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ABSTRACT

Mosquitoes include some of the most important insect vectors of disease known to
man, being involved in the transmission of malaria, filariasis and some arboviral diseases.
These insects have a close and specific relationship with the disease causing organisms
which they transmit, and their capacity as vectors may well be influenced by the way in
which they themselves respond not only to these but other infecting organisms. One aspect
of their ability to defend themselves against invading organisms is their immune system, the
humoral component of which involves the production of antibacterial proteins in response to
the presence of a bacterial infection. A series of antibacterial proteins have now been
purified from a number of insects and their genes cloned and characterised.

The overall aim of the work described in this thesis was to determine whether the
genome of the mosquito, Aedes aegypti, contained sequences related to the genes coding
for the antibacterial proteins described in other insect systems. The approach which was
employed to identify the Ae.aegypti homologues was to design oligonucleotide probes to the
apparently well conserved regions of a number of antibacterial proteins, including cecropin,
attacin, diptericin, lysozyme, sarcotoxin, lectin and magainin. These synthetic probes were
then used to screen a gene bank representative of the Ae.aegypti genome and this has led
to the isolation of a number of clones corresponding to individual antibacterial proteins.

Preliminary studies with the oligonucleotide probe representative of the attacins
suggest that there are sequences related to this probe present within the genome of
Ae.aegypti, but it is not yet clear whether they truly represent attacin-lke genes. The
results of studies involving the screening of the Ae.aegypti clone bank with the probes
representing lysozyme, lectin, sarcotoxin |A and magainin were inconclusive and were not
pursued further. More promisingly, there are clear indications that the Ae.aegypti genome
contains sequences homologous to the probes representative of the cecropins and
diptericins. Subsequently, genomic clones containing sequences related to these two probes
were isolated from the Ae.aegypt/ clone bank and used as the basis for further study.

A subclone, pCEC1.95, was derived from the cecropin-related genomic clone and
used in northern blot hybridisation with total RNA prepared from Ae.aegypti. These
experiments suggest that in non-induced insects there appears to be low level expression of
homologous sequences in the form of a 1.75Kb transcript. In immunologically challenged
mosquitoes, transcription of these cecropin homologues appears to be differentially
expressed depending on the stimulus presented to the insect. DNA representative of the
cecropin A1 gene in D.melanogaster hybridises to the subclone pCEC1.95, further supporting
the idea that there is indeed a cecropin homologue within the genome of Ae.aegypti. DNA
sequence analysis should finally confirm the identity of this clone. As an alternative
approach to the identification of cecropin homologues, primers derived from the
D.melanogaster cecropin gene were constructed for use with the PCR technique. This led to
the amplification of a 170bp fragment when using DNA from the mosquito, An.gambiae, as
template; this is close to the expected size of product based on the known gene structure in
D.melanogaster. Again, DNA sequencing of this product will confirm its identity and this
result suggests that the PCR will prove a powerful tool for the future isolation of other genes
coding for antibacterial proteins.

Mapping of the isolated genomic clone which hybridised to the diptericin-derived
oligonucleotide led to the production of a subclone, pDip2, which was used in further
studies. Acquisition of DNA sequence data will allow full characterisation of this clone. The
use of this subclone has produced results which indicate that this sequence is transcribed in
Ae.aegypti adults when presented with an immunological challenge. In addition, the
transcription of this sequence appears to be modulated according to the stimulus employed,

Thus, as in the case of cecropin-related sequences, not only does there appear to be
diptericin-related DNA sequences present within the genome of Ae.aegypti, but these
sequences are transcribed, and their transcription is controlled in relation to the immune
stimulus. These results represent the preliminary aspects of an investigation into the genes
involved in the Ae.aegypti immune system and how this system relates to the ability of this
insect to transmit disease causing organisms to man. Further studies will now concentrate
on determining the full DNA sequence of the isolated cecropin and diptericin-related cloned
sequences and the use of these clones as probes to study the expression and induction
process of these antibacterial genes in Ae.aegypti.



Dedicted to my Grandmother



"Science is a match that man has just got alight. He thought he was in a room, and
that his light would be reflected from, and display, walls inscribed with wonderful
secrets...... It is a curious sensation, now that the preliminary sputter is over and the
flame burns up clear, to see his hands Ilit and just a glimpse of himself and the patch
he stands visible, and around him, in place of all that human comfort and beauty he
anticipated ------ darkness still."

H G Wells
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CHAPTER 1

INTRODUCTION

1.1 THE MOSQUITOES

The dipteran family Culicidae is divided into three subfamilies: Toxorhynchilinae,
Anophelinae and Culicinae, these subfamilies are comprised of over 3,000 species of
mosquito. Mosquitoes are found almost worldwide, being absent only from Antarctica,
and are one of the most important insect vectors of disease known to man. The
mosquitoes of major importance in the transmission of disease to man belong to the
genera of Anopheles, Culex, Aedes, Mansonia, Haemagogus, and Sabethes. Species
of Anopheles are vectors of malaria, filariasis, and some arboviruses; certain of the
Culex species transmit the filarial nematode Wuchereria bancrofti and a variety of
.arboviruses. Yellow fever, dengue, encephalitis viruses, Wuchereria bancrofti and
Brughia malayi are carried by mosquitoes contained within the Aedes genus. Mansonia
species transmit B.malayi and some arboviruses, the remaining two genera of

Haemagogus and Sabethes are vectors of yellow fever and some arboviruses.

1.1.1 THE MOSQUITO LIFE CYCLE

Female mosquitoes, depending on species, will lay between 30 and 300 eggs at any
one time. In Anopheles and Culex the eggs are laid on the water surface, whereas in
Aedes they are deposited above the water line on damp substrates. The eggs hatch to

produce larvae which have an absolute requirement for water to survive and develop.
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Mosquito larvae feed on yeasts, bacteria, protozoa and other micro-organisms found in
their water habitats which may range from water filled car tracks to marshes and
swamps. There are four larval stages before development to the pupal stage the end

of which results in metamorphosis to the adult form.

1.2 INSECT VECTOR CONTROL

The application of insecticides in the late 1940s represented the first major
breakthrough in the control of medically important insects. The insecticide was
targeted at the adult insect by airborne administration or by residual spraying, providing
a lethal dose by actual contact with the mosquito. The larval stage may be attacked
by the application of larvicides into water breeding sites. The first chemicals used
were organochlorine compounds such as DDT. However, the arthropods at which they
were aimed rapidly became resistant to these chemicals, and by 1971 recorded cases
of resistance were increasing annually (Brown and Pal, 1971). This led to the
development and use of organophosphorous and carbamate compounds in a bid to
overcome this problem. The continuous use of these compounds over the last 35
years has led to the development of resistance to one or other in at least 93 species of

mosquito (Brown, 1983).

The long term use of insecticides has potentially undesirable effects on the
environment. Added to this is the expense of control by insecticides, the expense of
developing new insecticidal compounds, the increased legislation regulating their
application and the rapid development of resistance developed by the target insects.
Thus, the development of other control mechanisms is necessary. Methods of
environmental control aimed at eliminating mosquito breeding sites has proved

effective in many control programmes. There is, however, a high capital cost linked to
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these methods of control and there is, of necessity, a large reliance on local co-

operation.

Biological control methods, involving the use of natural predators such as the
larvivorous fish, Gambusia affinis or Poecilia, or the use of pathogenic organisms which
will affect the mosquito but will be non-lethal to other insects sharing the same
habitats, also have their place in possible control programmes. The successful use of
these agents in insect control requires an in-depth knowledge of the ecology of a
particular mosquito species as well as an understanding of how the target will respond

to any pathogenic organism that may be used.

Alternative methods of control that may be considered is via the mass release of
artificially produced sterile male mosquitoes effecting a method of genetic control.
This method was used successfully in the control and eradication of the screwworm
fly in some areas of the USA and Mexico (Krafsur et a/, 1987). The effectiveness of
this method of control will depend on a number of factors, including the
competitiveness of the sterile males with respect to mating and life span. Other
methods of genetic control exploit the naturally occurring sterility mechanisms of
cytoplasmic incompatibility, hybrid sterility and translocation chromosomes (Davidson,
1974). All methods of genetic control used so far rely on the repeated mass release

of individuals and thus require expensive rearing facilities.

An alternative to these methods which may become available in the future is genetic
control involving the alteration of germline cells through the use of genetic
manipulation. This would ensure the perpetuation of any genetic alteration throughout
subsequent generations. Genome manipulation at the molecular level may involve the
introduction of new gene functions and/or the disruption of existing genes. This could

lead to the development of pathogen refractory strains, a reduction in vector
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competance or an increase in susceptibility to control agents. Ultimately, the release
of such manipulated individuals would lead to the replacement of the original insect

vector population, and hence an interruption of pathogen transmission.

1.3 HOST-PARASITE RELATIONSHIPS

In most species of mosquito, the female requires a blood meal before the eggs can
develop. This biting behaviour is central to the role of the mosquito in disease

transmission, as many species obtain their blood meal from man.

In the case of malaria, Plasmodium gametocytes present in the blood meal are ingested
by the female Anopheline mosquito. The gametocytes pass to the insects’ stomach
where the parasites go through their sexual cycle, or sporogony, to form zygotes.
These zygotes elongate to form ookinetes which then penetrate the gut wall. On
reaching the outer membrane of the gut wall the ookinetes become spherical and
develop into an oocyst. The oocyst undergoes repeated division to produce large
numbers of sporozoites which, on rupture of the oocyst, are released into the
haemocoele of the insect. The sporozoites circulate in the haemolymph of the
mosquito until they penetrate the salivary gland. The mosquito is now infective and
will transmit sporozoites together with saliva when it bites its next victim. The
effective vectorial capacity, as measured by the percentage of females with
sporozoites in their salivary glands, differs considerably not only from species to

species but also from one locality to another.

Arboviruses also undergo an obligatory developmental stage in an arthropod host.
Ingestion of an arbovirus such as yellow fever by Ae.aegypti will occur during a blood

meal. If a large enough quantity of virus is ingested, the virus particles will pass



5
across the gut into the haemolymph from where the virus can invade other tissues. If
access to the salivary gland is achieved the virus quickly multiplies, the cycle of

development depending on the mosquito host, to produce an infective mosquito.

Passage of filariae from the mosquito to man occurs in a similar manner for all
mosquito vectors of filariasis. As with transmission of the disease-causing organisms
already mentioned, the nematodes gain entry to the mosquito during a blood meal.
Microfilariae (mff) are ingested by the insect, they rapidly exsheath and penetrate the
gut wall passing into the haemocoele. From the haemocoele they migrate to the
muscles of the thorax where they undergo two moults. The resultant 3rd stage larvae
then migrate through the head and down the mosquitos’ proboscis, from where they

are released onto the surface of the insects’ next victim.

From the above, it can be seen that mosquito vectors have a very close and specific
relationship with the disease causing organisms which they carry, and a greater
understanding of this relationship would be extremely important when considering
possible future methods of transmission control. The way that the mosquito responds
to the presence of invading organsims may play a central role in influencing the
vectorial capacity of these insects. Clearly, the insects’ immune system is one aspect

of this response.

1.4 INSECT IMMUNE SYSTEMS

Insects are one of the oldest and most successful of the worlds’ inhabitants and, as
such, must possess an effective internal defense system to maintain integrity of self.
The study of this comparatively new area of immunology is demonstrating that

arthropods have a complex and surprisingly specific immune response against foreign
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organisms. So far very little work has been directed towards insects that function as

vectors or intermediate hosts of parasites that infect man.

Insects possess a rigid exoskeleton or cuticle which provides the primary defense
mechanism against the entry of pathogens or endoparasites to the haemocoele. Any
organisms that are ingested must first survive the cibarial and buccopharyngeal
armature (Bryan et a/, 1974). Once inside the gut, the midgut epithelium is protected
by a peritrthic membrane which forms around the food bolus. Any organisms that
penetrate these physical barriers will then encounter a battery of secondary defense

mechanisms, both cellular and humoral in nature.

1.4.1 CELLULAR REACTIONS

Two classes of circulating haemocytes, the plasmatocytes and the granulocytes, are
responsible for the initial response to foreign organisms that gain entry to the
haemocoele of the insect, the micro-organisms are then removed by phagocytosis,
nodule formation or encapsulation. In the former, intact bacteria are engulfed and
taken into haemocytes where they are killed and digested. Protozoans may also be
phagocytosed in this way, although evidence for this is limited (Molyneux et a/, 1986).
The effectiveness of phagocytosis is dependent on a number of factors; the number of
haemocytes available for endocytosis, the type and number of invading organism and
the frequency of attack (Gupta, 1986). If there are large numbers of invading bacteria,
phagocytosis may be augmented by the formation of nodules (Ratcliffe and Rowley,
1979). Nodules are formed by the trapping of haemocytes and bacteria in an extra-
cellular matrix which adheres to tissues and becomes melanised. Particles that are too
large to be phagocytosed, such as nematodes, are neutralised by encapsulation. The
capsule is formed around the foreign organism by a multi-cellular envelope of

haemocytes, and melanin is deposited in the inner layers of the capsule. Encapsulated
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organisms are thus effectively sequestered and may die due to asphixiation,
accumulation of toxic waste matter or by the effect of toxic quinones that are involved

in melanisation.

1.4.2 RECOGNITION OF NON-SELF

One of the major problems that any organism will encounter in mounting a defense
against infection is that of non-self recognition, and insects are no exception to this.
Lackie (1983) has suggested that the initial recognition of foreignness may involve the
physicochemical properties of the foreign surface; electrostatic charges on the
haemocytes and the non-self materials being particularly important. Unstable
coagulation cells may respond to charged groups on the foreign surface by
degranulation, thus releasing recruitment signals for other cells. One of these factors
may be the enzyme prophenoloxidase which seems to be ubiquitous in haemolymph
and catalyses the oxidation of tyrosine to 3,4-dihydroxyphenylalanine initiating
melanisation. Certainly it has been shown that activation of haemocyte
prophenoloxidase /n vitro increases the efficiency of phagocytosis of bacteria, (Ratcliffe
and Rowley, 1984). There appears to be more than one prophenoloxidase system
present in the insect, as this enzyme has been found in both cellular and plasma
fractions (Ratcliffe and Rowley, 1979). It has been suggested that the

prophenoloxidase cascade may serve as a complement-like pathway.

An alternative method of recognition of foreign organisms may be accounted for by the
presence of agglutinins or lectins in the haemolymph leading to opsonisation (Lackie,
1981), or on the surface of the haemocyte itself (Komano et a/, 1983). These lectins
would bind to foreign substances bearing appropriate carbohydrate moieties resulting in

receptor-mediated endocytosis.
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Recently, there has been the discovery of haemolin which is another potential
candidate for being involved in the recognition of foreign particles. This protein,
although present constitutively, is induced by vaccination of diapausing silk moth
pupae and has been found to bind to bacterial surfaces (Sun et a/, 1990b). It has also

been shown to be a member of the immunoglobin superfamily.

1.4.3 HUMORAL REACTIONS

The insect humoral response is achieved by the presence of certain factors whose
synthesis appears to be induced by foreign organisms or by wounding. Some of these
factors may be directly antibacterial, others may act as recognition factors as

described above.

The majority of research into the presence and role of inducible antibacterial factors
has been carried out in lepidoptera, more specifically in giant silk moths such as
Hyalophora cecropia. These insects have been extensively studied in recent years and
lend themselves to this type of research because of their large size and the fact that
immune genes can be turned on in diapausing pupae without disturbing diapause. It
was first discovered by Stevens (1962) that haemolymph from pupae which had been
innoculated with attenuated or live bacteria became bactericidal as a result of de novo

synthesis of a range of proteins.

Lysozyme was the first antibacterial factor to be isolated from moths that had been
immunologically challenged by innoculation with bacteria (Powning and Davidson,
1973). The haemolymph of naive insect larvae appears to contain low constitutive
levels of lysozyme. However, these levels greatly increase after a bacterial challenge
(Anderson and Cook, 1979). It may be that lysozyme is synthesised and sequestered

intercellularly until required (Zachary and Hoffmann, 1984). Lysozyme catalyses the
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degradation of the peptidoglycan layer of the cell wall of gram positive bacteria, and

the insect form of the enzyme is structurally similar to that found in vertebrates.

Inducible antibacterial proteins were described first in Drosophila melanogaster by
Boman in 1972 (Boman et a/, 1972), and subsequently individual bactericidal proteins
were isolated from haemolymph from challenged pupae of H.cecropia in 1980
(Hultmark et a/, 1980). Two main families of antibacterial proteins have been purified
from H.cecropia, the cecropins and the attacins, and study of these has formed the

main body of research on antibacterial proteins in insects.

The cecropins are a family of small (4kDa) basic proteins synthesised as
preproprecursor molecules, They contain a signal peptide for export into the
haemolymph from the site of synthesis, which is principally the fat body. These
proteins are not present in naive insects and their appearance in pupal haemolymph
occurs after a time lag of around 10 hours in H.cecropia, (Gudmundsson et a/, 1991).
This, together with the fact that the presence of transcriptional inhibitors prevents the
appearance of the cecropins, suggests that the presence of the protein occurs as a
result of de novo synthesis. As yet their mode of action is unproven, but use of
synthetic models and knowledge of the native protein structure suggests that
cecropins form amphipathic helices which insert themselves into the bacterial cell wall
to form pores through which the cell contents leak out (Christensen et a/, 1988).
Since the purification of the cecropins from H.cecropia, a number of similar proteins
have been purified from several other lepidopteran species such as Anthereae pernyei
(Qu et al, 1982), Manduca sexta (Dickinson et al, 1988), Bombyx mori (Morishima et
al, 1990), and two dipterans Sarcophaga peregrina (Okada and Natori, 1985a) and
D.melanogaster (Kylsten et a/, 1990). Presence of cecropin-like peptides have also

been described in Tsetse (Kaaya et a/, 1987) and a coleopteran (Spies et a/, 1986).
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The attacins are a family of much larger proteins, those isolated from immune
haemolymph from H.cecropia having a molecular weight of 20-23kDa (Hultmark et al,
1983). Like the cecropins, attacin synthesis appears to be induced by the presence of
bacteria in the haemolymph of the insect. The action of the attacins is apparently
limited to a narrow range of gram negative bacteria and is most effective against
rapidly dividing cells (Hultmark et a/, 1983). Engstrém et a/ (1984a) suggested that
the target of the attacins was the biosynthetic pathway of the bacterial outer
membrane components. More recently, it has been shown that treatment of a
bacterial culture with attacin leads to the deficiency of four outer membrane proteins in
new bacterial cells (Carlsson et a/, 1991). Bacterial lysis, apparently caused by the
presence of attacin, may, however, be due to an even more indirect action through the

enhancement of the activity of cecropins and lysozyme (Engstrém et a/, 1984a).

An attacin-related protein, sarcotoxin IlIA, has been isolated from the dipteran
S.peregrina (Ando et al, 1987). This protein has a similar molecular weight and
bacteristatic action to attacin and shows some homology to the carboxy terminus of
the attacin protein. Sarcotoxin IlA also appears to be arranged into functional domains
which coincide with regions of the attacin genes (Wicker et a/, 1990), A similar
domain type arrangement appears to exist for another family of inducible antibacterial
proteins, the diptericins (Wicker et a/, 1990). This family of 9kDa proteins has been
isolated from two dipterans, Phormia terranovae (Dimarcq et a/, 1988) and
D.melanogaster (Wicker et a/, 1990). The diptericins, like the cecropins and the
attacins, appear to be active against gram negative bacteria and it has been suggested
that their mode of action may possibly be directed against the cytoplasmic membrane

(Keppi et a/, 1989).

Another group of inducible proteins that have been described are the defensins. These

are so named because of their apparent homology to mammalian defensins which were
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isolated from macrophages and neutrophils (Lehrer et a/, 1991). The insect defensins
have been isolated from P.terranovae (Lambert et a/, 1989), the cell culture medium of
S.peregrina (Matsuyama and Natori, 1988), the royal jelly of the honey bee (Fujiwara
et a/, 1990) and from the coleopteran, Zophobols atratus (Bulet et a/, 1991). The
defensins are a group of small, cysteine-rich peptides (4kDa) that are active against
gram positive bacteria. In P.terranovae, the defensin gene is expressed concomittantly
with diptericin in the thrombocytoid-type haemolymph cells and in the fat body.
Induction of these proteins is caused by wounding, or the innoculation with either

gram positive bacteria or LPS (Dimarcq et a/, 1990).

Recently other antibacterial proteins have been isolated from a number of insect
sources. Casteels et a/ (1989) isolated a family of proteins, the apidaecins, from
larvae and adults of the honey bee, Apis mellifera. These are small (2.1kDa) basic
proteins which appear to be highly active against gram positive bacteria; they are
bacteriostatic, as in the case of attacins, rather than bacteriolytic. Also isolated from
A.mellifera is abaecin, a protein containing 34 amino acids (Casteels et a/, 1990). Like
apidaecin, it is a basic protein rich in proline residues and has some structural similarity
to diptericin A. Drosophila melanogaster appears to produce an antibacterial protein,
andropin, which is present only in the male reproductive tract (Samakovlis et a/, 1991).
A novel inducible antibacterial protein, coleoptericin, has also been isolated from
Z.atratus (Bulet et a/, 1991). This 43 amino acid, basic protein appears to be
bactericidal to gram negative bacteria, appearing in the haemolymph six hours after

bacterial challenge.

1.4.4 THE SITE OF SYNTHESIS OF ANTIBACTERIAL PROTEINS

In H.cecropia, the fat body is the main organ for the synthesis of antibacterial proteins

in both larvae and pupae, and only a minor contribution comes from other cell types
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such as haemocytes. Indeed, Abu-Hakima and Faye (1981) demonstrated by the
quantification of incorporation of *H-uridine into RNA, that fat body is the only tissue in
H.cecropia that responds to bacterial challenge. However, it has also been shown that
haemocytes can be induced to synthesise the immune proteins (Boman et a/, 1991).
In D.melanogaster in situ hybridisation has shown that all parts of the fat body were
active in synthesis of cecropins and only a small proportion of the haemocytes were
implicated (Samakovlis et a/, 1990). This observation is in direct contrast to the
situation found in M.sexta where expression of cecropin D appears to be expressed

more widely (Dickinson et a/, 1988),

The genes for some of the proteins mentioned in the sections above have been cloned
and characterised, and this, together with their structure at the DNA level, and the

pattern of their expression is discussed in more detail in subsequent chapters.

1.4.5 THE IMMUNE RESPONSE IN INSECTS

From the preceding sections, it can be seen that at least four orders of insects respond
to bacterial challenge by the production of several groups of antibacterial proteins.
These insects, however, do not all produce the same array of proteins when they
respond to this challenge. Gram positive bacteria are probably countered by the
production of defensins in coleoptera, diptera and possibly hymenoptera, and by
cecropins and lysozyme in the lepidoptera. The presence of gram negative bacteria in
lepidoptera and diptera are dealt with by cecropins, by relatively large glycine-rich
peptides in coleoptera and diptera and by small proline-rich peptides in hymenoptera.
These peptides have only been fully characterised in a few species of insect, and
sometimes only at one stage of development. In D.melanogaster (Samakovlis et al,
1990) and M.sexta (Hughes et a/, 1983) it has been demonstrated that expression of

these proteins differs between developmental stages and may, in fact, be important in
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the developmental process itself. It is also possible that each insects’ arsenal of
antibacterial proteins may be specifically tailored to deal with the type of organism that
the insect is likely to encounter during its life cycle.

The majority of insects have a short generation time and develop relatively rapidly, and
it is in these insects that this rapid synthesis of antibacterial proteins in response to
infection has been observed. This primary response is present for a significant portion
of their life cycle, and although passive transfer of immunity has been observed
(DeVerno et a/, 1983) there is, as yet, no record of an immune memory. In contrast to
this, Periplanta americana has a relatively long life span and appears to develop a more
specific humoral response which exhibits a classical secondary immune response (Karp

and Rheins, 1980; Rheins et a/, 1980).

It has been postulated (Dunn, 1986) that haemocytes are the first line of defense, and
that the synthesis of antibacterial proteins provides a backup defense to "mop up" any
remaining organisms. They may also act to protect the insect while the numbers of
haemocytes are depleted. This aspect may be most important when the insect is
approaching a moult or during metamorphosis, It is unlikely that invading organisms
will come into direct contact with the fat body and some mediator is required to
stimulate peptide synthesis. The haemocytes themselves may act directly to trigger
the fat body (DeVerno et a/, 1983), or they may secrete a signal factor to elicit protein
synthesis. It is most likely, however, that cellular and humoral defense mechanisms
work in concert to provide an extremely effective response to the presence of

potentially infective organisms in the insect.
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1.4.6 THE IMMUNE RESPONSE IN MOSQUITOES

Considering the mosquito’s importance as a vector of disease, surprisingly little
research has been carried out in order to understand the relationship between the
mosquito and the organisms which they transmit. As described above, a considerable
amount of knowledge has been obtained in recent years pertaining to immune
capabilities of arthropods against foreign invasion. Little of this knowledge, however,
has been directed towards medically important insects, although there have been some
studies initiated on the Simulium/Onchocerca (Ham, 1986) and insect/trypanosome

systems (Molyneux et a/, 1986).

The main body of research concerning the immune response of the mosquito has been
directed at the relationship between adult mosquitoes and filarial worms, especially
Ae.aegypti and Brughia. The primary defense mechansims of insects are generally the
melanisation/encapsulation reactions, humoral encapsulation usually being associated
with insects having a low number of circulating haemocytes i.e. less than 6,000
cells/mm?; cellular encapsulation occurs in dipteran species with blood cell numbers of
greater than 6,000 cells/mm® (Gotz and Vey, 1986). The haemocyte count of

mosquitoes is in the region of 3,700-5,900 cells/mm® (Lingg, 1976).

Melanisation of metazoan parasites in many dipterans has generally been considered to
be primarily a humoral response. However, it has been shown that in adult Ae.aegypti
(Liverpool strain) mosquitoes, haemocyte contact with Brughia parasite and subsequent
lysis of proximal cells initiates melanisation within the haemocoele (Christensen and
Forton, 1986). This also appears to be the case in the melanisation of B.pahangi by
An.quadrimaculatus (Chen and Laurence, 1985). In contrast, the earliest observations
of Dirofilariae infected Ae.trivittatus showed that melanin was deposited on microfilarial

(mff) surfaces without a direct contact being observed between haemocytes and
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parasites, (Forton et a/, 1985). It may be that these species differ in their means of
initiating a melanisation response or, more simply, that the response of Ae.aegypti is

slower and consequently easier to record (Christensen and Forton, 1986).

The lysis of haemocytes within Ae.aegypti may release enzymes or substances that
initiate the conversion of prophenoloxidase(s) within the haemolymph. Certainly the
activity of monophenoloxidase in the haemolymph of mff-infected mosquitoes was

twice that found in controls (Nappi et a/, 1987).

The melanisation response has been observed both in mosquitoes that are refractory
and in those susceptible to infection by filarial worms. Thus, this response is not
linked to the single, sex-linked, recessive gene f" which controls susceptibilty to both
B.pahangi and B.malayi in Ae.aegypti (Macdonald 1962; Macdonald and
Ramachandran, 1965). In strains of Aedes that do not support filarial development,
the ingested mff penetrate the midgut and pass to the thoracic muscles where they
die. Death is apparently caused by physiological incompatibility rather than a defensive
response. Innoculated mff, however, produce a rapid melanisation response (Beerntsen
et al, 1989). It has been suggested that in the susceptible Ae.aegypti, passage of
B.pahangi mff through the midgut allows them to acquire host material on their surface
which allows an evasion of the mosquitos’ immune system (LaFond et a/, 1985). It
has also been suggested that mff may produce an immune suppression factor which
may be similar to that found in microfilaremic mammals (Christensen and LaFond,

1986).

The mosquito Armigeres subalbatus has been shown to respond differently to, and
thus distinguish between, two strains of Brughia. It can successfully recognise and
melanise B.malay/ whereas B.pahangi is able to evade the immune system (Beerntsen

et al, 1989). This illustrates that there are inherent differences between parasite
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species and mosquito vectors regarding parasite/host compatibility. Recognition of
foreign organisms may also be due in part to the acquisition of surface modifications
by some circulating haemocytes which are identified by enhanced lectin binding

activity (Nappi and Christensen, 1986).

The study of Onchocerca lienalis infected simuliids has shown that transfer of
haemolymph from previously infected donor flies to naive recipients appears to confer
protection against a subsequent challenge to the recipients. Control groups of sham or
bentonite innoculated blackfies suggest that this effect is not merely a non-specific

reaction to trauma, but probably parasitic in origin (Ham, 1986).

Recently, stimulated by the work of Ham (1986) on transfer of immunity to
Onchocerca in Simulium species, a series of similar experiments were performed using
the Ae.aegypti and B.pahangi system (Townson and Chaithong, 1991). It was found
that there was an almost 60% reduction in the number of developing larvae in
mosquitoes receiving haemolymph from filaria or E.coli infected donor mosquitoes
when compared with controls. There was also a reduction in the number of
developing larvae in mosquitoes receiving haemolymph from mosquitoes that had either
been injured or innoculated with LPS or laminarin. SDS-PAGE electrophoresis of
haemolymph from these treated mosquitoes showed the presence of a range of
induced proteins including ones of 22-24kDa, 12-14kDa, and 4kDa which may
correspond to attacin, lysozyme and cecropin-related proteins respectively. These

proteins appeared to be optimally expressed one day after treatment,

Genetic variation in the susceptibilty of the Anopheline mosquito to Plasmodium have
been recorded and vector strains refractory to various avian and rodent malarias have
been selected and studied (Curtis and Graves, 1983). Collins et a/ (1986) have

produced, by genetic selection, two An.gambiae lines one fully refractory and one fully


































































































































































































































































































































































































































































































































































































































































































































































