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ABSTRACT

Ecdysteroids regulate moulting, development and aspects of reproduction in insects and
undergo controlled, mandatory changes in titre during development. The changes in levels
of ecdysteroid arise from alterations in the rates of hormone synthesis, inactivation and
excretion. During times of decreasing ecdysteroid titre, inactivation occurs by several
routes depending on species, developmental stage and tissue and include (i) 26-
hydroxylation and further oxidation to the 26-oic acid, (ii) conjugation with fatty acyl or
phosphate groups to form fatty acyl or phosphate esters, (iii) ecdysone oxidase-catalysed
formation of 3-dehydroecdysteroid, followed by reduction to 3-epiecdysteroid and
subsequent phosphorylation to yield phosphate conjugates. In adult females, ecdysteroids
are synthesised in ovarian follicle cells and in many species, it has been shown that much
of the hormone is conjugated and passed into the egg for utilisation in early
embryogenesis.

A biochemical characterisation of the ecdysteroid 22-phosphotransferase from Bombyx
mori ovary cytosol was carried out, revealing that (i) the enzyme requires ATP and
Mg?**for activity, (ii) activity is strongly inhibited by Ca®*, (iii) the enzyme exhibits
classical Michaelis-Menten kinetics, (iv) the developmental profile of activity precedes the
ecdysteroid phosphate conjugate titre. Enzyme activity was fractionated using anion
exchange chromatography and ATP-affinity chromatography and the fractions in the
region of peak activity were analysed by SDS-PAGE and iTRAQ-mass spectrometry. The
latter technique identified a number of proteins that simultaneously increased in the same
fractions as the 22-phosphotransferase; unfortunately no candidate phosphotransferases
were identified.

It has previously been shown that administration of the non-steroidal ecdysteroid agonist,
RH-5849, to final instar Manduca sexta results in the induction of midgut mitochondrial
and microsomal ecdysteroid 26-hydroxylase, together with ecdysteroid phosphotransferase
activities. Ecdysteroid 26-oic acids have also been reported in Drosophila. CYP301A1
has been identified as a possible candidate for the 26-hydroxylase in D. melanogaster.
Semi-quantitative PCR has shown that the CYP301A1 transcript is expressed in the
midgut of the final instar larvae in a similar manner to the induced ecdysteroid 26-
hydroxylase activity in M. sexta. Furthermore, expression of the CYP301Al1 transcript
follows the ecdysteroid titre, suggesting that CYP301A1 is induced by the natural increase
in hormone titre. A similar approach was undertaken in an effort to isolate the cDNA
encoding the ecdysteroid acyltransferase. The D. melanogaster genome sequence was
utilised to identify potential ecdysteroid acyltransferase candidate genes. Using published
microarray data and similarity to other known acyltransferases, one strong candidate
emerged, CG8112. Semi-quantitative PCR revealed that CG8112 is expressed in the
midgut and fat body of final instar larvae and that expression of the transcript throughout
the final instar and the pre-pupal stage follows the ecdysteroid titre. In addition,
administration of the non-steroidal ecdysteroid agonist, RH-0345 induced a ~2-fold
increase in transcript expression.

Although enzyme activity has not been demonstrated for the ecdysteroid 26-hydroxylase
and ecdysteroid 22-acyltransferase candidates, this work has identified two genes whose
products may be involved in ecdysteroid metabolism and should, therefore, aid in further
understanding of hormonal control of insect development.
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CHAPTER 1

INTRODUCTION

1.1 GENERAL INTRODUCTION
Insects (Class Insecta) are a major group of arthropods and the most diverse group of

animals on Earth, with over a million described species - more than all other animal
groups combined, making them one of the most successful classes within the animal
kingdom. This success can be attributed to their high reproductive capacity, their
ability to adapt to a wide range of different environments and the possession of a hard
chitinous exoskeleton which provides protection against predators and also helps
combat water loss. These factors have enabled insects to inhabit some of the most
extreme environments on earth. It is well documented that insects are vectors for
diseases, such as malaria, and are plant pests, causing vast amounts of damage to farm
crops all over the world. The resilience of insects has proven to be problematic in the
quest to control those that have a detrimental effect on the agricultural industry and
spread diseases. The majority of chemical pesticides that have been used to control
insects have been targeted to act upon the nervous system. While these chemicals
have been employed with a certain degree of success, they lack specificity, and have
been shown to have a detrimental effect on other species, including humans. These
problems are compounded by the emergence of insecticide-resistant strains. With this
in mind, there is an increasing requirement for the development of new,

environmentally benign, insect control strategies.

The processes of moulting, development and reproduction are essential for insect

survival. These processes are under the control of a group of steroidal moulting



hormones, called ecdysteroids. These ecdysteroid-mediated processes have become a
target for exploitation in the development of novel insect control strategies. The
major advantage of this approach is that ecdysteroids regulate processes that are
essential for insect survival and, as a consequence, it is less likely that insects will
develop resistance to compounds which mimic the action of these hormones. In
addition, the specificity of these hormones will reduce the wider environmental
effects associated with conventional pesticides. For successful exploitation of these
processes to be achieved, knowledge and understanding of how ecdysteroids control

growth and development is required.

1.2 HORMONAL CONTROL OF INSECT DEVELOPMENT
Insects are characterised by a rigid cuticular exoskeleton. Consequently, growth and

differentiation are only achieved during periods in which the cuticle is soft and can be
stretched i.e. during moulting (ecdysis). The process of moulting in insects begins
with the separation of the cuticle from the underlying epidermal cells (apolysis). Once
the old cuticle has separated from the epidermis, the resulting space (extruvial space)
is filled with moulting fluid that contains the chitinolytic enzymes required for
digestion of the old cuticle. These enzymes remain in an inactive state until the new
cuticle has been secreted, thus preventing digestion of the new procuticle as it is laid
down. Secretion of the new cuticle occurs following reorganization of the epidermal
cells and associated protein synthesis. After digestion of the old cuticle, the moulting
fluid is resorbed and the new cuticle will harden and darken (sclerotization), giving
rise to the newly formed insect. Most insects hatch from eggs, but others are
ovoviviparous or viviparous (both employed by some cockroach species), and all

undergo a series of moults as they develop and grow in size. The intervals between



moults are known as stages or stadia, and the form assumed by an insect during a
particular stage is known as an instar. These instars form part of a series of dramatic
morphological changes, which are collectively known as metamorphosis. Insects
exhibit two main types of metamorphosis. In some insects, the young (nymphs)
resemble the adult form although significant morphological changes occur during the
nymphal-adult moult. This is called incomplete metamorphosis and insects showing
this are termed hemimetabolous (includes cockroaches and grasshoppers).
Holometabolous insects show complete metamorphosis, which distinguishes the
Endopterygota and includes many of the most successful insect groups such as
butterflies, flies, bees, ants and beetles. These species go through distinctive larval,
pupal, and adult stages. They undergo a radical metamorphosis, with the larval and
adult stages differing considerably in their structure and behaviour. In the pupal stage,

the insect undergoes considerable change in form to emerge as an adult, or imago.

Periods of development and metamorphosis in insects are controlled by precisely
timed regulatory systems of neuronal and endocrine mechanisms. The cellular events
that lead to growth and moulting are stimulated by ecdysteroids, the production of
which, in the prothoracic glands, is under the control of the neuropeptide hormone,
prothoracicotropic hormone (PTTH). The morphological outcome of each moult
(whether it be larval-larval, larval-pupal or pupal-adult) is determined by juvenile

hormones (JH).

1.2.1 Prothoracicotropic hormone (PTTH)
In 1922, pioneering experiments involving neck ligation and brain transplantation in

the gypsy moth Lymantria dispar revealed that the brain produced a diffusible factor

(PTTH) required by a second organ (the prothoracic gland) posterior to the brain, in



order for normal moulting to occur (Kopec, 1922). Kopec’s conclusion had long been
ignored, however, until 1940 when Wigglesworth confirmed, by using the blood-
sucking bug, Rhodnius prolixus, that the hormone originated from the neurosecretory
cells of the brain. Before that time, nobody believed that nerve cells were capable of
producing a hormone. Wigglesworth’s contribution was the first to define

neurosecretion, not only in insects, but in the animal kingdom as a whole.

PTTH was first purified and cloned from Bombyx mori (Kawakami et al., 1990), a
feat that has since been repeated in a variety of other Lepidoptera. PTTH is produced
by a pair of large neurons within the insect brain whose axons terminate in the corpus
allatum, the neurohemal organ for PTTH (Agui ef al., 1979). The release of PTTH
from the corpus allatum into the haemolymph is regulated by a number of
environmental and physiological stimuli, such as photoperiod, time of day and the

nutritional state of the insect.

Using channel-blocking drugs, it has been demonstrated that PTTH elicits its effect by
stimulating the opening of the plasma membrane calcium channels in the prothoracic
glands (Birkenbiel, 1998, 2000; Girengath and Smith, 1996). The influx of
extracellular calcium activates a Ca’*-calmodulin-dependent adenylyl cyclase activity,
which converts ATP into cAMP (Smith e al.,, 1985; Meller et al, 1988; Gu et al,
1998). The increase in levels of cAMP results in the activation of a cAMP-dependent
kinase, protein kinase A (PKA) in the prothoracic glands (Smith and Gilbert, 1986).
In turn, activated PKA stimulates a cascade of mitogen activated protein kinases
(MAPKs), with a 34kDa protein being the main substrate (Rountree ef al, 1992).

This protein has been confirmed as the ribosomal protein S6 by using 2D-gel analysis



of ribosomal proteins and the S6 kinase pathway inhibitor, rapamycin (Song and
Gilbert, 1994; 1995). Rapamycin blocks S6 phosphorylation in the prothoracic glands
and PTTH-dependent ecdysteroid and protein synthesis (Song and Gilbert, 1995),

suggesting a significant role for S6 in the PTTH transductory cascade.

Bombyx mori PTTH is synthesized as a prohormone that is cleaved and glycosylated
before it is secreted into the haemolymph as a ~30kDa homodimeric molecule (big
PTTH) with a single intermonomer cysteine-cysteine bond and three intramonomeric
cysteine-cysteine bonds. The molecular structure conferred by the intramonomeric
bonds is critical for PTTH activity (Ishibashi ef al., 1994). Another PTTH, known as
small PTTH (~10kDa) has been shown to activate the same messenger cascade as big
PTTH and it is possible that it might be an active proteolytic fragment of big PTTH.
However, there is little evidence to confirm that small PTTH is released into the

circulation (Gilbert ef al., 2002).

The major effect of PTTH is to regulate synthesis of ecdysteroids by the prothoracic
gland, which is the major source of ecdysteroids during insect development (reviewed
by Gilbert ef al., 2002). PTTH-stimulated surges in haemolymph ecdysteroid titre are
observed once per instar, with the exception of the final larval instar, where there are
at least two PTTH-induced ecdysteroid peaks. The first peak (commitment peak) is
small and unique to this stage. The commitment peak induces a change in gene
activity, which enables metamorphosis to occur during the subsequent moult (larval-
pupal) under the control of the larger ecdysteroid peak (Riddiford, 1996). Significant
levels of PTTH have been observed in the brains of adult B. mori (Mizoguchi et al.,

2001) at a stage when the prothoracic glands are no longer present due to their



programmed cell death (Dai and Gilbert, 1997). This suggests that PTTH regulates

processes other than ecdysteroid synthesis in prothoracic glands.

1.2.2 Juvenile hormones (JHs)
The second group of hormones involved in the regulation of development and

metamorphosis are the juvenile hormones (JHs). JHs are synthesized in the corpora
allata and secreted into the haemolymph. PTTH stimulates the prothoracic glands to
produce and release ecdysteroids, which results in a moult. However, it is the
presence or absence of JH, which controls the morphological outcome of the moult.
Early work undertaken by Wigglesworth in 1939, demonstrated that the corpora allata
produced a hormone that prevented R. prolixus from undergoing metamorphosis.
When the corpora allata of a fourth instar larva was transplanted into a fifth (final)
instar larva, the result was an oversized sixth instar larva. Subsequent studies have
revealed that ecdysteroid surges that occur in the presence of high titres of JH, result
in a larval-larval moults, whereas, surges in ecdysteroid titre that occur in the virtual
absence of JH result in a pupal-adult moult (Rees, 1977), or a nymphal-adult moult in
hemimetabolous insects (Figure 1.1).

JHs consist of several structurally related sesquiterpene molecules (Figure 1.2). The
most widely observed form of the molecule is JH III, which is found in all insect
species. JH I and JH II have been found in larval and adult Lepidoptera, whereas JH
0 and 4-methyl JH I have only been observed in embryonic Lepidoptera. In higher

Diptera, JH III was found to be the major JH molecule (Richard ef al., 1989).

The control over the outcome of a moult exerted by JH is best illustrated in M. sexta.

During the penultimate larval instar, the peak in ecdysteroid is coincident with a high



titre of JH, resulting in a larval-larval moult. This is followed by a significant decline
in JH levels early in the final larval instar. The diminished levels of hormone are due
to a decrease in production in the corpora allata, combined with an increase in the
levels of enzymes such as JH esterase, JH epoxide hydrolase and JH diol kinase,
which are responsible for metabolic inactivation of JHs. In response to the decrease
in JH titre, there is an increase in PTTH secretion, resulting in moderate levels of
ecdysteroidogenesis in the prothoracic glands (Sakurai et al, 1989a). Increased
ecdysteroid production gives rise to the ‘commitment peak, which is followed by the
changes in gene activity that prepares the insect for metamorphosis. Once
commitment to the larval-pupal moult has occurred, the release of PTTH results in a
larger peak in ecdysteroid titre corresponding to a minor surge in JH levels. The
presence of low levels of JH allows the larval-pupal moult to take place but prevents
the differentiation of the imaginal discs, thereby preventing premature adult
development. The final pupal-adult moult occurs in the virtual absence of JH

(Riddiford, 1994).

Although the major role of JHs is to maintain the larval stage in immature insects, JHs
are active in adult insects. At the time of sexual maturity in adult insects, JH
production is resumed. In females of some species, JH stimulates the synthesis of egg
yolk proteins (Rees, 1977), and in males it is thought that JH is involved in

spermatogenesis.
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Figure 1.1 Hormonal control of insect development. PTTH-induced ecdysteroid (MH) synthesis induces moulting; the presence or absence of JH
determines the morphological outcome of the moult (after Olohan, 2004).
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Figure 1.2 Structures of insect juvenile hormones.



1.2.3 Ecdysteroids
The ecdysteroids are a group of steroid hormones that regulate growth, development and

aspects of reprodution in insects and other arthropod species. Otherwise known as moulting
hormones, they are responsible for the initiation of moulting, and act in conjunction with
PTTH and JH to regulate the timing and morphological outcome of the moult. The first
ecdysteroid, ecdysone, was isolated from the pupae of the silkworm, Bombyx mori, in 1954
(Butenadnt and Karlson, 1954). Since that time, a plethora of structurally related compounds
have been identified in insects and other animals (zooecdysteroids) and various plant species
(phytoecdysteroids). The members of these groups are collectively named ecdysteroids

(Goodwin et al., 1978).

Due to their almost certain universal occurrence in arthropods, ecdysteroids are possibly the
most widespread family of steroid hormones. The most widely occurring family members are
20-hydroxyecdysone (20E) and ecdysone (E) and are shown in Figure 1.3. Other widely
occurring derivatives of ecdysone are 26-hydroxyecdysteroids, 3-dehydroecdysteroids and 3-
epiecdysteroids. A variety of phosphate and fatty acyl esters have also been identified in
arthropods and shall be discussed in more detail later (Rees, 1989). Ecdysteroids are defined
by their biological activity or structural properties. There are a number of structural features
which are common to all family members. Ecdysteroids are polyhydroxylated, water-soluble
steroid hormones and are structurally distinct from vertebrate steroid hormones (e.g.
progesterone and testosterone). The ecdysteroid molecule has an A/B cis-ring junction, where

the C-5 hydrogen is in the B-position, and together with the presence of a C-2 hydroxyl group,
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R=H, ecdysone
R=0H, 20-hydroxyecdysone

Figure 1.3 Structures of ecdysone and 20-hydroxyecdysone.
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introduces a sharp bend into the molecule. This shape is critical in enabling the molecule to
bind to the receptor. At the junction of the C and D rings a frans 14a-OH or —H occurs. A
large proportion of ecdysteroid molecules also have a 3B-OH inherited from their sterol
precursor. In addition, ecdysteroids possess a full sterol side chain from their distal precursor,

cholesterol.

Ecdysteroids are present throughout the insect life cycle, influencing specific processes at a
defined developmental stage. The tissues that synthesise these compounds vary, depending on
the age and sex of the insect. As shown by Handler (1982) the prothoracic glands are
considered to be the major source of ecdysteroids during postembryonic development.
However, there is also evidence that the abdomens of some species are ecdysteroidogenic,
although the exact sites of synthesis are not known (Rees 1995). The sites of ecdysteroid
production in adults differ from those of immature insects as the prothoracic glands
degenerate during metamorphosis. In adult females, the ovaries are the major sites of
synthesis, specifically the follicle cells surrounding the terminal oocytes. Goltzne et al.
(1978) demonstrated that these cells have the ability to produce ecdysteroids de novo from
cholesterol. Ecdysteroids have also been detected in the testes of various species, particularly
Lepidoptera (Rees, 1995). The role of the ecdysteroids in larval and pupal development is
well established, however, the role they fulfil within the adult is less well understood. In
many insects, the moulting hormones are found within adult tissues and current evidence

indicates that they play an important part in the regulation of reproduction.
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During stages before ovulation, oocytes are held in meiotic arrest at prophase I, and meiosis is
reinitiated after chorionation. Following ovulation, the oocyte arrests in metaphase I, and a
second meiotic reinitiation is observed at the time of egg laying. It has been shown that the
meiotic arrests occurring in Locusta oocytes are broken at times when the concentration of
free ecdysteroid reaches peak values. Furthermore, excised oocytes did not undergo the first
meiotic reinitiation spontaneously, but were induced to do so by the addition of ecdysteroid.
This had led to the conclusion that free ecdysteroid is involved in the control of meiotic

reinitiation in Locusta (Lanot et al., 1989).

The major proteins stored in the yolk of developing oocytes are thought to provide a
nutritional store for utilization during embryogenesis. In the mosquito, production of these
Yolk Proteins (YPs) in the fat body is under the control of ecdysteroids secreted by the ovary
(Hanaoka & Hagedorn, 1980). In contrast, ecdysteroids secreted by the ovary of Drosophila
melanogaster are not required for YP synthesis by the fat body (Postlethwait et al., 1980).
Even so, Handler (1982) found that 20E stimulates YP synthesis, suggesting that ecdysteroids

produced somewhere other than in the ovary may control YP synthesis in D. melanogaster.

In addition to the aforementioned regulatory roles of ovarian ecdysteroids within adult
females they are passed into the eggs as inactive conjugates (e.g. phosphates, fatty acyl
esters). These represent inactive storage forms of the hormone that undergo hydrolysis during
early embryogenesis to provide a source of active ecdysteroid (Rees and Isaac, 1984; Isaac

and Slinger, 1989).
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1.3 ECDYSTEROID BIOSYNTHESIS

1.3.1 Source of sterols
The incorporation of cholesterol into ecdysone was demonstrated by Karlson and Hoffmeister

in 1963 and cholesterol has since been shown to be the distal precursor of ecdysteroids (Rees,

1989).

Although the basic mode of action of steroid hormones is similar in insects and higher
vertebrates, the manner in which they obtain cholesterol for use in the production of such
hormones is quite different. Vertebrates are able to synthesize cholesterol from small
molecules such as acetate. In contrast, insects cannot produce cholesterol in this manner due
to the presence of one or more metabolic blocks in the isoprenoid pathway, prior to squalene
formation, and therefore, obtain it from their diet. Whereas carnivorous insects can obtain
cholesterol directly from their diet, many omnivorous and phytophagous insecst obtain
cholesterol or a related Cy; sterol by dealkylation of dietary plant 24-alkyl sterols such as
sitosterol, stigmasterol or campesterol (Svoboda and Thompson, 1985; Grieneisen, 1994;
Rees, 1985, 1995). The dealkylation of sitosterol has been extensively investigated but
evidence suggests that dealkylation of the above sterols occurs via analogous pathways
(Figure. 1.4). Conversion of sitosterol to cholesterol occurs only in the insect gut. The initial
step of this pathway involves oxidation of sitosterol to fucosterol, perhaps via a C28-
hydroxylated intermediate (Thompson et al., 1973). Fucosterol is then epoxidized before

dealkylation of the Cl or C2 fragment to form desmosterol. Desmosterol, which is
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unsaturated at C24(25) is finally reduced to cholesterol by a microsomal A**?*° reductase

(Fujimoto et al., 1991).

Certain phytophagous and omnivorous insects e.g. some Hymenoptera, Diptera and Hemiptera
are unable to dealkylate the sterol side chain. Many of these species utilize campesterol and
sitosterol as a precursor for the Cys and Cy9 ecdysteroids, makisterone A and makisterone C,

respectively (Redfern, 1984; Feldlaufer ef al., 1991).

1.3.2 Pathways of ecdysteroid biosynthesis
The first step in the conversion of cholesterol to ecdysteroids is the dehydrogenation of

cholesterol to 7-dehydrocholesterol (7dC) and has been the subject of much investigation over
a period of several decades. Radiochemical investigations showed that the reaction involved
the stereospecific removal of both 78 and 88 hydrogens (Cook et al, 1973). Experiments
with lepidopteran tissues have shown that the reaction is rapid, essentially irreversible and
catalysed by a microsomal P450 (Grieneisen ef al.,1991; Milner et al., 1986; Warren et al,
1988; Figure 1.5). Reactions catalysed by cytochrome P450s often involve the formation of
epoxide or hydroxyl groups, leading to the suggestion that this reaction may proceed via a 7-
hydroxycholesterol intermediate (Grieneisen, 1994). The substrate specificity of the P450
catalysing the above reaction is not absolute as it has been shown that it can catalyse the
dehydrogenation of many of the plant sterol precursors to their 7-dehydro-analogues (Sakurai
et al., 1986). The low ecdysteroid Drosophila mutant, woc (without children; Wismar ef al.,

2000) lacks the cholesterol 7,8-dehydrogenase. Subsequent cloning of the woc gene revealed
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Figure 1.4 Pathways of side chain dealkylation of phytosterols in insects.



it to be a zinc-fingered protein that may encode a transcription factor involved in the
regulation of ecdysteroid synthesis (Wismar et al, 2000) and not a P450 enzyme as first
expected (Gilbert ef al., 2002). The dehydrogenation of cholesterol to 7dC is not considered
to be a rate-limiting step in the upregulation of ecdysteroid synthesis by PTTH because 7dC is
normally abundant throughout periods of growth and development and not just at times of
moulting (Grieneisen ef al., 1993). It has been suggested that the rate-limiting step in PTTH-
stimulated ecdysteroidogenesis is the translocation of 7dC from the ER where it is synthesized
to the mitochondria where it is oxidized to ecdysteroid (Gilbert ef al., 2002). The basis of this
suggestion is that, following synthesis of 7dC by the microsomal fraction of M. sexta
prothoracic glands, no further metabolism could be detected (Warren and Gilbert, 1996). In
addition, the conversion of cholesterol into ecdysteroids by prothoracic gland homogenates

was much slower compared to when 7dC was exogenously provided to the homogenates.

The “Black Box” of mitochondrial oxidations of 7dC that may result in the formation of the
hypothesized, but widely accepeted intermediate, A*-diketol (cholesta-4,7-diene-3,6-dione-
14a-0l) is poorly understood (Figure 1.5). It has been suggested that these transformations
may be catalyzed by a single P450 (Rees, 1985). It appears clear that these reactions must
occur very quickly and the resulting intermediates must be highly labile and do not
accumulate (Grieneisen, 1994). The potential intermediates of this process have been
speculated upon and include possible Sa-sterol intermediates, 3-oxo-A* intermediates and A’-
Sa,6a-epoxide intermediates (Grieneisen, 1994), although definitive evidence for the

existence of any of these is lacking.
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Cholesterol

7-dehydroholesterol

Cholesta-4,7-diene-3,6-dione-14 a-ol
A‘-d]ketol)

3-dehydro-2,22,25-trideoxyecdysone
(5B-diketol)

3pB-hvdroxysteroid

2,22,25-trideoxyecdysone
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22-hydroxvlase
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<
3DE Ecdysone oxidase E

Figure 1.5 Overview of enzymes involved in ecdysteroid biosynthesis
(modified from Lafont, 2000) Abbreviations: d=deoxy, D=dehydro,
E=ecdysone
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The hypothesized intermediates of the ‘Black Box™ reactions would be dissimilar to those
formed in any vertebrate steroidogenic reactions, and, as such, would provide an attractive
target for exploitation in the development of insect control strategies (Blais et al., 1996;

Grieneisen et al., 1991).

The discovery of two enzymes in crustacean Y-organs (moulting glands) generated an
appreciable amount of interest within scientific circles (Blais ef al., 1996; Dauphin-Villemant
et al, 1997). The 5B- reductase catalyzes the conversion of the intermediate, A’-diketol into
5B-diketol (3-dehydro 2,22,25-trideoxyecdysone), and the 3B-hydroxysteroid dehydrogenase
(3B-HSD; Figure 1.5), which converts 5B-diketol into 5B-ketodiol (2,22,25-
trideoxyecdysone). Although it was characterized in the cytosolic fraction, the 5B-reductase is
also present in mitochondrial and microsomal fractions and has a requirement for NADPH
(Blais et al., 1996). This appears to suggest that it is very similar to the vertebrate 3-0x0-A"-
steroid 5p reductases that are involved in steroid hormone catabolism and bile acid synthesis
(Brown, 1998). The characterization of this enzyme in insects, is critical to the understanding

of ecdysteroid synthesis, but has not yet been achieved.

A series of hydroxylation reactions at side chain carbons 25, 22 and the A-ring carbon 2 are
vital for ecdysteroid biosynthesis and lead directly to the formation of E and 3dE. Unlike the
early stages of the biosynthetic pathway, they have been extensively characterized in various
arthropod tissues at various stages of development. The evidence for the intermediacy of 5p-

ketodiol in ecdysteroid biosynthesis was first demonstrated by the incorporation of labeled
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