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ABSTRACT

Excretory/secretory (ES) products of parasites not only play an important role in host-parasite 

relationships, but may also provide an accurate diagnostic target. A broad analysis of the ES 

molecules of adult B rug ia  m alayi, obtained from in  v itro  cultivation of the parasite, was carried 

out in this study with the aims to identify molecules of diagnostic use and to understand their 

functional roles.

Culture media and conditions were optimized for cell- and serum-free culture. 

Immunoreactivities of sera from humans infected with homologous or heterologous filarial 

parasites were examined to select specific antigens derived from lymphatic filarial infection. 

The relationships of ES products to different compartments of the worm were also examined. 

Enzymes, such as proteases, superoxide dismutase and glutathione S-transferase which 

have been shown to have functional roles in other parasites were examined, but no 

detectable level of these were found in the ES of adult B. m alayi.

Among the ES products examined, one antigen of molecular mass of 29 kDa, was found to be 

identical to one of the major surface molecules. Since secreted molecules are present in the 

circulation and hence may be good diagnostic targets for immunodiagnosis, attempts were 

made to raise monoclonal antibodies which could detect this molecule in antigen-capture 

immunodiagnosis. At the same time, the antibody responses to this molecule and other 

surface and ES antigens in inbred and congenic mice of two different MHC haplotypes, H-2k 

(B10.BR, CBA/CA and CBA/N) and H-2d (B10.D2/n and BALB/c) were examined. Both MHC 

loci and genes outside the H-2 region were found to play a role in controlling the humoral 

responses. The antibody responses to the adult 29 kDa glycoprotein and a 40 kDa microfilarial 

surface associated antigen were found to be restricted to mice with H-2k alleles, while mice of 

H-2d haplotype were non-responsive to these antigens. However, another surface 

associated antigen complex of the adult parasite, 17-200 kDa, was only recognised by 

BALB/c mice.

In assessing diagnostic assays based on the detection of antibodies, filarial specific 

antibodies were found to persist for at least 20 years. However, high levels of anti-filarial lgG4 

were found to be prominent only in those with active infection. A strong correlation of the 

level of lgG4 subclass with the intensity of infection was also observed.

An alternative approach for obtaining sufficient material for antibody directed 

immunodiagnosis was also carried out. B ru g ia  specific antigens were selected by



differentially screening a B. p a h a n g i cDNA expression library with pooled sera of individuals 

infected with either B . m a la y i or O n c h o c e rc a  v o lv u lu s . Analysing the 32 B ru g ia  specific 

clones with individual sera, a heterogeneous pattern of recognition was observed. Two 

sibling clones which are recognised by about 40% of individual sera tested, were further 

characterised. The identity of the molecule was confirmed to be Hsp 70 heat shock cognate 

by the nucleotide sequence analysis. The potential use of this universal molecule in 

diagnostic assays was discussed.
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CHAPTER 1 

INTRODUCTION

Filariasis broadly encompasses two groups of nematode parasites producing disease in 

humans. Lymphatic filariasis is caused by the developing and adult forms of filarial parasites 

present in the lymphatic system. Three parasites belonging to two genera are responsible: 

W u ch e re ria  bancro fti, B ru g ia  m a la y i and B ru g ia  tim ori. Apart from human parasites, filarial 

parasites which generally infect wild and domestic animals are also found, such as B ru g ia  

p a h a n g i, B. tu p ia e  and W uch e re ria  ka lim a n ta n i. The other filariasis is associated with the 

destruction of the microfilaria stage in host tissue, such as in skin and eyes in the case of 

onchocerciasis. This group of parasites includes O n c h o c e rc a  vo lv u lu s , L o a  loa , 

D ip e ta lo n e m a  s tre p to ce rca , M a n so n e lla  o z z a rd i and M a n s o n e lla  p e rs ta n s . Currently, there 

are over 100 million people infected by lymphatic parasites of which more than 90 % (81.6 

million) have bancroftian and less than 10% (8.6 million) have brugian filariasis (World Health 

Organisation 1984), mainly caused by B rug ia  m alayi. The infection is most common in tropical 

and subtropical regions of the world and most infected persons are in Asian and African 

countries with the highest numbers in China, India and Indonesia.

1.1 LIFE CYCLE

Like all nematode parasites which have a highly conservative developmental sequence, 

B ru g ia  parasites develop through 4 larval stages after hatching from the eggs. The whole life 

cycle is illustrated in Fig 1.1. Adult worms reside in lymphatic tissues of mammalian host. The 

mature worms mate and produce microfilariae which are released into the blood circulation. 

These microfilariae are then taken up by a mosquito vector. C u le x  q u in q u e fa s c ia tu s , and 

species of A n o p h e le s  and A e d e s  are all natural vectors for different species of lymphatic 

filarial worms. Microfilariae entering the mosquito vector will migrate from the gut to 

mouthpiece, moulting twice into third stage infective larvae. The process of development 

from microfilarial stage to L3 takes about 14 days. Infective larvae infect the mammalian host 

during mosquito blood feeds. After entering the mammalian host, L3 migrate to the lymphatics 

and moult twice more to develop into adult worms.

The most important human lymphatic filarial worm, W u c h e re r ia  b a n c ro ft i, cannot be 

maintained in laboratory animals. As a consequence, parasite material is very scarce and 

studies on this parasite are limited. However, the other major human parasite B. m a la y i, 

(Zoophilic subperiodic strain) has been successfully maintained in jirds (M eriones
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Figure 1.1 Schematic representation of the life cycle of the human lymphatic filarial 
parasites B ru g ia  and W u c h e re r ia  spp.



u n g u ic u la tu s )  which are susceptible to subcutaneous (Ash & Riley, 1970; Ash 1973) and 

intraperitoneal (McCall et al 1973) routes of infection. Since the zoophilic strain of B. m a la y i 

exists naturally in animals, transmission into jirds is more successful than with the 

anthropophilic strain which exists only in humans (Partono & Purnomo, 1987). In the 

peritoneal infection, development of infective larvae to adult stage worms, and release of 

newborn microfilariae, occurs solely within the peritoneum (McCall 1973) greatly facilitating 

parasite recovery. Another laboratory animal susceptible to long term infections is the 

M a s to m y s  rat. Mosquitoes, A e d e s  to g o i or A. aegyp ti, carrying a recessive susceptibility 

gene (MacDonald 1962) are used to complete the cycle (Denham 1982).

1.2 PATHOLOGY AND IMMUNE RESPONSES IN LYMPHATIC FILARIASIS

Lymphatic filariasis as a chronic disease, gives rise to a wide spectrum of clinical syndromes 

associated with a sequence of events after infection, as illustrated in Fig 1.2: prepatent 

period, asymptomatic microfilaraemia, acute and chronic clinical filariasis. This has delineated 

the infected population into five categories. The first group of people are those who are living 

in an endemic area but have no symptoms, measurable level of microfilariae or history of 

disease. This group of people would include those innately resistant to the infective larvae, 

individuals who have prepatent infection, and those who may have sustained a subclinical 

infection. It has been shown that this group of people has a significant level of anti-filarial 

antibodies (McGreevy et al 1980). The second group is composed of people who are 

asymptomatic but have reached the patent stage of infection being microfilaraemic. This state 

may persist for a number of years, but some individuals will progress to another category with 

recurrent lymphadenitis and lymphangitis and form the third group who have parasitaemia and 

are symptomatic. A small number of people will develop chronic obstructive disease -  

elephantiasis, hydrocoele or chyluria. Patients in this group are usually amicrofilaraemic but 

continue to have episodes of acute filarial fever. The final group of people suffers from occult 

filariaisis including tropical pulmonary eosinophilia (Lie 1962, Ottesen 1980). Circulating 

microfilariae are not found in these individuals, but may be found in biopsies of the lung and 

other tissue. However, it is not clear whether these different clinical symptoms represent a 

definite sequence of clinical stages leading to lymphatic obstruction (elephantiasis) or simply 

reflect unassociated pathological patterns from different immune responses.

Early literature concluded that the pathology in filariasis is associated with living and dead adult 

worms in the lymphatic vessels (O'Connor 1932; von Lichtenberg 1957). However, the 

concept that the diversity of pathology in filariasis results from diversity of host immunological 

reactivity to the parasites and/or their products has recently been eleboratted (Ottesen 1980; 

Ottesen 1984; Piessens et al 1987). The concept is supported by the following observations:
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Figure 1.2 Simplified diagram of the spectrum of clinical symptoms of lymphatic filariasis



(1) Filarial infections elicit strong humoral responses in human hosts. The intensity of the 

antibody response to parasite antigens varies greatly among groups of patients with different 

clinical symptoms. Patients who are asymptomatic but microfilaraemic generally have lower 

titres of antibody than those with clinical symptoms (Piessens et al 1980a, Ottesen et al 

1981a, Maizels et al 1983a). Among the diseased patients, those suffering from elephantiasis 

have the highest antibody titres.

(2) A high prevalence of in  v itro  serum-mediated adherence of leucocytes to microfilariae of 

W u c h e re r ia  b a n c ro f t i has been found in patients with elephantiasis (Pandit et al 1929, 

Raghavan et al 1958; Subrahmanyam et al 1978; Mehta et al 1981) or tropical pulmonary 

eosinophilia (Viswanathan et al 1973). This adhesion was only observed in amicrofilaraemic 

patients and in some normal persons who reside in areas where filariasis has been endemic 

for some years. No evidence of such adhesion was found in microfilarial carriers or people not 

resident in the endemic areas (Subrahmanyam et al,1978; Simonsen 1983). A similar 

observation was also found in serum dependent cellular adherence of human buffy coat cells 

to infective larvae of B. m a la y i (Sim et al 1982). In  v itro  antibody-mediated adherence is 

probably one of the mechanisms involved in the clearance of microfilariae in  v ivo  and this 

immunological response in turn, could well be responsible for the pathology.

(3) Apart from humoral responses, it has also been suggested that T lymphocytes are 

associated with the chronic pathology of lymphatic filariasis. Activated CD8+ T lymphocytes 

have been implicated in the pathogenesis of chronic disease in filariasis by an observation 

that a significantly greater proportion of 'activated' cytotoxic/suppressor T lymphocytes 

(defined by co-expression of CD8 and HLA-DR) were found in patients with elephantiasis 

than in other patients (Lai et al 1989a). In addition to the elevated specific activated 

lymphocyte phenotype found in patients with chronic disease, the finding of an inverse 

correlation between the percentage of these activated T cells and pokeweed mitogen- 

induced proliferation futher suggests that this group of T lymphocytes may be responsible in 

suppressing essential defence actions of other T cell subsets or B cells. Further evidence of 

cellular involvement in pathogenesis has come from the upregulation of endothelial cell class I 

MHC expression by cytokines produced by peripheral blood mononuclear cells (PBMC) of 

individuals with elephantiasis but not from infected individuals with no clinical symptoms 

(Freedman et al 1989). This correlation implies that MHC class I restricted effector cells may be 

involved in the inflammatory process of the pathogenesis.

All this information supports the hypothesis of the involvement of parasite-induced 

immunopathology in filariasis. However, distinct mechanisms must be responsible for the



different clinical manifestations. An example of this may be the study of in  v itro  serum- 

mediated adherence of leucocytes to microfilariae of W. b a n c ro ft i in patients from East Africa, 

where a significant age related difference in the prevalence of adherence mediating serum 

factors in patients with either hydrocoele or lymphangitis/elephantiasis have been observed 

(Simonsen 1983). A high prevalence of positivity was found among both young hydrocoele 

patients (48%) and older lymphangitis/elephantiasis patients (63%) who show very different 

prevalences of microfilaraemia (25% and 2.5% respectively), suggesting different 

mechanisms underlying the pathogenesis of hydrocoele and lymphangitis/elephantiasis 

(Simonsen 1983). Although the involvement of host immune responses in pathogenesis is 

well documented, precise mechanisms involved in the process have yet to be elucidated.

One fascinating phenomenon in filarial infection is that a large proportion of people from 

endemic areas remain free of infection. Interestingly, sera from these endemic normals not 

only have high filarial specific antibodies, they are also able to mediate adherence of 

leukocytes to W. b a n c ro ft i microfilariae (Subrahmanyam et al 1978). As these endemic 

normals are defined by the absence of microfilariae in the circulation, they may represent 

people with parasitaemia below the diagnostic threshold or those who develop immunity 

against the infection. It is most likely that strong immune responses detected in this group of 

people are related to their protective immunity.

Adult filarial worms reside in their mammalian host over a long period of time. To ensure 

continuous transmission by mosquito vectors, they have to maintain a level of microfilariae 

within the host. In order to accomplish this, the parasites must be able to suppress or avoid 

immune attacks by the host. One way to achieve this would be through immunoregulation and 

induction of specific immune tolerance. The inverse correlation of the presence of 

microfilariae and levels of antifilarial antibody observed by a number of investigators (Ottesen 

et al 1982; McGreevy et al 1980; Subrahmanyam et al 1978; Kazura et al 1986) has led to the 

notion of general involvement of microfilariae in regulating host humoral responses. Relating 

to this, greater numbers of activated suppressor T cells (and adherent suppressor cells) has 

been found in most patients with microfilariae and some asymptomatic amicrofilaraemic 

individuals (Piessens et al ,1980b; 1982; 1983). It has also been established that sera from 

microfilaraemic patients or animals are able to inhibit cell adherence and in  vitro  cytotoxicity to 

microfilariae (Sim et al 1984). In opposition to this concept of active suppression, in  v itro  

studies of T and B cells from patients of different infection status have demonstrated that the 

unresponsiveness of either cell set from microfilariae carriers is not reversed with the removal 

of 'suppressor elements', adherent cells or T8+ cells (Nutman et al 1987a & b). Acquired T cell 

tolerance (Nutman et al 1987a) and B cell anergy (Nutman et al 1987b) to parasite antigens 

have therefore been proposed to be responsible for the hyporesponsiveness in the



microfilaraemic patients rather than suppressor cell mechanisms. Nevertheless, further 

studies to dissect the immune responses at a cellular level are required to address the issue 

directly.

People exposed to filarial parasites in endemic areas respond to filarial antigens differently. 

This variation in immune response appears to be partly responsible for the wide spectrum of 

clinical disease (Ottesen 1980, 1984). However, it is still unclear which of these immune 

responses is responsible for the pathogenesis or would contribute towards protective 

immunity. One exception is the case of tropical pulmonary eosinophilia developed by a small 

number of people exposed to filarial parasites. IgE responses are prevalent in some people 

suffering from tropical pulmonary eosinophilia while high IgG levels are found in the others. 

The finding of IgE and lgG4 antibodies recognising similar antigenic epitopes of filarial 

molecules (Ottesen, 1981a; Hussain et al 1986) indicates that lgG4 antibodies may be 

"blocking" the IgE-mediated activation of mast cells and therefore preventing individuals from 

developing the delayed hypersensitivity syndrome.

1.3 GENETIC CONTROL OF IMMUNE RESPONSES
The factors which influence susceptibility to infection and which eventually give rise to the 

diverse pathological responses in filariasis are not yet understood. However, predisposition to 

different intensities of infection is evident with many parasitic helminths (Keymer et al 1989). 

Lymphatic filariasis shows a similar overdispersed distribution within its host population as do 

most parasitic helminths (Anderson et al 1985; Pichon et al 1980). Predisposition to helminth 

infections may be the result of either heterogeneity in immunity to reinfection, heterogeneity 

in exposure to infection, or both. Whilst much of the available information regarding 

predisposition is compatible with the hypothesis of exposure as the major determinant 

(Keymer et al 1989), evidence that implicates a complementary role for variability in 

immunocompetence also exists.

Vertebrates react to foreign antigens with a cascade of molecular and cellular events that lead 

to humoral and cellular responses. In adaptive immunity, pathogens are destroyed by 

antibodies produced from stimulated B lymphocytes with the aid of complement system, or 

directly by cytotoxic T lymphocytes. Antibodies are produced by B cells either after direct 

interaction of the cells with pathogens or after interaction between T and B lymphocytes. The 

former usually corresponds with the stimulation of carbohydrate or repetitive epitopes, while 

the latter is required for the recognition of peptide epitopes.

While B cells recognize antigens in their native conformation using immunoglobulins 

expressed on the cell surface as antigen receptors, T lymphocytes require interaction of T cell



receptor (TCR) with foreign antigen in association with MHC gene products on the surface of 

an antigen presenting cell (Kappler et al 1976; Schwartz 1985). The MHC complex 

encompasses a cluster of closely linked genes which encode a variety of surface antigens 

involved in immune responses. Molecules encoded in the class II region are associated with 

antibody responses through T and B lymphocyte interaction. Products encoded in the class I 

region serve as restricting elements for the responses of cytotoxic T cells in cell mediated 

killing, such as in virus -infected cells. Humoral responses mediated through T lymphocytes 

are therefore regulated by the MHC class II genes. Immune non-responsiveness may be due 

to either failure in the binding of antigen to the class II complex or to the 'holes' in the TCR 

repertoire. Some receptor combinations reactive to antigens that resemble 'self are clonally 

deleted in the thymus during a negative selection process. As the major immune effector 

mechanisms against helminth infection are mediated through T lymphocytes, the influence of 

MHC genes in the immune competence of the host and hence the resistance or susceptibility 

to parasitic infection can therefore be envisaged.

In lymphatic filarial infections, two epidemiological studies have directly addressed this issue, 

and familial association with the chronic obstructive disease has been observed in a 

Polynesian population (Ottesen et al 1981b) and a MHC class I gene product (HLA-B15) was 

associated with elephantiasis in a South Indian population (Chan et al 1984). In 

Onchocerciasis, MHC class II antigens DR5 and DRw52 are more frequently present in 

diseased cases and DR1 is associated with the uninfected group (Brattig et al 1986).

Investigations of genetic influences on resistance to helminth infection in man are rather 

complex. Firstly, large samples of individuals and detailed family studies are required. 

Secondly, it is difficult to distinguish genetic influences from the involvement of 

environmental factors in the level of infection. The availability of many inbred strains of mice 

thus provides a good animal model to dissect the genetic control of immune responses to 

infection. The MHC genes in man (HLA) are found on the short arm of chromosome 6 and in 

mice (H-2) on chromosome 17. Nevertheless, the class II gene products from man and mice 

exhibit close homology, in which the HLA-DR molecule is comparable to l-E  gene products 

(McMillan et al, 1977; Allison et al 1978) and HLA-DC antigens are equivalent to l-A antigens 

(Goyert et al 1982; Bono et al 1982). Thus, using animal models, genetic factors influencing 

resistance to parasitic infection through the immune repertoire have been established in 

various parasitic helminths (reviewed by Wakelin et al 1988). Examples of genetic controls on 

the susceptibility to nematode infections are summarised in Table 1.1. In most cases, both 

MHC-linked and background (non-MHC) genes contribute to the response phenotype.

Genetic controls in the immune response to parasitic infections could also operate through



Table 1.1 Genetic Influences on the Susceptibility or Immune Responses to Nematodes

SPECIES LIFECYCLE 
STAGE____

GENETIC
FACTORS

CHARACTERISTICS REFERENCE

Filariae
A can thoch e ilonem a  v iteae mf non-H2 Clearance by IgM directed to surface antigens 

Resistance dominant characteristic
Haque (1980), Storey (1985) & 
Storey (1987)

Brugia m alayi mf non-H2 Susceptibility is dependent on mouse strains Fanning (1983)
L3 H-2 ? T-dependent antigen invoved in killing Hayashi (1989)

O nchocerca  liena lis mf N.D. BALB/c more susceptible Townson (1982)

Others
A scaris  suum Infection H-2 Ab responses to 14K ES Ag restricted by H-2S Tomlinson (1989)
H a em onchu s  co n to rtus Infection non-H2 Resistance related to Haemoglobin type Altaif (1978)
N eca to r am ericanus Infection MHC Wells (1987)
H e ligm osom o ide s  dub ius L3 infection H-2 & 

non-H2
H-2q associated with resistance

Wassom (1987)
Trichinella sp ira lis Infection H-2 H-2k susceptible, H-2q & H-2S resistant Wassom (1979)
Trichuris m uris Infection H-2 & 

non-H2
H-2b most resistant,
B10 more resistant than BALB Else (19881



10

non-MHC genes. For example, the degree of mucosal mastocytosis evoked in T. s p ira lis  

infection has been found to be influenced by background genes rather than MHC-linked 

genes (Alizadeh et al 1982). Another characteristic response in helminth infections, 

eosinophilia, was also found to be regulated by non-MHC-linked genes (Lammas et al 1988).

Genetic differences in the resistance or susceptibility of hosts can help to pinpoint critical 

mechanisms in immunity to parasitic infections. For example, one particular mouse strain, 

129/J, is found to be highly resistant to S. ja p o n ic u m  infection (Mitchell et al 1985). One 

correlation with resistance is the production of antibody to a 26 kDa antigen, which has been 

identified as a parasite glutathione S-transferase (Smith et al, 1986). Since this enzyme is 

capable of detoxifying a variety of xenobiotics, it probably protects parasites against the free 

radicals of oxygen metabolism produced by immune-effector cells. However, other 

physiological properties of the 129/J mouse are also thought to contribute to protection (Cox 

1990)

1.4 EXCRETORY/SECRETORY PRODUCTS OF NEMATODES

In the majority of nematode infections, parasites reside in the host for a long period of time. As 

a means of survival, parasites have to avoid host immune attack. ES molecules released by 

living nematodes, however, would provide soluble antigens to stimulate host immune 

responses. Conversely, these molecules may be shed from the surface of the parasites and 

thus draw away any direct immune attack on the worms. Molecules released by nematodes 

have been shown to have specific functions in assisting the migration and development of 

the parasites. Apart from their role in the host-parasite relationship, ES components present 

in circulation of the host may provide a significant source of antigens for immunodiagnosis of 

infection.

ES products, mainly obtained from in v itro  cultures, have been characterised in various 

stages of parasitic nematodes. Various aspects of functions, biochemical and 

immunochemical properties have been investigated. However, the origin or source of ES 

products remains a debatable issue. Several possible sources of ES products have been 

implicated:

(1) They may be produced and released by special excretory/secretory glands. For instance, 

ultrastructural analysis of L2 of A sca ris  su u m  (Jenkins, 1971) and T o xoca ra  can is  (Hogarth- 

Scott 1966) show that they possess an 'excretory system' consisting of excretory glands, 

ducts and pores. In parallel, acetylcholinesterase activity is found in the excretory and 

oesophageal glands in a number of nematodes, such as N ip p o s tro n g y lu s  b ra s ilie n s is  and 

T ric h o s tro n g y lu s  spp. (Edwards et al 1971; Ogilvie et al 1973; Rhoads, 1981; Rothwell et al
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(2) Molecules may also be released from the gut. An example of this is a study with 

monoclonal antibodies, which bind ES components of L1 of T rich ine lla  sp ira lis , and react to 

the surface of the cuticle, the gut lining and the stichocytes of the parasite (Silberstein et al 

1984).

(3) The molecules may be shed from the cuticles of parasites. The nematode cuticle is an 

exoskeletal structure made up of collagenous matrix and does not appear to be a secretory 

surface. However, there is indirect evidence indicating that ES components may possibly be 

surface derived. This is based on the observation of in  v itro  shedding of radio-labelled 

surface molecules into ES , such as in the case of T. sp ira lis  (Philipp et al 1980), and T. 

c a n is  infective larvae (Maizels et al 1984; Badley et al 1987), and the rapid shedding of 

antibody bound to the surface of A n cy lo s to m a  c a n in u m  (Klaver-Wesseling et al 1978; Vetter 

et al 1978) and T. c a n is  (Smith et al 1981). Since components released from the surface 

cannot be synthesised within the exoskeletal cuticle, the most probable site of synthesis is 

therefore in the hypodermis (also termed epidermis). However, the observed relationship 

between ES products and surface molecules could be a phenomenon of absorption of 

secreted molecules onto the cuticle of parasite. Indeed, this phenomenon has been 

observed in the L2 stage of T o xo ca ra  can is . Localisation of monoclonal antibodies raised 

against ES components shows that two of these antibodies which stain the larval epicuticular 

surface by indirect immunoflurorescence, are localised either in the pharynx or excretory canal 

of the larvae by immuno-EM technique (Maizels et al 1987a; 1990). Thus, the observed 

turnover of surface molecues into in  v itro  culture medium may be the results of shedding of 

ES components that originate from the secretory glands and gut but are absorbed on to the 

cuticle upon release.

A variety of roles for ES products in facilitating the survival of parasites in the hostile host 

environment have been demonstrated in various nematodes. These include enzymes such 

as proteases that assist in skin penetration, tissue migration and feeding; antioxidant 

enzymes serving as scavangers for oxidants released by immune effector cells, and 

acetylcholinesterase which may play a part in modulating host immune responses. A list of 

functional molecules found in the ES products of nematodes is presented in Table 1.2.

Among the functional molecules investigated, proteases in helminths have been well 

characterised especially in S ch is to so m a  m anson i. A variety of proteases have been found in 

different stages of S. m a n s o n i and their expression is stage specific (McKerrow 1987; 1988). 

These include larval proteases involved in penetration for initial parasite invasion of host 

(McKerrow et al 1983; 1985) and haemoglobinase which act as a major digestive proteinase in 

the adult worms (Chappell et al 1986). Stage specific proteases which play some functional

1973).
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roles are also widely found in nematodes (see Table 1.2). For example, a distinct difference in 

the pattern of protease expression by uterine, skin microfilariae and infective larvae is 

observed in O n c h o c e rc a  spp (Lackey et al 1989). Apart from fulfilling the physiological 

needs of parasites, such as feeding, migration and penetration, proteases are also found to 

serve as immunomodulants, such as in the case of D iro fila r ia  im m itis  microfilariae where 

proteases which specifically cleave canine immunoglobulins are found (Tamashiro et al, 

1987). As fragments resulting from the proteolytic cleavage of IgG have been shown to 

reduce the phagocytic activity of macrophages (Auriault et al 1980), the immunoglobulin 

specific proteases may therefore be used in escaping antibody dependent cell-mediated 

cytotoxicity.

Antioxidant enzymes, involved in neutralising immune responses of the host, such as 

superoxide dismutase, catalase and glutathione peroxidase, have also been found in a 

number of nematodes (reviewed by Callahan et al 1988, Rhoads 1983), including the filarial 

species D iro fila r ia  im m itis  and O n c h o c e rc a  c e rv ic a lis  (Table 1.2). Oxidants are produced 

during normal cellular metabolic processes and also released by activated phagocytic cells. 

Although there is no direct evidence for the involvement of phagocyte metabolites in parasite 

toxicity in  vivo, they remain among the most likely candidates for a killing mechanism. The 

antioxidant enzymes produced by nematodes may therefore be expected to play a rote in the 

protection of the parasites from damage caused by host-generated oxygen radicals.

Acetylcholinesterase has also been isolated from several nematodes including B. m a ia y i 

(Rathaur et al 1987) and T. can is  (Robertson et al, 1987) though its function is far from clear 

in tissue dwelling parasites. Acetylcholine is able to enhance various immunological functions, 

like facilitating the release of mediators by mast cells (Plaut 1987) and the cytotoxicity of both 

neutrophils (Ignarro et al 1974) and lymphocytes (Strom et al 1974). Therefore, the hydrolysis 

of acetylcholine facilitated by the cholinesterase may down-regulate the immune response 

and assist parasites to escape immune attack (Rhoads 1984).

The physical turnover of antigenic components in ES products may be another possible 

mechanism to evade immune attack. Whatever the origins or sources of ES products, 

whether from surface, gut or special secretory glands, these molecules, may help to absorb 

antibodies against similar epitopes on the cuticular surface of parasite or to the gut or 

secretory system of the parasite. Another molecule phosphorylcholine, which may also be 

involved in immunoregulation, has been found in a number of nematodes including B ru g ia  

spp. (Maizels et al 1987b). It has been suggested that this molecule suppresses lymphocyte 

activity by inhibiting certain populations of specific B cells (Mitchell et al 1977).



Table 1.2 Functional Molecules Identified In Nematode ES Products (Updated from Robertson 1988)

SPECIES STAGE Mr (Kdi CHARACTERISTICS & FUNCTIONS REFERENCE

A ncy los tom a  can inum adult 37
Proteases/peptidase
Anticoagulant and elastinolytic Hotez (1983)

A ncy los tom a cey lan icum adult ND
Metalloproteinase; feeding 
May be protease & anticoagulant

Hotez (1985) 
Carroll (1984)

A scaris  s im p lex L3 ND Trypsin-like, degrades haemoglobin in feeding Mattews (1984)
A scaris  suum Hatching fluid/L2 ND Hatching, migration Hinck (1976)
A scaris  suum L2, L3/4 ND Multiple activities, migration Knox (1988)
Brugia m alayi L3-4 moulting fluid ND Metallo aminopeptidase; regulating moulting Hong (1988)
H a em onchu s  co n to rtus L4 ND Exsheathing leucine aminopeptidase Rogers (1978)
O nchocerca  cerv ica iis mf 30/60 Serine/metallo proteases Lackey (1989)
O nchocerca  liena lis L3 43 Serine elastase; migration Lackey (1989)
O nchoce rca  vo lvu lus mf ND Collagenase; migration Petralanda (1986)
Toxocara canis L2 32 Serine protease; optimum activity at pH9 Robertson (1989)

Brugia m alayi adult & mf 100
Acetylcholinesterase
May be several isoenzymes Rathaur (1987)

N eca to r am ericanus adult 400 May be several isoenzymes Yeats (1976)
N ippos trong y lus  b ra s iliens is adult 65 Variation in isoenzymes during infection Edwards (1971)
S te p h a n u ru s  d en ta tu s adult 110 Greater production in males Rhoads (1981)
Toxocara can is L2 70 Cross-reads with eledric eel AChE Robertson (1987)
T richos trongy lus  co lub rifo rm is L4 ND Very high activity Ogilvie (1973)

A nisak is  s im p lex L3 66-95
Immunomodulants
Inhibition of mitogen-induced proliferation Raybourne (1986)

A nisak is  s im p lex L3 ND Uncouples oxidative phosphorylation Boczon (1986)
Dirofilaria im m utis adult/mf ND Superoxide dismutase Callahan (1988)
H e lig m o so m o id e s  po lyg y ru s adult ND Suppresses immune responses Pritchard (1984, 1985)
O esphag os tom um  rad ia tum L3/4 25-35 50ng ES reduces proliferation by 50% Gasbarre (1983)
O nchoce rca  g ib s o n i mf <10 Antigen not defined Foo (1983)
O nchocerca  cerv ica iis adult/mf ND Superoxide dismutase; radical scavenger Callahan (1988)
O stertag ia  o s te rta g i L3 ND Eosinophil attradant Klesius (1986)
S trongy lo id es  s te rco ra lis L3 68 Allergen Neva (1986)
Terranova  species L3 >10 Heat labile, cytostatic agent Raybourne (1983)
Trichinella sp ira lis L1 ND Non-antigen specific Faubert (1976)
Trichinella sp ira lis L2 36 Superoxide dismutase; radical scavenger Rhoads (1983)
Toxocara can is L2 ND ES binds complement from serum Badley (1987)

L2 32 Induces eosinoohilia____________________ Suaane (1984ai
Abbreviations: L, larval stage; M, adult male; F, adult female; mf, microfilariae; ND, not determined.
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Two approaches have been made in the development of Immunodiagnostic tests for 

assessing helminth infections, one to detect circulating antibodies and the other to detect 

circulating antigens. The detection of antibodies specific to a particular infection has 

encountered various problems. Levels of antibodies elicited by parasitic infections may 

remain high for a long period of time and thus cannot distinguish active or past infection. For 

example, in schistosomiasis, the same level of antibodies specific to schistosomes was 

detected 6 months after chemotherapy treatment (Mott et al 1982). Problems may also be 

encountered in the presence of cross-reactive antibodies, elicited by common epitopes from 

other parasites, that affect the specificity of the diagnosis. In comparison, ES molecules 

released by living parasites would be a good source in diagnosis. The detection of non-cross- 

reactive circulating (ES) antigens of the parasite will not only provide specificity but will also 

give direct information on the worm burden and the state of the infection. A number of 

immunodiagnostic tests based on detection of ES components have been established, as 

discussed in section 1.6.

Immunity to parasitic infection may be evoked by either surface molecules or ES products. 

Direct evidence of the ability of ES antigens to elicit host immunity comes from vaccination 

experiments using ES products. The importance of ES molecules as protective antigens has 

become more apparent from the failure of parasite extracts or killed parasites as vaccines 

(Maizels et al, 1988a). Although vaccination using ES antigens has not been fully optimised, 

success in eliciting protective immunity with ES products has been remarkably reproduced 

among a wide range of nematodes (Table 1.3).

Components released by parasitic helminths may also elicit an immunological response which 

gives rise to pathological consequences. One good example is the granuloma formation 

induced by ES products of schistosome eggs (Smithers et al 1982). Other mechanisms in the 

induction of immunopathogenesis include the potentiation of IgE production which leads to 

allergic reactions (Warren 1982). However, there are still other mechanisms to be described 

which are responsible for the induction of pathology. Immune effectors are proposed to be 

controlled by different sets of cytokines produced by two subsets of helper T cells (Th) 

(Mosmann et al 1987). In mice, Th1 clones preferentially secrete IL2, y  IFN and lymphotoxin, 

and Th2 clones produce mainly IL4 and IL5. Functionally, ylFN potentiates lgG2a production, 

IL4 enhances lgG1 and IgE secretion, and IL5 facilitates IgA production. Correlation of 

resistance to infection with different Th subsets have been shown in T rich in e lla  s p ira lis  

(Pond et al 1989) and L e is h m a n ia  m a jo r  (Heinzel et al 1989) infections. In both cases, 

resistant mouse strains, AKR or C57BL/6 respectively, produced more ylFN than the 

susceptible mouse strains, B10.BR and BALB/c respectively, which produce mainly IL4.



Table 1.3 Successful Vaccination using Excretory-Secretory Antigens in Nematodes

SPECIES SOURCE OF 
ES ANTIGEN

HOST MAXIMAL
PROTECTION

REFERENCE

A scaris  suum Hatching/moulting fluid Pig 80% Urban et al 1985
A scaris  suum L3/4 moulting fluid Guinea pig 47% Stromberg et al 1977
H aem onchu s  con to rtus Moulting fluid/L4 Sheep 82% Ozerol et al 1970
N ippos trong y lus  b ra s iliens is Adult Mouse 95% Day et al 1979
O esopha gos tom um  rad ia tu m Excretory gland Cattle 94% Keith et al 1973
S trongy lo id es  ra tti Adult Rat 46% Mimori et al 1987
Toxocara canis L2 Mouse 68% Nicholas et al 1984
Trichos trongy lus  co lu b rifo rm is L4 Guinea pig 92% Rothwell et al 1974
Trichinella sp ira lis L1 Mouse 65% Gamble 1985

L1 (purified protein) Mouse 71% Gamble 1985
L1 Mouse 69% Campbell 1955

Trichuris m uris Adult Mouse 80% Jenkins et al 1983
L1 (purified) Mouse 81% Silberstein et al 1984
L1 (purified) Mouse 75% Silberstein et al 1985

This table is drawn from reviews of Lightowlers et al, 1988 & Maizels et al 1988a.
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Further confirmation of the involvement of Th1 cells in parasite expulsion comes from the 

experiment where protection against L. m a jo r can be achieved by the transfer of Th1 cell line 

(Scott et al 1988). Though there is clear evidence that Th1 and Th2 cells exist in the mouse, 

factors driving them into either Th1 or Th2 are not yet elucidated. Preferential induction of 

Th1 or Th2 may due to certain antigens or how antigens are presented.

1.5 EXCRETORY/SECRETORY PRODUCTS OF FILARIAE
The Filariae, as parasitic nematodes, release a variety of molecules into the host environment. 

The general approach to studying these ES products, as in other nematodes, is to maintain 

parasites in  v itro . The in  v itro  cultivation of filariae has focussed mainly reproducing 

developmental changes, the isolation of ES antigens for immunological studies, the 

screening of drugs and elucidation of pharmaceutical action. In recent years, different in  v itro  

cultivation systems have been developed to permit the maintenance of almost all stages of 

filarial worms (reviewed by Douvres et al 1987). Various media and culture conditions have 

been suggested and used. Most of these involve seeded cell lines and exogenous serum to 

supplement culture media. Examples of culture conditions for various stages of lymphatic 

filarilal parasites are summarised in table 1.4. However, these culture systems have not been 

entirely satisfactory and the physiological requirements of filarial worms in in  v itro  is still not 

fully understood. In general, systems including host cells appeared to be much more effective 

for long term culture, especially for fostering developmental maturation in larval stages of 

lymphatic filariae (see Table 1.4). As a general rule, serum supplements are usually necessary 

for long term culture of adult parasites, such as in the case of B rug ia  spp. (Furman et al 1983; 

Sneller et al, 1988). A more systematic approach has been taken in optimizing the culture 

conditions for A. v iteae. Both medium composition (Franke et al 1984a) and gas phase 

(Franke et al 1983, 1984b) have been found to be important to the survival and development 

of L3 of the parasite; a p02 of < 20mm Hg or > 50 mm Hg was detrimental to larval survival and 

development.

Most of the studies on ES products in filariae have focussed on identifying antigens that elicit 

host immune responses to widen our knowledge of protective immunity and also to improve 

specific diagnosis of infection. Compared to what is now known of molecules present on the 

epicuticle surface, relatively few filarial ES products have been characterised either in terms of 

their immunochemical properties or functional roles (summarised in Table 1.5). ES 

components described by various laboratories differ greatly. This is probably due to 

differences in culture conditions which have not been standardised. There is so far no 

evidence to show whether the ES components derived from in  v itro  culture authentically 

represent those released in  vivo, except in the case of a PC-bearing glycosylated molecule.



Table 1.4 In vitro Culture Systems Of Lymphatic Filariae

SPECIES CULTURE CONDITIONS LIFE CYCLE 
STAGE

RESULTS REFERENCE

Brugia m alayi 

B rug ia  pah a n g i

MM/MK medium
A edes m a layens is  cell culture, air, 28°C 

same as B. m alayi 
GITC, 20% HIFBS

A rm igeres suba lba tus  thorax, air, 27°C 
GM199 medium, dog sarcoma cell line

Mf (sheathed) 

L2

L3(Mosquitoes)

Develop to L1 after 6d 
Max .survival 30d

Develop to M2 & L3 after 5d

Survive 20d

Devaney et al (1979) 
Devaney et al (1979)

Ogura et al (1981)

10% NCS, 5% C02 in air, 37°C
MEM, dog skeletal muscle cells,

10%FBS, 5% C02 37°C
MEM, dog kidney cells,

L3 (jird)
L3 (mosquitoes)

Develop to L4 after 5d
Develop to L4 after 9d 
Survive for 33d

Chen et al (1979) 

Wong et al (1982)

10%HIFBS, 5% C02 37°C 
Click's medium, 10% horse serum,

L3 (jird) Develop to L4 after 6d Court et al (1983)

5% C02 37°C
NCTC-135 : Isocove Dulbecco's, 1:1, 

20%FBS, 4% glucose, 5% C02 35°C

Adult (female) 
Adult

Survive 35d
Survive 14-27 weeks 
Mf released up to 140d

Furman et al (1983) 

Sneller et al (1988)
W uchereria  b a n c ro fti M199, organic acids, sugar of GITC, Mf (human Develop to L1 after 8d

10% heat inactivated human sera, 
air, 28°C

blood) survive for 14d Kharat et al (1980)

In vitro  culture systems of other filariae,such as A. viteae, O nchocerca, D. im m itis are reviewed by Douvres et al 1987



Table 1.5 Identified and Charaterised ES Products of Lymphatic Fllariae

SPECIES LIFECYCLE
STAGE

CULTURE
SYSTEM

DETECTION
METHOD

COMPONENTS IDENTIFIED & 
CHARACTERISED

REFERENCE

Brugia m alayi mf RPMI, 1%glucose Immu noprecipitation 30, 40, 200 kDa , acetylcholinesterase Rathaur et al (1987)
RPMI 1640 35S methionine label 10-150 kDa molecules Egwang et al (1987)

L3 HBSS 28°C Western blotting 77-109 kDa, 4 antigenic molecules Kharat et al (1989)
Adult MEM SDS-PAGE 11 components, 10-70 kDa Kaushal et al (1982)

RPMI, 1% glucose Immunoprecipitation 100, 200 kDa acetylcholinesterase Rathaur et al (1987)
RPMI,1%glucose Western blotting 90 kDa, PC antigen Maizels et al (1987b)

B rug ia  p a h a n g i mf RPMI1640, 3%FCS ^ S  methionine label 67 kDa, serum albumin from culture Parkhouse et al (1985)
Adults RPM11640, 3%FCS 35S methionine label 20, 35, 36 & 55 kDa antigenic molecules Parkhouse et al (1985)

RPMI, 1% glucose 125l label 15, 29 & 40 kDa antigenic molecules Maizels et al (1985a)
RPMI,1%glucose Western blotting 90 kDa, PC antigen Maizels et al (1987b)

W uchereria mf MEM,5% FCS 35S methionine label various, 17-67 kDa Maizels et al (1986)
b a n c ro fti L3 MEM, 5% FCS 35S methionine label 17, 21 & 51 kDa; antigenic molecules Maizels et al (1986)

HBSS 28° C Western blotting 14-66 kDa, antigenic molecules Kharat et al (1989)
RPMI 1640 Western blotting 200 kDa, PC-bearing antigen Weil et al (1987a)
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This molecule has been found both in the ES and in the circulation of infected jirds (Maizels et 

al 1987b, Wenger et al 1988) and it is also readily detected in humans with active infections 

(see Table 1.6).

PC-bearing glycosylated molecules are found widely in helminths and some protozoa, 

including L e ish m a n ia  m a jo r  and T ryp a n o so m a  c ru z i (Maizels et al 1987b, Lai et al 1989b). 

Heterogeneous molecules bearing PC epitopes have been found in different species of 

filariae. In B ru g ia  spp., native PC molecules released by parasites are of 500 kDa molecular 

weight which under denaturing conditions migrate on SDS-PAGE at 90 kDa (Maizels et al 

1987b). Similar circulating PC bearing antigens are found in W uchere ria  b a n c ro f t i(Weil et al 

1987a) at 200 kDa and at 56 kDa and 62 kDa in O n ch o ce rca  g ib s o n i (Forsyth et al 1984). 

Apart from its potential use in immunodiagnosis of filariasis (discussed below), it is evident that 

the PC epitope can account for a remarkably high percentage of the total humoral response 

(Gualzata et al 1986). This immunodominance of PC may be, as suggested by Mitchell (1977), 

important in diverting the immune response from potential protective antigens.

Among the non-PC antigenic components identified, acetylcholinesterase (AChE) has been 

isolated and characterised from the adult and microfilarial stages of B rug ia  spp. (Rathaur et al, 

1987). This enzyme is cross-reactive with an antibody raised to electric eel AChE 

(Rathaur,1987). Although the role of this molecule in tissue dwelling nematodes is still not 

well understood, it has been suggested that it may be involved in down-regulation of the 

immune response as discussed above. A very different B ru g ia  functional ES molecule 

recently identified is a metallo-aminopeptidase involved in the moulting of L3 to the L4 stage 

(Hong et al, 1988). This enzyme catalyses the hydrolysis of the substrate Phe-aminomethyl- 

coumarin (AMC) and is probably involved in activating another moulting enzyme or hormone.

1.6  DIAGNOSIS OF LYMPHATIC FILARIASIS
Currently, the only definitive way of ascertaining active filarial infection is by detection of 

microfilariae in the circulation. This is not satisfactory as the method does not detect people 

with prepatent infection, those with low parasitaemia or those with occult filariasis who are 

amicrofilaraemic. Thus, the development of sensitive and specific immunodiagnosis is still one 

of the main objectives in filarial research as a reliable assessment is essential in evaluating the 

success of control strategies such as chemotherapy or the interruption of transmission.

Two approaches have been adopted in the development of accurate diagnosis in filariasis. 

The first is by detecting circulating antigens to provide evidence for active infection, while the 

second approach is to identify antibodies towards non cross-reactive epitopes. For example,



2 0

successful immunodiagnosis for T o xoca ra  c a n is  (Robertson et al 1988a) and S c h is to s o m a  

m a n s o n i (Deelder et al 1989; Jonge et al 1988; 1989) based on the detection of circulating 

antigens have been reported. In filariae, the main serodiagnostic test based on the detection 

of circulating PC-bearing molecules at first sight appears to be promising (see Table 1.6). PC- 

bearing proteoglycan is the major component found in ES and circulation of infected hosts 

(see 1.5). Although there are other antigen detection assays available, the detection of 

circulating PC bearing molecules appears to be the most sensitive. However, PC molecules 

have been found in numerous pathogenic microorganisms. This accounts for the serologic 

cross-reactivity observed among different parasitic infections. Although a recent report 

suggests that only S tro n g y lo id e s  or other filarial infections may cause diagnostic confusion 

(Lai et al 1989b). However, a non-PC-based assay would be more reliable. A monoclonal 

antibody has been raised to a non-PC circulating antigen of W. b a n c ro ft i (Weil et al 1987a) 

and this may provide for a more specific detection of filariasis.

Detection of immunoglobulin against parasite antigens is the most widely used strategy for 

diagnosis in other parasitic infections, for example, in malaria (Spencer et al 1979) and 

schistosomiasis (McLaren et al 1978). In lymphatic filariasis, the same approach has been 

attempted using ES products of parasites (Kharat et al 1982, Harinath et al 1984, Kaushal et al 

1984). However, antibodies produced during filarial infection are extensively cross-reactive 

with antigens of other parasitic infections, in particular with non-protein determinants (Oliver- 

Gonzalez et al 1945, Ambroise-Thomas et al 1974, Maizels et al 1985b). For example,a high 

percentage of cross reactivity between B ru g ia  and O n c h o c e rc a  could be abolished by 

deglycosylating O n ch o ce rca  antigens (Dr J. Bradley unpublished data), while a monoclonal 

raised against a D. im m itis  proteoglycan also recognises components derived from W. 

b a n c ro fti (Weil et al 1987a).

Isotype and subclass restriction is a prominent feature of the immune response to various 

antigens (Natvig et al 1973). Among the IgG responses in humans, polysaccharides 

predominantly stimulate the lgG2 subclass (Scott et al 1987) while lgG4 has been shown to be 

associated with chronic antigenic stimulation (Aalberse et al 1983). Most of the serological 

assays developed to detect helminth infections have been skewed towards measuring IgG or 

IgM. However, IgE antibodies derived from nematode infection have been found to be more 

species specific (Weiss et al 1982) and parallel antigen recognition of IgE and lgG4 has also 

been observed in filariasis (Hussain et al 1986). Recent investigation also shows that lgG4 is 

highly elevated in individuals suffering from filariasis while only a modest increase is detected 

in other IgG subclasses (Ottesen et al 1985). The potential of using lgG4 in increasing the 

specificity of diagnosis of filarial infection is emphasised by the finding that filarial specific lgG4 

responses do not include antibodies to PC molecules and hence measurement of this class



Table 1.6 Immunodiagnostic Assays Used in Human Lymphatic Filariasis

APPROACH ASSAY RESULTS REFERENC

Antigen Detection

PC Monoclonal based 2-site IRMA MF+ 93%, MF'S~53% Forsyth et al (1985)
Monoclonal based 2-site ELISA MF+ 99%, MF- S'14%, MF*S+ 74% Weil et al (1987b)
Monoclonal based 2-site ELISA MF+ 93%, MF'S+ 51% Lai et al (1987)
ELISA MF+ & MF'S+ 36% Lunde et al (1988)
Monoclonal based 2-site ELISA MF+bancroftian 100%; 0 . vo lvu lus  72%; L. /oa 35%; 

S. m ansoni, T.cruzi, L. donovan i, 7-15% Lai et al (1989b)
L3 CIEP MF+ 72%, MF'S+ 51% Das et al (1988)
Circulating antigen CIEP Endemic individuals 57% Dasgupta et al (1984)
Circulating antigen Poly- & monoclonal based ELISA MF+ 95%, MF- S'15%, MF'S+ 60% Huijun et al (1987)

Antibody Detection
Total Ig to Mf ES ELISA MF+ 93%, MF'S+ 100% Kharat et al (1982)
Total Ig to Mf ES ELISA Sensitivity 98%, specificity 86% Harinath et al (1984)
Total Ig to L3 ES ELISA MF+ 67%, MF‘S+ 62% Malhotra et al (1984)
IgG subclasses to BmA SPRIA MF+ & TPE 95% lgG4 of total IgGs Ottesen et al (1985)
lgG4 to total BmA ELISA Specificity increased from 67% to 94% 

by assessing lgG4 instead of total IgG Lai et al (1988)

Abbreviations: BmA B. malayi antigen
CIEP Counter Immunoelectrophoresis
SPRIA Solid phase radioimmunoassay
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alone increases diagnostic specificity from approximately 67% to 94% (Lai et al 1988).

1.7 AIMS OF THE THESIS
Lymphatic filariasis, although not causing direct mortality, infects about 100 million people in 

the tropics. The main parasite responsible for the disease is W. b a n c ro fti. However, even 

now, it is still not possible to maintain this parasite in laboratory animals. B rug ia  m alayi, another 

lymphatic filaria infecting man, shares many cross-reactive antigens with W uchereria  b a n c ro fti 

(Maizels et al 1985b) and can be maintained in jirds (McCall et al 1973). B. m a la y i has 

therefore been studied in the present work. Most studies in lymphatic filariasis have focussed 

on characterising antigenic profiles of the parasites, with the objectives of developing vaccine 

and accurate diagnostic tests for the disease. As surface molecules are in direct contact with 

the host environment and are likely to elicit immune responses, emphasis has been placed on 

the charaterisation of these molecules (reviewed by Maizels et al 1988b). In parallel, ES 

molecules released by parasites may be immunologically relevant and may also have 

significant biological roles in sustaining the survival of parasites in the host environment.

ES products of B ru g ia  spp have been studied in a number of laboratories (see Table 1.5). 

However, different profiles of ES products have been identified due to varying culture 

conditions used in each laboratory. Further, it is not clear whether ES products obtained from 

in  v itro  cultivation of the parasite represents those actually released in  v ivo. One aim of the 

current study was therefore to optimise different culture conditions and examine the 

authenticity of ES components. With the objective of identifying molecules of diagnostic 

potential, attention was concentrated on the ES products from adult parasites. A general 

survey on the profile of components, their immunogenicity and cross-reactivity, the functional 

roles for biological requirement and immunomodulation is presented. The comparison of ES 

products with molecules from different compartments of the parasites was also carried out to 

identify the possible origin of the ES components.

Genetic influences on the immune repertoire are evident in a number of parasitic nematode 

infections (Table 1.1) and individual heterogeneity in antibody responses to nematode 

infection has been observed. Apart from two epidemiological studies (Ottesen et al 1981b; 

Chan et al 1984), genetic influences on lymphatic filarial infections have not been examined. 

Although mice are not permissive to filarial infection, transplanted adult parasites in the 

peritoneal cavities of mice can survive for about 3 months (Suswillo et al 1981). Using inbred 

and congenic mice, genetic factors that control the humoral repertoire against B rug ia  m a la y i 

antigens were therefore examined. Particular emphasis was placed in examining the 

recognition of surface and ES antigens.
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Another objective of this thesis was to develop an immunodiagnostic assay to detect 

circulating antigen. As PC molecules are highly cross-reactive and most attempts to raise 

monoclonal antibodies have resulted in anti-PC reagents, hybridomas to non-PC epitopes of 

ES antigens were sought by various immunisation and screening strategies..

Finally, an important alternative approach to immunodiagnosis is by antibody detection. To 

circumvent the major difficulty in obtaining sufficient material from filarial parasites, parasite 

genes can be cloned and expressed in suitable vectors. Specific antigens expressed by 

recombinants can then be selected. This approach has been used in onchocerciasis (Lobos 

et al 1990; Bradley et al, submitted for publication). As the majority of filarial antigens from 

different species are cross-reactive, the aim here is to select recombinants specific to B rug ia  

spp. A cDNA expression library made from B. p a h a n g i adult parasites by Dr M. E. Selkirk was 

screened with pooled sera of individuals infected with either B. m a la y i or O. vo lvu lus. These 

recombinants are described together with an analysis of their seroreactivity.
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CHAPTER 2

GENERAL MATERIALS AND METHODS

2.1 PARASITE MATERIALS
2 .1 .1  Maintenance and harvesting of B. malayi
The life cycle of B. m a la y i in this laboratory is maintained by Mr W. F. Gregory. Briefly, 

mosquitoes, A e d a e . a e g y p t i carrying a recessive susceptibility gene (MacDonald, 1962) 

were artifically fed with peritoneal microfilariae mixed with fresh blood in a membrane feeder. 

The nematodes in the mosquitoes develop over a 10-14 day period to infective larvae. These 

larvae, recovered from crushed mosquitoes, were then inoculated intraperitoneally into jirds 

(M e rio n e s  ungu icu la tus) to complete the cycle (McCall et al 1973; Denham 1982).

Microfilariae were harvested by injecting an anaesthetised infected jird with 5ml of warm (37°C) 

RPMI 1640 medium containing 100 U/ml of herapin and antibiotics. After approximately 1 

minute of massage of the peritoneum, excess fluid was withdrawn via a needle and syringe. 

Typically 3-4 ml is recovered. If a large number of microfilariae was required, the jird would be 

killed and the skin cut back to reveal the peritoneal membrane. A lavage with warm RPMI was 

then carried out.

Adult parasites were harvested from the peritoneal cavity of a sacrificed infected jird. Usually 

30-100 adult worms are expected from one animal.

2 .1 .2  Purification of Microfilariae
Two techniques were used to purified microfilariae from the peritoneal fluid. One, originated 

by Taylor e t a/for O n ch o ce ra  vo lvu lu s  (1984) employs Sephadex-G-25 columns; the other 

uses lymphocyte separation medium (LSM) which consists of 9.4% sodium diatrizoate and 

6.2% Ficoll at a density of 1.077-1.080.

2.1.2a Sephadex Purification 

Reagents:
1. PD10 Pharmacia prepacked Sephadex G25 columns (17-0851 -01)

2. RPMI 1640 warmed to 37°C.

Procedures:
1. Microfilariae were loaded onto a PD10 column equilibrated with warm medium.

2. 2 ml fractions were collected.

3. Cells were expected to elute in 5-10 ml volume, microfilariae in 15-30 mis



4. Each fraction was inspected and cell-free microfilariae fractions were pooled.

2.1.2b Lymphocte Separation Medium (LSM)
LSM was supplied by Organon Teknika Corporation, Box 15969, durham NC 27704. Cat. No.

36427/8410-01

Procedure
1. Microfilaraie were centrifuged at 800 g for 10 mins at 4°C.

2. Excess red blood cells was lysed by adding 3 ml of distilled water.

3. Parasites were resuspended in 3-5 ml RPM11640

4. Suspension was overlayed gently onto 5 mis LSM in a 15 ml conical, followed by 

centrifugation at 800 g for 15 mins at 4°C.

6. Supernatant was removed and microfilariae in the pellet were counted after washing twice 

with RPMI.

2.2 LABELLING OF SURFACE ANTIGENS
2 .2 .1  lodogen Labelling

Using the insoluble nature of lodogen in aqueous media, it acts as a solid phase mediator of 

iodination when coated on tubes and thus enable selective labelling of the surface of 

parasites (Forsyth et al 1981; Markwell et al 1978; Baschong et al 1982).

Reagents:
1. lodogen (1,3,4,6-tetrachloro-3a,6a,-diphenylglycouril: Pierce Chemical Company 

28600) made up at 1 mg/ml in methylene chloride. Polypropylene tubes were coated with 

50-200 pi of lodogen and store sealed at room temperature.

2. Sodium 125lodide (Amersham IMS.30, 100 mCi/ml or equivalent). A standard 

quantity for iodination is 500 pCi.

3. A suspension of parasites in PBS: a standard of 5000 microfilariae or 2-5 adults were 

used.

4. Saturated solution of tyrosine in PBS.

5. PBS containing protease inhibitors^

Procedure:
1. Parasites were transferred to dried lodogen tube containing 200pl PBS.

2. The radio-iodine was added and the reaction was carried out on ice for 10 mins.

3. 10% by volume saturated tyrosine solution was added to stop the reaction.

4. Parasites were washed twice with cold PBS containing protease inhibitors and pelleted 

for solubilisation. Parasites were then separated as follows:

Microfilariae 400 g 5 mins 

Adults 1 g as required

2 .2 .2  Bolton-Hunter Labelling
The Bolton-Hunter reagent (N-succinimidyl 3-[4-hydroxy,5-[125l] iodophenyl) proprionate) is

* Protease inhibitors : 1 mM EDTA, 1 mM EGTA, 0.2 mM TLOK, T mM /V-ethylmaleimide, 0.1 m MTPCK

and 2 mM PMSF



an iodinated ester which hydrolyses to conjugate to amino groups (Bolton et al 1973; Maizels 

et al 1983a). It is highly unstable in aqueous solution, and must be kept moisture-free at 4°C 

until use in labelling reaction.

Reagents:
1. Bolton-Hunter Reagent (Amersham IM. 5861). An aliquot containing 200-500 pCi of 125l 

was dried under a gentle stream of dry nitrogen in a glass tube.

2. 0.1 M borate buffer, pH 8.5.

3. 2 M glycine solution.

4. Buffer containing protease inhibitors*

5. Parasites, washed in 0.1 M borate buffer, pH 8.5 before labelling.

Procedure:
1. The parasite suspension was placed in 0.1 M borate buffer in a tube containining dried 

down Bolton-Hunter reagent. The tube was agitated on ice for 10 mins.

2. 10% by volume of 2 M glycine was added with continuous agitation for further 5 minutes.

3. The parasites were then washed with cold protease-inhibitor buffer and solubilised as 

required (section 2.3).

2.3 SOLUBILISATION OF PARASITE MOLECULES
Parasite materials can be fractionated with various solubilisation protocols.

Reagents:
1. 15% n-octylglucoside (Sigma 0-8001) solution, as stock solution kept at -20°C.

2. PBS containing protease inhibitors?

3. 2-Mercaptoethanol (2ME)

4. 'Harsh'extraction buffer: Final concentration

10 ml 0.1 M phosphate pH 7.4 10mM

4.8 g Urea 8M

5.0 g SDS 5%

50 pl/ml 2-Mercaptoethanol 5%

Procedure:
2 .3 .1  Somatic Extract Preparation
1. For adult parasites, a recorded number were broken up in PBS (Appendix 1), containing 

protease inhibitors (Appendix 2) using homogeniser. Microfilariae were sonicated 4 X15 

sec at 6 pm on ice.

2. The suspension was allowed to stand on ice for 60 mins, withoccasional agitation.

3. The disrupted parasite suspension was centrifuged at 10,000 g, 30 mins, 4°C. For 

unlabelled parasites, the protein concentration was measured by Bradford method 

(section 2.4). For surface labelled parasites,TCA precipitability was performed as in 

section 2.6
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2 .3 .2  PBS nOG extract
As the somatic preparation except that a final 1.5% concentration of nOG is added during the 

extraction.

2 .3 .3  Mercaptoethanol & Harsh extract
1 The pellet from PBS nOG extraction was vortexed and detergent and buffer were added 

as before together with 5% fresh 2-mercaptoethanol. After incubating at 37 °C for 1 hr 

with occasional reagitation(Sutanto et al 1985; Selkirk et al 1986), the suspension was 

centrifuged as before and supernatant recovered (mecaptoethanol extract).

2 The pellet from PBS nOG extraction was vortexed and 'harsh' extraction buffer added. 

The suspension was incubated at 100°C, 30 mins or 65° C for 2 hours followed by 

centrifugation as before. Supernatant was recovered (Harsh extract).

2 .3 .4  Surface-enriched preparations
This procedure employs 2-mercaptoethanol to dissolve the disulphide linked framework of 

the cuticle and releases all surface-labelled antigens from adult B rug ia  m a la y i (Maizels et al

1989)

1. Labelled parasites were incubated in PBS-protease inhibitors. Fresh 2-mercaptoethanol 

was added to final concentration of 5% followed by incubation at 37°C for 30 mins.

2. The supernatant recovered was centrifuged at 10,000 g for 30 mins at 4°C. The 

supernatant was then dialysed against PBS containing protease inhibitors, if required for 

immunological reactions such as immunoprecipitation.

2.4. PROTEIN DETERMINATION BY THE BRADFORD METHOD
A microtitre method is modified from the original Bradford method (Bradford, 1976;Sedmak et 

al 1977)

Reagents:
Bradford Reagent, from Pierce (Cat. No. 23-200)

Procedure:
For samples containing 150-1500 pg/ml of protein, 5 pi of test sample (diluted or undiluted) 

was added to a well in an ELISA microtitre plate containing 200 pi of Bradford reagent. For 

samples containing 1-25 pg of protein, 50 pi of test sample (diluted or undiluted) per well was 

added to a well with 150 pi of Bradford reagent. The plate was read at 600 nm on an ELISA 

reader after 10 minutes.



2.5 IODINATION OF SOLUBLE PROTEINS
2.5.1. lodogen Labelling
Reagents:
1. lodogen, prepared as in section 2.2.1

2. Protein in PBS, ideally 1 mg/ml

3. Saturated tyrosine solution. Add -100 mgs tyrosine to 20 ml water. Store away from 

light.

4. Sodium 125lodide (Amersham IMS. 30)

5. Sephadex G-25 column, 2.5 ml in plastic syringe, equilibrated with PBS or PBS-0.5% 

Triton X-100.

Procedure:
1. The lodogen coated tube was rinsed twice with PBS beforel -10 pg of protein was added 

to vial containing 100 pg of lodogen.

2. Allowing for volume of isotope, PBS was added to make the volume up to 50 pi.

3. 250-500 pCi of Na 125l was then added.

4. The reaction was stopped by adding 5 pi of saturated tyrosine solution afterlO mins with 

frequent agitation on ice.

5. The labelled protein was loaded onto G-25 column, collecting 250 pi fractions.

6. Each fraction was tested for total radioactivity and TCA precipitability (section 2.6).The 

fraction containing high TCA precipitability (>80%) was retained and store at -20 °C.

2 .5 .2  Bolton Hunter Labelling

The same procedure is followed as in section 2.2.2 except 10 pg of protein was added to the 

tube instead of parasites. After labelling, the labelled protein is passed through a G25 

sepadex column as in the lodogen labelling (section 2.5.1).

2.6  TCA PRECIPITATION 

Reagents:
1. 10% Trichloracetic acid (can be diluted from 100% stock)

2. Normal serum, e.g. NRS 

Procedure:
1. 5 pi of normal serum and 1-5 pi of radiolabelled antigen were added to the duplicate 

tubes. Vortex and count.

2. The tubes were filled slowly with cold 10% TCA while vortexing.

3.. Tubes were left on ice for up to 60 minutes.

4.. The precipitates formed was then spun down at the top speed of bench centrifugefor 10 

minutes at 4°C.

5.. The supernatant discarded , pellet counted and percentage precipitated calculated.



2.7  SDS-POLY ACRYLAMIDE GEL ELECTROPHORESIS
2 .7 .1  Casting and running SDS-PAGE 

Reagents and Equipment:
1. The Pharmacia (GE2/4LS) SDS-PAGE system is used.

2. Acrylamide Grade 1 (BDH 44313), bis-acrylamide, ammonium persulphate (Sigma A- 

6761), TEMED (N, N, N', N‘,-tetramethylethlene diamine, Sigma T-8133), Trizma base 

(Tris, Sigma T-1503), HCI, sodium dodecyl sulphate (SDS, specially purified: BDH 

10807), Glycine (BDH: 28458), Glycerol (BDH 10118), Bromophenol Blue (BDH 

44305) 0.2%, Mercaptoethanol (Sigma M-6250) and lodoacetamide (Sigma 1-6125), 

Molecular weight marker (Pharmacia 17-0551-) (Mol Wt Range 14,400 - 94,000).

Stock Solutions:

1. Acrylamide (Solution A): 250 g Acrylamide (Final concentration 40%)

3.375 g Bis (0.54%)

Make up to 625 ml with water

2. Main gel (Solution M): 480 ml

366 g

8 g
2.3 ml

1MHCI

Tris base (Final concentration 3M Tris-HCI)

SDS (0.8%)

TEMED (0.23%)

Adjust pH to 8.9, make up to 1000 ml with distilled water

3. Stack gel (Solution S): 121.1 g Tris base, HCI to pH 6.8 (1MTris-HCI)

8 g SDS (0.8%)

4 ml TEMED (0.4%)

Make up to 1000 ml with distilled water.

4. Ammonium persulphate solution: 10% (100 mg/ml) in water, keeps 24 hours : 3-5 ml 

will usually suffice.

5. Electrophoresis gel tank buffer (made up to 5x):

1440 g Glycine (When diluted, 0.38 M)

300 g Tris Base (0.05 M)

50 g SDS (0.1%)

Adjust pH to 8.3 make up to 10 L and dilute 

6 Sample buffer (Studier buffer) (Studier 1973)

12.5 ml 1M Tris pH 6.8 0.125 M

40 ml SDS 10%

20 ml Glycerol 20%

2 ml 0.2% Bromophenol Blue 0.042%

Add water to final volume of 100 ml.

Where reducing conditions are required, add 5% fresh mercaptoethanol (= 0.713 M) 

immediately before use.



Procedure:
1. The gel plates were cleaned with detergent^distilled water and 96% alcohol. Assemble 

cassettes with comb in place and insert in gel pourer.

2. The gel mixes was made according to either the homogeneous or gradient recipes.

For 4 thin gradient (5-25%) gels:

5% 25%

Solution A 6 ml 30 ml

Solution M 6 ml 6 ml

Water 36 ml 12 ml

Amm persulphate 0.18 ml 0.1 ml

For 4 thin homogenous 10% slab gels:

25% Solution A

12.5% Solution M

0.7% Ammonium Persulphate

62% Dist-di water

3 For gradient gels, the gel mixes were loaded into a gradient maker and pumped from the 

bottom of the gels at 10 ml/min (top speed on Gilson Minipuls). 50% glycerol was 

used to push all the acrylamide into the cassette. For homogenous gels, gel mixes were 

poured directly into the cassette.

4. Overlay with water saturated n-butanol and allow to stand for one hour.

5. Once set pour off overlay, rinse well, and add stack . The stack mixture is as follows:

12.5 % Solution A Usually: 5ml

12.5 % Solution S 5 ml

1.0% Ammonium persulphate 0.4 ml

74.0 % Water 30 ml

6.. Electrophoresis was carried out at about 4 °c at 25 mA per thin (0.7mm) slab gel.

7. Sample preparation: 1 mg/ml iodoacetamide was added if nonreducing condition was 

required. Under reducing conditions, equal amount of sample buffer was added to each 

sample, incubated for 5 mins at 100° C before loading onto gels.

2.7.2 Fixing and Drying Gels 

Reagents and Equipment:
1. Gel drier, such as BioRad 1125 B, and vacuum source of at least 29 mm Hg

2. Gel fixer (25 % methanol, 7.5% acetic acid)

Procedure:
1. Gels were immersed in gel fixer following electrophoresis for at least 20 minutes.

2. They were placed on filter paper (Whatman No. 1) and dried on gel drier at 80° C.



2.7.3 Staining Polyacrylamide Gels for proteins 

(Coomassle Blue Staining )  (W e b e r e t a l 1969)

Reagents:
1. Coomassie Brilliant Blue R-250 (Sigma B-0630)

2. Methanol (BDH)

3. Glacial acetic acid (BDH)

Procedure:
1. Make up:

Stain solution: 5 g Coomassie Blue in 2.5 litres of 25% methanol, 7.5%

acetic acid and filter.

Destain solution: 25% methanol, 7.5% acetic acid

2. The gel was immersed immediately after electrophoresis in stain for between 5 and 120 

mins, then transferred to destain.

2.7.4 Autoradiography and Fluorography
In indirect autoradiography, intensifying screens are placed behind the autoradiographic film 

to capture high energy beta or gamma rays which would otherwise not be recorded (Laskey 

1980; Laskey et al 1977). In fluorography, the gels are impregnated prior to drying with a 

scintillant to detect beta particles of too low an energy to reach the film (Laskey 1980; Bonner 

et al 1974). In both indirect autoradiography and fluorography, sensitivity is greatly enhanced 

by using film which has been briefly pre-exposed, and by exposing plates at -70°C (Laskey 

1980; Laskey et al 1975)

2.7.4a Autoradiography 

Reagents and Equipment:
1. X-ray film (Fuji RX or Kodak X-omat) and cassettes, 18 x 24 cm.

2. Intensifying screens (eg Ilford Fast Tungstate or DuPont Lightning Plus)

3. General purpose developer and fixer (eg Ilford PQ and Hypam)

4. Low-intensity flash gun, with filters (eg Kodak Wratten Nos 21 or 22)

Procedure:
1. The X-ray film was first flashed to increase sensitivity (Laskey 1980).

2. The film was placed on intensifying screen mounted in cassette, with flashed side face 

down on the screen. The dried gel (section 2.7.2) or NC blot (section 3.2) containing 

samples with gamma (125l) or high energy beta (32P) rays was placed on the upper 

(unflashed) side of the film and the cassettes closed.

3. The cassette was incubate for 1 -3 days at -70°C.

4. The film was recovered and developed (5 mins in Universal Developer at 1/4 dilution at 

20°C), immersed in stop solution (1.25% acetic acid) briefly, fixed (5 mins Fixer at 1/10) 

and washed in distilled water.



2.7.4b Fluorography
Reagents and Equipment:
1. X-Ray film, cassettes and chemicals as in Method 2.7.4a

2. One of the following scintillants for impregnating gels:

(a) Amplify (Amersham NAMP. 100)

(b) EnHance (New England Nuclear) or

(c) A cocktail of DMSO (dimethylsulphoxide) and PPO (2, 5-diphenyloxazole) 

Procedure:
1. The PAGE slab gel was fixed for 30 mins followed by immersing in Amplify for 30 mins 

before drying at 60 °C.

2. The impregnated gel was exposed to autoradiography as in section 2.7.4b, omitting 

intensifying screens, and the flashed side of film was then placed next to the gel.

2.8. TWO-DIMENSIONAL ELECTROPHORESIS

Both isoelectric focussing: IEF (O’Farrell 1975) and nonequilibrium pH gradient 

electrophoresis: NEPHGE (O'Farrell et al 1977) were employed.

2.8.1 Isoelectric Focussing (IEF)
Reagents and Equipment:
1. Pharmacia GE-2/4LS gel system was used.

2. Power pack delivering up to 500 V.

3. Gel cassettes for SDS-PAGE (see 2.7) and 2.7 mm internal diameter glass gel tubes, 

140 mm long (Pharmacia 19-4793-01).

4. PAGE chemicals (see 2.7) and ultrapure Urea (BDH 45204), Nonidet-P40 (NP40: 

Sigma N-6507), sodium hydroxide (BDH 45212) and orthophosphoric acid (BDH 

45010), Ampholines from LKB (pH range 3.5-10, No.1809-001 and pH range 5-7, 

No.1809-021), Agarose (BDH 44250).

Stock Solutions:

acrylamide 

bisacrylamide 

Urea

Nanopure water 

Acrylamide stock 

Ampholines pH 3.5-10

Ampholines pH 5-7 (2% total)

10% NP40 (2%)

TEMED

10% (w/v) Ammonium persulphate (freshly made).

1. Acrylamide stock solution:

2. IEF Gel mixture:

Before pouring, add:

5.50 g

2.00 ml 

1.33 ml 

0.10 ml 

0.40 ml

2.00 ml 

7 Hi
10 pi

28.38% (w/v)

1.62% (w/v) in nanopure water. 

(Final concentration 9.2 M)

3. Stock RNase and DNase: Make up 50mg/ml RNase and 1 mg/ml DNase in 0.01 M Tris-HCI
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pH 7.4 with 0.005 M MgCI2 and store at -70°C.
4. Lysis butter: 2.75 g Urea (9.5 M)

1 ml 10% NP40 (2%)

250 |il 3-10 Ampholines (2%)

40 mg Dithiothreitol (DTT, BDH 44149) (0.78%)

4 pi RNase Stock

4 p] DNase Stock

Add nanopure water to 5 ml.

5. 4X Lysis butter: 180 pi NP40 (18%)

41 pi 3.5-10 Ampholines (41% total)

55 mg DTT (17%)

4 pi RNase Stock

4 pi DNase Stock

Add nanopure water to 1 ml. .

6. Immunoprecipitate elution solution:

250 pi 10% SDS solution (0.5%)

40 mg DTT (0.78%)

Add Nanopure water to 5 ml.

7. Overlay mixture: 1% ampholines in 8 M urea (4.8 g in 6 ml).

8. IEF electrophoresis butter

Upper (-, cathodic) 0.05 M NaOH (2 g/litre)

Lower (+, anodic) 0.023 M H3P04 (1.44 ml/litre)

9. Equilibration butter: 10 ml Glycerol (10%)

50 ml 10% SDS (5%)

6.25 ml 1 M (121 mg/ml) Tris pH 6.8 (62.5 mM)

1 ml 2% Bromophenol blue

27.75 ml Deionised water

Add cone HCI to pH 6.8. Add 5% 2ME betore use.

10. Sealing agarose: 1 g Agarose

6.25 ml 1M Tris pH 6.8

20 ml 10% SDS

73.75 ml Deionised water

Aliquot and store at 4°C.

11. Ethanol -  KOH bath solution: 10 g KOH in 500 ml 95% ethanol or methanol.

12. Chromic bath solution: concentrated sulphuric acid, saturated with potassium dichromate. 

Sample Preparation:
To x pi sample add x pi lysis buffer and x mg urea.



For larger volumes: to x pi of sample add x/4 pi of 4x lysis buffer plus x mg urea.

For immunoprecipitates: boil precipitates in 50 pi of the immunoprecipitate elution 

solution. Cool, then add 12.5 pi of 4x lysis buffer and 12.5 mg urea, after loading overlay 

with lOp110% NP-40.

Procedure:
1. Glass rods were cleaned with the following procedure:

chromic acid bath 24 hours rinse in distilled water

EtOH-KOH bath 1 hour. rinse in distilled water, absolute alcohol

2. The end of rod was sealed with two layers of nescofilm or parafilm.

3. The gel mixture was added to the rod using a glass Pasteur pipette avoiding air bubbles 

forming at the bottom of the rod. The gels were overlayed with 20 pi of water. After 1-2 

hours the overlay was removed and replaced with 20 pi of lysis buffer.

4. IEF gels were pre-run at the following voltages:

200V for 20 minutes

300V for 20 minutes 

400V for 20 minutes

5. The liquid above was gently removed and samples loaded a Hamilton syringe 

(Supelchem).

6. Sample was overlayed with 20 pi overlay solution.

7. IEF gels were electrophresed for 7,500-9,500 volt-hours (400 or 500 volts for 16 hrs).

8. After electrophoresis the rod gels were extruded into 2 ml equilibration buffer with 5% 

2ME. The Gels were left to equilibratie for at Ieast15 mins before loading onto SDS- 

PAGE.

9. Normally, gradient gels (5-25%) were used for the second dimension. The first dimension 

rod gels were placed onto the rod gel holder containing molten sealing agar to hold the 

rod gel in place.

10. Electrophorese as in method 2.7

2.8 .2  Non-equilibrium pH Gradient Electrophoresis (NEPHGE)
All reagensts and procedure were similar to IEF method (section 2.8.1), except the followings:

1. NEPHGE Gel mixture: 5.5 g

2.00 ml 

1.33 ml 

0.50 ml

2.00 ml

Before pouring, add: 14 pi

20 pi

2. NEPHGE electrophoresis buffer

(Final concentration 9.2 M)Urea

Nanopure water 

Acrylamide stock 

Ampholines pH 3.5-10 

10% NP40 

TEMED

10% (w/v) Ammonium persulphate (freshly made).

(4%

(2%
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Upper (+ ve, anodic) 0.01 M H3P04 (576 pl/litre)

Lower (-ve, cathodic) 0.02 M NaOH (800 mg/litre)

Make up 4 litres of lower buffer And 1 litre of upper buffer. Degas 

both for 10-15 minutes before use.

3. NEPHGE gels were electrophresed for 2,000-2,5000 volt-hours (500 volts for 4-5 hrs) 

with reverse electrode without prerunning.

2 .9  ELISA  

Reagents:
1. ELISA 96-well plates such as Nunc Immunoplate 96F (Gibco Cat No 4-39454)

2. Carbonate buffer for antigen attachment:

45.3 ml 1.0 M (8.4%) NaHC03
18.2 ml 1.0 M (10.6%) Na2C03, made up to 1 litre.

3. Blocking solution: 5% FCS or 5% skimmed milk powder

4. PBS with 0.05% Tween-20 (Polyoxyethylenesorbitol monolaurate: Sigma P-1379)

5. HRP-conjugated anti-lg of the appropriate species (dBioRad)

6. Substrates:

(a) ABTS (2,2'-azino-di-[3-ethyl-benzthiazoline sulphonate] from Kirkegaard and Perry, 

Dynatech).

(b) Orthophenylene diamine (Sigma P-3888)

0.1 M Acetate-citrate buffer, pH 5.0 (8.2 g sodium acetate in 900 ml water)

4 M sulphuric acid 

Procedure:
1. Antigens were made up to optimal dilution (usually 1 pg/ml) in carbonate buffer and 100 pi 

per well was added to the ELISA plates which were then incubated at 4°C overnight.

2. The antigen was removed and 200 pi per well of blocking solution was added and left 

incubating for 30 mins at 37°C

3. Plates were washed 3 x in PBS-Tween, 3 mins per wash.

4. Serum dilutions of 100 pl/well was added to the plates and left incubating for 2 hours at 

room temperature.

5. The serum was removed and plates washed 3 x in PBS-Tween as before.

6. 100 pl/well of conjugate diluted (typically at 1/1000) in TBS was added and left incubating 

for 2 hrs at room temperature.

7. The conjugate was removed and the plates washed 3x in PBS/Tween with a final wash in 

distilled water.

8. The substrate was then added at 200 pl/well.

ABTS equal volumes of ABTS (Solution A) and buffered hydrogen 

peroxide (Solution B)



OPD 1 ml 10 mg/ml OPD in methanol (less than 7 days old)

10 |il 30% hydrogen peroxide 

99 ml Citrate buffer pH 5.0 

Stop reaction with 2M sulpuric acid.

9. Plates were left at room temperature for up to 30 mins and read in ELISA reader at 415 nm 

for ABTS and 405 nm for OPD substrates.

2 .1 0  IMMUNOBLOTING  
Reagents and Equipment:
1. Semi-dry blotting apparatus such as LKB Novablot (2117-250) and power supply capable 

of producing at least 200 mA.

2. Nitrocellulose (NC) paper, from Schleicher and Schull (BA 85) or Millipore (HAWP 304 P) 

(Towbin et al 1979)

3. Whatman 3 MM filter paper.

4. Discontinuous transfer buffer is prepared as in the LKB Novabolt manual:

A n o d e  so lu tio n  1 -pH 10.4

Tris 0.3M 36.3g

Methanol 20% v/v 200 ml

Make up to 1 litre with distilled water 

A n o d e  so lu tio n  2 - pH 10.4 

Tris 25mM 3.03 g

Methanol 20% v/v 200 ml

Make up to 1 litre with distilled water
C a thode  so lu tio n  - pH 7.6 

6-amino-n-hexonoic acid

40 mM 5.2 g

Methanol 20% v/v 200 ml

Make up to 1 litre with distilled water.

5. Blot Solution A: 5% foetal calf serum or skimmed milk powder (Blotto) 

(Hawkes et al 1982) or 20% soya milk inTBS pH 8.5

6. Blot Solution B:

1.00% Blotto or Foetal calf serum or soya milk

0.10% Tween 20 in TBS pH 8.5

7. Washing solution: TBS, 0.10% Tween-20.

8. Peroxidase-conjugated anti-immunoglobulin. Available from BioRad cat. nos.: mouse 

(172-1011), rabbit (172-1013), human 172-1001).

9. 3,3'-diaminobenzidine tetrahydrochloride (DAB, Sigma D-5637)

10. Rocking table (eg Luckham RT4), shaker or rotator.



11. Incubation trays (eg. BioRad, Luckham or homemade).

12. Amido black stain (Sigma N3005): 1% stain in 35% glacial acetic acid makes a 5x stock 

solution.

Procedure:
1. PAGE slab gels were electrophoresed as in section 2.7, loading 10 jig of protein per well, 

or cast gel without well-former and load protein across whole surface of gel.

2. The 3MM paper was cut to the size of the gel. They were soaked in various trasferred 

solution and sandwiched in the follwing orders:

upper (-) carbon electrode 6 pieces Whatman in cathode solution

gel

NC paper inwater 

2 pieces Whatman in Anode 2 

lower (+) carbon electrode 4 pieces Whatman in Anode 1 

Molecules were transferred for 2 hours at 0.8 mA per cm2of gel.

3. The NC paper recovered was quenched in Blot Solution A overnight at 4°C after 

removing the strip containing marker proteins. The marker proteins was visualised by 

staining for 10 minutes in amido black, and destaining in water.

4. The NC paper was rinsed in wash buffer, 3x10 mins wash.

5. The NC membrane was then incubated in antibody diluted in Blot solution B: 2 hrs at room 

temperature with constant agitation.

6. The paper was rinsed as in step 4.

7. It is then incubated in peroxidase-conjugated antibody, diluterd to the manufacturers 

recommedation in Blot Solution B for 60 mins and then rinsed as in Step 4, with a final 

wash in PBS.

8. The blot was developed with 3,3'-diaminobenzidine substrate: 50 mg per 100 ml PBS 

and 10p.l of 30% hydrogen peroxide.

2.11 IMMUNOPRECIPITATION

Reagents:

1. Labelled (125I ,35S) antigens

2. Test and control sera

3. PBS-0.5% Triton X-100 (Sigma T-6878)

4. S ta p h y lo c o c c u s  a u re u s  formalin-fixed bacteria (available from Bethesda Research 

Laboratories as Immunoprecipitin, BRL No. 9321 SA)

5. Protein-A sepharose (Sigma P3391)

6. SDS-PAGE Studier sample buffer (section 2.7)

Procedure:

1. The labelled antigen was precleared by mixing it with the pellet from 100-200 jxl of a 10%
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S .a u re u s  suspension, and incubating for 1 hr at 4°C. The mixture was spun and 

supernatant was then used in the assay.

2. 2.5 pi of serum or 10 pg of purified antibody and 104 - 106 cpm of labelled antigen were 

added to a tube containing 50 pi of PBS Triton. In testing tissue culture fluids, 50 pi 

of neat supernatantwas used in place of PBS. Radioactivity was counted if 125l was used. 

An overnight incubation was carried out at 4°C.

3. 2.5 pi of anti-immunoglobulin was added followed by incubation at 4°C for 30 mins

4. 20 pi of 50% suspension of Protein-A-sepharose was then added followed by incubation 

at 4°C for 60 min.

5. The immunoprecipitates were washed with cold PBS-Triton and centrifuged (top speed, 

bench centrifuge, 4°C, 10 mins). Three washes were usually carried out.

6. The pellets were counted on a gamma counter 125l labelled antigen before adding SDS- 

PAGE sample buffe and loading on SDS-PAGE (section 2.7).
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CHAPTER 3

CHARACTERISATION OF ES PRODUCTS OF BR U G IA  M A LA Y I

INTRODUCTION

Parasitic helminths residing in their hosts continue to release soluble components into the 

host environment. These ES products may arise from a variety of anatomical sources, 

including specialized secretory structures, the intestinal tract, and the parasite cuticle. Where 

there is turnover of surface components, these may constitute the majority of the ES 

contents. Since surface antigens are critical targets for effective immune responses to 

parasites, their release may also affect the equilibrium of the host-parasite relationship 

(Maizels et al 1982). Some ES components appear to play biological roles in evading the host 

immune responses or have biological functions implicated in the invasion, or feeding (see 

Table 1.2). They may also give rise to immunological lesions. An insight to these ES 

components will therefore provide an understanding to the biological behaviour of the 

parasites and also the host-parasite relationship. Such knowledge allows one to assess the 

immunogenicity of individual components in v ivo  and provides a basis for the selection of 

protective immunogens.

Most studies on parasitic secreted molecules are based on ES components obtained via in  

v itro  cultivation of parasites. For Filariae, maintainence and development of different stages 

of parasites have been attempted using different culture conditions. In most experiments, 

cells and/or serum are usually included in the cultures (Table 1.4) to support the survival or 

development of parasites. With the aim of determining possible functional roles of ES 

molecules from the adult worms, cell- and serum-free conditions were chosen for the present 

study. ES molecules released from lymphatic parasites have been investigated by several 

workers (see Table 1.5). As culture conditions have not been standardised, different profiles 

of molecules released have been observed (refer to Table 1.5). Therefore, the first part of this 

chapter is devoted to optimization of the culture conditions.

Cuticular surface, intestinal tracts and secretory systems are all possible sources of ES 

material (discussed in Chapter 1). The shedding of surface components, which are the target 

of vigorous immune responses, may be a means for parasites to evade immune attack, and 

information on the origins of components released by parasites is therefore important. In this 

study, components released from the adult worms are compared with molecules from 

different compartments by their mobility on SDS-PAGE and their immunoreactivities with
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infection sera.

ES products of nematodes have been found to play various active biological roles (Table 1.2). 

Among the functional molecules identified in helminths, an immunomodulating protease has 

been found in D. im m itis  (Tamashiro et al, 1987), superoxide dismutase as an antioxidant is 

detected in O. ce rv ic a lis  and D. im m itis  (Callahan et al 1988) and glutathione S-transferase 

has been shown to be a possible protective antigen in Schistosomes (Mitchell et al 1985). In 

order to assess the biological properties of ES products of B ru g ia  spp. and their possible 

roles in sustaining the infection, these enzyme activities are examined in this study.
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MATERIALS AND METHODS

In  V it r o  Culture: Parasites were harvested from the the peritoneal cavity of jirds as 

descreibed in chapter 2.1. About 120 male and female worms or recorded number of either 

sexes were asceptically cultured in RPMI 1640 medium supplemented with 25mM Hepes, 

100 U ml-1 penicillin, 100jig ml-1 streptomycin and 1% glucose at 37 °C in 5% CO2 and 95% 

air. The worms were washed 3 times with the culture medium before they were transferred to 

50ml of culture medium. The culture was checked regularly for up to 7 days. Spent medium 

was collected and replaced with fresh medium every day. The medium collected was 

centrifuged to remove microfilariae, filtered through Millex 0.22pm filters (Millipore SLGV 025 

BS) and concentrated 40 fold in an Amicon ultrafiltration cell with a YM 10 membrane (retaining 

proteins above 10,000 molecular weight). This was stored at -70 °C until used. Protein 

concentrations were determined by the Bradford (1976) method.

Microfilariae were first purified using lymphocyte separation medium (LSM) (described in 

Chapter 2.1.2) and then washed twice in RPMI before counting and culturing. Similar culture 

conditions were used to microfilariae except that the medium was supplemented with 2 %  

Foetal Calf Serum (Gibco 011-06180) (FCS) wherever indicated. Approximately 2 million 

microfilaeriae were cultured in 40 ml of RPMI and 20 ml of spent media were collected and 

same volume of fresh media added daily.

Extrinsic 125l Labelling of ES Products: ES proteins concentrated by diafiltration of 

culture media were labelled by lodogen method as described in chapter 2.5.1. As the protein 

content of ES was very low, 100 pCi of 125l was used in labelling 100 pi of concentrated ES to 

minimise radiolysis of proteins. Trichloracetic acid (TCA) precipitable counts (Chapter 2.6) 

were then performed in duplicate.

35s -methionine Metabolic Labelling: Adult worms were separated into groups of 10 

females , 20 males or 15 of both sexes on this study. All worms were cultured asceptically in 1 

ml of methionine free minimum essential medium (MEM) (Gibco 041-1900) supplemented 

with 10mM Hepes, 2 mM glutamine, 100 pg ml"1 penicillin, 100 pg ml'1 streptomycin, 1 x 

non-essential amino acids (0.089 mg I'1 L-Alanine, 0.15 mg I'1 L-Asparagine, 0.133 mg I'1 L- 

Aspartic acid, 0.075 mg I'1 Glycine, 0.147 mg I'1 L-Glutamic acid, 0.115 mg I'1 L-Proline, and

0.105 mg I'1 L-Serine) ( Flow 100X solution 16-810), 1% glucose and 150 pCi 35s - 

methionine (Amersham SJ 204). Cultures were maintained for up to 72 hours with daily 

addition of glucose to a final concentration of 1% and about 20 pi of 7.5% NaHC03 to 

readjust the pH of culture media to approximately 7.4. Each day 10OpI of medium was
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collected, centrifuged, filtered through a 0.22 pm filters and stored at -70°C until required. At 

the end of the culture period, worms were removed and washed in PBS twice before 

extraction.

Microfilariae were metabolically labelled with 100 jiCi of -methionine at a density of 

50,000 per ml of MEM supplemented with glucose, glutamine, antibiotics and NEAA as for 

the adult worms described above. In some experiments, media were supplemented with 

various percentages of FCS .

14C-glucosamine Metabolic Labelling of Adult Worms: Two sets of culture 

conditions were used in this labelling. In both cases, 50 pCi of label in 1 ml of medium was 

used to culture 10 female worms over a 3 day period: (1) Parasites were cultured in Hank's 

Balanced Salt solution (Flow 10x solution, 19-101-49) supplemented with amino acids for 

MEM (Flow 50x solution,16-011-49), NEAA , 10mM Hepes, 2 mM glutamine,100 fig ml’1 

penicillin, and 100 fig ml"1 streptomycin at 37°C and 5% CO2 atmosphere. After 24 hours, 

1% glucose was added: (2) Parasites were cultured in RPMI-1640 medium supplemented 

with 10 mM Hepes, 2 mM glutamine, 100 (ig ml'1 penicillin and 100 fig ml'1 streptomycin; 

100 |il of spent medium was collected and fresh medium replenished daily in both cases.

ELISA for Filarial Phosphorylcholine Antigen: The assay made use of a monoclonal 

antibody, Bp-1 (Sutanto et al 1985), which is specific for the phosphorylcholine epitope 

(Maizels et al 1987b), and which can be used in a two-site sandwich assay to measure relative 

levels of phosphorylcholine bearing antigens in the ES as described by Maizels et al (1987b). 

Normal ELISA procedure was followed (Chapter 2.9). Briefly, Bp-1 was coated onto Nunc 

Immuno plates at 1 fig ml'1 overnight at 4 °C, followed by incubating the plate with undiluted 

spent culture medium and Horseradish Peroxidase conjugated Bp-1 consecutively. The 

substrate used in this assay was ABTS (2,2'-azino-di[3-ethyl-benzthiazoline sulphonate]).

Detection of Lactate in ES: Lactate was determined as described by Gutmann and 

Wahlefeld (1974). The assay was performed in a final reaction volume of 1 ml containing 1.5 

mg ml'1 nicotinamide adenine dinucleotide (NAD) (Boehringer 775-754), 50 fig ml'1 lactate 

dehydrogenase and undiluted ES in 0.3 M glycine buffer, pH 9.2. The increase in optical 

density was measured at 340 nm and concentrations of lactate were calculated from the 

extinction coefficient of 6.22 x 10  ̂M '1cm'1.

Solubilisation of labelled Molecules: Metabolically labelled adult worms were

solubilised either with PBS nOG (Chapter 2.3.2) or by 2ME strip (Chapter 2.3.4).
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Immunoprecipitation: Labelled ES (35S-ES or 125l-ES)or soluble proteins of worm 

extracts were immunoprecipitated either with human infected sera or experimental animal 

sera. Monospecific rabbit serum against the 29 kDa antigens of adult parasites was prepared 

by Dr M.E Selkirk. It was raised by immunising the animal with denatured protein excised and 

electroluted from SDS-PAGE. Human B rug ia  m a la y i infected sera were from Tanjungpinang 

(from Dr F Partono, Indonesia). A pooled anti S. m a la y i serum from 8 individuals who were 

symptomatic and microfilariaemic was used. Pooled serum obtained from U.K. residents was 

used as a negative control. The procedure followed was as described in Chapter 2.11.

Deglycosylation: N-glycanase (also termed PNGase F) (Genzyme Corporation, Lot 0965) 

which hydrolyses asparagine-linked oligosaccharides from glycoproteins (Tarentino, Gomez 

and Plummer, 1985) was used to deglycosylate proteins in this study. Labelled antigens in a 

volume of 9pl were boiled for 3 minutes in the presence of 1pl of 5% SDS, 8% 2- 

mercaptoethanol. The mixture was diluted with 17pl of glycanase digestion buffer made up of 

300pl of 100mM 1,10 phenanthroline and 500pl 7.5% NP40 and 900pl of 0.66 M sodium 

phosphate buffer pH 8.6 (The final concentration of digestion buffer in 30pl of reaction 

solution was 10 mM 1,10 phenanthroline and 1.5% NP40 in 0.2 M sodium phosphate buffer 

pH 8.6). 3pl of N-glycanase diluted in 50% glycerol and 2.5mM EDTA was added and reaction 

mixtures incubated at 37°C for 24 hours. Enzyme concentrations of 1U ml'1 ,10 U ml'1 and a 

dilution buffer control were included in the experiments. The enzyme digestion was stopped 

after 24 hours by adding SDS-electrophoresis sample buffer followed by 3 minutes boiling. 

Products from the enzyme reaction were then analysied on SDS-PAGE.

Detection of Glutathione S-transferase (GST): Both spectrophotometric assay 

(Simons et al 1977; Habig et al 1974) and affinity purification methods (Simons et al 1977; 

Smith et al 1986) were used.

Spectrophotometric assay 

Reagents
1. Chloro-2,4-Dinitrobenzene (CDNB; Sigma C 6396)

2. Glutathione (GSH: Sigma G 4251)

3. 1M phosphate buffer pH 6.5

4. 25 mM CDNB in ethanol

5. 10 mM GSH in distilled water

6. Spectrophotometer: Techtron DMS 200 or Beckman DU70.

Procedure
1. For 1 ml reaction mixture, 100 pi phosphate buffer, 20 pi CDNB and (780 -  X) pi ]( X is the 

volume of sample tested) distilled water are mixed in a a cuvette.

2. 100 pi of GSH followed by X pi of sample or enzyme were then added.
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3. Rates of increase of absorbance at 340 nm for 5 minutes against mixture without sample 

or enzyme was measured in spectrophotometer.

1 unit of activity is defined as the amount of enzyme required to catalyze the formation of 

1 pmole of product per minute (DE = 9.6 mM'1cm'1).

Affinity Purification of Giutathlone-S-transferase 

Reagents
1. GSH-linked epoxy activated Sepharose 6B (Sigma G4510)

2. Glutathione (GSH: Sigma G4251)

3. 22 mM potassium phosphate buffer pH 7.2 (Solution A)

4. 5 mM GSH in 50 mM Tris/HCI buffer pH 9.6 (Solution B)

Procedure
1. The GSH Sepharoase was packed into 1 ml column and washed with Solution A (at 10 

miyhrflow rate).

2. The sample (metabolically labelled ES or worm extract, or 125l labelled worm extracts) in 

phosphate buffer pH 7.2 was loaded.

3. The column was washed with not less than 10 ml of Solution A.

4. Bound enzyme was eluted with Solution B.

5. The eluate was neutralised with 2M Tris and analysed on SDS-PAGE (see Chapter 2.7).

Detection of Superoxide Dismutase: Superoxide dismutase is assayed indirectly by 

detecting the inhibition of reactions directed by oxygen radicals. Xanthine-xanthine oxidase is 

the most widely used system to generate oxygen radicals for reducing substrates such as 

cytochrome C (McCord et al 1969) or nitroblue tetrazolium (Beauchamp et al 1971). Other 

more sensitive methods include luminol (Bensinger et al 1981) and chemiluminescence 

(Corbisier et al 1987) assays, but these require special detection apparatus.

Reagents

1. Cytochrome c (from horse heart Type VI: Sigma C7752)

2. Xanthine (Sigma X0626)

3. Xanthine oxidase (Sigma X4500)

4. EDTA (Sigma ED2SS)

5. Reaction mixture

Solution A: 0.5 M Potassium phosphate buffer, pH 7. (Final concentration, 0.05 M) 

Solution B: 1 x 10"4 M cytochrome c 

5 x 10"4 M xanthine 

1 x 10‘® M EDTA in distilled water

Procedure

1. 100 M-l of Solution A, 100 pi solution B, and 700 pJ -  X pj of distilled water were mixed in a
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cuvette. The enzyme reaction was started by adding 100 pi of Xanthine oxidase (1 unit) 

and immediately X pi of enzyme/extract/ES to the reaction mixture. (Final volume of 

reaction mixture is 1 ml).

2. The enzyme reaction was measured in DMS 200 spectrophotometer at 550 nm. SOD 

enzyme activity is determined as the % inhibition of the Xanthine oxidase enzyme activity 

measured by change of OD at 550nm in the absence of SOD (1 unit of enzyme activity = 

50% inhibition).

Proteases: Assays using a sensitive microplate assay for the detection of proteolytic

enzymes using radiolabelled gelatin as the substrate (Robertson et al 1988b) and

Immunoglobulins were employed.

Assays with gelatin as substrate
Reagents:
1. A stock solution of 0.1% bacteriological gelatin (Gibco 152-0221) in distilled water, and 

boiled for 10 minutes to destroy endogenous proteolytic enzymes.

2. Radiolabel 10 pg of bacteriological gelatin was radiolabelled with 400 pCi of Bolton-Hunter 

reagent (see Chapter 2.5.2). The percentage of TCA precipitable counts was determined 

(see Chapter 2.6).

3. PVC microtitre 96-well plates (Flow Titertek immunoassay plate).

4. 0.06 M carbonate buffer pH 9.6 and PBS, pH 7.4.

Procedure:
1. Microtitre plates were coated with 30,000 cpm per well of radiolabelled gelatin, diluted in 

50 |il carbonate buffer, and the supernatant was dried down by incubating uncovered 

plates overnight in a dry 37°C incubator.

2. Wells were washed 3 times with PBS (10 minutes each at room temperature), then 

incubated for 2 hours at 37°C with PBS, and then washd a further 3 times.

3. 50 jil of duplicate samples of enzymes at various dilutions in PBS was added to each well, 

and incubated for 16 hours at 37°C.

4. The supernatant was removed from the wells. Both cut up wells and indiividual 

supernatant was counted individually in a gamma counter. The percentage counts 

released were then calculated for each sample as follows:

^(supematart)
----------------------------------- X100

^^supernatant)+ (wells)

The background counts released by buffer alone were subtracted for each sample.



Assays with Human immunoglobulins as substrate 

Reagents and procedure:
1. Human immunoglobulin (Ig) subclasses obtained from Calbiochem:

IgG-j Cat. no. 400112

lgG2 Cat. no. 400114

lgG3 Cat. no. 400116

lgG4 Cat. no. 400118

IgA Cat. no. 40110

IgM Cat. no. 401810

IgE a kind gift from Dr M. Kemeny (Guy's Hospital, London).

10 pg of each Ig class were diluted in 50 pi of PBS and labelled with 200 pCi of 125l by 

the lodogen method (Chapter 2.6.1).

2. Proteolysis assays were carried out by adding 600,000 cpm of labelled immunoglobulin 

subclasses to ES or parasite somatic extract or live microfilariae at 37 °C for 20 hours. PBS, 

RPMI-1640, papain (ipg) and trypsin (1pg) were used as negative and positive controls. 

At the end of the incubation, samples were boiled in loading buffer of SDS-PAGE and 

analysed on reduced SDS-PAGE.
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RESULTS

3.1 IN VITRO CULTIVATION OF BRUGIA MALAYI
Viability and Total ES Products Released by Adult Parasites Cultured In 
Vitro

Before analysing secreted antigens from B ru g ia  m a la y i in detail, the overall time course of 

parasite viability and secretion in  v itro  was first examined. After washing 3 times with RPMI 

medium, adult worms were maintained in  v itro  in RPMI medium over a period of time. Primary 

experiments showed that parasites in this culture system with daily replacement of fresh 

medium survived for up to 10 days. In most instances, parasites remained active for six to 

eight days. Apart from visual examination, parasites' viability and the secreted material 

collected from these cultures were assessed by three parameters. Firstly, the total quantity of 

secreted protein was determined by the Bradford method from diafiltrated spent culture 

medium collected each day. The peak level of protein secretion was found to be between 3-4 

days (Fig 3.1a). A second assay employed a phosphorylcholine specific monoclonal antibody 

in an ELISA assay to measure PC-bearing products released by adult parasites (Maizels et al, 

1985a). The pattern of PC secretion closely followed that of overall protein secretion is also 

shown in Figure 3.1a. Finally, the lactate content in spent culture media from each day was 

monitored in a separate experiment, and by this measure, energy consumption appeared to 

peak 24 hour earlier at 2-3 days (Fig 3.1a). Similar results were observed in a replicate 

experiment although actual values for each point were slightly different.

Since gravid female parasites continue to release microfilariae into the culture, the newly 

released microfilariae were counted every day up to day 7 in a separate experiment where 

only female parasites were maintained in  v itro . As shown in Figure 3.1b, the release of 

microfilariae followed closely to that of total protein and PC level detected in the culture.

To examine whether the release of PC molecules is female specific and related to the release 

of microfilariae, parallel cultures each containing a group of 40 parasites of either sex in 20 mis 

of medium were set up and PC secreted each day was assayed. Figure 3.1c shows that both 

male and female parasites secrete detectable PC and the pattern of release, with regards to 

the peak of secretion at day 4 was similar in both. However, the amount released by female 

worms was much higher than that of male parasites. The differences in the quantity of PC 

release could be accounted by the differences in their biomass, male worms being 20% by 

weight of the female worms (Chen et al 1979b).
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Profile of Adult ES Products by 125l Labelling (125l-ES)
The protein level of ES obtained from culturing parasites in  v itro  was rather low. The protein 

content of ES collected each day ranged from approximately 1 jig to 10 jig. The low amount 

of material available thus precluded analysis of ES components by direct staining of SDS- 

PAGE. An alternative method of first 125l labelling the concentrated ES by the lodogen 

method, followed by analysis on SDS-PAGE was employed. By analysing ES products 

obtained each day, it was found that major molecules of 29 kDa, 51 kDa and 100 kDa were 

consistently released throughout the culture period (Fig. 3.2). Minor products of 15 kDa, 32 

kDa, 38 kDa, 58 kDa, 67 kDa, 96 kDa, 100-110 kDa and 200 kDa were also observed through 

the duration of the culture period, although production was diminished beyond day 5 (Fig 

3.2).

Metabolically Labelled ES (35S-ES) of Adult Worms
To examine the pattern of synthesis and turnover of ES products, 35S methionine was used 

to metabolically label adult worm proteins. This approach also required a preliminary series of 

experiments to optimise culture conditions by comparing different media and combinations of 

supplements and by varying the time periods allowed for uptake of label and protein 

synthesis. In each case, labelled proteins were then examined by SDS-PAGE.

All media used were supplemented with glutamine, standard concentrations of antibiotics and 

glucose at 1%, but differed with respect to amino acid composition. Firstly, Minimal Essential 

Medium (MEM) was used and a comparison of continuous labelling and pulse-chase 

conditions was performed. The yield of labelled ES obtained by pulsing parasites for 24 hours 

in methionine free MEM and then chasing in complete MEM medium for the next 48 hours 

was very low as compared to a continuous culture in methionine free MEM for 72 hours. MEM 

is devoid of seven amino acids not essential to mammalian cell growth; Ala, Asn, Asp, Gly, Glu, 

Pro and Ser. A second approach was hence to observe the effects of adding these amino 

acids to the cultured worms. The addition of these seven amino acids definitely resulted in 

more efficient labelling in the continuous culture. Finally, 35S-ES from continuous cultivation 

in methionine free MEM containing non-essential amino acids was found to differ significantly 

from ES taken from cultures in RPMI-1640 medium with its normal concentration of non- 

essential amino acids but including methionine. While substantial 35S-ES was obtained after 

48 hours of cultivation in RPMI (Fig 3.3, panel A, lane 2), at least 72 hours was required to 

obtain equivalent levels of labelled ES if cultivation was performed in MEM (Fig 3.3, panel C, 

lane 3).

A whole range of proteins from molecular weight of 10 kDa to 200 kDa was detected in the
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1 2  3  4  5  6

Figure 3.2 SDS-PAGE profiles of 125I-ES proteins.

Equal amounts of 50x concentrated ES of mixed sexes collected on days 1-6 

(lanes 1-6 respectively) were radiodiodinated by the lodogen technique, and 

20pl volumes of each were analysed on 5-25% SDS-PAGE.
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culture medium. The protein profiles of material released by female and male worms 

maintained in RPMI 1640 supplemented medium over 3 days is shown in figure 3.3 (panel A 

and B). Male parasites are substantially smaller (about 20% of female body weight, Chen et al 

1979b), but produce on a per worm basis only 8-9% of the ES produced by an adult female, 

measured by 35S incorporation and autoradiography. Thus female worms not only release a 

greater range of proteins than male worms (Fig 3.3, panel A and B) but also a larger total 

quantity, probably due to a higher metabolic rate associated with their larger biomass and the 

physiological requirement for microfilaria production. Comparison of the two sexes suggests a 

broadly similar pattern of protein release; however, several components of lower molecular 

mass of 10 kDa to 22 kDa together with those of high molecular weight, ranging from 120-200 

kDa.were apparent only in female ES (Figure 3.3, panel A and B). Analysing these ES 

components on two-dimensional PAGE, showed a clear heterogeneous profiles in 

components released by different sexes. In particular, prominent female specific molecules of 

14 kDa and 20 kDa were observed (Fig 3.4).

Although 35S-ES from RPMI-1640 medium gave slightly more efficient labelling than did the 

supplemented Methionine free MEM, MEM medium was found to give greater consistency 

between experiments, and there was less evidence of degradation as judged by the clarity of 

resolution on SDS-PAGE.

Metabolically Labelling of Adult Worms with 14C-Glucosamine

To examine whether ES products are glycosylated, labelled glucosamine was used for in 

vitro metabolic labelling, and culture media were analysed using SDS-PAGE. For maximum 

incorporation of label, cultured worms were first completely deprived of glucose by incubation 

in Hank's Balanced Salt Solution with amino acid supplements. However, the mobility of 

cultured parasites slowed down tremendously (visual judgement) after a few hours and 

chasing with 1% glucose after 24 hours did not give detectable ES. RPMI medium with its 

indigenous glucose (0.2%) was able to sustain the parasites up to 3 days and in this case, a 

weak but detectable level of glycoproteins was released into the culture medium after day 2 

(Fig 3.5). More intense glycosylation was found with the high molecular weight ES molecules 

(Fig 3.5, lanes 2 and 3). Comparing to the ES components, different profiles of molecules 

were found to be glycosylated in the surface enriched and the somaticextract of the parasite 

(Fig 3.5, lanes 4 and 5).

In  v i t r o  Cultivation of Microfilariae

Mf ES molecules are of interest firstly, as the product of an abundant life cycle stage in the 

host, and secondly because female parasites release microfilariae during the cultivation
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35S-ES of male/female parasites in RPMI/MEM medium.

Either 10 female or 20 male parasites were metabolically labelled with 150 pCi 

35S-methionine in 1 ml of culture medium. Media were collected on Day 1 (lane 

1), Day 2 (lane 2) or Day 3 (lane 3) and analysed on SDS-PAGE.

Female parasites in MEM medium (with non-essential amino acids);

Female parasites in RPMI medium;

Male parasites in RPMI medium.
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Figure 3.4 Two dimensional gel eletrophoresis (NEPHGE) of 35S-ES of female and male 
of B. malayi.

35S-ES of female (Top) and male (Bottom) parasites in MEM medium were 
separated by non-equilibrium pH gradient electrophoresis followed by a 
second dimensional separation on SDS-PAGE. Major differences between 
the two preparations were circled.
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Figure 3.5 Female parasites metabolically labelled with14C-glucosamine.

10 female parasites were metabolically labelled with 50 pCi of 14C-glucosamine 

in 1 ml of RPMI-1640 over 3 days. Media were collected on each day and worms 

recovered after culturing were solubilised by different procedures anianalysed 

on SDS-PAGE.

Lane 1 Day 1 ES

Lane 2 Day 2 ES

Lane 3 Day 3 ES

Lane 4 surface enriched preparation

Lane 5 PBS extract

Lane 6 SDS 'harsh' extract
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studies described above. Microfilariae cultures were therefore set up to examine the 

components released by this larval stage. Microfilariae from the peritoneal cavity of jirds were 

seperated from red cells using lymphocyte separation medium as described in chapter 2.2. 

Approximately two million microfilariae were cultured in 40 ml of RPMI supplemented with 

glucose as in the medium used for adult worms. One half of the culture medium was collected 

and replaced with fresh medium each day. Lactate and protein released were measured over 

a 7 day period. The lactate level in the culture media collected each day remained steady, at 

about 2 mM per day. The protein content was however, lower than 1 pg /ml (below the level 

detectable by the Bradford protein assay) after concentrating the spent medium 50 fold by 

diafiltration. Although the protein turnover improved when FCS was supplemented in 

metabolic labelling described below, supplementation of 2% FCS in the RPMI medium gave 

no obvious increase in lactate production and hence the inferred level of metabolic activity. 

Labelling the concentrated ES products with 125l by the lodogen method followed by analysis 

on SDS-PAGE under reduced conditions did not give any significant protein components 

apart from a 67 kDa band.

Metabolic Labelling of Microfilariae

In parallel with the analysis of by extrinsic labelling, microfilaria ES obtained by metabolic 

labelling with 35S-methionine was also examined. As in the case of adult worms, the culture 

conditions for the labelling were first optimised. Firstly, MEM containing glutamine, glucose 

and antibiotic supplements together with NEAA was chosen as the standard medium in view 

of its effective incorporation of label in the adult ES. However, with 50,000 microfilariae in 1 ml 

of MEM containing 100 pCi of label, either pulse-chase or continuous culturing gave very 

weak labelled ES. As microfilariae live in the circulation of the mammalian hosts in vivo, serum 

protein may be an essential nutrient for them. Culture medium was therefore supplemented 

with FCS. In order to minimise the amount of mammalian proteins in the culture system, 

titrated levels of foetal calf serum (FCS) were examined. Three culture conditions with no 

FCS, 2% or 5% FCS supplement were set up. Microfilariae were kept in these media in the 

presence of 100 pCi 35S-methionine for 2 days followed by 24 hours chase. Compared to the 

ES obtained from medium without serum supplement (Fig 3.6, lanes 1 ,4  and 7), there was a 

significant increase in the incorporation of label when 2 % FCS was included in the culture 

medium ( Fig 5, lanes 2, 5 and 8). There was however, no further improvement in the protein 

turnover when the serum supplement was raised to 5% ( Fig 3.6, lanes 3, 6 and 9).

To examine possible microfilarial components in ES products of female parasites, 35S-ES 

products from adult (Fig 3.7, lanes 1 and 2) and microfilariae (Fig 3.7, lane 3), and somatic 

extract of newly released microfilariae (Fig 3.7, lane 4) were compared. The newly released
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Figure 3.6 SDS-PAGE profiles of 35S-ES of B. m a la y imicrofilariae.

50,000 of microfilariae were metabolically labelled with 100 pCi of 35S- 

methionine in 1 ml of MEM, supplemented with non-essential aminco-acids, 

glucose, glutamine and penicillin/streptomycin with various concentrations of 

heat inactivated foetal calf serum (FCS) over a 3 day period. Media collected on 

day 1 (lanes 1-3), day 2 (lanes 4-6) and day 3 (lanes 7-9) and equal volumes of 

ES were loaded in each track for analysis on SDS-PAGE.

With no serum supplement lanes 1,4 & 7

With 2% FCS lanes 2, 5 & 8

With 5% FCS lanes 3, 6 & 9
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microfilariae were obtained from culture medium of female worms after metabolic labelling. A 

38 kDa molecule was found in ES of adult females and microfilaria and also in somatic extract 

of newly released microfilariae (Fig 3.7). No molecule with the same mobility was observed in 

the ES of male parasites (Fig 3.7, lane 2). Another molecule of 10 kDa molecular weight was 

also found in the female ES and somatic extract of newly released microfilariae (Fig 3.7, lanes 

1 and 4). These molecules detected in female ES are therefore likely to be microfilarial 

products.

3 .2  COMPARISON OF ES PRODUCTS WITH SURFACE AND SOMATIC 

COMPONENTS OF THE PARASITES

Turnover or shedding of surface molecules has been demonstrated in a number of parasites. 

The possibility of shedding or release of major surface molecules from adult Brugia  parasites 

was therefore examined. Among the ES proteins labelled by 125l (Fig 3.2), a prominent 

molecule is present with a mobility on SDS-PAGE (molecular weight of 29 kDa) similar to that 

of the major cuticle protein of B. pahan g i (Sutanto et al, 1985) and B. m alayi (Maizels et 

al,1989). To determine whether these 29 kDa proteins are identical, both 35S and 125l 

labelled ES were immunoprecipitated with rabbit antiserum raised against the 29 kDa from 

adult worm extract. This antibody specifically precipitated a 29 kDa protein from ES labelled by 

both methods (Fig 3.8, panel A and B respectively). In addition, a recent study on the surface 

antigens of adult parasites showed that the surface 29 kDa protein has at least two 

asparagine-linked carbohydrates which are specifically cleaved by N-glycanase (Maizels et al, 

1989). Treating 35S and 125I-ES in parallel with 125l labelled surface antigens with N- 

glycanase showed that the 29 kDa protein of 125I-ES (Fig.3.9, panel A) and 35S-ES ( Figure 

3.9, panel B) were both deglycosylated by N-glycanase in two steps to proteins of 25 kDa 

molecular weight. A minor ES product of 51 kDa was also deglycosylated by N-glycanase to 

approximately 45-47 kDa in both 125I-ES (Figure 3.9, panel A) and 35S-ES (Figure 3.9, panel 

B).

The large number of secreted proteins from Brugia  adults prevents conclusive assignment of 

identity solely by migration on one-dimensional gel electrophoresis. Two-dimensional analysis 

were therefore performed, employing NEPFfGE charge separations (O'Farrell et al,1977) 

which resolves basic proteins such as the 29 kDa surface antigen. When 125l surface labelled 

proteins (Fig 3.10A) were compare to 125I-ES (Fig 3.1 OB), the 29 kDa glycoproteins from 

each preparation resolved with a similar pi pattern of 4 spots with pis ranging from 6.5 to 8.5. 

Moreover, when 35S-ES was immunoprecipitated with the rabbit anti 29 kDa serum and 

analysed on 2-dimensional PAGE, the antiserum specifically recognised the same train of
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Figure 3.7 Comparison of 35S-ES of adult parasites and microfilariae.

Female and male parasites were cultured for 3 days in serum free MEM and 
microfilariae were cultured in MEM with 2% FCS for 2 days. Culture media were 

spun and filtered before the analysis on SDS-PAGE. Newly released 

microfilariae were obtained from the culture medium of female worms and were 
solubilised in PBS with protease inhibitors.

Lane 1 Female ES

Lane 2 Male ES

Lane 3 Microfilarial ES

Lane 4 PBS extract of newly released microfilariae
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1 2  1 2

Panel A Panel B

Figure 3.8 Immunoprecipitation of adult 125I-ES and 35S-ES with rabbit anti 29 kDa serum.

Panel A lanel Total 35S-ES

lane 2 Immunoprecipitate

Panel B lane 1 Total 125I-ES

lane 2 Immunoprecipitate
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Panel A Panel B

Figure 3.9 N-glycanase digestion of adult 125I-ES (A) and 35S-ES (B). 

Lane 1 Control with enzyme dilution buffer alone 

Lane 2 Digestion with 1 U m l'1 of enzyme 

Lane 3 Digestion with 10 U ml"1 of enzyme



Figure 3.10 Comparison of surface and ES 29 kDa molecule of adult B. malayi.

Two-dimensional gel electrophoresis (NEPHGE) analysis o f :

(A) surface 125l labelled adult parasites (mixed sexes)

(B) 125I-ES (mixed sexes)

(C) Immunoprecipitate of 35S-ES with rabbit anti 29 kDa serum.
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spots (Fig 3.1 OC).

To further clarify possible relationships between other ES products and molecules within the 

parasite, comparisons of 35S-ES, surface derived antigens and somatic extract molecules 

were made. Adult worms were metabolically labelled as described in section 3.1 and parasites 

recovered were then subjected to two extraction protocols; first by incubation of intact worms 

in 2-ME (surface enriched preparation) (Chapter 2.4.3) and second by homogenisation in 

nOg PBS (Chapter 2.4.2). These were then analysed together with the labelled ES on one 

(Fig 3.11) and two-dimensional SDS-PAGE (Fig 3.4 and Fig 3.12). Although conclusions 

could not be drawn with all components, a number of components could be identified to be 

present in one compartment but not in the other by analyses on two-dimensional SDS-PAGE. 

One of these was the surface molecule, 17-200 kDa 'ladder-like' complex (Maizels et al 1989), 

which was clearly present in the surface enriched preparation (Fig 3.12) but not in the ES ( Fig 

3.4). Another molecule of 24 kDa from surface enriched preparations (Fig 3.11, lane 4; Fig

3.12 , top panel) was also not a component of the ES (Fig 3.11, lanes 1 to3; Fig 3.4). This 

molecule was observed to be present only in the female parasite (Fig. 3.12).

Serum antibodies from naturally infected host should recognize antigenic molecules from all 

three compartments either through active release from living parasites or passive release from 

dead worms. With no other specific immunological tools in hand, the immunoreactivity of 

molecules from all three compartments were examined by immunoprecipitating these 

antigens with pooled sera of chronic filariasis/microfilaraemic (Mf+S+) from Tanjungpinang and 

analysis on SDS-PAGE. A representative profiles of molecules from surface enriched 

preparations and worm somatic extract recognised by human sera from patients infected with 

B. m a lay i are shown in Figure 3.13 (results of immunoprecipitations of ES products are 

presented in chapter 4). This comparison is summarized in Fig 3.14. In each compartment, 

antigens of molecular weight of 10-200 kDa were found and most of them have similar mobility 

on SDS-PAGE. However, a few exceptions were detected, such as the 14 kDa and 21-22 kDa 

antigens were found only in the ES and somatic compartments and 42-43 kDa together with 

66-68 kDa antigens which were present only in the surface and somatic preparations. The 66-

68 kDa antigen is likely to be a collagenous component as collagens of similar molecular
125weights have recently been reported in Brugia  species by extrinsic I labelling (Selkirk et al, 

1989a).

Examinations of components from different compartments by one or two dimensional 

electrophoresis and based on their immunoreactivity presented here provide a clear 

indication of the possible relationship of some molecules in various compartments. However,
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Figure 3.11 Comparison of 35S metabolically labelled adult ES, surtace associated and 

somatic components on SDS-PAGE.

10 femlae parasites were metabolically labelled over 3 days. Media were 

collected each day (lanes 1-3, day 1-3 ES). After the culture period, parasites 

were subjected to different solubilisation procedures. They were first incubated 

with 5% 2ME for 30 min at 37 °C, the supernatant taken and spun before 

analysis (lane 4). Insoluble parasite material was washed and homogenised in 

1.5% nOG PBS. The supernatant recovered by centrifugation was analysed 

(lane 5). Insoluble pellets were incubated in buffer consisting of 5%SDS, 5% 

2ME and 8M urea at 65 °C for 2 hours. The supernatant recovered after 

centrifugation was analysed (lane 6).
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Figure 3.12 Two-dimensional gel electrophoresis (NEPHGE) of 35S surface enriched 

preparation of metabolically labelled adult parasites.

Labelled female (Top) and male (Bottom) parasites were incubated in 5% 2-ME 

at 37°C for 30 min and the supernatant spun , dialysed before the analysis.
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180-200KC

Figure 3.13 Immunoreactivities of adult 35S surface enriched and somatic extracts of B. 

m alayi with homologous human infected serum.

Immunoprecipitations were performed with either 35S surface enriched 

preparation (Panel A) or 35S somatic extracts (Panel B) and a pool serum from 

residents infected with B. m alayi (Symptomatic, microfilaraemic).

Lane 1 Immunoprecipitation with anti B. m alayi serum 

Lane 2 Immunoprecipitation with normal human serum

Lane 3 Total antigen



Figure 3 .14 Summary of sec re ted  ( 125I-ES, 35S-ES),  surface associa ted  and somatic 

antigens of adult B. m a layi.

125I-ES : 120 paras ites  were cultured in RPM M640 medium supplemented 

with 1 % glucose, 25 mM HEPES,  100 U/ml penicillin and 1 g/ml 

streptomycin, and spent media (ES) were collected each day. The 

ES was  then concentrated and labelled with l25i iodogen.

35S ES : Parasites were cultured for 3 days in MEM supplemented medium.

The spent supernatant was collected (ES).

35S-Surface extract: Metaboiically labelled parasites were incubated with 5 % 

2-ME without physically disrupting the worm bodies.

35S-Somatic extracts : Metabolically labelled parasi tes were homogenised in 

PBS

Length of bars: Abundance of antigens

Shade of bars : Recognition of antigens by sera from human filanasis infection 

ca ses

No recognition □

Weak recognition [ ^ |

Strong recognition W M
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conclusive assessment tor most of the molecules require a more definitive tools, such as 

monoclonal antibodies.

3.3 ENZYME ACTIVITIES IN ADULT ES AND SOMATIC EXTRACTS

Functional ES products have been found in a number of nematodes, including proteases, 

glutathione S-transferase and superoxide dismutase which play a role in evading host 

immune response (see Table 1.2).Tests for these enzyme activities were performed on both 

ES products and somatic extracts of Brug ia  spp. The results are summarised in Table 3.1. 

Firstly, there was no detectable glutathione S-transferase activity in either ES containing 1pg 

of protein (determined by Bradford assay), or in whole worm extract containing 40pg of 

protein. The sensitivity of this assay was 0.001 U of enzyme activity. Components from 35S- 

ES antigens, 125l-surface labelled and 35S-somatic worm extract all failed to bind to a 

Glutathione-agarose affinity column. However, the same enzyme determinations and affinity 

purification procedure gave positive results with extracts of S chistosom a  species (Dr A. 

Agnew , personal communication).

In a parallel set of experiments, no evidence of proteolytic activity could be found in ES 

containing 20 pg of protein or adult and microfilarial somatic extract containing 1 rng/ml of 

protein using 125l labelled gelatin as a substrate, in an assay which will detect 1 ng/ml of a 

range of standard proteases (Robertson et al, 1988b). It has been demonstrated that 

D iro fila ria  im m itis  microfilariae contain proteolytic enzymes which can digest canine 

immunoglobulin (Ig G) together with other substrates (Tamashiro et al, 1987). However, in the 

present siudy, there was no evidence of proteolytic activity in the ES of adult B. m a lay i 

containing 1 pg/ml of protein, adult and microfilariae somatic extract containing 0.5 mg/ml of 

protein, or live microfilariae using 125l labelled human immunoglobulin subclasses of IgA, IgM, 

IgG-j, lgG2 , lgG3, lgG4  and IgE as substrates, which were each subsceptible to digestion 

with20 pg/ml of trypsin and papain.

Superoxide dismutase enzyme activity was also examined, but none was detected in adult 

somatic extract containing 0.4 mg/ml of protein or ES with 1 pg/ml protein content.
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Table 3.1 Results of Tests for Enzymes in ES and Somatic Extract of B. 

m a la y i

Enzymes Assays Material
Tested

Max. protein 
cone, tested

Result

Glutathione S- Spectrophotometric (Habig, 1974) Adult ES 1 pg/ml -ve
trasterase Adult Somatic 40 pg/ml -ve

Affinity purification (Smith, 1986) 35s -e s n/a -ve
125l (BHR) n/a -ve
125l (lodogen) n/a -ve

Proteases 1251 gelatin as substrate Adult ES 20pg/ml -ve
(Robertson, 1988c) Adult Somatic 1 mg/ml -ve

Mf Somatic 1 mg/ml -ve
125l Human immunoglobulins Adult ES 1 pg/ml -ve

Adult Somatic 0.5 mg/ml -ve
Mf Somatic 0.5 mg/ml -ve
Live Mf n/a -ve

Superoxide Xanthine-xanthine oxidase Adult ES 1 jig/ml -ve
dismutase (McCord 1969) Adult Somatic 0.4 mg/ml -ve
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DISCUSSION

ES Components of Adult B . m a la y l

The current approach to the examination and characterisation of ES molecules is via in vitro 

culture and collection of spent supernatants. Although there are studies on different aspects 

of ES of B rug ia  species (Table 1.5) based on this approach, the conditions of cultivation 

have not been optimised and the viability of the parasites in culture has not been measured.

As a preliminary study, three parameters has been chosen to examine the viability of parasites 

in in vitro  cultivation. In adult parasites, the peak of secretion in terms of protein 

concentration, lactate, and release of phosphorylcholine (PC)-bearing antigens is between 3 

and 4 days (Fig 3.1a). Although relatively iittle is known aboui carbohydrate catabolism in 

Filariids as compared to gastrointestinal nematodes, lactate has been shown to be the major 

end product produced by glucose metabolism through the glycolytic pathway (for review see 

Barrett, 1983; Barrett et al, 1986; McManus,1986). Hence the level of lactate in the ES is a 

valid indicator of Brugia  metabolic activity. The relatively low metabolic activity and protein 

secretion in the first 2-3 days may indicate a slow adjustment to the change from in vivo to an 

in vitro environment, and may also be related to the presence of antibiotics in the medium. 

PC release is observed in both male and female adults (Fig 3.1c), indicating that the release of 

PC by parasites is not solely related to microfilaria production. This result is consistent with the 

release of PC by adult B. pahang i transplanted-intraperitoneally in jirds, where circulating PC 

is detectable in jirds with either male or female parasites (Weil et al 1990).

The correlation between lactate secretion and the levels of both PC-bearing antigens and 

total protein released indicates a close relationship of metabolic rate and protein turnover. 

This correlation thus argues that the PC-bearing antigens and the majority of proteins found in 

the culture medium are actively secreted/excreted rather than released by the physical 

breakdown of worms, or leaching of proteins from the parasites, under in vitro culture 

conditions. The profile of proteins released, analysed by 125l labelling, is consistent 

throughout the culture period and there is no obvious breakdown of any proteins day by day 

(Fig. 3.2), although the data does not show whether there is any protein degradation within 

each 24 hour period. The release of microfilariae by the female parasites also appeared to be 

dependent on the metabolic activity of the female parasites (Fig 3.1b). Microfilariae in the in 

vitro  culture, however, do not follow the same trend as in the adult parasites. Their lactate 

level stays constant throughout the culture period. This may imply that protein turnover in this 

stage is very low or that the in vitro culture condition has not been fully optimised.
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The protein profile of ES from cultures was analysed by 125l and metabolic labelling, thereby 

circumventing the problem of insufficient quantities for analyses on SDS-PAGE by staining or 

immunoblotting. However, tyrosine residues are preferentially labelled by the lodogen 

method and thus ES profile obtianed by this method of labelling is limited to molecules 

enriched in tyrosine.

The present studies show clear sex differences in compositions of protein components 

released by male and female adult B. m a la y i{Fig 3.3 and 3.4). Apart from 10 kDa and 38 kDa 

molecules released by the female parasite may be derived from micorfilariae (Fig 3.7), the 

additional molecules secreted by the female partner may be enzymes or mediators related to 

the production of microfilariae.

A contrary report found no difference in 35S-ES products from female and male B. pahang i 

(Parkhouse et al, 1985). This discrepency is less likely to be attributable to species differences 

than to the specific conditions of in vitro culture and labelling. The most commonly used 

media for in vitro culture of nematodes are RPMI-1640 and MEM. In this study, we found that 

RPMI-1640, when supplemented, supports a culture of 4-5 parasites per ml if fresh glucose is 

added daily for up to 10 days. Significantly, penicillin-streptomycin antibiotics were found to 

irreversibly depress metabolic activity of parasites. Thus when freshly harvested parasites 

were washed in 10 times normal concentration of antibiotics before culturing in medium with 

normal strength antibiotics, metabolic activity (determined by level of lactate in spent 

medium) and protein turnover was depressed throughout the 6 day culture period, although 

the pattern of peak metabolic activity on the third day and protein secretion one day later still 

held. In this case, the drop in metabolic activity after the third day was more rapid. Based on 

this observation, the depression of metabolic activity in the first three days in normal culture 

may be due to the presence of antibiotics (1x strength) in the medium. For metabolic labelling, 

the incorporation of turnover in different media and time frames was compared. The presence 

of non-essential amino acids (NEAA) in the culture medium was found to be crucial for 

efficient incorporation of 35S-methionine. However, only overall protein synthesis was looked 

at in this study and the kinetics of synthesis and turnover of any particular protein has not 

been examined. In such cases, a different time frame of culture may be required.

Brug ia  parasites, as homolactic nematodes, depends heaviliy on glucose for energy 

production through the glycolytic pathway (Barrett,1983), the two conditions used for 14C- 

glucosamine metabolic labelling, which were either totally devoid of or with a reduced amount 

of exogenous glucose, would probably depress the metabolic activity of the parasites and 

thus explain the lowered motility of worms after a few hours of culture. When medium without 

glucose was used, very weak labelled ES was obtained. Since Brugia has been shown to be
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able to utilize its own reservoir of endogenous glucose when exogenous glucose is not 

available (Barrett et al, 1986), RPMI which consists of 0.2% glucose, appeared to be able to 

keep the worm alive for a few days and yield detectable labelled ES. However, the level of 

exogenous glucose may be further enhanced for a better incorporation of label into ES.

While in vitro protein turnover of adult worms can be achieved under serum free conditions, 

the microfilariae appear to require peptides/proteins or other growth factors in serum, since 

higher label incorporation in metabolic labelling can be achieved by serum supplementation of 

the culture system (Fig 3.6).

In establishing the relationships of ES components and those in different compartments of 

parasites, molecules were compared on the basis of their mobility on SDS-PAGE and by 

immunoprecipitation with pooled infection sera (Fig. 3.15). Among these, the 15 kDa, 29 kDa, 

and 51 kDa molecules of 125l -ES are found to share similar molecular weight with those of 125l 

lodogen labelled surface proteins (Maizels et al, 1989). The ES 29 kDa and 51 kDa molecules 

are proteins with asparagine-linked oligosaccharide side chains, which are each cleaved by N- 

glycanase to 25 kDa and 45-47 kDa respectively (Fig 3.9, panel A & B). The 29 kDa 

glycoprotein is one of the major proteins released from the parasite as shown in Figure 3.2, 

and appears to be identical to the major surface protein of the same molecular weight as 

judged by several criteria: (1) its reactivity with anti-surface 29 kDa rabbit antiserum (Figure 

3.8), (2) it shares the same carbohydrate organisation as the surface antigen as shown by the 

digestion with N-glycanase (Figure 3.9) and (3) the pattern and pis of the protein from the 

surface and the ES analysed on the 2-dimensional PAGE are identical (Figure 3.10). The 

identity of this molecule is further confirmed by the analysis of the immunoprecipitation of 

35S-ES with the anti surface 29 kDa anti-serum on 2-dimensional PAGE (Figure 3.10). This 

finding is consistent with the recent report of secretion of the 29/30 kDa surface antigen in B. 

pahang i (Devaney, 1988) where surface and ES 29/30 kDa were shown to have identical 

peptide maps.

One inconsistency, however, stems from the report of Marshall and Howells (1986), whose 

results indicated no significant turnover of the 30 kDa surface protein in vivo. The fact that 

parasites in our cultures were metabolically active and showed active release thoughout the 

culture period, argues for the authenticity of the turnover of the 29 kDa protein. It is 

suspected, however, that there may be two populations of 29 kDa protein; one destined to 

be anchored on the collagenous cuticle and the other destined to be secreted. When surface 

labelled worms were subjected to different solubilisation procedures, a high proportion of 

counts were not solubilised in PBS or detergent (Maizels et al, 1989); these presumably 

represent surface components which are anchored in the collagenous matrix of the cuticle.
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The 29 kDa proteins that are secreted may just be a subset of the total 29 kDa population and 

thus may not give a significant loss of total counts in the in  vivo experiments. Our results also 

showed that the polyclonal serum to the surface 29 kDa protein recognised only two out of 

the total metabolic labelled 29 kDa ES components in the 2-dimensional SDS-PAGE (Fig 

10c). Nevertheless, the possibility of the presence of two subsets of 29 kDa protein needs 

further confirmation.

The 51 kDa molecule appears to be surface derived as shown by 2-dimensional SDS-PAGE 

analysis (Fig 3.10). This glycoprotein appears far less abundant than the 29 kDa molecule 

when parasites are surface labelled with 125l lodogen and then extracted with 1.5% nOG in 

PBS (Maizeis et al, 1989). In ES, the 51 kDa molecule has almost the same intensity as the 29 

kDa molecule on the first day (Fig 3.2, lanel ). The difference in the abundance (intensity of 

labels) of this 51 kDa molecule in ES and surface labelled molecules may imply either that 51 

kDa component is a secretory orientated product which is released via the surface, or simply 

reflect a differential accessibility of the two molecules to label. Also, the intensity of the 51 kDa 

decreases after day 1 whereas the intensity of the 29 kDa remains constant (Fig 3.2, lane 2-6). 

Since no extra protein is detected after day 1, it may be that the 51 kDa molecule is an 

intermediate product of other secreted components. The phenomenon of shedding of 

surface molecules into the environment arises not only in the adult stage of the parasite as 

studied here, but also in microfilariae (Egwang et al 1987) in which surface derived proteins 

appear to be synthesized and shed continuously.

As for the other surface associated molecule, a 17-200 kDa complex (Maizeis et al 1989), no 

obvious turnover is observed by comparing the 2-dimensional PAGE of the ES and surface 

enriched preparation (Fig 3.4 and Fig 3.12).

Enzymes or Immunomodulators

Proteolytic enzymes secreted by nematodes play an obvious role in aiding penetration and 

migration through host tissue. Examples of such enzymes include the collagen-degrading 

metalloproteinase in larvae of Strongylo ides ra tti (Lewart et al 1956), proteases in L2 and 

L3/4 of A sca ris  suum  (Knox et al 1988) and collagenases in O n ch o ce rca  v o lvu lu s  

microfilariae (Petralanda et al 986). Additionally, proteases with specificity for haemoglobin are 

found in L3 of A n isak is  s im p lex  (Matthews, 1984), while membrane-bound enzymes in 

Dirofilaria im m itis  microfilariae (Tamashiro et al 1987) may play a role in escaping antibody- 

mediated cytotoxicity via cleavage of immunoglobulin. Although data from Petralanda et al 

(1986) suggested a low level of collagenase activity in ES of adult B. malayi, no significant 

proteolytic activity was found either in ES or somatic extracts of adult worms containing up to 1 

mg/ml of protein with an assay which can detect as little as 1 ng/ml of a wide range of
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proteases (Robertson et al, 1988b).

It has also been demonstrated that Dirofilaria imm itis microfilariae contain proteolytic enzymes 

which can digest canine immunoglobulin (IgG) together with other substrates (Tamashiro et al 

1987). However, data in the present studies show no evidence of proteolytic activity in the ES 

and somatic extract of adult B. m alayi containing up to 0.5 mg/ml of protein, using 125l- 

labelled human immunoglobulin subclasses of IgA, IgM, lgG1, lgG2, lgG3, lgG4 and IgE as 

substrates, each of which were susceptible to complete digestion with 20 pg/ml of either 

trypsin or papain (results not shown).

Superoxide radicals (0 2“ ) are by-products of aerobic metabolism and can be efficiently 

generated by activated polymophonuclear leucocytes to kili phagocytosed microorganisms or 

worms via ADCC mechanism ( for review, see Klebanoff 1982). Superoxide dismutase (SOD) 

functions as a scavenger of 0 2~ and may therefore act as a defence mechanism for parasites 

under immune attack. This enzyme is secreted by Trichinella sp ira lis  nematodes (Rhoads, 

1983). Glutathione S-transferase (GST) comprises a family of isoenzymes that are capable of 

detoxifying a variety of xenobiotics (Mannervik,1985) and may perform a similar defence 

function against free oxygen radicals as suggested for Schistosom a japon icu m  (Smith et 

al, 1986). Neither GST nor SOD could be detected in extracts of adult B. m alayi using assays 

with a sensitivity of 0.001 units of enzyme, and we assume therefore that scavengers of 

superoxide radicals do not play a major role in the defence mechanisms of lymphatic filariae. 

Rather, it is possible that Brugia  exerts its protective effect at an earlier stage of the immune 

response, before the generation of immune effector cells. The fact that a large quantity of PC- 

bearing molecules, which is immunodominant, has been shown in the present studies to be 

actively secreted by adult worms suggest that the PC molecule may have a role in diverting 

host immune responses to the adult parasite. The diversion and modulation of PC in antibody 

responses has previously been suggested by Mitchell and Lewers (1977) in experiments 

using a model system PC conjugated DNP-Ficoll.

This chapter presents a survey on B. m a lay i adult ES molecules released via in vitro  

cultivation. Compare to other nematodes, such as Toxocara canis, adult B. m alayi releases 

much more complex components in vitro. In T. canis, only 3 major components are found in 

either 125l or 35S-ES (Meghji et al 1986) whereas, many components were observed in the 

ES of B. malayi. It is obviously not possible to analyse all the these components. The study 

here therefore emphasises in a general survey of all components using various techniques 

and characterising some of the major components. The optimised culture conditions, 

methods to assess viability of parasite in in vitro cultures and information on the relationship
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of ES components with other parasite compartments reported here, will provide the basis for 

future selective analysis of the ES products of adult B. malayi.
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CHAPTER 4

SERODIAGNOSIS OF LYMPHATIC FILARIASIS

INTRODUCTION

At present, the definitive way to diagnose filariasis is by the detection of circulating 

microfilariae. This method lacks sensitivity and cannot identify those who are amicrofilaraemic 

or who harbour prepatent infection. Accurate diagnostic assays with better sensitivities are 

therefore urgently needed to accompany chemotherapy and vector control programmes. 

Currently, a number of laboratories are developing diagnostic tests, by either assessing 

antibodies related to the infection or detecting circulating antigens with antigen capture 

assays. Examples of different approaches are shown in Table 1.6 (refer to section 1.6).

ES or circulating antigens released from the parasite may be a good basis for assessing active 

filarial infection. One widely used diagnostic test based on such a principle to date, is the 

detection of PC bearing molecules present in the circulations of infected hosts (Forsyth et al, 

1985; Maizels et al 1985a; Maizels et al, 1987b; Wenger et al 1988). However, the PC 

specificity is found in other microorganisms including helminth parasites (Lai et al 1989) and 

therefore is highly cross-reactive. Thus, the definition of a non-PC circulating filarial antigen 

would greatly improve the specificity of the assay. A monoclonal antibody to a non-PC 

circulating antigen is available for W. bancro fti, but no corresponding reagent has yet been 

isolated for Brugia species (Weil et al 1987a).

Apart from PC molecules, many molecules are highly conserved within the filariae family 

(Maizels et al 1983b; 1985b). This presents a second level of problem in developing a specific 

diagnostic assay. B. m alayi adult parasites secrete a whole range of ES components (refer to 

Chapter 3). In this chapter, their immunoreactivity in a few filariae and gut worms are examined 

to assess their suitability in specific antigen-capture assays.

An alternative approach to immunodiagnosis is to measure antibodies elicited by the 

infection. The main obstacle to this approach is the problem of cross-reactive antibodies due 

to the shared epitopes present in Filariae (Maizels et al 1983b;1985b). Most antibody 

detection assays so far described have concentrated on the assessment of total antibody 

levels. However, the availability of monoclonal human immunoglobulin isotype-specific 

reagents have prompted investigations of antibody isotype and IgG subclass responses in
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parasitic infections. For example, in the case of filariasis, IgE was found to be more species 

specific than total Ig (Weiss et al 1982). Recently, human IgE and lgG4 antibodies raised in 

response to filarial infection were shown to recognise similar sets of antigens (Hussain et al 

1986), and enhanced specificity has been claimed by the assessment of lgG4 subclass in 

filariasis (Lai et al 1988).

One other disdvantage of diagnostic assays based on antibody detection is that certain 

antibodies may persist for a long time. Therefore the measurement of total immunoglobulin 

levels may not reflect current infection status, but simply indicate past or abortive exposure to 

the pathogens. For examples, in schistosomiasis, detection of antibodies have so far proved 

to be a poor diagnostic measure, as the results do not correlate with the intensity of infection 

and remain positive for 6 months after chemotherapy (Mott et al 1982). However, a positive 

correlation of levels of lgG4 subclass antibody with worm burdens was reported recently 

(Dunne et al 1988), and this opens a new avenue for the development of serodiagnosis 

based on the detection of immunoglobulins. The second part of this chapter therefore 

describes a study set up to assess the possibility of distinguishing active infection from 

abortive infection by measuring the level of IgG 4 in the filarial infected populations. Well 

characterised sera from residents of two villages in Papua New Guinea (from Dr K. Forsyth, 

Walter and Eliza Hall Institute, Australia), were taken from one site endemic with W. bancrofti 

and another which has been cleared of transmission although past exposure to bancoftian 

filariasis is evident. The correlation of lgG4 levels with varying infection categories among 

those suffering from current infection is also examined.
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MATERIALS AND METHODS

Serum samples: Two sets of sera were used in this study. One set was from 

Tanjungpinang in Indonesia (from Dr. F. Partono, University of Indonesia) where B. m alayi is 

endemic. The other was from Papua New Guinea (from Dr. K. Forsyth) where W. bancrofti is 

endemic. Three pools of Tanjungpinang sera were made according to the clinical symptoms 

and the presence of microfilariae in individuals, each pool consisting of sera from 8 individuals. 

The three pools were taken from: (1) individuals who were microfilaraemic but asymptomatic 

(Mf+ S'), (2) individuals who were microfilaraemic and symptomatic (Mf+S+), and (3) 

individuals who were amicrofilaraemic but symptomatic (Mf"S+). Normal human sera were from

U.K. residents who had not been exposed to filarial parasites. Non-B ru g ia  sera were 

obtained from patients admitted to the Hospital for Tropical Diseases (St. Pancras, London) 

with either Loa loa, O nchoce rca  vo lvu lus, M ansone lla  pe rs tans , T rich ine lla  sp ira lis  or 

Strongylo ides stercora lis  infections.

The second set was taken from Dreikikir, East Sepik Province of Papua New Guinea,an area 

endemic with bancroftian filariasis. Microfilaraemia rates of 66% have been reported in this 

endemic area. Sera used in this study were from individual residents of a village, Nanaha, 

which is situated in the endemic zone, approximately 5 kilometres from Drekikir. All individuals 

of 30 years of age and above with detectable circulating phosphorylcholine were included. 

Sera of these individuals were divided into three groups: (1) Individuals who were 

asymptomatic and had no or very low densities of circulating microfilariae (< 2 per ml), (2) 

residents who had high microfilaraemia (> 200 per ml), and (3) patients who were 

microfilaraemic and symptomatic, suffering from chronic obstructive disease. A group of 

individuals who had no active filarial infection at the time sera were collected, were from a 

village named Bonahoi, approximately 26 kilometres east of Dreikikir, where the transmission 

of filariasis had been interupted by a 20-year insecticide spray programme. Evidence that 

filariasis was endemic in this community prior to the vector control was demonstrated by age- 

specific ELISA values ( Dr K. Forsyth, personal communication). In addition one resident aged 

45 years of age was found to have a hydrocoele, 4 residents > 50 years had enlarged testes 

and another aged 47 years was found to have elephantiasis of the right leg.

Immunoprecipitation: 125I-ES, 35S-ES and 35S surface enriched and somatic antigens 

were prepared as described in chapter 2.2 and chapter 3. Immunoprecipitations were carried 

out as the standard protocol (chapter 2.11) and analysed on SDS-PAGE. In all experiments,

2.5 pi of sera were used and rabbit anti-human immunoglobulin was included.
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ELISA for IgG Subclass Antibodies to B . m a la y l  Adult Antigen: S u b c la ss  

antibodies specific to B. m alayi adult antigens were determined by ELISA assays of which the 

standard protocol (Chapter 2.9) was followed. ELISA plates were coated with 100 pi of 1 pg/ml 

of the antigen and individual sera from residents of Nanaha and Bonahoi were used in a series 

of dilutions starting from 1/100. Mouse monoclonal anti-human IgG subclasses (Oxoid Ltd) 

were used as the second antibody. The optimum dilutions for each monoclonal antibody were 

titrated using purified IgG immunoglobulins from a U.K. resident. The optimum dilutions of 

each subclass reagent were: anti-lgG1, 1/2000; anti-lgG2, 1/1000; anti-lgG3, 1/500; anti- 

lgG4, 1/2000 and anti-IgG, 1/2000. HRP conjugated rabbit anti-mouse antibody (Dako Ltd, 

P260) was used at 1/2000 as the third antibody. OPD was employed as the substrate in the 

assay.

Statistical Analysis of Results The correlation of the level of lgG4 and the density of 

microfilariae was assessed by means of Spearman's rank correlations (Sokal et 1981). The 

Spearman's correlation coefficients (r) and the level of significance (p) were indicated.

Im m unoblottlng Standard protocol (method 2.10) was followed. Sera examined were used 

at 1/100 or 1/200. Mouse monoclonal anti-human IgG subclasses obtained from Oxoid were 

used at the following dilutions: anti-lgG1 (NL16), 1/1000; anti-lgG2 (GOM1) 1/500; anti-lgG3 

(HP6050), 1/250; anti-lgG4 (RJ4) 1/1000 and anti-IgG (8a4) 1/1000. HRP-conjugated rabbit 

anti mouse (Dakko, P260) was used as the third antibody. FCS (5%) which was used as the 

blocking agent was also included in dilution buffer (TBS Tween). All incubation steps were 

carried out at room temperature for 2 hours. DAB was employed as the substrate.
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RESULTS

4.1 ANTIBODY RESPONSES TO B R U G I A  ES COMPONENTS IN 

HOMOLOGOUS AND HETEROLOGOUS FILARIAL INFECTIONS

To determine which components in the ES products may be antigenically species specific, 

the immunoreacitivity of ES was examined by immunoprecipitation of 125l and 35S-ES with 

pooled human B. m alayi infected sera (Tanjungpinang) and sera from individuals infected 

with other parasitic nematodes. In 125I-ES, antigens of molecular mass of 29 kDa, 38 kDa, 51 

kDa, 96 kDa and 100 kDa were reactive to all three pools of Brugia infected sera (Fig 4.1). All 

125I-ES antigens were cross reactive to M ansonella  perstans  and Loa loa infection sera (Fig.

4.1, lanes 3 and 5) but not with O nchocerca volvulus infected serum which recognised only 

the 100 kDa antigen (Fig 4.1, lane 4). No reactivity above background was seen with nonfilarial 

nematode infections (Strongylo ides  and Trich inella) (Fig. 4.1, lanes 1 and 2). The 67 kDa 

protein appeared in all immunoprecipitated samples (Fig. 4.1) and is probably host derived 

albumin as has been found in several previous studies (Parkhouse et al, 1985; Maizels et al 

1986). Albumin was probably precipitated in these experiments by anti-albumin antibodies 

present in the anti- immunoglobulin sera used as second antibody reagents.

In addition, differential recognitions of 125I-ES antigens by patients from different points in the 

spectrum of filarial disease were examined. This might provide information or indication on 

antigens involved in pathogenesis or protection. However, no differences was observed in 

the recognition pattern from three groups of B. m a lay i infected patients with different 

clinical/parasitological status examined (Fig 4.1, lanes 7-9).

In the case of the 35S-ES, antigens of molecular weight ranging from 14 to 270 kDa (listed in 

Fig 4.2) were recognised by all the B rug ia  infected sera. There was no differential 

recognition of antigens when sera from asymptomatic carriers (Mf+S“ ) and chronically 

symptomatic filariasis/microfilaraemic (Mf+S+) pools were compared (Fig 4.2, lanes 1 and 2 

respectively); however, recognition of antigens in the lower molecular weight range 14-22 

kDa was much weaker in the pool of chronically symptomatic, amicrofilaraemic (Mf‘S+) sera (Fig

4.2, lane 3). As in 125I-ES, most antigens of 35S-ES cross react with other filarial sera. The 

exception was found in antigens of low molecular weight; 15 kDa,19 kDa and 22 kDa antigens 

were not reactive to Loa loa infected serum (Fig 4.2, lane 5) and 14 kDa, 15 kDa, 19 kDa and 

110 kDa molecules were not recognised by anti O. volvulus serum (Fig 4.2, lane 6).
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Figure 4.1 Immunoreactivities of parasite infected human sera with B. ma/ay/'1251-ES.

Immunoprecipitation assays were performed with pooled sera and 125I-ES of 

adult B. malayi. Immune complexes were precipitated with protein A sepharose 

in the presence of polyvalent rabbilt anti human Ig reactive with all human 

isotypes and analysed on SDS-PAGE.

Lane 1 Strongylo ides stercoralis infected serum 

Lane 2 Trichinella spiralis infected serum 

Lane 3 M ansonella perstans infected serum 

Lane 4 Onchocerca vovulus infected serum 

Lane 5 Loa loa infected serum 

Lane 6 Normal human serum

Lane 7 B. m alayi infected serum (asymptomatic, microfilaraemic)

Lane 8 B. m alayi infected serum (symptomatic, microfilaraemic)

Lane 9 B. m alayi infected serum (symptomatic, amicrofilaraemic)
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Figure 4 2 Immunoreactivities of parasite infected human sera with B. m a la y i35S-ES.

Immunoprecipitation assays were performed with pooled sera and 35S-ES of 

adult B. malayi. Immune complexes were precipitated with protein A sepharose 

in the presence of polyvalent rabbilt anti human Ig reactive with all human 

isotypes and analysed on SDS-PAGE.

Lane 1 B. m alayi infected serum (asymptomatic, microfilaraemic)

Lane 2 B. m alayi infected serum (symptomatic, microfilaraemic)

Lane 3 B. m alayi infected serum (symptomatic, amicrofilaraemic)

Lane 4 Normal human serum 

Lane 5 Loa loa infected serum 

Lane 6 O. volvulus infected serum
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4 .2  I MM UN ORE ACTIVITY OF SERA FROM INDIVIDUALS WITH 

BANCROFTIAN FILARIASIS

W. bancro fti and Brugia  spp. share many similar antigenic epitopes (Maizels et al 1985b). B. 

m alay i antigens were therefore used to analyse the recognition patterns of antibodies 

derived from bancroftian infection. To examine filarial antigens recognised by individuals with 

different parasitological and clinical status and also those who had been exposed to the 

pathogen but had cleared their infections, immunoprecipitation assays were carried out with 

35S-ES, 35S labelled surface enriched and somatic extracts. Analysis of immunoprecipitates 

formed by 35S-ES and individual sera from Nanaha and Bonahoi on SDS-PAGE showed 

heterogeneous recognition patterns by each individual (Fig 4.3). The recognition profiles are 

summarised and presented in Figure 4.4. Among the Nanaha residents of whom active 

infection was evident, no distinctive recognition pattern was associated with each 

pathological/clinical group (Fig 4.3 and 4.4). Reactivity to these antigens was also observed in 

sera from residents of Bonahoi, where no active W. bancro fti infection was present (Fig 4.3). 

The reactivity of sera from Bonahoi, however, is weaker than those from Nanaha: for example, 

none of the sera from Bonahoi had strong response to the 15 kDa molecule, whereas 15 out 

of 18 sera of Nanaha reacted strongly with this antigen (Fig. 4.3 and 4.4).Pooled sera 

obtained from U.K. residents showed no reactivity to the filarial ES products.

The immunoreactivity of the same sera with both surface enriched and somatic extract of male 

and female parasites was also assessed by immunoprecipitation assays. The results are 

summarised and presented in Figures 4.5 and 4.6. Analogous to the result with ES antigens, 

no trends of particular recognition profile in individuals of different parasitological/clinical 

states was observed. Sera from individuals with no active infection (Bonahoi) showed weak 

but positive reactivity to antigens from either compartments. Among the surface associated 

components recognised by the sera, the 17-200 kDa adult surface complex (Maizels et al 

1989) was found to be weakly immunogenic in all individuals from Nanaha, including 2 out of 4 

individuals from Bonahoi (Fig 4.5). This weak recognition was only evident with antigens from 

male parasites, as the presence of the 17-200 kDa complex in female parasites is obscured on 

one-dimensional gels by other antigens in the same molecular weight range. Comparing the 

immunoreactivity of sera with male and female antigens, distinct sex-specific immunogenic 

antigens, such as a 17 kDa molecule from male parasites and low molecular weight, several 

13-15 kDa molecules from female parasites were observed in the surface enriched extract 

(Fig. 4.5). In contrast, no obvious sex specific antigens could be identified in the labelled 

somatic extracts (Fig 4.6).



Figure 4.3 Immunoreactivities of sera from W. bancro fti infected individuals with B. m alayi 

35S-ES.

Immunoprecipitation assays were performed with individual sera of residents 

with different status of infection; low mf (mf < 2 per ml), high (mf > 200 per ml), 

chronic (elephantiasis) and those from Bonahoi where transmission of the 

disease had been interrupted. Immunue commplexes were precipitated with 

protein A sepharose in the presence of polyvalent rabbilt anti human Ig reactive 

with all human isotypes and analysed on SDS-PAGE.
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Figure 4 4 Summary ot immunoreactivities of S-ES with individual sera from carriers

infected with W. bancrotti.

All sera tested were from individuals of above 30 years of age.

Groupl Individuals who were asymptomatic and had no or low level of 

microfilanae (< 2 per ml);

Group 2 Individuals who were asymptomatic and high microfilaraemia (>200 

per ml);

Group 3 Individuals who were microfilaraemic and suffered from chronic 

obstructive disease;

Group 4 Individuals from a previously endemic area (Bonahoi) where 

transmission was interrupted and showed no evidence of infection at 

the time sera were collected.
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igure 4 5 Summary of immunoreactivrties of 35S labelled female and male surface derived

components with individual sera from carriers infected with W bancrofti.

All sera tested were from individuals of above 30 years of age.

Groupt individuals who were asymptomatic and had no or low level of 

microfilanae (< 2 per ml);

Group 2 individuals who were asymptomatic and high microfilaraemia (>200 

per ml);

Group 3 Individuals who were microfilaraemic and suffered from chronic 

obstructive disease;

Group 4 individuals from a previously endemic area (Bonahoi) where 

transmission was interrupted and showed no evidence of infection at 

the time sera were collected.
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Figure 4 Summary of immunoreactivities of 35S labelled female and male somafic extract with 

individual sera from carriers infected with W. bancrofti.

All sera tested were from individuals of above 30 years of age.

Groupl Individuals who were asymptomatic and had no or low level of microfilariae (< 2 per

ml);

Group 2 Individuals who were asymptomatic and high microfilaraemia (>200 per ml);

Group 3 Individuals who were microfilaraemic and suffered from chronic obstructive

disease;

Group 4 Individuals from a previously endemic area (Bonahoi) where transmission was 

interrupted and showed no evidence of infection at the time sera were collected. 
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4 .3  IgG SUBCLASS RESPONSES IN FILARIAL INFECTION

Parallel to the assesment of total immunoglobulins, levels of IgG subclasses in the same 

individuals from Nanaha and 20 residents from Bonahoi were examined by ELISA. Specific 

rather than total levels of each subclass was measured, the optimal dilutions for each subclass 

antibodies was empirically determined, and different serum dilutions were used for comparing 

levels of the individual subclass antibodies. Figure 4.7 shows the ELISA results of the 

assessment of lgG1,2, 3 and 4 in sera of residents from the two villages. Comparing the levels 

of each subclass of immunoglobulins between sera from Nanaha and Bonahoi, the most 

striking difference was in lgG4 which was significantly higher in sera from Nanaha than those 

from Bonahoi; in contrast, levels of the other subclasses were heterogeneous and no 

difference between those with active infection (Nanaha) and past infection (Bonahoi) was 

observed (Fig 4.7).

Examining levels of IgG subclasses in each individual, tremandous heterogeneity was 

observed. For easy comparison, ELISA data from all residents examined were interpolated to 

give values of antibody titre at 50% of the maximum binding capacity (Table 4.1). A general 

low lgG3 responses were observed in all individuals. A much lower serum dilution (1/500) was 

required to obtain detectable lgG3 signal (Fig 4.7). In contrast, lgG4 of all individuals with 

active infections (Nanaha) were consistently high, while lgG1 and 2 levels varied greatly from 

one individual to the other regardless of their infection status and no specific pattern of levels 

of IgG 1 and 2 could be found (Table 4.1). For examples, while one subject could have high 

level of lgG1 but no detectable lgG2 (serum 6), others might mount high lgG2 and low lgG1 

responses (serum 21) or they might have high (serum 10) or low (serum 43) response of both 

subclasses.

To examine the qualitative recognition patterns of these subclasses, immunoblotting with 

sera from the same group of individuals was performed (This experiment was performed by Dr 

K Forsyth). A standard serum dilution of 1/200 was used for assays of all subclasses. The 

representative results of reactivities of the subclass antibodies from different groups of 

individuals are shown in Fig 4.8, reflecting the heterogeneous pattern of recognition from 

individuals. Consistent with the ELISA results, the intensity of recognition of lgG4 was much 

stronger in residents from Nanaha regardless of their parasitological status as compared to 

those from Bonahoi which showed only weak lgG4 responses. lgG1 and lgG3 were generally 

weaker and recognised fewer antigens; no distinction could be made between Nanaha and 

Bonahoi residents by examining their lgG1 and 3 responses(Fig 4.8). In contrast to the ELISA 

assays (Fig 4.7), practically no lgG2 could be detected by immunoblotting (Fig 4.8). As lgG2 is 

preferentially synthesised in response to carbohydrate antigens, the results here could be



Figure 4.7 Levels of IgG subclasses to B. m alayi adult antigen in residents with active or past W. bancrofti 

infection.

IgG subclasses of individuals with W. bancrofti infection were measured by ELISA and sera 

dilutions used in assessing each subclass were indicated. Sera examined were grouped into the 

following categories:

Low mf Individuals who were asymptomatic and had no or low level of microfilariae (< 2 per ml); 

High mf Individuals who were asymptomatic and high microfilaraemia (>200 per ml);

Chronic Individuals who were microfilaraemic and suffered from chronic obstructive disease; 

Bonahoi Individuals from a previously endemic area (Bonahoi) where transmission was 

interrupted and showed no evidence of infection at the time sera were collected. For 

clarity in the presentation, results of Bonahoi individuals were plotted in 2 separate 

cloumns.
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Figure 4.8 Qualitative assessment of IgG subclasses to B. m a lay i adult antigen in 

individuals with W. bancrofti infection (performed by Dr K. Forsyth). 

Nitrocellulose membrane with electrophoretically transferred B. m alayi adult 

antigen was probed with individual sera at a dilution of 1/200 from residents with 

active (from Nanaha) or past (from Bonahoi) W. ba n c ro fti infection. Sera 

from Nanaha were grouped into those with :

High (>200 per ml),

Low (< 2 per ml), or 

No microfilaraemia.

Mouse monoclonals anti IgG subclasses, lgG1 to lgG4 in lanes 1 to 4 

respectively, were used as the second antibodies and rabbit anti mouse Ig HRP 

as the third antibody.
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explained by poor transfer or binding of antigens with high carbohydrate contents onto the 

nitrocellulose membrane. Similar to the results obtained in immunoprecipitation assays, no 

distinct recognition pattern was associated with any group of residents from Nanaha.

To confirm and to complement the above observations of contrasting lgG4 responses in 

residents from the two villages, Nanaha and Bonahoi, the qualitative lgG4 response of all sera 

tested in the ELISA assays were compared by Immunoblotting. In this assay, dominant 

responses to antigens of 15 kDa, 32kDa and 200 kDa were observed and clear distinction in 

lgG4 responses could be demonstrated with sera from the two villages (Fig 4.9). However, 

there were two Bonahoi individuals who had marginally stronger G4 responses which would 

be difficult to distinguish from some of the Nanaha residents with active infection (Fig 4.8). 

This result was consistent with that from ELISA, where the two sera (B3 and B5, Table 4.1) 

showed marginally higher titre.

Finally, the correlation of the level of lgG4 and the intensity of infection was assessed. This 

was performed with a bigger sample group (n=57), consisting of individulas with different 

densities of circulating microfilariae from Nanaha. The ELISA assays were carried out with a 

standard sera dilution of 1/2000. A strong positive correlation of the level of lgG4 with the 

level of parasitaemia was observed (r =0.56, p<1 x10‘ 6). The level of lgG4 response 

expressed as optical density plotted against the log value of the density of microfilariae is 

shown in Figure 4.10.
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Figure 4.9 Comparison of lgG4 to B. m a la y i adult antigen in individuals with active or past 
infection.
Nitrocellulose membrane with electrophoretically transferred B. m a la y i antigen 
was probed with individual sera at a dilution of 1/100 and with a second 
antibody of monoclonal anti human lgG4. Sera examined were gouped into the 
following categories:
Low mf Individuals who were asymptomatic and had no or low level of 

microfilariae (< 2 per ml);
High mf Individuals who were asymptomatic and high microfilaraemia (>200 

per ml);
Chronic Individuals who were microfilaraemic and suffered from chronic 

obstructive disease;
Bonahoi Individuals from a previously endemic area (Bonahoi) where 

transmission was interrupted and showed no evidence of infection at 
the time sera were collected.



EL
IS

A
 

O
.D

. 
(4

90
nm

)

93

Number of microfilariae per ml (log)

cure 4 1 0 Correlation of the level of lgG4 with the number of circulating microfilariae.

"he assessment  of the level of lgG4 to adult B. m a la y i antigen of 57 individuals 

with active IV b a n c r o tti infection was  performed by ELISA. The optical density 

of ELISA was plotted aginst the log value of the density of microfilariae. Data 

were a tes ted  with S p ea r m a n 's  rank correlation (S pea rm an 's  correlation 

coefficient 0 56. p < 1 x 10'6)



94

DISCUSSION

ES Molecules in Immunodiagnosis

Components excreted or secreted by helminth pathogens are released into the circulation, 

they may therefore serve as good targets for diagnosis. PC-bearing antigens are common 

metabolites of filarial parasites. These molecules are readily detected in the circulation of 

patients infected with W. bancro fti {Forsyth et al, 1985; Weil et al 1987a; Lai et al, 1987), B. 

m alayi (Selkirk et al, 1986; Wenger et al, 1988) and B.tim ori (Selkirk et al, 1986), and in cattle 

infected with O. g ibson i (Forsyth et al,1984). They have also been found in the ES of B. 

pahang i and B. m alayi (Maizels et al,1987b; Wenger et al, 1988) as well as D. im m itis (Weil et 

al, 1987a). As PC-bearing molecules appear to be actively exported in both male and female 

worms (Fig 3.1c), the level of this molecule in host body fluids may therefore provide an 

accurate estimation of living parasites present in infected patients and thus their actual worm 

burdens (Wenger et al, 1988).

However, the cross-reactive nature of PC molecules renders it unsuitable for the specific 

diagnosis of lymphatic filariasis. Circulating or ES molecules specifically restricted to lymphatic 

filariasis would therefore be more beneficial. Most of the ES products analysed here and 

labelled either intrinsically or extrinsically were immunogenic as shown by their reactivity with 

infected human sera (Fig 4.1 and 4.2). However, several 35S-ES proteins are relatively non- 

immunogenic (Fig 4.2), namely, low molecular weight molecules of about 12-13 kDa, 32-34 

kDa and 66 kDa. These may well be better targets for detection as circulating antigens since 

they will not be so rapidly cleared by immune complexing (Forsyth et al,1985).

There were no great differences in the immunoreactivity of 35S-ES with sera from patients 

with different clinical symptoms. The only exception was the weaker recognition of antigens of 

14-22 kDa by sera from chronic, amicrofilaraemic (Mf~S+) patients (Fig 4.2, lane 3) in 

comparison to the microfilarial positive individuals. However, a polyclonal rabbit serum against 

B. p a h a n g i microfilariae (a kind gift from D. Birch, London School of Hygiene and Tropical 

Medicine) did not recognise the 14-22 kDa ES proteins but reacted with most of the other 

antigens (data not shown). Thus, these 14 kDa and 22 kDa antigens which are absent from 

male worms (compare Fig 3.3, panel B and C) may be by-products from or proteins involved in 

the production of microfilariae, such as egg shell proteins or enzymes involved in the 

maturation and release of microfilariae.

Except for a few antigens of low molecular mass, most of the ES antigens were found to cross 

react with other filarial (Loa loa and O nchocerca  volvulus) infected sera (Fig. 4.1 & 4.2).
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However, there was no antigenic cross reactivity with infection sera of nonfilarial nematodes 

such as hookworm or Trichinella spiralis. This implies that filarial worms secrete a common set 

of functional proteins which differ from those secreted by parasites with a gut-based life cycle. 

In practical terms, immunodiagnosis may be based on those antigens which are specific for 

filarial infections but are not present in the gastrointestinal parasites common in regions where 

lymphatic filariasis is found. Antigens of molecular mass of 15 and 19 kDa are not cross 

reactive with either O nchocerca  volvulus or Loa loa infected sera and hence are possible 

Brugia  specific diagnostic molecules.

Correlation of Active Filarial Infection with lgG4 Responses

Based on the finding of enhanced diagnostic specificity by the assessment of the igG4 

subclass in filarial infection (Lai et al 1988), a study was set up to further examine the potential 

of IgG subclass measurements in determining active instead of past and abortive infections. 

Adult residents of two areas of Papua New Guinea differing in transmission of W uchereria  

bancro fti were examined.The infection status of residents from the two villages, Nanaha and 

Bonahoi, was determined by two parameters: detection of circulating microfilariae and 

circulating PC antigens. Residents of the village of Bonahoi showed no active W. bancro fti 

infection, whereas residents of the village of Nanaha were exposed to intense transmission of 

W. bancro fti and had evidence of active infection. The first approach in this study was to 

examine the total immunoglobulins of these residents using different compartments of filarial 

antigens. Positive recognitions of 35S-ES (Fig 4.3 and 4.4), 35S labelled surface enriched 

(Fig 4.5) and somatic (Fig 4.6) antigens were observed in all individuals from both villages. 

This confirms that residents in Bonahoi had been previously exposed to filarial antigens since 

sera of U. K. residents showed negative reactivity with all antigens examined. This result also 

showed that immunoglobulins specific to the infection could persist for about 20 years.

In analysing IgG subclass responses in residents from the two villages characterised as 

experiencing active or past infections, both quantitative (ELISA) and qualitative 

(immunoblotting) assays showed that their infection status can only be distinguished by the 

assessment of lgG4 (Figs 4.7, 4.8 and 4.9).The level of lgG4 antibody in those who harbour 

active infections is much higher than other subclasses, considering that serum dilutions in 

lgG4 assessment were higher (1/2000) than the others (1/500 to 1/1000). This agrees with 

the observation in a South Indian population with Bancroftian infection, that lgG4 specific to 

filarial antigens contributes up to 95% of the total IgG antibody responses while levels of other 

subclasses respond only modestly (Ottesen et al 1985).

The four human IgG subclasses are known to participate very differently in response to 

complex antigens. While lgG1 is mainly associated with responses to peptide epitopes, lgG2
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corresponds with responses associated with carbohydrates. Although lgG3 and lgG4 eliciting 

antigens have not been typified, an association of lgG4 with chronic antigen exposures has 

been suggested (Aalberse et al 1983). The correlation between high lgG4 and active 

infection observed here could therefore be due to the continuous priming of the host 

immune system with antigens released by living parasites. The association of lgG4 with 

chronic exposure of pathogens is further supported by the observation in schistosomiasis. 

High levels of anti-egg lgG4 were only detected in patients suffering from chronic infection 

with Schistosom a m anson i and/or S. haem atob ium  but not in those infected individuals who 

were recently infected (Iskander et al 1981).

Comparing the level of igG4 among the Nanaha residents between those who suffered from 

chronic obstructive disease (elephantiasis) and those who were asymptomatic, no significant 

differences were observed (Fig 4.6). This is not consistent with a previous observation on an 

Indian population, where individuals with chronic disease were found to have lower levels of 

lgG4 than those who were asymptomatic (Hussain et al 1987). However, the status of the 

parasitaemia of those with chronic disease in that report was not specified. The Papua New 

Guinean patients with chronic disease in this study were microfilaria carriers. The low level of 

lgG4 in patients from South India may well be due to fact that their parasites have been 

cleared, since in general, patients with chronic obstructive disease are usually 

amicrofilaraemic.

Among the Bonahoi sera examined, there were two sera that exhibited marginally high lgG4 

levels as determined by ELISA assays (Table 4.1). The same sera showed weak recognition 

of some antigens while the rest of the Bonahoi sera had no detectable filarial specific lgG4 in 

immunoblotting assays (Fig 4.9). Comparing the intensity of reactivity and recognition 

patterns of the lgG4 of these two sera with those from Nanaha, they appear similar to some 

sera from the residents of Nanaha. It is not clear why these two individuals sustain a high lgG4 

while absence of filarial parasites is evident by both detection of microfilariae and circulating 

PC antigens assays.

This observation points towards the question of regulation of lgG4 and the rate at which this 

subclass response decays over time. There is now clear evidence that two subsets of T 

helper cells in mice are responsible in inducing different antibody isotypes. For examples, IgE 

responses are stimulated by the Th2 subset in mice (Mossman et al 1987). These two 

subsets of T cells in mice are stimulated and regulated by different cytokines. While Th1 are 

induced by y IFN, Th2 are stimulated by IL4. Thus IgE production in turn is regulated by IL4. 

In vivo adminstration of y IFN or anti-IL4 have been shown to inhibit IgE responses (Coffman 

et al 1986a; 1986b). It is therefore likely that other isotype and IgG subclass responses may
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also be regulated by specific cytokines as in the IgE response. In human filariasis, IgE and 

lgG4 have been shown to recognise similar set of antigens (Hussain et al 1986). Perhaps, like 

in mice, a particular subset of T cells and hence specifc cytokines are responsible for their 

production.

Serodiagnosis for parasitic helminths based on the detection of total immunoglobulin has 

mostly failed to provide a correlation with worm budens or intensity of infection. In the case of 

Schistosom a m anson i infection, no correlation could be found between worm burdens and 

the level of either IgG or IgM antibodies to adult worms or parasite eggs (Dunne et al 1988). 

However, statistically significant positive correlations were observed between lgG4 anti-egg 

antibodies and infection intensity and no correlation was found with other IgG subclassess 

(Dunne et al 1988). This is consistent with the result presented here where a strong 

correlation between the level of lgG4 and the number of circulating microfilariae was observed 

(Fig 4.10). The correlation can be in part credited to the specificity of lgG4 antibodies in that 

they do not recognise cross-reactive carbohydrate epitopes, in particular, the highly cross 

reactive phosphorylcholine molecules (Lai et al 1988). The specificity was shown to increase 

from 67% to 96% by the assessment of lgG4 in filarial infection (Lai et al 1988).

Two approaches to immunodiagnosis of filariasis have been assessed in this chapter. In 

defining Brugia speicific antigens for the use in antigen detection assays, a few low molecular 

weight ES antigens were found to be specific. However, due to the small quantity of ES 

obtained by in vitro cultivation, further assessment of the potential of these molecules in 

immunodiagnosis will depend on the accessibility of monospecific antibodies. In assessing 

diagnostic assays based on antibody detections, it is shown here that the problem in 

distinguishing active infections and past exposure of pathogens can be rectified by the 

selective detection of the lgG4 subclass immunoglobulin. This study has only shown the 

differential effects of lgG4 to total fialrial antigens. Such effect is expected to be greater once 

specific epitopes eliciting the lgG4 response is identified.
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CHAPTER 5

GENETIC CONTROL OF HUMORAL RESPONSES IN MICE

INTRODUCTION

One fascinating aspect of lymphatic filariasis is its broad spectrum of clinical manifestation. The 

consequences of infection range from the asymptomatic state with or without circulating 

microfilarial parasites, through symptomatic filarial fever, chronic obstruction with elephantiasis 

or hydrocele, to hypersensitivity reactions in the tropical eosinophilia syndrome (Ottesen 

1980). The diversity of pathological sequelae of filarial infection is most likely to be related to 

the variety of immune responses to the parasite or parasite products (Ottesen 1984). For 

example, there is well documented evidence of hyporesponsive humoral responses to 

parasite products in infected microfilaremic individuals who are asymptomatic (Ottesen et al 

1982; Piessens et al 1980c; Nutman et al 1987a; 1987b) whereas vigorous parasite-specific 

immune responses are found in patients with filarial associated pathology. In addition, strong 

responses can be found in the significant proportion of people in an endemic area who 

remain evidently free of overt infection in an asymptomatic and amicrofilaremic state.

The factors which influence susceptibility to infection and which eventually give rise to these 

diverse pathological responses in filariasis are not yet understood. Predisposition to different 

intensities of infection has been reported in some parasitic helminths (Keymer et al 1989) 

which show similar overdispersed distributions within host populations to lymphatic filariasis 

(Anderson et al 1985). The relationship between MHC encoded genes and filarial infection 

has yet to be fully elucidated. In the two published studies on lymphatic filariasis, familial 

association with infection but without linkage to HLA type was found in a Polynesian 

population (Ottesen et al 1981b), while HLA-B15 was found to associate with elephantiasis in 

a South Indian group (Chan et al 1984). However, these studies did not extend to an analysis 

of Class II antigens. In the related nematode parasitism, onchocerciasis, strong Class II 

associations have been found, with markedly higher frequency of DR5 and DRw52 among 

disease cases, who also showed a very low incidence of DR1 relative to the uninfected 

population (Brattig et al 1986).

Such investigations of genetic influences in human infections are complex, demanding large 

samples of individuals and detailed family studies. The availability of many inbred lines of mice 

provides a good animal model for dissecting genetic controls of immune responses to
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infection. Comparative studies of infections with human pathogens or closely related 

parasites in defined mouse strains have been performed with nematodes species, such as 

Trichuris m uris  (Else et al 1989), A scaris  suum  ((Tomlinson et al 1989) and T rich ine lla  

sp ira lis  (Wassom et al 1984). However, mice are generally refractory to full-course filarial 

infections and thus investigations are limited to single stages of filarial parasites (Philipp et al 

1984). Thus Acanthocheilonem a viteae microfilarial larvae may be established in mice by the 

subcutaneous implantation of adult female A. viteae  (Haque et al 1980; Storey et al 1985). 

However, while high levels of microfilariae persist for about 160 days in BALB/c mice, C57BI/6 

strains are able to clear their microfilariae much earlier (Haque et al 1980). The rapid clearance 

of A. viteae  microfilariae is shown to be a dominant characteristic in F1 crosses between 

susceptible BALB/c and resistant B10 strains (Storey et al 1985).

For Brugia m alayi parasites, susceptibility to microfilariae has been examined in 14 strains of 

mice (Fanning et al 1983). Although some strains are resistant, clearing parasites in 3-4 days, 

both BALB/c and C57BI/6 are found to be among those that harbour microfilariae for two 

months. However, no linkage of resistance with H-2 haplotype is observed. In both B. m alayi 

(Thompson et al 1981) and A. viteae (Thompson et al 1979), x id  CBA/N mice are known to 

be unable to clear the microfilariae even after prolonged infection. Significantly, IgM 

responses (which are deficient in x id  animals) are associated with the clearance of parasites, 

and in A. viteae, the correlation extends to IgM antibodies directed to the microfilarial surface 

(Storey et al 1987). However, no attempt has yet been made to correlate these facets of the 

immune responses of mice to Brugia parasites and their antigens.

Although mice are refractory to Brugia  spp. infections from mosquito-derived larvae (Vincent 

et al 1980; Suswillo et al 1980; 1981), adult parasites are able to survive in the peritoneal 

cavity of BALB/c and CBA mice for about 3 months (Suswillo et al 1981). This provides an in 

vivo  environment to examine immune responses to living adult parasites. This chapter 

presents a comparative evaluation of genetic linkage to MHC alleles or background genes of 

humoral responses to living Brugia m a lay i parasites in inbred and congenic mice. Two H -2  

haplotypes, H-2k and H-2d , for this study were selected and their responses to a range of 

surface, somatic and common antigenic determinants are evaluated. BALB/c mice of the H-2d 

haplotype are the most permissive strain to filarial infection and have been commonly used in 

vaccination studies (Hayashi et al 1984; Abraham et al 1989). CBA/Ca mice of the H-2k 

haplotype together with B10 background strains congenic at the major histocompatibility 

complex, B10.BR (H-2k) and B10.D2/n (H-2d) were also examined. In parallel, CBA/N mice 

with the X-linked immunodeficiency gene (xid) were included in this study to investigate the 

influence of low IgM responses, in particular to phosphorylcholine (PC), in the overall 

antibody repertoire expressed during filarial infections.
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MATERIALS AND METHODS

Animals: Inbred female and male mice at six to eight weeks of age were obtained from Harlan 

Olac Ltd (UK) except BALB/c (Bantin & Kingman Ltd, Humberside) and X-linked 

immunodeficient (xid) mice CBA/N (Medical Research, London. The haplotypes and strains 

of animals used are summarised in Table 5.1.

Table 5.1 Summary of Strains and Haplotypes of Mice Used

STRAINS H-2 HAPLOTYPES ORIGIN

CBA/ Ca /Ola H-2k Harwell, 1956

CBA/N H-2k X-linked immunodeficiency .Harwell 1966

BALB/c H-2d

B10.BR/Ola H-2k Congenic, C57BI/10SnX C57BR/10cd
B10.D2/n/Ola H-2d Congenic, C57BI/10Sn X DBA/2 (H-2d)

Statistical Analysis: Student's / tests were used to determine the differences between 

the means of two variables wherever appropriate. Two-way analysis of variance was employed 

to analyse two sets of variable factors. For both tests, significance was taken at less than the

5% level.

Animal Experiments: Two experimental protocols were followed. The first, to assess 

antibody responses to live adult parasites, used groups of six male mice of each different 

strain given in Table 5.1. Live adult worms recovered from jirds were surgically transplanted 

into the peritoneal cavities of mice, each mouse recieving a total of 7 active female and 5 male 

parasites. Mice were bled from the retro-orbital sinus at days 15, 30, 45 and 65 after the 

implantation. The mice were sacrificed and parasites recovered were counted at day 65. The 

second regimen was designed to test responses to antigens present in the soluble form. 

BALB/c and CBA/N female mice in groups of 3 were used. Following transplantation of 10 

living female parasites, mice were challenged with 100 pg of surface enriched worm 

preparations (see below) presented with either saponin intraperitoneally or Incomplete 

Freund's Adjuvant (IFA) intrtaperitoneally cum subcutaneously, on day 26. Mice were bled on 

day 38 . A second challenge with 30pg of the same antigen preparation was made 

intravenously on day 60 and mice were bled on day 67.
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ELISA for Antibodies to Phosphorylcholine and B. m a la y l Antigens: N orm al 

procedure for ELISA as described in mehtod section 2.9 was followed. Serum dilutions were 

tested and a dilution of 1/1000 was found to be optimal for time-course ELISA assays, which 

were performed in duplicate. Adult worm extract was diluted to 1 pg/ml in carbonate buffer pH

9.6 and 100 pi per well was used. Plates were blocked with 5% low-fat milk powder. In both 

assays for IgM and IgG responses, sera were diluted in TBS. In order to measure the non-PC 

IgM responses, a final concentration of 10 mM PC (Sigma, P-0378) was included in the sera 

incubation step in the IgM assay. Horseradish peroxidase conjugated goat anti-mouse IgM 

(Biorad.172-1030) or IgG (Biorad 172-1038) were used as second antibodies at a dilution of 

1/2000. The substrate used was ABTS (2,2’-azino-di[3-ethyl-benzthiazoline sulfonate]) 

obtained from Kirkegaard & Perry Laboratories, Inc. (cat. no. 50-62-01). Anti-PC responses 

were measured by ELISA with bovine serum albumin conjugated phosphorylcholine (BSA- 

PC) coated on the plates, as described by Pery et al (1979). 100 pi of BSA-PC of 5 pg/ml 

concentration were used to coat onto Immuno plates, before following the procedures 

outlined above. Anti-mouse IgM conjugate was used as the second antibody. All results were 

measured by the optical density at 405 nm.

Im m unopreclpltatlon: The standard procedure as described in chapter 2.11 was followed. 

Adult surface antigens labelled either by lodogen method (Chapter 2.2.1) or Bolton Hunter 

Reagent (Chapter 2.2.2) were used. In both cases, labelled parasites were solubilised in PBS 

nOg (Chapter 2.3.2). After preclearing the labelled antigens, 1-2 x10^ cpm was used to react 

with 3 pi of individual/pooled sera in 45pl of 0.5% triton PBS. 10 pi of rabbit anti-mouse 

immunoglobulins was included in all assays. The labelled proteins bound to the immune 

complexes were quantitated with a gamma counter before loading onto SDS-PAGE for 

qualitative analysis.

W estern B lo ttin g : Parasite antigens on SDS-PAGE gels were electrophoretically 

transferred to nitrocellulose paper (NC) as described in chapter 2.10. The membrane was 

blocked with 20% soya milk (Waitrose, UK) in TBS overnight at 4 °C. Individual mouse sera 

diluted to 1/50 in TBS containing 20 % soya milk, 10 mM PC and 0.01% Tween were used for 

the first incubation step and anti-mouse IgG HRP conjugate (Bio-Rad 172-1038) was used as 

second antibody. The substrate used was 3,3'-diaminobenzedine tetrahydrochloride (DAB) 

(Sigma D5637).
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RESULTS

5.1 TO TAL A N TIB O D Y RESPO N SES AFTER PA R A SITE  

TRANSPLANTATION

As an initial comparison of humoral responses to adult Brug ia  m alay i by mice of five different 

strains, serum antibodies were measured by ELISA to two antigens : a soluble extract of adult 

worms, and phosphorylcholine (PC), a dominant component in filarial nematodes and a major 

ES product of the adult parasites (Maizels et al 1985a; Wenger et al 1988, Kwan-Lim et al 

1989). Antibody levels in individual mice were measured at intervals up to day 65 following 

implantation of worms. Both IgM and IgG responses were assessed to each antigen, but no 

IgG response was found to PC over this time period. The course of antibody responses 

measured over the 65 day period, was significantly influenced by the genotypic constitution 

of the recipients (Figure 5.1a, b, & c). The responses, however, in each strain of mouse was 

variable depending on the type of response examined. IgG responses in all strains of mice 

increased sharply between days 15 and 30, and remained almost at the same level for the 

following 35 days (Fig. 5.1a). High IgM responses to non-PC and PC-bearing Brugia antigens 

were detected much earlier (Day 15) than the IgG response (Fig.5.1 b & 5.1c) and stayed high 

throughout the experimental period. The exception was observed in CBA/N (xid) mice 

(Amsbaugh et al 1972; Berning et al 1980) which have impaired IgM responses. This group of 

mice produced only a low level of IgM antibodies to non-PC Brug ia  antigens (Fig 5.1b), and 

had practically no response to the PC determinant (Fig 5.1c).

To compare levels of responses among different strains of mice, the antibody levels were 

analysed statistically. At day 30, there were no significant differences in the IgG levels 

recorded, except in CBA/Ca mice which were significantly higher than the other strains (Fig 

5.1a). Mice with the B10 background mounted a more vigorous anti-PC response than either 

BALB/c or CBA/Ca, the highest being in B10.D2/n, significantly above the level in B10.BR 

mice (Fig. 5.1c). IgM responses to non-PC B. m alayi antigens, followed a pattern of high and 

low responders similar to that of anti-PC IgM responses, except that B10.BR mice were the 

significantly strongest responders than mice of CBA or BALB backgrounds (CBA/Ca, CBA/N 

and BALB c) (Fig. 5.1b). The B10 background was found to be a significant factor responsible 

for the higher IgM responses to non-PC (Prob > F = 0.007) and PC antigens (prob > F = 

0.000) than BALB/c and CBA strains by one way variance analysis.

5 .2  HUMORAL RESPONSES TO SURFACE/ES MOLECULES

One important target of the humoral response is to surface molecules from the cuticle of filarial 

parasites, and antibodies to surface proteins were therefore assessed. Antigens of both adult



Figure 5.1 Total antibody responses to adult Brugia m a lay i in mice transplanted with live 

adult worms measured by ELISA.

Individual mouse sera obtained at days 15, 30, 45, and 65 post-transplantation 

were assayed in duplicate at a serum dilution of 1/1000. The results are 

expressed as the mean value for each group of mice (n = 5 or 6). For clarity in 

presentation, standard deviations are not included in the graph, but statistical 

significances based on results from sera at day 30 (Student's ftest) are given 

below wherever is appropriate.

(a) IgG responses to B. m a lay i adult somatic soluble antigens were measured on 

ELISA plates coated with 1|ig/ml PBS adult worm extract. No IgG was found to PC 

in sera from these mice. Antibody binding was measured with HRP-conjugated 

anti-y chain and ABTS substrate by determining OD at 410 nm. Standard 

deviation lines have been omitted for clarity, but no significant differences were 

found except for CBA/Ca mice which were significantly higher (p < 0.015) than 

other strains.

(b) IgM responses to B. m a lay i adult somatic soluble antigens were measured. 

ELISA plates were coated with 1 pg/ml adult worm extract. To exclude anti-PC 

antibodies from this assay, 10 mM free PC was added to the incubation step 

containing mouse antibodies. Antibody binding was measured with HRP- 

conjugated anti-p chain and ABTS substrate by determining OD at 410 nm. 

B10.BR mice had significantly higher values than all other strains (p < 0.013) 

except B10.D2/n; CBA/N were significantly lower than all other strains (p < 

0.044). Other pairwise differences were not statistically significant.

(c) IgM responses to PC was measured on ELISA plates coated with 5 pg/ml of BSA- 

PC.Antibody binding was measured with HRP-conjugated anti-p chain and ABTS 

substrate by determining OD at 410 nm. Results from each strain of mice were 

significantly different from each other, with significance ranging from p < 0.000 to 

p < 0.032.
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parasites and microfilariae were examined since gravid parasites continue to release 

microfilariae after their implantation into the mice. Surface molecules of the adult parasite 

labelled by either lodogen or BHR (Maizels et al 1989). Labelling live parasites by the lodogen 

method, a 29 kDa glycoprotein is predominantly recovered accompanied by minor proteins of 

15, 20 and 51 kDa (Maizels et al, 1989). The degree of precipitation of this set of antigens by 

antisera from individual mice was quantitated by gamma counting. The results expressed as 

the mean value for each strain of mouse are presented in Figure 5.2, which shows the high 

response to adult surface antigens found in mice with H-2k alleles, B10.BR, CBA/Ca and 

CBA/N, as compared to those of H-2d haplotype, B10.D2/n and BALB/c (p < 0.008). 

Qualitative analysis of the antigens precipitated by each individual serum on SDS-PAGE 

showed that each individual mouse of the H-2k haplotype recognised the major surface 

glycoprotein of 29 kDa (Fig 5.3) but that no significant response was observed in H-2d 

haplotype mice (Fig 5.3). Antisera taken at later time points from H-2k individuals showed 

increased responses to the 29 kDa molecule, while B10.D2/n and BALB/c remained non- 

responsive (Result not shown). Apart from H-2 restricted recognition, the level of response to 

this molecule is also determined by background genes as CBA mice react more strongly than 

B10.BR (Prob > F = 0.035, by two way analysis).

The antibody response to the minor 15 kDa lodogen-labelled protein, however, does vary 

within the MHC haplotypes studied. As this antigen contributes little to the total radioactivity of 

surface labelled proteins, comparisons were made on the intensity of immunoprecipitation on 

autoradiographs exposed for identical periods of time. Mice of the CBA strains responded 

uniformly to this antigen on day 30 (Fig. 5.3) whereas not all B10 congenic and BALB/c mice 

responded to this antigen by day 30 (Fig. 5.3). However, all but two B10.D2/n mice 

seroconverted to show anti-15 kDa antibody by days 45 and 65 (Results not shown).

Another surface-related antigen, a complex of twelve components forming a regular series or 

'ladder' between 17 and 200 kDa (17-200kDa) is preferentially labeled by BHR presumably 

because it bears abundant lysine residues (Maizels et al 1989). This complex is synthesized 

as a high molecular weight precursor (430 kDa) in metabolic labelling studies, and may 

represent a protein composed of tandem repeats of approximately 150 amino acids (Dr M. E. 

Selkirk personal communication). The murine response to the 17-200 complex was therefore 

also examined by immunoprecipitation assays. No significant differences in quantitative 

immunoprecipitation were obtained, due to the number of different antigens labelled by BHR. 

However, qualitative analysis on SDS-PAGE clearly showed that only BALB/c mice 

responded to this surface antigen (Fig.5.4).
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Figure 5 2 Differential responses to the surface molecules of B. m a lay i adult antigens, 

labelled by the lodogen method, in mice receiving intraperitoneal transplants of 

adult B. malayi.

immunopreciprtation assays were performed with individual mouse sera, and 

immune complexes were precipitated with protein A sepharose in the presence 

of polyvalent rabbit anti-mouse Ig reactive with all murine isotypes. Data 

presented are a quantitative analysis of immunoprecipitates formed with individual 

mouse sera from day 30. Results are expressed as the group mean and standard 

deviation for each strain of mice.
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Figure 5.3 Qualitative analysis of the responses to B. m a lay i adult antigens in mice 

implanted with adult worms.

Immunoprecipitation assays were performed with lodogen labeled adult antigen 

and individual mouse serum. Immunocomplexes were precipitated with protein A 

Sepharose in the presence of polyvalent rabbit anti-mouse Ig reactive to all 

murine isotypes and analysed on SDS-PAGE. The quantitative analysis of the 

same immunoprecipitates are presented in Figure 5.2. Normal sera from the 

respective strains of mice were used and shown in the final lanes of each panel, 

except in the BALB/c panel where the normal serum is shown in lane 7 and total 

lodogen labeled adult antigen is shown in lane 8.
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Figure 5.4 Differential responses to the surface molecules of B. m a lay i adult antigens, 

labelled by Bolton Hunter Reagent, in mice transplanted with adult worms. 

Immunoprecipitation assays were performed with individual mouse sera, and 

immune complexes were precipitated with protein A Sepharose in the presence 

of rabbit anti-mouse Ig followed by analysis on SDS-PAGE. Normal mouse sera 

are shown in last lanes of all panels.
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To determine the stringency of responses to either the 29 kDa antigen, in mice with H-2d 

haplotype, and 'ladder' complex, in non-BALB/c strains, mice were boosted with a surface 

enriched antigen preparation, taken by dissolution of the cuticle with 2-ME, after implantation 

of parasites. These antigens were first presented with either Incomplete Freund's Adjuvant or 

Saponin and followed by a second intravenous boost of antigen. Despite these challenges, 

the non-responsive mice remained immunologically silent: BALB/c failed to make anti-29 kDa 

(Fig 5.5a) and CBA/N did not produce anti 17-200 kDa (Fig. 5.5b).

The principal microfilarial surface molecules seen by BHR labelling, ranged from 15 to 67 kDa 

and resemble those identified by the lodogen technique (Egwang et al 1987). BHR labelled 

microfilarial antigens were immunoprecipitated with serum from each individual mouse and 

analysed on SDS-PAGE. A 40 kDa antigen was found to be consistently recognised by the H- 

2k mice (Fig. 5.6) but not by mice with the H-2d haplotype. Figure 5.6 presents representative 

recognition patterns of pooled sera from each strain of mice. Little reaction was observed to 

the other microfilarial surface antigens.

5 .3  ANTIBODY RESPONSES TO INTERNAL ANTIGENS OF ADULT 

PARASITES

In order to examine the differential recognition patterns from each strain of mice to internal T- 

dependent antigens that were not accessible to either lodogen and BHR labelling, Western 

blotting was performed with B. m a lay i adult soluble extract. While some individual 

heterogeneity in recognition levels within each group of animals was evident (Fig 5.7), certain 

characteristic responses in each strain of mice could be recognised. Both CBA/Ca and 

BALB/c recognised a broader range of molecules than the others while CBA/N had a 

markedly limited antibody repertoire. Antigens of molecular weight of 34 kDa and triplets of 

200 kDa elicited responses in all strains of mice. Responses to molecules of 24 kDa and 66 

kDa were recognised only in mice with H-2d haplotype.

5.4  RECOVERY OF IMPLANTED PARASITES

To assess the survival of implanted parasites, mice were sacrificed and parasites counted on 

day 65. The results are shown in Table 5.2. Only about 25% of implanted parasites were 

recovered and among those recovered, some were semi-calcified and relatively inactive. 

There were no significant differences in the percentage parasite survival between strains of 

mice, although the recovery was slightly higher in CBA/N mice, which also harboured the 

highest proportion of vigorous worms (Table 5.2).
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Figure 5.5 Antibody responses to B. m a la y iadult surface antigens in mice challenged with 

solubilized adult antigens.
Immunoprecipitation assays were performed with individual mouse sera and 

immune complexes were precipitated with protein A Sepharose in the presence 

of polyvalent rabbit anti-mouse Ig followed by analysis on SDS-PAGE. Identical 

sera were used for f t  and B  
A Responses to antigens labeled by lodogen 

8 1 Responses to antigens labeled by BHR
The first challenge was given 26 days after implantation of live worms and animals 

were bled 12 days after the challenge. BALB/c (lanes 1-3 and lanes 6-8) and 

CBA/N mice (lanes 4, 5, 9 and 10) were challenged with 100 pg of surface 
enriched preparations with IFA intraperitoneally (lanes 1 and 4) or subcutaneously 

(lanes 2 and 6); or with saponin intraperitoneally (lane 3). The second challenge 

was given intravenously on day 60 after worm implantation and mice bled 7 days 

after that (lanes 7-10). Lane 11 shows the reaction with normal BALB/c serum 

and lane 12 is the total labeled antigen.



110

Figure 5.6 Humoral response to B. m alayi mirofilarial antigens, labelled by the BHR, in mice 

transplanted with live adult parasites.

Immunoprecipitation assays were performed and immunocomplexes analysed on 

SDS-PAGE with lane 1 showing the pattern of total labelled antigens. Individual 

sera within each group of mice gave identical results and representative patterns 

obtained from pooled sera of H - ^  B10.BR (lane 2), /-/-2^B10.D2/n (lane 4), H- 

2 k  CBA/Ca (lanes 6), H -2k  CBA/N (lanes 8), and H-2d  BALB/c (lane 10) mice 

are presented, together with nomal mouse sera of the respective strains in the 

adjacent right-hand lane.
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Figure 5.7 Variable antibody responses to B. m alayi adult worm extract in mice implanted 

with live adult worms measured by Western Blotting.

The nitrocellulose paper with electrophorectically transferred parasite antigens 

was probed with individual mouse sera obtained on day 30 post-transplantation 

and with a second antibody of goat anti-mouse IgG HRP. Lanes 1-6, B10.BR 

(NMS, lane 6); lanes 7-13, B10.D2/n (NMS, lane 13); lanes 14-20, CBA/Ca (NMS, 

lane 20); lanes 21-26,CBA/N (NMS, lane 26) and lanes 27-33, BALB/c (NMS, 

lane 33).
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Table 5.2 Status Of Worms Recovered Post-implantation

STRAINS LIVE WORMS RECOVERED 
FROM INDIVIDUAL MICE

TOTAL
RECOVERY

NUMBER OF 
VIGOROUS WORMS

% OVERALL 
SURVIVAL

B10.BR 0, 2, 4, 2, 3* 11 2 22
B10.D2/n 1,4, 3, 2, 3, 2 15 6 25
CBA/Ca 6, 3, 2, 1,0, 4 16 11 26
CBA/N 5, 0, 6, 2, 3* 16 14 32

BALB/c 4, 2, 1,2, 0* 9 2 18

* represents animals dying before day 65 post-implantation
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DISCUSSION

The wide spectrum of clinical manifestations in filariasis and the range of immune responses to 

parasites within infected populations probably reflect variable factors in both host and 

pathogen. One of the most significant host factors is the constitution of the array of genes 

encoding immune-response related products, in particular the MHC. In filariasis, only limited 

efforts have been made to investigate whether there is such a genetic influence on 

susceptibility to infection and pathological outcome in naturally infected populations. Studies 

of some animal models of nematode parasitisms such as Trichuris muris, Ascaris suum  and 

T rich ine lla  sp ira lis  (Else et al 1989; Tomlinson et al 1989; Wassom et al 1984) have 

established that both H-2 and backgound genes play a part in influencing the immune 

repertoire in nematode infections. Reflecting the unsatisfactory nature of animal models in 

filariasis, however, studies on this important group of pathogens have so far been limited to 

correlate genetic factors and susceptibility to one lifecycle stage of the parasite, in particular, 

the microfilariae (Thompson et al 1979; 1981; Wakelin 1986).

In natural infection, adult filarial parasites reside many years in a host which is continuously 

challenged by incoming infective L3 larvae from mosquito vectors. The living adult parasites 

are therefore very likely to be involved in diverting or regulating the immune responses to 

these infective larvae. Implantation of live worms into mice provides an in vivo system to 

examine the host-parasite relationship that goes some way to mimic the natural infection 

where excretory/secretory products or the shedding of surface molecules from live parasites 

may both elicit and regulate the immune response of the host. In this study, we have focused 

particularly on major surface molecules, which are known to be also represented in the ES 

products of adult Brugia spp parasites (Maizels et al 1985a; Kwan-Lim et al 1989).

Concentrating in this work on the recognition of surface/ES products, contrasting antibody 

reponses in different strains of mice have been demonstrated . The variable responses to 

these antigens are not due to preferential worm survival in certain strains of mice since worm 

recoveries are comparable at day 65. The bias in sex differences, which has been shown to 

have differential levels of resistance to B. pahang i in mice (Nakanishi et al 1987), is excluded 

since both sexes of mice were used in this study. Moreover, all animals were exposed to same 

number of parasites and the humoral responses investigated at a defined time point. Thus 

there is no bias on the dosage of antigens present and time differences in the assessed 

responses.

Antibody responses to the 29 kDa antigen (Fig 5.2 and 5.3) of adult parasites are found in H- 

2k mice but not in H-2d animals. By examining congenic mice, we can exclude differences in
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TCR or Ig V gene repertoires, and conclude that the H-2d gene products, presumably of the 

class II loci, are constitutively defective in the presentation of the 29 kDa filarial surface 

antigen. An alternative explanation that l-E  gene products are involved in the induction of a 

suppressor circuit (Oliveira et al 1985), as demonstrated in the nematode Trichinella spiralis  

(Wassom et al 1987) seems unlikely. In T. spira lis infections, l-Ek mice are more susceptible 

than strains which have silent alleles, but both responders (H-2k) and non-responders (H-2d) 

to B. m alayi express l-E molecules of their respective haplotypes. The fact that the H -2  

restricted response to the 29 kDa is not over-ridden by immunization with worm soluble 

antigen and adjuvant (Fig. 5.4), further suggests that nonresponsiveness to this antigen is 

due to inadequate or disabled presentation or processing. An alternative explanation for the 

differential recognition of the 29 kDa glycoprotein, which is still plausible is that tolerance to 

the MHC-Ag complex in H-2d animals has deleted T cells with reactivity for the 29 kDa.

Apart from the 29 kDa antigen, a 40 kDa molecule of microfilariae exhibits similar H-2k 

restricted response (Fig. 5.6). These two molecules may well share antigenic epitopes, as 

found for other filarial antigens of dissimilar molecular weight (Maizels et al 1983b). A converse 

H-2d restricted response was observed with adult internal antigens of 24 kDa and 66 kDa 

which demonstrates that these mice were adequately infected (Fig 5.7). Apart from these H-2 

restricted responses, other molecules, a 15 kDa surface protein (Fig.5.3) and the 34 and 200 

kDa somatic antigens (Fig. 5.7) elicit responses in all strains in this study. However, an 

unexpected restriction was found in that the response to the 17-200 kDa surface molecule is 

mounted only in BALB/c mice, evidently controlled by factors outside the H-2 complex.

PC-bearing molecules are secreted in a substantial quantity by adult parasites (Maizels et al 

1985b; Wenger et al 1988; Kwan-Lim et al 1989), and a long-standing hypothesis has been 

made that PC may be involved in the suppression of effective anti-parasite responses 

(Mitchell et al 1976). The data presented here may support this notion insofar as the mice with 

the lowest anti-PC responses (CBA/Ca) had the highest IgG levels to total filarial antigen (Fig 

5.1) as well as the strongest responses to the 29 kDa (Fig 5.2 and 5.3) and 15 kDa adult 

surface antigens (Fig 5.3). However, this phenomenon may simply reflect a lower overall IgM 

response in CBA mice, perhaps associated with a faster switch to IgG responses than in other 

strains.

Susceptibility to microfilarial infection of either A. viteae and B. m a lay i is associated with 

particular strains of mice but is not influenced by their H -2  haplotype (Storey et al 1985; 

Fanning et al 1983). The clearance of microfilariae of A. viteae is associated with IgM antibody 

to the surface of microfilarial larvae (Thompson et al 1979; Storey et al 1987) with B10 

congenics being more resistant than BALB/c congenics (Storey et al 1985) due to their
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inherently higher IgM responses (Storey et al 1987). This is consistent with our finding that 

B10 mice produce the highest IgM response to B. m alayi adult antigens (Fig. 1b) and that 

x id  mice with low IgM response cannot eliminate microfilarial parasites (Thompson et al 1979; 

1981).

Our knowledge of protective immunity to filarial infections and the mechanisms of immune 

killing of parasites remains incomplete. The demonstration of full development of parasites in 

T-deprived mice but not immune competent mice (Suswillo et al 1981) indicates very clearly 

the involvement of T cells in immunological protection. However, an important component of 

this protective immune response appears to be antibody-dependent, as shown by serum 

mediated adherence of leucocytes to microfilariae (Simonsen 1983) and by antibody 

dependent cell mediated cytotoxic-type killing of infective larvae by granulocytes or 

monocytes with monoclonal antibodies (Parab et al 1988). We have presented here the first 

evidence of MHC controlled antibody responses as well as non-MHC effects on the 

recognition of filarial parasites in experimental models. This dual level of genetic control of 

immune repertoire expression has also been observed in another parasite infection, 

Trichuris muris in mice (Else et al 1989).

The wide spectrum of clinical manifestation of human filariasis is still an unsolved puzzle. The 

present report of H-2 linked anti-filarial responses in mice together with the recent findings of 

an association between Onchocerciasis infection and both HLA class I and II alleles (Brattig et 

al 1986), make it increasingly likely that these loci are also involved in determining the 

outcome of lymphatic filarial infection in humans. Interestingly, the class II antigen, HLA-DR, in 

man not only shows homology to l-E  gene products of the mouse (McMillan et al 1977; 

Allison et al 1978) but is also able to reconstitute /-E-controlled immune functions in 

transgenic mice (Lawrence et al 1989). If the finding that both human and murine T^ epitopes 

map to the same region of the malaria circumsporozoite protein (Good et al 1988) is more 

generally true, studies such as these on the genetic control of immune responses in mice will 

have an increasingly direct implication for man. Further experiments with F1 mice, different I- 

A/l-E recombinants and CXB Rl mice (Klein et al 1987) are required for a more detailed 

investigation of the genetic factors underlying responses to the major adult surface 

molecules, in particular the 29 kDa and the 17-200 kDa complex.
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CHAPTER 6

PRODUCTION OF MONOCLONAL ANTIBODIES

INTRODUCTION

One of the urgent requirements for controlling lymphatic filariasis is a sensitive and specific 

diagnostic assay. Molecules actively released by the parasite provide a good source of 

antigens in circulation, and thus may be used as diagnostic targets. Monoclonal antibodies 

specific to these molecules would therefore provide an accurate and sensitive assessment of 

the status of infections. Diagnosis based on this approach has been performed in helminths 

such as Toxocara canis, using monoclonal antibodies raised against ES products of the 

parasite (Robertson et al 1988a). The same approach has been attempted for lymphatic filarial 

infections, but it has been found that most hybridomas raised against lymphatic filariae react to 

a cross-reactive PC epitope (Forsyth et al 1985, Maizels et al 1987b and Wenger et al, 1988). 

Although the potential of using these anti-PC antibodies for diagnosis has been assessed 

(see Table 1.6), the problem of diagnostic confusion still exists due to the presence of this 

epitope in many other infectious agents (Lai et al 1989b). So far, only one non-PC reactive 

monoclonal antibody with a potential for the diagnosis of filarial circulating antigens has been 

described (Weil et al 1987a).

Components released by the adult stage of B. m a lay i have been described in chapter 3 and 

their cross reactivities with other filarial or nematode infections assessed (Chapter 4). One of 

the surface glycoproteins, a 29 kDa molecule, is found to be actively released by adult B. 

m a la y i in in vitro cultivation and may be a good target for diagnosis. Other molecules 

released by adult worms, in particular the low molecular weight components which show less 

cross reaction with other filarial infections (Chapter 4) may also be specific targets for 

diagnosis. This study has therefore been aimed at identifying specific immunological reagents 

for further characterisation of ES components, and to raise monoclonal antibodies to 

molecules released by in vitro cultivated adult parasites.

Two major problems exist in producing monoclonal antibodies against ES of Brugia parasites. 

Firstly, the level of protein released by Brugia  adult worms in vitro is very low (see Chapter 3), 

and is insufficient for either the immunisation protocol or the subsequent screening 

procedure. The presence of high levels of phosphorylcholine-bearing antigens, which are 

immunodominant, in ES products presents a second challenge.
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It has been  dem onstra ted  that a high proportion of surface assoc ia ted  m olecules appear to 

turn over in vitro (see  C hapter 3). Therefore, it w as decided to raise monoclonal antibodies to 

the surface related antigens to overcome the problem of the shortage of ES material. Among 

major surface assoc ia ted  antigens, the 29 kDa glycoprotein has b een  found to be secreted  

(Chapter 3) and is therefore an attractive candidate to target with m onoclonal antibody in an 

antigen capture assay.

Various com binations of immunisations and screening protocols w ere used  in this study to 

raise monoclonal antibodies to non-PC epitopes of B. m alayi adult antigens. In the first two 

attem pts, BALB/c mice w ere used  and anim als w ere im m unised with parasite  antigens. 

Immunisation via the intrasplenic route w as used  due to the paucity of parasite materials. This 

m ethod has been  reported to successfully prime mice with a s  little a s  20 pg of protein for 

hybridoma production (Spitz et al 1984). Alternatively, adult Brugia spp. have been shown to 

be able to survive in the peritoneal cavity of mice for up to 3 months (Suswillo et al 1981). As 

the products released by implanted parasites will prime the mice continuously, implantation of 

living adult parasites w as adopted as the immunisation route. Previously described findings 

(C hapter 5) provide grounds for using both BALB/c and CBA/N to produce monoclonal 

reagents. While CBA/N (xid) with inherently low IgM resp o n ses  (Am sbaugh et al, 1974) will 

be devoid of anti-PC resp o n ses , BALB/c donors are  the only choice to raise antibodies for 

the "ladder complex". To exclude anti-PC reagents, 10 to 20 mM PC w as included to inhibit 

anti-PC reactivity in all screening assays used for the selection of hybridomas.
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Materials and Methods

A sequence  of different techniques are involved in the production of monoclonal antibodies. 

Three sep ara te  fusions were perform ed in this study. Apart from the immunisation protocols 

and screening m ethods which varied for each fusion, the rest of the procedures were similar. 

A summary of immunisation and screening protocols employed is p resented in Table 6.1,

6.1 Immunisation Protocols

Fusion 1 BALB/c mice were immunised with 100 pg of 29 kDa m olecule, excised from 

SDS-PAGE, intraperitoneally with C om plete F reund 's Adjuvant. This w as followed by 

boosters with the sam e antigen in Incomplete Freund's Adjuvant at 2 weekly intervals and a 

final boost of 1 pg of the antigen intravenously 10 days before fusion.

Fusion 2  In order to avoid producing hybridom as aga inst the im m unodom inant PC 

epitope, surface enriched antigens (prepared as in m ethod in Chapter 2.3.4) were depleted 

of PC m olecules. The depletion w as achieved with CNBr S ep h aro se  b e a d s  coupled to 

m onoclonal antibody against PC (Bp1). Mixtures of surface enriched preparation and the 

S ep h aro se  absorbent w ere mixed end-over-end for 4 hours at 4°C and the supernatan t 

recovered by centrifugation. The recovered supernatant w as then mixed with a new batch of 

B p1-Sepharose  and the depletion procedure repeated . A minimum of 6 cycles of such 

depletion w as carried out and the antigen was then tested  for its content of PC molecules with 

a two site ELISA assay (described by Maizels et al 1987b). BALB/c mice were immunised by a 

single injection of 5 pg of antigen into the spleen. The sp lenocytes w ere hybridised with 

myeloma cells 3 days after the injection.

Fusion 3  Three mice each  of CBA/N and BALB/c strains were used . Ten fem ale adult 

parasites were implanted into the peritoneal cavity. Following implantation, mice were boosted 

with 100 pg of surface enriched extract of adult parasites (preparation described in Chapter 

2.3.4) with either sapon in  in traperitoneally  or Incom plete F reu n d 's  Adjuvant (IFA) 

intraperitoneally cum subcutaneously, on day 26. Mice w ere then challenged with 30 pg of 

the sam e antigen preparation intravenously on day 60. S pleens of BALB/c and CBA/N were 

fused with myeloma cells 7 days after the last boost.
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6.2 Media for Cell Culture

Three related culture media are involved in monoclonal production: 

T is s u e  C u ltu re  M e d iu m  (T C M ):

RPMI 1640 with HEPES (Gibco 041 -2400-M) 500 ml

Glutamine 200 mM (Gibco 043-5030-H) 5 ml

Pyruvate (Gibco 043-1360-H) 5 ml

Penicillin-Streptomycin (Gibco 043-5140-H) 5 ml

Foetal Calf Serum, Myoclone (Gibco 0 1 1-6180-H) 100 ml

H A T  M e d iu m :

Tissue Culture Medium 600 ml

FIAT (50 X Concentrate) (Gibco 043-1060-H) 12 ml

H T  M e d iu m :

Tissue Culture Medium 600 ml

FIT (50 X Concentrate) (Gibco 043-1065-H) 12 ml

6 .3  Feeder cells

Feeder cells (peritoneal m acrophages) obtained from mice are required for effective growth of 

single cells. They are used  when plating out cells immediately following fusion, or when 

cloning by limiting dilution.

1. Mice w ere killed and the abdom inal skin cut back without puncturing peritoneal 

m em brane.

2. 5 ml of ice-cold RPMI 1640 w as injected into the peritoneum with a 27 G (0.4 x 12 mm) 

n eed le .

3. The peritoneum was m assaged  before the injected fluid was withdrawn slowly with a 21 G 

(0.8 x 40 mm) needle.

4. Fluids containing ascitic cells (typically 1 - 3 x 106 cells per mouse) w ere pooled and 

w ashed  by centrifugation at 400 g for 5 mins. Cells were resuspended in FIAT or HT for 

fusion mixtures and clones respectively.

5. Feeder cells were plated out at 104 per well in 100 pi.

6 .4  Hybridisation by Cell Fusion

Two m yeloma cell lines were used  as the fusion partner. In the first fusion, P3X63 Ag8.653 

(Ag8) w as used  while Sp2/0-A gl4 (Sp2)(Galfre & Milstein, 1981) w as used in the second and 

third fusions. In the third attempt, two separa te  fusions were performed, one with spleen cells 

from CBA/N mice and the other with BALB/c mice. In each  hybridisation, approximately 2 x 

107 myeloma cells, which were in their log phase  growth were used.

1. Mice were killed and sp leens w ere transferred to a 35 mm petri dish containing 1 ml of 

medium.
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2. S p leens w ere te a se d  with two 25 gauge needles to m ake a cell suspension . Cells were 

transferred to a 10 ml conical and left standing for 5 minutes to allow clumps to settle. The 

supernatan t w as then transferred to a fresh tube. The cell suspension w as centrifuged for 

5 mins at 400 g and resuspended  in serum -free RPMI 1640. An aliquot w as counted with 

Trypan Blue for viability.

3. 2 x 10^ myeloma cells in logarithmic growth were spun for 5 mins at 400g. The cell pellet 

w as mixed with the spleen cell suspension and co-pelleted in a 50 ml conical tube.

4. The pellet was resuspended and warmed in a 37°C w ater bath for 1 min.

5. Prew arm ed PEG 1500 (Boehringer Mannheim 779 512) was added dropwise over 1 min, 

mixing continually but gently.

6. 1 ml of serum  free medium w as added immediately dropwise over 1 min in the sam e 

m a n n e r .

7. 4 ml of serum  free medium w as then added over 4 min without mixing and followed by 

gradual addition of 20 ml of the sam e medium. Then 20 ml of medium containing 20% 

FCS w as added. The tube was inverted gently to mix and left standing at 37°C for at least 

1 hour.

8. Cells were spun down and resuspended in 100 ml 2xHAT medium for distribution across 

10 96-well plates (100 pi per well).

9. Plates were placed in 37°C incubator until feeding w as required (see below).

6 .5  Culture and Feeding Hybrid Cells

1. At day 5, 100 pi of culture medium w as rem oved from each  well and replaced with 

fresh HAT medium. Wells were examined for growing clones each day.

2. The sam e procedure was repeated at day 9. Culture media removed were retained for 

screening (see below).

3. Cells were fed with HAT medium until day 14. From then onwards HT medium were 

u se d .

4. Hybridomas were fed up to day 28, thence with Tissue Culture Medium.

6 .6  Screening

Fusion 1 Hybridomas were first sc reen ed  with lodogen labelled surface m olecules in 

immunoprecipitation a ssay s  (Chapter 2.11) and by ELISA (Chapter 2.9) using 

OPD substrate.

Fusion 2  Hybridoma clones were screened on surface enriched antigens in ELISA assays. 

The standard procedure for ELISA w as followed (see Chapter 2.9).

Fusion 3  Since the main concern in this fusion w as to avoid picking up clones producing 

anti-PC antibody, screening procedures w ere tailored to this consideration. Two 

screen ing  p rocedures, ELISA (see  C h ap te r 2.9) and immunoblotting (see
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C hapter 2.10) w ere employed. For the ELISA screening, adult Brugia m alayi 

antigen of 1 pg/ml w as used to coat the p lates and plates w ere blocked with 5% 

Blotto in TBS. A volume of 80 pi of culture medium from each  well w as transferred 

from the culture plates to antigen coated plates. PC at a  final concentration of IQ- 

20 mM w as included in this step. HRP conjugated anti-m ouse immunoglobulin 

w as used  a s  the  second  antibody and ABTS w as used  as the substrate. In 

immunoblotting, NC paper containing Brugia m alayi adult antigens w as blocked 

with 20% soya milk in TBS, and probed with 100 pi of culture supernatant diluted 

in equal volume of TBS containing 10-20 mM PC.

6 .7  Cloning

Two rounds of cloning, the first at a higher cell density , w ere em ployed to guaran tee

monoclonality.

1. Cells were harvested from each positive well when nearing confluency (> 10^ cells) with a 

sterile counted with Trypan Blue.

2. Dilutions of 50, 20, 5 and 2 cells/ml each in 5 ml volum es were m ade. Each dilution was 

distributed among 24 wells of a 96-well plate and ex cess cells were transferred to wells of 

a 24-well plate. All plates were seeded  with feeder cells a day before cloning.

3. Cells were fed as before, taking supernatants for testing when wells were more than half 

confluent.

4. Two or three positive wells known to be m onoclonal by microscopic examination and
2

dilution were transferred to 24-well plates, then to 25 cm flasks after a few days, then 75 

cm2 flasks.

6.8 Ascitic Fluid Production

1. 0.5 ml Pristane (2 ,6 ,10,14-tetram ethylpentadecane: Aldrich T 2,280-2) w as injected 

intraperitoneally (ip) into mice.

2. 1 -4 x 106 hybridoma cells were injected ip 10 days after the pristane treatm ent.

3. When the m ouse abdom en w as swollen, ascitic fluid w as collected by tapping with a 18G 

needle.

4. Hybridoma cells were centrifuged down gently and w ere p assag ed  to a fresh recipient.

5. Ascitic fluid w as centrifuged (10,000g, 10 mins) and stored at -70°C

6.9 Cryopreservation

1. Cell suspension  in cold tissue Culture Medium containing 50% FCS and 10% DMSO 

(Sigma, D-5879) w as aliquoted into Cryotubes (Nunc 3-68632-A) at 106- 107 viable cells 

per tube.
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2. T h ese  w ere frozen first in a polystyrene box within a -70°C d e e p  freeze  before 

transferring to liquid nitrogen storage.

3. Frozen cells were thawed quickly by rapidly placing in 37°C water bath and adding 10 ml of 

warm medium following by gentle centrifugatuion.

6 . 10  Isotype Characterization

The isotypes of m onoclonal antibodies w ere analysed  on culture su p e rn a tan ts  using a 

Serotec Mouse Monoclonal Typing Kit (MMT OIK).

6.11 .  Characterisation of monoclonal antibodies

6 .1 1 .1  Im m u n o b lo t t in g : The sam e protocol w as followed as in the  screening  procedure 

except ascitic fluid w as diluted in 20% soya, 0.1% Tween in TBS.

6 .1 1 .2  In d ir e c t  F lu o r e s c e n t  A n t ib o d y  T e s t

1. Human lung fibroblasts (a kind gift from Dr A. Suhrbier, Q ueensland Institute of Medical 

research, Australia) were w ashed with PBS, then fixed with 100% methanol for 2 mins.

2. The fixed tissue was w ashed 5 x 2  mins with PBS and blocked with 20% FCS for an hour.

3. Ascitic fluid were used  in a series of dilutions; 1/100, 1/500 and 1/1000. Incubation took 

placed at room tem perature for 1 hour followed by washing ( 3 x 5  min) with PBS.

4. 1/50 fluorescein isothiocyanate (FITC) conjugated goat anti-mouse immunoglobulin w as 

used as the second antibody. After 1 hour incubation, the tissue w as w ashed  5 x 5  mins 

with PBS.

5. Citifluor anti-fadent mounting fluid (AF1) w as then added, a cover slip placed over the 

tissue and fluorescence exam ined under microscope.

6 .1 1 .3  Im m u n o e le c t r o n m ic r o s c o p y  

F ix a t io n  a n d  D e h y d r a t io n

1. About 5 adult parasites were w ashed  3 x in PBS to remove any serum  com ponents or 

other contam inants.

2. They were then fixed with 0.5%  glutaraldehyde and 2% paraform aldehyde in 0.1 M 

sodium cacodylate buffer pH 7.4 for 30 mins at 4°C.

3. The specim en w as then w ashed  3 x in 0.1 M sodium  cacodylate buffer, followed by 

dehydration step  directly or storage in sodium cacodylate buffer at 4°C for an extended 

period of time.

4. Dehydration was carried out by sequential immersion in:

a) 35% ethanol, 15 mins, at 4°C.

b) 50% ethanol, 30 mins, at -20°C

c) 75% ethanol, 30 mins, at -20°C

d) 95% ethanol, 30 mins, at -20°C
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e) Absolute alcohol, 2 changes of 30 mins, each at -20°C 

R e s in  I n f i l t r a t io n  a n d  P o ly m e r is a t io n

LR Gold (London Resin Company) which has two components: Monomer and an Activator 

(Benzil) were used. The specimen were immersed in the following solutions sequentially:

1. 2:1 mixture of absolute methanol and monomer for 1 hour at -20°C

2. 1:2 mixture of absolute methanol and monomer for 1 hour at -20°C

3. 100% monomer for 2 hours at -20°C

4. 100% monomer and activator for 2 hours at -20°C

5. 100% monomer and activator and leave for up to 72 hours at -20°C.

Specimens were then transferred to small gelatin capsules (Agar Aids) and filled with 

monomer and activator. Capsules were then placed under UV source at -20°C for 72 hours 

until the resin polymerised. Capsule were then stripped to reveal blocks for sectioning. 

S e c t io n in g  a n d  Im m u n o la b e l l ln g

Sectioning was performed by Dr A Hamilton (Guy's Hospital, London). Specimen was cut with 

an ultramicrotome to obtain 90 - 120 nm sections. Sections were picked up on nickel grids 

(Agar Aids) coated in a Formvar plastic support film. Immunolabelling was carried out with the 

following procedure.

1. Each grid was floated on a drop of 1% BSA, 0.1% Tween 20 PBS at room temperature for 

30 mins.

2. Grids were washed by transferring them through 3 drops of PBS Tween at 5 min intervals.

3. Each grid was then placed on a drop of ascitic fluid diluted in PBS Tween. A series of 

dilutions starting from 1/50 were used. This incubation step was performed at room 

temperature for 60 mins.

4. Grids were then washed 3 x 5  min in PBS-Tween followed by 20 x dip wash.

5. Grids were floated on gold labelled probe (Janssen goat anti-mouse 15nm particles), 

diluted in PBS-Tween, at room temperature for 60 mins.

6. They were then dip washed 50 x in PBS-Tween, followed by 50 x in distilled water.

7. Grids were then counterstained in uranyl acetate and Reynold's lead citrate. Staining took 

place for 10 mins in uranyl acetate, followed by dip wash 10 x in large volume of water and 

dry on filter paper. Reynold's lead citrate staining was carried out for 5 mins, followed by 3 

dip washes and dried as for uranyl acetate staining.

8. The labelled grids were examined under EM.
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RESULTS

6.1 MONOCLONAL ANTIBODIES RAISED BY IMMUNISATION WITH 

B R U G IA  M A L A Y I

The outcome of the three separate protocols for producing antifilarial hybridomas is 

summarised in Table 6.1 and described below.

Fusion 1 From immunising BALB/c mice with the 29 kDa molecule excised from SDS- 

PAGE and fusing the splenocytes with myeloma line P3X63 Ag8.653, nine hybridoma clones 

which showed positive binding in immunoprecipitation and/or ELISA assays were selected, 

cloned and ascitic fluid produced. Three of them were anti-PC and discarded, four 

hybridomas secreted antibodies that recognise a multiple banding pattern of antigens in 

immunoblotting assays. The remaining two clones showed no significant binding to the 

antigen on Western blots. The multiband patterns of hybridomas from BALB/c mice were very 

similar to those observed with monoclonals raised against O nchocerca g ibson i by Dr J 

Bradley (personal communication). Those hybridomas had been found to be highly cross- 

reactive and were likely to recognise carbohydrate epitopes.

Fusion 2  To avoid producing hybridomas which secrete antibodies against PC, this attempt 

was carried out by selectively immunising BALB/c mice with PC depleted surface enriched 

antigen. Three hybridoma clones producing antibodies highly reactive to B. m alayi surface 

enriched antigens by ELISA were cloned and ascitic fluid produced. Surprisingly, one of 

these clones was found to react to PC epitopes and the other two clones which did not 

recognise PC molecules were designated Bm 35 and Bm 36. However, in characterising 

antibodies produced by these two clones, no positive binding was observed by 

immunoblotting. Subsequent analysis found that the reactivity of the antibodies was inhibited 

by inclusion of foetal calf serum in the incubation step in ELISA. It was therefore likely that 

antibodies secreted by Bm 35 and Bm 36 recognise epitopes similar to one of serum 

components, but it was not resolved whether these represented authentic parasite 

determinants.

Fusion 3  With the experience of these two attempts and the demonstration of a 

genetically-restricted response in different strains of mice (refer to Chapter 5), the third 

approach was to immunise both CBA/Ca and BALB/c and to screen hybridomas with 

immunoblotting early in the screening procedure. As less than 1% of B lymphoblasts will fuse 

with myeloma cells using the conventional PEG technique, animals were boosted with surface 

enriched antigens to ensure donor spleens would contain highly stimulated B lymphoblasts
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before fusion. Antibody responses to Brugia non-PC antigens were monitored by ELISA 

after implantation of parasites and after each challenge. Sera of all animals immunised could 

be titrated down to 1 x 10-5 before the splenocytes were fused with myeloma cells.

Over 70% of the wells containing fused cells were semi-confluent 9 days after fusion whereas 

there were no cells in the control wells containing the unfused myeloma line (SP2/0). An 

ELISA assay was used for the first screen to identify hybridomas that produce antibodies 

against B. m a lay i adult somatic antigens. Approximately 80% of wells with growing 

hybridomas showed positive binding to B. m alayi adult antigen by ELISA in the first screen. 

Immunoblotting was used for subsequent screening of those hybridomas which showed 

positive results in ELISA and about 10 clones from each hybridisation showed positive 

binding. The recognition profile of clones derived from BALB/c all showed a multiple band 

pattern whereas clones derived from CBA/N recognised discrete band(s) on Western blots. A 

representative immunoblot is shown in Figure 6.1. Since the multiband patterns recognised 

by the hybridomas were likely to be carbohydrate epitopes, together with the fact that the 

surface and ES molecule of 29 kDa is not recognised by BALB/c mice (Chapter 5), priority 

was therfore given to hybridomas derived from CBA/N mice. Among the 12 hybridomas from 

CBA/N mice, 2 were first cloned and ascitic fluid from each clone were produced; there were 

designated Bm 38 and Bm 39. Isotypes of the monoclonals were determined with a Typing kit 

from Serotec, which showed that Bm 38 is of lgG1 and Bm 39 is of lgG2 isotype.

6 .2  CHARACTERISATION OF Bm 38

On Western blots, Bm 38 recognised female antigens of molecular weight of 25 kDa and 35 

kDa (Fig 6.2). The epitope recognised by Bm 38 was also found in female O n ch o cerca  

g u ttu ro sa  (Fig 6.2). However, examination of its reactivity with microfilariae of B ru g ia  

parasites showed that the antibody recognised bands of 18 kDa and 25 kDa in this life cycle 

stage (Fig 6.2). Interestingly, only the 35 kDa molecule was recognised in B. m alayi male 

parasites (Fig 6.3). The recognition pattern was similar whether antigens were separated 

under reduced or non-reduced conditions (Fig 6.2). Examining its cross reactivity in other 

nematodes, the antibody reacted to a doublet of around 25 kDa of Ascaris suum  (Fig 6.4). 

Weak reactivity to molecules of 25 and 27 kDa of C. e legans  and 27 and 30 kDa of T. muris 

was also observed.

Since the majority of B. m alayi surface associated molecules were of molecular weights 15 to 

51 kDa, the possibility of this epitope being surface associated was examined by 

immunoprecipitation assay, using antigens solubilised from adult parasites after surface 

labelling with either lodogen or BHR. However, no precipitated protein was observed by 

analyses of the immunoprecipitates on SDS-PAGE (results not shown).
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Figure 6.1 Screening of hybridomas by immunoblotting.

A representative immunoblot obtained from the screening of hybridoma 

supernatants. Nitrocellulose membranes with electrophoretically transferred B. 

m alayi adult antigen was probed with 100 pi of hybridoma culture supernatant, 

and goat anti-mouse Ig HRP conjugated second antibody. Positive results with 

discrete bands were from hybridomas of CBA/Ca mice and those with multiple 

band patterns (arrowed) were from BALB/c mice.
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Figure 6.2 Reactivities of monoclonal Bm38 with different lifecycle stages of Filariae.

Antigens of B. m a lay i (Bm) female parasites, O. gu ttu rosa  (One) female 

parasites and B. m alayi microfilariae (mf) were separated on SDS-PAGE under 

either reducing or non-reducing conditions, electrophoretically transferred 

onto a nitrocellulose membrane and probed with the folowing antibodies. 

Reduced antigens were probed with: 

lane 1 Normal ascitic fluid

lanes 2 & 3 Ascitic fluid of Bm 38 

lane 4 Normal mouse serum

lane 5 polyclonal sera against adult B. malayi 

Non-reduced antigens were probed with: 

lane 1 Normal ascitic fluid

lane 2 monoclonal specific for Onchocerca  (a gift from Dr. R. Lucius, 

University of Heidelberg) 

lane 3 Ascitic fluid of Bm 38

lane 4 Normal mouse serum

lane 5 Polyclonal sera against adult B. malayi
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Figure 6.3 Reactivities of Bm 38 and Bm 39 with B. m alayi male or female antigens.

Nitrocellulose membrane with electrophorectically transferred B. m alayi male 

or female adult antigens was probed with ascitic fluid of Bm38 (lanes 1 and 2) at 

a dilution of 1/100, Bm 39 (lanes 3 and 4) at a dilution of 1/500 and normal 

ascitic fluid (lane 5).



Figure 6.4 Reactivities of Bm 38 and Bm 39 with antigens from parasitic and free living 

nematodes.

Nitrocelllulose membrane with electrophoretically transferred antigens from 

A scaris  suum, Trichuris m uris  and C aenorhabditis  e legans  was probed with 

ascitic fluid of Bm 38 at a dilution of 1/100 (lanes 1 and 2) and ascitic fluid of 

Bm39 (lanes 3 and 4)at a dilution of 1/500.
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When the epitope recognised by Bm 38 was examined with immuno-EM, no specific 

localisation was observed (Fig 6.5).

Immunoprecipitation assays using metabolically labelled adult ES and 

worm extract (prepared in PBS- nOG) gave negative results. This showed that the molecule 

recognised by Bm 38 monoclonal antibody was not actively synthesized.

Comparing molecular weights of the set of 

molecules recognised by Bm 38 in immunoblotting with vertebrate muscle components, they 

appeared to be similar to those of Troponin, which is made up by 3 components of molecular 

weight of 18, 22 and 36 kDa (Greaser et al 1971). This possible identity of Bm 38 was tested 

by probing rat muscle extract on an immunoblot and human lung fibroblast by IFAT with this 

monoclonal antibody. Very weak reactivity to 20 kDa, 25 kDa and 200 kDa molecules was 

observed in the former (Fig 6.6, panel A lane 1) and negative results was obtained in the 

latter.

6 .3  CHARACTERISATION OF Bm 39

The monoclonal antibody secreted by this hybridoma recognised a 43 kDa adult B. m alayi 

antigen by immunoblotting (Fig 6.7). Examining its cross reactivity to different stages of 

homologous parasites and other filariae, Bm 39 recognised molecules of the same molecular 

weight in the microfilariae of B. malayi, adult and microfilarial stages of Onchocerca gutturosa 

and adults of A. viteae  (Fig 6.7). However, no reactivity was found with other nematodes, 

including A. suum, T. muris and C. elegans (Fig 6.4).

As the 43 kDa molecule has almost the same mobility as actin molecule, mouse monoclonal 

anti-chicken gizzard actin (ICN Biomed Ltd, High Wycombe) was compared with Bm 39. While 

the monoclonal anti-actin antibody clearly recognised a 43 kDa molecule (Fig 6.6, panel B lane 

1), Bm 39 did not recognise any antigens of rat muscle extract (Fig 6.6, panel A lane 2). 

Conversely, the antibody against vertebrate actin did not recognise any B. m alayi antigens 

(Fig 6.6, panel B lane 3). Further examination of its reactivity with human lung fibroblast by 

IFAT also gave negative results. There was no significant reactivity when human lung 

fibroblasts were probed with this antibody.

As with Bm38, Bm 39 did not react to surface labelled or metabolic labelled parasite antigens. 

When the epitope recognised by this antibody was examined with immuno-EM, no specific

binding on the sections of adult parasites was observed (Fig 6.8).
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Figure 6.5 Localisation of Bm38 by immunogold electron microscopy on sections of B.

m alayi adult worms. Monoclonal Bm38 was used at a dilution of 1/50 on cross 

sections of the parasite, cuticle (Top) and internal muscular regions (Bottom), 

with 40 nm particles at an original magnification x 26 000.
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Figure 6.6 Reactivities of monoclonals Bm 38 and 39 with vertebrate muscle components.

Rat muscle (panel A; panel B, lanes 1 and 2) and adult B. m alay i (Panel B, 

lanes 3 & 4) antigens were electrophoretically transferred onto a nitrocellulose 

membrane and probed with Bm 38 (panel A, lane 1), Bm 39 (panel A, lane 2), 

normal ascitic fluid (Panel A, lane 3; panels B, lanes 2 and 4) and anti-chicken 

gizzard actin monoclonal (Panel B, lanes 1 and 3).
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Figure 6.7 Reactivities of Bm 39 with different lifecycle stages of Filariae.

Antigens of either male (M), female (F) or microfilariae (mf) of B. malayi, O. 

g u t te ro s a  and A. v iteae  were electrophoretically transferred onto a 

nitrocellulose membrane and probed with Bm 39 (lane 1) and normal ascitic fluid 

(lane 2) at a dilution of 1/500.
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Figure 6.8 Localisation of Bm 39 by immunogold electron microscopy on sections of B. 

malayi adult worms.

Monoclonal Bm39 was used at a dilution of 1/50 on cross sections of the 

parasite, showing the cuticle and inner structures, with 15 nm particles at an 

original magnification x 52 000.
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Table 6.1 Summary of Results of Hybridoma Produced

Fusion 1 2 3

Antigen used 29 kDa excised from gel PC depleted surface 
enriched preparation

Live adult parasites with 
surface enriched Ag boosts

Immunisation
Protocol

Ag with CFA i.p.;
Ag with IFA i.p. 2 weekly; 
Ag i.v.

Intrasplenic Intraperitoneal implantation 
(Spitz et al 1984) of parasite;

Ag with IFA, i.p.
Ag i.v.

Mouse strains BALB/c BALB/c BALB/c and CBA/Ca

Fusion Partner P3X63 Ag8.653 (Ag8) Sp2/0-Ag 14 (Sp2) Sp2/0-Ag 14 (Sp2)

Screening
Protocol

Immunoprecipitation 
ELISA (OPD)

ELISA (ABTS) ELISA (ABTS)* 
Immunoblotting

Hybridomas
Produced

9 3 10 from each mouse 
(2 characterised; 
Bm38, 39)

Characteristics 
of Hybridomas

4 clones give mutiple 
band patterns on 
Western Blots;
2 positive by ELISA;
3 clones against PC 
epitope

1 clone against PC 
epitope;
2 clones (Bm 35, 36) 
inhibited by FCS

Bm38 : recognised 
18, 25 &35 kDa Ag; 
Bm 39 : recognised 
43 kDa Ag

* Anti-PC response is inhibited by the inclusion of 10-20 mM PC in the incubation buffer. 
Abbreviations: Ag, Antigen;

CFA, Complete Freund’s Adjuvant; 
FCS, Foetal Calf Serum;
IFA, Incomplete Freund's Adjuvant; 
i.p., Intraperitoneal; 
i.v., Intravenous
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DISCUSSION

The two challenges in raising monoclonal antibodies to the surface/ES components of the 

adult stage of B. m alayi are the presence of immunodominant PC antigens and the paucity of 

parasite material. Various ways of preparing antigens and routes of presenting the antigens 

together with different screening methods have been considered. One attempt to avoid anti- 

PC responses was to deplete PC-bearing molecules from total worm extract by affinity 

absorption using monoclonal antibody specific to PC (Bp1). The yield of antigen after this 

extensive PC depletion was low, about 40%. In the first two attempts, antigen excised from 

SDS-PAGE or PC depleted antigen were used to immunise animals. However, hybridomas 

producing anti-PC monoclonal antibodies were still found among the clones selected. In both 

cases, minute if any, quantities of PC were present in the antigens used to primed the mice. 

As PC molecules are present in various micro-organisms and are highly immunodominant, it is 

likely that the mice used for fusions possessed anti-PC lymphocytes evoked through other 

common microbial infections. Effort therefore was placed in avoiding PC reactive hybridomas 

through the screening process in the third fusion.

One other observation from all fusions was the frequency of hybridomas derived from BALB/c 

mice reactive to a multiband set on immunoblots (Fig 6.1). BALB/c derived hybridomas raised 

against Onchocerca  also recognise a similar pattern and are likely to recognise cross-reactive 

carbohydrates (Dr J. Bradley, unpublished data). Together with the finding of stringent 

genetic influence in the antibody response in different strains of mice (refer to Chapter 5), it 

was clear that BALB/c would not be the ideal strain of mouse to use to obtain hybridomas 

against non-cross reactive peptdes. It is also evident from a parallel study (Chapter 5) that 

CBA/Ca could mount a significantly higher IgG and lower anti-PC IgM responses than other 

strains of mice examined. In addition, the response to the 29 kDa surface and secreted 

molecule was controlled by the murine H-2 region, with CBA being a responder and BALB/c a 

non-responder. The choice of using CBA/Ca mice to produce B. m alayi specific hybridomas 

was therefore made.

Implanted adult parasites have been found to survive in the mouse peritoneal cavity for about 

3 months (Suswillo et al 1981). In view of the paucity of ES material, implanting live parasites 

into the peritoneal cavity of mice appears to be an attractive approach to immunise mice as 

antigenic components released by living adult parasites will continuously prime the animals. 

This procedure was therefore adopted for the third fusion and hybridomas reactive to non-PC 

epitopes were selected through the screening procedure. Both Bm 38 and 39 obtained from 

this fusion did not react to the PC epitope. However, the epitopes recognised by the
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hybridomas are present in various life cycle stages and also in other filariae (Figures 6.2, 6.3,

6.4 and 6.7). While antibody secreted by Bm 39 recognises a discrete molecule of 43 kDa on 

Western blots, Bm 38 recognises a series of molecules of 18 kDa, 25 kDa and 35 kDa. 

However, the molecules containing the epitope recognised by Bm 38 appear to be different 

in microfilarial and adult parasites. The epitope is present on 18 and 25 kDa molecules in 

microfilariae, 25 and 35 kDa molecules in adult female parasites and 35 kDa in male parasites 

(Figures 6.2 and 6.3). An obvious interpretation of these observations is that the 35 kDa 

molecule is adult derived, the 25 kDa component may be related to uterine microfilariae and 

the 18 kDa molecule is associated with mature microfilariae. Molecules of 25 and 35 kDa 

containing the same epitope are also observed in female O. gu ttu rosa  parasite. However, 

components of similar molecular weight are not recognised in other nematodes, such as A. 

suum , T. m uris and C. elegans. These results show that the set of epitopes recognised by 

Bm 38 is conserved among the filariae family.

Tissues or organs are made up of different isoforms of muscle components. For examples, in 

C. elegans, the C and D forms of myosin were found in the pharynx whereas A and B forms 

are the constituents of the body-wall muscle (Epstein et al 1974). As pharynx is not functional 

in the dauer larva of C. elegans, the C and D forms of myosin may not be expressed in this 

stage of the nematode. TAn analogous control of isoform genes may account for the 

presence of different sets of Bm 38-reactive components observed in different stages of B. 

malayi.

Natural antibodies directed towards various common 'houskeeping' antigens or autoantigens 

have been observed both in man (Guilbert et al 1982) and various animal species (Steele et al 

1978; Strejan et al 1979). Muscular components, such as tubulin, is one of these 

autoantigens (Karsenti et al 1977) of which the antibody response in mice was found to be 

boosted by the tubulin of B. m a lay i microfilariae in the course of hybridoma productions 

(Helm et al 1989). Immuno-EM analysis shows that the epitope recognised by Bm 38 localises 

in the muscular areas (Fig 6.5). With the examples of autoanibodies, the possibility of this 

epitope to be one of the host related structural proteins was considered. Interestingly, a set of 

muscle proteins with molecular weights close to those recognised by Bm 38 has been 

described: troponin. Troponin is a complex of three subunits designated Tn-I (18 kDa), Tn-C 

(22 kDa) and Tn-T (36 kDa) (Greaser et al 1971). This complex, in particular Tn-T, has been 

found in both skeletal muscle, smooth muscle and also non-muscle cells (Lim et al 1984), and 

a monoclonal antibody raised against chicken skeletal troponin-T recognises cross-reactive 

components in culture animal cell lines, fungal and plant (Lim et al 1984). However, Bm 38 

does not recognise molecules with the expected molecular weights in rat skeletal muscle by 

immunoblotting (Fig 6.6) and no reactivity is observed with human lung fibroblast. Bm 38 may
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recognise a specific epitope of the troponin complex or its analogue not present in the 

vertebrate (see discussion below for Bm 39). At this stage, no conclusion can be made while 

the assumption of the reactivity to troponin analogue of filariae by Bm 38 needs further 

confirmation by nucleotide sequence analysis.

Bm 39 also recognises a shared molecule, but one of 43 kDa which is present in other filariae, 

including O. gutturosa  and A. viteae  (Fig 6.7). Again, this epitope is not present in other 

nematodes examined. As the molecular weight of this molecule is closer to that of actin 

components but the examination by immuno-EM showed no specific binding tc sections of 

adult B m a la y i{Fig 6 8) the bindin9 ° * this antibody with human lung fibroblasts and rat 
skeletal muscle was examine. However, negative binding was found. Consistent with this 

result, none of the B. m a lay i molecules is recognised by a monoclonal anti-actin antibody 

raised against chicken gizzard actin (Fig 6.6). Although muscular components in general are 

rather conserved, specific epitopes in different species may exist. The negative results in 

comparing epitopes recognised by Bm 39 in filariae and with those in the vertebrate therefore 

merely argue for the presence of species specificity of these 'housekeeping' molecules, but 

do not exclude the possibility that Bm 39 recognises actin. At this point, the identity of the 

molecule can most directly be determined by nucelotide sequence analysis.

The studies here demonstrate the difficulty encountered in raising monoclonal antibodies to 

PC dominated B. m alayi parasites. Aiming to obtain hybridomas specific to B. m alayi and to 

avoid anti-PC hybridomas, various combinations of immunisation and screening protocols 

have been attempted. Although only monoclonal antibodies directed to internal antigens 

were obtained in the present studies, this experience with various mouse strains, 

immunisation routes and screening protocols will provide the basis for future attempts. It is 

clear that CBA mice are the mouse strain of choice for this purpose, and that the screening 

protocol has to be stringently designed to exclude the detection of PC recognising 

hybridomas.
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CHAPTER 7

SELECTION OF BRUGIA  SPECIFIC RECOMBINANT ANTIGENS
FOR DIAGNOSIS

INTRODUCTION

Diagnostic assays based on the detection of antibodies elicited by parasitic infection have 

been developed for a number of nematodes including filariae (Table 1.6). All these assays 

require parasite antigens in the form of either ES products or somatic extracts. The paucity of 

parasite material, especially in the case of W. bancro fti, in which the maintenance in 

laboratory animals has not been succesful, is one of the major hurdles to be overcome. 

Recombinant DNA technology has been used increasingly to produce parasite antigens. With 

the advantage of generating large quantities of recombinant peptides from bacterial cultures, 

the technique is invaluable in providing sufficient parasite specific material for detecting 

antibodies derived from the infection. Such an approach has proved to be successful in a 

number of infections: one such example is the diagnosis of malaria infection (Srivastava et al 

1989).

Bacteriophage Xgt11 (Young et al 1983 a,b) is an expression vector widely used to construct 

cDNA libraries. This vector carries a copy of the E. co li lacZ  gene with a single EcoRI site 

located 53 bp upstream of the translational termination codon of the la cZ  gene. The 

construction of cDNA libraries involves cloning the cDNA into this unique EcoRI site and, 

where coding sequences of a given gene are inserted in the correct reading frame and 

orientation, a galactosidase fusion protein will be expressed. These fusion proteins may 

display some antigenic epitopes immunoreactive to specific antibodies. Thus clones 

expressing peptides of interest can be detected and isolated by screening libraries with 

antibodies.

This study aimed to utilize this technique to isolate antigens of diagnostic potential from a 

Xgt11 cDNA expression library constructed from the adult stage of B. pahangi. The library, 

made by Dr M. E. Selkirk (1989b), consisted of 3 x 106 plaque-forming units (pfu) with 92% 

recombinants prior to amplification. Over the past few years, attempts made to develop a 

specific diagnostic test for lymphatic filariasis have been hindered by the presence of strongly 

cross-reactive epitopes among nematode parasites. This problem is further exacerbated by 

the fact that lymphatic filariasis may be co-endemic with onchocerciasis. In order to exclude
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clones coding for cross-reactive peptides, the first step of the selection strategy is to 

differentially select clones that are B rug ia  specific with pooled sera from people with O. 

v o lv u lu s  and B. m a lay i infections. However, substantial heterogeneity in antibody 

responses between individuals occurs in the human population illustrated in chapter 4. The 

second step is therefore to identify and isolate clones with a high frequency of recognition 

among individuals of a population. A combination of several Brugia specific recombinants are 

therefore sought which encompass antigenic epitopes recognised by all individuals in the 

population. The strategy of the selection of recombinants is presented in Figure 7.1. A similar 

approach has been adopted to select recombinant antigens specific for onchocerciasis, and a 

number of O nchocerca  specific recombinants have been isolated and characterised (Bradley 

et al, submitted for puplication)
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Figure 7.1 Strategy of differential screening for Brugia  specific recombinant antigens for 

diagnosis.
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MATERIALS AND METHODS

7.1 Serum samples

Serum samples, obtained from individuals infected with B. malayi, were obtained from two 

endemic areas, Tanjungpinang and South Kalimantan in Indonesia. These sera were 

collected and documented by Dr F. Partono (University of Indonesia, Jakarta). Sera chosen 

for the study were all from patients of above 30 years of age. Tanjungpinang sera were used 

in the first round to screen the expression library. The pooled sera (pool A) were made from 

12 individuals with 4 patients from each of three clinical groups; asymptomatic microfilaraemic, 

symptomatic microfilariaemic and symptomatic amicrofilaraemic. Due to a shortage of sera from 

Tanjungpinang, another serum pool (pool B) made from 30 individuals from South 

Kalimantan, with 10 sera from each group of patients; individuals with high parasitaemia (>900 

mf/ml), those with low to intermediate parasitaemia (< 35 mf/ml) and those who suffer from 

elephantiasis were used. Onchocerciasis infection sera consisted of about 20 individual sera 

were a kind gift from Dr J Bradley. These sera were collected from Chiapas in Mexico where no 

lymphatic filariasis exists.

7 .2  Screening expression library with antisera

The cDNA expression library was constructed from RNA of adult B. pahang i (a gift from Dr. M 

Selkirk).

R e a g e n t s :

1. Nitrocellulose (NC) filters

2. TBS pH 8.0

3. 5% skimmed milk powder in TBS

4. Foetal calf serum (FCS)

5. LB: 10g NaCI, 5g yeast, 10g tryptone in 1 litre of nanopure water.

6. Luria Bertani (LB) agar: 15g agar in 1 litre of LB

7. Lysogen of X amp 3 in BTA282 (X amp 3)

P r o c e d u r e s :

7 . 2 . 1  P r e p a r a t io n  o f  E. C o l l  l y s a t e  f o r  s e r a  a b s o r p t i o n

1. An overnight culture was prepared by picking a single colony of X Amp3 from an agar plate 

with 50 pg/ml ampicilin, into 50 ml LB with 50pg/ml ampicilin and growing overnight at 

30°C in an orbital shaker (200rpm).

2. The overnight culture was transferred to 750 ml LB and grown at 30°C in the orbital 

shaker until OD600nm reached 0.4 to 0.8, ie, in the logarithmic phase of growth.

3. The temperature was then raised quickly to 42°C. After incubation at 42°C for 20 mins, the 

culture was transferred to a 37°C orbital shaker for about 2 hours.
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4. Cells were pelleted at 5000g and resuspended in 20 ml TBS, followed by disruption by 

sonication. The lysate was then aliquoted and stored at -20°C.

7 . 2 . 2  P r e p a r a t io n  o f  s e r a  f o r  l i b r a r y  s c r e e n in g

1. Sera were incubated with 10 times the volume of lysate for 4 hour at 4°C on an end-over

end rotator, then centrifuged for 10 mins at 5000g and the supernatant collected.

2. The above step was repeated once more.

3. The NC paper was coated with lysate ( lysate lawn) by incubating NC filters in lysate 

for 30 mins at room temperature, followed by blocking in 5% skimmed milk powder for 30 

mins.

4. Serum was incubated with the lysate lawn for 30 mins, then collected. This procedure was 

repeated 3 times with one lawn each time for every 1 ml of serum.

5. The absorbed serum was made up to a final volume of 100 times of the original with TBS, 

20% FCS and 0.1% azide and stored at 4°C.

7 . 2 . 3  P r e p a r a t io n  o f  c o m p e t e n t  c e l l s

Bacteriophage lambda invades host cells via the maltose receptor. Host cells growing in the

presence of maltose and magnesium ions will increase the expression of this receptor and are

termed competent cells.

1. A single colony of E. coli Y1090 was picked from an LB agar plate and transferred into 10 

mis LB containing 50pg/ml ampicilin and 0.2% (w/v) maltose and grown for 16 hours at 

37°C in an orbital shaker.

2. 5 mis of the overnight culture were transferred to 100 mis of LB containing 50pg/ml 

ampicillin and 0.2% maltose and grown at 37°C on an orbital shaker until O D 60onm 

reached 0.6.

3. Cells were then pelleted at 5000g for 10 mins at 4°C and resuspended in 5ml of 10mM 

MgS04. Competent cells were kept at 4°C for up to 1 week.

7 . 2 . 4  A n t i s e r a  s c r e e n i n g

R e a g e n t s :

1. 150mm LB plates and top agar (8g agar in 1 litre of LB)

2. lOmMIPTG

3. SM: 5.84g NaCI, 2.03g MgCl2-6H20, 10 ml 1M Tris pH 7.4 and 0.5g gelatin in 1 litre 

nanopure water.

4. Nitrocellulose (NC) filters (150mm diameter: Schleicher & Schull).

5. Blocking solution: 5% skimmed milk in TBS

6. Washing solution: 0.1% Tween 20 in TBS

7. Tanjungpinang serum pool preabsorbed against E. co li (section 7.2.2).
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8. HRP conjugated anti-human immunoglobulin (Biorad) diluted 1:2000

9. Hydrogen peroxidase and chromogen: 3,3’-diaminobenzidine tetrahydrochloride (DAB): 

50 mg in 100 ml of 100 mM Tris pH 7.6.

P r o c e d u r e :

1. The expression library was first titrated to provide 104 plaque forming unit (pfu) per 

150 mm plate. 10 plates were used for the first round of screening. For each plate, 200(il 

of competent E. co li Y1090 cells was incubated with the packaged DNA from the 

expression library at 37°C for 20 mins.

2. Molten top agar was added, mixed and poured onto prewarmed LB plates. Plates were 

allowed to set.

3. Plates were incubated at 42°C for 3-4 hours until pinprick sized plaques were visible.

4. NC filters, marked for identification, were soaked in 10 mM IPTG and air dried before 

overlaying onto the plates which were then incubated in 37°C for 2 hours.

5. Filters were transferred to blocking solution and plates were overlaid with new set of NC 

filters treated with IPTG. This was followed by another 2 hour incubation at 37°C before 

the filters were lifted and transferred into blocking solution. Blocking was carried out 

overnight at 4°C.

6. One set of filters were transferred to Tanjungpinang sera (prepared as in method 7.2.2) 

and the other to Onchocerca infection sera (prepared as in method 7.2.2) and incubated 

for 2 hours at room temperature.

7. Filters were washed 3 x 1 5  mins in TBS Tween.

8. They were then incubated in solution containing HRP-conjugated anti-human antibody 

for 2 hours at room temperature and followed by washing in TBS Tween as in step 7.

9. Substrate DAB (mehtod 2.10) with 100 pi hydrogen peroxide in 100 ml was added to the 

filters.

10. The two sets of filters were compared and only plaques showing a positive reaction with 

Tanjungpinang but not O n ch o c e rc a  sera were selected. The marks on the filters 

were used to orientate the selected plaques on the plates. Selected plaques were 

excised using a sterile pasteur and paced in 0.5 ml of SM and stored at 4°C over 0.5 ml of 

chloroform.

11. These plaques were purified by rescreening with Tanjungpinang sera and picking one 

single seropositive plaque each round until a homogeneous single clone was obtained,

i.e., all plaques on the plate gave a positive signal.

7 .3  Selection of clones expressing frequently recognised specificities

7 . 3 . 1  P r e p a r a t io n  o f  h ig h  t i t r e  p h a g e  s t o c k  f o r  s p o t  l y s i s

1. Competent Y1088 E. co li cells were prepared as for Y1090 cells in section 7.2.3.
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2. Purified phage from section 7.2.4 was mixed with 200 pi of competent Y1088 and plated 

onto a 90mm agar plate as described in 7.2.4.

3. A single plaque with the surrounding Y1088 cells was excised and placed in 1.5 ml of LB 

containing 50 pg/ml Ampicilin, 0.2% (w/v) maltose 10 mM MgSC>4 and 5 mM CaC^. This 

was grown at 37°C for 4 hours or overnight with vigorous shaking until cells were lysed 

and phage released into the medium.

4. A few drops of chloroform was added to make sure all cells were lysed and the culture was 

centrifuged at 12,000g for 10 mins at 4°C.

5. The supernatant containing phage was carefully collected and stored at 4°C over 

chloroform.

7 . 3 . 2  M i c r o p la q u e  s p o t  l y s i s

1. Individual South Kalimantan sera were used and 10 pi of each sera were diluted with 0.7 

ml of E.coli lysate (described in section 7.2.1), 0.2 ml of FCS and 0.1ml of TBS.

2. Competent E. co li Y1090 cells were plated out with molten top agar to form a lawn on

90mm plates.

3. 1 pi aliquot of high titre phage stock were spotted on to the Y 1090 lawn in an ordered 

array. Plates were incubated at 42°C until plaques were visible.

4. NC filters with 10 mM IPTG were placed over the spots, incubated at 37°C for 2 hours and 

processed then with antisera as in section 7.2.4.

7.4.  Lysogens

1. Phage competent E. co li Y1089 were prepared (method 7.2.4).

2. Different ratios of phage and E. coli were combined in eppendorf tubes as follows:

Y1089 10pl 25pl 50pl

Phage 90pl 75pl 50pl

1M MgCl2 1pl 1pl 1pl

1 M CaCI2 1pl 1pl 1pl

Mixtures were incubated at 30°C for 30 mins.

3. These mixtures were then diluted 10 times with LB containing 50 pg/ml ampicillin and

0.2% (w/v) maltose.

4. They were streaked onto LB agar plates containing 50 pg/ml ampicilin and plates were 

then incubated at 30°C overnight.

5. Single colonies (about 20-50 picks per clone) were picked in duplicate arrays and one 

plate incubated at 30°C, the other at 42°C.

6. Lysogenic colonies which grew at 30°C but not 42°C were selected and frozen stock 

prepared by adding glycerol to 15% final concentration to an overnight culture (method 

7.2.1). Glycerol stocks were then stored at -70°C.
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7 .5  Preparation of phage DNA by polymerase chain reactions

R e a g e n t s :

1. GeneAmp DNA Amplification Reagent Kit from Perkin Elmer Cetus (dNTP, 10x reaction 

buffer and Thermus aquaticus  DNA polymerase provided)

2. X gt 11 universal forward and reverse primers

3. Phenol equilibrated with Tris pH 7.4

4. TE (pH 7.6): 10 mM Tris and 1 mM EDTA

P r o c e d u r e :

1. One purified plaque was picked from an agar plate and placed in 100pl of sterile nanopure 

water. This was then incubated at 70°C for 15 sec, spun for 30 sec and 5 pi of 

supernatant was used for the PCR reaction.

The following PCR reaction mixture was set up keeping sterility to prevent cross

contamination: 5pl phage DNA

59pl nanopure water

10pl 10x buffer (100 mMTris -HCI pH 8.3, 500 mM

KCI, 15 mM MgCI2 and 0.1% gelatin)

16 pi 1,25mM dNTP (made up from reagents of the kit)

5pl 20 pM forward primer

5pl 20 pM backward primer

The mixture was heated to 95°C for 5 mins and cooled immediatedly on ice. 0.5 pi of 2.5 

units of T. aquaticus DNA polymerase was added and mixed. The reaction mixture was 

overlaid with 100 pi of parafin oil to prevent evaporation during the PCR reaction.

3. The PCR reaction was carried out in a Hybaid PCR machine for 30 cycles: 95°C 1 min

55°C 1 min

72°C 2 min

The reaction was held at 72°C for extra 10 mins at the end of 30 cycles.

4. After the reaction, 80 pi of the aqueous phase was phenol/chloroform extracted and 

ethanol precipitated

7 .6  Identification of sibling clones by hybridisation

7 . 6 . 1  O b t a i n i n g  D N A  i n s e r t s  f r o m  r e c o m b i n a n t  Xgt11 D N A  b y  E c o R l  

d i g e s t i o n

1. 50 pg of phage DNA obtained from method 7.5 were mixed with 5.5 pi of 10 x EcoRI 

digestion buffer and 3 pi (12 unit) of EcoRI and incubated at 37°C for 3 hours.

2. The enzyme reaction was stopped by incubating the mixture at 65°C for 10 mins and an 

aliquot was checked by comparing the untreated and digested DNA on a 2% agarose
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gel (method 7.9).

7 . 6 . 2  R a d io la b e l l i n g  o f  D N A  b y  r a n d o m  o l i g o p r i m i n g  

R e a g e n t s :

1. The large (Klenow) fragment of DNA polymerase I and buffer from Amersham multiprime 

kit.

2. 32P dCTP from Amersham

3. 1 ml G50 sephadex column equilibrated with TE (6.5)

P r o c e d u r e :

1. About 20 ng of DNA insert obtained from 6.6.1 was boiled for 5 mins and cooled on ice 

immediately.

2. The reaction mixture of 10 pi buffer, 5 pi primers, 2 pi Klenow and 33 pi water were added 

to the denatured DNA followed by the addition of 3 pi 32P dCTP. The reaction was 

allowed to take place for 1 hour at 37°C.

3. Labelled DNA was loaded onto a 1 ml G50 sephadex column prespun at 2,000 rpm for 2 

min to remove excess TE. The column was then spun at 2000g for 2 min and labelled 

DNA probe recovered was ready for use after redering it single stranded by boiling.

7 . 6 . 3  D N A  b l o t  f o r  h y b id i s a t i o n

DNAs obtained from PCR were run on agarose gels and blotted onto nylon membrane as in

Southern blotting described by Maniatis et al (1982).

R e a g e n t s :

1. TAE buffer (see method 6.9)

2. 20 x SSC (3M NaCI, 0.3M sodium citrate; pH 7.0)

3. 0.5 M EDTA pH 8.0

4. Denaturing solution; 1.5 M NaCI, 0.5 M NaOH

5. Neutralising solution: 1 M ammonium acetate, pH 6-7 with NaOH

6. Hybond-N from Amersham

7. Whatman 3MM filter paper

P r o c e d u r e :

1. Phage DNA from PCR was electrophoresed on 1.5% agarose gel (method 7.9).

2. After electrophoresis, the gel was photographed and rinsed with distilled water.

3. The gel was incubated in denaturing buffer for 30 mins, rinsed with distilled water and 

then in neutralising buffer for another 30 mins.

4. A suitable sized Hybond and filter paper was soaked with 2X SSC and the blot assembled 

as below:
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Glass plate 

paper towel

3MM paper

Hybond N 
Gel

3MM paper 

2XSSC

5. The transfer was carried out for 3-16 hours then the Hybond-N removed. After washing 

with 2 x SSC to remove adherent agarose, the DNA was cross-linked to the nylon by 

exposing the blot with DNA side down on a transilluminator of 312 nm for 2-5 mins. The 

blot was then stored in a sealed bag until use.

7 . 6 . 3  H y b r i d i s a t i o n  

R e a g e n t s :

1. Prehybridisation and hybridisation solution: 6 X SSC, 5 X Denhardts solution (50X 

solution: Ficoll 5g, polyvinylpyrrolidone 5g, BSA [Pentax Fraction V] 5g and make up to 

500 ml with water), 0.5% SDS

2. 2 x SSC and 10% SDS

3. Labelled DNA probe (method 7.6.1)

P r o c e d u r e :

1. The Hybond-N was first incubated in prehybidisation sololution at 65°C for 2 hours.

2. The probe was boiled for 10 mins and 106 cpm added per ml of hybridisation solution. 

The blot was incubated in the diluted probe in a sealed bag at 65°C overnight.

3. The filter was then washed as follows:

2 x 1 5  min 2 x SSC

1x30  min 0.1% SDS in 2 x SSC

1x10  min 0.1% SDS in 0.1 x SSC

All washing steps were carried out at 65°C

4. The Hybond was then autoradiographed with an intensifying screen.
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7 . 7  Subcloning DNA Inserts into a plasmid vector PNGS8+

7. 7 . 1  L i g a t i o n  

R e a g e n t s :

1. The DNA insert with EcoRI ends cut from recombinant lambda gt11 DNA (method 7.6.1)

2. T4 ligase from Amersham

3. 5 x Ligase buffer: 250mM Tris pH 7.6

50mM Mg Cl2

25% w/v PEG

5mM DTT

4. Low melting point agarose

5. 5mM ATP

P r o c e d u r e :

1. The DNA insert was electrophoresed on 1.5% low melting point agarose gel and excised.

2. The agarose containing the DNA was heated at 70°C for 10-15 mins.

3. The following ligation mixture was set up and incubated at 16°C for 16 hours:

TUBE A B c

DNA insert 8pl (3.6ng) 0 0

vector (pNGS8) 1^1 1pl 1|il (non-phosphatase)

T4 ligase 1pl 1̂ 1 1pl

5x ligase buffer 3pl 2|il 2pl

sterile water 1pl 5|il 5jil

ATP 1pl 1pl 1pl

Total 15|il 10pl 10pl

Tube B was set up as a negative control and tube C was set up as a positive control for 

checking ligation frequency .

7 . 7 . 2  T r a n s f o r m a t i o n  

R e a g e n t s :

1. TSS was made up of: 5ml 2 x LB

2 ml 50% (w/v)PEG (MW 3350 or 8000),

500fil DMSO

500pl 1M Mg Cl2

2 ml sterile water

2. 20% glucose

3. 2 x YT: 5g NaCI, 10g Yeast and 16g Tryptone in 1 litre of water

4. E. coli strain TG2 

P r o c e d u r e :

1. E. co li TG2 cells were grown by picking 1 colony from minimal plate and transferring into 

2 x YT. After overnight growth at 37°C, cells were subcultured to obtain populations in log
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phase growth. Cells were pelleted and resuspended in 1/10 volume of ice cold TSS.

2. To 0.1 ml of TG2 cells, 5-10 pi of ligated DNA (method 7.7.1) was added and incubated at 

4°C for 30 mins.

3. 0.9 ml of TSS containing 20mM glucose (16.4 pi of 20% glucose) was then added to the 

cell mixture and incubated at 37°C for 1 hour in an orbital shaker.

4. Cells were spread onto LB plates containing Ampicillin at 50 pg/ml and incubated 

overnight at 37°C.

7 . 7 . 3  M in ip r e p a r a t io n  o f  p l a s m i d  D N A  b y  a l k a l i  m e t h o d

Since plasmid PNGS8+ does not express the bacterial leader peptide, the success of ligation 

cannot be assessed by the detection of gal enzyme activity. Therefore the most convenient 

way to check the success of ligation and transformation for a small number of clones is to 

examine whether there is any DNA insert in the transformed cells. Small amount of plasmid 

DNA is prepared according to the alkali method of Birnboim et al (1979).

R e a g e n t s :

1. SDS-NaOH solution (make up fresh and leave at room temperature):

1 ml 1M NaOH

0.5 ml 10%SDS

3.5 ml water

2. 50mM glucose, 25 mM Tris (pH 8.0), 10mM EDTA

3. 3M sodium acetate (pH 4.8)

P r o c e d u r e :

1. 10 colonies of transformed cells were picked from an overnight LB plate (method 6.7.2) 

and grew in 5 ml 2 x YT with 50pg/ml Ampicillin overnight at 37°C.

2. Cells were harvested by centrifuging at 5000rpm for 5 min.

3. To the pelleted cells, 100 pi of 50 mM glucose, 25 mM Tris-HCI (pH 8), 10 mM EDTA, 

2 mg/ml lysozyme (freshly prepared) were added. The pellet was resuspended and 

incubated on ice for 10 mins.

4. 200 pi of 0.2 M NaOH and 1% SDS were added , mixed gently and incubated in ice for 10 

mins.

5. 150 pi of 3M sodium acetate (pH 4.8) was added and followed by centrifugation at 15,000 

rpm at 4°C for 15 mins.

6. The supernatant was transferred to Eppendorf tubes and filled with cold 100% EtOH. 

This was incubated in ice for 10 mins.

7. The DNA was pelleted for 1 min in a microfuge and supernatant discarded. DNA was then 

washed with 0.5 ml cold 70% ETOH and dried under vacuum.

8. The DNA was resuspended in 50 pi of distilled water.

9. 5 pi of the DNA was digested by EcoRI as described in method 6.6.1 and then analysed
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on an agarose gel (method 7.9).

7.8 DNA Sequencing

7 . 8 . 1  P r e p a r a t io n  o f  p l a s m i d  D N A  f o r  s e q u e n c in g  

R e a g e n t s :

1. 2 x YT (method 7.7.2)

2. Terrific Broth (TFB): 2.3g KH2P 04 

16.4g K2H P04 

12 g Tryptone 

24g Yeast extract make up to 1 litre

3. 8M LiCI

4. Potassium acetate: 60 mi 5M potassium acetate

11.5 ml glacial acetic acid

28.5 ml water

P r o c e d u r e :

1. 10 ml overnight culture of transformed cells was subcultured in 1 litre of TFB for 24 hours

at 37°C.

2. The culture was chilled on ice for 30 mins and spun at 7,000g at 4°C for 10 mins.

3. The pelleted cells were resuspended in 10 ml of TE or sterile water and 20 mis of 0.2 M 

NaOH and 1% SDS solution was added. The mixture was mixed by inversion and left on 

ice for 10 mins.

4. 15 mis of potassium acetate was added, mixed and left on ice for further 10 mins.

5. The mixture was then spun at 10,000g for 20 mins at 4°C.

6. The supernatant was recovered and an equal volume (approx. 30 ml) of isopropanol was 

added and mixture was left at room temperature for 15-30 mins.

7. DNA and RNA were pelleted by centifuging at 10,000 g for 30 mins at room temperature. 

The pellet was resuspended in 6 ml TE and 2 mis (1/3 vol) of 8M LiCI and left on ice for 30 

mins.

8. RNA was pelleted by spinning at 10,000 g for 30 mins at 4°C.

9. The supernatant was recovered and 1/10 vol (800jil) 3M sodium acetate or potassium 

acetate together with 2.5 volume (20ml) of 100% EtOH were added. The mixture was left 

at -20°C for at least 30 mins.

10. The DNA was pelleted at 10,000g for 15 min at 4°C and resuspended in 1 ml TE.

11. The DNA was divided into two 0.5ml aliquots and phenol/chloroform extraction was 

performed (as in method 7.5).

12. The DNA was then precipitated with EtOH as in step 9.

13. 8 g of CsCI and 840 jil of 10 mg/ml EtBr was added to 8 mis of TE containing plasmid DNA
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and mixture was left on ice for 30 mins.

14. Proteins (purple isoluble aggregates) were spun down and the supernatant was loaded 

into Quickseal tubes.The tube was topped up with paraffin oil.

15. Plasmid DNA was isolated via centrifugation in a CsCI gradient at 55,000g for 16 hours at

22°C.

16. The lower plasmid band was extracted from the tube and Butanol added to remove EtBr.

17. DNA was then recovered by EtOH precipitation and resuspended in 0.5ml sterile water.

18. The DNA was passed through a 10 ml column of Biogel A 50m (100-200 mesh) 

equilibrated with 0.1% SDS in TE and 200 pi fractions collected, examined on agarose gel 

and DNA fractions pooled. The DNA was then ready for sequencing.

7 . 8 . 2  S e q u e n c i n g

DNA sequencing was performed by a modified dideoxy chain termination method of Sanger 

et al (1977) with a Sequenase kit purchased from United States Biochemical Corporation and 

used according to the manufacturer's instructions.

R e a g e n t s :

1. 2x denaturing buffer 0.2 M NaOH

2. 2M NH4Ac (pH4.5)

3. Sequenase kit

4. Denatured DNA in plasmid pNGS8 vector 

P r o c e d u r e :

1. 1.5 ng (10 pi) DNA was incubated with 10 pi deionized water and 20 pi 2x denaturing 

buffer at room temperature for 5 mins.

2. 4 pi of 2 M ammonium acetate was added followed by 100 pi of EtOH. The mixture was left 

at -20°C for 30 mins and DNA precipitated by spinning. DNA was washed with 70% EtOH 

and pelleted.

3. Protocols were then followed according to the manufacturer’s instruction using M13 

universal primers. Briefly, the denatured double stranded template was labelled with [35S] 

dATP in the presence of Sequenase, forward or backward primers and dGTP, dCTP and 

dTTP. This was then terminated by aliquoting the reaction mixtures into four tubes containing 

ddATP, ddGTP, ddCTP or ddTTP. The reaction was then stopped by adding formamide.The 

sample was denatured at 70°C before analysing on 8% acrylamide gels on a Biorad Sequi-gen

system. Gels were fixed, dried and autoradiographed and sequence read.

7 .9  Agarose gel electrophoresis 

R e a g e n t s :

1. Agarose Type 1 (Sigma A6013), NuSieve GTG agarose (low melting point) (FMC 

BioProducts 50081)
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2. Electrophoresis buffer (TAE): 0.05M Trisbase

0.02M sodium acetate 

0.002 M EDTA

3. Ethidium bromide (EtBr): 5 mg/ml in water

4. Molecular weight markers (size in base pairs):

Hind III digest of lambda DNA

23,130

9,416

6,557

4,361

2,322

2,027

564

125

5. Agarose gel loading buffer (2x): 40% sucrose, 0.25% Bromophenol blue in TAE 

P r o c e d u r e :

1. For a 1 % gel, 300 mg of agarose was added to 30 ml of TAE and the solution was heated 

until dissolved. The mixture was then allowed to cool to approximately 50°C before adding 

ethidium bromide to 0.5(ig/ml and pouring it into a mini-gel apparatus (Int. Biotech. Inc., 

model QSH).

2. Gels were electrophoresed at 10 volts per cm and viewed under long wavelength UV 

illumination. Photographs were taken using polaroid film type 665 exposed for 12 sec at

f 5.6.
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RESULTS

7.1 DIFFERENTIAL SCREENING OF AN EXPRESSION LIBRARY WITH 

INFECTION SERA

Lymphatic filarial parasites share many crossreactive antigens with other parasitic nematodes, 

in particular to a closely related filarial nematode, O. volvulus, which co-exists with the 

lymphatic filarial parasites in many parts of West Africa. In order to identify recombinant 

antigens selectively recognised by sera of individuals with B rug ia  infection but not with 

onchocerciasis, an expression library made by Dr. M. E. Selkirk was differentially screened 

with two pools of sera from people suffering from either B. m a la y i infection (from 

Tanjungpinang) (pool A) or onchocerciasis (pool O). Reactivities to bacterial proteins in the 

sera were first absorbed out with an E. co li lysate. Clones expressing recombinant peptides 

reactive to sera with B rug ia  but not O nchoce rca  infection were identified by probing the 

peptides bound on NC membranes with the two pools of sera at 1/100 dilution. Using this 

criterion, nearly 100 positive clones were isolated in a primary screen of 5-10 x104 

recombinants. These represented 10% of the clones that reacted to both sera. 32 of these 

Brugia  specific clones selected from the initial screen survived three rounds of purification 

and high titre phage stocks were prepared from single plaques. The serological reactivity of 

fusion peptides expressed by the phage stocks was then examined by miniplaque spot lysis, 

in which clones were spotted in an array , the expressed peptides transferred to NC 

membranes and probed with the two sera pools. The results showed that majority of the 

clones remained seropositive with an\\-Brugia sera (Fig7.2, A) and they were confirmed to be 

Brugia specific, since anti-O nchocerca  sera did not react to any of the clones by this method 

(Fig 7.2, B).

A heterogeneous antibody repertoire evoked by pathogens is evident among individuals in a 

population. The frequency with which a given antigenic peptide is recognised by a group of 

infected patients will therefore vary. For diagnostic purposes, the frequency of recognition of 

an antigen is critical, and the selected clones were therefore tested with individual sera from 

South Kalimantan. Sera from South Kalimantan were used because those from 

Tanjungpinang were exhausted. The gross anti-filarial antibody titre of these individuals were 

first determined by ELISA based on their reactivity to somatic extracts of B. malayi. High 

antibody titres were observed in the sera tested. A serum pool prepared from 30 individuals 

from S. Kalimantan (pool B) had a lower titre than pool A. When the selected clones were 

tested with pool B by microplaque spot lysis, weaker reactivity to most of the clones was 

observed (Fig 7.3). Some clones which showed positive reactivity with pool A scored 

negative with pool B (Fig 7.3).
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Figure 7.2 The reactivity of fusion peptides expressed by 32 B. pah a n g i recombinant 

phage with pooled human sera by 'micro-plaque' lysis.

1pJ aliquots of phage were spotted in an ordered array and peptides expressed 

were absorbed onto 2 NC membranes which were then either probed with

(A) human sera from individuals with B. m a lay i infection (Tanjunpinang, 

Indonesia); or

(B) human sera from individuals with O. volvulus infection (Chiapas, Mexico). 

O. vo lvu lus  specific clones and Xgt11 were at position 37, 38 and 39, 40 

respectively.



Figure 7.3 Summary of micro-plaque lysis results on the reactivity of fusion peptides with 

two pools of human anti-B. m alayi sera.

Fusion peptides expressed by 32 B. p a h a n g i phage recombinants were 

transferred onto nitrocellulose membranes and probed with a pooled serum 

from Tanjungpinang or South Kalimantan in Indonesia where B. m alayi were 

endemic.

Intensity of recognition: Q  no recognition

a t  weak recognition 

£  strong recognition
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When the panel of clones was screened with individual sera from South Kalimantan, by 

probing expressed recombinant peptides by an array of the clones, diverse patterns of 

recognition were observed among the subject groups. Figure 7.4 shows an example of some 

of the results, the overall pattern of which is summarised in Figure 7.5. While two clones 

BpG11 and 31 were recognised strongly by about 40% of the sera tested, the frequency of 

recognition of the rest of the peptides was rather low, 5-10% (Table 7.1). However, analysing 

the recognition pattern from the population, 70% frequency would be achieved by the 

combination of clones BpG 3, 4, 6, 7, 11/31,20, 22, 30 and 32, and these were chosen to be 

further characterised. In general, clones were recognised by individuals in each of the 

different clinical/parasitological groups. However, BpG 22 was recognised only by individuals 

with microfilaraemia and BpG20 was preferentially recognised by people suffering from 

elephantiasis (Fig 7.5). Interestingly, similar recognition pattern was observed in a number of 

individuals from the same family.

7 .2  ISOLATION OF DNA INSERTS FROM SELECTED CLONES

The recombinant DNA from the selected clones were obtained by PCR amplification. The size 

of the recombinant DNA was determined by running PCR products on an agarose gel and 

comparing their mobility with DNA markers. The result showed that half of the recombinants 

were of 225 + 25 bp in size, except BpG 11 (950 + 50 bp), 31 and 32 (each 650 + 50) (Fig 7.6) 

(Table 7.1). Since BpG11 and 31 were recognised by the same individuals in the microplaque 

spot lysis assay, it was possible that they coded for the same protein. To check this possibility 

and to obtain futher information on the relationship between the clones, DNA samples from all 

recombinants were hybridised with the DNA insert of BpG 31 isolated by EcoRI digestion. 

Subjected to high stringency washes (0.1% SSC at 65°C), strong hybridisations of labelled 

BpG31 to BpG 11, 30, 31 and weak hybridisation with BpG 4 and BpG 6 were observed (Fig 

7.7). Since the blot has been subjected to very high stringency washes, clones are therefore 

coding for identical or highly homologous proteins.

7 .3  PRODUCTION OF RECOMBINANT PEPTIDES

Bacteriophage Xgt11 can propagate in either lytic or lysogenic growth in the appropriate host 

cells. In a lytic multiplication cycle, phage DNA is packaged to produce hundreds of progeny 

phage within each infected cell and when the number of phage particles approaches about a 

hundred, the infected cells lyse. Alternatively, phage DNA can be integrated in a 'prophage' 

form into the E .c o li chromosome at a specific site. The bacteriophage can then be 

propagated as a lysogen without lysing the host cells. This allows a large amount of 

bacteriophage-containing bacteria to be propagated and large quantities of fusion peptides to 

be produced. As BpG 11 and 31 were recognised by 50% of the individuals examined, they



/ /] t <
1

% 7 C*p~: /#W _
• •  6

I

Figure 7.4 Representative results on the reactivity of fusion peptides with individual 

human anti B. malayi sera by micro-plaque-lysis .

32 B. pahang i recombinant phages were spotted in an ordered array on a 

bacterial lawn, expressed peptides from the clones were transferred onto 

nitrocellulose membranes and probed with individual sera at from South 

Kalimantan in Indonesia



Figure 7.5 Summary of the microplaque lysis results of the 32 B. pah a n g i recombinant 

phage with individual anti-B. malayi sera.

Sera were categorised into 3 groups: sera from individuals with high 

mcrofilaraenrua (> 900 mf per ml), with intermediate microfilaraemia (< 35 mf per 

ml) and those suffenng from elephantiasis. All sera were from residents of 

above 30 years of age. Results obtained from two or more tests on each sera 

are presented.

intensity of recognition: ;__, no recognition

~ A  weak recognition 

m  strong recognition
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Table 7.1 Frequency of B . p a h a n g i Recombinants Recognised by 71 Anti- 

B. m a la y i Sera from South Kalimantan.

CLONES RECOMBINANT DNA SIZE 
(BASE PAIRS)

FREQUENCY OF RECOGNITION 
(PERCENTAGE)

BpG 3 225 ± 25 7
BpG 4 225 + 25 7
BpG 6 950 + 50 1
BpG 7 225 + 25 7
BpG 11 950 + 50 40
BpG 20 225 + 25 6
BpG 22 225 ± 25 10
BpG 30 225 + 25 11
BpG 31 650 + 50 40
BpG 32 650 + 50 6
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Figure 7.6 Recombinant B. pahangi DNAs by PCR amplification.

The DNA of each B rug ia  specific recombinant was amplified with PCR and 

analysed on 1% agarose gel.

Lanel, BpG3,

Lane 2, BpG 4 

Lane 3, BpG 6 

Lane 4, BpG 7 

Lanes 5 & 6, BpG 11 

Lane 7, BpG 30 

Lanes 8 &9, BpG 31 

Lane 10, BpG32
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Figure 7.7 Relationships between B. pahang i recombinants.

PCR products of BpG 3 (lane 1), BpG 4 (lane 2), BpG 6 (lane 3), BpG 7 (lane 4), 

BpG 11 (lanes 5 and 6), BpG 30 (lane 7), BpG 31 (lanes 8 and 9) and BpG 32 

(lane 10) were blotted onto a nylon membrane (Hybond-N) by Southern 

blotting and hybridised with labelled DNA insert of BpG31. The membrane was 

washed under high stringency conditions (0.1 x SSC at 65°C) and then 

autoradiographed.
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were therefore first characterised. To obtain sufficient fusion peptide for immunological 

analysis, BpG11 and 31 were therefore lysogenized and maintained in the E. co li host Y1089 

which carries the high frequency lysogeny allele hflA 150 for enhanced frequency and 

stability of lysogens.

Fusion peptides were produced from the lysogens of BpG 11 and 31. To exploit the 

presence of the temperature sensitive repressor cl857, the lysogens were first grown at a 

stable temperature of 30°C and phage replication through the lytic cycle was then induced by 

inactivating the repressor at an elevated temperature of 42°C. Fusion protein expression was 

then activated by adding IPTG to a final concentration of 10 mM. Examining the recombinant 

peptides by staining the peptides on SDS-PAGE with coomassie blue, no obvious fusion 

peptides could be visualized. However, by blotting the fusion peptides onto NC membrane 

and probing with pool sera from S. Kalimantan, fusion peptides produced by the lysogens 

were identified ( Fig 7.8).

In an attempt to improve the level of expression, the DNA insert of BpG31 was subcloned into 

a plasmid vector which in many cases has proved to express fusion peptides more efficiently. 

Based on the development of plasmid expression vectors with homo-oligopeptides that 

stabilise the expression of preproinsulin in E. co li (Sung et al 1986), an expression vector 

pNGS8(+), has been constructed with the coding sequence for six consecutive asparagine 

residues close to the start of the lacZ  gene in pEMBL8(+). This construct is able to stabilise 

the expressed recombinant peptides without the bacterial-encoded leader peptide which is 

usually the cause of interference in immunological assays (Stoker et al 1989). Another 

advantage is that majority of the fusion proteins expressed from this vector were found to be 

soluble (Stoker et al 1989), whereas most of p Gal fusion proteins when expressed in large 

quantities were found to be insoluble. BpG 31 was therefore subcloned into the pNGS8(+) 

vector and the expression of BpG31 in the vector pNGS8(+) gave a fusion peptide of 16-17 

kDa. The fusion peptide was obtained from the soluble fraction of the lysate and was 

confirmed by its reactivity with anti-B rug ia  sera from S. Kalimantan by immunoblotting (Fig 

7.9). The peptide expressed was shorter than that expected from a 600-700bp nucleotide 

DNA sequence indicating the presence of a termination codon within the DNA insert.

7 .4  SEQUENCING OF BpG 31

In order to determine the identity of the recombinant, BpG31 was sequenced by the dideoxy- 

mediated chain termination method (Sanger et al 1977). DNA sequencing is usually carried 

out with a single-stranded template and the bacteriophage M13, composed of a single- 

stranded circular DNA genome, is a common cloning vector for this purpose. However, to
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Figure 7.8 Analysis of recombinant peptides expressed by BpG31 by immunobloting.

Fusion peptides expressed by BpG31 in Xgt11 phage were blotted onto NC 

membrane and probed with human anti-B rug ia  sera from South Kalimantan, 

Indonesia.



pNGS8 BpG31 BpG31

Figure 7.9 Analysis of recombinant peptides expressed by BpG31 by immunobloting.

Fusion peptides expressed by BpG31 in pNGS8(+) plasmid were blotted onto 

an NC membrane and probed with human anti-B ru g ia  sera from South 

Kalimantan, Indonesia.
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avoid further subcloning of the BpG31 DNA insert into the phage vector M13, sequencing 

was performed directly on the recombinant pNGS8(+) plasmid vector with a Sequenase kit. 

The technique of direct sequencing of denatured plasmid has been successfully 

performed by other workers (Mierendorf et al 1987, Chen et al 1985). Analysis of the 

sequences on denaturing polyarylamide gels allowed approximately 100 nucleotides to be 

read from both the 5' and 3' termini in one run (Fig 7.10 A and B). Comparison with the 

sequence of B. pahang i recombinants expressing heat shock cognate 70, Bpa 26 and Bpa 

37, described by Dr. M. E. Selkirk et al (1989b), showed exact nucleotide homology between 

the 100 nucleotide sequence from both termini of BpG 31 and Bpa 26; BpGj.was found to be 

6 nucleotides shorter than Bpa 26 at the 5' terminus (Fig 7.10 C).

The two cDNA clones Bpa 26 and Bpa 37 are known to overlap and contain one 

uninterrupted translational reading frame, leaving 246 bp of the 3' untranslated sequence in 

BpG26 (Fig 7.10 D) (Selkirk et al 1989b). This was consistent with the expression of 16-17 

kDa peptide as observed in BpG 31 (Fig 7.9). Bpa 37 gave a truncated N terminal product of 

which the reactivity with an\\-B rugia  sera was found to be weaker than Bpa 26 (Selkirk et al 

1989b). This implicated that the C-terminal 29 amino acid residues which were missing in 

clone Bpa37 may be a highly antigenic region of the Hsp 70 molecule in B. pahangi. By 

aligning derived amino acid sequence from B .pahang i Hsp 70 clones with the respective 

sequences of O. volvulus, S. m ansoni, P. fa lc ipa rum  and mammalian (rat) hsc70, the C 

terminus were the most divergent part of the molecule (Fig 7.11).
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UAG
BpG 31 ----------------1----------- AAA

UAG
Bpa 26 I aaa

Bpa 37

Scale (Kb) ----------t-------- 1----------1---------- 1----------1-----------1---------- r
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Figure 7.10 Sequence analysis and alignment of clones BpG 31, Bpa 26 and Bpa37.

A & B, Nucleotide and derived aminoacid sequence of BpG31 for 5' (A) and 3' 

(B) termini obtained by direct sequencing of the DNA insert in 

denatured plasmid pNGS8(+) in one run.

C Nucleotide sequence of B. p a h a n g i clones Bpa 26 and Bpa 37 

isolated by Selkirk et al (1989b). Nucleotide sequences identical to the 

sequence of BpG31 are in bold letters and underlined. The termination 

codon is boxed.

D Alignment of clones BpG 31, Bpa 26 and Bpa 37 (Selkirk et al 1989b). 

The positions of the termination codon UAG on BpG31 and Bpa 26 are 

indicated.
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A
Glu Lys Tyr Lys Ala Asp Asp Glu Ala Gin Lys Asp Arg lie

-- c GAA AAA TAC AAG GCG GAT GAT GAA GCA CAG AAG GAT CGT ATT

Ala Ala Lys Asn Ala Leu Glu Ser Tyr Ala Phe Asn Met Lys Gin
GCG GCA AAA AAT GCT CTG GAA TCG TAC GCA TTC AAT ATG AAA CAG

Thr lie Glu Asp Glu Lys Leu Lys Asp Lys lie Ser
ACG ATT GAG GAC GAG AAG TTA AAA GAT AAA ATT TCG GA--

B
---TT GGA CTC GGC TGT ATT TGG AAG GTT ATT TTA TTG ATT GTT

ATT GTT TCT TGA CTT GGA TTT CCG TAC GAT TTG TAA TAA AGT TCG
AGT ATT AAA AAA AAA AAA AAA AAA AA

c
CTG TCA ACT ATG GAT CCG GTT GAG AAA GCA CTC CGT GAT GCT AAG 15
GCC CAA GTC CAT GAC ATT GTA CTC GTA GGT GGA TCA ACC CGT ATT
CCG AAA GTG CAG AAG CTC CTA TCG GAT TTC TTT TCT GGC AAA GAA 45
CTG AAT AAA AGC ATC AAT CCA GAC GAA GCC GTG GCG TAT GGT GCA
GCA GTG CAG GCA GCT ATT CTT TCT GGT GAT AAG TCG GAA GCC GTA 75
CAA GAT TTG TTA CTG CTT GAC GTC GCA CCG CTT TCA CTT GGT ATT
GAA ACA GCT GGG GGT GTT ATG ACT GCA CTC ATC AAG AGA AAT ACC 105
ACT ATT CCC ACG AAA ACC TCC CAA ACT TTC ACC ACA TAC TCC GAC
AAC CAG CCT GGT GTC CTT ATT CAG GTT TAC GAA GGT GAA CGT GCT 135
TTG ACT AAA GAC AAT AAC TTG CTT GGT AAA TTC GAG TTG TCT GGA
ATT CCG CCT GCT CCT CGC GGT GTG CCC GAA ATT GAA GTC ACG TTT 165
GAT ATT GAT GCC AAC GGT ATT CTG AAT GTT TCT GCC CAG GAT AAA
TCC ACA GGC AAA CAA AAC AAA ATT ACC ATT ACC AAT GAT AAA GGA 195
CGT TTG TCA AAG GAT GAG ATC GAG CGG ATG GTA CAG GAA GCC GAA
AAA TAC AAG GCG GAT GAT GAA GCA CAG AAG GAT CGT A H GCG GCA 225
AAA A A I GCT CTG GAA TCG TAC GCA TTC AAT A B L .AAA CAG ACG ATT
GAG £ A £  GAG A AS  I I A AAA S A I AAA A H TCG GAA GAG GAT AAG AAA 255
AAG ATT CAA GAA AAA TGT GAC GAA ACA GTT AGG TGG TTG GAT GGA
AAT CAA ACA GCT GAA AAA GAT GAA TTT GAG CAT CGT AAA GAA TTG 285
GAA TCT GTT TGC AAT CCG ATT ATT ACA AAA CTC TAC CAG AGC GCT
GGT GGT ATG CCT GGA GGA ATG CCG GGT GGT ATG CCT GGT GGA GCT 315
CCA GGT GCT GGT TCA ACA GGA GGT GGA CCA ACA ATT GAA GAA GTT
GAT III AG I ACT TTT TGA TCG GAA TTG ACG ATC TCG TTT TCG TTG CGT 345
GAT ATT ACC TCT CCC TCC CTG TTT TTG ATG TTA TGG AGT TTC AAG
TTA CTA GTT TCT TTG CAA CCT CAT CTT AAT TGA GGT GTG A H GGA 375
CTC GGCTGT A H TGG AAG o n A H H A I I S A H O i l A H O i l I £ I
TGA CTT GGA TTT CCG IA S GAT TTG TAA TAA AGT TCG AGT ATT AAA 405
AAA AAA AAA



Figure 7.11 Comparison of amino acid sequence of Hsp 70 proteins.

The figure is updated from that published in Selkirk et al (1989b). The amino 

acid sequence of B. pahang i Hsp70 (Selkirk et al 1989b) is aligned with the 

cognate proteins of O. vo lvu lus  (Rothstein et al 1989), rat (O'Malley et al

1985) , S. m anson i (Hedstrom et al 1987) and P. fa lc ipa rum  (Bianco et al

1986) . Regions of identity are boxed. In regions where two sets of residues are 

shared, those homologous to B. pahangi are boxed.
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DISCUSSION

In this chapter, the feasibility of isolating specific Brug ia  antigens which do not cross-react 

with a closely related filarial nematode, Onchocerca, using recombinant DNA techniques was 

assessed. The specific recombinants were selected on the basis of their immunogenicity with 

human a n U -B ru g ia  sera, by excluding those which cross-react with anti-O. vo lvu lus  

antibodies. With this approach, 32 clones were isolated. Two pools of human anU-Brugia sera 

were used in the selection process, from Tanjungpinang and South Kalimantan in Indonesia. 

When clones first selected with Tanjungpinang sera were examined with serum samples from 

S. Kalimantan, much weaker reactivity was observed (Fig. 7.3). One explanation for this 

finding may relate to the age-specific acquired resistance to new infections demonstrated in 

W. bancrofti infection in Papua New Guinea (Forsyth et al, In press). However, the two pools 

of anU-Brugla sera used in this study were both from individuals of above 20 years of age, at 

which the resistance reached its maximum (Forsyth et al, In press). While strictly age- 

dependent responses . seem therefore to be excluded, the possibility remains that

the two populations have been subjected to significantly different exposure patterns.

Alternatively, the differences in the intensity of antibody responses observed between the 

two populations could therefore be due to either differences in their genetic make up or 

heterogeneity between B. m alay i in the two endemic areas. In many helminth parasites, 

different isolates within one species identified by either isoenzyme analysis (reviewed by 

Rollinson et al 1985) or DNA studies (McCutchan et al 1984) have been documented. 

However, there is as yet no evidence for these differences influencing the immune response 

of their defined hosts. On the other hand, there is clear evidence of host immunological 

heterogeneity in the response to helminth infection in various parasitic nematodes (reviewed 

by Wakelin et al 1988). Both MHC or background genes have been demonstrated to play a 

major role in controlling the host response to nematode infections. The heterogeneity in the 

host antibody repertoire is further demonstrated in this study by the diverse combinations of 

recognition of the 32 B. pahang i recombinants probed with individual human sera (Fig 7.5).

The frequency with which any one B. pahang i recombinant was recognised by the panel of 

individual sera from S. Kalimantan was rather low. Apart from BpG11 and 31, which scored 

positive with about 50% of the sera tested, other clones were recognised by only 10-30% of 

the sera (Table 4.1). With a similar approach for the selection of O nchocerca  specific clones 

from a homologous expression library, clones with frequency of recognition of >97% were 

identified when tested with members from the serum pool used to isolate the clones (Bradley 

et al , submitted for publication). The low frequencies for recognition of the clones selected in 

this study would appear to be qualitative correlates of the weaker quantitative response



170

mounted by the S. Kalimantan population.

Surprisingly, the clones which scored the highest frequency of recognition, BpG 11 and 31, 

were identified as heat shock cognates (Hsp 70) by nucleotide sequence comparison with 

the Hsp 70 cognate of B. pahangi, Bpa 26 and Bpa37 isolated by Selkirk et al (1989b). Heat 

shock proteins of the 70,000 species (Hsp 70) are highly conserved both in its sequence and 

function across a broad phylogenetic range. Given the universal nature of this molecule, the 

selection of this molecule as a non-cross-reactive epitope is intriguing. As 4 out of the 8 

clones examined were found to be Hsp 70 (Fig 7.7), the discriminatory reaction between anti- 

Brugia  and anti-Onchocerca  sera to this molecule cannot be due to a fortuitous but incorrect 

selection.

Despite its extreme conservations, Hsp 70 homologues have been found to be 

immunodominant in parasitic infections with species of P lasm odium  (Ardeshir et al 1987, 

Bianco et al 1986), Schistosom a  (Hedstrom et al) and O nchocerca  (Rothstein et al 1989). 

The antigenic response to this molecule has been found to be directed towards the carboxy 

terminus of the protein which is the least conserved region of the molecule (Fig 7.11). In the 

context of host responses, immune responses to the conserved region of the molecule may 

cause complications of autoimmune reactivity. Alternatively, tolerance to the conserved 

region of the molecule, which presumably is the functional domain of Hsp70, may benefit the 

parasite. Due to the divergence of the carboxy region of the molecule, significant species 

specific responsiveness to this molecule has been observed. For example, in Schistosom a, 

antibody raised against fusion peptides of Hsp 70 of S. m anson i did not recognise the 

homologue in S. japon icum  (Hedstrom et al 1988). A similar result was also observed in that 

infection sera from S. ja p o n icu m  hosts did not recognise S. m a n so n i Hsp70 antigen 

(Hedstrom et al 1987) while detectable reactivity to this molecule was found with S. 

haem atob ium  infection sera (Moser et al, in press). The discriminatory antibody response to 

Schistosom a  Hsp 70 was found to be to the carboxy terminus of the molecule (Hedstrom et 

al 1988).

In a recent study of B. pahang i Hsp70, antibody responses from residents infected with B. 

m a la y i specifically recognised only the homologous antigen and not to Hsp 70 of P . 

fa lciparum , by immunoblotting assays using pooled sera (Selkirk et al 1989b). However, one 

out of six individuals infected with B. m alayi showed some response to S. m ansoni and P. 

fa lc ipu rum  Hsp 70 recombinant peptides in an ELISA assay (Selkirk et al 1989b). Another 

study also confirmed the presence of cross-reactive anti-Hsp 70 where 4 out of 10 anti-B. 

m alay i sera and 4 out of 18 anti-P. fa lc iparum  were found to react to recombinants of the S.
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m anson i homologue (Moser et al , in press). In Brugia, a clone which coded for the carboxy 

end of the protein was found to be more immunogenic than one which expressd C terminus 

truncated product (Selkirk et al 1989b). As discussed above, N terminal majority of the protein 

is highly conserved. In the case of the recombinant of O. volvulus isolated by Rothstein et al

(1989), only 6 of 321 amino acid residues sequenced were different (Fig 7.11). The cross- 

reactive antibodies may therefore be raised against the conserved region of the protein in a 

few individuals and such a response would be expected to be weaker and less frequent. 

Thus the presence of cross-reactive antibodies in heterologous infection sera does not 

exclude the possibility of the presence of B ru g ia -sp e c ltic  determinants in this highly 

conserved molecule.

The discriminatory antibody response to B. m alay i and O. volvulus could also be due to age 

differences in the donor populations drawn for antisera. In S. m anson i infection, antibody 

responses to the Hsp70 homologue were only detectable 5 to 6 weeks post-infection (Moser 

et al , in press). The anU -B rug ia  sera used for selecting the recombinants were from 

individuals of over 30 years of age, but unfortunately, no equivalent information is available for 

the anti-O nchocerca  sera. However, sera from another O. volvulus endemic area, Mali of 

West Africa, has also been observed not to react with Brugia Hsp 70 immunoblotting analysis 

(Dr J. Bradley, unpublished result). Thus the negative response found here to Brugia  Hsp 70 

in sera from individuals with onchocerciasis is probably not due to an unusual age 

composition.

Heat shock proteins were first defined as molecules synthesized by prokaryotic and 

eukaryotic cells under stress condtions. It is now clear that these proteins are also expressed 

constitutively and serve important physiological functions in cells (reviewed by Lindquist, 

1986; Kaufmann 1990). Hsp 70 families play a major role in ensuring the correct folding, 

unfolding and translocation of polypeptides as well as in the assembly and disassembly of 

oligomeric protein complexes. In this context, they are acting as 'molecular chaperones' in 

protein assembly in normal physiological conditions, while in another aspect, performing 

resarrective role in reassembling proteins which are disassembled under stress conditions. 

Most parasites have to face temperature shifts during transmission from vector to host and the 

stress imposed by a hostile host environment. Thus the presence of these universal 

molecules plays a crucial role in both parasite transmission and survival. The characterisation 

of these molecules at a molecular level should therefore provide some insight in host-parasite 

relationships.

Cross-reactivity among the filariae has been one of the major impediments in the 

development of a specific diagnostic assay. This study was set up to select Brugia  specific
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determinants by discriminating these from antigens cross-reactive with a closely related 

filariae, O. vo lvu lus  using recombinant techniques. As natural occuring antibodies to 

common antigens such as tubulin, actin, transferrin and collagen are generally present 

(Guilbert et al 1982) and as high antibody responses to human type IV collagen (Selkirk et al 

1988) and p-tubulin (Helm et al 1989) have been observed in fialrial infection, the use of 

differential screening in the initial step also avoided the isolation of recombinants encoding 

these conserved proteins. Individual heterogeneity in antibody responses has been 

demonstrated in various parasitic diseases. The implication of heterogeneity between 

different populations is also clear from this study. This should be included as one of the 

considerations in future attempts to isolate recombinant peptides for diagnostic use. 

Although the highly conserved Hsp 70 cognate was isolated in the present study, there are 

indications that species specificity may be present in its hypervariable carboxy terminus. 

Perhaps, as a further improvement in specificity has been reported by the detection of lgG4 

subclass antibodies have been demonstrated (Lai et al 1988 and chapter 4), an additional 

benefit will be gained by assessing specific lgG4 responses to the recombinant antigens 

described in this chapter.
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CONCLUSION

In tandem with efforts to characterise molecules associated with the surface of B. malayi, this 

thesis focusses on the survey and characterisation of ES components released by the adult 

parasite, which may perform special roles in sustaining their survival in the hostile environment 

of the host. The approach used is in vitro cultivation of parasites and examination of products 

released into the culture medium. The potential of ES or circulating molecules in 

immunodiagnosis was also assessed. Other approaches to the diagnosis of lymphatic 

filariasis, including the detection of filarial specific antibodies and the use of recombinant 

peptides were also examined.

The range of ES products released by B. m alayi in vitro has been found to be more complex 

than those in many other nematodes, such as in T. canis. The large numbers of components 

present in the ES made it impossible to characterise all of them. This study therefore 

concentrated on a general survey on their immunoreactivities, relationships with components 

in other compartments of the parasite and possible functional roles. Methods for examining 

the authenticity of components released by in vitro cultivation have also been set up. All this 

information would form the basis for future selective studies of ES of B. malayi. Although the 

culture conditions have been optimised for the purpose of studing parasite functional 

molecules, investigations in better culture system for long term in vitro cultivation of the 

parasite will be invaluable for future indepth characterisation of ES products of B. malayi.

Attempts have been made to identify the functions of adult ES molecules, but no detectable 

protease, superoxide dismutase and glutathione S-transferase activity was found. It is 

therefore apparent that the adult parasite do not require these enzymes in any quantity to 

neutralise immune responses of the host. This leads one to suggest that protection from host 

immune attack may reside at an earier stage of the immune reaction, before the full scale anti

parasite response is made. The large quantity of the immunodominant phosphorylcholine 

molecules released by the parasite could possibly function to divert the host immune system 

by exhaustive stimulation of the response to an ineffective target epitope.

Two approaches have been followed by investigators in the search for specific and accurate 

immunodiagnosis for filariasis. One is to identify specific ES molecules in host serum in 

antigen-detection assays and the other is to measure selected antibody responses to the 

parasite. In Brugia  ES, only a few low molecular weight molecules were found to be specific. 

The surface and secreted 29 kDa molecule , though shared by all lymphatic filariae, remains an 

ideal target for circulating antigen. However, a specific monoclonal antibody is required for this
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purpose. The production of such monospecific antibodies is, however, hindered by the 

abundance of immunodominant phosphorylcholine in the parasite and the genetic restriction 

of antibody responses to parasite antigens. For example, a stringent H-2k regulated humoral 

responses to the 29 kDa is observed and the normal splenocyte donor , BALB/c (H-2d), is 

non-responsive. Thus, the CBA/Ca ( H-2k) mouse will be of preference for the purpose of 

producing monoclonal antibodies to Brugia antigens.

In assessing diagnostic assays based on the analysis of levels of Ig subclasses, show that 

filarial specific antibodies derived from bancoftian infection persist for at least 20 years. 

However, characteristically high levels of anti-filarial lgG4 may be taken as a clear indication of 

active infection. Together with recent findings on the increased specificity of lgG4 subclass 

antibodies and the indication in this thesis that the level of this subclass antibody is correlated 

with the intensity of infection, this approach is by far the most attractive among the antibody- 

directed diagnostic techniques. However, further investigation into the decay time of this 

particular IgG subclass following parasite clearance will be necessary for an accurate evaluation 

of this procedure.

Selection of recombinant peptides specific for lymphatic filariae is the most attractive strategy 

to overcome the hurdle of the paucity of parasite material for immunodiagnosis. Of the 32 

clones described in this study, a subset of 10 showed high frequency of recognition by 

individual sera, and of these half are closely related to the HSP70 cognate protein. As this 

molecule is highly conserved among animal species, it may not be suitable for diagnosis due 

to its conserved cross-reactive epitopes. Nevertheless, this study has shown that sera from 

people with onchocerciasis have either no or very weak reactivities against this molecule. 

Recent reports on HSP 70 cognate in other parasites have implicated the presence of 

species specific epitopes on the molecule. Thus the potential of this molecule for diagnosis 

remains and perhaps an enhanced specificity would be achieved by the assessment of lgG4 

responses.

This thesis has therefore described a general survey of ES molecules released by adult B. 

m alayi and the use of these ES component in diagnosis. Another approach to diagnosis, 

that is by the assessment of filarial specific antibodies was also examined. From the standpoint 

now reached and from the results presented in this thesis, two direct avenues should be 

followed for future work to develop a specific and accurate diagnostic test:

(1) the production of monoclonal antibodies to the 29 kDa antigen, and

(2) non-PC ES molecules for antigen detection and the development of the potential for a 

lgG4 specific antibody detection diagnostic test.
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