Lagueux et al., 1984; Dorn and Romer, 1976; Mizuno et al., 1981). As
mentioned in the previous section, the ecdysteroid conjugates are primarily regarded as a
storage form and it has been shown that developing embryos are capable of hydrolysing
ecdysteroid 22-phosphate esters (Isaac et al., 1983c). This causes the release of free
active hormone which can contribute to the peaks of ecdysteroids that occur during
embryogenesis, prior to the differentiation of the prothoracic glands. Subsequently,
inactivation of the compounds occurs (Dimarcq et al., 1987) and the inactivation
products build up as, like the pupa, the egg is a closed system and excretion cannot occur.

Table 1.2 shows the new ecdysteroids that have been isolated from the developing eggs



INSECT

Schistocerca gregaria

Locusta migratoria

Manduca sexta

ECDYSTEROID

Ecdysone 2-phosphate
3-Acetylecdysone 2-phosphate
Ecdysonoic acid
20-Hydroxyecdysonoic acid
3-Acetyl-20-hydroxyecdysone 2-phosphate
3-Epi-2-deoxyecdysone 3-phosphate
3-Acetylecdysone 22-phosphate
2-Acetylecdysone 3-phosphate
Ecdysone 3-acetate
2-Deoxy-20-hydroxyecdysone
3-Epi-2-deoxyecdysone

2-Deoxy-20-hydroxyecdysone 22-phosphate
20-Hydroxyecdysone 22-phosphate
3-Acetyl-20-hydroxyecdysone 22-phosphate
3-Epi-2-deoxyecdsone 3-phosphate
3-Dehydro-2-deoxyecdysone
3-Epi-2-deoxyecdysone
3-Epi-2-deoxyecdysone 3-phosphate
2-Deoxyecdysone 22-phosphate
2,3-Diacetylecdysone 22-phosphate
20,26-Dihydroxyecdysone

Ecdysone

26-Hydroxyecdysone
20-Hydroxyecdysone
20,26-Dihydroxyecdysone
3-Epi-26-hydroxyecdysone
3-Epi-20,26-dihydroxyecdysone
26-Hydroxyecdysone 22-glucoside

Table 1.2. Ecdysteroids found in the developing eggs of various species.

REFERENCE
Isaac et al., 1984a
Isaac et al., 1983b

Isaac and Rees, 1984

Isaac et al., 1981a
Isaac et al., 1981b

Tsoupras et al., 1982b

Tsoupras et al., 1982a
Tsoupras et al., 1983b

Lagueux et al., 1984

Kaplanis et al., 1980a

Thompson ez al., 1987b
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of L. migratoria, S. gregaria and M. sexta; the best studied species. These are in addition
to those of maternal origin. As in the pupa, ecdysteroid 26-oic acids, acetate phosphate
double derivatives and 3-epi-ecdysteroids are prominent, together with the 22-glucosides

in M. sexta.

1.5.4. Adult Males

Ecdysteroids have been reported in the adult males of some species e.g.
Calliphora vicina (Koolman et al., 1979) and in the testes of others e.g. Heliothis
virescens (Loeb et al., 1984) and Ostrinia nubilalis (Gelman et al., 1988). This has led to
speculation that the testes could be a site of ecdysteroid biosynthesis and is discussed

further in chapter 4.

1.6. SITES OF ECDYSTEROID SYNTHESIS

1.6.1. Prothoracic Glands

Early work on the source of the moulting hormone in immature stages involved
ligation experiments, implantation and removal of tissue and strongly implicated the
paired, translucent, bead-like prothoracic glands as a source of hormone. The prothoracic
glands are found in the head of some orders, the prothorax of others and in the Diptera
they form part of the ring gland (for review see Gilbert, 1964). It was some time before
ecdysiosynthetic capability was proved directly by culture of larval prothoracic glands
(M. sexta, King et al., 1974; B. mori, Chino et al., 1974; L. migratoria, Himn et al., 1979)
of various insects in vitro. Ring glands of larvae (C. vicina, Kauser et al., 1988) and
pupae (Drosophila melanogaster, Redfern, 1983) have also been shown to synthesise

ecdysteroids in vitro. Recently both larval and pupal prothoracic glands of M. sexta have



N

been reported to synthesise 3-dehydroecdysone when cultured in vitro (Warren et al.,
1988a, 1988b). In all of the above cases it was noted that the ecdysteroid synthesised
(ecdysone or 3-dehydroecdysone) was secreted directly into the medium confirming that
the glands do not store significant amounts.

Demonstration of conversion of the precursor, cholesterol (see section 1.7, "The
Biosynthetic Pathway of Ecdysteroids"), into ecdysteroids in prothoracic glands by
radiolabelling also proved difficult, probably due to the large endogenous pool present
(Hirn ez al., 1979). However, conversion of cholesterol into ecdysone in vitro has been
shown in larval prothoracic glands of B. mori (Sakurai et al., 1977) and Tenebrio molitor
(Romer et al., 1974) as well as conversion into 3-dehydroecdysone in the larval glands of

M. sexta (Warren et al., 1988a).

1.6.2. Ovaries

Since the prothoracic glands degenerate shortly after emergence and the adult
does not moult, reports of moulting hormone activity in adult B. mori (Shaaya and
Karlson, 1965) and ecdysteroids in the eggs of B. mori (Ohnishi et al., 1971) were
greeted with scepticism. Indirect evidence that the ovaries were the source of the
ecdysteroids came from ovariectomy experiments (Hanoaka and Ohnishi, 1974; Lagueux
et al., 1977). Culturing of ovaries of various species in vitro soon confirmed their ability
to synthesise ecdysteroids (A. aegypti, Hagedomn et al., 1975; L. migratoria, Lagueux et
al., 1977; G. mellonella, Smith and Bollenbacher, 1985; D. melanogaster, Rubenstein et
al., 1982). Subsequently the actual site of synthesis has been found to be the ovarian
follicle cells surrounding the oocyte (Goltzene et al., 1987; Glass et al., 1978; Zhu et al.,
1983).

Conversion of radiolabelled cholesterol into ecdysteroids by ovaries in vitro has

been reported in L. migratoria (Lagueux et al., 1977), but the cholesterol had first been
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injected into insects and the radioactive label then purified from the haemolymph
extracted. This was ostensibly to allow binding of the cholesterol to transport lipoproteins
for easier access to the ovary but in practice it means that it is not possible to ascertain
that the radiolabelled compound isolated was indeed cholesterol.

As discussed earlier (see section 1.5, "Ecdysteroids in Different Developmental
Stages of Insects") the products of ovarian ecdysteroid biosynthesis are diverse and range
from free ecdysteroids (e.g. ecdysone, 2-deoxyecdysone, 20-hydroxyecdysone) to polar
conjugates (e.g. ecdysone 22-phosphate, 2-_dcoxyccdysone 22-phosphate, 26-
hydroxyecdysone 26-phosphate) and apolar conjugates (ecdysteroids esterified to long
chain fatty acids).

1.6.3. Other Sites

Periodic reports in the literature have suggested that tissues other than the
prothoracic glands and the ovaries may be able to synthesise ecdysteroids (for review see
Delbecque et al., 1990; Redfern, 1989). Of these tissues, the most likely to synthesise
ecdysteroids on current evidence are the testes (Loeb et al., 1982). This will be examined
in more detail in chapter 4.

Reports that metamorphosis continues in the isolated abdomens of T. molitor
larvae (Stellwaag-Kittler, 1954), that ecdyses still occur after the extirpation of
prothoracic glands in G. mellonella larvae (Piepho, 1948) and that larval moults still
occur in cockroaches without prothoracic glands (Gersh, 1977) argue for an alternative
source of ecdysteroids to the prothoracic glands, in these species at least. Some tissues
and body segments have been reported to convert radiolabelled precursors into
ecdysteroids. The oenocytes of T. molitor larvae synthesise 20-hydroxyecdysone from
radiolabelled cholesterol in vitro (Romer et al., 1974) and the integument of Gryllus

bimaculatus synthesises unspecified ecdysteroids when incubated with radiolabelled




















































































































































































































































































































































































































































































































































































