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ABSTRACT

Lymphatic filarial worms are mosquito-borne parasites, with a complex life cycle
culminating in the mammalian host, where the adult nematodes can live stably in
the lymphatics for several years. The L3, or infective stage larvae, is the
transmission stage, passing from the arthropod vector to the definitive host and so
is the first stage of the parasite to be encountered by the host immune system. It
has been shown that the L3 is responsible for eliciting a stage-specific protective
immune response and so any antigens which are up-regulated or distinct to this
life cycle stage are worthy of further study. This project set out to identify L3
genes of Brugia pahangi using two different approaches. The first involved the
immunoscreening of an adult cDNA expression library, using a rabbit anti-serum
raised against live L3. The serum was first pre-adsorbed against adult antigens in
an attempt to make the screen more specific for L3 antigens. However, the degree
of cross-reactivity between the different life cycle stages and the
immunodominance of a small subset of antigens rendered this method unsuitable
for identifying L3-specific genes. The second approach was to differentially
screen an L3 cDNA library. The library was made by SL-PCR in an attempt to
overcome the problems associated with the limited amount of parasite material
available. The library was made from L3 which were removed from the jird at
three days post-infection, and was differentially screened using PCR derived
probes from mosquito-derived L3, 3d pi L3 and adult worms. Plaques which
were positive only on the mosquito-derived L3 filters were chosen for further
investigation.  This method produced four positive clones which were
characterized by sequence analysis and Northern and Southern blotting. The four
genes were all found to code for structural proteins, and although highly
expressed at the L3 stage were also present in the L4. However, all four cDNAs
were only found at a very low level, if at all, in the adult parasite. In order to
further examine the expression pattern of these genes, semi-quantitative RT-PCR
was carried out, using mosquito and mammalian stages of the parasite. In general,
the results confirmed the Northern expression pattern in the post-infective stages,
with signals obtained at the L2 stage for three of the genes, and at the pre-
transmission L3 stage for all four of the genes. These studies demonstrate the
feasibility of adopting a differential screening approach for the identification of
stage-specific transcripts from filarial worms.
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Chapter 1

Introduction
1.1 The Parasite
1.1.1 Filarial Nematodes

The filarial nematodes are blood and tissue dwelling parasites, transmitted by
an arthropod vector, that cause a variety of diseases in man and other animals.
The most important species of filarial worms, in terms of human disease, are
Onchocerca volvulus, which causes river-blindness and severe skin disease
and Wuchereria bancrofti and Brugia malayi, which both cause lymphatic
filariasis. These parasites are widespread in the tropical regions of the world
with approximately 118 million people infected with lymphatic filariasis, 105
million by Wuchereria bancrofti and 13 million by Brugia malayi (Ottesen
and Ramachandran, 1995). Although direct mortality from these diseases is

low they do cause much morbidity and disfigurement.

Filarial nematodes tend to be remarkably host specific and O. volvulus and W.
bancrofti only infect man in nature. Chimpanzees can be artificially infected
with O. volvulus, but this is an expensive system and has made experimental
studies difficult. However, Brugia parasites have been found in a wide range
of vertebrate hosts. Brugia malayi and the less common Brugia timori are
confirmed human parasites, but the sub-periodic form of B. malayi is zoonotic
and can be used to infect laboratory hosts. The use of B. malayi and the
closely related species B. pahangi, which naturally infects cats and monkeys,
in experimental studies has significantly increased our understanding of the
human disease. The discovery (Ash and Riley, 1970) that the sub-periodic
strain of B. malayi and B. pahangi would develop to patency in the Mongolian
jird (Meriones unguiculatus), proved to be a major development in filariasis
research. The ability of the parasite to develop within the peritoneal cavity

provided a useful model for obtaining all the mammalian stages of the life



cycle in sufficient quantities for molecular and immunological analysis

(McCall et al., 1973).

The geographical distribution of the filarial parasites is limited mainly by the
distribution of their vectors and also by the number of arthropods which will
serve as vectors. Onchocerciasis is only transmitted by black flies of the
genus Simulium, and its distribution is limited by the breeding requirement of
the vector for rapidly flowing water. The disease is found mainly in Africa
with smaller foci in Central and Southern America, endemic areas being
located around water courses. Bancroftian filariasis can be transmitted by up
to forty-eight different species of mosquito and is therefore the most common
and widespread species of filaria, with a distribution ranging throughout
tropical and subtropical countries. Brugian filariasis is mainly limited to Asia

with Mansonia and Anopheles mosquitoes as the principal vectors.

1.1.2 Life Cycle

Like all nematodes, lymphatic filarial parasites have five developmental stages
in their life cycle. Adults, or fifth-stage worms, have a fine, white threadlike
appearance. They reside in the lymphatics of the vertebrate host and may live
for several years. The female B. malayi measure 48.0 x 0.15 mm, while the
males are smaller, measuring 22.0 x 0.1 mm. Once the worms become
sexually mature they mate and the females produce large numbers of first-
stage larvae or microfilarae (mf). For Brugia species these measure
approximately 210 x 6 um and are sheathed. The body nuclei extend almost to
the tip of the tail with two terminal nuclei being distinctly separate from the
others. This fact, together with the presence or absence of a sheath are used to
differentiate between mf of different species by examination of stained blood
films. The mf travel from the lymphatics to the bloodstream, where they can
then be ingested by the mosquito vector during a blood-meal (Denham and

McGreevy, 1977).



Mf have a circadian periodicity and are found in the peripheral circulation at
certain times of the day. The mosquito vectors also feed according to a
circadian rhythm and it has been found that the number of mf in the peripheral
blood is highest when the activity of the local mosquito is also at its highest
level. The natural vectors of Brugian filariasis include the mosquitoes of the
Mansonia, Anopheles and Aedes genera. In those regions where Mansonia
mosquitoes are the principal vectors, the mf are subperiodic and in these cases
the disease has a rural distribution (Denham and McGreevy, 1977). The
Mansonia larvae need a certain variety of plant, Pistia stratiotes, to which they
attach by means of their siphon in order to obtain oxygen. These plants grow
in ponds, open swamps and ditches, generally low regions, where cats and
monkeys act as reservoirs of infection. When the disease is transmitted by
Anopheline mosquitoes, which prefer to breed in the rice fields surrounding
villages and towns, the mf have a nocturnal periodicity and the disease tends to
be urban. Throughout most of its range Wuchereria bancrofti has a diurnal
periodicity, with mf peaking in the blood between 10pm and 2am. The
relationship between peak feeding time for the mosquito and peak peripheral
microfilaraemia appears to have evolved in order to increase the efficiency of

transmission between arthropod vector and vertebrate host.

Once the mf have been taken up by the mosquito, they are carried with the
blood meal through the foregut to the midgut, where they ex-sheath and can
then penetrate the stomach wall to the haemocoel. Since the blood meal
coagulates with varying speed between and within species of mosquito, most
of the mf have left the midgut within the first three hours to avoid being
trapped here (Ewert, 1965). After migration to the thorax, they invade the
muscle cells and here moult twice to the third-stage larvae or L3. This process
is temperature dependent and takes between six and twelve days and during

this period the infective stage larvae have grown to around 1.5 x 0.03 mm.

L3 then leave the flight muscles and move to the body cavities of the mosquito

with particular preference for the mouthparts. When the mosquito bites a



vertebrate host the infective larvae escape, while the mosquito probes the skin
and the labium is bent, and travel to the tip of the proboscis and so reach the
surface of the skin. Once the mosquito has withdrawn the L3 enter the
puncture wound left by the mosquito and then move via the bloodstream into
the lymphatics (McGreevy et al., 1974). The larvae are protected against
dessication on the surface of the skin by a small drop of haemolymph left by
the mosquito, which gives them time to find and penetrate the puncture
wound. The successful transmission of infective stage larvae therefore
depends upon the relative humidity, as rapid evaporation of the haemolymph
droplet makes it much less likely for the L3 to survive and enter the vertebrate
host (Ewert, 1967; Ewert and Ho, 1967; McGreevy et al., 1974). This fact,
together with the distribution of appropriate vectors, limits filariasis to the
more humid areas of the tropics. Once the infective larvae are within the local
lymphatic system, usually within a few hours of infection, they migrate with
the flow of lymph to the nearest lymph node. In the cat model the next moult
to the L4 stage occurs between nine and twelve days post-infection and
significant growth only starts after this moult. The L4 then travel against the
flow of lymph and return to the afferent lymphatics where they remain
(Schacher, 1962). The final moult is less synchronous, with males moulting
around day 19 and females around day 24. This fifth-stage larvae, or young
adult, continues to grow until sexually mature, when mating occurs and mf

production commences, usually between days fifty to sixty post-infection.

1.2 The Disease

1.2.1 Immunology and clinical symptoms

Filariasis is a spectral disease with a wide range of clinical manifestations. It
is generally considered that the outcome of infection is related to the type of
immune response elicited in the host. Individuals in an endemic area can be

broadly divided into five main categories:



1. Endemic normals

This category consists of individuals who show no clinical or parasitological
signs of infection. However, when taken as a group, they show significantly
greater immune responsiveness to parasite antigens, especially T cell
responses (Ottesen et al., 1977), than those who are mf positive. This
classification will contain people with sub-threshold and pre-patent infections,
as well as those who show effective immunity, as it is difficult to accurately
distinguish between those who are truly uninfected, and those who may have
occult filariasis, with an undetectable level of circulating mf (Ottesen, 1984).
It has been suggested that a proportion of these individuals may have an
immunological resistance to infection or a naturally acquired protective
immunity. When more sensitive techniques such as detection of circulating
antigen (Day et al, 1991a), or PCR-based detection methods are applied to
this group, only a very low percentage of the population can truly be described
as free from infection. In some areas of the world where transmission rates are
very high, such as in parts of Papua New Guinea (PNG), no endemic normals

can be detected at all (Day, 1991).

2. Asymptomatic microfilaraemics

This group comprises the largest percentage of infected individuals and again
display no overt clinical symptoms of disease, despite having mf circulating in
the bloodstream, sometimes in very large numbers, and a low grade
eosinophilia. More recent studies have found that these patients have ‘silent’
renal abnormalities, in the form of microscopic haematuria and proteinuria
(Dreyer, 1992). This group is the least immunologically reactive with reduced
cellular and humoral responses (Ottesen et al., 1977; Ottesen et al., 1982).
However, immune responses in this group to other antigens are normal, the
hypo-responsiveness appearing to be specific to filarial antigens. Treatment

with diethylcarbamazine (DEC) results in the partial restoration of responses



(Piessens et al., 1981). Asymptomatic microfilaraemics do not necessarily go
on to develop pathology and there have been cases reported where the
circulating mf levels remain high for decades with no further disease
progression. It is believed that the immunological hypo-responsiveness of this
group is caused by the parasites themselves, which specifically down-regulate
immune responses. Recent data have shown that not all immune responses are
suppressed in microfilaraemic individuals; while Thl responses, as assessed
by proliferative capacity, are impaired, Th2 responses are up-regulated

(Maizels and Lawrence, 1991).

3. Filarial fevers

Some microfilaraemic patients go on to develop intermittant episodes of
lymphatic inflammation. These attacks occur between two and six times a
year, lasting for around five days and are characterised by swollen, painful
lymph nodes usually accompanied by fever. Occasionally the inflammation
spreads to include the lymphatic tracks. Mf are not usually detectable in this
group, who have an increased immune responsiveness to filarial antigens
compared to group 2. It is presumed that the increased recognition of the
parasite, or perhaps less effective immunosuppression, initiates the onset of
fevers and local lymphatic inflammatory reactions, while also being

responsible for clearing mf from the bloodstream.

4. Lymphatic pathology

While it is not known what triggers some asymptomatic microfilaraemics to
develop filarial fevers, the onset of lymphatic pathology is clearly linked to
increased lymphatic inflammation. Repeated attacks of inflammation lead to
dilation, thickening and eventually fibrosis of the affected lymphatic vessels.
Eventually woody induration of the tissues may occur with thickening and
verrucous changes of the skin, leading to elephantiasis. Brugian filariasis most

commonly affects the limbs and the reduced circulation often leads to



secondary fungal or bacterial infections, which in themselves are responsible
for much of the gross pathology of elephantiasis (reviewed by Ottesen and
Ramachandran, 1995). Lymphatic pathology also occurs as a result of
reactions to developing, adult or dying worms in the lymphatics. The death of
an adult worm can lead to severe localised inflammation, an abscess may form
around the worm, it may be absorbed or sometimes becomes calcified and can
be seen by X-Ray. However, studies in SCID mice have shown that lymphatic
pathology can also be caused by the ability of the worm itself to dilate the
lymphatic channel and cause local damage, in the absence of an effective
immune response (Nelson ef al., 1991). Immune responses to filarial antigens,
both cellular and humoral, are greater than those found in group 2 (Ottesen et
al., 1982), and this increased responsiveness, which is probably responsible for
the clearance of mf, also increases local inflammatory responses which cause
lymphatic pathology. Studies have shown a direct correlation between the
severity of lymphatic damage and the level of immune responses to parasite

antigens (Ottesen, 1980; Klei ez al., 1981).

5. TPE (Tropical Pulmonary Eosinophilia)

This last group is the most distinct but least common and does not seem to
have any lymphatic involvement. Individuals in this group are
immunologically hyper-responsive, especially to mf antigens and have very
high IgE and eosinophil levels, but rarely have circulating mf in the
bloodstream. Clinical symptoms include nocturnal coughing, chest pain,
difficulty in breathing and fever, with pulmonary nodules and /or lesions
detectable by X-Ray. The respiratory symptoms probably result from allergic
responses to large numbers of mf in the lungs. This group responds very well
to treatment with DEC but if left untreated chronic pulmonary fibrosis may

occur and eventually respiratory failure.



1.2.2 Acquired immunity

The clinical manifestations of lymphatic filariasis are diverse and the pattern
of disease progression is poorly understood. Most studies have been cross-
sectional and so little is known of the natural history of the disease. Until long
term longitudinal studies are carried out, the way in which the different
symptoms are related to each other, and the importance of factors such as pre-
natal exposure and genetic background in inducing alternative immunological
responses, remain unclear. Recent work has found that children of infected
mothers were more likely to be infected than those of amicrofilaraemic
mothers (Lammie et al., 1991). Since there was no paternal effect, this is
probably due to neonatal tolerance, which has been found to increase
susceptibility in animal models (Haque and Capron, 1982; Schrater et al.,
1983). It may be that neonatal tolerance limits the pathology-inducing
immune responses and so reduces the incidence of clinical disease (Maizels
and Lawrence, 1991). A recent study on the Cook Islands presented evidence
that maternal infection status exerted an effect on T cell responsiveness which
lasted up to two decades (Steel et al., 1994).

One of the main features of filarial parasites is their ability to form a long and
stable relationship with their host. In order to do this they must somehow be
able to evade the hosts immune system or induce immune unresponsiveness in
the host. However, immune unresponsiveness to one life cycle stage does not
rule out strong immune responses to another, and so the idea that a state of
concomitant immunity exists in filarial infections is gaining acceptance. A
study in Papua New Guinea by Day ef al (1991c), found that adult worm
burden increased with time in people under 20 years old, but remained static in
those over this age. It was hypothesised that resistance to new infection was
directed towards the infective stage larvae, in order to control parasite burden.

Concomitant immunity has been found in other helminth infections (Smithers



and Terry, 1976), and in experimental filarial infections in cats (Denham et al.,

1983).

1.2.3 Diagnosis

There are two main methods of diagnosis, parasitological and serodiagnosis.

However, there are problems associated with both methods.

L. Parasitological diagnosis is traditionally made by staining blood films
for the presence of mf, but those patients with a low level of circulating mf
may not be detected by this method. Alternatives to the stained blood film
have been developed and are proving more sensitive than the conventional
stained smear.

The counting chamber (Denham et al, 1971) is a cheap and relatively easy
method, using only a finger-prick volume of blood, which makes it more
attractive to patients. Also the blood can be placed in 3% acetic acid which
lyses the blood cells and preserves the mf, especially important after night
surveys. However, the main drawback is that differential diagnosis between
species is not possible.

The stained smear technique is particularly useful where more than one species
of filariae co-exist as it can be used for distinguishing between species; the
presence or absence of a mf sheath and the number and position of nuclei in
the mf are both used for this purpose. Problems with this method include
inaccuracy in estimating levels of circulating mf, due to the loss of mf from
the slide, and the fact that it is very time consuming.

A more sensitive method has been developed using a membrane filter, and is
especially useful in detecting those people with very low densities of mf, often
found after DEC treatment. 1-10 ml of venous blood is passed through a Spm
filter and this is then stained with Giemsa, the sensitivity increasing with the
volume of blood filtered. Southgate (1974) found the Nuclepore filter

technique to be almost twice as sensitive as more traditional methods, but



disadvantages include expense, the requirement for skilled personnel and the
reluctance of local populations to undergo venepuncture (Denham and
McGreevy, 1977). All these direct methods of detection are problematic
where mf have a diurnal periodicity and peak in the peripheral circulation
during the night. Another consideration is occult infection, where mf may not
be present in the circulation, as is the case with chronic pathology, single sex

infections and during the pre-patent stage.

2. Serodiagnosis would appear to be a more effective method as it is not
dependant upon the time of sampling and could theoretically also provide
information about the immune status of the individual. However, despite
continued efforts there remains no antibody detection test that meets these
requirements (Ambroise-Thomas and Kien Truong, 1974). The main
problems with ELISA or IFAT tests lie in cross-reactivity between antibody
responses to other helminth infections, since polyparasitism is very common in
endemic areas of filariasis.

There has been recent development of tests using a circulating antigen bearing
the phosphorylcholine (PC) epitope and the levels of this antigen have been
shown to decrease following prolonged treatment with DEC (Weil ez al., 1988;
Day et al, 1991b). In B. malayi infected jirds the levels of PC-antigen
correspond to the total worm mass and the adult female worm burden (Wenger
et al., 1988), and it is now generally considered that levels of circulating PC-
antigen give an indirect measure of worm burden (Day et al., 1991b). The PC
bearing antigen was identified by immunoblot as a 200 kDa protein (Lal et al.,
1987). For W. bancroffti, circulating antigen detection assays are available,
and are now even commercially produced. They rely on the use of a McAb to
the repeated PC epitope which is bound to an ELISA plate. Serum is added
and bound antigen detected with the same McAb conjugated to a
marker/enzyme. However, for diagnosis of Brugian filariasis, the detection of
a circulating antigen has not yet proved successful. In this case the

measurement of filarial specific IgG, has proved to be a good measure of
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active Brugian filarial infections (Kwan-Lim et al., 1990). A concerted effort
has been made to develop an immunodiagnostic test for O. volvulus infections
which would avoid the requirement for taking skin snips. Using a cocktail of
recombinant antigens, to overcome the problems associated with heterogeneity
in responsiveness, a serodiagnostic test in ELISA format has been developed
(Bradley et al., 1993). This test only requires finger prick blood samples and
is much more sensitive than the skin snip method.

More recently several groups have developed diagnostic assays based on the
polymerase chain reaction (PCR); these tests, which detect parasite DNA in

peripheral blood, are extremely sensitive and specific (Nutman et al., 1994).

1.24 Treatment and Control

Chemotherapy for filariasis has traditionally meant a 12 day treatment regime
using relatively high levels of DEC (diethylcarbamazine), which acts as a
microfilaricide, for patients with detectable levels of circulating mf or those
displaying clinical symptoms. Side effects resulting from this treatment are
often severe, including vomiting, painful lymph nodes, joints and headaches,
but tend to decline after the first few days. These effects are due to the large
numbers of mf being destroyed over a short period of time, with a massive
release of mf antigen. Brugian filariasis patients appear to suffer much more
severe side effects than those with Bancroftian filariasis. As a result of these
side effects and the length of the course of treatment, compliance with this
regime has often been poor, and since adult worms are not always killed by the
standard 12 day schedule of DEC, resurgence of microfilaraemia can occur.

More recent treatment strategies involve treating a whole population with
single yearly doses of DEC or adding the drug to common cooking/table salt
to ensure its daily consumption over a period of 9-12 months. The side effects
are very much reduced and at this low dosage level it can also be used in
pregnancy. These approaches are simple, cheaper and much more acceptable

to the local people. This mass treatment strategy reduces transmission levels
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by lowering mf density and prevalence within a population and has been
shown to be effective in greatly reducing the incidence of lymphatic filariasis
(Ottesen and Ramachandran, 1995).

However, using DEC fortified salt or administering single annual doses of
DEC is not recommended in areas where onchocerciasis or loiasis co-exists
with lymphatic filariasis, because the side effects are too severe in these
diseases, due to the localisation of mf in certain parts of the hosts’ body. It is
anticipated that ivermectin will become available for treatment of lymphatic
filariasis patients and could be used in conjunction with DEC to give a more
effective chemotherapy tool.

Other strategies which have been found to be useful in the treatment of
filariasis include oral antibiotic therapy for adenolymphangitis episodes and
scrupulous local hygiene for elephantiasis patients, together with antifungal
and topical antibiotic administration. = These measures can limit the
progression of the disease and in some cases cause regression of the
debilitating limb abnormalities (reviewed by Ottesen and Ramachandran,
1995).

Vector control is an alternative approach in controlling filariasis, requiring
local community participation, and ideally should be used in conjunction with
the mass treatment strategy. There are two main approaches in reducing
transmission. One involves eliminating, or more realistically, reducing the
numbers of mosquitoes and the other method is to reduce the biting activity of
the mosquitoes. Breeding sites are a good target for control, and biocides have
been developed using toxin producing Bacillus sphaericus or B. thuringiensis
which can be sprayed over a known or likely breeding site. In the urban
situation, polystyrene beads have proved effective when placed over the
surface of water sources (Maxwell et al, 1990). Efforts have been made to
reduce host-vector contact by using insecticide impregnated bednets or by
indoor spraying of long-lasting, residually active pyrethroids. Encouraging
local participation through education and easily accessible information is
equally important in an endemic area, since these relatively simple measures

can make a significant difference towards the control of filariasis.
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1.3 The Importance of the L3

1.3.1 Immune responses elicited by the L3

The L3 stage of the parasite is the infective form to humans. In most endemic
areas there is always a small proportion of the population, with no clinical or
parasitological evidence of past or current infection, despite life-long exposure
to the infective form. This observation suggests that protective immunity may
occur naturally. Work in this area has been hindered by the difficulty in
distinguishing truly immune members of the population from those who may
be infected but are resistant to reinfection. From experimental work on animal
models Denham et al., (1983), found that cats repeatedly infected with B.
pahangi larvae develop some resistance to challenge infection, and can mount
an immune response to all of the mammalian stages of the parasite, but only
after continued antigenic stimulation over long periods.

Immunisation with radiation attenuated 3rd stage larvae is known to induce
strong protective responses against challenge infection with normal larvae in a
range of natural hosts of Brugia species (Denham, 1980). However, the
mechanisms of the development of this protective immunity are poorly
understood. The irradiation stunts the larvae and they fail to develop normally
into adult worms, suggesting that the L3 or early L4 stage of the parasite is
more immunogenic than the later stages.

The gerbil is the only fully permissive rodent host for Brugia and can be
immunised with radiation attenuated L3 (Yates and Higashi, 1985) but not by
exposure to normal L3 (Chusattayanond and Denham, 1986). The BALB/c
mouse is not fully susceptible to Brugia infections, usually clearing the
parasites before they develop into the adult stage. However, it is useful as a
model for the early stages of infection and a strong protective immunity to
challenge infection has been shown in BALB/c mice immunised with

irradiated L3 (Bancroft and Devaney, 1993).
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Other workers have reported that the surface molecules of filarial parasites
change as the worm differentiates and grows (Philipp e al., 1980, Maizels et
al, 1983), and so it would seem likely that stage-specific antigens are
responsible for the development of protective immunity. An epidemiological
study in PNG (Day et al,, 1991c) looked at patterns of age-specific immunity
to W. bancrofti infection within an endemic area. Using immunofluorescence,
the study showed that subjects acquired an antibody response to the surface of
mosquito derived L3 which was age-dependant. Measurement of circulating
antigen levels suggested that those individuals, who were less than 20 years of
age, had no antibodies to the L3 surface, and were still acquiring infection.
However, those over 20 years of age, did have antibodies to the L3 surface and
were no longer acquiring infection. It would appear that prolonged exposure
to the L3 was necessary to induce the immune response. Attempts to isolate
the L3 surface antigen were not successful so it remains unclear which L3

antigens are responsible for inducing protective immunity.

1.3.2 L3 specific components/antigens

Since the body of evidence suggests that it is the L3 stage of the parasite
which is responsible for inducing an immune response which may be
protective, there have been numerous studies looking for antigens which are
specific to the L3. The L3 itself is not an easy stage to work on in terms of
availability of material, and there are also problems associated with the cross-
reactivity of antigens between different life cycle stages. However, if it was
possible to identify and isolate L3 specific components, then these antigens

would be interesting candidates for vaccine development.

Carlow et al., (1987), used a monoclonal antibody to detect a B. malayi L3-
surface antigen. The epitope was present in late L2 stage parasites and in the
infective form but was rapidly shed, with complete loss of the surface epitope
within four to six days in vitro and within two to three days in vivo. Several

groups have used surface and metabolic labelling techniques to examine the
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L2 and L3 stages of the parasite within the vector. In D. immitis, Ibrahim et
al., (1992) showed that synthesis of L3 antigens begins during the late L2
stage, and once the parasite leaves the mosquito the synthesis of these stage
specific antigens is very rapidly reduced. Bianco et al, (1990) studied O.
lienalis and O. volvulus larvae within the black fly and again found that once
the larvae were removed from their insect host the synthesis of the infective
stage antigens was terminated. Lal and Ottesen (1988) identified three L3
specific antigens from B malayi, using 2 D gels to compare the protein profiles
of adult, L3 and mf extracts. They reported that most of the proteins were
present in all of the life cycle stages examined, but three proteins, with
molecular weights of 72kDa, 30kDa and 22kDa were only present in the L3
preparation. Monoclonal antibodies were raised to each of these polypeptides
and further characterisation carried out. By Western blotting the three
antigens appeared to share epitopes with molecules from other stages of the
parasite. The 72kDa antigen was localised to the surface of the L3 and was
recognised by W. bancrofti infected human sera, indicating that it may be
cross-reactive with other filarial infections. Freedman et al, (1989) studied
sera from two groups of subjects living in the Cook Islands, a W. bancrofti
endemic area. One study group was made up of endemic normals, those
individuals who had no clinical evidence of disease, past or present, while the
other group was made up from subjects who were asymptomatic
microfilaraemics. Western blotting was carried out using B. malayi parasite
extracts and sera from the two study groups. There were no differences in
antigen recognition between the adult and mf extracts, but all of the endemic
normals recognised a 43kDa antigen in the L3 stage whilst only 8% of the
asymptomatic microfilaraemics reacted with this antigen. Raghavan et al,
(1994) raised an antiserum to the 43 kDa antigen and used it to screen a W.
bancrofti genomic expression library. A clone was identified which showed
significant homology to chitinases from other species, and the expression of

this gene was predominantly in L3 and mf life cycle stages.
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1.3.3 Cloning L3 genes

As previously discussed the limited availability of L3 material has made the
cloning of L3 genes very difficult in the past. However, more recently PCR
techniques have been used in the construction of L3 libraries in an attempt to
overcome this particular problem. Martin et al, (1996), constructed a B.
pahangi 3 day post-infection (pi) L3 cDNA library by reverse transcribing
total RNA with the oligo dT primer. The resulting first strand cDNA was
amplified, using the conserved nematode spliced leader (SL1) and oligo dT as
primers, and then cloned into AZap. The library was differentially screened
using PCR products, from mosquito-derived L3 and 3day pi L3, as probes.
Two clones were isolated that appeared, by Northern blot analysis, to be larval
specific. One of these showed homology to the enzyme cytidine deaminase,
whilst the other had no known homologues. Yenbutr and Scott (1995), also
used a similar RT-PCR based method to construct a late vector-stage (L3) B.
malayi cDNA library. They cloned a serine proteinase inhibitor gene from this
library, which was much more highly expressed (10 to16-fold) in the L3 stage
than in adults or mf. A cuticular collagen gene was also cloned from this
library (Scott et al, 1995). By using semi-quantitative RT- PCR, it was
demonstrated that the collagen gene was expressed at 2-3 times greater levels
in the L3, L4 and mf stages than in the adult parasite.

Work is currently underway by Blaxter et al., (1996) using a tag sequencing
approach to survey genes expressed in the L3 stage of B. malayi. The filarial
genome network, funded by the WHO, involves six laboratories throughout
the world, using various different libraries to generate expressed sequence
tags. The sequence information is fed into the network and is available to
cveryone. By comparison of the Brugia sequences with those in the
Caenorhabditis elegans genome sequencing project, many new Brugia genes

are being discovered.
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1.4 Aims of the project

The aim of this project was to identify genes that are up-regulated in the L3
stage of B. pahangi. As described previously, this stage of the parasite is
thought to be responsible for eliciting a protective immune response in the
host. Consequently, any genes which are L3 specific or more highly expressed
in the infective stage, would be worthy of further study to determine their

immunological properties.
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Chapter 2
Materials and Methods

2.1 Parasite Life Cycle

The Brugia pahangi life cycle was maintained by cyclical passage through the
ref™ strain of Aedes aegypti, the mosquito vector (as described by Macdonald
and Sheppard, 1965) and Meriones unguiculatus, the Mongolian jird, as the

vertebrate host.

2.1.1 Maintenance of mosquitoes

Mosquitoes were kept in an insectary maintained at a temperature of 28°C and
a relative humidity of 75-80 %. Adults were kept in wooden and netting cages
and fed on sugar cubes and water through a cotton wool pad. Larvae and
pupae were kept in plastic trays filled with water and fed on yeast tablets. The
pupae were removed from the trays each day and placed into small pots of
water inside the cages where they emerged as adults. Stock mosquitoes,
having previously been starved of sugar for 24 hours, were fed on
anaesthetised guinea pigs. Eggs were collected on moist filter paper and then
dried until required. Hatching was achieved by rehydrating the filter paper in

a plastic tray containing water and yeast.

2.1.2 Maintenance of parasites

Jirds were infected with 250 L3 (infective stage larvae) into the peritoneal
cavity. After 3 months the jirds were sacrificed using CO, anaesthesia and
exsanguinated by cardiac puncture. Adults and microfilarae (mf) were
obtained by washing out the peritoneal cavity with Hanks Balanced Salt
Solution (HBSS) at 37°C and pH 7.2 - 7.4. Adult worms were then stored in
liquid nitrogen until required. The microfilarac were washed again in HBSS
and then resuspended in rabbit blood at a density of 350-450/20ul of blood.
Adult mosquitoes were fed through a 12 day old chicken skin membrane

following the technique described by Wade (1976). A water jacket surrounds
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the blood to maintain the temperature at 37°C and the blood/mf suspension

was stirred by a metal paddle to ensure an even distribution of mf.

2.1.3 Recovery of infective larvae

After 8-10 days the progress of infection was assessed by dissecting a small
number of adult female mosquitoes. When the parasites have migrated out of
the thorax and into the head and abdomen the L3 were considered to be mature
and therefore infective. At this point, normally 9 days post-infection, the L3
were recovered using the mass harvesting technique developed by Ash (1974).
The mosquitoes were removed from their cages and temporarily stunned by
placing them at -20°C for 90 seconds. Then they were crushed on a glass plate
and washed into a Baermann funnel lined with several layers of gauze,
containing HBSS. After 45 minutes at room temperature the L3 had emerged
and were then washed at least twice in fresh HBSS using a fine drawn out
glass pipette. The L3 were then used to infect jirds or frozen in liquid nitrogen

for RNA or antigen preparation.

2.14 Recovery of post-infective larvae

Infective third stage larvae of B. pahangi were harvested from mosquitoes as
described above. 750 L3 were injected into the peritoneal cavity of each jird
to be infected. After the required period of time, usually 3 or 15 days post-
infection, the jirds were sacrificed as before and the peritoneal cavity washed
out thoroughly with several changes of sterile HBSS. Larvae were counted

out into fresh HBSS and then stored in liquid nitrogen until required.

2.2 Immunochemical Techniques

2.2.1 Preparation of parasite antigens
Parasite antigen extracts were prepared from L3, L4 or adult parasites and used

for 1 or 2 D gel electrophoresis.
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22141 DOC extracts

2000 L3, 500 L4 or 200 adult parasites were homogenised on ice in 10mM.
Tris-HCI pH 8.3, containing the following protease inhibitors: 20mM PMSF,
2mM TPCK and 2mM TLCK. Sodium deoxycholate was added to a final
concentration of 1%. After 30 minutes with occasional mixing, the
homogenate was centrifuged at 13 000 x g for 10 minutes and the soluble
supernatant retained. The protein concentration was determined by the
method of Bradford (1976) using the Bio-Rad protein assay kit. Aliquots were

stored in liquid nitrogen until required.

2.2.1.2 IEF lysis buffer extracts
Reagents:

Lysis Buffer

Urea 5.5¢g
NP-40 10% 2mls
Ampholines pH 3.5-10 (LKB Pharmacia)  500ul
DTT 0.08g

Made up to 10 mls with dd H,O and stored in 500ul aliquots at -70°C.
Procedure:

Approximately 250 adult worms were homogenised in 800ul of the lysis
buffer and then left for 10 minutes at room temperature to extract. The
mixture was transferred to an Eppendorf tube and the homogeniser washed out
with a further 100ul of lysis buffer. Insoluble material was pelleted by
centrifugation at 13 000 x g and the supernatant stored at -70°C.

20



2.2.2 1D SDS-PAGE
Reagents:

12.5% Separating gel

30% acrylamide (Scotlab) 12.5mls
1.5M Tris-HCI, pH 8.8 11.2mls
dd H,0 6.2mls

After degassing 300ul 10% SDS, 100ul 10% APS and 20ul TEMED were
added.

5% Stacking gel

30% acrylamide 1.67mls
0.5M Tris-HCI, pH 6.8 1.25mls
dd H,0 7.03mls
10% SDS 100pl
10% APS 50ul
TEMED 10pul
Sample Cocktail

0.5M Tris-HCI, pH 6.8 1.88ml
10% SDS 6.0ml
Glycerol 3.0ml
dd H,0 2.12ml

0.65ml of the Sample Cocktail was mixed with 0.lml 1.5M DTT, 0.1%

Bromophenol Blue and stored in aliquots at -20°C.

Running buffer

Tris base 3.03g
Glycine 14.42¢g
SDS 1.0g

Made up to 1 litre with dd H,O and pH to 8.3.
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Coomassie Blue Stain

Coomassie brilliant blue lg

Methanol 450mls
dd H,0 450mls
Glacial acetic acid 100mls

Destain solution

Glacial acetic acid 350mls
Methanol 1000mls
dd H,0 3650mls
Procedure:

The separating gel was poured and overlaid with H,O saturated butanol then
left to polymerise. The Hoefer vertical electrophoresis system was used, with
3 different sizes: minigels (10.1 x 8.2cm), longer length minigels (10.1 x
10.6cm) or standard size (17.9 x 16cm) slab gels made according to
requirements. The overlay was removed and the stacking gel poured with a
suitable comb in place. Samples were prepared by mixing with an equal
volume of sample cocktail and then boiling for 3-4 minutes. Molecular weight
markers (Bio-Rad) were also prepared in this way and included on all gels
(range Mr14 000 to 200 000). Electrophoresis was carried out at 20mA per
gel for minigels or 12mA (overnight), 30-40mA (during the day) for larger
gels. Gels were then immunoblotted, dried and exposed to film, or the

proteins visualised by Coomassie Blue staining.
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2.2.3 2D NEPHGE (O’Farrell et al., 1977)

Reagents:

Rod gels

Urea 2.75¢g
30% acrylamide solution (Scotlab) 0.67ml
10% NP-40 1.0ml
dd H,0 1.0ml
Ampholines, pH 3.5-10 0.25ml

After the urea was dissolved, using rapid stirring and gentle warming, 10pul

10% APS and 7ul TEMED were added and the gels poured immediately.

Anode buffer
20mM H,PO,

Cathode buffer
50mM NaOH

Overlay buffer
200ul lysis buffer mixed with 40ul dd H,O

Equilibration buffer

IM Tris-HCI, pH 6.8 16.6mls
10% SDS 20mls
DTT 0.76g
Glycerol 12.6mls
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Procedure:

1. Rod gels were poured into Bio-Rad glass tubes (170mm x 1.5mm) using a
long metal needle, taking care to exclude any air bubbles. The gels were
overlaid with dd H,O and left to polymerise for approximately 45 minutes.

2. Adult IEF lysis buffer extract (45ul) was spiked with '*’I labelled adult
extract (Spl), L4 extract (6.25ul) or L3 extract (7.44ul), to give approximately
135,000 cpm per gel. The two extracts were mixed together and left for 5
minutes before loading on to the gel. Gels were always run in duplicate. 10-
20 pl of overlay buffer was loaded on top of the sample and the rest of the tube
filled with anode buffer. Electrophoresis was carried out in a Hoefer tube gel
unit at 400V for 4.5 hours.

3. A fine 9cm needle attached to a 10ml syringe filled with dd H,O was used
to extrude the gels into individual Scm petri dishes. Water was removed from
each dish, replaced with Smls equilibration buffer and left for 30 minutes.

4. The gels were then loaded directly onto SDS-PAGE slab gels for the
second dimension, or frozen at -70°C until required.

5. Gels were stained to visualise the proteins using Coomassie Blue Stain,
then destained until the background of the gel appeared clear. The gels were

dried and autoradiographed at -70°C.

2.2.4 Immunoblotting (Towbin et al, 1979)
Reagents:

Transfer buffer

Tris base 6.05¢
Glycine 28.2g
Methanol 400mls
dd H,0 1600mls
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T.B.S. (Tris buffered saline)
NaCl 43.75g
Tris base 12.1g

Adjusted to pH 7.4 with conc. HCI and made up to 5 litres with dd H,0.

T.B.S./Tween 20
0.05% Tween 20 in T.B.S.

Ponceau S Stain

Dissolve 0.2g Ponceau S in 100mls 3% T.C.A. (Trichloroacetic acid) solution.

Procedure:

Equivalent amounts of adult and L3 DOC extracts (determined by analysing
an aliquot of each on a minigel) were run out on a 12.5% acrylamide minigel
(as described previously in 2.2.2). The separated proteins were then
transferred onto nitrocellulose paper using the Hoefer miniblotting system at a
constant current of 200mA for 1 hour. The blot was stained with Ponceau S
and cut into strips before non-specific antibody binding sites were blocked
with T.B.S./Tween 20/5% B.S.A. Individual strips were probed with control
or test rabbit serum at dilutions ranging between 1/100 to 1/600. Goat anti-
rabbit alkaline phosphatase conjugate (ICN) was used at a dilution of 1/6000,
and then the blot was developed using BCIP/NBT substrate (Dynatech).
Washing was carried out between each incubation with T.B.S./Tween 20, for 3
x 15 minutes.

225 Radiolabelling of parasite proteins with *’I

This method radiolabels proteins that are present in the parasite cuticle.

TIodogen catalyses the conjugation of '*’I to tyrosine residues in the protein.
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Reagents:

Iodogen 1,3,4,6-Tetrachloro-3a,6a-diphenylglycouril (Pierce Chemicals)

HBSS saturated with L-tyrosine

HBSS containing 10 mM KI

P.B.S. (Phosphate buffered saline)

NaCl 10g
KCl 0.25g
Na,HPO, 1.44¢
KH,PO, 0.25g

Adjust to pH 7.2 with conc. HCI and make up to 1 litre with dd H,O.

Procedure:

1. Iodogen was dissolved in chloroform at 1 mg/ml and then used to coat
1.5ml screw-top Eppendorf tubes, 200pug Iodogen was used for adult parasites
and 400pg for L3 and L4 stages. The ChCl,; was evaporated under a gentle
stream of N,.

2. Adult and L4 parasites were harvested from jirds and were washed twice in
HBSS at 37°C. L3 were harvested from mosquitoes as previously described,
and washed in HBSS before being incubated at room temperature for 2 hours,
to enhance the labelling of this life cycle stage (Devaney and Jecock, 1991).
The worms were transferred to 200ul P.B.S. pH 7.2 and added to the Iodogen
coated tubes. As it is difficult to get the larval stages into a small volume of
buffer, they were taken up in approximately 500ul and then allowed to settle
to the bottom of the tube before the excess liquid was removed.

3. Iodination was carried out at room temperature using 200uCi of Na '’

(Amersham) for adults and L4 and 500pCi for L3 parasites. The tubes were

left for 15 minutes with gentle agitation.
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4. 10ul of HBSS saturated with L-tyrosine was added to each tube to stop the
reaction.

5. The worms were then transferred to 15ml centrifuge tubes containing 10ml
HBSS/KI and were washed twice in this solution and a further three times in
HBSS alone.

6. DOC extracts of the labelled parasites were then made as previously
described in 2.2.1.1 and TCA precipitable counts measured in 2.5ul duplicate

samples.

2.2.6 Deglycosylation of proteins

This was performed using the N-Glycosidase F (PNGase F) enzyme
(Boehringer Mannheim). The rate of deglycosylation is increased by boiling
the protein with SDS before incubation with the enzyme. A non-ionic
detergent (NP-40) is then used to complex out the SDS and so prevents

inactivation of the enzyme.

Reagents:

SDS/2ME

10% SDS 10ul
2ME 1.6pl
dd H,0 88.4ul

N-glycanase enzyme
Stock is at 200 U/ml. Diluted down in 0.55M sodium phosphate buffer pH
8.6, to give 2 dilutions: a) 10 U/ml and b) 1 U/ml.

Procedure:

1. 67,500 TCA-precipitable counts per lane of '*’I - labelled parasite extracts
were used, from 3 different life cycle stages, 1.3, 1.4 and adult.

2. Three aliquots ( 2 dilutions of the enzyme and 1 control ) of each life cycle
stage were taken and made up to Sul with sodium phosphate buffer to give

approximately 135,000 cpm (gels were run in duplicate).

27



3. 5ul of SDS/2ME was added to each tube and then the samples were boiled
for 3 minutes, cooled and spun down.
4. The following reagents were then added to each sample:

10.8ul 0.55M sodium phosphate pH 8.6

5ul 7.5% NP-40
5. 3l of each dilution of the enzyme were added to the test samples, and 3ul
of sodium phosphate buffer to the control tube, in place of the enzyme. The
samples were incubated at 37°C for 24 hrs.
6. The samples were mixed with an equal volume of sample cocktail, boiled
for 3 minutes and then analysed on 12.5% SDS-PAGE gels.
7. Gels were stained with Coomassie Blue, destained and dried before being

autoradiographed at -70°C for 10 days.

2.3 Immunoscreening
23.1 Antibodies
2.3.11 Anti-L3 antibody

This rabbit antiserum was raised against the L3 stage of B. pahangi by two

intraperitoneal injections of 500 live L3 (Devaney and Jecock, 1991).

2.3.1.2 Preadsorbing anti-L3 serum against adult antigens

100ul adult DOC extract (2.9ug/ul) was added to 20 mls T.B.S./Tween20/1%
B.S.A. Four 132mm Hybond-C nitrocellulose filters (Amersham), were
incubated in this mixture at room temperature for 1-2 hours on a rocker, to
bind adult antigens in the DOC extract to the filter. The filters were then
washed thoroughly in T.B.S./Tween20 and blocked in T.B.S./Tween20/ 5%
B.S.A. for one hour. After being washed once more and semi-dried on
blotting paper, the filters were placed in a 1:50 dilution of the anti-L3 serum,
one at a time, for 30 minutes each. Antibodies in the serum, directed against
adult antigens, should bind to those on the filter and so reduce the recognition

of adult antigens in the immunoscreen.
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2.3.13 Antibody raised against p27

50pg per lane of adult DOC extract was run out on a 12.5% large gel, as
described in 2.2.2, with low range molecular weight markers run alongside.
Two gels were run simultaneously at 30 mA overnight to give 18 lanes of
antigen. In order to locate the p27 band more easily, a trial gel was run using
samples that were spiked with '*I labelled adult DOC extract (2.2.5).
Previous work (Devaney, 1988) had shown that p27 was one of only three
proteins to be labelled in this way, so that following autoradiography p27
could be more accurately identified. Once the two gels had been run, they
were briefly stained in Coomassie and then quickly destained before being
rinsed in dd H,0O. Using a light box, and the trial gel as a guide, the p27 band
was cut out from all 18 lanes of the gels and put into a sterile 7ml bijou.

The pieces of gel were frozen in liquid nitrogen and ground to a powder using
a pestle and mortar. The powder was transferred to another sterile bijou and
300ul sterile H,O, and 700ul Freunds Incomplete Adjuvant were added. The
mixture was emulsified on ice using a mechanical homogeniser (IKA-ULTRA
TURRAX) for approximately 10 minutes. The emulsion was taken up into a
2.5ml syringe and injected into a rabbit using three different subcutaneous
sites. The process was repeated twice, at two to three week intervals. Serum
was taken at various time points and compared by Western blot with pre-bleed

serum.

23.14 Attempts to purify p27

Since the previous attempts to isolate the p27 molecule using 1D gel analysis
were not very successful, an alternative method was tried. It was known from
earlier experiments (Devaney and Jecock, 1991), that p27 was an extremely
basic protein, so it was decided to try and separate it out further from total

worm extract using 2D NEPHGE analysis.
Procedure:

1. Adult lysis buffer extract was prepared as in section 2.2.1.2 and was spiked

with '¥[ labelled adult, L4 or L3 extract, prepared as described in 2.2.5, to give
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approximately 135,000 cpm per gel. Duplicate gels were run for each life
cycle stage.

2. Gels were prepared and electrophoresed as in 2.2.3, stained with Coomassie
Blue, destained and then dried.

3. Autoradiography was performed over 2 weeks, and then the labelled spots
were lined up with those on the gel. The L4 labelled extract appeared to give
the best results, and so 10 more gels were made using radiolabelled extract

from the L4 together with unlabelled adult antigen.

Since the protein yield was so low, it was decided to try and purify enough
protein for N-terminal amino acid sequencing, rather than to raise another
antiserum. This method requires the protein to be blotted onto a PVDF
(Polyvinylidene difluoride) membrane, so 1D gels were performed, using the
spots from several 2D gels, to try and resolve the protein into a single band

which could then be immunoblotted.

4. Spots were cut out from the dried gels using a scalpel and the blotting paper
removed. Then the spots were mashed up in liquid nitrogen until a powder
was achieved. Sample Cocktail was added until loading consistency was
reached.

5. A 12.5% 1D slab gel was prepared, using wide spacers with an extra long
stacking gel, and a five well comb to allow more room for loading the sample.

The gel was run as in 2.2.2, stained, destained and exposed to film.

2.3.2 The adult cDNA library

A cDNA expression library (average insert size 1.3 kb) was constructed from
mRNA isolated from mixed-sex adult B. pahangi and cloned into the vector
Uni-Zap-XR (Stratagene). The library was prepared by Dr. J. Cox-Singh.
(Cox-Singh et al., 1994).
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23.21 Preparation of phage plating cells

Growth Media:

L-Broth

Bactotryptone (Difco) 10g
Yeast extract (Difco) 5g
NaCl 10g

Dissolve in 11 dd H,0, aliquot into 100ml bottles and autoclave to sterilise.

L-Agar

As for L-Broth but with 15g Agar (Difco), aliquot in 2x 500mls, autoclave and
then allow to cool to 45°C (antibiotics added at this stage if required), pour
with sterile technique on to plates and allow to set. Store at 4°C for short

periods.

Top Agarose

0.7% agarose in L-Broth, autoclave and store at room temperature.

Ampicillin
10mg/ml stock solution, dissolve in sterile dd H,O, cover bottle with foil and

store at -20°C.

Tetracyclin

Smg/ml stock solution, dissolve in ethanol, cover bottle with foil and store at

-20°C.
Reagents:

IPTG (isopropyl B-D-thiogalactopyranoside)
100mM stock solution, dissolve in sterile dd H,O and store at -20°C.
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SM buffer

NaCl 5.8¢
MgS0,.7H,0 2g
Tris base 6.05g
2% gelatin Smls

pH to 7.5 with conc. HCI, make up to 11 with dd H,O, sterilise by autoclaving

and store at room temperature.

Procedure:

1. XL1-Blue MREF cells, from a glycerol stock, were streaked out on an agar
plate containing 10pg/ml tetracyclin. The cells were incubated overnight at
37°C.

2. A single colony was picked from the plate and used to inoculate 10mls L-
Broth, containing 0.2M maltose, 10mM MgSO, and 10ug/ml tetracyclin. The
cells were incubated overnight in a shaker at 37°C.

3. 1ml of this overnight culture was added to SOmls prewarmed growth
medium, as used in step 2. The cells were returned to the 37°C shaker until an
0.D. of 0.5 (2.5 x 10 cells/ml) was achieved (approximately 2 hours).

4. The culture was cooled on ice and then centrifuged at 3000 RPM for 10
minutes at 4°C to pellet the cells.

5. The pellet was resuspended in 15 mls ice cold, sterile 10mM MgSO, and
then stored at 4°C, ready for infection with phage.

23.2.2 Titration and plating of library

Serial dilutions of phage were made in SM buffer using dilutions of 107, 10,
10° and 10°.  10pl of each of these dilutions were added to 400ul of freshly
prepared plating cells and incubated at 37°C for 15 minutes. Smls of sterile
top agarose for each 140mm plate was warmed to 47°C. The cells were added
to the top agarose and swirled to mix, then quickly poured onto the previously

warmed plate. After 10 minutes at room temperature, to allow the agarose to
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set, the plates were placed in a 37°C incubator and left for 4 hours, or until
plaques of a reasonable size could be seen. The appropriate dilution was
chosen to give confluent plaques and the process repeated. Approximately

40,000 plaques were initially screened in this way.

2323 Induction of expression

Hybond-C nitrocellulose filters (Amersham) were soaked in 10mM IPTG
(Sigma) and then briefly dried. They were then placed on top of the plaques,
with orientation marks made by using a needle to pierce through the filter and
the agar below. Care was taken to avoid air bubbles by placing the middle of
the filter down first and then rolling down the edges. The plates were returned

to the 37°C incubator for another 3 hours, to induce expression.

2.3.24 Antibody probing

1. The filters were removed from the plates and washed briefly in T.B.S./T20
(see 2.2.4), while the plates were stored at 4°C.

2. Non-specific antibody binding sites were blocked by incubating the filters
in T.B.S./T20 5% B.S.A. with 5% horse serum added, since this has been
found (D. Swan, personal communication) to effectively block the E. coli
binding sites, routinely overnight at 4°C.

3. Filters were washed again before incubation in the appropriate serum. The
serum was used at a dilution of 1/5000 in T.B.S./T20 1% B.S.A. with 0.005%
sodium azide added to act as a preservative since the serum can be used
several times. 5% horse serum was also included to try to reduce the number
of false positives. The filters were incubated in the serum for 1 hour at room
temperature.

4. Following washing, the filters were placed in the second antibody solution,
goat anti-rabbit alkaline phosphatase conjugate (ICN), diluted in T.B.S./T20
1% B.S.A. to 1/10000, for 1 hour at room temperature.

5. The filters were washed again and then developed using BCIP/NBT
substrate (Dynatech).
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6. Positive plaques developed first, usually within 10 minutes, and were
darker than the background levels. After lining up the positive on the filter
with the correct plaque, a sterile pipette tip was used to core out the plaque and
it was then placed in 500ul of SM buffer with 1% chloroform and stored at
4°C.

2.3.2.5 Secondary screening

Serial dilutions were again used to find the concentration of plaques which
would enable a single clone to be picked, which was distinct and separate from
those around it. A 1/1000 dilution in SM buffer was chosen and 5ul of this
was incubated with 400ul of plating cells at 37°C for 15 minutes before being
plated out as before. The screening process was repeated as in 2.3.2.4 and

single clones were picked into SM buffer and stored at 4°C.

2.4 Differential Screening

24.1 The 3d p.i. L3 ¢cDNA library

The cDNA library in A uni-ZAP (Stratagene), was made from RNA isolated
from mammalian derived L3, harvested at three days post-infection of the jird.
As only small numbers of L3 were available, the library was constructed by
RT-PCR using the conserved nematode spliced leader (SL1) and oligo dT as
primers (Martin et al., 1995).

24.1.1 Preparation of phage plating cells

Plating cells were prepared as described in 2.3.2.1.

24.1.2 Titration and plating of the library

Serial dilutions of the library were made in SM buffer (see 2.3.2.2), and these
were plated out to determine which dilution gave individually distinguishable
plaques (approximately 2000 per plate), when grown overnight at 37°C. A
dilution of 10? was chosen, and 30ul of this was incubated at 37°C for 15
minutes along with 400pl of freshly prepared plating cells, before being plated
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out on plates containing 10pg/ml tetracyclin. The plates were left overnight at

37°C.

24.13 Duplicate filter lifts for differential hybridisation
Reagents:

Denaturing solution

1.5M Na(Cl, 0.5M NaOH, make up to 11 and store at room temperature.

Neutralisation solution
1M Tris base, 1.5M NaCl, adjust to pH 7.4 with conc. HCI, make up to 11 and

store at room temperature.

Procedure:

1. The plates were placed at 4°C for 1 hour, to harden the agarose, before
filter lifts were taken. To identify L3 specific clones, three filter lifts were
taken, so that each set could be differentially screened against adult, p.i. L3
and mosquito derived L3 ¢cDNA probes. Hybond-N filters (Amersham) were
used, with the first lift left on the plate for 30 seconds, the second for 1 minute,
and the third for 90 seconds. Orientation marks were made with a needle and
the filters clearly labelled.

2. Filters were then denatured for 5 minutes by placing them, DNA side up,
on 3MM paper that had been soaked in denaturing solution.

3. Neutralisation was carried out in the same manner, but the process was
repeated for 2 x 5 minutes.

4. DNA was fixed onto the filters by first baking for 1 hour in an 8§0°C oven,
and then UV crosslinked in a Strata-linker.

2.4.2 Production of stage specific cDNA probes

RT-PCR reactions (see 2.6.1 and 2.6.3) were performed using total RNA from
mosquito derived L3, 3 day p.i. L3 and from adult worms as described in
2.5.7. This cDNA was then used as the template for random priming with **P-
dCTP (Amersham). The High Prime method (Boehringer) was used to label
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20ng of DNA using 50uCi of 3000mCi/ml *P-dCTP. Unincorporated
nucleotides were removed through a Sephadex G-50 column (Pharmacia). See

also 2.5.2.

243 Hybridisation techniques
Reagents:
SSC (20x stock)

3M NaCl, 0.3M sodium citrate, store at room temperature.

Denhardts’ solution (50x stock)
1% Ficoll (type 400), 1% PVP (polyvinyl pyrollidone), 1% BSA, make up to
100mls. Aliquot and store at -20°C.

Prehybridisation solution
5mls 20x SSC, 1ml 50x Denhardts’ soln., Iml 10% SDS, make up to 20mls,
and use freshly prepared.

Salmon sperm DNA
10 mg/ml stock in dd H,O, denature by boiling for 10 mins and cool on ice.

Aliquot and store at -20°C.

Procedure:

Southern blots, Northern blots and filter lifts to screen the library were all
treated in a similar manner. Detection of bound nucleic acids on the filters
was achieved by hybridisation to random primed DNA probes ( 2.5.2 and
2.4.2). Filters were pre-incubated for >4 hours at 65°C in a hybridisation tube
(Hybaid) containing 20 mls of prehybridisation solution, with single stranded
salmon sperm DNA added to give a final concentration of 100pug/ml. The
DNA probe (1 x 10 cpm/ml) was denatured by boiling for 10 minutes, and
cooled on ice before being added to the prehybridisation solution in the tube.

The filters were hybridised overnight at 65°C.
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The filters were washed six times at 65°C, twice for 15 minutes in 2x SSC,
followed by another two 15 minute washes in 1x SSC/0.1% SDS. The last
two washes of 15 minutes each were performed at a concentration of either
0.5x SSC/0.1% SDS (for library screening and Northern blots), or at 0.2x
SSC/0.1% SDS (for Southern and PCR blots).

After washing the filters were air dried, covered in cling film and

autoradiographed at -70°C.

2.4.4 Selecting L3 specific clones and secondary screening

After the films were developed, they were cut up so that the filters from the
same agar plate probed with the three different life cycle stages, could be
aligned and compared. Plaques were selected which were strongly positive on
the L3 film but which were not present in the adult stage. Since these clones
were detected in the 3d p.i. L3 library, they must also be present in that life
cycle stage. However, only those clones that appeared very weakly positive in
this stage, as compared to the vector derived L3, were picked. Plaques were
picked into SM buffer with 1% chloroform and stored at 4°C. To secondary
screen these clones, serial dilutions of each was made in SM buffer, then
plated out and the appropriate dilution chosen as described in 2.3.2.5. The

screening process was repeated and single clones were selected.

2.5 General Molecular Methods
2.5.1 Agarose gel electrophoresis
Reagents:

TAE buffer (10x stock)

48.8g Tris base, 11.4mls glacial acetic acid, 40mls 0.5M EDTA pH 8, make up

to 11 with dd H,0O and store at room temperature.
DNA gel loading buffer

30% glycerol, 5% SDS, 0.1% Bromophenol blue, 10mM Tris, ImM EDTA

pH 8, store at room temperature.
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Ethidium bromide
10mg/ml stock in dd H,O, working concentration 0.5pg/ml. Store protected

from light at room temperature.

DNA size markers

Lamda (L) DNA digested with Hind III or Pst I. Both used at 1ng/10ul. Store
at room temperature.

Procedure:

Gels containing 0.8%-2% agarose w/v in 1x TAE were used to separate and
analyse DNA molecules. 30, 100 or 300ml of agar solution was boiled, cooled
and then 0.5pg/ml ethidium bromide added to the gel mixture just before
pouring to allow visualisation of the DNA. Gels were made in Gibco/BRL
horizontal gel tanks with the appropriate comb in place. After setting,
sufficient 1x TAE buffer was poured into the tank to cover the gel. Gel
loading buffer (1/10 volume) was added to each sample before loading.
Molecular weight markers were run alongside the DNA of interest (usually A
Hind 111 or A Pst I). The gels were subject to electrophoresis at 20 V until the
DNA entered the gel, then at 40-60 V for 2-6 hours depending on the size of
gel and nature of the samples. Gels were then viewed on a shortwave UV
transilluminator and photographed using Polaroid high speed, black and white

film, type 667.

2.5.1.1 Purification of DNA from agarose gels

Once the gel had been run far enough to achieve sufficient separation between
the DNA bands, the band of interest was cut out of the gel using a sterile
scalpel. The gel slice was then subjected to two rounds of freeze/thawing and
then spun through a 0.22 pm cellulose acetate filter (“SpinX”; Costar Ltd.) at
14 000 x g for 15 minutes at room temperature. Then an equal volume of a
50/50 phenol/chloroform mixture was added, and after vortexing, spun at 14
000 x g for 5 minutes at room temperature. The clean DNA in the top layer

was then carefully removed to a fresh tube and a 1/10 volume of 3M NaOAc
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pH 5.2 and 2 volumes of 100% EtOH were then added to precipitate the DNA
(-20°C overnight or -70°C , 30 minutes). The pellet was collected by
centrifugation, washed with 70% EtOH and then resuspended in 30ul ddH,O.
An aliquot was run out on a gel to check the yield and purity and then the

DNA was stored at -20°C.

2.5.2. Production of cDNA probes

10 - 20 ng DNA in an 11pl volume ( made up with sterile dd H,0), was boiled
for 10 minutes to denature the double stranded DNA. This was then cooled on
ice before adding 4l of High Prime (Boehringer Mannheim) and Sul of *2P-
dCTP (50uCi of 3000mCi/ml), and then incubating at 37°C for 30 minutes.
Labelled DNA was separated from unincorporated nucleotides by passage
through a Sephadex G-50 column (Pharmacia). The probe, approximately
1x10” cpm/ml, was boiled for 10 minutes and cooled on ice before being added
to the hybridisation tube, already containing 20mls of prehybridisation

solution.

253 In vivo excision of pBluescript plasmid

The Bluescript plasmids, containing cDNA inserts were removed from the A
vector by in vivo excision.

Procedure:

1. Overnight cultures of XL 1-Blue MRF and SOLR™ strain plating cells were
grown in 10mls L-Broth containing 200ul 10% maltose, 100ul 1M MgSO,
and 10pl tetracyclin Smg/ml.

2. The cells were centrifuged at 3000 RPM for 10 minutes at 4°C, and the
pellets resuspended in 10mls 10mM MgSO..

3. 1.5ml Eppendorf tubes were labelled, one for each clone, and 200ul of
XL1-Blue plating cells, 200ul phage (containing approximately 10° PFU) and
1ul helper phage (Stratagene R408, 10" PFU/ml) were put into each tube. A
control with plating cells only was also prepared. The samples were incubated

at 37°C for 1 hour.
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4. The contents of each Eppendorf tube were then transferred to 15ml
centrifuge tubes, each containing 3mls L-Broth, and placed in an orbital
incubator at 37°C for 2-3 hours.

5. The samples were heated to 70°C for 20 minutes to lyse the cells and then
centrifuged at 4000 RPM for 10 minutes. 1ml of the supernatant (phagemid)
was removed to a clean tube and stored at 4°C.

6. 50ul of this phagemid was added to 200ul of SOLR™ plating cells and
incubated at 37°C for 15 minutes, before being plated out on 90mm ampicillin
plates. Two dilutions, normally 10ul and 100pl, of the transformed SOLR™
cells were used for each clone. The plates were left overnight at 37°C.

7. Once the colonies had grown to a reasonable size, one dilution was chosen
for each clone and an overnight culture for each was grown up in 10mls L-
Broth containing 100 pg/ml ampicillin. These cultures were used to prepare

plasmid DNA.

2.5.4 Preparation of plasmid DNA (using Promega Wizard Minipreps)

1. 3mls of each overnight culture were taken and divided between two 1.5ml
Eppendorf tubes. The cells were pelleted by centrifugation at 13 000 x g for
10 minutes. The supernatant was removed and the cells for each clone pooled
and resuspended in 200ul Cell Resuspension Solution. (50mM Tris-HCl pH
7.5, 10mM EDTA, 100ug/ml RNase A).

2. 200pl Cell Lysis Solution (0.2M NaOH, 1% SDS) was added and the tube
inverted several times until the solution became clear.

3. 200pl Neutralisation Solution (1