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SUMMARY

Insects possess a hormonal system which controls the moulting process;
this involves three principal hormone types, the juvenile hormones, ecdysteroids
and the brain neuropeptides or prothoracicotropic hormones (PTTH). Certain
nematodes are known to possess ecdysteroids. The aim of this project was to
investigate whether PTTH-like peptides are present in the filarial parasites,
Brugia pahangi and Dirofilaria immitis, and whether a system controlling
moulting exists in these nematodes that is analogous to the insect one. The
existence and possible role of other invertebrate neuropeptides and
neurochemicals was also investigated.

Electron microscopical examination of third and fourth stage larvae of
Dirofilaria immitis cultured in vitro, revealed the presence of neurosecretory-
like material in the nerve ring and cephalic amphidial dendrites. These
neurosecretory vesicles are believed to be peptidergic in nature, although
coexistence of aminergic vesicles is likely.

Immunocytochemistry has been used to demonstrate the existence of
many neuropeptides in parasites. This study is the first to demonstrate the
existence of a FMRFamide-like peptide in the neuronal tissues of Brugia
pahangi and Dirofilaria immitis. The role of this peptide is as yet unknown, but
it may act in the coordination of muscle activity. In this study, the presence of
a PTTH-like peptide could not be shown in filariae using immunocytochemical
methods.

Azadirachtin is a compound thought to affect PTTH biosynthesis in
msects and when applied to third stage larvae of Dirofilaria immitis in vitro at
10"°M prevented moulting to the fourth stage. It is believed that a PTTH- like
hormone may exist to coordinate moulting in these nematodes. Moulting was
also affected when worms were exposed to synthetic exogenous 20-
hydroxyecdysone agonists (RH compounds); the application of compounds
RH 9122 and RH 2565 resulted in a delay in the time taken for the larvae to
moult from the third to fourth stage.

Application of the catecholam[ne antagonists phentolamme propranolol
and idozoxan, all at 10”°M, prevented moulting. At 10° ’M, idozoxan and
propranolol significantly reduced the number of larvae capable of reaching the
fourth stage. The catecholamine agonists, noradrenaline and isoprenaline, have
no effect on the timing of the third stage moult. There could be a potential role
for adrenergic-like substances in the moulting process of filarial nematodes,
although this remains to be substantiated.

Preliminary studies involving hybridisation of filarial genomic DNA to
various consensus sequence oligonucleotide probes for the invertebrate
neuropeptides, AKH, CC1, FMRFamide and PTTH, revealed the presence of
related sequences. Construction and screening of a genomic library of
Dirofilaria immitis showed a number of positive clones to PTTH oligonucleotide
at the primary screening level but unfortunately not at the secondary screen.
Preliminary hybridisation was also achieved using an oligonucleotide to
FMRFamide, with both the Dirofilaria immitis genomic library and also the cDNA
library of Brugia pahangi. Additional immunoscreening did not prove successful
in isolating PTTH or FMRFamide positive clones from either library.

In conclusion, evidence has been obtained for the occurrence in filarial
parasites of neuropeptides related to known invertebrate hormones although
their structures and physiological roles remain to be fully elucidated.
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CHAPTER ONE

1.1 GENERAL INTRODUCTION

The class Nematoda or ‘roundworms’ contains an immense number of worms
that are free-living in water and soil and also a huge number that are parasitic
in plants and animals. This class includes the superfamily Filarioidea (Cox,
1982); members of this group are long, thin, lipless nematodes. Most filarial
parasites are host-specific and are well adapted to their definitive host, and
many species are of medical and veterinary importance. These parasites may
be classified into three main groups according to the habitat of the adult filariae:
the cutaneous group including Onchocerca volvulus and Loa loa, the lymphatic
group, for example the species Wuchereria bancrofti and Brugia malayi and

finally the body cavity group including Dipetalonema perstans.

1.1 GENERAL LIFE CYCLE

The first stage larvae produced by the adult female worm, known as
microfilariae, are either enclosed in a very thin , flexible egg shell or are without
it, the latter species being truly viviparous. Microfilarial periodicity is manifest in
this group of nematodes and is particularly noticeable in the species,
W.bancrofti, where their production is orientated to the established circadian
cycle of the infected host. It is the microfilariae which contribute directly to
clinical disease in certain species. A general feature of the life cycle of filarial
worms involves development of the microfilariae after ingestion by an
haematophagous arthropod vector (Figure 1.1). Within the insect, microfilariae
undergo a period of growth and migration, beginning in the stomach, during

which they moult twice and develop to the elongated third stage ‘infective’
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filariform larvae. Throughout this pre-infective period, typically of two weeks
duration, the microfilariae will have travelled to the proboscis of the vector from
where they can be transmitted to a vertebrate host when the insect feeds.

Transmission occurs via larval penetration through the wound inflicted at biting.

An important feature of the life cycle of filariae and indeed all nematodes, is the
larval moult. Nematodes are covered by a cuticle and undergo a series of four
larval moults during which the outer cuticle is shed and replaced, eventually
culminating in the adult stage. The moulting process would appear to comprise
of four steps (Croll and Matthews, 1977): firstly a stimulus, is received the
identity of which is unclear, which brings about the discharge of neurosecretory
material that initiates step two, the separation of the old cuticle from the
hypodermis, with or without the absorption of parts of the old cuticle. Finally
the old cuticle ruptures and ecdysis occurs allowing the escape of the juvenile
or young adult worm. During ecdysis all body cuticle and linings of the
amphids, phasmids, buccal cavity, pharynx and rectum are all shed. The
involvement of moulting in the developmental cycle of nematodes has formed
the basis for the suggestion that this phenomenon is very likely to be controlied
by hormones similar to the ones which perform the role in insects, which are

also covered by a cuticle (Davey and Kan, 1968).

1.2 CLINICAL FEATURES OF INFECTION

In medically important species such as W.bancrofti, and those causing Brugian
filariasis, Brugia malayi, Brugia timori and Brugia pahangi, clinical features of
infection due to adult presence in the lymphatic system include elephantiasis of

the feet and legs. Infection with the nematode Onchocerca volvulus results in



the chronic debilitating disease known as ‘onchocerciasis’ or ‘river blindness’.
This subcutaneous parasite is transmitted by certain species of blackfly of the
genus, Simulium, and causes fibrous skin tumours or ‘nodules’ which usually
appear on the lower limbs. The most important complication of this disease
however, is its ocular involvement and permanent blindness due to invasion of
the anterior chamber of the eye by migrating larvae is common as a result of
infection. The disease is of great economic importance in tropical Africa
because it incapacitates a large segment of the adult working population and
prevents them from reaching maximum productive capacity. It is estimated that
in the tropics as many as 300 million people are infected with filariasis of one
form or another (Haque and Capron, 1986). Adults of Dirofilaria immitis, the
‘dog heartworm’ have left the comparative superficial subcutaneous tissues and
live within the pulmonary artery and right ventricle of the canine heart, and also
some wild carnivores. Pathology due to infection is manifest by mechanical
irritation of the heart lining and adjacent blood vessels and thrombic lesions in
the pulmonary arteries and lungs are caused by dead and decaying worms;

heavy worm burdens may result in cardiac infarction.

1.3 CONTROL AND TREATMENT

As outlined by the WHO (1987) methods for the control of lymphatic filariasis
should be directed against both the parasite and its vector. Unfortunately, no
satisfactory drug treatment exists for either the control or treatment of filarial
infections.  Drugs currently available and used in the treatment of
onchocerciasis and lymphatic filariasis include suramin and diethylcarbamazine
citrate (DEC), although these can produce serious side effects. DEC does not

always Kill adult parasites but is effective in killing large numbers of microfilariae,



however, this may cause a severe allergic response known as the Mazotti
reaction (Taylor et al., 1986). Other side effects of DEC-C include headache,
body ache, nausea and vomitting. Suramin, although it kills both adult and
juvenile worms, is dangerous because of its high protein binding affinity and
consequent toxicity to the kidneys (Hawking, 1978). Ivermectin is probably the
most promising new component of the antifilarial drugs although even this may
be toxic if it crosses the blood-brain barrier (Aziz, 1986). It should also be said
that the problem of parasite resistance to ivermectin is also emerging. Control
at present is generally aimed at the destruction of the vectors of disease. The
Onchocerciasis Control Programme (OCP) was launched in 1974, the major
objective of the project was to reduce transmission to a level no longer
dangerous to health. This objective is being achieved by the eradication of
Simulium fly populations using larvicides, although if control is relaxed parasites

are able to reinvade an area and reestablish themselves.

Problematical drug treatment has meant that considerable effort has been
expended in the investigation of biochemical or metabolic differences between
host and parasite. This would then allow the development of novel
chemotherapeutic agents which would have little or no side effects on the host.
Under investigation in the present study is the putative helminth endocrine
system, which may offer itself to a strategy of control based on selective
developmental interference using novel chemotherapeutic agents, such as anti-
hormone analogues or improved inhibitors of biosynthesis or inactivation

(Mercer, 1985). The moulting process which is integral in the development of
nematodes and which is believed to be hormonally controlled, is therefore a

sensible target to aim at.



It is clear from the literature that nematode endocrinology is in a relatively
rudimentary stage of development (Davey, 1976) when compared to our
knowledge of insect endocrine mechanisms. The fact that nematodes mouit
has led to the assumption that there may be at least some parallel between the
developmental hormone systems in insects and in nematodes. A thorough
understanding of the hormones governing insect development is necessary
therefore, if we are to understand the possible role of similar hormones in the

putative nematode endocrine system.

1.4 ENDOCRINE CONTROL OF INSECT DEVELOPMENT

Hormonal control of growth was first demonstrated in insects by Kopec (1922)
when, during the course of studies on the central nervous system of Lymantria,
he discovered that during the last larval stage there is a critical period of growth
and that if ligation of larvae in the middle occurred before this period the
anterior half goes on to form a pupa leaving the posterior half unchanged. |f
the larval brain was excised before this critical period, further development was
arrested whereas cutting the nerve cord just behind the head had no effect and
pupation took place. Kopec concluded that the brain was secreting a hormone
necessary for moulting and metamorphosis. Wigglesworth (1934) later
discovered that moulting of larvae of Rhodnius was likewise arrested by
decapitation before a critical period. The presence of a circulating hormone
was proved when a freshly fed decapitated larva was induced to moult when
connected to a moulting larva. Wigglesworth first suggested the corpus allatum
as a possible source of this hormone. It is now clear that control of moulting
and metamorphosis in insects is achieved by the interaction of three

biochemically diverse types of hormones, namely the brain neuropeptides or



prothoracicotropic hormones (PTTH), the ecdysteroids and the juvenile
hormones (JH) (Figure 1.2). Each of these classes of hormone will be dealt

with separately here.

1.4.1 Prothoracicotropic Hormone (PTTH)

PTTH, a brain secretory peptide of the insect, is released into the general
circulation as a result of environmental and developmental cues. It stimulates
the prothoracic glands to synthesise and release ecdysone, the steroid moulting
hormone. The mode of action of PTTH would appear be analogous to certain
vertebrate peptide hormones, for example, luteinizing hormone, where a similar
steroidogenic effect is exerted on a particular target tissue. Although it was the
first insect hormone to be discovered, PTTH has, until recently, been the least
understood of the principal insect developmental hormones, both chemically
and physiologically. Current studies indicate the presence of two different
molecular weight forms of this neuropeptide, both in the tobacco hornworm,
Manduca sexta, and in the silkworm, Bombyx mori (Bollenbacher and Granger,
1984); these have been called, big and small PTTH. The brain of the silkworm
produces two types of PTTH, one known formerly as 22K-PTTH (MW.ca.
22,000) and a smaller peptide, designated as bombyxin (Mizoguchi et al., 1987),
formerly known as 4K-PTTH (MW.ca. 5,000) (Nagasawa et al., 1984). The
primary structure has been determined completely for bombyxin and recently
the gene coding for this peptide has been cloned (lwami et al., 1989). The
nucleotide sequence coding for bombyxin shows a high degree of homology
with the insulin-gene family members and the organisation of the
preprobombyxin gene is the same as in preproinsulin genes, indicating that

bombyxin shares a common ancestral molecule with the insulin-family peptides.
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Complementary DNAs encoding PTTH of the silkworm have also been cloned
and characterised (Kawakami et al., 1990). It was demonstrated that PTTH is
first synthesised as a 224-amino acid polypeptide precursor containing three
proteolytic cleavage signals. The carboxyl terminal component following the last
cleavage signal represents one PTTH subunit. Two such PTTH subunits are
joined together by disulphide bonds, before or after cleavage from prepro-PTTH
to form a homodimeric PTTH. In situ hybridisation has shown prepro-PTTH
mRNA to be localised to two dorsolateral neurosecretory cells of the Bombyx
brain. O‘Brien et al., (1988) have generated a monoclonal antibody to Manduca
big PTTH. Immunostaining of Manduca brain tissue with this antibody revealed
specific staining of four large lateral neurosecretory cells. A monoclonal
antibody against a synthetic fragment of Bombyxin from the silkworm has also
been shown to immunocytochemically stain similar brain cells in Bombyx

(Mizoguchi et al., 1987).

Studies on the PTTH of Manduca sexta, have more recently focused on the
elucidation of the control of release and biochemical mode of action of this
hormone. Vedeckis (1976) first suggested that PTTH stimulated the prothoracic
glands via cyclic AMP (cAMP), a further parallel with vertebrate hormone
biology. This was based on the observation that inhibitors of
phosphodiesterase activity appear to mimic the effects of brain extracts on the
prothoracic gland function in vitro. The action of PTTH on the prothoracic
glands can be split into three main events (Smith and Gilbert, 1989): firstly the
regulation of cCAMP synthesis, secondly, calcium mobilisation and, lastly, protein

phosphorylation.



1. Regulation of cAMP synthesis

PTTH is believed to stimulate an increase in CAMP synthesis by the prothoracic
glands in vitro, and ecdysteroid secretion is stimulated by analogues of CAMP
and forskolin (an agent that stimulates adenylate cyclase) In Manduca, PTTH
probably acts via a membrane receptor resulting in the opening of a calcium
channel. The increased intracellular concentration of free calcium modulates
adenylate cyclase activity via calmodulin action on cyclase leading to an
increase in CAMP levels. This may indicate that the prothoracic glands posses

a calcium/calmodulin-sensitive adenylate cyclase.

2. Calcium Mobilisation by PTTH

Although from the evidence above it would appear that a mechanism by which
PTTH-stimulated changes in cell calcium may stimulate CAMP synthesis, it
remains to be demonstrated that PTTH increases intracellular calcium
concentrations. It has been demonstrated that omission of calcium from
incubation medium abolished PTTH-stimulated increases in ecdysteroid and
CAMP synthesis (Smith et al., 1985). However, ecdysteroid synthesis beyond
the level of cAMP formation did not require extracellular calcium. Exposure of
prothoracic glands to an ionophore that increased cellular permeability to
calcium, duplicated the effect of PTTH on CAMP synthesis and steroidogenesis;
it would seem that calcium acts at the level of adedylate cyclase (Gilbert et al.,
1988). It is possible that while PTTH stimulates release of intracellular calcium
initially, a sustained steroidogenic response to PTTH necessitates entry of
extracellular calcium as stores inside the cell are depleted (Smith and Gilbert,

1989).



3. Protein phosphorylation

A critical concentration of CAMP appears to enhance the activity of CAMP-
dependent protein kinase, possibly in a selective cell compartment, resulting in
phosphorylation of proteins. Studies revealed the presence of a 34KDa peptide
which was phosphorylated when crude membrane fractions from prothoracic
glands were incubated with radiolabelled ATP in the presence of CAMP (Smith
et al., 1987, Rountree et al., 1987). This sequence of events ultimately leads to
a stimulated rate of biosynthesis of ecdysteroid by prothoracic glands and to
moulting. These observations have led Smith et al., (1985) to formulate a
working model in which PTTH stimulates a rise in intracellular free calcium, this
calcium in turn enhances cAMP formation/accumulation and the cyclic
nucleotide activates a cAMP-dependent protein kinase responsible for activating

a rate-limiting enzyme in the ecdysone biosynthetic pathway.

1.4.2 Ecdysteroids

This class of hormones includes ecdysone, known as the ‘classical’ moulting
hormone. It was not until the mid 1950’s that the first two moulting hormones
were isolated from pupae of the silkkmoth, Bombyx mori. These two were
termed a- and g-ecdysone, now designated as the steroids, ecdysone and 20-
hydroxyecdysone, respectively (Goodwin et al., 1978). Ecdysteroids are known
to play a role in development but also during gametogenesis and
embryogenesis. 20-hydroxyecdysone is the most active compound which
circulates in the haemolymph (Ashburner and Richards, 1981) and it is
synthesised from ecdysone which serves primarily, but not solely, as a
hormone. Conversion of ecdysone, secreted by the prothoracic glands during

post-embryonic development into 20-hydroxyecdysone occurs by C-20

10



hydroxylation, catalyzed by the enzyme ecdysone 20-monooxygenase, located
primarily in the fat body and Malpighian tubules of insects. 20-hydroxyecdysone
would appear to act directly on the prothoracic glands as a negative feedback

regulator of ecdysone production.

Ecdysteroids are also synthesised in ovarian follicle cells in the adults. There
is now good evidence that the ovarian ecdysteroids are involved in regulation
of meiotic reinitiation (Lanot et al., 1989). In many species, much of the ovarian
ecdysteroid occurs as conjugates and the bulk of the hormone is transferred
into the eggs. The conjugates may serve as inactive storage forms of hormone
and, after controlled hydrolysis, serve as a source of free, acitve hormone to
regulate embryonic moults, particularly in the early stages of embryogenesis
before differentiation of the prothoracic glands (Hoffman and Lagueux, 1985).

In some species, for example mosquitoes and Drosophila, an appreciable

proportion of the ovarian ecdysteroid is released into the haemolymph and, -

together with JH, regulates vitellogenesis in the fat body (Bownes, 1989).

1.4.3 Juvenile Hormone (JH)

Juvenile hormone is synthesised in the corpora allata of insects and may
possibly be under cerebral neurohormonal control. It is the major inhibitory
factor in the control of metamorphosis in insects and has a role in growth,
development, reproduction and behaviour; as its name suggests, it does act to
maintain the insect in its juvenile state. The role of JH in the inhibition of PTTH
release was first revealed in studies of larval diapause in which the arrest of
development is associated with high JH levels. JH analogues appear to inhibit

the release of PTTH in the last larval instar of the cabbage armyworm,

11



Mamestra brassicae (Hiruma et al., 1978). As JH titre declines, the brain
becomes competent to release PTTH. The release of PTTH associated with
larval-pupal metamorphosis in Lepidoptera involves the integration of afferent
inputs from numerous sources. For example, body size, haemolymph JH titres
and a circadian clock which impose gating on hormone release. In adult
insects juvenile hormones control the production of vitellogenin in the fat body
and they also have direct effects on ovariole follicle size. Further details on the
biosynthesis, degradation and other physiological roles are provided by Willis

and Cox (1984) and Kerkut and Gilbert (1985).

1.5 NEUROSECRETION AND NEUROPEPTIDES

1.5.1 Historical Perspectives

Kopec (1922) was the first to suggest that a humoral factor produced in the
larval brain of the gypsy moth was responsible for pupation. In 1928
neurosecretory neurones were described by Ernst Scharrer in the teleost fish,
Phoxinus laevis. They were so-called because the hypothalamic neurones
discovered in the fish were filled with secretory material typical of that found in
protein-secreting cells such as those of the pancreas. It was also Scharrer who
first proposed that their role may be endocrine (Scharrer, 1952). The idea that
neurones may be capable of dispatching blood-borne signals met with great
opposition and it was only in the early 1960’s that neuroendocrinology, the
study of the interactions between the nervous and endocrine systems, became
established as a discipline in its own right. Ernst and Berta Scharrer were
undoubtedly the pioneers of the study of neuroendocrinology. Their work on
vertebrates and invertebrates revealed the virtually universal occurrence of

peptide-producing neurosecretory cell groups throughout the animal kingdom.
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As defined by Scharrer (1978), a classical neurosecretory neurone is one which
specialises in the manufacture of chemical mediators to a degree comparable
to that of gland cells and by information transfer unlike that of standard synaptic
transmission. However, after the establishment of a separate neurosecretory
category of nerve cell, subsequent work has led to the modification of the term,
neurosecretory cell. It is clear from some studies that the circulatory system
may not be necessary for the transportation of neurosecretory material to their
target sites. Delivery can be achieved through synaptic contacts in much the
same way as neurotransmitters or modulators. Neurosecretory cells would
seem to have more in common with transmitter-producing nerve cells than
originally thought (Fairweather and Halton, 1991). Consequently in 1967,
Bargmann and co-workers coined the term ‘peptidergic neurone’ (Bargmann
et al., 1967). This is understood to define neurosecretory cells which release

active peptide into the circulation or at a neurosecretomotor junction.

1.5.2 Identification and Morphology of Peptidergic Neurones

Peptidergic neurones were first identified largely on a histological basis at the
light microscope. They could be stained with special techniques such as
chrome-haematoxylin or paraldehyde-fuchsin stains, the so-called Gomori
stains. In fact, it is not the hormone itself which is responsible for the staining
properties of these cells but the sulphur-containing proteins or neurophysins
which act as carrier molecules for the hormone. These carrier proteins are
believed to stabilise the hormone within the neurosecretory granule by
preventing its leakage and also to protect it from proteolytic digestion (Breslow,
1979). The advent of electron microscopy made possible a precise

characterisation of the sites of synthesis and release of peptidergic
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neurosecretory products; peptidergic neurones contain membrane-bound
vesicles with electron-dense contents. It is sometimes difficult to distinguish
these from the morphologically similar aminergic cells which are not Gomori
positive but do contain similar membrane-bound vesicles. Neuropeptides are
known to be co-localised with classical transmitters such as acetylcholine and
amines. Both invertebrate and vertebrate neurosecretory cells are similar in
morphology, they consist of a cell body with associated axon which ultimately
branches repeatedly forming numerous fine branches or ‘dendrites’. Each
dendrite terminates in a swollen ending where numerous secretory granules
may be stored before release (Bern and Hagedorn, 1965). If neurosecretory
cells are bunched together in groups, their axon terminals form a well-defined
structure called neurohaemal organs. For example the corpora cardiaca in
insects, which store neurohormones from the brain before release into the
haemolymph. A typical feature of neurosecretory cells is the abundant rough
endoplasmic reticulum (RER) and prominent Golgi in the perikaryon of the cell
body. It is believed that the protein component of the neurosecretory material
is synthesised in the RER and then transferred to the Golgi for packaging into
the membrane-bound vesicles, which bud from the saccules of the Golgi and

move into the cytoplasm (Maddrell and Nordmann, 1979).

1.5.3 Neuropeptide Biosynthesis

Neurosecretory cells are known to contain multiple peptides, one reason for this
may be the mode of biosynthesis itself. Neuropeptides are synthesised as
complex information-carrying molecules which are excised from even larger and
more complex information-carrying molecules referred to as ‘precursors’ or

‘prohormones’. Nuclear RNA, or the primary transcript contains regions which
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attribute to mRNA, ‘exons’, and those which do not, ‘introns’. In order to
produce mRNA in a eukaryotic cell for example, the primary transcript has to
be spliced, editing out the introns. In this way it is possible that one gene can
produce more than one mRNA by omitting some exons or rearranging them
and therefore several cocktails of peptides can be produced from the same
gene. For example, the gene encoding substance P in the bovine brain,
belongs to a family of related peptides, the tachykinins. It has been
demonstrated that there are two types of substance P precursor (a- and g-
preprotachykinin); g-tachykinin contains not only the substance P sequence but
a substance K sequence also which has a different physiological role.
Alternative RNA splicing, therefore, generates two distinct mRNAs encoding
substance P alone or with Substance K (Nawa et al, 1984). Alternative
processing of RNA transcribed from the calcitonin gene has also been reported
(Rosenfeld et al., 1983), which results in the production of mRNA in neural
tissue distinct from that in thyroidal cells. Thyroid mRNA encodes a precursor
to the hormone calcitonin, whereas that in neural tissue generates calcitonin-
gene related peptide. Another way to generate alternative products from the
same gene is by altering the processing of a precursor. Differential processing
or tissue-specific processing, as it is known, occurs when the same precursors
employ different processing sites when synthesising peptides. Differential
processing of translated peptide products from the same gene occurs in the
marine mollusc, Aplysia. The egg laying hormone (ELH) prohormone is
synthesised in the bag cell neurones and gives rise to multiple biologically active
peptides which govern egg laying behaviour (Scheller et al, 1983). An
immunocytochemical study has been carried out which demonstrates that

peptides derived from the prohormone are packaged into distinct classes of
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vesicle (Fisher et al., 1988). Segregation would appear to occur via a rapid
initial proteolytic cleavage of the prohormone followed by sorting at the trans-
Golgi stage. The cleavage products were found to be differentially localised,
ELH in the cell body and neuronal processes, and bag cell peptide in the cell
body alone. It was suggested that intracellular packaging and routing of the
peptides cleaved from a single prohormone regulates the peptide localisation
and levels in these neurones. The types of enzymes which are involved in the

processing of precursors are still very much a mystery.

1.5.4 Physiology of Peptidergic Neurones

Unlike classical neurotransmitters, no re-uptake mechanism would appear to
operate for peptides in nerve endings. It has been suggested that every
peptide molecule released must be replaced by axonal transport of another
molecule (Hokfelt et al., 1980). This would be a relatively slow process and
perhaps peptides are released intermittently rather than constantly. However,
intermittent release may be compensated for by long duration of action and
peptides may activate their receptors at much lower concentrations than that
of classical transmitters. Peptide inactivation may occur possibly by
endopeptidases which cleave at sites to give non-biologically active fragments.
Peptides, like other transmitters, are released when the vesicle containing them
fuses with the cell membrane at the release site (exocytosis). Omega profiles
can be seen at an ultrastructural level during this process (Rademakkers and
Beenakkers, 1977). Release is often a highly regulated process which is
controlled by regulating the concentration of free calcium. Transmembrane
voltage can alter calcium concentration in the neurone or neuroendocrine cell.

This is because voltage-sensitive calcium channels exist in the membrane and
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they open upon depolarisation. Alternatively, release can be caused by
releasing factors, which ultimately cause an increase in the concentration of
calcium. Therefore, calcium would appear to be the denominator controlling

release.

On reaching their required target site, neuropeptides bind to a cell-surface
receptor which is linked to a signal-amplification system. The signal may be
amplified in one of two ways. Either by use of the ligand-gated channel system
or by use of the non-ion-channel system. The latter is either a G-protein-linked
receptor or a tyrosine kinase type. Voltage-gated channels are those whose
permeability changes as the membrane potential changes. In effect there is a
rapid increase in permeability to small ions when the membrane potential is
depolarised. As the cell membrane has a relatively high electrical resistance and
capacitance, a small trickle of ions through the receptor channel produces
significant voltage shifts across the membrane. These shifts can be amplified
and trigger other events. There are a number of ligand-gated channels
including GABA-A, glycine and 5HT-3 ion channels (Walker and Holden-Dye,
1991). G-protein-linked receptors are believed to have three functional portions,
the transmembrane spanning region, an extracellular domain which binds the
ligand, and peptide signal to the enzymatic synthesis or inhibition of the second
messenger. Tyrosine protein kinase receptors when stimulated result in the
phosphorylation of tyrosine residues on a variety of proteins within the cell; little

is so far known about this type of receptor however (O’Shea, 1991).
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