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PREFACE 

The work described m this thesis was carried out in Dr. G. M. Faubert and 

Dr. R. K. Pnchard's laboratories, at the Institute ofParasitology, McGill University, 

Montréal, bctwecn September 1986 and March 1991. 

The purpose of the study was tü produce monoclonal antibodies (MAbs) 

agalnst tubuhn from body wall muscle, 1I1testIne and reproductIve tract of A. suum 

and B. pahangl, rcspectlVcly. Antl-A. suum MAbs were used to Identify and compare 

t.he tubulin content. itloforms, and proteolytIc peptides from various tissues of A. 

suum. The speclfic blnding of mebendazole drug in extracts from body wall muscle, 

intestine and r~productIve tract of A. suum was alsp examined and compared. The 

binding data wen' analyzed using ~omputer programs EBDA and LIGAND, based 

on the fundamental pnnclples of receptor-mteractions. Tubulin was characterized 

111 various species of Intestmal and tIssue neInatodes. p-tubuhn was detected in the 

sera of mfected human, and sera and pentoneal fluid of infected animaIs. The 

efTects of antl-B. pahangl tubuhn MAbs on the adult B. pahangl were also 

exammed. 

The accounts of the studles have been arranged in six chapters. Chapter one 

giVl'S a generallntroductlOl1 of the subject and a review of the literature relaijng to 

the area of sLudy. Chapters two to five describe the various studies undertaken. 

Chapter six gives a general dIScussion and conclusions of the studies. 

The references are cited 111 the text by first author where there are three or 

more authors, or by both authors wherc there are only two, and are arranged in 

alphabetical order 111 the References section. The abbreviations used in the text are 

given in full in Appendlx i. Appendix il gives a li st of the publications that have 

resulted from work described in this thesis. 

December, 1991 N. 1. Bughio. 
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CLAIMS OF ORIGINALITY 

Several aspects orthe studies reported in this thesis are original contribut.ions 

to scientific knowledge of the biochemistry of parasitic nematodes: 

1. Production of monoclonal antibodies against p-tubulin of parasit.ic 

nematodes Ascaris suum and Brugia pahangi, lS reported for the 

first tirne. 

2. The tubulin content of body wall muscle, intestine and reproduct.ive tract 

of A. suum are characterized and compared for the tirst time. 

3. The presence of ~l and ~2 tubulin peptides in the body wal1 muscle. 

intestine and reproductive tract of A. suum is demonstrated for the first time. 

4. It is demonstrated for the first time that (X.- and p-tubulin isoforms are 

expressed differentially in the body wal1 muscle, intestine and reproductive 

tract of A. suum. 

5. It is reported for the first time that total binding per mg prot.ein 

decreases from intestine, followed by body wall muscle to reproductive tract 

extracts in the A. Sllum. No specifie binding was detected in the 

reproductive tract. This coineides with the parallel deerease in tubuhn per mg 

protein in the various tissues. 

6. For the first tirne. the specific and non-specifie binding of mebendazole to the 

tubulins of body wall muscle, intestine and reproductive tract of A. suum, is 

demonstrated. 

7. The presence of tubulin in the cuticular layers, sueh as median and basal, of 

B. pahangi is shown for the first time. 

8. Anti-tubulin antibodies are cytotoxic, and they induee signifieant reduct.ion 

in the viability of B. pahangi; this is demonstrated for the first time. 

9. Cireulating ~-tubulin was deteeted in the sera of infected animaIs by anti-B. 
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pahangi tubulin specifie monoclonal antibodies; this is demonstrated f(\'f the 

first time. 

Speeies-speClficity of anti-B. pahangi or anti-A. suum tubulin specifie 

monoclonal antibodies has not been reported before. 

~-tllbulin isoforms in the intestinal extraet of A. suum are different from 

those of body wall muscle, and reproductivo tract, in number and 

electrophoretic mobilities; this is reported for the first time. It is suggested 

that the se differenees may account for the sensitivity of intestinal tissue to 

mebendazole attack. 

12. The numbers of mebendazole receptors in the tubulin of A. suum body wall 

muscle and intestine are reported for the first time. 

13. This is the first report of differences In the peptide patterns from tubulins in 

the body wall muscle, intestine and reproductive tract of A. Juum, following 

proteolytic digestion. 
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ABSTRACT 

Monoclonal antibodies (MAbs) have been raised against p-tubuhn of B. pahang; and 

A. suum. Anii-B. pahangi MAbs were used to mvestIgate the heterogeneity of tubulins from 

nematodes and mammals. One-dimenslOnal SDS-PAGE showed that MAbs p;m and 1 B6 

react with p-tubulin from a number of filanal and intestinal nematodes, but not wlth 

tubulin from protozoan !:md mammalian eeUs. Two-dimensional SDS-PAGE demonstratt'd 

that MAb P3D recogmzes two isoforms of p-tubulin and l B6 recog11lzes one Llmih'd 

proteolysis showed that MAb lB6 reacted with the amino-termmal fragments and MAb P3D 

with the carboxyl-terminal fragments of J3-tubulin. The effect of anti-B pahangl MAbs on 

the viability of adult B. pahangz was assessed using MIT assay. It was found that MAhs 

P3D and lB6 caused an 80% and 40% reduc~:on respectively, in worm viabihty, whereas 

anti-chiek MAb 357 or mebendazole drug had no effect. Immunogold labelling of R pahanf.tl 

demonstra\'ed the presence of tubulin in the median and basal layers of the cutIclc, 

hypodermal layer and somatic muscle blocks, as weIl as the uterus of B pahangl. The 

reduction in the viabilIty of worms may, therefore, be due to the disruption ofmlcrotubules 

in the body wall muscle of B. pahangi. The total MBZ binding was highest in the II1testlllc 

followed by the body wall muscle and m the reproductIve tract extracts of A. suum Electron 

microseopy of A. suum tissues demonstrated that the tubulin content decreased from the 

intestine through the body wall muscle to the reproductive tract. One dimensIOnal SOS

PAGE revealed the presence of a, PI and P2 tubulin subunits in aIl tissues ofA. suum ThIs 

data confirmed the reduction of tubulin from the intestine through the body wall muscle to 

the reproductive tract. Two dlmensional SDS-PAGE followed by Westf>n1 blottll1g 

demonstrated that a and P tubuhn isoform patterns are dlssimIlar 1Il dlfferent tissues of 

A. suum. Body wall muscle, intestine and reproductive tract tubulins were round to ditTer 

in their isoelectric points, number of isoforms and peptIde maps. These data lIldicate that 

different tubulins are round in difTerent tissues of adult A suum. Differences in tubuhn 

isoforms from dIfferent tIssues may be important determmants in selectlve sensitiVIty of 

these tissues to benzlmidazole attack. 
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Résumé 

Des anticorps monoclonaux (AcM) ont été produits contre la ~-tubuline de B. pahangr 

et de A. suum. L'hétérogénéité des tubulines de nématodes et de mammifères a é\'é étudiée 

à l'aide des AcM dingés contre B. pahangl. L'électrophorèse dans àes gels de 

polyacrylamide contenant du SDS ŒDS-PAGEl a démontrée que les AcM P3D et lB6 ont 

réagi avec la ~·tubuhne d'un certain nombre de nématodes filanens et mtestinaux, mais 

non avec la tubuhne de protozoaIres et de mammifères. De plus, un .,DS-PAGE 

bidimenEionnel a établi que le AcM P3D reconnaît les deux isoformes de la ~-tubuline mais 

que le AcM lB6 n'en reconnaît qu'une. Suite à une protéolyse partielle, l'AcM lB6 a réagi 

avec les fragments terminaux ammés et l' AcM P3D avec les fragments terminaux 

carboxyles de la ~-tubuline. L'effet des AcM P3D et lB6 dirigés contre B. pahangi sur la 

viabilité des vers adultes a été détermmé par un test utilisant du MIT. Cette viabihté a été 

réduite de 80% par le AcM P3D et de 40% par l' AcM lB6. Aucun effet n'a été enregistré 

avec le AcM 357 dirigé contre le poulet et le mébe~dazole. Le marquage de B. pahangi avec 

des particules d'or (rmmunogold labellmg) a révélé la présence de tubuline dans la couche 

intermédiaire et la couche de fond du cuticule, dans l'épiderme, dans les cellules somatiques 

des muscles et dans l'utérus. Cette diminution de VIabilité des vers pourrait ainsi être 

expliquée par la dépolyménsation des microtubules dans le tégument musculaii.·e de B. 

pahangl. La tubuline des intestins d'ascaris a démontré une fixation totale plus élevée de 

mebendazole que dans les autres tIssus et une plus haute affinité de fixatIOn que le 

tégument musculaire Comparativement aux tIssus intestinaux, la fixation maximale de la 

tubuline du tégument musculaire a été réduite mais son affinité de fixation n'a pas changé. 

Les tissus de A. suum ob.,ervés au microscope électronique ont démontré que le contenu en 

tubuline diminuait succeSSIvement de l'intestin aux muscles et des muscles aux organes 

reproducteurs. Un SDS-PAGE a révélé la présence des sous-unités de la tubuline a, JJl et 

~2 dans tous les tissus de A suum. Ces résultats ont confirmé que la concentration en 

tubuline est plus élevée dans If>" intestms que dans le tégument musculaire et que les 

organes reproducteurs contIennent la plus faible concentration. Un SDS-PAGE 

bidimensionnel a démontré qut! les isoformes de la tubuline a. et ~ sont différentes dans les 
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divers tissus de A. suum. La tubuline du tégument musculaire, des mtestins et des organes 

reproducteurs diffèrent dans leurs points isoélectriques, leurs nombres d'isofornws et la 

localisation des polypeptides Ces résultats ont indiquént que les différentes tubulines se 

retrouvent dans les tissus de l'adulte A. suum. La connaissance de ces dIfférentes isofornws 

de la tubuline dans les tissus de nématodes peut être un facteur détermlllant dl' If'ur 

sensibilité à l'al taque "'des benzimidazoles. 
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CHAPTER 1 

LITERATURE REVIEW 

1.0 ASCARIS AND ASCARIASIS 

Ascariasls, caused by tht> nematode Aseans lumbrzcOldes, IS the most corn mon 

human parasitlc mîection 10 the world. It has a worldwIde dIstrIbutIOn and 

approximately 1.3 bIllIon people are mfected wIth this paraslU> (Crompton, 198HI A 

lumbricoides, whlch lIves In the upper part of the smallIlltestme, 18 often referrNI to 

as the glant mtestmal worm because 1 t grows to a length of more than :JO cm Ascans 

eggs survive best 111 warm, mOlst SOli however, they are hlgh!y resistant to a varwty 

of environmenta! condItIOns and can survive even 10 the sub-arctIc rehTlOllS Although 

the mortality rate for ascanasls appearb !ow, the absolute number of deaths dut· to 

this dlsease 15 hlgh In relatIOn to other mfectlOns becausp of th(· hlgh pl'('va!t>llce 

(Crompton, 19851 

1.1 MORPHOLOGY OF ASCARIS 

The aàult worms are cylIndncal, Wlth a tapenng antenor end Females arl' ~O-

49 cm long and 3-6 mm III dmmeter; males are 15-31 cm long and ~-4 mm 1I1lhampter 

with a curved postenor end (GarcIa & Buckner, 1988) The body of Ascans 18 rounded 

and tense because the body cavlty (pseudo~()eloml l~ filled wIth flUld at a hlgh 

pressure. The cutIcular surface of Ascans 18 stnated and cream co!oured wlth two 

whitish lateral cords In WhlCh the excretory canals are sItuated There are thrct' 

prominent lips In the antRnor part, whlch are the charactpnstlc of thI~ group The 

vulvar opemng IS on the ventral surface between the anterlOr and mlddle thlrd of the 

body length in the females. In males there are two copulatory splcules and numerous 

papillae at the ventrally curved posterior end Mo<;t of the pseudococlom of the Asean.<; 
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is taken up by an alimentary canal and a tubular reproductive tract, which is double 

in females and single in males (Pawlowski, 1990). A. blmbricoides is specifie for 

humans but It has also been found accidentally in other hosts such as orangutan, dog, 

cat and sheep (PawlowskI, 1982) A. lumbncOldes is most closely related to A. suum, 

the round worm that mfects plgS. The larvae of A. suum can develop in hum ans but 

without reaching 10 matunty CPhills et al., 1972). 

Although mfectlOns due to A. lumbricoides have been experimentally induced 

in humans (Gelpl & Mustafa, 1967), much of the knowledge about human ascariasls 

derives from mfectlOns experimentally induced with A. suum in plgS. Such infections 

1Il pigs provide a good experimental model for biochemical, immunological and 

pathological studles (Stephenson et al., 1980). 

1.2 LIFE CYCl.E 

A. lumbncOldes has a relatively simple life cycle (Fig. 1.1) with humans as the 

only host for bath the larval and adult stages and sail as the environment for 

development and a natural reservOlr of eggs <Pawlowski, 1990) The adult worms live 

in the lumen of the upper small mtestine, where they consume predigested food. The 

reproductIve potentIal of the female worm 18 extre ... i1ely high (up to 240 000 eggs per 

day) (Brown & Cert, 1927) and thus, counterbalances the heavy losses in Vlability and 

infectivIty of the egg8 In the environment The eggs laid by female worms are 

fertihzed but non-embryonated. They become 1I1corporated into the feces in the large 

mtestine EmbryogenesIs (development of the first stage Iarva 111 ferbhzed egg) of the 

fertihzed eggs lS temperature dependent and takes place in the soil. If the eggs are 

deposited 111 the soIl dIrectly, the embryogenesls is completed within 2-4 weeks, 

depending on the amblent temperature and mOlsture (Pawlowski, 1987). 

Infection in humans is acquired through ingestion oi the embryonated eggs 

from contaminated soil, food and water. On ingestion, the second stage larvae leave 

the egg shell: hatclung of the larvae is stimulated in the smaU intestine by the 

combined actIOn of bIle salts and alkalinity of the enteric juice. The second-stage 

larvae then penetrate the intestinal wall and enter the lamina propria, whert ~hey 
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enter into a capillary and are carried passively to the liver. From there, they migrate 

to the right heart <:hamber via the hepatic portal circulation. On reaching the lung 

through the pulmonary circulation, the now third-stage larvae reside in alveolar 

capillaries and break out mto the alveolar spaces. 

After approximately 10 days in the lungs, the larvae migrate actively up the 

bronchi into the trachea, across the epiglottis, and are then swallowed, finally 

reaching the lumen of the small intestine. After two molts, the worms mature to 

adulthood. Occasionally, egg production may precede mating. When this occurs, 

infertile eggs are passed by the worm. Worms raach sexual maturity within 6 weeks 

aiter the final molt and cease growing. The entire developmental process, from 

ingestion of eggs by the host, to the production of eggs by female worm, May take from 

10-12 weeks (Grove 1990; Schwartzman, 1991). The life cycles of A. lumbricoides in 

humans andA. suum in pigs are virtually identical in terms of developmental stages. 

The time necessary to complete each stage of development may vary slightly between 

species as weIl as between worms of the same species. However, the life cycle 

described" for A. lumbricoides applies also to A. suum infection in pigs, and this is one 

of the reasons why A. suum infection in pigs is such a useful animal model for the 

study of human ascariasls. 

1.3 PATHOGENESIS AND DIAGNOSIS 

The pathogenesis caused bj Ascaris infections is attributed to: (1) the host's 

immune response; (2) effects of larva} migration; (3) mechanical effects of the adult 

worms:; and (4) nutritional deficiencies due to the preqence of the adult worms 

(Pawlowski, 1990). In ascariasis the human host responses and the clinical picture 

differ in the tissue phase of infection, caused by migrating larvae, and in the 

intestinal infections with pre-adult and bdult worms (Garcia & Buckner, 1988). The 

initial passage oflarvae through the liver and lungs usually elicits no symptoms. The 

intensity of the systemic response to the migratory phase of Ascaris is related directly 

to the number of larvae migrating ~lmut;:..:~cously. If the infection is light and only a 

few larvae pass through the tissues, the host response is negligible and clinically 
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inapparent. If the infection is heavy, the patients experience mtense pneumollitis. 

enlargement of the liver and generalized toxicity. When the larvae break out of th(\ 

Jung tissue and into the alveoli. there may he sorne bronchial epIthelium damage. 

With reinfection and ,;ubsequent larval migration, there may be intl>nse tisSlW 

reaction, even with srnall nurnbers oflarvae. There may be pronounced tissue reactlOn 

around the larvae in the liver and lung with mfiltration of eosinophils, macrophages 

and epitheloid cells. This has been called Ascaris pneurnomtis and IS accompanied by 

an allergic reaction consistmg of dyspnea, transient eosinophiha and pneumonia 

(Gelpi & Mustafa, :i967). This transient pulmonary infiltrate, clears withll1 a few 

weeks and is associated with general hypersensitivlty reactions such as asthma and 

peripheral eosinophilia called Loeffler's syndrome. However, these reactIons can also 

be mediated by contact wIth Ascaris allergen without any actual infections 

(Pawlowski, 1978; 1985; 1990). 

The intestinal phase ofthe disease is generally asymptomatic and the presence 

of the adult worm in the intestme usually cames no difficulties unless Lhe WOl'm 

burden is very heavy. The most serious complIcations occur due to the mIgration of 

the adult worms and intestinal obstruction by a bolus of adult worms (in the mtestinc 

the worms may become entangled and form a bolus obstructing the lumen) Such 

migrations may also cause the obstruction of the hepatic duct, appendicitIs, intestinal 

perforation, including penetration of intestmal incIsions and pancreatIc duel 

obstruction (Maki, 1972). Certam irritants, such as fever, a diet rich m pepper, 

anesthesia or improper treatment tend to stimulate migration of the adult wormr, 

(Pawlowski, 1978). Ascaris may affect nutrition ofmfected children, especially thuse 

already in a state of marginal adequate nutrition. Nesheim (985) demonstrated that 

the severe nutritional impairment related to the worm burden contributes to growth 

retardation in young children. It has been suggested that Ascans induces 

mal absorption of fats and carbohydrates. 

The diagnosis of ascanasis IS usually made by stool examinatlOn. Characteristlc 

c!ggs may be seen on direct examination or may he concentrated by centrifugation. 

Infections consisting of only male worms will produce no eggs; if such infections are 
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symptomatic, the worms may sometimes be detected radiologically (Grove, 1990). 

1.4 ASCARIS ALLERGEN 

The Ascaris allergens are the most potent allergen of parasit:. origin, which 

are present in all stages of the Ascarts life cycle (Strejan, 1975). The Ascaris allergens 

can cause a hypersensItivlty reaction in the lungs, skin, conjunctiva, gastrointestinal 

tract, anaphylactic shock and degradation of visceral organs (Strejan, 1978). Such 

reactions have been observed in infected individu aIs and ln uninfected researchers 

who were in contact with the Ascaris allergen (Coles, 1985). 

Three types of allergies are recognized in researchers handling Ascaris worms: 

(1) respiratory allergies, (2) skin rashes and (3) gastrointestinal disorders. For 

example, one month arter bemg in contact with the parasite, irritation of eyes and 

lacrimation leading to fits of sneezing, pronounced dyspnoea, asthmatic attacks and 

painful headaches were observed in these workers. However, prolonged contact with 

this nematode seemed to lead to reduced sensitivity (Lloyd Jones & Kingscote, 1935; 

PawlowskI, 1985, 1990). In another researcher, a transient irritating rash on the 

hands was observed about one year after handling the worms. Severe nasal symptoms 

developed when dried worm tissues were inhaled and the se were followed by 

temporary asthmatic breathing. Respiratory allergies to J\scaris are associated with 

high levels of IgE (O'Donnel & Mitchell, 1978). Presumably sensitization is by 

inhalation of aerosols of the worm products, thereby swallowing the antigens. The IgE 

produced may, however, he specifie for Ascaris. The role of this IgE in the control and 

expulsion of Ascaris from host remains to be clarified (Ogilvie & Parratt, 1977; 

Pawlowski, 1990). 

2.0 CHEMOTHERAPY OF ASCARIASIS 

No specific tl0atment for pulmonary ascariasis is available. In severe cases 

most of the symptoms, which are of a hypersensitivity type, responrl well to 

corticosteroid therapy (Phills et al., 1972). Whereas, the treatment of intestinal 

ascariasis can he accomplished by several effective drugs (Pawlowski, 1990) as 
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mentioned below. 

2.1 Pipera%Ïne 

Piperazine derivatives temporarily paralyse the Ascaris worms by producmg 

neuromuscular blockage through an anti-cholinergic action at the myoneural junchon; 

the paralyzed worms are easlly evacuated by the peristaltic movernent of the intestine 

tPawlowski, 1982). Piperazine, widely used for over 25 years 111 ascanasis lS now being 

withdrawn from the market 111 the developed countries because of sporadic 

hypersensitive and neurotoxlC reactions and also beca:lse better drugs have been 

introduced. However, in developing countries piperazine is still used because lt is one 

of the cheapest drugs available. The efficacy of a single dose treatment is 70-80(ff,; 

treatmellt for two consecutive days is effective in over 90% of ascanasls cases 

(Janssens, 1985). 

2.2 Levamisole 

Levamisole acts as a cholinergie agent, causing a spastic paralysis of 

nematodes. Levamisole shows non-specifie activation of macrophages and sorne 

immuno-modulating activitIes. When used in a single dose, it lS effective in 80-100% 

of cases of ascariasis (Pawlowski, 1978; Janssens, 1985). 

2.3 Pyrantel pamoate 

Pyrantal acts on the neuromuscular transmission in Ascaris and causes 

paralysis of the worm. The efficacy ofa single-dose treatment in ascariasis is over 90% 

(Pawlowski, 1978; Janssens, 1985). 

2.4 Benzimidazole carbamates (BZs) 

Mebendazole, a benzimidazole carbamate, inhibits phosphorylation in the 

Ascaris mitochondria and damages the microtubule system of the intestinal cells, 

leading to the slow death of the worm. It has been observed that Ascaris are rather 

frequently expelled by mouth during therapy. Several regimens have been devised for 
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effective single-dose therapy using benzimidazole derivatives. In one study, a single 

dose of mebendazole was glVen to patients and was about 90% effective in eradicating 

Ascaris (Pawlowski, 1978). The efficacy ofmebendazole is hetween 84-100% (Jallssens, 

1985). The other BZs such as fenbendazole, flubelldazole, and alhendazole, show a 

similar efficacy and good tolerance. Albendazole, given in a single dose has resulted 

in cure rates of 100% againstAscaris infections (Anderson & May, 1982). 

3.0 FlLARIA AND FlLARlASlS 

Lymphatic filariasis is caused by infections ofthe human parasites Wucheraria 

bancrofti, Brugia malayi, and Brugia timori. Filarial worms are thread·like 

nematodes, whose adults live within lymphatic vessels. The female worms are 

ovoviviparous, and their larvae are called microfilariae (Mf). Approximately 400 

million people are infected with W. bancrofti alone ("mO, 1989) in Mrica, South East 

Asia and to a lesser extent in Latin America (Grove, 1990). Lymphatic filariasis is 

rarely life-threatemng, but causes severe chronic suffering and disability. 

Depending on the species, Mf may exhibit periorucity in the blood circulation. 

A circadian fluctuation in which the highest number of Mf occur in the blood at night 

is called nocturnal periodicity. Sorne species may bé non-periodic or diurnal. In sub

perioruc or nocturnally subperiodic species, the Mf can he detected in the blood 

throughout the day but are found at higher levels during the night. Noctumal 

periodicity can he the result of the Mfs penchant for low oxygen tension. In 

experiments in which sleep habits ofinfected volunteers were reversed, the periodicity 

of Mf also reversed (Hawking, 1966). Nevertheless, the diurnal periodicity pattern 

has not heen satisfactorily explained yet. 

3.1 MORPHOLOGY OF BRUGIA 

B. malayi is closely related to W. bancrofti, however, there are important 

differences in their biology, epidemiology and clinopathologic characteristics of 

infection. B. malayi is similar to W. bancrofti in morphology, but the adult worms are 

about halfthe size ofthose ofW. bancrofti. The adult B. malayi also closely resembles 



B. pahangi which is found m wild cats, tlgers and monkt'ys 

Female B. malayi are 40 cm long and 0.17 mm wide and the male worms art' 

20 cm long and 0.08 mm wide and have copulatory spicules and caudal paplllae that 

distinguish them from W. bancroftl. Both female and male B ma/aYl are creamy 

white, cylindrical, bluntly tapering thread-like nematodes with smooth cutIcular 

surface:; and unarmed mouth. 'l't _ vulva of the female opens Just 08-09 mm from thp 

anterior tip of the worm but extends posteriorly to the vagma and the bilateral coiled 

uterus that rUllS the fulllength of the adult female. Mf measure 177-260 J.lm long and 

5-6 J.lm wide, and have a column ofnuclei that ex tends into the caudal reglOl1 wlth two 

terminal nuclei. These caudal nuclei along with a long cephalic space, are the most 

helpful characteristics distingulShing Mf of B. malayi from those of othe!' marial Mf 

The developmental stages of B. malayi and B. pahangl are morphologIcally slmilar. 

The Mf of these two speCles can be distinguished by the distmct distribution of acid 

phosphatase activity on their surface (Redington et al., 1975). 

3.2 LIFE CYCLE 

Filarial worms have a cornplex life cycle (Fig 1.2). Adult B. malayi live III the 

lumen of lymphatic vessels of vertebrate hosts. The females produce partially 

embryonated eggs that develop and then uncoil to become snake-like Mf, the first 

stage larvae. The microfilarial embryos develop within indlvidual membranes or 

shells. These are retained after the Mf have been discharged from the fernale and are 

recognized as the Mf she·lth. TransmissIOn 18 efTected by the uptake of the first stage 

larvae (MD into blood sucking arthropods (Anopheles, Mansonia) as they fced on the 

mfected hosto Mf lose thelr sheath m the in8ect's stomach, penetratc the gut of the 

host and migrate to the thoracic muscles. The larvae develop, without multiplication 

into second- and later into infective third-stage larvae that migrate throughout the 

hemocoel and eventually reaching the labIUm. They escape from there when the 

arthropod host is feeding and enter the skin. Mter migrating through the penpheral 

lymphatics, the worms reside either m the lymph nodes and adjacent lymphattcs or 

in the subcutaneous tissues (Nelson, 1979). 
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W. bancrofti does not infect any lahoratory rodent, and limited paraslh' 

material can be obtained from humans, natural mosquito vectors or expenmental 

infections of the silvered leaf monkey (Palmieri et al., 1982) On the other hand, B 

malayi can he maintained in the laboratory III ji.rds and suflicient parasite matcr;al 

can he obtained for immunochemical analysls. Howe.ver, thlS model does Ilot 011011' "hp 

disease observed in human. The closely related ammal parasite B. pahan1tI, l~ t.he 

species most readily maintained in t.he laboratory, elther in dogs, cats or 10 J1fds and 

infection of cats with B. pahangi mimics many of the features of lymphatic filartaslR 

in human, and thus serves as a useful model system (Denham el al., 19721. 

3.3 TRANSPORT MECHANISMS IN FlLARIAL WORMS 

The surface of the filarial worm is entirely covered by a complex, proteinacéous 

exoskeleton, the cuticle. This extracellular layer, is composed of three principal zones, 

basal, median and cortlcallayers. No clear demarcatioH exists between eaeh zone, and 

the structure and complexity of each vary greatly, both between species and between 

the different life cycle stages of the same species (Howells, 1980). Several studies 

indicate that the nematode euticle may not he sim ply an inert, non-Immunogemc 

exoskeleton. The surface of the cuticle expresses antigenic protem molecules whlch 

alter qualitatively after the moultmg process, change quantItatJvely as the worms 

grow within each stage and are released from the worms zn vitro œhillip et al., 1980; 

Selkirk et al., 1986). 

With the exception of the Mf and the third-stage mfective larvae, filana! wormf> 

have a functional gut. However, although oral feeding has been demonstrated ln VLVO 

(Howells & Chen, 1981) no one has yet succeeded in demonstrating lt Ln mtro 

(Howells, 1980; Chen & Howells, 1979a, 1979b; 1981b). The absence of oral feeding 

in vitro points to the reouirement for a specific feeding stimulus, and this has 

implications in relatir,ll to the route of uptake of nutrients or anthelmintlc drugs 

during in vitro incubations. 

Comparison of an adult filarial nematode and a gastromtestma! speCles shows 

that filarial ,"-f)rm have a much smaller intestine and less musculature in the body 
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wall, whilst the lateral cords of hypodermal tissue are expanded to subtent a large 

proportion of the sub-cuticular area Œowells, 1987). The outer plasma membrane of 

the hypodermis, which forms a basal membrane to the cuticle, is much folded in 

filarial worms and possesses characteristics of an absorptive surface (Howells, 1980). 

Correlated with the absorptIve function of the cuticle, acid phosphatase and 

naphthylamidase activIty lS present in the hypodermal tissues of adult B. pahangl, 

but not in the intesme (Howells & Chen, 1981). High levels of acid phosphatase have 

also heen noted in the body wall of Lltomosoides carinii, B. pahangi, Dirofilaria 

immitis and Setana species (Yanagisawa & Koyama, 1970). 

Cuticular transport lS not a usual feature of parasitic nematodes. Adult B. 

pahangi has been shown to he able to take up D-glucose, L-Ieucine, glycine, 

cycloleucine and adenosme across the cuticle (Chen & Howells, 1979a,b; Howells & 

Chen, 1981), whilst D. imnutls adults have been shown to take up D-glucose and 

adenosine by this route (YanagIsawa & Koyoma, 1970; Chen & Howells, 1981a). The 

transcuticular uptake of glycine has also been demonstrated in Onchocercaguttuerosa 

(Howells, 1980). Cuticular transport in D. immitis and B. pahangi appears to he 

selectIve because L-glucose, sucrose or thymidine, are not taken up. The kinetics of 

the transcuticular uptake of glycine and cyloleucine by B. pahangi suggests simple 

diffusion. Howells et al. (1984) observed that the transcuticular uptake of glucose in 

B. po.';angi occurs III physiologIcally significant amounts and involves a saturable 

com.,onent and diffusion The glucose transport locus differs from that in the tissue 

of the mammalian host The difference in the specificity of the glucose transport locus 

in the worms and in mammahan tissues suggests that appropriate glucose analogues 

might serve as selecbve agents for transporting therapeutic compounds into fi,anal 

worms. The transcuticular uptake ofamino aClds by B. pahangi consists ofa saturable 

and a diffusion component (HoweUs et al., 1983), and the incorporation ofnucleic acid 

precursors after transcuticular uptake in D. immltis and B. pahangi has been reported 

by Chen & Howells (1981a,b). In filarial worms it is likely that the transport of 

glucose and amino acids occurs at the hypodermal plasma membrane (Howells. 1987). 

The easy accessibility of the cuticle to chemical agents makes it an attractive target 
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for chemotherapy. The final assembly of the nematooe cuticle occurs extracellularly 

and is essentially collagenous, but unlike vertebrate collagen, the nematode cutIde if:; 

stabilized by sulphhydral links. Damage to the cuticle could render the worm more 

permeable, but this might upset the IOnic balance of the tIssues, render the parasIte 

more vulnclrable to the host's Immune response and mcrease the penetratIOn of 

anthelmintic drugs (Ottesen, 1987) Most studIes have been do ne on B. pahangl and 

B. malayi but still many questIOns about the dynamics of the marial surface remam 

unanswered. 

3.4 PATHOGENESlS AND DlAGNOSlS OF LYMPHATIC FILARIASIS 

3.4.1 Clinical Spectrum 

The most intriguing aspects offilarial mfectlOns caused by Iymphatic dwelling 

parasites, is the extremely broad spectrum of clinical presentation found among 

individuals in endemlC regions, At one extreme there are individuals with neJther 

detectable parasltaemia nor symptoms or history of dlsease, desplte their constant 

exposure '10 infective larvae. ThIs group IS probably heterogeneous, contaHllllg 

individuals who may be innately resistant to larval development, with those who may 

have previously sustamed, or may currently harbour a subclmicalmfection (PJ('ssens 

et al., 1982; Maizels et al., 1983a, Freedman et al., 1989), 

A second chnical presentation is also asymptomatic but is characterized by th!' 

presence of Mf circulating in the penpheral blood, People wIth tbis manIfestatIOn of 

filariasis have been called asymptomatic mirrofilaremics These patients are 

characteristically hyporesponsive, relatIve to endemic "normal" groups, both ln terms 

of anti-filarial antibody and lymphocyte proliferatIOn (Ottesen et al., 1977; Piessens 

et al., 1980a,b,c; Ottesen et al" 1982). Whilst this condItion may perslst for years, 

some individuals are subject to recurrent attacks of lympbadenitJs and lymphangItis, 

and constitute a third group with manIfestatIOns of acute filariasis. This symptomatic 

clinical syndrome is charactenzed by the recurrent episodes of "filarial fevers" seen 

in many infected individuals. Patients with the se fila ri al fevers may or may not he 

microfilaremic. A minority ofthese patients develop the characteristic symptoms such 
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as hydrocoele or chyluria, of chronic obstruction filariasis, called elephantiasis, and 

are classified as a fourth group. People with these manifestations are generally 

amicrofilaremic, and have very high levels of anti-filarial antibodies (Ottesen 1984; 

Ottesen, 1990). A final relatively rare syndrome generally regarded as a form of occult 

filariasis, is that of tropical pulmonary eosinophilia (TPE), characterized by asthmatic 

symptoms, hypereosinophilia and elevated IgE levels, and thought to result li'om 

immediate type hypersensitivity reactions to microfilarial antigens in the lungs 

(Ottesen, 1984). Mf are nevpr found m the penpheral circulation. 

These different clinical manifestations offilarial infection reflect different types 

of immunologie responses among infected individuals. Lymphatic filariasis elicit 

immune responses of aH types such as, humoral as weIl as cellular from their human 

hosts, but there are at least three distinctive features of this response which should 

be recognized before one considers the specifie immunopathology associated with these 

diseases. 

First is the fact that chronic filariasis is characterized by a state of marked 

immunologie hypo-responsiveness to parasite antigens. The immunosuppression has 

been demonstrated by in vitro studies of lymphocyte function. Patients with chronic 

infection respond poorly or not at aIl to filarial antigens, but theIr responses to other 

antigens and to mitogens remain normal. Early in the exposure to infection, 

individuals may develop normal lymphocyte responses to parasite antigens, but with 

time and the establishment of infection in the host these responses are modulated or 

dam ped by various immunologie su ppres sor mechanisms (Partono et al., 1977; Weiss 

& Tanner, 1979; Ottesen, 1980). 

A second charactelistic feature of the immunologie profile of these patients 

derives from the prolonged persistance of the living parasites within the hosto 

Antigens are shed or secreted aImost continuously by the parasites, and in the 

presence of antibody, immune com plexes are formed. Several groups have documented 

the fact that a large percentage of patients with filariasis have either circulating 

antigens or circulating immune complexes (Lambert, 1978). These complexes play an 

important role in imtiatmg or modulating numerous aspects of the overall host 



responses to these parasites. 

The third distmctive feature of the host response 111 filanasls 18 the prominent 

involvement ofimmechate hypersensittvtty Immune mechamsms Serum IgE lt'vt.'l! .. an' 

elevated, eosinophils are proffilllent. and basophils and mast n'lb can l1t' shown tn he 

sensitlzed wIth speclfic antlbody (OUesen. 19RO) Hm'l.' tht'st' lmnw(hatl' 

hypersensittvtty mechanisms functlOn durmg chrome filanal lI1fectlOll IS sttll a 

mystery. The fact that most infected mdlvlduals Wlth hlgh lpvels of IgE, sensltlzt'd 

basophils, and circulatmg parasite antIgens arp Ilot allergIcally symptomatlc IS qUltt' 

remarkable and mdlcates the hkelihood that suppressive regulatory mechamsms act 

on the immediate hypersensltivIty respol1siveness of thp mdlvlduals Just as sllch 

mechanisms have been shown to do for delayed-type hypersensltlvlty rpsponses 

(Ottesen, 1990). 

3.4.2 Mf-related pathology 

Most of the recognized pathology assoclated with the Mf results from tlSSU(' 

reactIons around parasites that have been cleared from the blood. ln mlcrofilaremlc 

patients where there IS continual production of Mf. clearance of these worms 

presumably takes place constantly m the lungs, lIver and spleen but thls c1earanc(' 

appears to be not associated with any definable clinical symptoms, the attntlOn of Mf 

from the blocd takes place silently (Saxena pt al., 1975l. Even 111 mfected patIents who 

have developed antibodles to the surface of the Mf and who then becoml' 

amicrofilaremic, dearance 01 Mf occurs wIth no chmcal expn"s~ion 

The situatIOn, however, 18 entlrely different in patIo ·nts wlth the tropIcal 

eosinophiha syndrome in WhlCh patIents appear to be Immunologlcally hyper-reactlve 

to all filarial antigens, especlally to those antIgens WhlCh are denved from Mf Antl

filarial antibodies of aIl classes are markedly elevated (Neva & Ottesen, 1978) ft has 

become clear that all filariasis patients have large amounts of IgE antlbody dlrected 

against adult worm antigens, patIents Wlth tropical eosinophiha show a specIal hyper

sensitization, not found in individuals with other forms of filarIasis, to antigens 

derived from the microfilarial stage of the parasite (Ottesen et al., 1979). These 
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observations strongly support the original speculations of Danaraj et al. (1966) and 

Wong & Guest (1969) that tropical eosinophIlia is a form of occult filariasis in which 

the absence of circulatmg Mf reflects an immunologie hyper-responsiveness on the 

part of the host WhlCh results in effective clearance of this stage of the parasite from 

the blood Much ofthls clearance IS probably mediated by IgG antibodies and effected 

preferentially by the lungs; the asthmatic symptoms are likely the result ofpulmonary 

allergie responses mechated by the specific IgE antibodies dlrected against the Mf. It 

is not clear what predIsposes certain indlviduals to reaet to the parasite in such a 

hyper-responsive way that they become severely symptomatic from the clearance of 

Mf, iD contrast to the almost complete lack of clinical expression which follows 

microfilarial clearance in the majority of patients with other forms of filariasis. 

3.4.3 Adult-related pathology 

Most of the pathology associated Wlth bancroftian ~nd brugian filariasis is 

limited to the lymphatic system. Incompetence of the draining lymphatics lead, first, 

to lymphedema and then to either elephantiasis of the limbs, breasts, or genitalia or 

to leakage of chyle into the unne (ehyluria). The adult worms reside within the 

lymphattc vessels, generally III the afferent approaches or cortical sinuses ofthe lymph 

nodes. Secreted met abolie produets oithe adult worms mduce immunological reactions 

causing alteratlOns of the walls of the lymphatics. As a direct result of hyper

sensitization, the walls thicken and become distended, but the drainage of lymph 

remains largely unaffected. 

When the adult worms dIe, the sudden release of antigenic material from the 

disintegrating worms exacerbates the inflammatory response in the wall of the 

lymphatic vessel (O'Conner, 1932). An area ofnecrosis develops around the parasite, 

resulting both from degeneration of inflammatory cells and dissolution of parasite 

material. A granulomatous reaction ensues, with a concomitant infiltration ofplasma 

cells and eosinophils. Collagen deposition is seen and the parasite, after 

fragmentation, either becomes completely absorbed or partially calcified. The blockage 

of lymphatic circulation ~ontinues in heavily infected individuals until most major 
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lymph channels are oecluded, eausing lymphedema in the affected region of the body 

It is during these pathologie reactions Wlthin the lymphatIc vessel that lymphatic 

obstructions occurs. Subsequently, colateral vessels develop to aid the passage of 

lymph but reeanalization of the obstructed tracts can also be seen. espccially dunng 

the early phases of lymphatic obstruction (Denham· & MeGreavy, 1977; Sc hacher et 

al., 1973). 

The local lymphatie inflammatlOn and distortion occur pnmarily when the 

infeeting parasites are molting and releasing the hlghly antigemc matenal which lS 

shed at this time (Schacher & Sahyoun, 1967). Death of adult worm eould mtensify 

the local inflammation but death of the parasites alone is incapable of II1ducmg the 

same levels of inflammatory response that the moltmg produets do. FuniculitIs, 

epididymitis and orchitis are also frequent concomitants of filanal II1fection III the 

male patients. The inflammatIOn at each of these sites occurs as a dIrect result of 

parasites in the associated lymphaties. It was clear that the marked lymphatic 

inflammation observed in these patients was being caused both by reactlOlls 10 dyll1g 

par~~ites'(O'Conner, 1932) and by responses to living adult worms of both sexes 

(Ottesen, 1990). The identity of the specific immune mechamsms underlY1l1g the 

lymphatics inflammatory episodes ls as yet undetermined 

DefinitIve diagnosis oflymphatie filariasis can be made only by demonstratlOll 

ofthe adult worms assoclated with the lymphatics (very rarely observed l, mIcrofilanae 

trapped in the tissues (as in the tropical eosinophiha syndrome l, or microfilanae found 

in blood, hydrocoele fluid, or urine COttesen, 1990). 

3.5 ANTIBODIES TO FILARIAL WORMS 

Filarial nematodes ehcit strong humoral responses in human hosts (OUesen 

et al., 1981). Antibody levels increase with disease severity (Piessens et al 19HOa; 

Ottesen et al., 1981; Maizels et al., 1983a,b). Asymptomatic mlcrofilaraemIc patients 

tend to have relatively low titres of antibody, whereas people showll1g lymphatlc 

disease and edema have intermediate titres and elephantlasIs patjents have high 

titres. In some studies, Mf carriers have lower antibody levels than controls from the 
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endemic area (Ottesen et al., 1982; Weil, 1990), which suggests that mierofilaremic 

individuals are specifically hypo-responsive to filarial antigens (Ottesen, 1984). 

A series of monoclonal antibodies (MAbs) have bee.l generated in the laboratory 

to Mf, infective larvae and adult worms of B. malayi. Analysis ofthese M1bs indicated 

the existence of stage-specifie antigens of B. malayi, as weIl as of antl6enb ... l-.ared by 

difTerent stages of thi!'. parasite (Canlas et al., 1984; Aggarwal et al., 1985). Canlas & 

Piessens (1985) showed that an anti-B. mala:'; MAb recognized antigenicdeterminants 

in extracts of B. malayt Mf and promoted the eell adherence of peripheral cells to the 

surface of Mf in mtro and reduced mierofilaremia in vivo. 

Parab et al. (1988) characterized a Ilumber ofMAbs against infective larvae of 

B. malayi. One of these MAbs appears to be highly reactive to infective larvae in 

comparison to Mf and adult worm antigens. These MAbs enhanced the killing of the 

infeetive larvae of B. malaYl and W bancrofti, respectively, by macrophages. These 

MAbs conferred 89% protectIOn to jirds against challenge infection of B. malayi 

infective larvae. Tan et al. (1989) reported that two out of six MAbs against B. malayi 

mfective larvae (L3) antigens, impaired B. malayi L3 motility. Scanning electron 

microscopie studies showed damage to L3 surface and loss of regular cuticular 

annulations. These MAbs had no efTect on B. malayi Mf. 

3.6 FlLARIAL ANTIGENS 

Filarial parasites present a diverse array of antigens that changes with time 

as a consequence of parasIte maturation through different life cycle stages. The host's 

response against this dIverse array of antigens is often complex and variable (Haque 

& Capron, 1986). There is 1 ncreasing evidence that species and stage specifie antigens 

occur in the secretions and on the surface of filarial worms. Kaushal et al. (1982) and 

Selkirk et al. (1986; 1989) have characterized the excretorylsecretory products derived 

from adult B. malayi using cross-immuno-electrophoresis and radio

immunoprecipitation assays. Most of the se antigens were antigenically similar to 

adult somatic antigens. 

The cuticle of parasitlc nematodes is the target of a variety of host immune 
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responses that may lead to the killing of the worms in vztro and in vivo (Ogilvie et al, 

1980). Therefore, the cuticle may he a source of antigens capable of inducing 

resistance to circulating Mf. The antigenic components present on the surface of Mf 

frequently cross-react with antigenic determinants on the surface of adult worms or 

infective larvae of the same species and of the memher of the same gel1us maque & 

Capron, 1986; Maizels et al., 1983a,b). The initial characterization of the cuticular 

antigens of adult filariae demonstrated the presence of three major proteins on the 

surface of all Brugia species, ofmolecular weight 15 kDa, 20 kDa and 29 kDa (Mmzels 

et al., 1985; Kaushal et al., 1982; Sutanto et al., 1985), and two mmor bands of 

molecular weight 17 kDa and 50 kDa (Philipp et al., 1986). Both the 29 kDa and 50 

kDa protein are also prominent on adults of W. bancroftz (Morgan et al., 1986). ln situ 

precipitation and immunostaining with a monospecific antibody has confirmerl that 

the 29 kDa molecule is localized to the epicuticle and contains exposed determmants 

(Maizels et al., 1987). The proteins doublets of 60-70, 100-110 and 160 kDa represent 

the major structural proteins of the adult cuticle (Selkirk et al., 1986). Both the 

kinetics and specificity of antibody recognition are criticai to understanding the 

development of disease and also to constructing reliable immunodiagnostic tests 

If an antibody can confer resistance toward circulating Mf in the host, and/or 

induce cell mediated killing of Mf Iii the host, it should aid in the identification and 

isolation of the relevant target antigens. Aggarwal et al. (1985) produced several MAbs 

against the infective larvae of B. malaYl One of these MAbs gives a positive 

immunofluorescence reactlOn on the surface of B. malaYl Mf and was able to medJaU:' 

mouse peritoneal macrophage adherence to, and killing of, B. malaYl Mf zn Vliro. 

Adherence and kiIling were enhanced by fresh normal mouse serum suggesting a role 

for complement. When the sa me MAb was passlvely transferred to mice harboring Mf, 

a complete clearance of Mf was observed in about 70% animaIs. ThIS MAb recogmzed 

antigenic determinants Wlth a molecular weight of 110 kDa on the surface of B. 

malayi Mfby radioiodination and immunoprecipitation followed by Western blottmg. 

It seems possible that the antigenic determinants recogmzed by this MAb on the 

surface of Mf could he mvolved in effector mechamsms related to the development of 
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transmission-inhibiting immunity. 

The application of new technologies such as, MAbs, biochemical sep&ration 

methods, and recombinant DNA should enable the identification, isolation and 

production of antigens that are related to protection, immunodiagnosis, and pathology 

in filarial infectIons. 

3.7IMMUNO-DIAGNOSIS OF LYMPHATIC FlLARIASIS 

LymphatIc filariasis caused by B. malayi and W. bancrofti is a major public 

health problem in tropical countries manifesting a broad spectrum of acute and 

chronic clinical features (Partono, 1987), as described in the previous section. 

Improved methods for diagnosis of active filarial infections are needed to identify pre

clinical infections, monitor control efforts and to evaluate new drugs (WHO, 1984). 

Diagnostic methods based on Mf detection in peripheral blood have sorne practical and 

biological limitations. For example, diagnostic methods for filariasis based on Mf 

detection are insensitive and inconvenient, particularly in those areas of the world 

where Mf exhibit nocturnal periodicity; they are not useful for detection of 

amicrofilaremic infections. 

Although host antibodies to filarial adult and microfilariaI antigens of 

molecular weight in the range of 15-110 kDa are detected in most patients (Weil et al., 

1984; Dissanayake et al., 1984), the serodiagnosis offilariasis based on the detection 

of antibodies is not always accurate and vaIid for the following reasons: (1) the 

presence of antibodies indicates exposure to the parasite but does not reflect the 

presence or extent of active infections; and (2) problems of specificity as a consequence 

of extensive antIgenic cross-reactIvity among nematode parasites (Ambroise-Thomas, 

1984). In antibody determinations, one presumes a normal immune response in the 

host, but in endemic :ocations, environmentaI factors such as, undernutrition and 

other infectIons may modulate the host immune-responsiveness to filarial antigens. 

Such modulation may he one of the factors responsible for atypical filariaI syndromes. 

If some of the important filariaI antigel1s are not highly immunogenic or cause 

immune-unresponsiveness (Ottesen et al., 1982; Piessens et al., 1980a; 1981), certain 
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people will not show an antibody response. This could account for the so-caIled false 

negative reactions. 

Difficulties with parasitological and antibody-based serological met.hods for 

diagnosis of active filarial infections have led to the developmen t of i mm unodiabrnos tic 

tests based on the detection of circulating parasite antigens 111 the sera or other body 

fluids. Studies of human onchocerciasis and lymphatic filariasis, as weIl as animal 

lymphatic fil.:'~asis, have demonstrated the presence of circulating alltlgens and 

immune complexes during the patent stages of infection (Des Moutis et al , 1983; Weil 

et al., 1984; Dissanayake et al., 1982). Several studies have demonstrated the use of 

a parasite antigen detection for diagnosis and quantitation of fila ri al infections 

Œanthanam et al., 1989; Weil & Liftis, 1987; Forsyth et al., 1985; Weil et al., 1990; 

Wenger et al., 1988); and for monitoring the efficacy of therapy (Forsyth & Mitchell, 

1984; Weil et al., 1986; Weil, 1988; More & Copeman, 1991a,b; Chandrashekar et al., 

1%1). Circulating filanal antigens were first demonstrated in 1. mphatic filariasls ln 

1946 by passive cutaneous anaphylaxis (Franks, 1946). The author reported th(~ 

presence of soluble filarial antigens in the sera of patients with W. bancrofll, 

eSJiPcially in those with raised mlcrofilaremia. In the late 1970's, a varJety of 

polyclonal antibody-based techniques were used to detect circulating parasite antigens 

in sera from hum ans infected with W. bancroftl and B. malayi (Weil, 19901. These 

tests were not sensitive enough to be practically use fuI. Recently, technical 

refinements such as, use ofMAbs, Western blot for antigen analysis, pretreatment of 

sera to release antigen from immune complexes, have resulted in the development of 

more sensitive assays. 

Soluble antigens have been detected by MAb in the sera of brugian filariasis 

patients or ofmultimammate rats. Circulating antigens can be detected ln B. malay, 

infected animals as early as 15 days after infectIOn, before the developing larvae 

become adults (Haque et al., 1985). These results suggest that the naturally killed 

infective larvae, their excretory/secretory products, or thelr molting fluids, may be one 

of the sources of circulating antigens. 

Several investigators have raised MAbs against different filarial nematodes 
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and used them as probes for the detection oftarget antigens. Most ofthese MAbs are 

phosphoryleholine (PC) specifie and react with antigens of different molecular weights. 

LaI et al. (1987) raised three lViAbs against a cireulating filarial antigen of W. 

bancrofti, whieh bind to a PC epitope and reaet with a broad range of antig'~ns in the 

microfilarial, infective larval and adult antigens of B. malayi. Another PC reactive 

MAb raised against the eggs of O. gibsoni identified antigens of 25-30, 57-90 and 200 

kDa in B. malayi extracts. The sensitivity of PC assays for W. bancrofti infection had 

been very successful (85-93%) for sera from microfilaremic patients, depending on the 

population studied (Weil, 1988; 1990). This val'iability is believed to be related to the 

variable prevalence of high levels of anti-PC antibodies in difl'erent populations. PC 

antigenemia has aiso been detected in sera from patients infected with B. malayi 

(Maizels et al., 1985). 

A direct antigen capture enzyme-immunoassay (ElA) with a MAb that binds 

to a repeated, non-PC determinant on a 200-kDa circulating W. bancrofti antigen 

which is an excretion product of adult worms, has been developed (Weil et al., 1987; 

Weil & Liftis, 1987; Ramzy et al., 1991). Another promising filarial antigen assay is 

also based on a MAb to stage specifie W. bancrofti excretory products with molecular 

weight of 55-63 kDa (Reddy et al., 1989). This MAb has been used in severa! difl'erent 

assays to detect W. bancrofti antigen in sera from India and China. Sensitivity results 

have ranged from 68-96% for sera from microfilaremic subjects (Reddy et al., 1989; 

Zheng et al., 1987). The potential use of parasite antigen detection for diagnosis of 

human filariasis is also shown by studies of parasite antigenemia in canine 

dirofilariasis. Identification of heat stable adult worm products in sera from infected 

dogs led to development of a MAb-based ElA for parasite antigenemia that is specifie 

for D. unmitis infectIOn and more sensitive than Mf detection tests (Weil et al. , 1985). 

Serum parasite antigen levels correlate significantly with the number of adult female 

worms in infected dogs, and antigen levels can be followed to monitor the suceess of 

anthelmintic therapy. Recently, parallel studies have demonstrated the vaIue of 

antigen detection as a means of non-invasively monitoring Brugia infections in jirds 

(Wengeret al., 1988; Weil etai., 1990). Although mostimmunodiagnostic studies have 
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focused on detection of filarial antigens in sera, it should he noted that the antigens 

can also be found in other body liquids such as urine, hydrocoele fluids and breast 

milk (Zheng et al., 1987; Dissanayake et al., 1984). 

AlI filarial antigen assays reported to date have shown relatIvely poor 

sensitivity for sera from amicrofilaremic patients· with clinical filariasis. ThIs low 

sensitivity may be caused by a lack of active infection in sorne patients with chrollle 

lymphatic disease or by antibody-mediated clearance of antigen. The latter possibility 

is supported by Weil et al. (1987) who demonstrated that although antIborues to the 

epitope defined by MAb were not detected in antigen positive sera, such antibodies 

were present in over 70% of antigen-negative sera from dilllcai filariasis patients and 

endemic normals. Since antiborues to circulating antigens are usua\ly absent In sera 

from subjects known to be actively infected and present in most sera from clinical 

filariasis patients and endemic normals, it is reu."c'1able to consider whether such 

antibodies may he related to the pathogenesis of clinical filanasis or conversely, 

whether they may have protecbve acbvity. In a slmilar study, Kaliraj et al. (J 98U 

reported the detection of circulating antigens in 23/30 microfilaremlc patients and 111 

only 1/30 amicrofilaraemic patients with lymphabc filariasis using counter Immuno

electrophoresis. Dissanayake et al. (1984) using anti-O. gibsonl MAb reported the 

detection of antigen in 50% of the sera and urine from W. bancroftt infected patlen ts 

The highest percentage of positives was seen in the microfilaremlc group, using 2-sitc 

immuno-radio-metric assay Santhanam et al. (1989) reported a MAb-based enzyme 

immunoassay for the detectlOn ofW. bancroftl antigen ln serum and finger pnck blood 

samples by ELISA. In their study 97% of microfilaremic patîents tested positive for 

antigen; conversely only 10.7% of amicrofilaremic endemic controls were considercd 

positive. 

The detecbon of circulating filarial antigens with polyclonal and monoclonal 

antibodies by counter irnmuno-electrophoresis, immunodifTusion, radioimmunoassay, 

enzyme immuno assay and sandwich ELISA have been reported previously (Kalira] 

et al., 1981; Weil, 1988; Dissanayake et al., 1984). AlI these assays are cumhersome 

and require radioisotopes or sophisticated er-!uipment. Often these materials and 
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equipment are unavailable in lymphatic filariasis endemic areas. Recently, Pappas 

(1983) and Zheng et al. (1987;1990) described a rapid, visually interpreted microassay 

called Dot-ELISA, for the serodiagnosis of major tropical diseases. 

Antigen detection assays have several advantages over other diagnostic 

methods. They can identify indiVlduals with pre-patent or occult infections which are 

undetected by classic parasitologic tests, they also give a more accurate indication of 

active infection than traditIOn al serodiagnostic tests. Filarial antigen assays are 

clearly preferable to antibody tests for evaluation of drug therapy and prophylaxis 

trials in humans and animaIs, for vaccine studies in animaIs, and for epidemlOlogical 

surveillance ofbancroftian filariasis lH humans (and dirofilariasis in dogs). However, 

there are a few limitations of this approach: (1) antigen detection is not sensitive for 

diagnosis of clinical filariasis in amicrofilaremic individuals. Species-specific antibody 

assays are needed for confirmatory testing ofindividual patients with clinical findings 

that are suggestive but not diagnostic for lymphatic filariasis; (2) antigen detection is 

complementary to and not a substitute for Mf detection. Microfilaria prevalence and 

density data are necessary for understanding the dynamics offilariasis transmission 

in populations. 

3.8 CHEMOTHERAPY OF FlLARIASlS 

Chemotherapy of filariasis refers to the t eatment of established infections 

using macrofilaricidal and/or microfilaricidal drugs. None of the drugs that have been 

used up to the present time are suitable for mass treatment of filariasis. 

3.9.1 Diethylcarbamazine citrate (DEC) 

DEC, a derivatIve ofpiperazine (1-diethylcarbamy-4-methylpiprazine), has been 

known to have filaricidal propertles smce 1947. DEC is an effective microfilaricidal 

drug in humans when admmistered daily at an oral dose of 200 mg for 12 days, 

however, comparable concentrations of the drug have no efTect on the parasites in 

vitro. DEC kills aIl stages of brugian parasites and prolonged treatment may efTect 

adult W. bancrofti (Mackenzie, 1985). Nathan et al. (1987) demonstrated that the use 
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of DEC at monthly intervals over 12 months reduced the number of microfilaremic 

patients with bancroftian filariasis by 90%. 

DEC treatment is often accompanied by nausea, diZ""!"I>"'~ qnd febrile episodeg, 

which can be severe in Brugia infected patients. In onchocerciasis. DEC induces 

Mazzotti reaction with intense pruritus and may cause retinal damage and 

anaphylactic shock (8ubrahmanyam, 1987). It is believed that the side reacbons are 

related to the release of pharmacological mediators in response to the massIve 

toxic/antigenic products from dying parasites (Mak et al. 1991). 

Although sorne elimination of Mf is caused by DEC administratIOn alone, 

antibodies seem to have a synergIstic effect. Thus, more rapid clearance of the 

circulating parasites was achieved when serum containing antibodies was injected 

intravenously along with the drug and parasItes into a naive animal. Several 

investigators have mdicated that ADCC to filariallarvae is enhanced by DEC ln mtro. 

DEC seems to alter the parasite surface and makes It more amen able to ADCC, sinee 

prior treatment of the parasite with DEC 1I1creases such cytotoxICity. Eosinophils are 

not normally markedly cytotoxic to sheathed Mf of lymphatlc parasites. De-sheathed 

Mf, however, are susceptible to eosinophil-mediated ADCC and such cytotoxicity is 

enhanced by DEC (Chandrasheker et al., 1984). Vlckery et al. (985) reported that 

DEC cleared Mf from infected nude mice unable to produce antibodles to filarial 

antigen, which lm plies that DEC action is probably independent of the thymus. 

Instead, complement may he activated by the parasites CZahner & Weidner, 1983) and 

may induce cellular cytotoxiclty. 

3.9.2 Levamisole 

Levamisole is effective against the Mf and adults of B. malayi 111 cats (Mak et al. 

,1974). It is microfilaricidal against human W. bancrofti and B. malayi (McMahon, 

1979). However, side efTects encountered were as severe as those seen with DEC. It 

would be advantageous to use a purely macrofilaricidal drug to kill the adults and 

aHow the microfilariae to die off slowly or he removed through the judlcious use oflow 

doses of a microfilaricidal drug (Janssens, 1985). 
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3.9.3 lvermectin 

Ivermectin, a macrocyclic lactone, is a 22, 23-dihydro derivative of avermectin 

BI, and has been shown to have a wide spectrum of activity against nematodes, 

insects and acarine parasites but it does not show any effect on cestodes and 

trematodes (Campbell, 1985). Ivermectin is broadly used in veterinary medicine and 

it has heen found to he effective against O. volvulus Mf and at a single dose was 

better tolerated and had a longer lasting effect on skin Mf than did DEC (Aziz et al., 

1982; Mak et al., 1988). Its actjvity against the adult worms was poor. Ivermectin 

seems to have varicd effects on filarial parasites depending on the species and the 

stage. The effect on Mfis high in D. immitls (Blair & Campbell, 1979), Dipetalonema 

recondltum, Dipetalonema viteae (Campbell, 1982), Onchocerca cervialis (Klei et al., 

1980), Onchocerca volvulus (Aziz et al., 1982; Awadzi et al., 1985) and Litomosoides 

carinii infections injirds and cotton rats <Soffner & Wenk, 1985). ln Brugia infections 

comparatively high doses are necessary to obtain at least moderate microfilaricidal 

effects in vivo (Campbell, 1982). Ivermectill acts chemo-prophylactically against all 

preadult stages of D. immltls but in the case of D. viteae marked activity is limIted to 

third and fourth stage larvae and in L. carinii infections to the third stage larvae only 

(Campbell, 1982). It was shown to he ineffective against developing stages of Brugia 

species and of Onchocerca species in cattle although other avermectins had a limited 

effect on developing stages of B. pahangi (Denham, 1972). 

Ivermect.in was shown to clear W. bancrofti microfilaremia by the third post

treatment day with a single oral dose, patients remained amicrofilaremic until the 

third post-treatment week. At six months post-treatment, this was 13% of initial 

counts (Diallo et al., 1987). The efficacy of ivermectin is comparable to that of DEC 

(Kumaraswami et al., 1988). A dose ranging study was carried out in French Polynesia 

to determine its tolerability, biologïcal and clinical safety and efficacy in W. bancrofti 

var pacifica carriers (Cartel et al., 1990). The authors reported that ivermectin single

dose treatment was effective on lymphatic filariasis. The successful treatment rate 

was 100%. Preliminary results of the first large scale trials of this drug suggest that 

it is safe to be used for mass chemotherapy. Ivermectin is heing investigated both for 



individual and for large-scale treatment of onchocerciasis at yearly intervals (Mak et 

al., 1991). 

3.9.4IBothiocyanateB and derivatives 

Among the new eompunds the most promising agents are the lsothiocyanate 

and their derivatives, amoscanate, CGP 6140, CGP 20376 and CG 1 16343. Amoscanate 

treatment of rats infeeted with B. pahangi and L. carmll results ln mhihitlon of 

glucose uptake and transport by the parasites. It also causes ultrastructural 

alterations in parasites isolated 12 h after therapy. Amoscanate is a patent inhIbitor 

of cyclie-AMP phosphodiesterase of filarial worms, but the mhibition is not parasIte 

specifie. CGP 6140, is a methyl-piperazine denvative of amoscanate and IS bemg 

tested against onchocerclasis in patients. CGP 6140, has been shown to inhIbit thl' 

acetylcholinesterase of O. volvulus and D lmmitis <WHO, 1989), CGP ~0376, was 

shown to have complete adulticidal activity against B. malaYl and B. pahangi, as weIl 

as L. carinii (Zahner et al., 1988a; Mak et al., 1990) It was a180 mlcrofilancidal 

against D. vanhoofi m chlmpanzees (Moysan et al., 1988) AnJaneyulu (19R7) 

demonstrated that CGP 20376, behaves as a prodrug, and is rapldly dlssoclated mto 

its biologically active isothlOcyanate precursor, CGP 20308, which has been shown to 

be an effective microfilaricidal and macrofilaricldal in expenmental Brugw infections 

in rodents (Zahner et al., 1988b). CGI 16343 affects the cutIcular layer of filarial 

worms and perhaps exposes carbohydrate residues on the surface Œubrahmanyam, 

1987). These compounds are currently m Phase I clinical tnals m India. 

8.9.5 Benzimidazoles carbamate (BZs) 

Mebendazole (MBZ), flubendazole (FBZ) and CGI 13866 are representatlve 

filaricidal BZs (Dominguez-Vanquez et al., 1983). When given orally at concentratlOns 

of 150 mg!kg per day for five days ta mfected Mastornys, MBZ and FBZ exert no 

significant effect on adults of L. carinii and B. pahangl. On bulx'utaneous 

administration, they do show macrofilaricldal actlvity, possIbly because of depot 

formation and sustained release (Reddy et al., 1983). However, CGI 13866 has 49(~) 
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macrofilaricidal activity when given orally, and completely clears Mf from the 

circulation of leaf monkeys infected with B. malayi (Subrahmanyam, 1987). 

Denham et al (1978) indicated that MBZ was a potent microfilaricide against 

B. pahangi infections of cats and jirds and probably macrofilaricidal against W. 

bancrofti. Mak (1981a,b) demonstrated that both MBZ and FBZ have significant 

filaricidal properties against B. boolzti infection in white rats. FBZ was also shown to 

be lethal to B. pahangi in jirds and cats (Denham et al., 1979) when administered 

subcutaneously. It also killed developing larvae injirds. In W. bancrofti infection, MBZ 

at a dosage of6 mg/kg daily for 10 days following an 8 day treatment with levamisole 

prevented the recurrence of microfilarial actIvity otherwise seen after withdrawal of 

levamisole, but was unable to produce zero counts (Narasimham et al., 1978). 

Goldsmid & Rogers (1976) demonstrated two D. perstans infections which improved 

under 400 mg twice daily for 14 days. In one case the Mf aisappeared, whereas the 

other patient relapsed during the follow-up period. Maertens & Wery (1975) observed 

disappearance of D. perstans Mf from the blood after a combination therapy of MBZ 

with levamisole. 

MBZ interferes ~th embryogenesis and is microfilaricidal in humans when 

given at 30 mglkg in three doses daily for three weeks in onchocerciasis. MBZ inhibits 

in vltro and in vivo glucose uptake by helminths. This decreased uptake is followed 

by an enhanced utilization of endogenous glycogen and reduced glycogenesis. The drug 

also dimimshes ATP synthesis and/or the turnover of adenine nucleotides. 

Mitochondnal electron transport, especially by the fumarate reductase system, is 

inhibited by several BZ at concentrations of 10-100 )lM in nematodes. The primary 

targets of BZs are tubuhns; by binding to these proteins the drugs interfere with the 

assembly of MTs (Van Den Boosche et al., 1982). High affinity MBZ binding to B. 

malaYl and B. pahangi tubulin is reported by Tang & Prichard (1988). Franz et al. 

( 1990a,b) showed tha t in tes tmal microtubules of B. malayi disappeared six hours post

treatment with FBZ ln vivo. l<'urthermore, marked alterations of the oogonia and 

embryonic cells of B. malayi females were observed 24 hours post-treatment. MBZ 

may he a useful alternative to DEC in the treatment of onchocerciasis, because MBZ 



showed similar or slightly greater reduction of Mf th an DEC after 6 months and has 

fewer systemic si de effects (Rivas-AlcaIa et al., 1981a). However, poor oral absorptlOn 

of MBZ and prolonged (2-3 weeks) extremely hlgh dosages (1 5 g daily) may make it 

unsuitable for large-scale use m its present formulation Œekhti et al • 1977; Vandl' 

Waa, 1991). 

Amongst 20 different chemical classes of compounds syn theslzed and scre(med 

in different animal filarial modeis m recent years, the three Most promlsing drugs for 

clinical application are: BZs, ivermectins and isothiocyanates and thelr denvatlves. 

The potentiation of ADCC by DEC in ultro and the killing oflarval stages oflymphatic 

and Onchocerca parasites should stimulate the search for drugs that collaborate with 

the immune responses of the hosto Removal of the sheath from sheathed MF makes 

the parasites more susceptible to complement and antibody attack, so de-sheathlllg 

agents should promote mlcrofilaricldal actIvity. The tubulins of intestinal and tissue 

nematodes need to he further characterized and specIfic bmding agents developed. 

Compounds that damage the cutIcle of the filarial parasite could render it more 

permeable, disturb the IOnic balance and make it more vulnerable to the host's 

immune attack. 

4.0 MICRO TUBULES 

Microtubules (MTsJ are Ublquitous components of all eukaryotic cells and 

constitute a major structural element of spindles, the cytoskeleton and the axonemes 

of cilia and flagella (Dustm, 1984). MTs perform a number of diverse functlOns such 

as, segregation of chromosomes dunng melOSlS and mItosls; the determinatlOn and 

maintenance of cell shape VIa dynamic changes m the orgal1lzatlOn of cytoplasmlc 

MTs; intracellular transport, e.g the movement of organelles aiong nerve axons; and 

ceU motIlity {Sullivan, 1988; MacRae & Langdon, 1989 J. 

4.1 TUBULIN STRUCTURE 

Microtubules are formed by the assembly of tubuhn, an acidic protem 

heterodimer composed of a. and P subunits of approximately 110 kDa (FIg. 1.3). 
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Fig. 1.3. Structure and assembly of mlcrotubules. Microtubules can be generated in 

the laboratory from a concentrated solutIOn of a.~ tubulin dimers. The initial step 

involves formatIon ofmtermedlates such as splrals oftubuhn. These intermedlates are 

unstable, and thelr slow fonnatlOn accounts for the lag period before long 

mlcrotubules are formed. Certam baSIC proteins can accelerate the polymerization of 

tubulm, possibly by actmg as fOCI for assembly of tubulin into splrals. These 

mtermedlates act as pnmers for polymel1ZatlOn of a.~ dlmers, but the steps mvolved 

are not weIl estabhshed Tubulm may add dU'ectly to the spIral, forming a tubular 

mlcrotubule Alternatlvely, sheets of protofilaments may he the mtermedlate 

structures. When the protofilamenls become Wlde enough, they rold mto a tube 

CDarnelletal., 1986) 
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(Krauhs et al., 1981; Gunning & Hardham, 1982). However, a third minor component 

migrating between the two major tubuhn bands has been found III porcine bram 

extracts (Little, 1979). Using peptide mappmg, this band was Identified as a form of 

~-tubulin. The major ~-tubuhn band is referred to as Pl- anà the minor band, ~[ 

tubulin. ~1- and ~- constitute 75% and 25% respectIvely, of the total ~~ tubul1l1 111 

bovine brain (Little, 1979). Little & Luduena (1985) demonstrated the marked 

structural differenees between brain PI- and P2-tubulins, which suggests that PI- and 

~2- May have different functions in brain tissue. ~1- appears to be ublquItous 1/1 aIl 

ehordates, however, P2- has so far only been found in the brains of cow, goat, Plg', derr, 

rat, ehick and dogfish (Mukhopadhyay et al., 1990). In non-chordates, both Pl- and p.[ 
have been found only in the free living nematode Caenorhabdlf.s elegans (Enos & 

Coles, 1990). 

A head-to-tail arrangement of a and P tubulin fonn a hollow cyhnder called 

protofilament (p), and usually 13 protofilaments are found per microtubule (Tilney et 

al., 1973). MTs with different numbers of protofilaments have also been identified 111 

crayfish sperm 05p) (Burton et al., 1975), lobster neurons (12-p) <Burton & 1 hnkley, 

1974), and cockroach epidermls 05-p). Chalfie & Thomson ( 1982) m a slmilar study, 

demonstrated that Most cells 111 the free living nematode C. elegans have MT!> with 

11-p but six toueh receptor neurons have MTs with 15-p; no 13-p MT!> have been 

observed III this nematode The 11-p and 15-p MTs diITer not only 111 protofilament 

number, cellular distnbution, and perhaps, function but also in a number of physlcal 

and chemical properties. This suggests that for many cellular functlOns elther 11-p or 

15-p will suffiee, but certain function" require MTs Wlth specIfie protofilament 

numbers (Chalfie et al., 1986). 

MTs are found in cytoplasm as weIl as 111 the cell membranes The membrane 

tubulin is in part accessible to non-penet;'ating reagents and when extracted, IS 

capable of assembling into MTs (Dustin, 1984). Membrane tubuIin may pl'OVlde links 

between membrane and cytoskeleton, links perhaps used dur111g MT-med13ted 

propulsion of membranous surfaces or organelles. MTs of different tIssues and cells 

(Murphy & Walhs, 1983; Sullivan & Wilson, 1984) and within single ceUs (Gozes & 
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Sweadner, 1981), are dl.stinguishable on the basis of the electrophoretic mobility (Feit 

et al., 1971); proteolytic cleavage pc tterns (Little, 19'79); protein sequencing (Postingyl 

et al., 1981; Krauhs et al., 1981); pharmacological properties (Lacey & Prichard, 1986, 

and immunologieal reactions tOraber et al., 1985; Kilmartin et al., 1982; Kempheus 

et al., 1982; Sherwin & Gull, 1989). 

4.2 HETEROGENEITY OF TUBULIN 

Sinee MTs are employed in a number of diverse funetions in eukaryotic eells 

(Sullivan, 1988), there has been speculation that different MT-mediated functions may 

require different forms of tubulin (Fulton & Simpson, 1976; BaneIjee et al., 1990) 

(Table 1.1). Benhke & Forer (1967) reported evidenee for four classes of MTs in 

individual cells which differed in their drug senRitivities or thermal stability. 

Thompson et al. (984) and Cumming et al. (1984) independently demonstrated, using 

anti-o. tubulin MAbs, that u tubulin related epitopes are apparently segregated into 

distinguishable subsets of MTs within single cells or subsets of cells. Thus, it seems 

clear that although MTs appear morphologically identical, they represent a 

heterogeneous class of structures. 

Several studles have demonstrated that both u- and ~-tubulin exist as multiple 

isoforms encoded, in marnmals or birds, by a set of 6 0.- and 7 fi-tubulin genes 

(Monteiro & Cleveland, 1987; Sullivan, 1988). Both u- and fi-tubulins are regulat.ed 

independently, the changes in 0. tubulin isoforms oceur mainly before birth, while the 

increase of p-tubuhn isoforms continues throughout development. In rats, the p

tubulin lsoforms inerease from 3 isoforms in embryos to 14 isoforms in adults; o.

tubulin isoforms on the other hand have been resolved into 7 i:'ioforms that are present 

throughout development. In the mouse brain, 5-6 u- and 10 or more p-tubulin 

isofcrms have been identified (Wolff et al., 1982), which change during maturation, 0.6-

and p2- disappea~ while fie- and filO-isoforms appear; however, there are no other 

changes related to aging (Van Hungen et al., 1981). 

Havercroft & Cleveland (1984) demonstrated that rhicken brain tubulin 

contains a number of closely related p-tubulin isoforms, sorne of which are either 
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Table 1.1. Number of (ï- and ~-tubulin isoforms in various speCles. 

Species a-Tubulin tl-Tubulin Reference 

isoforms isoforms 

Sea urchin 10-15 10-15 Dustin, 1984 

Aspergillus 4 4 Sheir-NeisH et 

al., ]978. 

Nippostrongylus 8 3 Tang & 

brasiliensis Prichard, 1989 

B. pahangi 4-5 3 Tang & 

Prichard,1989 

B. malayi 5 4 Tang & 

Pnchard, 1989 

Haemonchus contortus 2 2 Lubega & 

Prichard, 

1990 

Mammals 14-17 B Tang & 

Prichard, 1989 
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brain-enriehed (~2) or brain-specifie (134). In contrast, 90% of chicken erythroeyte ~

tubulin is eomposed of~6-, an isoform which is only expressed in chicken erythrocyt~s 

and thrombocytes (Murphy et al., 1984). Relative to brain ~-tubu1in, chicken 136-

tubulin isoform from erythrocytes is more hydrophobie, less acidic by 0.4 pH units, has 

a different number of reactive Methionines, and differs in its ammo acid sequence 

from chlcken ~2-tubulin (Murphy et al., 1987). The assembly properbes of the se 

tubulins are also dIstinct, and May reflect important functional differences in the 

properties. 

Protein sequence analysls of porcine bram tubulin has demonstrated the 

presence of 2 p-tubulin lsoforms (Krauhs et al., 1981) and 4 a-tubulin isoforms 

<Postingyl et al., 1981) that differ subtly in primary sequence. Sequence analysis of 2 

different human ~-tubulin genes has demonstrated the presence of at least 213-tubulin 

isoforms that differ signifieantly in sequence at the C-terminal of the polypeptide (Hall 

et al., 1983). 

Tang & Priehard 0988; 1989) examined the isoform patterns of one intestinal 

and two tissue nematodes and demonstrated that Nippostrongylus brasiliensis has 8 

(X- and 3 po, B. malaYl 4-50.- and 4-5 po, B. pahangi 4 a- and 5 ~-tubulin isoforms. In 

a similar study, Lubega & Pnch;:trd (991) reported the exietance of at least 3 ~

tubulin lsoforms in BZ-susceptible Haemonchus con tortus and the authors observed 

that the BZ resistant isolates of H. con tortus shared some ~-tubulin isoforms with the 

susceptible strain but another ~-tubuhn isoform present in susceptable populations 

was lost or dIminished in the resistant population. 

Micru-heterogeneity is not restricted to brain and nematode tubulins. Multiple 

lsoforms have also been detected in Drosophila CKemphues et al., 1979; Raff et al., 

1982), Physarum (Burland et al., 1983), the unicellular algae Chlamydomonas and 

Polytomella (Cleveland & Sullivan, 1985; McKeithan et c'., 1983), the trypanosomatid 

Crithidia fasciculata (Cummmg & Williamson, 1984), the fungus Aspergillus (Sheir

Niess et al., 1978), and essentlally all vertebrate tubulin sources examined (niez et 

al., 1984; Little & Luduena, 1985; Murphy & Wallis, 1~83). 
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4.3 POST-TRANSLATIONAL MODIFICATIONS OF TUBULIN 

Three types of post-translational modifications of tubulin occur: (1) 

detyrosinationltyrosination of a-tubuhn; (2) acetylation of a- and ~-tubulin and (3) 

phosphorylation of a- and ~-tubulin (Matten et al, 1990; Gard & rurschner, 1985; 

Edde et al., 1989). The impact of any of these post-translahonal modifications on MT 

function in vivo lS unknown However, results of srveral studles indlcate that a link 

exists between tubulin modification, MT assembly dynamlcs and morphogenegis 

(MacRae & Langdon, 1989: Sullivan, 1988; Schulze et al., 19871. 

4.3.1 Detyrosinationltyrosination of tubulin 

a-tubulin undergoes a unique post-translational modification involvmg the 

enzymatic removal and addition of tyrosine at the C-terminus end of (X-tubulin by a.l 

ATP-dependent enzyme, tubulin-tyrosine ligase (Kreis, 1987; Wehland & Weber 

1987a,b). Tubuhn-tyrosine ligase (TIL) catalyzes the ATP-dependent formation of a 

peptide linkage of tyrosme to the C-terminal glutamic acid residue of a tubulin 

(Raybin & Flavin, 1977). TTL detyrosinate prefers the soluble (X-, J3-dimer as substratc 

whereas tyrosination favors polymenc tubuhn as substrate (Kumar & Flavll1, 1981 ). 

The binding I::ite of the enzyme involved in tyrosmation is on B- rather than a-tubuhn 

The incorporation and turnover of C-terrninal tyrosine in vivo IS rapid (Thompson et 

al., 1979) and occurs on the majority of available a tubulin (Gundersen et al., 1987> 

The demonstration t!1at turnover of C-termmal tyrosine IS dependent on MTs 

suggested a correlation between the dynamic pl'operties of MTs and the a-tubuJin 

tyrosination cycle lThompson, 1982) Electron microscopic ImmunolocahzatIOn studles 

have revealed that indlvldual tyrosinated or detyrosinated MTs are in faet copolymers 

orthe post-translationally modified tubulins, being rich 111 tyrosinated or detyrosinated 

a tubulin and aIl interphase and mitotIc MTs contam a uniform distributIOn of 

tyrosinated and detyrosinated tubulin along their lengths (Geuens et al., 1986). MTs 

composed of the tyrosinated a tubuhn exhiblt different stabllities (KreIs, 1987) 

detyrosinated MTs exchange their tubulin subunits more slowly and are less senSitIve 

to depolymerizing agents than tyrosinated MT8 (Skoufias et al., 1990) 
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Stable arrays ofMTs in several differentiated cell types including erythrocytes 

(marginal band), cilia, basal bodies, centrioles, flagella, sperm (axonemes) and neurites 

(Gundersen & Bulinski, 1986) contain more detyrosinated tubulin than other MTs in 

the same cells. The enrichment of detyrosinated MTs in relatively long-lived cellular 

structures, such as flagella, pnmary cilia and centrioles (Gundersen & Bulinsli, 1986; 

Sherwin et al., 1987) and the Ir resistance to MT-depolymerizing drugs, but not to cold, 

demonstrate that such MTs are more stable than tyrosinated MTs (Wehland & Weber, 

1987a; Kreis, 1987; Schulze et al., 1987). Cellular morphogeneis depends on the 

production of stable MT assemblages within the highly dynamic intracellular MT 

population, However, detyrosination is not the primary cause of the stabilization 

(Gundersen & Bulinski, 1986). Wehland & Weber 0987b) suggested that this is an 

mdicator of old MTs, an idea supported by the study of Trypanosoma brucei, a 

parasitic hemoflagellate tSherwin et al., 1987; Sasse & Gull, 1988), 

The functional significance of this unique post-translational modification 

remains obscure. Skoufias et al. (1990) suggests that MTs rich in detyrosinated 

tubulin may play an active role in coalescence of the Golgi fragments and/or in the 

positioning of the GolgI apparatus near the MTOC and the nucleus. Since 

detyrosinated MTs are widely distributed in the cytoplasm of a number of cells 

(Wehland & Weber, 1987b), it is assumed that the functions of detyrosinated MTs are 

not restricted only to the Golgi apparatus. 

4.3.2 Acetylation of tubulin 

During regeneration of artificially removed flagella in Chlamydomonas and 

Polytomella (McDeithan & Rosenbaum, 1981; McKeithan et al., 1983) or upon 

transformation of Physarum myxamoebae to the flagellate forro (Green & Dove, 1984), 

a reversible post-translational modification, acetylation of a-tubulin occurs. a tubulin 

is pcetylater1 on the n-amino group of a lysine residue (L'Hernault & Rosenbaum, 

1983; 1985), subsequently identitied as amino acid residue 40 (LeDizet & Piperno, 

1986). The enzyme responsible for acetylation termed as a-tubulin acetylase, is located 

III the flagellum with high specificity for a tubulin, and is preferentially reactive with 
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polymerie tubulin (Maruta et al., 1986), Acetylated MTs tend to be reslstant to drug. 

induced depolymerization and perhaps to cold, although there arc contradictory data 

regarding this point (Piperno et al., 1987; Sale et al., 1988>' Acetylated tubulin il' 

found in mitotic spinrlles, primary ciha, cytoplasmic MTs, centrioles. and midbodies 

of HeLa and 3T3 cells in culture, but not in PtK2 ceUs (Piperno el al. 1987l. 

Aeetylated and detyrosinated tubulin often occur on the same MTs or subsets ofMTs, 

but their rates and patterns of appearance are not the same <Bulinskl et al., 1988; 

Sehulze et al., 1987; De Pennart et al., 1988). 

4.3.3 Phosphorylation of tubulin 

Tubulin is phosphorylated in VLVO (Gard & Kirschner, 1985) and in Vitro 

(Yoshikawa et al., 1985). Tubulin is known to he an in Ultro substratt> of several 

protein kinases in brain. Casein lunase II, cAMP-dependent and Ca2+icalmodulin

dependent protein kinases have been demonstrated previously to phosphorylate on 

serine and threonine, residues ofa basIc ~-tubulin isoform <Eipper, 1974a,b)identified 

as ~2- (type III) by Luduena et al. (1988), at its C-terminal Œlpper, 1974b>, in mouse 

neuroblastoma cells (Serrano et al., 1987; Katz et al., 1985). The phosphorylatlOn of 

neuroblastoma tubulin, even in the absence of development, 18 stlmu)ated by taxol and 

reduced by exposure to the MT depolymenzers, nocodazole, and colcemld, ll1dlcat1l1g 

that phosphorylation depends on the amount of polymerlzed tub ulm and does not 

regulate tubulin assembly 

A smgle ~·tubulin lsoform slmilar to the one IdentIfied III dlflerentiated 

neuroblastoma cells is phosphorylated in mouse pnmary neurons Œdde et al , 1989> 

The phosphor)lated brain J3-tubulin has a unique assembly properties, but the 

significance of phosphorylation to assembly dynamlcs zn vivo 15 still unclear Œanerjee 

et al., 1990). Tubulin phosphorylated by Casein kinase II 18 malllly found in the 

assemble MT fraction (Serrano et al., 1987) and could result in a stable modificatIOn 

ofproteins (Hatawhey & Traugh, 1982). In VlVO phosphorylation ofP-tubulin May play 

a role in MT assembly and stabilization dunng neurite outgrowth in difTerent.ating 

neuroblastoma cells (Gard & Kirschner, 1985). On the other hand, phosphorylatlOn 
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of tubulin in Calcalmodulin-dependent kinase II might have a regulatory role on the 

association of tubulin Wlth certain cellular membranes, such as coated vesicle, 

synaptic vesicles, or postsynaptic densities (Hargreaves et al., 1986). Phosphorylation 

by the Ca/calmodulin-dependent kinase was reported to block in vitro polymerization 

oftubulin (Wandosell et al., 1986). Tubulin is also phosphorylated at tyrosine ln vitro 

by high amounts of insulin receptor tyrosine kinase inhibiting polymerization 

(Wandosell et al., 1987) and by the epidermal growth factor receptor kinase (Akiyama 

et al., 1986). Recently, Matten et al. (1990) demonstrated that subpopulations ofboth 

a and ~ tubulin were phosphorylated at tyrosine residues il"' nerve growth cone 

preparations ln vitro and in vivo, with tyrosine kinase pp60c-sr~. 

The demonstration of at least 12 isoforms of Il tubulin in vertebrate brain. 

which expresses at most six different genetic isoforms, suggests that post-translatioual 

modification may be an important property of Il-tubulin as well as of a-tubulin (Field 

et al., 1984). Post-translational modlfication oftubulin may influence its assembly, its 

interaction with other cellular organelles, the ability to bind MAPs, and its 

participation in events such as cellular differentiation and morphogenesis. 

4.4 POSSIBLE FUNCTIONS OF (l- AND ~TUBULlN ISOFORMS 

MTs perform several divergent functional roles within cells; they are the 

primary components through which accurate chromosome segregation is achieved 

during meiosis and mitosis; they serve as major structural components for ciliary and 

flagellar dependent cell motllity; for establishment of the asymmetric morphology of 

neurons; and as a substrate for the transport of vesicles and organelles within the 

cytoplasm (Hayden & Allen, 1984; Va le et al., 1985). In addition, together with actin 

filaments and intermediate filaments, MTs of the cytoskeleton play a major role in 

establishing and maintammg the dynamlc and spatial organization of the cytoplasm 

(Kirschner & Mltchison, 1986), The function ofMTs depends largelyon the regulation 

of their assembly and their interaction with other celblar components like, 

mitochondria, golgi bodIes, ribosomes, lysosomes, cell membranes and the nucleus 

(Dustin, 1984), The disruption of the tubulin-MT equilibrium directly affects the 
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assembly and binding propel tIes ofMTs whlch leads to a cascade ofdirect and indirect 

biochemicallphysiological changes resulting in the loss of cellular homeostasis 

Conditions of cellular "disequilibnum", if maintained, are lethal (Azhar & Reaven, 

1983; Durrieu et al., 1987, Lacey, 1988). 

There are several possibilities by whlch the MTs of a cell cau be difTerf'ntIated. 

(1) in many organisms, there IS evidence for the eXIstence ofmulti-gene familles whl('h 

encodes both n- and ~-tubulin. The organization and numher of these genes vary 

between organisms and it lS clear that III many cases there is a complex pattern of 

differential expreSSIOn that leads to the appearance of difTerent tubulins III partlcular 

celI types or tissues (George et al., 1981; Gozes & Sweadner, 1981; MacRae et al , 

1989; Sullivan, 1988). The genetically encoded differences among tubuhn isoforms 

could contribute to MT function (LeWIS et al., 1985; Sullivan & Cleveland, 19861; (21 

the functions of MTs could also depend on the regulatIOn of thelr assembly and their 

interaction with other cellular components such as MT-associated proteins (MAPs l, 

a class of polypeptides the members of which are known to vary in number and 

composition among functionally dIstinct MTs (Huber & Matus, 1986; Bloom et al., 

1984; Binder et al., 1985); (3) distinct populations of MTs have been identIfied in 

which (X- and ~-tubulin undergoes one or more specIfk post-translational modIfications 

(BaneIjee et al., 1990; Edde et al., 1989 J. 

Vertebrates express approximately 7 0.- and 7 ~-tubuhn lsoforms In a 

nonrandom pattern reflecting both tIssue specificity and developmental temporal 

specificity (Sullivan & Cleveland, 1986; Lewis et al., 1985 J. These isoforms differ l'rom 

each other by small protem domains, mostly at the C-terminal of each tubuhn protein. 

The highly acidie, Isoform-defimng domains interact wIth assoclated protems (Serrano 

et al., 1984a,b). Ifthese Interactions were sequence-specifie, thep the expressIOn of a 

particular tubulin isotype could define MT function by dictatmg the kinds of effector 

molecules that are able to bind to the resulting MTs. The presence of certam lsoforms 

in specialized cells and tissues suggests that each isoform may be functionally 

significant. The use of genetic and biochemical approaches by a number of 

investigators has produced several lIlles of evidence that support the functlonal 
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equivalence of ~-tubulin isoforms (Table 1.2). 

Evidence for functional differentiation of tubulin isoforms is begining to 

emerge. Murphy et al. 0985; 1986) demonstrated that the assembly of chicken 

erythrocyte ~-tubuhn IS compnsed of90% ~6-isoform, and found it to assemble more 

efficiently than bram tubulin. Subsequently, Joshi et al. (1987) demonstrated that the 

JW- and ~6-tubulin Isoforms of chicken erythrocytes are differenhally susceptible 10 

cold·induced depolymerization. in vivo. Joshi & Cleveland (1989) demonstrated that 

rat cells express 5 Isoforms, three of these isoforms were used preferentially for 

assembly of neunte MTs. The finding demonstrates in vwo biochemlcal differences 

among the ~ tubulin isoforms and supports the hypothesis that different isoforms are 

preferred substrate for difTerent MT-based processes in neuronal cells. 

Luduena et al. (1985) have found that assembly ofbrain, but not of erythrocyte 

tubulin, is inhlbitable by a low concentration of a non-physiologieal sufhydryl 

alkylating agent, indicatmg that different Îsoforms of tubulin can behave differently 

in vitro. There is evidenee that different a-tubulin isoforms occur in different regions 

within the same neuron, suggestmg that they May perform different funetions (Hajos 

& Gallatz, 1985) Joshl & Cleveland (1989) have shown that during neurite outgrowth 

in neuroblastoma cells, the ~1· and ~2·tubulin isoforms are lncorporated into MTs m 

preference to the ~3·isoforms. In a similar study, Gard & KIrschner (1985) and 

Luduena et al. (988) have found that only one J3-tubulin isoform ~3, becomes 

phosphorylated at a serine residue near the C·terminus upon differentiation of 

neuroblastoma celIs; the other P-isoforms do not appear to beeome phosphorylated 

under these conditions. It is probably significant that the C-terminus tryptic peptide 

of ~3· contains two sennes that are not present in the other neural J3 isoforms. The 

presence of cellular mechamsm that use only a specifie isoform mandates that such 

isoforms are in fact used for umque functions in celIs. 

Differences in the abihty of tubuhns to bind smaliligands suggest that their 

biochemical properttes are distmct (LIttle & Luduena, 1985; BaneIjee & Luduena, 

1987). BZ resistant strams of C. elegans, A. nidulans, H. contortus (Chalfie et al.. 

1986; Driscoll et al , 1988; Lubega & Prichard, 1990) and Physarum polycephalum 
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Table 1.2. Properties of (l-tubulin isoform classes*. 

(l-tubulin Isoforms Expression 

Class 1 ConstitutIve; many tissues. 

Class 2 Major neuronal; many tissues. 

Class 3 Minor neuronal; neuron specifie. 

Class 4a Major neuronal; bram specifie. 

Class 4b Major testis; many tissues. 

Class 5 Minor conslitutive; absent from 

neurons. 

Class 6 Major erythrocytesl platelets; 

hematopoeisis specifie. 

*Taken from Sullivan 1988; Banerjee et al., 1990. 
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(Foster et al., 1987 J, showed an alteration in ~-tubulin isoforms compared with the 

susceptible wild types. The authors concluded that alterations in ~ tubulin caused 

resistance in the resistant strain 

Comparison of aU of the available vertebrate (3-tubulin sequences reveals the 

existance of a highly conserved polypeptide framework in which individual sequences 

diverge from each other both within and hetween ~pecies in 2-Bo/c of 450 residue 

positions. However, the C-terminal 15 residues constitute a major variable region 

domain for (3-tubulin and to a lesser extent, for a-tubulin as weIl (pratt et al. 1987). 

The stringent interspecles conservation of (3-tubulin isoforms implies that each 

isotypic sequencp has been positively selected during evolution. This observation 

supports the hypothesis of a functional role for the structural differentiation of~

tubulin isoforms. 

4.5 IN VITRO ASSEMBLY OF TUBULIN 

The multiple cellular functions of MTs such as, cytoskeleton elements, as a 

framework for cell ular shape, cell motility, mitosis and intracellular movements of cell 

organelles, rely on the modulated assembly and disassembly of the microtubular 

system and the interaction between MT components and other components of the 

cytoplasm. The process of tubulin self-assembly to form MTs is one of the strikIng 

systems of self-association in eukaryotic cells (Kumar & Flavin, 1982). 

MT assembly requires GTP and the nucleotide is hydrolyzed dunng the 

assembly reactlOn (Jacobs, 1979). MT associated proteins (MAPs) are also implicated 

in MT assembly and can promote tubulin assembly in the absence of co-solvents but 

III the presence of GTP, EGTA and Mi+ ions, in addition of sorne other assembly 

promoting compounds such as sucrose, dImethylsulfoxide or glycerol at high 

concentrations. A temperature around 37°C is necessary for the maximal extent of 

assembly, while exposure ofpreassembled tubules to temperatures around 4°C causes 

their depolymerization (Roberts & Hyams, 1979). Although the tubulin molecules 

contain the necessary information to interact with each other and assemble into MTs, 

the presence of MAPs appears to he important in stimulating the assembly process 
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and these proteins are likely to play a physiological role In modulating MT assembly 

according to the cell's need for MT structures (Hill & Kirschner, 1983; Maccioni et al., 

1984; Maccioni et al., 1981!. 

4.6 PURIFICATION OF TUBULIN 

Since the Imtial IsolatIOn of the protein component of MTs (Shf'lanskl & 

Taylor, 1968) and discovery of the condition to reassembly MTs (WeIsenberg, 1972; 

Borisy & Olmsted, 1972) from microtubular proteIn components uSlIlg GTP and EGTA 

in appropriate MT buffers (MES, PIPES, pH 6.6-68), It has been possible t.o purlfiy 

tubulin from brain tissue and other sources, by different procedures (Kobayashl & 

Mohri, 1977; Lee, 19821. 

Purification of microtubular protems (tubul1l1 and the MAPs components) lB 

accomplished by successive cycles of assembly and disassembly (Shelanskl et al, 

1973), followed by a chromatographie step on phosphoeellulose (Wemgarum et al., 

1975). This procedure has been used for punfication of tubulm from brain of a varicty 

of sources (Farrel, 1982; HIll & Klrschner, 1983: MaccIOm & M wllado, 1981; Morcjohn 

& Fosket, 1982;, Weatherbee et al, 1980: WIlson, 1982) Three tempcrature dcpendcnt 

cycles of assembly and dlsassembly are usually reqUlred prwr to the chromatoJ.,rraphlc 

step. Tubulin can be purified by iOUlC exchange chromatography The procedure 

originally developed by Weisenberg (1968) contaInS an ammonium sulfate 

precipitation of tubuhn m bram extracts and a chromatographie stcp 111 DEAE 

Sephadex m the presence ofMgCl, GTP 10 a butTer pH 6 4 ThIS procedure has several 

variants resulting from modIficatIOns mtroduced by several authon5 on the basts of the 

DEAE chromatographie step (Eipper, 1975; Lee et al., 1978; Lee, 1982) 

Tubulins have also been punfied by affimty chromatography usmg dcsacetyl 

colchicine bound to a Sepharose affimty matnx (Morgan & Seeds, 1975b) and by poly

l-lysine sepharose chromatography (Lacey & Pnchard, 1986). Both 0.- and ~-tubuhn 

have also been separated by hydroxylapatIte chromatography and electroelullOn 

followed by SDS-polyaerylamide gel electrophoresls (Luduena, 1979; Blose et al , 1984; 

Lacey, 1988). Sorne ofthese methods are not successful for punficatlOn oftubuhn from 
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helminths (Friedman et al., 1980), due to the following reasons: (a) the amount of 

tubulin as percentage of total protein is usually very low « 1 %) in helminths 

(Friedman & Platzer, 1981; Kohler & Bachmann, 1981), and (b)endogenous inhibitors 

of tubulin polymerization such as, proteolytic activity and GTP-ase activity may play 

a role in degrading the already limited protein concentration (Roobol et al., 1980). 

4.7 TUBULIN DOMAINS GENERATED BY LIMITED PROTEOLYSIS 

The domam structure of tubulin and the interactions between domains have 

been investigated by several approaches, such as limited proteolysis, the binding of 

subumt- and domain-specifie antibodies, chemical cross-linking and sequence analysis 

(Mandelkowet al., 1985; Kirchner & Mandelkow, 1986; Luduena et al .• 1985; Sullivan, 

1988). 

Limited proteolyslS IS a powerful tool in the study of the structures and 

functions of proteins as weIl as of regulatory mechanisms of proteins in VLVO 

(Jacobson, 1964; Luduena & Roach, 1991), This classical technique has been applied 

to tubulin for the IdentIfication of domams for the binding of colchIcine (Serrano et al., 

1984b; Avila et al., 1987 J, nucleotides (Maccioni & Seeds, 1983), calcium (Serrano et 

al., 1986) and MT assoclated proteins (Sen'ano et al., 1984a; 1985). 

Tubulin 18 a heterodlmer containing two «- and ~- subunits, each of which has 

been sequenced and is composed of about 450 amino acids {Krauhs et al., 1981; 

Postmgl et al., 1981}, Both a- and ~-subunits are acidic, with the J3 subunit slightly 

more acidic than 0- (pl = 5.3 - 5.4), respectively Œerkowitz et al., 1977). The C

terminus end of each is remarkably rich in acidic residues, especially in glutamic acid 

(Krauhs et al., 1981). These reglOns contain about 40% of all the glutamates and about 

20% of all the aspartates ln tubulin. At physiological pH, the sequences are hlghly 

charged and stay in an extended conformatIOn {Sackett & Wolff, 1986). Proteolysis of 

tubulin with subtilisin has revealed that small regions at the C-terminal ends ofboth 

subunits are exposed to the solvent and are readily cleaved (Serrano, 1984c; Sackett 

et al., 1985). 

Limited proteolysis oftubulin consist ofthe enzymatic treatment orthe protein 



1 under analysis with substoichiometric amounts of proteolytic enzymes for short 

incubation times followed by further biochemlcal analysis of the cleavage products. 

Occasionally proteins can be cleaved under appropria te conditIOns in only one or two 

sites in the sensitive regions of the protem molecule. In contrast to éxhaushve 

proteolysis resulting in extensive cleavage, hmlted proteolysls IS dependent upon hoth 

protein conformation and locatIOn of specifie ammo aCld residues 111 the prolf'll1 

sequence. Since conformation lS an important factor for the nature of cleavage, tht> 

experimental conditions for enzymatic proteolysis have to he well controlh'd 

Alterations of the digestion conditions result in changes 111 cleavage pat.terns. This 

approach has provided usefullllformation for the conformational analysls of tubulm 

upon the interaction of several functionally Important hgands. Studies on tubulin 

subdomains displaying specifie functions have yeilded novel informatIon on the 

localization of the major structural sites of tubulin. 

Digestion of natIve tubulin with trypsin or chymotrypsin shows that both (l

and ~-monomers splIt into two major domains comprising roughly the N-termina! :V5 

and the C-terminal 2/5 of the protein (Mandelkow et al., 1986) The susceptIbllity to 

cleavage de pends on the protease used Trypsin cleaves primarily (l-tubulin (mair! 

fragments of molecular weight 36 and 14 kDa, and a ID1I10r band of 17 kDa), 

chymotrypsm cleaves mainly p-tubulin (main fragments at molecular w(,lght 31 and 

20 kDa), and a mmOT band at 21 kDa). Sequence analysls of the fragments shows that 

the main cleavage sites are at Arg 339 (trypsm, a) and Tyr 281 (chymotrypsll1, ~) 

Thus the large fragments are N-termmus, and the smaller ones are C-termmus 

(Mandelkowet al., 1985). A second site of trypsm appears to be close to residue 300 

of a-tubulin, and a second sIte of chymotrypsin IS withm 1-2 kDa of the C-t.ermmus 

of ~-tubulin, as shown by immunoblots wIth antIbodies specIfie for the C-termmus 

peptide. In general, the domam boundary and the C-terminus reglOIl <1"e susceptible 

to cleavage by a variety of proteases. The region near the C-terminus which carnes 

a high negatIve charge is one of the most antIgenic parts of both (l- and ~-tubulin so 

that a fraction of the antibodies raised against ('J tubulin recognizes the C-termmus 

stretch of the chain and cross-reacts with the C-terminus of ~-tubulm 
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4.7.1 Differentiai stability of tubulin domains 

Tubulin is a labile protein. ThIs can he ~kmonstrated by the tendency for 

spontanaous degradation ofpurified tubulin. This process becomes noticable especially 

at high temperature (Zale & Klibanov, 1984). The C-terminus domain ofex-tubulin and 

the N-termmus domam of ~-tubulin are more labile than their complementary 

domains. For example, autolysls of ~-tubulin leads to a range of fragments between 

49-30 kDa, aIl of which carry the C-terminus domain. The differential stability 

correlates weIl with the differential antigenic response since the antibodies are 

directed against the stabler domams. The domains most susceptible to autolysis are 

also most easily degraded by progressive enzymatic digestion of the native protein. 

Several proteases e.g. V8 protease, papain, clostripain, thermolysin, proteinase K, 

yeild comparable patterns of fragments and immunoblots. The most sensitive areas 

are the boundary between the domains, the C-terminus region, and the region around 

the glycine cluster; they roughly agree with areas of high predicted flexibility 

(Sullivan, 1988). 

4.8 ANTIGENICITY OF TUBULIN 

4.8.1 Hydrophilicity 

The domains defined by the enzymes have different antigenic activities. This 

means that the specifie antibodies do not identify tubulin chains as a whole, but those 

fragments that contam the actIve domain, ex-large or ~-small fragments. Although the 

complementary domains are nearly sllent they contain antigenic sItes that are 

recognized by the cross-reactmg antIbodies. If a process similar to spontaneous 

degradation took place III the animal after immunization, the labile domains w(\uld 

largely disappear before antibodies are produced. Thus the antigen would he 

represented mainly by the stabler domains. Antigenic sites are on surfaces and 

therefore tend to he composed of hydrophilic residues. Mandelkow et al. (986) used 

hydrophilicity to estimate hydrophilic regions along the tubulin ex and p chains. The 

authors reported that there are elght major peaks of hydrophilicity in each tubulin 

subunit. The sites occur m three mam regions around 100 to 200 {in the vicinity orthe 

.... _---------------- - -----
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presumptive GTP binding site), 300 to 325 (near the domain boundaries), and 410 to 

450 amino acid (close to the C-terminus). Those oceurring in homologous regions could 

correspond to antibodies cross-reacting between the two tubulin monomers, whilc nOIl

homologous regions would represent sub\!nit specific antibodles (subject to the' 

constraint of differential antibody response caused by tubulin's labihty Of' othe'r 

factors. 

4.8.2 Flexibility 

There is a debate on whether flexibility rather than hydrophlhclty is the key 

property of 'ln antigemc determmant (Westhof et al., 19R4). Mandelkow et al. 09R6) 

have demonstrated the flexibility along the tubulin chams In general, the JX~aks of 

flexibility do not coincide with those of hydrophIhcity, the most prommant exception 

being the 10-15 C-terminus residues Interesting regions of hlgh fleXIbihty occur 

between residues 140-150 (the loop containing the glycine cluster) and around the 

domain boundary. In faet, both proteolytic cleavage sites are preceded by a flexible 

stretch of about 5 residues Moreover, there is an extended flexIble region in (l tubulm 

around position 40 which would be compatible with one of the observed bind1l1g 

regions of the ex specific antIbody fractIon These data support the vicw that flcXIbihty 

is a useful indicator for predlctmg epitopes, cleavage sites, or hinges between domams 

<Fig. 1.4). 

4.9 MICROTUBULE INHIBITORS 

A number of drugs such as, colchIcine and derivatives, vmca alkaJOIds, 

benzimidazole carbamates and derivatIves etc. mteract with the tubulm-mlcrotubuJe 

system and block tubulin assembly although by different mechanisms or mduce 

tubulin association into structures different than MTs and are consldered as MT 

poisons because oftheir inhibitory effect on cell growth. These compounds have played 

a fundamental role in MT research and the study oftheir effects on MT assembly has 

provided valuable informatIOn for clinical and pharmacologiea} investIgatiOns 
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Fig. 1.4. Protease ~ensltlvlty, antlgemclty and predlcted hydrophihcity and flexibility 

of tubulin The N-termmal domams are represented by empty bars, the C~terminus 

ones are fiUed Shaded reglOl1S mdlcate areas of preferred interactIOn Wlth the 

polyclonal antibodles Predlcted peaks of hydrophihclty are indicated by clrcles above 

the bars; those in homolgous reglons are filled {possible determinants for cross

reactmg antlbowes Peaks of Oexlbihty are shown as triangles below the bars 

(homologous relOns, filled J. A hlgh flexiblh ty IS predicted around the glycme cluster 

G (142-146), at the cleavage SItes, and near the C-terminus. This roughly agrees wlth 

the observed protease sensItive areas. The antigemcity in the N-terminal region 

agrees wlth predlcted flexlblhty, but not ""th hydrophilicity. 

<Mandelkow et al., 19861 
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4.9.1 COLCHICINE 

Colchicine, a substance isolated from the plant Colchlcum autumnale blllds 

specifically and with high affinity to tubulin (Garland & Teller, 1975: Wilson, 1975; 

1982) and has been shown to effect cell divislOn (Dustin, 1984) Tubuhn dlmer has two 

sites for the binding of colchlcllle <Floyd et al., 1989), One of these siteb, the hlgh 

affinity site, has been extenslvely studied (Luduena & Roach, 1991) Th{' specificlty 

and the high affinity of colchicine for tubulin have provided the basI8 for th(' 

determmatlOn of the levels of tubuhn 111 different tlssue extracts (WIlson, 1975) 'l'Ill' 

process of colchicine b111ding to tubuhn IS slow, hlghly dependent on the temperature, 

and associated wIth successive conforrnational changes m the tubuhn molecule 

lllduced by the drug pnor to the formation of a stable complex (Garland & Teller, 

1975). 

Colchicine and sorne BZs are believed 10 share the same bindmg Sltl' on the 

tubulin dimer because they competitlvely inhiblt each others bindmg to nematode 

tubulin (Fnedman & Platzer, 1980) and mam .. alian bra111 tubuhn (Laclette et al., 

1980). The affinity ofcolchlcme is lower for helminth tubulin than mammahan tubulin 

(Kohler & Bachmann, 1981) but It mhlbits the bindmg ofmebendazole, FBZ and OFZ, 

but not of TBZ, OBZ or PBZ (Friedmen & Platzer, 1978>. Colchicine and TBZ occupy 

different bmding SItes on tubulm. TBZ IS thought to bind 10 the p-tubuhn subumt of 

fungal tubulin (Sheir-Neiss et al., 1978) whereas the colchicine sIte 18 on tht> o.-tubullll 

(Schmitt & Atlas,1976J. It is poSSible that in mammalian tubulm the bmdlllg SiteS are 

closely assoclated on the tubuhn dlmer and sIde chams of {'Ither colchlcllle or the BZ!" 

obstruct the BZs bmding SItes 0n the other subunit. Smce the a-tubuhn of A galll and 

sheep brain have different mobibties on electrophorebis (lreland et al, 1982), the 

structure of these tubulins may differ. Structural differenceb could account for the 

lower binding of colchicine with helminth tubulin and dlfferences III the relatlOnshlps 

between the BZs and the colchicine bmding sites in helmlllths 31u1 mammahan 

tubulin. For example, the side chams of MBZ, FBZ and O}<'Z but not TBZ, OBZ, or 

PBZ may encroach on thE' bmding site for colchicme on helminth tubuhn 

Serrano et al. 0984a,b,c) using hmited proteo]ysis reported that colchlcme 

i 
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bmdmg site is located m a 16 kd carboxy-terminal fragment of a-tubulin subunit. 

MAPs also bmd the C-terminus of the tubuhn subunits. These proteins compete with 

colchicine for the tubuhn binding site (Nunez et al., 1979). However, Avila et al. (987) 

found that cleavage of the 16 kd a-tubuhn trypsin fragment with subtilisin produces 

a 4 kd and 12 kd fragment, the former onginating from the extreme C-terminus and 

associated with MAPs bindmg and the latter associated with colchicine binding. 

The BZs may bind to regIOns of the tubulin molecule which are involved m Mt 

assembly. AlternatIvely, BZs bmding to tubulm may dJsrupt Mt assembly as a result 

of a conformational change in the tubuhn dimer. ColchIcine binding to tubulin 

produces a change in the tubulin dimer conformation (Serrano et al., 1984d 

Mukhopadhyay et al. (1990) reported that a tubulin C-terminus regulates the 

colchicine tubulin mteraction A possible structural contributIOn of ~ subunit to the 

tubulin interaction with colchicine is suggested by the observation that chinese 

hamster ovary mutants resistant to colchicine present an altered ~ tubulin (Cabral 

et al., 1980). Another approach using sulfhydryl modifications with cros:.-linking 

reagents suggests that the site could he located in the interface between both tubulin 

subunits (MacclOni et al., 1984a,b). 

4.9.2 VINBLASTINE 

Vinblastme is an alkaloid, from Vinca rosea which has been widely used in 

cancer rhemotherapy. Vmblastine bind to tubulin at site distinct from the colchicine 

and podophylotoxm bmdmg SItes (Bryan, 1974). The vinblastine reaction with tubulin 

is reversible und hs& different characteristics than the tubulin interaction with 

colchicme (Luduena, 1979; Wilson, 1975). The binding is relatively temperature 

mdependent and l'apid and It has been shown to be insensitive to GTP. Ca2+ and 

colchicine. Two hi~h affimty vinblastine binding sites per tubulin heterodimer have 

been described WhlCh appear to have similar affinities (Roberts & Hyams, 1979; Soifer, 

1975). Vinblastme binding mduces changes in ultra-violet characteristics of tubulin 

and promotes fluorescence but does not change s'"nificantly its conformation and 

tubulin precipitatIon with the drug results in the release of the total nucleotide 



1 
content oftubulin (Luduena, 1979). A striking characteristIc ofvinblastme mtt'ractlOll 

with tubulin is the formation of paracrystalline structures contaming stOlchlOmetnt' 

ratios of the drug to tubulin, and formation of n"'~~ and other splral structures, whwh 

are produced at high concentrations of the drug. However, low concentratlOlls of 

vinblastine causes dimenzation of tubulm (Roberts & Hyams, 1979, Sol fer, 19751 

Preassembled MTs are senSItIve to vmblastine, which produce a separatIOn of 

protofilament pairs assoc13ted to coihng of the prot.ofilament into splrals Œnckson, 

1974; Fujiwara & Tilney, 1975). 

4.9.3 BENZIMIDAZOLE CARBAMATES (BZs) 

4.9.3.1 Chemistry and mode of action 

Benzimidazole carbamates (BZs) represent the only class of truly broad

spectrum anthelmintlcs, however, they a150 show actlvity against fungi and 

mammalian cells (Lacey, 1990). Wlth the discovery ofthiabendazole (TBZ) as a c1ass 

of low-dose broad-spectrum drugs wIth a high therapeutIc mdex was establishcd 

(Brown et al., 1961). The discovery of TBZ opened the doors for the developmen t of a 

further 15 BZs and BZ prodrugs (Townsend & Wise, 1990), BZs compounds are of 

similar chemlcal structure and mode of action, they vary U1 structure (R & R') around 

the central benzene and lmidazole rings (Fig. 1.5). Various substitutions of the BZ rlllg 

lead to substances which are used as fungIcides, anthelmmtic drugs and m cancer 

chemotherapy (Dustin, 1984l. Since the mld-1960s the mode of actIOn of BZs has becn 

extensively investIgated AIl the BZs probably share common mechalllsms of actIOn 

against helminths as they are structurally similar and the parasites reslstant t.o one 

drug share side-resistance to the others (Lacey, 1988). 

4.9.3.2 Effects of BZs on the mefabolism of eukaryotes 

Initial studies of the mode of action of BZs focused on their role in 

carbohydrate metabolism. Allen & Gottlieb (1970) demonstrated that TBZ inhiblted 

respiration in fungi and concluded that mhibition of terminal electron transport was 

probably the primary site of actIOn. In heiminths, BZs aiso inhiblt the enzymes of 
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metabolic pathways, including sorne associated with electron transport. 

Prichard (1970) demonstrated complete inhibitIOn of NADH oXldation III the 

presence of the anaerobic enzyme fumarate reductase by TBZ in fi con tor/us ext.racts. 

InhibitIon of fumarate reductase 18 an Important hypothesis as the sitl' of action 

because the enzyme IS unique to the parasite 111 the hostJpara~Hte sy8t(lm and Il 18 

important in the energy metabohsm of the parasite. In comparatIve studies of HZ

susceptible and resistantH. contortus, difTerentIal inhibitIOn of the fumarate reductmw 

by TBZ was observed (Prichard, 1973) Cambendazole (CBZ), fenbendazole (FBZI and 

oxfendazole (OFZ) but not mebendazole (MBZ) also inhibit the fumarate reductase of 

BZ-susceptible and reslstant Isolates of fi contortus <PIichard, 1973; Romanowsk, et 

aL, 1975; Rahman et al., 1977; Prichard et al , 1978). 

Several studies have demonstrated that BZ can sigmficantly mterfere Wlth the 

transport of low molecular welght nutrients by helminths. MHZ reduces the uptake 

of glucose, fructose, proline, glycine, methlOI1lne and palmItate by A. suum lTl Vltro 

(Van Den Bossche, 1972; Van Den Bossche & De Nolhu, 1973). BZs have alsu heen 

shown tf.l ~nhibit glucose uptake both ln vitro and Ln vivo, 111 Tnchmella splralts, 

Schistosoma mansoni, MonzezLU expansa and Hymenolepis dlmlnuta, which 111 sorne 

cases is assoclated with a compensatory depletion of glycogen reserves (Lacey, 19HH) 

In addition, there have been few otper reports on the efTects of BZs on enzymes from 

disrupted mitochondna. The succinate decarboxylase system from submitochondflal 

partic1es of FasclOla hepatica was inhlblted by MBZ and CBZ (Kohler & Bachmann, 

1978). The enzymatic activity of phosphoenolpyruvate reductase and malate 

dehydrogenase from difTerent helmmths \Vas 1I1hibüed by va nous BZs (Rahman et al., 

1977). 

BZs have also been shown to mhibit the ln Vltro secretIOn of 

acetylcholinesterase (AChE) m Nippostrongylus brasiliensls by a process which IS 

thought to he MT dependent (Watt et al., 1982) and important for allowing the worm 

to maintain itselfin host mtestme (Rapson et al., 1981). In a simllar study, Sangster 

et al. (1985) showed that BZ treatment produced greater efTects on 

acetylcholinesterase secretion, the presence of MTs in intestmal cells and colchicine 

i 
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hinding, in BZ-susceptible compared with resistant Trichostrongylus colubriformis. 

Other effects of BZs on the helminths, such as inhibition of serotonin metabolism, 

membrane-bound monoamine oxidase activity and NA + uptake have also been reported 

(Moreno & Barret, 1979, Beames et al., 1976). 

4.9.3.3 Effects of benzimidazoles on microtubules 

MTs are proteinacious organelles which are found in all eukaryotes from yeast 

to man. The major structural component of MT, tubulin is a dimeric protein comprised 

of (l and 13 subumts, which undergoes a reversible polymerization to form MTs. M'Ts 

play a major role in cell shape, mtracellular transport, absorption, secretion and cell 

division (Sullivan, 1988). To perform these functions MTs exist in dynamic equilihrium 

with tubulin The equilibnum can he altered both in vivo and in vitro, byexogenous 

substances such as low temperature, pH, drugs, known as MT inhibitors. Most, but 

not all, such inhibitors exert their action by binding to tubulin to prevent the self

association of subunits onto the growing MTs. This results in a "capping" of the MTs 

at the associating end while the MT continues to dissociate from the opposing end, 

with a net loss of MT length One implication of this phenomenon is that it js not 

_ necessary for MT inhibitors to bind a11 tubulin dimers to inhibit polymerization, it is 

sufficient for them sim ply to "cap" the MT (Robert & Hyams, 1979; MacRae & 

Langdon, 1989). 

BZs have been shown to exert their biochemical action as anthelmintics, 

fungicides and anti-cancer agents by bm<ilJlg to tubulin and inhibiting the formation 

of polymerie MTs (Davidse & Flach, 1978; Lacey & Watson, 1985; Lacey & Prichard, 

1986; Lacey, 1990). The hypothesis that tubulin is the target for BZs was first based 

on studies of the mode of action of the prodrug benomyl and its active principle 

carbenazim in fungi (Clemon & Sisler, 1971) and ultrastructural studies (Rubino et 

al., 1983; Verheyen et al., 1975). Borgers & De Nollins (1975) demonstrated that MBZ 

in vivo causes disappearance of MTs from the intestinal cells of the nematodes A. 

suum and Syngamus trachea. Loss of MTs apparently causes the accumulation of 

secretory granules, the formatIOn of autophagic vacoules and death of the se parasites. 



In contrast, the MT of host cells appear normal. Several other investIgators obscrvcd 

similar degenerative changes m the absorptlVe ceUs of sorne other nematodes and 

cestodes (Verheyen et al., 1976; Atkinson et al., 1980; Sangster et al . 1985; Franz e( 

al., 1990a,b; Enos & Coles, 1990) 

Eilers et al. (1989) demonstrated that the treatment of polanzed numan 

intestinal adenocarcmoma ceU Wlth the nocodazle, a BZ dcnvatlve. blocks the 

transport of newly synthesized protems to the apIcal ceU surfaces, wh!l(> delivery to 

the basolateral surface 18 not afTected. These studies support thl' absurnptlon that 

tubulin is the primary target of the BZs and m nematodes, the lI1testinai tubulll1/MT 

system appears to be ofpartlcular importance in thls respect, SlIlce the morphologJcal 

changes are observed in the lI1testll1e first after the MBZ treatment (Atkmson et al., 

1980; Borgers et al., 1975). 

4.9.3.4 E(ficacy of benzimidazoles in vitro and in vivo 

In vitro studies demonstrated that BZs such as MBZ, OBZ, PBZ, FBZ, AHZ and 

CBZ are capable of binding to purified mammahan brain tubulin and inhiblting MT 

assembly (Fnedman & Platzer, 1978; DeBrabanderet al. 0976; 1982, and OBZ, FBZ 

and CBZ compete for the colchicme bmdmg SIte on tubulm Oreland et al, 1979; 

Laclette et al., 1980). TBZ and MHZ inhibit mitosls in many lower eukaryotes such as 

yeast, fungi and slime moulds <Burland & Gull, 1984; Davldse & Flach, 1978; 

DeBrabander et al., 1976). Dawson et al (1984) demonstrated that BZs inhibited 

DMSO·induced polymerizatlOn of A. ga/Il tubuhn to MT Lacey & Prlchard (19H61 

examined the total bindmg of ABZ, FBZ, MBZ, OBZ, OFZ and PBZ to supernatant 

preparations from HZ susceptible and reslstant adult H con tortus and found lower 

binding to the resistant isolates 

Lubega & Prichard (1990) resolved the total HZ binding into hlgh and low 

affinity binding to the extracts from BZ resistant and susceptIble stralllS of Il 

contortus. The authors concluded that BZ·reslstant strain had a slgnificant decrease 

in high affinity receptors for both MBZ and OBZ compared Wlth the susceptible stralll. 

However, the binding affinity values for the high affinity receptor were shown w he 
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similar between strains. In a subsequent study, Lubega & Prichard (1991) compared 

the tubulin content and high affinity BZ binding ta unembryonated eggs with that to 

larvae and adult worms for BZ-resistant and susceptible strains of H. con tortus. The 

authors demonstrated that hlgh affimty binding was lost from the resistant strain at 

aIl three stages of development, and that the egg contained a greater concentration 

of tu bu lin per milligram ofprotein and bound more drug per milligram ofprotein than 

the larvae or adult worms 

Fnedman & Platzer (980) demonstrated that BZs and colchicine bmd ta 

tubulin from Ascans embryos and intestme (Kohler & Bachmann, 1981) and they 

demonstrated that FBZ was 250-fold and MBZ was 400-fold more potent as inhihitors 

of laH Icolchlcine-binding to the tubulin of embryonic A. .,uum than to mammalian 

tubulin; thus exhibiting an apparently higher affinity for helminth tubulin. However, 

using direct bmding studies with !,IH1MBZ and A. suum intestinal tubulin, Kohler & 

Bachmann (981) falled to find any change in BZ affinity. They concluded that 

selectivity was related to the difTenng pharmacokinetics of BZs Wlthin the host and 

the parasite. 

InhibItion of MT polymenzation, or accelerated depolymerization, is a plausable 

hypothesis for the pnmary mode of action of BZs because MTs are ubiquitous 

organelles. Considermg the vandy of functions performed by MTs , it IS likely that 

the metabolic and biochemlcal changes induced by BZs are dependent upon an initial 

disruption of the polymerizatlOn oftubulin to form MTs. There is now enough evidence 

to inrucate that the pnmary mode of action of BZs is to bllld to tubulin and disrupt 

the tubulin-MT equilibrium. 

The potency of BZs (mg/kg dose) based on ln vivo efficacy studies demonstrates 

a rank order efficacy of TBZ < CBZ < PBZ < OBZ < MBZ < FBZ - ABZ - OFZ over a 

10 foid range. The doses l~quired ta achieve efficacy agamst nematodes are lower than 

those used for cestode and trematode control. In the latter classes, usually control is 

only obtained at higher dones or followmg multiple treatment (Van Den Bossche et al., 

1982). It has been observed that extra-intestinal parasites, particularly intravascular 

and interstitial dwelling parasites, are less sensitive than gastrointestinal parasites 
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(Van Den Bossche et al., 1982). BZs activity against developing stages 18 greau'I' than 

that against arrested or adult stages In comparable habitats For examples, (a) 

gastrointestinai parasIte egg development (in vwo and ln vltrol, hatchmg and larvul 

development are inhibited at doses which are sub-efficacIOus agamst adults 11l ['lPO 

(Kirsch & Schleich, 1982) and (b) interstittal filanal nematodes, such as Onc}zo('erca 

gibsoni, dis play mIcrofilanal control in the absence of adult efficacy (Forsyth et al , 

1985). 

Important host-related pharmacological princIples afTectmg ln vwo efficacy of 

BZs are: 

1. Host toxicity is low at efficacious anthelmintic doses, however, tranS1ent 

adverse reactions at higher or chronic doses are observed (SetIer, 1975); 

2. Efficacious BZ doses are host-dependent due to dlfTering dynamlcs and 

clearance rates of drugs in vwo (Van den Bossche et al., 1985l; 

3. BZs are extensively metabolized in host species usually to less potent 

anthelmintics. The pathways of metabohsm for each BZ are slmilar for ail 

hosts (Hennessy, 1985); 

4. Despite earlier reports of poor systemic absorption of BZs after oral 

administration in vwo (MBZ), subsequent data suggest >50:(,Ïc absorptIOn (Van 

den Bossche et al., 1982). Reduced bIOavrulablity was initJally assumed in the 

absence of biliary excretIOn data. Within the BZ class, blhary excretlOn IR 

favoured by MBZ, FBZ and OFZ while predominantly urinary excretlOn 18 

observed for TBZ, CBZ, PBZ, OHZ and ABZ (Hennessy, 1985), 

5. BZs are hydrophobic and water msoluble and therefore blOavailabIhty and 

pharmacodynamIcs and thus efficacy can be altered by formulatIOn and 

presentation (Hennessey, 1985). 

There are three fundamental aspects of BZs pharmacology ln uwo: the 

role ofhost pharmacodynamlcs, host-parasite mteractions and the biochemlcal 

pharmacology of BZs WhlCh must he addressed to account for the efficacy 

variations observed agamst helminths . 
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4.10 TUBULIN AND ANTIBODIES 

Elevated levels of serum anti-tubulin antibodies in humans have been reported 

to be as~œiateà with Graves's disease and Hashimoto's thyroiditis (Rousset et al., 

1983), demylinating disease (Newcombe et al., 1985), infectious mononuculeosls (Mead 

et al., 1980) and alcohohc lIver rnsease (Kurlo & Virtanen, 1984). High quantIhes of 

IgM antl-tubuhn antibody were detected m all these diseases. IgG antibodies were 

also detected 10 aIl groups studied, but levels were not as high as those of the IgM 

antibody. These antibodles were assessed using lmmunofluoresence assay, 

radIoimmunoassay and affinity chromatography. 

Howard et al. (987) detected elevated levels of anti-tubuhn antibodies in sera 

from patients wIth leishmamasls, african trypanosomiasis, onchocerciasis, 

Schlstosomiasis, leprosy and to sorne extent in Chagas disease and chronic hepatitis. 

The anti-tubuhn antibodles detected, were oflgG isotype. Levels of serum anti-tubulin 

antibodies were significantly elevated m 67% of patients with Vlsceralleishmaniasis, 

in 89% ofpabents ofonchocerciasls, III 100% of patients ofschistosomiasis and in 94% 

patients with leprosy 

There are several rnechal1lsll1~ by WhlCh infectlOus agents rnay mduce anti

tubulin antibodles. TIssue damage dunng infectIOn may release a host antigen that 

is not normally exposed t.o the Immune response, but is, upon release immunogel1lc 

and capable of by-passmg tolerance mechanisms. Alternatively the host antlgen, m 

this case tubuhn, may be altered dm'mg the course of the infectIOn rendenng it 

immunogenic. Tubulm occurs m aIl cell types, the hlghest levels have heen found in 

neurons. MTs are present m ohgodendrocytes and cytoplasmic loops of myelin (Peters 

et al., 1976), and tubuhn lS an mtegral component of rodent brain myelm (Gozes & 

Richter-Iandsherg, 1978). It 18 therefore possIble that in demyelinating conditions 

tubulin lS released from degeneratmg ohgodendrocytes and nyelin or even axons. For 

sorne of the other infectIOns such a& lelshmaniasls, trypanosomiasis, tubulin is a major 

content of the parasite and thls tubulm may he immunogenic m mammalian hosts. 

Even with mfectlOus agents that do not contain tubulin, ~ uch as M. leprae and 

hepatitis B virus, antlgens may he present that cross-react Wlth components of the 

1 
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mammalian host, tubulin. The mechamsms and significanee of the response is unclear 

and require cautious interpretation. 

4.10.1 Pol y- and monoclonal antibodies 

Polyclonal antibomes have been raised against electrophoretieally purified 

tubulin monomers, injected into the lymph nodes of rabblts and separated into 

subunit-speclfie and eross-reaetmg fractIOns by affinity chromatography (Mand('lkow 

et al., 1985). These antibodies had hlgh affinitIes and proved to be domain-specifie; the 

antibodies raised against a-tubulm were directed mainly against the large N-terminus 

domains of a-tubulin in the case of the a-specifie antibodies, and towards both Cl- and 

J3-tubulin in the case of the a-cross-reacting antibodies, while the antJbodies ralsed 

against J3-tubulin recognized the smaU C-terminus domam. Thus Immumzatlon with 

purified monomers eheited complementary antigenic responses (Herrmann, 1981). The 

highly specifie interaction between an antibody and its antigemc determinant has 

proven to he an extremely useful tool m studying the structure and functions of many 

difIerent protems (Atassl, 1977a,b; Attasi, 1979). Antisera raised against tubulin are 

no exception. 

MTs have been localized m cells usmg anti-tubuhn antisera and the techniques 

ofindireet immunoflouresence and immunogold electron microscopy (8herwm & Gull, 

1989; Joshi & Cleveland, 1989). Anti-tubulin antlsera have provided an alternative 

to the colchicine binding assay for the quan tI tatIOn of tubuhn in cell extracts through 

the technique ofradlO-lmm unoassay and ELISA (Tang & Prichard, 1989). AntI-tubulin 

polyclonal sera have also been used to assess structural dlfferences and slmilarities 

between tubulins isolated from different sources (BaneIJee et al., 1990; Lubega & 

Priehard, 1991; Sullivan, 1988) 

The use of monoclonal anti-a-tubulin antibodies in the ELISA, Western blot, 

and immunofluoreseenee (lFA) uneqUlvocally demonstrated that a-tubulin from 

different sources and even from different tissues of the same specJes, are non-identIcal 

(Asai et al., 1982a.b). One MAb A.1, stained MTs of ehick embryo fibroblast cells 

immunofluoreseently but did not react with MTs of rat kangaroo fibroblasts; another 
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MAb A.2, stamed both eeU types. This shows that A.t and A.2 reeognize di sere te and 

dlfferent epitopes on a-tubulin. Furthermore, these MAbs inhibited the bend 

amplitude of reaetivated sea urehin spermatozoa without affeeting beat frequencies, 

showing that the y can have a differential effeet on microtubule h ·'ctions. IFA with 

anti-tubulm MAbs has also demonstrated that, m addition to their role in the mitotie 

spindle, MTs are a basic component of the cytoskeleton of cells in interph!1se and are 

long structures extenrung from the eentrosphere just outslde the nucleus to the 

plasma membrane (Osborn & Weber, 1976). 

In order to determine the heterogeneity among MTs of the eytoplasmic 

microtubule complex, three MAbs were tested by Thompson et al. (1984). They found 

that two of these MAbs bound to all of t!te cytoplasmic microtubules but one MAb 

bound only a subset of eytoplasmie microtubule. ThIs indicates that the eytoplasmie 

microtubule complex contains antigemeally different types of mierotubules. l\tlAbs 

specifie for mammalian p-tubulin have been shown to reeognize the mierotubule 

eytoskeleton of the flagellated protozoan Trichomonas vaginalls. Two out of seven 

MAbs demonstrated axostyle, costa, recurrent flagellum and anterior flagella by IFA 

(Schwartzman et al., 1986). 

MAhs have also been !.lsed to localize the exchangeable GTP-binding site on 

tubulin and it provided the dIrect eVldenee that only ~ and not a-tubulin contains the 

exchangeable GTP-binding site (Hesse et al., 1984). Gianni & Margeret (1985) showed 

that MAbs raised against tubulin from the axonemes of sea urehin sperm flagella 

recogmze an acetylated form of a-tubuhn present in the axoneme of a variety of 

organisms. Birkett et al. (1985) used MAbs to analyse the expression of 1:1 multiple 

tubulin t'amily in Physarum polycephalum. They found that their MAbs reacted with 

the ~-tubulin isotypes expressed ID both Myxamoe?ae and Plasmodia. These 

antIbodies showed a s pectrum of reduced reaetivity with the PlasmodiaJ J3-tubulin and 

revealed a new level of eomplexity amongst the tubulin isotypes expressed in 

Physarum. 

Sinee Many of the biologieal aetivities of MTs are associated with their 

assembly in the ce Il , at the appropriate time and place, it is also important to 
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investigate if anti-tubulin antibodles can he used to inhlbit asst.'mbly of MTs Tht' 

domain-specifie antibodIes have been shown to prevent the assembly of tubulin and 

cause the disassembly ofpreformed MTs ln vltro (Mandelkow et al ,1985), as weil as 

in celI models or after mlcroinJection in VLVO (Fuchtbauer et al . 1985) 

Morgan et al 0978a,b,c) using antI-chlck bram polyclonal antlbodH.'s, 

demnostrated that these antibodles mhlbIted in vitro assembly of tuhuhn mto MTs, 

in a concentration-dependent manner The authors suggested t hat the anhbody 

binding slte(s) on the tubuhn molecule art:: at or near the slte( s} of tubuhn-tubulan 

interactio:1s. However, It IS also possible that the SItes are spaclally separatc m.d thüt 

the presence of antibody blocks sufficlently close contact betweel1 tuhuhn molpcules 

or wll not allow a necessary conformatlOnal change to takp place \11 tilt' tubulin 

molecule so that it can polymenze 

Mandelkow et al (985) studied the substructure of the tubulin molecule by 

limited proteolysis and hlgh affinity polyclonal antibodJes sppcific for o.-and P-tubultn 

The epitope of one a-tuhulm antlbody was very close to the C-termmu~. the other IS 

close to the N-termmus. The epitope of the p-cross·reactmg antIbody is alsu located 

near the C- terminus. These antibodJes prevented MT af,sprnbly and cause 

disassembly of preformed MTs The authors suggested that the dlsassembly caused 

by their antibowes must he due to their mterference wlth sorne bondIllg !:>urfaceb. 

Conversely, sinee the C-terminus is exposed on the out5ide of the MTs IWehland et al 

1983), it is probably not involved in bonds be,ween subuJ1lts, and thls would expIa III 

why sorne antlbodles do not depolymerize MTs ThIs 15 belllg InvebtJgated ln more 

detail. Draber et al (1990) also reported the dlfferentIal mhibitory efrect of MAbs 

against N-t.erminal domains of tubuhn subumts on ln Vltro assembly of MTs Somp 

MAbs strongly inhlbited the MT assembly The authors suggested thatsurface rcglOn!-. 

ofN-terminal domains of both tubulm subumts are involved 111 the fonnatlOn of MT 

structures. Sorne of the target epItopes recognized by the inhibltory antlbodws eould 

be essential for tublin polymerization The polymerizatlOn process 18 not compatIble 

with simple endWlse shortening of MTs, and the mlcroinJectlOn studieb suggest 

Internai breaks along the MTs. The mhibitory eITeet of the antJborues is probably due 
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to their tight binding to sorne epitope that plays a role ln the dimer-polymer 

equilibrium (Mandelkow et al., 1986). 

AlI the above mentioned studies suggests that anti-tuhuhn specifie MAhs can 

he used as an immunological tool for the study oftubulin isoforms, molecular mapping 

of its functional domains and for study of orientation of subunits in MTs. 



RESEARCH OBJECTIVES 

5.1 Preamble 

The literature cited above suggests that nematodes occupymg the tIssues 01" the 

intestine ofhuman present many unusual structural and developmental features, they 

also possess an as yet undefined array of chemlcals or antIgens, somp of 'Vhl('h an' 

secretedJexcreted into theIr enV1ronment To develop Ilew approaches to combat 

effectively the potentially debilitating dIsease caused by infectlOll wlth thpsp 

orgamsrus one should' 

(a) define parasite products chemlcally; 

(b) determme the ability of these products to induce protective 

immunity or to counter a protective Immune response; and 

(c) establish their potential for the ruagnosls of mfection 

MTs are protemacious organelles which are localized 1I1 the cytoplasm and cpll 

membranes of all eukaryotlc cells. where they function III cell diVISIOn, cell shapt', 

intracellular transport, nutrient absorptIOn and excretlOn. Tubuhn, the mall1 

structural component of MTs, IS a heterorumer composed of two bubul1lts, Ct and ~. 

Both Cl and ~ subunits eXlst III multl~le isoforms in difTerent orgal1lsms, tis!-.ucs and 

even single ceUs. It has beep. suggested that o.. and P-isoform::l may be ulllque to or 

selectively ennched III dIfferent parts of the celI and this may have sorne functional 

importance. Tubulin is consldered to he a highly conserved protein but dlfI'en·nC('!-. 

have been found in the tubuhn between nematodes and mammah" among nematodpb 

and even within the various tIssues of the same nematode ln addition to dlfI'erenceb 

in the structure, tubulin a180 differs III drug bmding abllItIes Nematode tubulm IS 

I"ore sensitive to BZ attack than mammalian tuhuhn. The selective actIOn of HZs on 

microtubules (MTs) is likely to be a complex mixture of. (1) Differentiai sen!->Itlvlty of 

the tubulin; (2) The dynamics of MTs assembly; (3) Pharmacokinetics; and (4) The 

unusual structure of MTs. 

Tubulin has particular importance in nematodes as microtuhules are targets 

for anthelmintic chemotherapy and also because nematodes present many unusual 

1 
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structural and biochemlcal features It is Important to determme the pattern of 

expression of the dIfferent tubulin family members because different tissues have 

difTerent functions and behavlOurs. If a prote in is expressed differentially one might 

gain msight mto its functlOn through knowledge of tissue function or behaviour. It is 

also neeessary to detemllne the locahzation of the protem wIthin the eell, as sortmg 

of different isoforms of a smgle protem type withm the cell imphes that the difTerent 

isoforms have difTercnt fUBetIOns 

Previous ultrastructural and drug bmding studies have focused excluslvely on 

intestinal MTs, and suggested that nematode intestinal tubulin IS the most sensitive 

target of BZs. However, the mechamsm or the basis of this selectIOn has not been 

explained precisely in terms of heterogeneity or content of tubuhn in this partieular 

tissue No data are available on the mteraebons of BZs with tubulin from body wall 

muscle or reproductIve tract of nematodes. To understand thiS phenomenon, 

charaetenzation of tubuhn from vanous tIssues of intestmal and tIssue dwelling 

nematodes was ehosen as the basis of this study. Detailed knowledge of the 

heterogeneity in (l- and p-subumts, lsoforms and distribution of tubulins, in difTerent 

speeies and various tIssues of the same speeies, may help us to define more preeisely, 

the basis of differential se mntlVl t y of various tIssues and interactions of difTerent 

proteins and drugs wlth tubuhns 

The advent of hybridoma technology has added a new dimension to efforts 

dlrected towards identificatIOn, Isolation and eharaeterization of antigen and 

developing a specIfie, senSItIve Immuno-diagnostIc test to detect filarial infections. The 

use of monoclonal antlboclws O\1Abs) ruther than polyclonal serum has the advantage 

that a single antJgen car. he studIed wIth MAbs. Similarly, the action of a single 

anbbody against an organism can be exammed using MAbs. Antibodies specifie for 

tubulin have been employed as speCIfie probes for study of tubulin isoforms, post

translation modifications of tubulm, moleeular mapping ofits functional domains and 

for study of the orientation of ex and P subunits in mlcrotubules in a number of 

species. However, there are no Immunological or biochemieal data on the tubulin from 

various tissues of A su u m. In orè ~r to understand better the heterogeneity and 
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sensitivity of tubulin In this nematode, rny study has focused on the productIOn of 

monoclonal antibodies (MAbs) to nematode tubuhn and thelr use 111 the charactenzlOll 

of the tubulins from intestmal and tissue dwelling nematodes Asean..; suum and 

Brugia pahangt. 

The research objectives of thlS thesis were. 

t) Purification of nematode tubulin. 

To use thIS purified tuhulm as an antIgen, for the production of antI-tuhulh' 

monoclonal antihodies 

2) ProducbuH of anti·tubulin monoclonal antibodies. 

To study the heterogenelty and distribution of a and ~ tubuhn in intestinal 

and tIssue nematodeb 

3) Identification and comparison of tubulin subunits in diffcrcnt 

nematodes and mammalian cells. 

To determine the speclficlty of antI-tubuhn MAbs; to IIlvestigate the 

differences (if any) 1I1 the tubuhn contents of difTerent nematodes; and to gt>t 

an indication of relative concentrations of tuhuhn suhumts. 

4) Identification and compar son of tubulin isoforms in A. suum and B. 

pahangi. 

5) 

To gain sorne msight mto the importance of a and J3 tuhulin diversity; and to 

determine whether they are expressed mdiscnminately in aIl tissues or they 

show differential tissue specificity. 

Localization and comparison of the domains of A. Buum and B. pahang; 

tubulin to which the MAbs bind. 

To localize any functional domains that could he involved in the interactIOn of 

tuhulin with other proteins and drugs or in any other specifie function 
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Compare the specifie binding of mebendazole to the tubulins from 

body wall muscle, intestine and reproductive tract of A. suum. 

To determine if difTerent tIssues of A. suum are equally sensitive to 

mebendazole and to determine binding constants K.. (affinity constant) and 

Bmlll (maXImum binding at infinite drug concentration) 

7) Effects of anti-B. pahangi tubulin MAbs on the viability of adult worms 

in vitro. 

To determine the biological activities of anti-tubulin MAbs. 

8) Immunohistochemical loealization of tubulin in B. pahangi. 

9) 

To study the dlstnbutIon (\f tubulm in the difTerent tissues of B. pahangl; 

which may indicate sorne of the functional roles of tuhulm in filarial worms. 

Detection of tubulin in the sera and peritoneal fluid of infected gerbils 

and sera from infected cats, dogs and humans using Dot-ELISA. 

To determine ifanti-tuhulin MAbs could he used as an immuno-diagnostic tool. 



CHAPTER2 

CHARACTERIZATION ANn BIOLOGICAL ACTMTIES OF 

MONOCLONAL ANTIBODIES SPECIFIC TO BRUGIA 

PAHANGI TUBULIN 

INTRODUCTION 

Microtubules (MTs) are proteinaceous organt>l!es that arp Imphcated JI) a 

variety ofcellular functlOns mcludmg mltosls, mtracellular transport, tht' maIntenance 

of cell shape and the formatIOn of cIlla. flagella and sensory organe Iles (DUR li n, 1984) 

The major structural component of MTs IR tubulm, whlch IS composed of a- and ~

subunits, the dîmer haVlIlg a molecular welght of 110 kDa Both (l- and 1~-tubuI1l1~ arl' 

expressed as heterogeneous but closely related famIlles of multJplp Isoforms, III 

different orgamsms, tIssues and even Wlthin SIngle cells of the same orgamsm (Fulton 

& Slmpson, 1976; Gozes & Llttauer, 1978, Sulhvan, 1988; Birkett et al, 1985) Thp 

heterogeneous populatlOn of tubuhn Isoforms may result from both the difTerentlal 

expression of rustmct tubuhn genes and post-translatlOnal modJficatlOn:-. (Cleveland 

et al., 1980; Gard & Kirschner, 1985, Luduena et al., 1988) ft has bel'11 suggested 

that the diversity m tubulin isoforms may have implIcatIOns for specifie MT functJOn~ 

(Lewis & Cowan, 1988J. The precise nature or l'ole of u- and ~-tubulm Isoforms have 

not yet been elucidated, although several groups have demonstrated that many Ln VLVO 

functions of tubulin are to SOille extent, isoform specific (Gundersen el al , 1984) 

Benzimidazoles (BZs), anti-mitotic and anti-fungal agents are widely used 111 the 

chemotherapy of parasitic diseases Several chemicals such as colchicine, vmblastme 

and BZs have been shown to bmd to tubulin. BZs exert toxie effects 011 nematodes by 
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binding to tubulin and inhibIting polymenzatlOn of the heterodimer mto MTs (lreland 

et al., 1979; LacJette et al., 1980; Lacey & Prichard, 1986). BZs induce paralysis and 

slow growth m the free-living nematode Caenorhabditls elegans (Driscoll et al.. 1989J. 

These drugs are potent filaneides for B. pahangi (Denham et al., 1978) and have been 

shown to bind to tubulm-enriched extracts of adult B. pahangi and B malayi (Tang 

& Pnchard, 1989). However, the precise BZs bmding site has not been determined 

MAbs have made It possible to recogmze difTerent domains of tubulin in different 

speCles m order to study the structure, dlstnbutlOn and functlOns of tubuhn (Hesse 

et al , 1984; Warn et al, 1987; Vma et al., 1988; BaneIjee et al., 1990). Tang and 

Prichard (1989) reported the presence of 4-5 p-tubulin isoforms in the tubuhn

enriched extracts of adult B pahangt. In addition, immunogold studies wIth B. malayi 

adult and microfilanae (MO using antl-tuhulin MAbs have revealed the presence of 

p-tubuhn III the somatle muscle blocks beneath the cuticle, intestinal brush border 

and intra-uterme Mf of the adult worms (Helm et al., 1989). 

In thIS chapter, the productIOn of MAbs raised agamst B. pahangi tubulin that 

react Wlth a nematode-specific p-tubulin epItope(S), is reported. AntI-B. pahangi 

tubulin MAbs P3D and lB6, were used: (1) to investigate the heterogeneity oftubulms 

from nematodes and mammaJs and (2) to determine their efTects on the viability of 

adult B pahangi These results were compared to those obtained with anti-chick brain 

p-tubuhn MAb 357 

MATERIALS AND METHODS 

Preparation of antigens 

Gerbils (MerLOnes ungulculatus), 9-10 months oid and previously infected 

intraperitoneally with 400 B pahangi infective larvae, were obtained from Dr. J. 

McCaJl (U ni versity of GeorgIa, USA). The adult worms were isolated from the infected 

gerbils as described by Ash & Riley (1970). B. pahangi (0.7 g) were harvested from the 

peritoneal cavIties of gerbils in warm physiological saline (0.85% NaCI), washed with 

0.025 MMES buffer containing 1 mM EGTA, 0.5 mM MgS04 and 1 mM GTP, and 

were homogenized (with a glass homogenizer with a Teflon pestle) in 7 ml of MES 

, ., 
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buffer. The homogenate was centnfuged at 100,000 g for 1 h at 4"C The supcrnatant 

after ultracentrifugation was retallled and used for further punficatlOn Tht> saow 

procedure was used to prepare tubulin from other filariai (B. mala)'1 and [) 117tnllt/S) 

and non-filanal nematodes (A suum. BZ-susceptible and resl~tant strall1~ of 1/ 

contortus l. Tubullll from pig bralll was prepareQ by 2 cycles of polynlPrizat IOn

depolymenzation, accordlllg to the method of Sheianski et al (1973) Gzardw 111 u fiS 

antigen was prepared as a SOlllcate as descnbed by Butscher & Fauœrt (1988) A 

peptide correspondmg to amino acid residues 430-448 of B pahang/ 1~-tuhl1hn. 

synthesized using an Applied BlOsystems Peptide Synthesizer. lIPLC punfil'd. 

sequenced and coupled to the carner protelll, keyhole Llmpet Hemocyamn ŒLlf) <'l'ht' 

Alberta Peptide InstItute), was also used as an antlgen ln ELISA 

B. pahangl, B. malaYI, D lmmltls, A. suum and 11. con/or/us tubullI1s W(,I'C 

partially purified usmg polylysllle affimty chromatography (Lacey & Pnchard. i 986) 

Five ml of supernatant after centnfugatlOn were applied to the column and clutl'd 

sequentIally with 0025 M MES butTer. 11/( (NH 1 ):!SOl m MES butTer. and I)(}I 

(NH4)2S04 in MES buffer Fractions were collected for protem dctermlllatlOn TIlt' 

protein concentration was determined by the method of Bradford (1976) USIl1I~ BSA a), 

the standard. The elutlOn profile conslsted of 3 dlstJl1ct peaks The tirst proh'\Il p.~ak 

was eluted with MES buffer, the second wIth 1 l;( aqueous (NH 1 J:.tS01' and the thlrd 

with 5% (NH1)2S04' Fractions for each peak were pooled and concentrated separatply 

in centriflo (Amicon) at 400 g. Polylysme-punfied protems werp separated on 

SDS-PAGE, protem bands of the molecular welght correspondll1g tu tubuhn W('f(' 

excised, and the protem was electro-el uted Œlectro-eluter. BIO-Rad) (B1ose, 1984) 'l'hl' 

eluted protein was precipitated three times with 809l aeetone at -20"C for 5 h and 

then dissolved in 0.125 M Tris-HCI (pH 68), 0.1% SDS and 1 mM EDTA, dmlysed 

overnight against this buffer at 4°C and stored at -70°C until used. 

Immunization and preparation of monoclonal antibodies 

Six week old female BALB/e mice (Charles River Canada Inc., St. Constant, 

Québec) were injected subcutaneously at three week mtervals with purified eluted B. 
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pahangl tubuhn 000 J.lg/inJeetionJ usmgequal volumes ofcomplete Freund's adjuvant 

for the first InjectIOn and ineomplete adjuvant for the second injection. The third 

immunization of 100 J.lg of tubuhn m PBS was administered intraperitoneally (i.p.l. 

At this stage, mice were bled and serum was tested for anti-tubuhn antibodies by 

Enzyme-Imked Immunosorbent assay (ELISA) and Western blotting. The spleen cells 

from the mouse givmg the hlghest tIter were fused wIth the non-secretmg myeloma 

cell hne. P3-x63-Ag8653 (ATCC, Rockville, MDl, as described by Hurrell (982), 

PosItIve cultures as determined by ELISA and Western blottmg, were cloned tWIce by 

limiting dilutIOn 

Enzyme-linked immunosorbent assay (ELISA) 

ELISA was performed as described by VoIler et al. (976). Microtiter plates 

(Falcon) were coated wüh the polylysme-purified tubulin or an 18 amino acid peptide 

correspondmg to the extreme C-terminal residues 430-448 of B. pahangl tubulin 

(Guénette et al, 1991) at a concentratIOn of 10 ).lg/ml m PBS. Plates were Incubated 

with 200).l1 of 10( BSA in PBS Horserarush peroxidase-Iabeled anti-mouse IgG or IgM 

Œio-Can, Misslssauga, OntarIo) at dIlutions of 1:5000 and 1:20,000, respectively, was 

added to each well and 1I1cubated for 1 h at 37°C The substrate was (2,2'-azIno-blS(3-

ethylbenzthiazoline-6-sulfonIc acidHSigma) The plates were read on a Tüertek 

multlskan plate (Flow Laboratones, Irvine, Ayrshlre, UK) at 414 nm. Normal mouse 

serum or culture medIUm used to grow hybridoma celIs (lscoves modified Dulbecco's 

medium (lMDM) with 20lk FCS, lO9/- NCTC 135 and HT) was used as a negative 

control. 

Monoclonal antibodies (MAbs) 

Three MAbs, aIl specifie for tubulin, were investigated in this study. Anti-chick 

brain MAb 357, which cross-reacts with P-tubulins from a spectrum ofeukaryotic cell 

types, was purchased from the RadlOchemical Centre (Amersham, England) and MAbs 

P3D and 1B6 were rrused in our laboratory against the tubulin of adult B. pahangz. 

AlI anti-tubulin MAbs used in thlS study were of IgG isotype. 



1 Sodium dodecyl Bulfate polyacrylamide gel electrophoresis (SDS-PAGE) 

Samples were run in a Mim Protean II dual slab cell Œio-rad, Richmond. CAl 

using the discontinuous system of Laemmh (1970) consisting of 4 ('( polyacrylamlde as 

stacking and 121'Jc polyacrylanllde as separatmg gels. 

Isoelectric focusing and two-dimensional electrophoresis (IEF-2D SDS-PAGE) 

IEF gpls were prepared and run according to the method of O'Farrell ( 1975) as 

modified by Chung (987) Bnefly, IEF was performed III tulw gt'I~ (] 5 x H l'ms) 

contaimng 9 5M urea (LKBI and 21,( (w/v) amphohnes (LKB) (1 W;; pH 4-6 and 0 <If); 

pH 3.5-10) IEF was conducted at 400 V for a perJOd of 16 h and tht'Il at 1'00 V for :3 

h. Electrophoresis was performed m 4(;( polyacrylamldp stackmg and 12(,;; 

polyacrylamide separatmg gels, running at 50 V for 30 mm and at 150 V for 60 mm, 

in the Mini Protean II slab cell After 2-dlmenslOnal (2D) SDS-PAGE, gels were elther 

stained with silver 8tam (BlO-Rad), or the protemb were transfl'lTPd onto mtrocellulosC' 

(Ne) sheets for Western blot analy81s 

Western blotting 

After 1 and 20 SDS-PAGE, tubuhn subumt."i, mdivldual tubuhll Isoforms and 

peptides were electrophoretlcally transferred (Towbm pt al , 1979) onto NC sheets for 

2 h at 4°C. The NC sheets were eut mto several stnps contatlllng an IdentJcal pattern 

of separated protems To \'Jsuahze protelI1 bands. two Ne btnps wprp stamcd wlth 

ami do black. The remamll1g stnps were washed lI1 PBS and lIlcubatpJ for 2 h at l'oom 

temperature III 107f newborn calf serum (GlbcoJ III Tns-bufTer saline (140 mM Naell , 

50 mM Tris-HCI, pH 74, wlth 01<,1( (v/v) Tween 20 (TBS-T)) to baturate the 

unoccupled protem bmdlI1g sItes of Ne Afler WaShl':6' the stnps were II1cubatcd 

overmght at 4°C wIth antl-tubuhn MAbs or IMOM (negatlve cont.roll The NC stnps 

were then washed 6 x 5 mm with TSS-T, lmmersed m peroxidase-conjugated goat 

anti-mouse IgM or IgG (Bw-Can) diluted at 1:500 with hlgb salt buffer (1 M NaCI~, 

10 mM Tris-HCl, pH 7.4; 0.5% (v/v) Tween 20 mSB-T) with 10% NBCS), and 

incubated for 2 h at room temperature. After washing the NC strips with TBS-T for 
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30 min, the bound peroxldase was detected with the substrate 4-chloro-l-naphthol 

(Sigma) at 3 mg/ml in methanollPBS, 1:5 (vol/vol), containing 0.075% of30% hydrogen 

peroxide Œlrkett et al, 1985) 

Limited proteolysis of tubutin 

Limited proteolysls of tubuhn in gel slices was performed as described by 

Cleveland et al. (1977) and modified by Chung (987). Gel pieces correspondmg to the 

tubuhn were cut out of the polyacrylamide gels and placed dlrectly into the sample 

weil of a second 15 l
)( SDS-polyacrylamide gel. Gel pieces were overlrud with one of the 

followmg proteases' a-chymotrypsin from bovine pancreas <Sigma) or S. aureus VB 

protease (Boehnnger MannheIm) The SDS-PAGE was performed at 50 " until 

bromophenol blue dye reached the bottom of the stackmg gel and then increased to 

150 V for the remamder of the electrophoresis. After SDS-PAGE, the digested peptides 

were either stamed wlth sil ver strun or transferred onto NC sheets, in the same way 

as described for the Western blot analysls, and reacted either with anti-B. pahangi 

tubulin MAbs or antl-chlck tubulin MAb 357. 

Inhibitors 

Anti B. pahangz ~-tubulin MAbs P3D, lB6, lA5 (in culture medium), anti-chick 

~-tubulin MAb 357 (in ascites fluid) and mebendazole (MBZ) (in DMSû), a BZ 

anthelmmtic drug, were used as Inhibitors in the in vitro assays. Anti-B. pahangi 

MAbs P3D and IB6 were m culture medium JC"sve's Modified Dulbeco's 

MediumINCTC-135 supplemented with 20% fetal calf st::rum (lMDMlFCS) and used 

undilute. However, anti-chlck brain MAb 357 was m ascites fluid and was diluted to 

the appropriate concentratIon with culture medium IMDMlFCS. 

Culture in vitro 

B. pahangi were isolated from peritoneal cavities of gerbils, as described earlier 

in a sterile hood. Following Isolation, B. pahangi were washed 5 times with sterile 

IMDMlFCS medium, for surface sterilization. Three wells in 24·well plates (Nunc) 
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were set up for each test MAb, drug and for the control cultures. To each weIl wus 

added 2 ml of the appropriate test medium contaimng pure MAb P3D, IB6, lA5, 357 

alone or MAb + MBZ and two adult worms. The plates were lIlcubated at :37"C 111 a 

humidified incubator in the presence of 95% mr and 5()é CÛ;l' Würm actJvity was 

observed every two hours, and motility was assessed subJectlVely by observatIOn wlth 

a naked eye. The experiment was terminated after 48 h. Durlllg the 48 h IllCUbat101l 

the culture medium was not changed. Control medium contained an làentIcal volume 

of the IMDMlFCS without MAbs or drug. 

Optimization of MIT reduction assay 

Previous studies (AIley et al., 1988; Finley et al., 1986) have demonstratcd the 

utility of MTT-formazan colorimetry in proliferation and cytotoxlcity assays in anti

cancer chemotherapy. Subsequently, Comley et al (1989a) demonstrated the successful 

application ofthis assay to the determination offilarial viability and Its use III Ln vLim 

anti·filarial drug screening. MTT 15 pale·yellow in solution but when incuuatcd wlth 

living cells is reduced by active mitochondna to YJeld a clark blue crystalline deposlt 

(formazan) wlthin ceUs, which once solubIlized can be quantified colonmptflcally. 

Live [emale B. pahangz worms were placed lU 0.5 ml of IMDM contalUlI1g O.!> 

mg/ml M'TT and incubated at 37°C for vanous time llltervals ranf:,rmg from 0-90 ml/) 

(MTI'-reduction). Female worms that had prevlOusly been heat·killed were also 

incubated w~th M'rf for selected bme mtervals over thls raIlge For each time pOlllt 

three replicate worms were used F'ollowmg MTT mcubatlOJ1S, worms Wf'rc carefully 

removed and transferred ta mdividual wells of a mlcrotitre plate, eontall1mg 200 III 

ofDMSO, and allowed to stand at room tempe rature for 1 h (formazan-solubdlzatlOnJ 

An ELISA reader was used to measure absorbance of the formazan solutIOn at 550 

nm, using DMSO as a blank (Comley et al., 1989a). 

Quantification of B. pahangi viability 

A three-step colonmetnc assay based on MTT 13-(4,5 dimethyHthiazol·2-yl)·2,5· 

diphenyl tetrazolium bromidel (Sigma), was used to assess viabllity of adult n. 
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pahangi (Comley et al., 1989b). M'l T was dissolved in PBS al a concentratIon of 5.0 

mg/ml and subsequently diluted to 0.5 mg/ml with PBS. Female worms werc 

incubated for 30 mm at 37°C (MTT reduction). After incubation, worms wcre 

transferl'ed to 96 weIl plates containing 200 }lI of DMSO. The plate~ were allowed to 

stand for l h at room tempelatm'e (formazan solubilization). The absorbance was 

determined at 550 nm m the presence and absence of worm and compared with a 

DMSO blank. Worms were killed for control purposes by heating 10 PHS at lOOue for 

10 min. 

Statistical analysis 

The data for any statistical significance, were analysed using the Dunnett's 

procedure or Student's t-test. P values less than 0.01 were declared significant. 

RESULTS 

Preparation of antigen 

After centrifugation of the adult B. pahangi homogenate, the supernatant of 

adult B. pahangi was subjected to partIal purification on a polylysine agarose column. 

Several fractions were obtained from polylysine chromatography. The protcm content 

of each fraction was determmed and it was observed that the el ution profile comnsted 

of 3 distinct protein peaks. The first peak includes the elution fractIons 1-8, the second 

peak includes the fractIOns 9-12 and the third peak includes the fractIOns 13-18 (FIg. 

2.1). 

The pooled protein fractions from each peak were further fractIOnated by SDS

PAGE, transferred onto Ne and probed with commercial anti-tubulm MAbs. The 

results show that the third peak was ennched with tubulin, however, tubulin could 

not he detected in the first and second peak (Fig. 2.2). This is consistent with the 

previous report by Tang & Prichard (989). Third peak proteins were concentrated 

and then subjected to SDS-PAGE, respectively. The tubulin band was cut out of the 

SDS-gels and subjected to electro-elution for further purification. 

1 

j 
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Fig. 2.1. Partial purification of B. pahangi tubulin by polylysine agarose 

chMmatography. Five ml of B. pahangl cru de homogenate in 0.025 MMES buffer was 

applied to a column packed with 25 ml of polylysine agarose at 4°C and eluted with 

a concentration gradient of (NH4)2S04 in MES buffer. Each fraction contained five ml 

eluate. The details of the assay are given in Materials and :Methods. 

1 
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Fig. 2.2. SDS-PAGE and Western blotting of B. pahangl total proteins fractionated 

on polylysine column. Lane 1, molecular weights; lane 2, first protein peak; lane 3, 

second protein peak; lane 4, third protein peak stained with Coomassie bIue; lane 5, 

immunoblot of third protein peak; lane 6, second protein peak; lane 7, first protein 

peak; immunostained with anti-a. and ~ tubulin MAbs. The details of the procedure 

art! given in the Materials and Methods. 
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Monoclonal antibodies 

Two difTerent lsotypes of antI-B. pahangl MAbs were obtained. Seven out of 

fiftY-lvur MAbs were polyreactive IgM, recogmzing tubulin as well as other' . ~h and 

low molecular Wejg~lt protems, whereas the remaimng MAbs represented two 

populations of the IgG Isotype Ofthese, four out offifty-four re&ded with tubulin and 

other low molecular welght protems; however, forty-three MAbs were specifie for 

tubulin. MAbs P3D and IB6 specifie to nematode tubulin, were chosen for further 

characterization. AIl MAbs used in this study were of IgG lsotype. 

Speci/icity of MAbs P3D, IB6 a,.d 357 

The specificity ofthese MAbb was investlgated by determining thmr reactivity 

to proteins from a vanety of filarial and non-filariai nematodes, protozoa and 

mammalian cells using ELISA and Western blot analysis. Using ELISA, the antl-B. 

pahangl MAbs P3D and IB6 I"hd not react with G. muris tubulin, which is recogmzed 

by antI-chlCk brain tubuhn MAb 357. erude and partially purified extracts of adults 

and microfilanae of B pahangl, adult B. malaYl and D. lmmltis, eggs of H. con tortus, 

ad •. Ilt A. suum, plg bralll and 3T3 mouse fibroblast celI tubulins were separated on 

SDS-PAGE and electrophoretIcally transferred onto Ne sheets. The blots were treated 

with' (1) MAb IB6; (2) MAb P3D; and (3) MAb 357 Analysis of Amido black stained 

blots reveaied that cm de ex tracts of adults and mlCrofilanae of B. pahongi, adult B. 

malaYl and D. unmltls, eggs of susceptIble and reslstant strams of H. contortus, adult 

A. suum, plg br am and 3T3 mouse fibroblast celI contained many bands m the tubulin 

region (not shown) Tubulin from the vanous nematodes and mammalian extracts 

were separated into two bands designated a and f3. Anti~B. pahangi MAb P3D 

recogmzed specific~.lly p-tubulin from adult and mlCrofilariae of the filanal wonns B. 

pahangi, B. malayi and D. immttls (Fig 2.3A, lane 1-4). It also reacted with equal 

intenslty to tubulin from the intestmal nematode H. contortus (BZ-susceptible and BZ

resistant strains) (Fig. 2.3A, lane 5-6). Tubulin fromA. suum did not show very strong 

reactIvlty with thlS MAb (Fig. 2.3A, lane 7), due to the weak reactivity tubulin band 

from A suum can not he seen 111 fig. 2.3A, lane 7. No crosR-reactIvity to 3T3 mouse 
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Fig.2.3. SDS-PAGE and Western blot analysis of the total protein extract of aduJt 

B. pahangl (lane 1); B. pahangl mlcrofilanae llane 2); adult B mala)'l (Iane ;j); D 

immitis Oane 4); H. contortus BZ-susceptIble strain (lane 5); H cuntortus BZ-reslstant 

strain (lane 6); A. suum Oane 7); mouse fibroblast cells (lane 8); and pig bram nane 

9). Extracts were electrophoresed on a 12% SDS-polyacrylamlde gel, transblotted and 

immunostained with anti-B. pahangi MAb P3D (A) and antI-chick bram tubuhn MAb 

357 (B). See Materials and Methods for detruls. Twenty-five J..lg of each antigen was 

',oaded per lane. 
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fibroblast cells or plg brain tubuhns was detected (Fig. 2.3A, lane 8-9). Simllar results 

were obtained using MAb 1B6 (not shown), whereas, cross-reaetive anti-clllck 13-
tubuhn MAb 357 recognized ~-tubulin :rom aU nematodes and mammalian eells (Flg. 

2.3B, lane 1-9 J. 

Itkntification of tubulin isoforms 

Anti-B. pahangi l3-tubulm MAbs P3D and 1 B6, and anti-chick ~-tubuhn MAb 

357, were used to charaeterize l3-tubulm isoforms in B. pahangl tubulin. MAb P3D 

(FIg. 2.4AJ and MAb 357 (not shown) recognized the same isoform pattern, reactmg 

with two ~-tubulin isoforms III the crude as weIl as partially purified extraets of B. 

pahangt, whereas, MAb 1 B6 specificaUy recognized only one l3-tubulin isoform m the 

extract of B. pahangl (Fig. 2.4B). The l3-tubuhn lsoforms were m the pH range of 

5.1-5.3. 

MAb 357 probed blots were re-probed Wlth MAb P3D and 1B6 respeetlvely, to 

demonstrat(~ that the 3ame spots were recognized by this MAb. Furthermore, to show 

the full complement of ~-tubulin isoforms, P3D and 1B6 probed blots were re-probed 

with MAb 357. The results indicated that aIl these MAbs recogmzed the same 

isoforms 1fI tubuhn-ennched extracts of adult B. pahangi. However, MAb lB6 was 

specifie to one isoform 

Interaction of anti-tubulin MAbs with tubulin proteolytic fragments 

In order to locallze the antIbody epitope on tubulin fragments, \Vestern blottmg 

experiments using anti-B. pahangi MAbs, folloWlng limited proteolysis oftubulin Wlth 

chymotrypsin and VS protease, were performed Western blots of peptides digested 

with chymotrypsm showed that MAb P3D reacted Wlth a 21 kDa chymotrypsin 

fragment (Fig 2.5A, lane 2) and a 21 kDa V8 protease ~-tubuhn fragment (Fig. 25A, 

lane 3). In contrast, MAb lB6 reacted \VIth the two chymotrypsin-digested fragments 

of 42 and 34 kDa (FIg 2.5B, lane 2). It reacted strongly with the 42 kDa and weakly 

with the 34 kDa fragment However, the same MAb did not recognize any ~-tubulin 

fragment resulting from digestion with VB protease (Fig. 2.5B, lane 3). These results 
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Fig. 2.4. Western blot analysis of antl-B pahanl!l tubullll :vtAb~ to th(' total protelll 

extrac\ (20 ).lg) of adult B. pahangl after 2D electrophoresls The gels wpre 

transblotted onto nitrocellulose paper and Immunostamed wlth MAb paD (Al and 

MAb lB6 (B). 
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Fig. 2.5. Limited proteolysis and Western blots of B pahangi tubulin The proteins 

of adult B. pahangi were separated by 12% SDS-polyacrylamide gel electrophoresls 

After staining, the tubulin band was excised and submitted to partial proteolysls m 

the gel Wlth 2 J.lg chymotrypsin or VB protease/well. The peptides generated were 

analyzed by electrophoresis on a 15170 gel. The electrophoretIcally separated peptides 

were then tIansferred to mtrocellulose sheets and Immunostamed wüh anti-B. 

pahangi MAb P3D (A) or MAb lB6 (B). 

UN = undigested tubulin; CH = tub1\lin digested with chymotrypsin; VB = tubulin 

digested with VB protease. 
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of the limited proteolysis analysis indicate that the antIgenic site recogmzed by MAb 

P3D differs from that recognized by MAb 1B6. Although MAb 357 reacts strongly to 

intact ~-tubulin from B. pahangi, no interaction was seen with j)-tubuhn fragments 

digested with chymotrypsin or V8 protease. Protease digestion appears to destl'oy the 

reactivity of B. pahangi tubulin towards MAb 357. 

The silver staining showed that chymotrypsin preferentially cleaves j)-tubuhn 

into three fragments of apparent mass 42, 34 and 21 kDa but other minor fragments 

are also seen and the a-tubulin remained intact (not shown). Thü, pattern of cleavage 

is similar for pig brain tubulin (Mandelkow et al., 1985; Serrano et al., 1986; 

Cleveland et al., 1977; Vina et al., 1988; Payelle-Brogard et al., 1989). Small 

differences in the molecular weights ofproteolytic fragments are explained by difTerent 

conditions ofproteolysis and/or gel electrophoresls. Limited proteolysis of B. pahanl!i 

tubulin with VB protease also resulted in the appearance of proteolytIc j)-tubuhn 

fragments of 42, 30 and 21 kDa which is in agreement with the results of pif! brain 

proteolysis with VS protease (Vina et al., 1988). Both for chymotrypsin and V8 

protease, 1arge proteolytic fragments are N-terminal, and the small ones represent, C

terminal (Mandelkow et al., 1985) 

Optimization of MIT reduction assay 

The effects of anti-tubulin MAbs on the viablhty of adult B. pahang; were 

determined using the MTI assay. The selection of an optimum MT!' reductIOn time 

was derived from data shown in fig. 2.6. Viable control female B. pahangl showl'd 

rates offormazan formatIOn that were maximal and hnear during the first 30 mm of 

the incubation with MTT By one hour formazan formation had begun to plateauc 

between 60-90 min. Heat-killed worms showed only background levels of formazan 

formation (Fig. 2.6). Based on these results 1 chose 30 min as an optimum incubation 

time for the three-step MIT (reductlOn, formazan sol ubilization and formazan 

quantitation) method To determine If the presence offemale worms had any efTect on 

the absorbance values, after DMSO solubilization for 1 h, the absorbance of the 

resulting formazan solution was determined in the presence or absence of the worms. 
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Fig. 2.6. Time course of formazan formation by single female B. pahangi (.) after 

incubation for 2 h with MIT (0.05 mg/ml) in IMDMlFCS at 37°C relative to heat killed 

worms OOO°C for 10 min) (6.). (n = 3 replicates). The details of the assay are given in 

the Materials and Methods. 
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It was found that in the presence of worm there was a slight increase in the 

absorbance values, obtained. 

Quantification of B. pahangi viability 

AnalysIs of MT!' assays demonstrated that female B. pahangi incubated with 

MAb P3D showed significant dedine in their ability to reduce M'fT to formazan (Fig. 

2.7A) In companson to untreated live control worms, MAb P3D alone caused a highly 

significant 80% reduction In worm Vlabihty, 48 h post-treatment. Worms exposed 

concurently to MBZ and MAb P3D caused a significant, 70% reduction in the viability 

of worms, compared to untreated liVf' control worms. The high reduction in the 

viability ofworms seems to be due to the presence ofMAb P3D and not MBZ. As MBZ 

alone induced a minimal decrease 00%) in the viability of worms. The dose of MBZ 

used is sufficient to induce biochemical changes that are associated with a change in 

parasIte viability. Exposure of worms to MAb 1B6 resulted in 40% detTease in the 

ability of worms to reduce MTT (Fig. 2.7B). Similar result were obtained when male 

worms were incubated III the presence of MAb P3D and 1B6. No significant effect on 

the vmbility of worms was obtained after incubation with anti-B. pahangi MAb 1A5 

(FIg. 2.7C) or anti-chick J3-tubuhn MAb 357 (Fig. 2.7D). Direct visual 

observations on adult worms treated with anti-B. pahangi MAbs P3D alone and 

together with MBZ showed a detectable decrease in motility 12 hours post-treatment. 

AntI-B. pahangi MAb 1B6 alone, or in the presence of MBZ, also exhibj+,ed an 

apparent decline in the motility of worms. However, no mortalitIes were observed 

using the se MAbs during the expenment. No noticeable reduction was observed in the 

motility of the worms treated Wlth either anti-B. pahangi MAb lA5 or anti-chick brain 

MAb 357 alone, or when they were incubated in the presence of MBZ. From these 

observations, it is suggested that the reduction in the worm motility is caused mainly 

by the anti-B. pahangi MAbs alone, since MHZ alone did not have anyeffect on the 

motility of the worms, nor dId it enhance the effect of MAbs. 
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Fig.2.7A. The eflècts of anti-B. pahangz tubulin MAb P3D on the VIability of adult 

female B. pahang" in vitro. Worms were incubated fol' 48 hours at 37°C in IMDMfFCS 

in the presence of anti-B. pahangi MAb in the presence or absence of MBZ. The 

untreated controis were incuhated with the culture medium IMDMfFCS alone. Worm 

viability was assessed by M1Yf assay as descnbed III the Matenals and Methods. Six 

worms were used in each determination and the experiment was performed three 

times. Data shown in this figure are mean absorbance values per würm and S.E.M. 

(P < 0.01). 



{ 

Heated 

KBZ + P3D 

IIAlli PID 

KBZ 

Untreated 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 

ABSORBANCE 
100 nm 



93 

Fig. 2.7JJ. The effects of anti~B. pahangi MAb lR6 on the VIablity of female B. 

pahangi in vitro. Experimental protocol and statistical analysis are identical to those 

detailed in the legend to Fig. 2.7 A. 
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Fig. 2.7C. The effect of anti-B. pahangl tubulin MAb lA5 on the viabllity of female 

B. pahangi in vitro. The details of the assay are given In the Materials and Methods 

section and statistical analysis are identlcal to those detailed III the legend to fig 

2.7A. 
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Fig. 2.7D. The efTect of anti-chick brain tubulin MAb 357 on the Vlabllity of female 

B. pahangi in vitro. The details of the assay are given in the Matenals and Methods 

section and statistical analysis are identical to those detailed in the legend to fig. 

2.7A. 
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DISCUSSION 

In thls chapter, is reported the production and charactenzation ofMAbs raised 

against B. pahangl tubulin. In total, fifty-four anti-B pahangi tubulin MAbs wert.' 

obtained after irnmumzation of mIce with purified B pahangl tubulm Because of 

their remakable specificity for tubuhn, ~1Abs P3D and 1B6 have been selected for 

more extensIve characterization. Western blot analysis of one-dlmenslOnal SDS-PAGE 

showed that anti-B. pahangl MAbs P3D and 1B6 recogmzed tubulin from a number 

of filarial nematodes (B. pahangl, B malaYl and D. ln/1llltlS) and an mtestmal 

nematode (H contol'tus). However, the same MAbs did not cross-react wIth tubuhll 

from pig bram. 3T3 mouse fibroblas t , cens or the parasitic protozoan G. murts On the 

other hand, antI-chick MAb 357 reacted Wlth plg brain, 3T3 mouse fibroblast alld G 

muris tubulins as strongly as it dld .. nth fil an al and other nematode f3-tuhuhns These 

results indicate that anb-B pahangl tubuhn MAbs I:>cogmze an epltope(s) that is 

conserved between filarial and mtestinal nematode f3-tubuhn but no'. Ul protozoan and 

mammallan f3-tubulin, whereas cross-reactive anti-chlck MAb 357 recognizes an 

epitope that IS conserved among filarial and mtestmal nematodes as weil as protozoan 

and mammalian J3-tubuhn The epitope of MAb 357 has been locahzed tü a rCglon of 

f3-tubulin between amino acid 339-417 m the proteolytic fragments of plg brull1 

tubulin (Serrano et al., 1986). These data suggest that anb-B. pahanftL tubulin MAbb 

are highly bpecific to nematode tubuhn 

In prevlOus studies, several anti-lubulin MAbs ralsed agamst parasItlc protozoa 

and nematodes have been characterized, but aIl ofthem have bcen found to cross-renct 

with tubulin from other speclCS. For example, Draber et al (1985) reportpd a MAb 

rrused against pig brain tubulin which reacted Wlth mlcrotubules from mammals, blrd, 

amphibian, fungi, echinoderm, platyhelmmth, shrne moulds, but not protozoan 

tubulin. Similarly, Birkett et al. (985) generated an antl-~-tubuljn MAb agamst 

Physarum myxamoebae which reacts with f3-tubuhn from va nous fungI, algae, hlgher 

plants, avian, msect and several mammalian sourceb In addItIOn, Helm et al. (] 989) 

have rfused MAbs against microfilariae of Brugla species. Contrary ta my antl-B. 

pahangi f3-tubulin MAbs, their MAbs cross-reacted Wlth mammahan tubulm. 
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The 2D gel analysis of crude and partially purified B. pahangi extracts revealed 

that anti-B. pahangi tubulin MAbs interacted only with the isoforms of the J3-subunit 

oftubulin, and not with the a-subunit or microtubule-associated proteins. MAb 1B6 

appears to be specifie to one ~-tubulin isoform whereas MAb P3D shows an isoform 

pattern similar to the one observed with the anti-chick ~-tubulin MAb 357. Moreover, 

MAb P3D reeognized a similar isoform pattern as anti-peptide antibody raised Bgainst 

the 18 amino acid sequence of the extreme C-terminus region of B. pahangi J3-tubulin 

(Guénette et al., 1991). MAb 357 and the anti-peptide antibody reeognize two J3-

tubulin isoforms lU B. pahangi extraet. 

Limited proteolysis of B. pahangi tubulin followed by Western blot analysis 

showed that the anti-B. pahangi MAb P3D reacted with the C-terminal fragment of 

the chymotryptic and V8 protease digests. It has been suggested by Mandelkow et al., 

(985) that the strong reactivity with the C-terminal fragments could be due to the 

faet that this region is exposed in native tubulin. The B. pahangi J3-tubulin contains 

the chymotrypsin recognition site at amino acid 281 (Guénette et al., 1991), thus 

confirming the conserved chymotryptic digestion pattern. MAb 1B6 reacted with the 

N-terminal fragments of the chymotrypsin-digested ~-tubulin. However, with V8 

protease proteolytie fragments, no reaction was seen and it reacted only with the 

undigested tubulin. Using MAb 357 in a similar study, no protfoolytic fragments were 

found to react. Yet Ml' b 357 recognized undigested ~-tubulin, suggesting that the 

epitope is destroyed by proteolytic cleavage. The results observed with MAb 357 are 

in agreement with those obtained by Mizuno et al. (1985), using V8 protease-digested 

fragments of sheep brain and mung bean ~-tubulin. 

Measurement of the in vitro act.1dty of anti-B. pahangi tubulin MAbs P3D, 

lB6, lA5 and anti-chick brain tubulin MAb 357 against female B. pahangi was carried 

out to de~ermine whether anti-B. pahangi or allti-chiC!;: tubulin MAbs could 

independently cause any damage to the intact adult worms. MBZ was incIuded in the 

study to determine whether the presence of MBZ drug alone or in conjunction with 

MAbs had any differential effect. The results in this study demonstrated qualitatively 

a decline in the motility, when the worms were cultured with anti-tubulin MAbs P3D 
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and IB6. However, no notice able reduction in the motility was observed, whcn the 

worms were treated with anti-B. pahangi MAb lA5, anti-chick MAb 357, MBZ or 

IMDMJFCS culture medium without antibodies. The viability of the worms was 

determined by MTr assay. Anti-B. pahangl MAb P3D and 1B6, slgnificantly reduc(>d 

the viability of adult B. pahangi ln vitro. However, no significant reduction 111 the 

viabihty was observed when adult B. pahangi were exposed to antI-B. pahangl MAb 

1A5, anti-chick MAb 357 and lor MBZ. 

The validity of assays based on the metabolism of MT'r for the quantItative 

staining of living cells is weIl established (Finley et al., 1986; Franz, 1988). 

Observations with B. pahangi and D. vlteae have shown that MTT uptakc and 

metabolism occurs in all developmental stages of these worms (Comley et al .. 1989a). 

ln contrast, the developmental stages of H. con tortus and T. colubriformis failed 10 

show any formazan formation (Comiey et al., 1989b) These data strongly suggest that 

filarial species may be unique amongst nematodes in their ability to take up MIT. 

This observation is consistent with the dtm~rent morphology of the filarial cutIcle 

(Fran?, 1988) and the mcreased permeability relative to the cuticle of other parasltIc 

nematodes. Comparison of an adult filarial and an adult intestinal nematode shows 

that filarial worms have a illuch smaller intestme and less musculature in the body 

wall, whilst the lateraI cords of hypodermal tissues are expanded to subtent a large 

proportion of the sub-cuticular area (Howells, 1987). The outer plasma membrane of 

the hypodermis, which forms a basal membrane to the cuticle, is much folded 111 

filarial worms and possesses characteristics of an absorptive surface (Howells, 1980). 

Correlated with the absorptive function of the cuticle, acid phosphatase activIty is 

present in the hypodermal tissues of adult B. pahangi but l.'1ot in the intestine. Adult 

B. pahangi has been shown to he able to take up glucose, ami no acid and certain 

filaricidal compounds through the cuticle (Howells & Chen 1981). DdU13ge to the 

cuticle could render the worm more permeable, but this might upset the ionic balance 

of the tissues, render the parasite more vulnarable to the host's immune response and 

increase the penetration of certain anthelmintic drugs and chemicals (Ottesen, 1987). 

Dick & Wright (1973) demonstrated microtubule-like structures in the cutIcle of a non-
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filariaI pin worm, Syphacia obvelata. Subsequently, Rogers et al. (1974) reported the 

presence of tubulin between the hypodermis and the basal stratum cf the cuticle, 

where it may serve a morphological function or May function in intracellular transport 

or nutrition. 

It is suggested that the mechanisms by which the anti-B. pahangi p-tubulin 

MAbs reduce the viability of adult worms, May be due to their interference with 

microtubules in the body wall muscle of B. pahangi. For example, (a) the antibody 

may interfere with certain microtubule functions, but not with cellular distribul-ion. 

This has been found for a MAb raised against tyrosinated a-tubulin of rat (Kilmartin 

et al., 1982). When complexed with colloidal gold part1cles and injected into PtK2 cells, 

the antibody blocked the saltatory movement of such particles aIong individual 

particles (Wehland et al., 1983), (b) antibodies may block severaI MT-dependent 

motility processes, by aggregating MTs. Salta tory movement of endogenous organelles 

and chromos omal separation were inhibited by anti-tubulin MAbs in the PtK2 cells, 

(c) the antibody may interfere with cellular architecture by disrupting links between 

MTs and other cytoplasmic structures; the intermediate filament network collapsed 

into perinuclear caps, and the Golgi apparatus disintegrated into dispersed vesicles 

(Blose et al., 1984), (d) the antibody may interfere with microtubular integrity by 

binding to epitopes on the tubulin Molecule which are essential for microtubule 

polymerisation or maintenance of structure. In a recent study, Draber et al. (1990) 

reported that five MAbs against N-terminal domains of tubulin, inhibited the 

assembly of tubulin into microtubules ln vitro from porcine brain. Similarly, 

Mandelkow et al. (1985) reporte à that some polyclonal anti-tubulin antibodies were 

able to inhibit tubulin assembly in vitro. 

Reduction in the viability of adult B. pahangi worms, by antibodies raised 

against an internaI or non-surface protein is an interesting finding. These data of an 

internaI protein being able to have a significant inhibitory effect, are in agreement 

with the study of Pearce et al. (1988). The authors have demonstrated that non

surface schistosome antigen, paramyosin, when administered intra-dermally, conferred 

significant resistance against Schisotoma mansoni challenge infection in mice. Their 
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study shows that non-surface antigen can he protective. 

In previous studies, in vitro assays have been used to evaluate the importance 

of antibodies in the resolution of filariasis Tan et al. (1989) demonstrated that two 

MAbs against B. malayi L3 antIgens decreased larvae motility and caused surface 

damage in vitro independently of bufTy coat Cf Us. Parab et al. (1988) reported the 

development of a MAb against L3 of B. malaYl that promoted destructIOn of the larvae 

by mouse macrophages. Antigens with molecular weight of80, 67, 52 and 36 kDs were 

recognized by this MAb and have been identified in the sornabc extracts of B malayi 

L3. 

MAbs specific for the (X- or ~-subunit of tubulin would allow the subcellular 

localization and the function of each suhÀnit to be studied. Proteins of the size of 

tubulin are generally built of several structural domains that have distinct functions. 

In the case oftubulin, such functions include binding of anti-microtubule drugs, GTP 

or microtubule-associated proteins and the associatIOn between monomers, dimers or 

protofilaments. Nematode-specific anti-tubulin MAbs may serve to charactenze the 

structure' and dIstribution of the B. pahangi tubulin Molecule, and to define 

microtubule stability and functional domains. 
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CONNECTING STATEMENT 

In chapter 2, the production and characterization of MAbs raised against B. 

pahangi tubulin was reported. It was demonstrated that anti-B. pahangi MAbs 

recognized l3-tubulin from a number of filarial and intestinal nematodes 

however, they did not cross-react with mammalian tubulin. Two MAbs P3D and 

lB6 were selected for more extensive characterization. MAb P3D recognized two 

and MAb 1B6 recognize one l3-tubulin isoform in B. pahangi whole worm 

extract. Limi ted proteolysis analysis revealed that MAb P3D reacted wi th the 

C-termmal, whereas, MAb 1B6 reacted with the N-terminal fragment of p
tubulin. Measurement of viability of adult B. pahangi revealed that an ti-B. 

pahangi MAbs significantly reduced the viability of worms in vitro. 

Mter obtainmg these interesting results, anti-B. pahangi MAbs were assessed 

for their ability to detect p-tubulin (antigen) in the sera and peritoneal fluid 

from infected gerbils, and sera from infected cats, dogs and human. These 

MAbs were also used to localize the distribution of p-tubulin isoforms in adult 

B. pahangi. The data of this study are reported in the following chapter 3. 
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CHAPTER 3 

DETECTION OF ~-TUBULIN IN ANIMAL AND liUMAN 

FILARIASIS: USE OF ANTI-fl-TUBULIN SPECIFIC 

MONOCLONAL ANTIBOIlIES FOR IMMUNO-DIAGNOSIS 

INTRODUCTION 

Lymphatic filariasis caused by B. malayi and W. bancrofti is a major health 

problem in tropical cOl.lntries manifesting a broad spectrum of acute and chrome 

clinical features (Partono, 1987) Improved methods for diagnosls of active filarial 

infections are needed to identlfy pre-clmical mfections, monitor control efforts and to 

evaluate new drugs (WHO, 1984). DiagnostIc methods based on mlcrofilarac (Mn 

detection in peripheral blood have sorne practIcal and biological limitatIOns. For 

example, Mf detection is inconvement because of nocturnal pe!;odicity of Mf; and It 

is not useful for detectlOn of amicrofilaremlC infections. 

Although host antiborues to filanal adult and microfilaremlc antIgens of 

molecular weight in the range of 15-110 kDa are detected in Most patients (WeIl et al .. 

1984; Dissanayake et al., 1984), the serodiagnosIs of filannsis based on the detection 

of antibodies is not always accurate and valid because (1) the presence of antibodles 

indicates exposure to the paraSIte but does not reflect the presence or extent of active 

infections; and (2) the problems of specificIty due to the extensive antlgemc cross

reactivity among nematode parasites (AmbrOIse-Thomas, 1984). 

The difficulties encountered Wlth parasitological and antibody-based serological 

methods for diagnosis of actIve filarial infectIOns have led to the development of 

immunodiagnostic tests based on the detection ofcirculating parasite antlgens in the 
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sera or other body fluid. StudIes of human onchocerciasls and lymphatic filariasls, as 

weIl as animallymphattc filariasls, have reported the presence ofcirculating antigens 

and immune complexes during the patent stages of infection (Des Moutis et al., 1983; 

Weil et '.Jl., 1984; Dissanayake et al., 1982). Sevl~ral studles have demonstrated the use 

of a parasite antigen detectlOn for diagnosis md quantitation of filarial infections 

(Santhanam et al , 1989; Weil & Lifbs, 1987; Forsyth et al., 1985; Weil et al., 1990; 

Wenger et al., 1988); and for monitoring the efficacy of therapy (Forsyth & Mitchell, 

1984; Weil et al., 1986; Weil, 1988; More & Copeman, 1991a,b; Chandrashekar et al., 

1991). 

Howard et al. (987) reported the presence of high levels of anti-tubulin 

antibodies in sera from patients with leprosy, chronic hepatitis, leishmaniasis, african 

trypanosomiasis, schistosomiasis and onchocerciasis. In a similar study, Helm et al. 

(1989) reported that antibodies to tubulin can he detected in sera taken from patients 

with lymphatic filariasls (asymptomatic microfi!a.t'aemic, microfilaraemic with 

symptoms, amlcrofilaraemic with chronic disease, as well as in sera from endemic 

residents -with nelther microfilaraemia nor disease manifestations). Highest Ievels of 

anti·tubulin antibodies were found in the amicrofilaraemic cases. 1'he presence of anti

tubulin antibodies in the sera ofmfected ammals, have raised the question ofwhether 

marial tubulin can be detected as a circulating antigen in the sera of infected animaIs 

and as a non circulating antigen in the peritoneal fluid ofinfected animals. 

In this study, two MAbs P3D and 1B6 raised against B. pahangi tubulin and 

one MAb 357 against chick brain, specifie to ~-tubulin were selected as a probe for 

detecting tubulin in the sera of infected animals. These MAbs were selected for this 

study because Western blot analysis of one dimensional SDS·PAGE showed that MAbs 

P3D and 1B6 recognized tubulin from a number offilarial (B. pahangi, B. malayi and 

D. immitis) and non-filariai nernatodes (H. contortus). The same MAbs did not react 

with tubulin from pig brain. mouse fibroblast cells or the parasitic protozoan Giardia 

muris. Sequence analysis of B. pahangl ~-tubulin has indicated sorne divergence from 

mammalian ~·tubulins (Guénette et al., 1991). The anti·chick MAh 357 recognize a 

conserved epitope on ~·tubulin and cross-reacted with ~-tubulin from all nematodes, 
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mammals and protozoa. It seems evident that anti-B. pahangi MAbs recogmzed 

epitope(s) that are conserved between filarial and an intestinal nematode ~-tubulin 

but not in protozoan or mammalian tubulin (Chapter 2). 

Chapter 3 reports on the further characterization of these MAbs. AntI-B. 

pahallgi and antI-chick brain ~-tubulin MAbs were assessed for their ab1l1ty to· (1) 

detect ~-tubulin in the sera and peritoneal fluid of infected gerbils and sera from 

infected cats and dogs using Dot-ELISA, and (2) to localize the distnbutlOn of p
tubulin in B. pahangi. 

MATERIA}.S AND METHODS 

Preparation of antigens 

Gerbils (Meriones ungwculatus) previously infected intraperitoneally wlth 400 

B. pahangi infective larvae, were obtained from Dr. J. McCall <University of Georgm. 

U.S.A.). Individual serum were collected by bleeding from the retro-orbItal sinus from 

the gerbils at the time of the necropsy. The adult worms were isolated from the 

infected gerbils as described by Ash & Riley (1970). Adult and Mf of B. pahangz were 

harvested from the peritoneal cavities of gerbils in warm phYE ~ological saline (0.85% 

N aCl). Mf were separated from peritoneal cells by density gradient centnfugation 

(Gusmao et al., 1981). Soluble antigens of adult B. pahangi were extraded as 

previously described (Chapter 2), The protem concentration was determined using the 

method of Bradford (1976), using BSA as the standard. 

Peritoneal fluid 

Peritoneal lavage was pl'epared from fluid recovered after intraperitoneal 

injection of 10 ml IMDM into the peritoneal cavity of CO2-killed infected and 

uninfected gerbils. Peritoneal fluid was centrifuged at 3000 x g for 10 min. The 

supematant was retained and used in Dot-ELISA. 

Monoclonal antibodies (MAbs' 

Three MAbs, aH specifie for tubulin, were used in this study. Anti-chick brain 
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MAb 357, which cross-reacts with ~-tubulins from a spectrum of eukaryotic cell types, 

was used as a positive control in this study. This MAb 3-7 was purchased from the 

Radiochemical Centre (Amersham, England) and MAbs P3D and lB6 were raised by 

me against the tubulin ofadult B pahangi as described previously (Chapter 2). 

Sera 

Three groups of sera were analysed: (1) four sera from (microfilaraemic) gerblls 

infected with B. pahangi, (3) three sera from cats (amicrofilaraemic) infected with B. 

malayi, and (4) four sera from dogs (microfilaraemic) infected with B. pahangi. Control 

AlI sera were stored at -70°C until used. Serum from infected and un-infected cats and 

dOgE were proVlded by Dr. J. McCall (Umversity of Georgia, V.S.A.). 

Infected and uninfected animal sera were tested using Dot-ELISA with and 

without heat treatment. Heat treatment was performed to release antigens from 

immune complexes and to inactivate interfenng proteins before performing the Dot

ELISA. For heat treatment, one part serum and one part of O.lM N3:!-EDTA 

(dIsodium (ethylene-dinitrilo)-tetraacetic acid) pH 7.5 were mixea and boiled for 7 min. 

The samples were centrifuged at 16 000 x g for 5 min. Mter centrifugation, the 

supernatant was retained and used ID Dot-ELISA assays (Weil, 1988). 

Dot-ELISA 

Dot-ELISA was performed to detect tubulin (antigen) in the sera and peritoneal 

fluid of gerbils and sera from cats and dogs. AlI infected and uninfected sera and 

peritoneal !1uid were diluted with PBS in the range of1:10-1:640. Nitrocellulose paper 

(NC) (Bio-Rad) was eut into strips. 10 J.lI of sera, peritoneal fluids were placed on the 

NC strips, dried for 20 min and then incubated ovt>rnight at 4°C in a solution of 10% 

newborn calf serum in Tris-buffered Saline (140 mM Tris-Hel, pH 7.4, with 0.1% (v/v) 

Tween (NBCS-TBS-T», to saturate the unoccupied protein sites. After washing, the 

strips were incubated overnight at 4°C with anti-tubulin MAbs or controls. The strips 

were washed 5 x 5 min with TBS-T, then immersed in horseradish peroxidase

conjugated goat anti-mvuse IgG antibody (Bio-Can), diluted 1:500 w'Ïth NBCS-TBS and 
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incubated for 3 h at 4°e. After washing, the Ne stnps with TBS-T for 30 mm, thl' 

bound peroxidase was detected by adding the suhstrate 4-chloro-I-naphthol (Sigma) 

at concentration of 3 mg/ml of methanoVPBS 1:5 (voVvoJ) contammg 0075('( of 

hydrogen peroxide (Sigma) (Birkett et al., 1985) The development of a well-defined 

purple dot on the NC strips was considered positIve. In order to demonstrate HH' 

specificity of the Dot-ELISA, the followlllg negatIve and positIve controls were used. 

(a) normal sera + MAb; (b) IMDM + MAb; (c) tubulm + MAb; and (d> conjugate + 

substrate. 

Electron microscopy: Fixation and embedding 

In order to locahze p-tubuhn 10 adult B. pahangi at the ultrastructurallevel, 

female B. pahangi were cut into smaH pieces. These fragments were fixed m 0.5(}( 

gluteraldehyde-4% formaldehyde in 0.1 M sodium phosphate buffer pH 7.2 for 2 h at 

room temperature. Samples were washed for 30 min wIth sodium phosphate buffer (a 

x 10 min), dehydrated in a graded series ofethanol (25%, 50(}(" 75%,95('«, and lOQl}(,) 

(10 min each) at 4°e and then infiltrated Wlth L R White resm <medium grade) (.J.B 

EM., Montreal, Canada). The L R White resin was polymerized at 55-60oe for 36 h 

in gelatm capsules (J.B. EM., Montreal, Canada) that were completely filled and 

covered, to exclude air. Thin sections approXlmately 80 nm were cut with a glass knife 

on a Reichert ultramicrotome (Hayat, 1972; Armbruster et al., 1983){E.M. Centre, 

McGill University). 

Immunogold labelling 

The sections were mounted onto nickel grids and blocked with O.lM phosphate 

buffer, pH 7.4 containing 10% NBCS and 0.25% (v/v) Tween-20 for 1 h at room 

temperature to saturate the non-specifie protein binding sites. Sections were incubated 

with anti-tubulin MAb P3D, 1B6 or 357, for 8-10 h at room temperature followed by 

2 h incubation with 1:10 dilution of 20-nm colloidal gold labelled Protein-A al room 

temperature (Sigma). AlI sections were stained with 5% uranyl acetate for 10 min, 

washed with distilled water, examined and photographed with an electron mICroscope 
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(Philipps 410 TEM, E.M. Centre, McGill University). Sections were washed 5 x 5 min 

with TBS-T, between each incubatIon. Negative controls consisted of sections treated 

with IMDM culture medium, or an irrelevant antI-Giardia muris, IgG lsotype MAb, 

substituted for anti-B. pahangi MAb followed by an incubation with Protein-A colloidal 

gold, or the sections were lllcubated Wlth Proteio-A colloial gold alone. Anti-chlCk 

brain MAb 357 was used as a positive control. 

RESULTS 

Dot-ELISA 

In this study, Dot-ELISA with anti-tubulin MAbs P3D, lB6 and 357 was used 

10 detect ~-tubulin (antigen) in sera and peritoneal fluid from B. pahangi infected 

gerbils, sera from B. malayi and B. pahangl infected cats and dogs, respectively. AlI 

positive gerbil sera and peritoneal fluid samples reacted at the dilution of 1:80. AlI 

positive cat sera gave reactions at 1:10 and positive dog sera reacted at 1:20. 

AntI-tubulin MAbs P3D, 1B6 and 357 recognized tubulin from the sera and 

peritoneal fluid of B. pahangz infected gerbils. AlI MAbs reacted with equal intensity 

to the tubulin from the infected sera and peritoneal fluid from four different gerbils 

as the y did with the tubulin from partially purified B. pahangi extracts (Table 3.lA), 

similar results were obtained with the sera and peritoneal fluid from aIl four gerbils. 

Therefore, In this chapter the results obtained with sera and peritoneal fluid from one 

gerbil is shown. Tubulin was also detected in the sera from infected dogs (Table 3.lB) 

and cats (Table 3.lC), using MAb P3D, 1B6 and 357. AlI sera and peritoneal fluid 

were used in three rephcates and experiments were repeated twice. The specificity of 

this assay was very good. No false positive results were observed in sera and 

peritoneal fluids from uninfected gerbils or sera from uninfected cats or dogs 

(Table 3.lA-C) with any of the three anti-tubulin MAbs. 

Immunogold clectron microBcoPY 

In this study, immunogold electron microscopy was performed with anti-B. 

pahangi MAb P3D, lB6 and anti-chick MAb 357, to demonstrate the anatomic location 
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Table.3.IA Dot-ELISA analysis of anti-tubulin MAhs P3D, IB6 and 357, to detect 

~-tubulin in sera and peritoneal fluid from B. pahangl infected and nninfected gerbils 

Sera and peritoneal fluid was assayed from four mfected gerbils. However, 111 thls 

figure reactivity of sera and peritoneal fluid taken from one gerblils shown; smce the 

other three gave the same results. AlI gerblls were mfected on 15-6-1990 with 400 B. 

pahangi third stage larvae and the sera and pentoneal fluid was collected on 10-5-91. 

Details of the assay are given in Materials and Methods section. 
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Table. 3.lB. Dot-ELISA analysis ofanti-tubulin MAbs P3D, 1B6 and 357, to detect 

~-tubulin in sera from B. pahangi infected and uninfected dogs. Sera was assayed 

from four infected dogs, however, the reactivity of sera from one dog lS shown, as the 

other three gave the same results. AlI dogs were Infected on 12-8-1989 with 200 B. 

pahangi third stage larvae and the sera was collected on 27-6-1990. Details of the 

assayare given in Materials and methods. 
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Table. 3.le. Dot-ELISA analysis of anti-tubulin MAbs P3D, IB6 and 357, to detect 

(J-tubulin in sera trom B. malayi infected and uninfected cats. Sera was assayed from 

three infected cats. The reactivity of only one sera with anti-tubulin MAbs is shown. 

AlI cats were infected on 11-6-1987 with 200 B. malayi third stage larvae and the sera 

was collected on 27-6-1990. Details of the assay are given in Materials and Methods 

section. 
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of the epitope and the possible origin of ~-tubulin. 

The ultrastructure of adult B. pahangi and B. malaYl have been described 

previously, with particular reference to the body wall and somatie musculature 

(Rogers et al., 1974). The authors demonstrated that the exterior covering of these 

filarial nematodes is a thick extracellular layer termed the cuticle, syntheslzed by the 

underlying hypodermal tissue (Martlllez-Palomo, 1978), which is orgamzed aR an 

undivided syncytium. The cuticle is divided into three distinct layers, termed as basal, 

median and cortical, in order of distance from the hypodermal plasma membrallP 

(Bird, 1980). The hypodermls is a thin cellular layer between t.he cuticle and the 

somatic musculatur( The bulk of the hypodermis consists of longitudnal cords that 

scparate the somatic muscles into longitudnal fields. The cords contam most of the 

nuclei of the hypodermis. Somatic muscle cells are spindle shaped and are arranged 

longitudinally with the long axis of the nematode. Each somatic muscle eell is 

composed ofa basement membrane adjacent to the hypodermis, contractIle muscle and 

the fibers attached to the basement membrane and a sarcoplasmic or afibrillar area 

enclosing the nucleus (lnglis, 1983). 

Immunogold staining of female B. pahangi sections with MAJ P3D revealed 

that the ~-tubulin isoforms were distributed uniformly as distinct clusters along the 

MTs, in various sites Cross-sections of B. pahangz demonstrated that large amounts 

of gold pactides were present in the median and basallayers of cuticle (Fig. 3.2), the 

gold particles represent the presence of ~-tubulin isoforms recogmzed by MAb P3D. 

Tubulin was also demonstrated in the hypodermallayer, fibrillar portion of muscle 

ceUs (Fig. 3.3) and afibrIllar portion of muscle cells <FIg. 3.4) Small amount of gold 

particles were clearly observed in the sub-cuticular upfolds and the somatie tissues 

ofthe uterus containing embryonic microfilariae <Fig. 3.5). However, no gold stammg 

was detected in the intestine with anti-B. pahangi MAb P3n. The results suggest that 

although the epitope is present in the adult B. pahangi, it is strongly represented III 

the cuticle and somatic musculature. The specificity of the Immunogold assay was 

confirmed by using several negatIve controls. No gold particles were observed when 

B. pahangi sections were incubated with IMDM or anti-G. mUrt8 or Protein-A 
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Fig. 3.2. Immunogold localization of ~-tubulin (antigen) in the cuticle of female B. 

pahangi. (A) Cross-section showing the morphology of female B. pahangi; (H) Electron 

micrograph of sections of B. pahangi immunostained with anti-B. pahangi tubulin 

MAb P3D followed by incubation with Protein A linked with 20-nm colloidal gold. Gold 

particles indicate the distribution of f3-tubulin in the various layers of cuticle of B. 

pahangi. Details of the assay are given in the Mat.erials and Methods section. Fig. 3.2 

Ais taken from Franz et al. 1990. 

Magnification: x 65 880. 

1 = intestine, UT = uterus, mu = muscle layer, T = tubulin, CL = cuticular layer, ML 

= median layer, HL = basal layer, H = hypodermal. 
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Fig. 3.3. Electron micrographs of somatic muscle cells of femaIe B. pahangi. Sections 

were immunostained with anti-B. pahangi MAb P3D followed by incubation with 

Protein A linked with 20 nm colloidal gold. Gold particles indicate the distribution of 

~-tubulin in the fibrillar muscle cells of the body wall of B. pahangi. The experimental 

protocol is similar to that explained in the legand of fig. 3.2. 

Magnification: 65 880. 

BL = basal layer; H = hypodermis; FMC = fibrillar muscle cells. 
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Fig. 3.4. Electron micrographs of somatic muscle cells offemale B. pahangi. Sections 

were immunostained with anti-B. pahangi MAb P3D. Gold particles indicate the 

distribution of p-tubulin in the fibrillar portion and afibrillar portions of body wall of 

B. pahangi. Details of the assay are given in the Materials and Methods section. 

Magnification: x 56 160. 

FMC = fibrillar muscle cells, AMe =afibrillar muscle cells. 
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Fig. 3.5. Electron micrograph of the uterus (containing embryonic microfilaraie) of 

female B. pahangi. Sections of B. pahangi were immunostained with anti-B. pahangi 

tubulin MAb P3D and followed by incubation with Protein-A linked with 20-nm 

colloidal gold particles. Gold particles are clearly seen in the sub-cuticular upfolds, eell 

nuclei and the somatie tissue of the uterus. 

Details of the assay are given in the Materials and Methods. 

Magnification: x 65 880. 

SU = subcutieular upfolds; N = nucleus, ST =somatic tissues. 
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Fig. 3.6. Electron micrograph ofhody wall (A) and somatic muscle cells (B) offemale 

B. pahangi treated with either IMDM (A) or with an irrelevant MAb (B, upper) 

followed by colloidal gold-conjugated Protein-A or with colloidal gold-conjugated 

Protein-A alone (B, lower). The non-specifie reactlOn could not be detected in the body 

wall and muscle ce Ils of B. pahangi treated with these negative controis. Details of the 

assay are given in the Materials and Methods section. 

Magnifieation: (A) upper, x 56 160, lower, x 39420; (B) x 56 160. 

CL = cortical layer; ML = median layer; BL = basal layer; FMC = fibrillar muscle cells; 

AMe = afibrillar muscle eells. 
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conjugated with colloïdal gold alone (Fig. 3.6A,B). AlI assays performed in this study 

were repeated three times and were reproducible. AlI three anti-tubulill MAbs 

produced similar results, therefore the results obtained wi th MAb P3D are shown In 

this chapter. 

DISCUSSION 

In a previous study, Tang & Prichard (1989) reported that tubulin accounts for 

2.9% of soluble protein in B. pahangi extracts. Payelle-Brogard et al. (1989) and Helm 

et al. (1989) independently reported the presence of high levels of anti-tubulin 

antibodies in sera from patients with onchocerciasis and lymphatic filariasis. 

The present study focused on identification of P-tubulin (antigen) III the sera 

and peritoneal fluid of B. pahangi infected gerbils and in the sera of B. pahangi 

infected dogs and B. malayi infected cats with anti-tubulin MAbs, using Dot-ELISA. 

AlI gerbil sera, peritoneal fluid and dog sera from B. pahangt infected animaIs reacted 

strongly with anti-tubulin MAbs The strong reactIvity of the gerbil sera, pentoneal 

fluid and dog sera may be due to the continuous release of t.ubulin from damaged or 

dead adults or circulating Mf in the sera. In my study, the gerbils infecœd with 400 

third stage larvae of B. pahangt demonstrated hlgher levels of circulating and 

peritoneal fluid antigen than cats or dogs or humans. These observations are III 

agreement with the previous study on gerbils infected with B. malaYl, in which 

parasite antigen levels correlated with the Dumbers ofthIrd stage larvae used 1.0 infect. 

the animais (Weil, 1988) 

The immunocytochemical staining method, employed III this study, using 

colloidal gold conjugated to Protein-A as a probe, seems to he a powerful tool for 

investigating intracellular antlgens in such a way that In routine immuno

cytochemicaI studies, the antibody cannot have access to it. Although the number of 

antigenic moieties mvolved in immunoreaction on the cut surface of the sections is 

supposedly small, the immunogold technique was sensitive enough to detect such 

weak reaction. 

Previously, Dick & Wright (973) demonstrated microtubule-like structures in 
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the cuticle of a non-filarial pinworm, Syphacia obvelata. In another study, Roger et al. 

(1974) reported the presence oftubulin between the hypodermis and the basal stratum 

of the cuticle. In this study, immunogold staining of female B. pahangi revealed the 

presence of J3-tubulin in the median and basal layers of cuticle, hypodermallayer, 

somatic muscle cells and developing microfilariae. 

Howell & Chen (1981) demonstrated that atypical methods ofnutrient uptake 

occur in filarial nematodes, where the nutrients are taken up transcuticularly rather 

than via the mouth and intestine. It was postulated that the intestine of the filarial 

nematodes is non-functional and that the cuticle serves as an absorptive surface. 

Therefore, it is suggested that the MTs found in the cuticle and body wall muscle of 

B. pahangi may play a morphological function or may function in intracellular 

transport or nutrition, sinee these functions are routinely performed by M'fs in the 

functional intestines of A. suum, A. galli etc. The presence of ~-tubulin as observed 

in this study, in the cuticle and somatic musculature of B. pahangi could serve as a 

source of circulating or peritoneal fluid filarial ~-tubulin. 

It is believed that a MAb P3D-based Dot-ELISA could be useful as a specifie 

and potentially practical test for deteeting active infection of B. malayi and O. 

volvulus. Detection of B. malayi tubulin with Dot-ELISA in conjuction with anti-B. 

pahangi ~-tubulin MAb P30, could he considered as a useful addition to the diagnosis 

of lymphatic filariasis, leading to improved understanding of the epidemiology of 

filariasis. 
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CONNECTING STATEMENT 

In the following chapter 4, characterization of (l and J3 tubulin from intestine, 

body wall muscle and reproductIve tract of A. suum is reported. In this chapter, 

the sensitivity of tubulins from intestine, body wall muscle and reproductive 

tract to mebendazole anthelmintic drug have been determined. Tubulin 

contents in these tissues have also been compared, to determine whether 

differential sensitivity of the intestinal, body wall muscle and reproductive tract 

tubulin to mebendazole drug was associated to differentIal density of tubulin in 

these tissues. 
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CHAPTER4 

INTERACTION OF MEBENDAZOLE-ANTHELMINTIC nRUG 

WITH TUBUI,IN FROM BODY WALL MUSCLE, INTESTINE 

AND REPRODUCTIVE TRACT OF Ascaris suum. 

INTRODUCTION 

Benzimidazole carbamates (BZs) have been introduced as fungicides (Delpi & 

Klopping, 1968), as anthelmintics (Van Den Boosche, 1982; Lacey, 1990), and as anti

tumor drugs (Attasl & Tagnon, 1975; Lacey, 1988). Several studies havp proposed that 

a possible mode of action of BZs is to bind to tubulin and promote the disassembly of 

mlcrotubules (MTs)(Friedman & Platzer, 1978;1980; Kohler & Bachmann, 1978;1981). 

Although the biologicai activity ofBZs is based on its interference with the formation 

and functioning of MTs, not a11 orgamsms or tissues are equally sensitive to BZ 

compounds. The molecular basis of selectivity of the BZs is as yet unknown. The 

selective action of BZs is likely to be a complex mixture of: (1) differential sensitivity 

of the tubulin; (2) the dynamlcs of MTs assembly and (3) pharmacokinetics. 

The curative action of mebendazole (MBZ) in animais as weIl as in hum an 

helminthiases implies selectivity with respect to host and parasite. Ultrastructural 

studies in A. suum, Trichostrongylus colubriformis and Ascaridia galle have shown 

that upon treatment oftheir respective hosts with MBZ, cytoplasmic and spindle MTs 

in ceUs of these nematodes are completely destroyed. On the other hand, MTs of the 

host cells remain unaffected CBorgers & De Nollins, 1975; Sangster et al., 1985; 

Atkinson et al., 1980). Davis & Gull (1983) studied the protofilament number in 

Ascaridia galli and Trtchostrongylus colubriformis and found that A. galli contained 

Il protofilament MTs and T. colubriformis contained Il, 12, and 14 protofilament 



1 MTs. These nematodeE lacked 13 protofilament MTs which are common among 

mammalian celIs. The authors postulated that the selectIve toxlCity of the BZs could 

be due to the differences in protofilament number found in mammals and nematodes. 

Selective toxicity of BZs to intestmal tIssues of the parasite has also bt>en 

reported. Several investigators III their ln VLVO studies reported that the degenerattve 

modifications in the absorptIve eells leadmg to the disappearance of MTs, were first 

observed in intestmal eeUs of several nematodes such as, B malaYl, L. cartnli, 

Syngamus trachea and A. suum Œorgers & De Nolhn, 1975; Franz et al., 1990a,bl 

These studies suggest that mtestinal tubulin of the nematodes is the most sensItIve 

target of the BZs attaek; and the primary rnechanisrn of action of BZs is to bllld to 

tubulin and disrupt the tubulin-MTs equilibrium. 

In vztro studies demonstrated that MBZ IS capable of bmding to purified 

mammalian brain tubulin and mhibitmg MT assembly (lreland et al., 1979; MacRae 

& Langdon, 1989; Lacey, 1990). Friedman & Platzer (1980) demonstrated that MBZ 

binds to tubulin in cytosolie extracts from A. suum embryos and the affinity of thls 

nematode tubulin towards MBZ appears to he more th an two orders of magnItude 

higher than that of bovine bram tubuhn. Kohler & Bachmann (1981 l demonstrated 

that the in vitro mcubation of the A. suum, in the presence of MBZ resulted \Il a 

complete loss of colchicine bindmg abihty of mtestmal extraets BlOchemical eVldence 

supported the identlfication of the colchicine bmdmg receptor In A suum intestInal 

extracts as on tubuhn. In a subsequent study, Barrowman et al. (1984) reported that 

all BZs and their metabohtes bmd to IIltestlllal tubuhn from A. suum The bmdlllg of 

BZs and thelrinactive metabohtes, toA. suum tubuhn was measured by the mhlbltion 

of colchicine binding by intestinal extracts of the nematode. Subsequently, Dawson et 

al. (1984) and Barrowman et al (1984) demonstrated the mhibltlOn ofpolymerlzatlOn 

of intestinal tubulin fromA. galll andA suum. AlI ofthese studies have demonstrated 

that intestine is the most sensItIve target of BZs However, the mechalllsm or the 

basis ofthis selective toxlcity has not been expla1l1ed preclsely 111 terms of dlfTerential 

drug binding, heterogeneity or content of tubulm 111 different tIssue!'> No data are 

available on the interaction ofBZs with tubulin from body wall muscle or reproductive 
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tract of A. suum. 

The first aim of this study was to determine if the tubulins in the intestine, 

body wall muscle and reproductive tract of A. suum were equally sensitive to MBZ. 

MBZ binding has been resolved mto high affinity or specifie binding and low affinity 

or non-specifie bmding and the binding constant such as K,. (binding affimty) and Bmsl 

(maximum binding at infinite ligand concentration) determined. Due to the limited 

availability of labelled MBZ, only saturation assays are reported for this ligand. The 

second aim of this study was to compare the tubulin content in the intestme, body 

wall muscle and reproductive tract of A. suum, using electron microscopy, to 

determme whether difTerences in the sensitivity of the tubulin in intestine, body wall 

muscle and reproductive tract to MBZ were related to the tubulin content. 

MATERIALS AND METROnS 

Preparation of parasite e:dract 

AdultA. suum were isolated from the intestines ofexperimentally infected pigs 

into Minimum Essential Medium (MEM) salt solution and washed with 0.025 MMES 

buffer containmg 1 mM EGTA, 0.5 mM MgS04 and 1 mM GTP. The worms were 

dissected and the intestine and reproductive tracts removed. For partial purification 

of A. suum tubulin, body wall muscle, intestine and reproductive tract was washed 

with MES buffer and homogenized separately in 10 ml of MES buffer per gram of 

tissue (1 mlllOO mg tissue). The homogenate was centrifuged at 100 000 g for 1 h at 

4°C (Chapter 2). The resultant supernatant was retained and used in binding studies. 

Mebendazole Binding assays 

The MBZ binding assays were performed as described previously (l..acey & 

Prichard, 1986; Tang & Prichard, 1989). To determine the binding constants K,. 

(binding affinity) and Bmax (maximum binding at the infinite ligand concentration), 

[3HJMBZ binding of A. suum intestine, body wall muscle or reproductive tract (total 

binding) was separated into hlgh affinity binding (HAB) and low affinity binding 

(LAB). 
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Since BZ carbamates are insoluble in water, therefore the stock concentration 

of unlabelled MBZ was prepared in pure DMSO, and the stock concentratIon of 

[3H1MBZ (Dr. Lacey, CSIRO, Austraha) was pl'epared in 20% (v/v) DMSO ln MES 

buffers. For the binding as&ay, 10 !~l of pure DMSO or 10 J..11 of 200 pM unlabclled 

MBZ were pre-incubated in two replicates with 80 J..11 of ei ther MES buffer (blank), 

intestine, body wall muscle and reproductive tract supernatants, respectIvely, for:30 

min at 37°C in Eppendorf tubes in a shaking water bath. Then 10 III of 0 12-5 ).lM 

stock 13HJMBZ were added to each tube and mcubated for a further 30 min It was 

assumed that the hlgh concentration of the unlabelled MBZ will block ail the high 

a ffi nit y receptors for MBZ. Consequently, in tubes contallling the unlabelled drug, the 

[3HJMBZ bound to the low affinity receptors while in the tubes without unlabelled 

drug, 13H]MBZ bound to both low affinity bindmg (LAB) and high affinity binding 

(HAB) receptors. Following the incubation, the assay was stopped by adding 500 ,.JI 

00 mg/ml) of animal charcoal (Fi~3her) containing 1% BSA (SIgma) to make a final 

volume of 0 6 ml. This charcoal suspension was incubated at 37°C for 10 min to absorb 

the free t3H1MBZ (Sherhne et al., 1974\. The charcoal suspension was routmcly 

prepared fresh and stirred constantly during use. The charC'oal was sedimented by 

centrifugation at 13 000 g for 5 min at room temperature. After centrifugation, 0.45 

ml of the resultant supernatant (containmg bound drug) was added to 4.5 ml diluted 

scintillant PCS (Amersham) and toluene (Fisher) IPCS/toluene = 2/1) and counted by 

liquid scintillation counter (R'ick Beta, LKB). Sorne experirnellts were carned out at 

4°C in which depolymerization ofMTs to free tubulin was promoted, experiments wert> 

performed as described above except before startmg the bmdmg as&ays, the tubulin 

samples were incubated at 4°C for 24 h. 

The raw data, corrected to dpm was transformed into prnol/mg protein The 

HAB for MBZ was calculated by subtt'acting LAB from total binding. HAB ü, the 

difference between total and LAB. The bound drug (dpm) was determined and TB and 

LAB calculated as follows: 

TB = (dpm lB - dpm1b) x 1.3 

LAB = (dpmWl - dpmub) x 1.3 
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Where dpm18 is the dpm of sample (protein) and dpm 1b is the dpm of blank 

(protein free), incubated with the labelled ligand only, dpmus and dpmub is the dpm of 

sam pIe and blank, respectively, incubated with the unlabelled and labelled ligand; and 

1.3 is the correction factor for the fraction of the assay counted (0.45 ml out of 0.6 ml 

final assay volume was counted) (Lubega & Prichard, 1991). The data were 

transformed into pmoles/mg protein as follows: 

pmole (mg proteinr1 = net dpmllproteinJ x specifie activity. 

HAB was then calculated as follows: 

HAB = TB - LAB 

Saturation ossay 

Saturation assays were carried out as described above except that the 

concentrations of r3HJMBZ were varied while the protein concentration (180 J.lg 

proteinlassay) and the unlabelled MBZ concentration remained fixed (20 pM 

MBZlassay). 

Calculation of Ka and Bmax 

K,. (binding affinity) and Bmu (maximum binding at infinite ligand 

concentration) were calculated by two computer programs EBDA and LIGA.L~D 

(Munson & Rodbard, 1980; McPherson, ] 983), as previously described by Lubega & 

Prichard (1990; 1991). EBDA was utilized to obtain initial estimates of Ka and Brna. 

and to predict the binding sites (1 site versus 2 or more sites). Then the initial 

estimates and the predicted model were fed to LIGAND to calculate final estimates 

orR. and Bmu. 

Statistical analy,is 

The binding data was analysed statistically using Student's t-t~st, to evaluate 

the significance of difference of means. 



1 Electron microscopy 

Electron microscopy was used to determine the relatIve dcnsity of tubulin in 

the intestine, body wall muscle and reproductive tract of A. suum. For ur'anyl acetate 

staining, worms were isolated as described in the preparatIOn of parasite pxtract 

section. The body wall muscle, intestine and reproductIve tract tIssues were cut lJIto 

small pieces. These fragments were Immediately fixed m 3(i( glutf'raldehyde 111 0 1 M 

sodium phosphate buffer pH 7.2 for 3 h at room temperature. After wat:hlllg wlth 

sodium phosphate butTer, the fragments were incubated wlth 27c tanmc aCld 

overnight. Samples were postfixed m l'le Osmium tetroxide for 1 h at 4"C, then 

stained with uranyl acetate for 6 h. Samples were washed and dehydrated 111 a graded 

series ofethanol for 2 h. Tissue fragments, dehydrated in ethanol, were placed 111 pure 

propylene oxide for 10 min, then in a mixture of 1:1 epon:propylene oXlde for 10 h, 2:1 

epon:propylene oXlde for 2 h, and finally m pure epon for 2 h. Then the specimen~ 

were embedded in pure epon and polymerized at 56"C for 36 h (Sheffield, 1964). 

Sections were cut on a Reichert ultramicrotome, mounted on forrnvar coated mesh 

grids, exammed and photographed in a Philips 410 TEM electron microscope (Hayat, 

1972XE.M. Centre, McGill University). 

RESULTS 

Mebenda%ole binding assays: Graphical analysis 

Due to the difficulties in getting A. suum tUDulin in pure form, the 

supematants of intestine, body wall muscle and reproductive tract obtained after 

ultra-centrifugation were used in the drug bmding 3ssays The bmd1l1g was unlform 

for protein concentrations in the range of 100·180 J.lg protem/assay for mtestme, body 

wall muscle and reproductive tract extracts. Below or above 100·180 J.lg per assay, the 

binding was atTected by protein content. The bindmg of l'!HIMBZ to the extractR of 

intestine, body wall muscle and reproductive tract of A suum was measured Total 

binding for intestinal and body wall muscle tubuhn was saturable, wlthm the 

concentration range of [3HIMBZ used. However, "!HIMBZ bmdmg to tubuhn from 

reproductive tract of A. suum was not saturable (FIg. 4.1). The results obtamed for 
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Fig. 4.1. Total binding (TB) by l3Hl:~BZ to intestine (1), body wall muscle (BWM) and 

reproductive tract (RT) of A. suum. The procedure is described in detail in Materials 

and Methods. The data was transformed into picomoles per milligram ofprotein. Each 

point is the mean and S.E.M of 3 experiments. 
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intestinal extracts, are in agreement with those reported by Kohler & Bachmann 

(981). 

There was a marked difference in binding ofMBZ to intestine (Fig. 4.2A), body 

wall muscle (Fig. 4.2B) and reproductive tract (Fig. 4.2C) of A. suum. Total binding 

was highest in intestme followed by body wall muscle and in the reproductive tract 

it was the least. The total binding of MBZ in the intestinal tissue was significantly 

different from that in body wall muscle and reproductive tract (P< 0.01). The binding 

in the body wall muscle in turn was significantly higher than that in the reproductive 

tract (P< 0.01). The LAB of the mtestme was not significantly dIfferent from body wall 

muscle, for MBZ. Howevel', m the reproductive tract, the LAB was similar to the total 

binding (Fig. 4 2A-C). The extracts of intestine showed greater high affinity binding 

then body wall muscle (Flg. 4.2D). High affinity binding in the intestine was 

significantly hlgher than that of body wall muscle (P< 0.01). In the reproductive tract 

extract the high affinity bmding of [3H1MBZ could Ilot be measured, because the 

binding was not saturable at the drug concentration used. 

Calculation of Ka and Bmax 

After correctIOn for the non-specifie binding of MBZ, the Ka and Bmax for 

intestine and body wall muscle were calculated using the computer programs EBDA 

and LIGAND. Mathematical analysls of MBZ binding for reproductive tract extract 

was not performed because the total binding in this tissue could not he resolved into 

HAB and LAB and was not saturable at €Ither 37°C or 4°C, within the range of MBZ 

concentratIOns used. 

Ka values 

There was no significant difference in the K. values between the intestine and 

body wall muscle tubulin of A. suum (Table 4.1). 

Bmax values 

The Bmax values of intestinal extract were significantly higher (P< 0.0(1) than 
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Fig. 4.2. Total binding (TB) and low affinity binding (LAB) by !,IHIMBZ to intestme 

(1) (Fig. 4.2A), body wall muscle (BWM) (Fig. 4.2B) and reproductive tract tRTJ(Flg. 

4.2C). High affinity binding (HAB) by [3H1MBZ to intestine and body wall muscle is 

shown in Fig. 4.2D. The procedure is described in detail in experimental protocol 

section. The data was transformed into Plcomoles per milligram of protein. HAB was 

determined by subtracting LAB froID TB. Each pomt is the mean and S.E.M of 3 

separate experiments. 
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those of the body wall muscle for MBZ (Table 4.1). The Emu was 24.3 t 2.2 pruoles/mg 

of intestinal tubulin and 7.8 ~ 1.2 pmoles/mg for body wall muscle tubulin. 

The Scatchard plots for HAB of intestine and body wall muscle were linear and 

had similar slope but differed ln their x-mtercepts indicating that the K" values of 

intestine and body wall muscle were slmilar but their Bmu values were different. 

These lda suggest the presence of only one type of high affinity receptor in the se 

tissues. 

Electron Microscopy 

In this study, electron microscopy has been employed to examine the density 

of MTs in various tissues of A. suum. To preserve the ultrastructure of the various 

tissues of A. suum, the worms were fixed in gluteraldehyde immediately after removal 

from the host plg, processed and examined under an electron microscope. The 

ultrastructure of A. suum intestine, body wall muscle and reproductive tract has been 

described previously In detail (Chitwood & Chitwood, 1950; Sheffield, 1964; Bird, 

1980). 

A. suum has a strrught intestme which is attached to the body wall at the 

mouth and rectum but It lies free throughout the l'est of the body. The overall 

structure of the intestine 15 shown ID Fig. 4.3A. The non-muscular walls of the 

intestme are composed of a single layer of columnar epithelial ceUs supported by a 

basement membrane. The nucleus is situated in the basal portIOn of the epithelial celI 

and large amount of glycogen and endoplasmlc reticulum are also present in this area. 

Mitochondna are dlstributed throughout the cell. They are Most abundant in the 

apical end of the cell just below the terminal web and are few in number in the areas 

basal to the nucleus. At hlgh magmfication, the MTs are observed throughout the 

cells, large amounts of MTs were found m the vicmity of the nucleus (Fig. 4.3B) and 

a180 near the basal region of the epithehal cell (Fig 4.3.C). The intestine of A. suum 

is a simple tissue in which the abundent MTs appear to be involved in the cytoskeletal 

proce~ses of shape determ,nation and secretion (Kohler & Bachman, 1981). 

The body wall muscle consists of cuticle, hypodermallayer and somatic muscle 
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Table 4.1. K.. and Bml11 derived by saturation study from total bmdmg for lIltestine and 

body wall muscle of A. suum. 080 p,g protein per assay). 

Drug Tissue K* a 

(pmoUrng protein) 

MBZ Intestine 10.8 ± 2.3 24.3 :t 2.2" 

Body wall muscle 9.8 ± 3.0 7.8 :t 1.2 

* = Mean of 3 experiments :t S.E.M. 

a = Bmax intestine greater than Bmnx body wall muscle, P< 0.01. 
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Fig. 4.3A. Electron micrograph of female A. suum intestinal epithelial cells stained 

with uranyl acetate. 

mv = microvilli, bm = basement membrane, n = nucleus, v = vacuole, m = 
mitochondria. 

Magnification: x 1323. 
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Fig.4.3B. Electron micrograph of perinuclear region of female A. suum intestinal 

epithelial cell stained with uranyl acetate. Note the large amount of MTs in the 

vicinity of nucleus. 

MTs are arrowed; m = mitochondria, v = vacuole, 

Magnification: x 65 880. 
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Fig. 4.3C. Electron micrograph ofbasal region of female A. suum intestinal ep;thelial 

cell stained with uranyl acetate. Note numerous MTs adjacent to mitochondrla. 

MTs are arrowed; m = mitochondria, v = vacuole, g = glycogen. 
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cells (Fig. 4.4A). The cuticle of A. suum is a complex extracellular structure composed 

of proteins with trace amounts of hpid and carbohydrate (Bird, 1980). The cuticle is 

divisible into nine distinct layers (not shown). The hypodermis consists ofa thin layer 

beneath the cuticle and has longitudnal thickenings protruding internally betw(.:en the 

sectors of the longitudnal muscles m the forID of bands These bands are known as the 

cords. Both cutide and hYfi\Jdermis are separated by cell membranes. The hypodermis 

is cellular in nature and contain a large diversity of protein species, glycogen, lipid 

and mitochondria (Fetterer & WaslUta, 1987). It also contams large and smaIl nuclei 

which are scattered throughout the intercordal hypodermis and the dorsal as weIl as 

the ventral cords. Underneath hypodermis lie the som~.jc muscle cells. A. suum has 

U-shaped type ofmusele cells in which the fibers extend up the side orthe cell and the 

sarcoplasm bulges into the pseudocoelom. Muscle cells are connected to each other by 

mean of cytoplasmic bridges which con tains large amounts of glycogen, mitochondria 

and the nucleus (Fig. 4.4A). At high magnification, large numbers ofMTs are clearly 

observed m the hypodermis, where they are closely associated with the mitochondria 

(Fig. 4.4B). Numerous MTs are also found in the sarcoplasmic core where they are in 

close contact with the fibrillar portion of thp somatic muscle cells (Fig. 4.4C) 

Female reproductive system mainly consists of ovary and uterus. For the 

electron microscopie study, sections of ovary were used. The ovary consists of a 

tubular sac In which germinal cells develop. This sac conslsts of an epitheliaIlayer 

and a germmal cord. The epithelium consists of a single layer of greatly elongate, 

spindle-shaped cells (Fig. 4.5A). Each of these cells is multinucleate. The ovary is 

dIvisible into two regIons: (1) The germinal region, an area of rapid àivision of 

relatively small celIs, not showmg cell boundries, rich in mitochondria, vacoules and 

glycogen and (2) the growth region, an area ofgradual increase in size of the oogonia. 

Cell borders are often difficult to distinguish at the proximal or germinal end of the 

germinal cord, but sometimes distinct and thlS region is cellular rather t.han syncytial, 

since cell boundries gradually become more apparent as the cells move down the 

gonoduct. At higher magnification, many MTs were observed in the vicinity of the 

muscle celIs (Fig. 4.5B), but the density ofMTs w~s much less, in comparison to those 
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Fig. 4.4A. Electron micrograph of female A. suum body wall stained with uranyl 

acetate. At low magnification part of the cuticle, hypodermis, somatic muscle and 

sarcoplasmic core is shown. 

n = nucleus, v = vacuole, m = mitochondria, s = sarcoplasmic core, sme = somatic 

muscle cells. 

Magnification: x 1836 
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Fig. 4.4B. Electron micrograph of female A. suum body wall muscle stamed with 

uranyl acetate. Note the concentratIon of MTs in the hypodermis of the body wall 

muscle. 

MTs are arrowed; m = mitochondria, v = vacuoles. 

Magnification: x 56 160. 
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Fig. 4.4C. Electron micrograph of female A. suum body wall muscle stamed wlth 

uranyl acetate. MTs are clearly observed in the sarcoplasffilc core near the somatlc 

muscle cells. 

MTs are arrowed; sme = somatie muscle eeUs, m = mttochondria, v = vacuole. 

Magnification: x 56 160. 
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Fig. 4.5A. Electron micrograph of a cross-section through the ovary of A. suum. This 

figure illustrates various degrees of cunstnctions of cytoplasmlc bridges between 

oocytes and rachis. 

mc = muscle cells, v = vacuole, 0 = oocytes, r = rachis or cytoplasmic network. 

Magnification: x 1323. 
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Fig. 4.5B. Electron micrograph of A. suum ovary. Note the numerous MTs in the 

afibnllar portion of the muscle cells. 

MTs are arrowed; m = mttochondria, er = endoplasmic reticulum. 

Magnification: x 56 160. 
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found in the intestine and body wall muscle. A small number of MTs wert\ also found 

in the cytoplasmic bridges (Fig. 4.5C), where they provide physi('al support for th{\ 

oocytes. 

DISCUSSION 

BZs are a broad spectrum anthelmmtic, which are active agamst a wide vanety 

oflarval and adult helminths (Lacey, 199OJ. Several mechamsms have been propobl'd 

for the action of BZs m adult nematodes (1) mterference Wlth glucose uptake (Van 

Den Boosche & De Nollins, 19731; lIlhibitlOTI of fumarate reductase <Prichard, 197~JI 

and disruptlOn of cytoplasmic MTs III Intestmal cells (Borgers pt al, 19751 In 

nematodes intestinal tubuhnlMT system appears to be ofpartIcular Importance III thls 

respect since one of the pnmary morphologIcal changes obser\'ed, after MHZ treatmt'nt 

ofhost was the disappearance of the mtestInal MTs of A suum tBorgPI' ct al , 19751 

Several studies have demonstrated the direct mteractlOTl of MBZ W1th tubuhn 

obtained from intestme of A. suum ln vltra (Fnedman & Platzer, 19RO; Kohler & 

Bachmann, 1981; Barrowman et al , 1984) However, no data on the mteractlOn ofBZs 

to other tissues of A. suum were aV311able Therefore, the mm of thls study was to 

determine the mteractlOn of MBZ Wlth the tubulin from body wall mw.c1p, 

reproductIve tract and mtestllle, and detenmne if the other tissues of A suum wert' 

equally sensItive to the MBZ attack, and also to determlIle if the selectIve sensltlvlty 

of a particular tissue IS assocIated wlth tubulin content m that tissue 

The data from this study demonstrates that there are marked dltrerence~ III 

the total bindmg of MBZ to the tubulin from IntestIne, body wall muscle and 

reproductive tract extracts of A. suum. Intestim~, body wall muscle and reproductIve 

tract extracts also mITer III levels of HAB; more MBZ was bound by Intestine than 

body wall muscle. However, In reproductIve tract, HAB was not detectable Mter 

correction for non-specifie bindmg of hgand in the total lIgand binmng, by the 

computer program LIGAND, the results indlcated that the Bm ... of MBZ for the tubuhn 

of A. suum intestine (24.3 ± 2.2 pmoles/mg protein) was about three fold hlgher than 

for that ofbody wall muscle (7.8 ± 1.2 pmoles/mg protein). The binm' Ig affimty ofMBZ 
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Fig. 4.5C. Electron micrograph of A. suum ovary. Note that only few MTs are 

observed in the cytoplasmic bridge. 

MTs are arrowed; m = mitochondria, v = vacuole. 

Magnification: x 56 160. 
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to intestinal tubulin 00.8:!: 2.3 x lOb) was similar that to body wall muscle (9.8 ± 3.0 

x 106
). These data suggest that tubulin from intestine binds more MBZ than does 

tubulin from body wall muscle, however, the MBZ binding occurs with the same 

affinity to the intestin,J and body wall muscle tubulin. The greater extent ofbinding 

ofMBZ to mtestme compared Wlth body wall muscle and reproductive tract may make 

mtestine more susceptible to rusruption by tubuhn binding drugs than the other 

tissues. However, the pharmacokmetIc difTerences may also play a role in the selective 

toxicity of MBZ to tubulm 

LAB was slmilar in the mtestine and body wall muscle. At the concentratiops 

of MBZ used, aIl of the bmding in the reproductive tract was LAB, and the binding 

contstants such as K,. and Bmax were not calculated for reproductive tract. For 

intestinal tubulin, the data are consistent with several in vztro ultrastructural studies 

(Borgers et al., 1975; Atkinson et ai., 1980) which suggest that intestine is more 

susceptible to MBZ than are the body wall muscle or reproductive tract. 

Tubulin content have been shown to vary in different organisms and even 

within the difl'erent tissues of the same organism. Vertebrate brain is rich in tubulin 

WhlCh constItutes 42r:i of the soluble protein (Sullivan, 1988). However in nematodes, 

tubulin content is very low. Tubulin from N brasillensls was estimated to be 

approXlmately 0025% of the soluble protem (Tang & Prichard, 1988) and about 3% 

in B. malayi and R. pahangz (Tang & Prichard, 1989). There is no umversal method 

for quantIficatIOn oftubulm for all organisms and tIssues. Dependingon the organism, 

dlfferent investlgators have used dIfferent methods to quantify tubulin, such as 

colchicine bmdmg assays, SDS-PAGE, densitometry, radioimmunoassays or ELISA 

(Lacey 1988; Tang & Prichard, 1989). Lubega & Prichard (1991) using BZs binding 

and SDS-PAGE followed by Western blotting, demonstrated a reduction in high 

affinity binding per milligram protem from egg through larva to adult Haemonchus 

con tortus. The authors suggested that this decrease may be due to a parallel reduction 

in tubulin content per milligram protein (Lubega & Prichard, 1991). 

In this study, electron microscopy was used to quantitatively assess the tubulin 

in various tissues of A. suum by observing microtubial presence. At high 
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magnification, electron microscopy revealed the presence ofMTs in the cross-sections 

of the intestine, body wall muscle and reproductive tract, tissues architecture did Ilot 

appear to he disrupted. Interestingly, all these tissues were found to contain very 

different density ofMTs. Intestine seemed to contain much more MT than body wall 

muscle which in turn contained more MTs than the reproductive tract. These findings 

are in agreement with the differences in the MBZ binding from hlghest 111 th(' 

intestine to less in body wall muscle to least in the reproductive tract. Therefor~. it 

is suggested that the marked differences in the MBZ bindmg to the II1testmc, body 

wall muscle and reproductive tract could be due to the dlfferences in the tubulm 

content of these tissues. However, MT content alone may Ilot explam the dlITerences 

in the sensitivity of these tissues to MBZ. The selective BZ hinding may also depend 

on the type(s) of tubu1in round in different tissues . 
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CONNECTING STATEMENT 

In the following chapter 5, using one and two dimensiona! S])H-PAGI~ {()!!owpd 

by Western blotting with anh-tubulin monoclonal antibodws, Il I~ demoJlstl'atpd 

that ex and /3 tubulin from intestine, body wall muscle, und reproductIve t l'act 

are different in the content, isoform numbers, electrophol'etlc mohllltlCs, 

isoelectric points and peptide maps (Chapler 5). Tt is suggestcd that dtfll>I'Pllt 

types of tubulin exist in various tissues of A. SUU/1/ and the selectIve tOXIClty or 
the MBZ to the vanous tissues could be due to eithpr the eXlstance of ddTerpnt 

tubulim; ur tv different amOUlJts of tubulin ln these tIssues. 
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CHAPTER 5 
--------------~.~---------------------------------------

IDENTIFICATION OF TUBULIN ISOFORMS IN DIFFERENT 

TISSUES OF Ascaris suum USING ANTI-TUBULIN 

MONOCLONAL ANTIBODIES 

INTRODUCTION 

Microtubules (MTs) are proteinaceous organelles which perform a wide range 

ofboth essential and specialized functions III all eukaryotes. These functions include 

the segregation of chromosomes during mitosis and meiosis; the maiDtenance of cell 

shape; cell motility, as &."1 integral part of cilia and flagella; and intracellular 

transport. The major structural component of \1Ts is the protein tubulin, a 

heterodimer composee! of (l- and j3-subunits of molecular weight of 110 kDa 

(ponstingyl et al., 1981). Both (l- and j3-subunits are expressed as a heterogenous but 

closely related family of multiple isoforms in different organisms, tissues and even 

within single cells of the same organism (Fulton & Simpson, 1976; Gozes & Littauer, 

1978; Sullivan, 1988; Birkett et al., 1985; Tang & Prichard, 1988; 1989). The 

heterogeneous population of tubulin isoforms can result from both post-translational 

modifications and differential expression of often numerous tubulin genes (Cleveland 

et al., 1980; Gard & Kil'schner, 1985; Luduena et al., 1988). Owing to the diversity 

oftubulin isoforms, it has !>Pen suggested that such differences may have implications 

for specifie microtubule functiQns (BaneIjee et al., 1990). The precise nature or role of 

n- and ~-tubulin isoforms have not yet been elucidated, although several groups have 

demonstrated that Many in VIVO functions of tubulin are to sorne extent, iscform 

specifie (Gundersen et al., 1984). Severa! chemicals such ab colchicine, vinblastine, 
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podophylotoxin, benzimidazoleb (BZs) have been shown to bind specifically to tubu1in 

and to prevent its assembly into MTs. BZs, anti-mitotic or anti ·iungal agents are 

widely used in the chemotherapy of parasitic diseases, partJcularly for nematodes. 

Spence et al. (1982) demonstrated that mebendazole (MBZ), a BZ denvative, 

severely inhibited the growth and reproductive capability ofCaenorhabdlfts e/e!?ans 

Sheir-Ness et al. (1978) and Burland et al., (1984) reported that in both Aspergtllus 

nidulans and Physarum polyeephalum, BZ reslstance resulted from alterations III the 

amino acid sequence of specifie lsoforms of ~-tubulin which presumably reducp thelr 

affinity for BZs. In similar studies, Mayet al (1985), demonstrated that BZ resistance 

was due to the elimination of a specifie ~-tubulin isoform in A. nidulans, whereas, 

Foster et al. (1987) using P. polycephalum demonstrated that BZ reslstance in mutan t 

strain of myxamoebae was due to the presence of an extra p-tubulin isoform, 

compared to the wild type stram. Woods et al. (1989) reported that BZ resistance in 

C. elegans was due to the apparant loss or altered electrophoretic moblhty of a single 

~-tubulin isoform. Borgers et al. (1975) reported that when MBZ was fed to pigs and 

turkeys infected wIth Aseans suum and Syngamus trachea, respectively, MTs in 

intestinal cells in the nematodes were lost whilst the host cells remaIlled L.naffected. 

Intestiual tubulin from adult A. suum was repo.~ed to be the most sensitIve target of 

BZ attack as lesions were observed in the intestme before any modIfications occurred 

in other tissues (Borgers & De Nollm, 1975). Davis & Gull (983) studlCd the 

protofilament number in Ascandia gaUt and T. colubriformls and !uund that A galll 

contained 11 protofilament MTs and T rolubriformis contai.led 11, 12, and 14, 

protofilament MTs. These nematodes Ipcked 13 protofilament MTs WhlCh are common 

among mammalian celIs These authors postulated that the selective toXICIty of the 

BZs for nematodes could he due to the differences in protofilament Humber round in 

mammals and nematodes. However, little is known ofthe structure, heterogeneity and 

distribution of tubuhn in the dlfTerent tIssues of nematodes. 

In this chapter, l report on the production of anti-A suum monoclonal 

antibodies. The aim of this study has been to investlgate and compalt"! the 

heterogeneity of (X- and P-tubulin in the difTerent tissues of A. suum, using tubuhn 
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specifie mr-noclonal antibodies 

MATE RIALS AND METHODS 

Preparation of antigen 
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Adult A. suum were collected from the intestines of experimentally infected 

pigs into Mimmum Essential Medium (MEM) salt solution and washed with 0.025 M 

MES huffercontaining 1 mM EGTA, 0.5 mM MgS04 and 1 mM GTP. The worms were 

dissected and the intestine and reproductive tracts removed. Intestine, reproductive 

tract and body wall muscle were washed and homogenized (with a glass homogemzer 

with a Teflon pesUe) separately in MES buffer. The extracts were centrifuged at 100 

000 g for 1 h at 4°C. After centrifugation, the supernatar~t was retained and used for 

further purification Tubulin from pig bram was prepared by 2 cycles of 

polymerization-depolymerizatlOn, according to the method of Shelanski et al., (1973). 

A. suum tubulin from mtestine, reproductive tract and body wall muscle was 

partially purified using polylysine affinity chromatography (Tang & Prichard, 1989). 

Five ml of supernatant was apphed to the column and eluted sequentially with 0.025 

MMES buffer, 1% (NH4)2S04' and 5% {NH4)2S04 in MES buffer. Fractions were 

collected lor pt'otem detenmnatlOn. The protein concentration was determined by the 

method of Bradford (1976), using BSA as the standard. The first protein peak was 

eluted with MES buffer, the second with 1% (NH4)2S04' and the third with 5% 

(NH~)2S04 in MES buffer. Fractions of each peak were pooled and eoncentrated in 

Centrif10 (Amicon) at 400 g Polylysine-punfied protems were separated on SDS

PAGE, protein bands of the molecular weight corresponding to tubulin were excised, 

and the protein electro-eluted Œlectro-eluter, Bio-Rad) (Blose, 1981). Eluted tubulin 

was precipitated three times with 80% acetone at -20°C. After 5 h, the tubulin was 

dissolved in 0.125 M Tris-HCI (pH 6.8), 0.1% SDS and 1 mM EDTA, dialysed 

ovemight against this buffer at 4°C, and stored at -70°C until used. 

lmmunization and preparation of MAb P3D6 

Six week old female BALB/e miee (Charles River Canada Ine., St. Constant, 
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Québec) were injected subcutaneously at three week intervals with purified cluted A 

suum intestinal tub'l'lin (100 p.g/inJection) using equal volumes of complete Freund's 

~'djuvant for the first injection and Illcomplete adjuvant for the second mjection T'he 

third immunization with 100 llg tubuhn In PBS was admimstel'ed intrapentol1l'ally 

(i.p.). At this stage, mice were bled and serum was tested for anti-tubulm antlbodws 

by ELISA. The spleen celIs from the mouse givmg the hlghest titre were fused wlth 

the non-secreting myeloma ceU line P3-x63-Ag8.6.33 (ATCC, Rockville, MDl, as 

described by HurreJl (1982 \ Positive cultures as determmed by BLISA Wflre cloned 

twice by limlting dilution. 

In addition to MAb P3D6, anti-chlck bram MAb 356, which cross-n'acts wlth 

a-tubulins, and anti-chick brain MAb 357, WhlCh cross-reacts wlth ~-tubulins from a 

spectrum of euk', _yotic cell types, were purchased from Radiochemlcai Centre~ 

(Amersham, England) and used to confirm the ldentity of tubulins. 

Enzyme-linked immunosorbent assay (ELISA) 

The ELISA was performed as descnbed br VoIler et al (1976). Mlcrotiter plates 

(96 weIl, Falcon) were coated wün crude or polylysme- punfied tubuhn at a 

concentratIOn of 10 pg/ml in PBS. Horseradish peroxidase-labelled anb-mouse IgG or 

IgM (Bio-Can, Mississauga, Ontario) at dilutIOns of1:5 000 and 1 :20 000, respectively, 

were used. The substrate was (2.2'-azino-bis(3-ethyl'Jenzthlazohne-6-sulfolllc aCld) 

(Sigma). The plates were read on a Titertek Mulhskan plate (Flow Lab, lrvinc, 

Ayrshire, U K) at 414 nm. Hydridoma supernatant5 Wlth absorbances of aboVf~ 0.5 

were considered positIve. Normal mouse serum or culture medium ui'ed to grow 

hybridoma cells (lscoves modified Dulbecco's medium OMDM) Wlth 20% fetal calf 

serum (FCS)(Glbco), 10% NCTC 135 (Glbco) and hypoxanthme thymldme (HT) 

(Gibco» was used as a negative control. 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 

Samples were run in a Mini Protean II dual slab cell (Bio-Rad, RIchmond CA> 

using the discontinuous system of Laemmli (1970) consistmg of 4% polyacrylamide as 
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stackmg and 12% polyacrylamide as separating gel. 

lsoelectric foculJing and iwo-dimensional electrophoresis (lEF·2-D SDS .. PAGE) 

IEF' gels were prepared and run accordmg to the method or O'Farrell (1975) as 

modlfied by Chung (19B7\. IEF was performed m tube gels (1.5 x 8 cms) contaimng 

9.5 M urea (LKB) and 2% (w/v) ampholmes (LKB) (1.6% pH 4-6 and 0.4% pH 3.5-10). 

IEF was COflducted at 400 V for a period of 16 h and thcn at 800 V for 3 h. Two

dimenslOnal electrophoreslS was performed In 4',t polyacrylamide stackmg and 12% 

polyacrylamide separating gels, running at 50 V for 30 min and at 150 V for 60 mm, 

in the Mim Protean II slab celI. Ah r 2D electrophoresis, gels were either stained 

with sllver stam ~Bio-Rad), or the proteins electrophoretically transferred onto 

nitrocellulose (NC) sheets (Towbm et al., 1979) for Western blot analysis. 

lt'estern blotting 

The NC sheets were cut mto several strips containing an identical pattern of 

separated proteins. To Vlsualize protein bands, one Ne strip was stained with amido 

black while other stnps were washed in PBS and incubated in 10% newborn calf 

serum (NBCS)(Gibco) in Tns-buffer saline: 140 mM NaCI2, 50 mM Tris-HCl, pH 7.4, 

with 0.1% (v/v) Tween 20 (TBS-T) for 2 h at room temperature, to saturate the 

unoccupied protein binding sites. After washing, the stnps were incubated overnight 

at 4°C with anti-tubulin MAbs or IMDM (negatlve control). The NC strips wcre then 

washed 6 x 5 min Wlth TBS-T, immersed in peroxldase-conjugated goat anti-mouse 

IgM or IgG (BIO-Can) dlluted 1:500 with hlgh salt buffer (1 M NaCI2, 10 mM Tris-HCI 

pH 7.4,0.5% (v/v) Tween 20 (HSB-T) ,.~th 10% NBCS), and Incubated for 2 h at room 

temperature. After washing the NC strips with TBS-T for 30 min, the bound 

peroxidase was detected by substrate 4-chloro-1-naphthol (Sigma), at 3 mg/ml of 

methanollPBS, 1:5 (vollvoD, containing 0.075% of hydrogen peroxide (BIrkett et al., 

1985). 
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Limited proteolysis of tubulin 

Limited proteolysls of tubulin m gel shct.'s was pcrformed as described bv 

Cleveland et al. (1977) and modified by Chung (1987). C'J€1 pieces correspondmg to the 

tubulin were cut from the polyacrylamide gds and placed dlrectly lOto the samp\(' W(,\l 

of a second 15%: SDS-polyacrylanllde gel Gel pieces were overlayed wlth n

chymotrypsm from bovine pancreas Œoehnnger, Mannheim). Llmlted proteolysis of 

tubulin proceeded directly ln the stacking gel during the subsequent electrophorcsu; 

SDS-PAGE was performed at 50 V until bromophenol blue dye rL>ached thl' bottom of 

the stacking gel and then increased to 150 V for the remdmder of the eiectrophoresis 

Mter SDS-PAGE, the dIgested peptides were either stamed with silvcr stam or 

transferred onto Ne sheets in the same way as described for the Western hlot analysis 

and immunostained elther wIth anti-A. suum tubuhn MAbs or antl-chlck tubulin MAb 

356 and 357. 

RESULTS 

Preparation of aniigen 

After centrifugation, the supernatant of adult A. suum intestme was 

fractionated on a polylysme agarose column. Several fractions were obtamed from the 

polylysine chromatography The protem content of each fraction was determmed and 

it was observed that the elution profile consisted of three dIstinct peaks as reported 

in chapter 2. 

The protein samples of pooled fractIOns from polylysme column were subjected 

to SDS-PAGE. The results showed that the first and second peaks coniamed httle If, 

any tubulin. However, the third peak was ennched with tubuhn, as detected by 

Western blotting with commerCIal antl-tubulin MAbs (tubuhn could not be detected 

in the tirst and second protein peaks)(see FIg. 2.2) ThIrd peak protems were 

concentrated and then subJected to SDS-PAGE, respectIvely. The tubulin band wal> 

cut out of the SDS-gel and subJected to electro-elution for further purification whlch 

resulted in a single tubulin band. 
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Monoclonal antibodies 

Fort y MAbs were obtained against Ascaris tubulin, aH of them were of IgG 

isotype. Twenty five MAbs recognized tubulin as weIl as other high and low molecular 

weight protems m Western blots, whereas the remaimng fifteen were strictly specifie 

for tubulin. In this chapter the characterization of one tubulin speclfic MAb P3D6 lS 

described, as all other tubulin specifie MAbs gave very similar results. MAb P3D6 

eross-reacted with the intestinal, body wall muscle and reproductive tract tubulins, 

bnt it dld not cross-reaet wIth mammahan tubulin 

Specificity of MAbs 356, 357 and P3D6 

Analysis of amido black stained blots revealed that erude extract of VE- W'lS 

tissues of A. suum contained mar,y bands in the tubulin region (110t shown) Tubulin 

from A. suum intestine, reproductIve tract and body wall muscle separated into three 

bands, designated a, ~I' and ~2' Antl-A. suum tubulin MAb P3D6 recognized 

specifically J31-tubulin band from the three tissues ofA. suum. No cross-reactivIty was 

detected with plg brain tubulin (Fig. 5.1A). The anti-chick brain ~-tubulill MAb 357 

reacted strongly with the major ~I- as weil as the mmor J3z-tubulin in aIl tissues of A. 

SUU17l (Fig. 5.1B). The width and intensity of J3,- and J32- were visually slmilar in aIl 

tissues From the Wldth and intensity of the SDS-PAGE bands il '(\uld appear that 

J3-tubulin is twice as abundant as a-tubulin 111 A. Slium. The intestine seems to have 

the hlghest amount of tubuhn and reproductive tract the least. Moreover, the anti

chick bram a-tubulin MAb 356 recogmzed a-tubulin from the three tissues ofA. suum 

and it also cros..,-reactf'd with mammalian tubuhn (Fig. 5.1C). 

Identification of tubulin isofonns 

Anti-A. suum tubuhn MAb P3D6 and anti-chick brain tubulin MAbs 356 and 357 

were used to characterize the n- and J3-tubulin isoforms in the thre~ tissues of adult 

A. suum. Cross-reactive anh-c~1.ick J3-tubulin MAb 357 recognized an isoform pattern 

which difTered with tissue type and from that recognized by anti-A. suum ~-tubulin 

MAbs. Anti-A. suum J3-tubulin MAb P3D6 and commercial anti-chick l3-tubulin MAb 
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Fig. 5.1. Tubulin bands, visualised from total proten:. extracts of, plg bram (Lane l J, 

A. suum body wall muscle (Lane 2), Intestine (Lane 3) and reproductive tract (Lune 

4), by immunostaimng W1th anti-A suum ~·tuiJulin MAb P3D6 (panel Al. antl-chlck 

brain ~-tubulin MAb 357 (panel Bl and Wlth antl-chlck <x-tubulin MAb :356 (panel Cl. 

Prior to staining, extracts were electrophoresed on 12~'l SDS-polyacrylamlde gels 

followed by transblotting onto Ne. Twenty fi"e llg of each protein were loaded per 

lane. 
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357 recognized different isoform patterns fI 'lm A suum reproductIvp tract and hody 

wall muscle. MAb P3D6 recogmzed two l3-tubuhn lsoforms ln thl' mtpstllw (FIg fl 2 '. 

one in the reproductIve tract, and OIll' ll1 the body wall muscle pxtracb of A SUlifII 

l\fAb 357 recogl1lzed two l3-tubulm lsoforms 1Il the mtestme, two 111 tht> n:producllw 

tract, and two to three 111 the body wall muscle AntI-c~'l1ck brull1 MAb :lfl6, 1"l'('()1!111ZPd 

one a-tl.lbulin isoform 111 the lI1testme, two lI1 reproductIvP tract. and f()UJ' 1.0 fivp 

isoforms ln the body wall muscle of A. suum 1'0 det.ermllw whcthpf th(\ li-tuhlllm 

isoforms obscrved wIth MAb 357 correspond to one of the ~-tubulll1 SP()t~ Oh!o.l'I'\'l'd 

with the MAh P3D6, SDS-polyacrylamide gels contammg mtestJl1al, fPproductlvP lraet 

or body wall muscle extract were prob<,d Wlth a mlxture of MAb :~57 and MAb p:m6 

It was observed that the lsoforms recognized by MAb 357 dld not corr!'spond to thl' 

isoforms observed with MAb P:3D6 (Ilot shown) l3-tubuhn I::>oforms W(,I'l' 111 thl' pH 

range of 5.0-5 4 whereas o.-tubuhn I;"oform~ were In the pH range of <1 9-5 6 The 

same isoform pattern was found m samples prepar~d In the presence or abSenCl\ of 

protease mhlbItor phcnyl methyl sulfony! fluonde (PMSF). 

Interaction of MAb P3D6 with tubu/in proteolytic fragments 

In order to locahze the at1tlbody eplt(\pes on tubulm fragments, \Vestern hlottmg 

experiments using antl-o:- and ~-tuhuhn specIfie MAbs, followll1g hm) tpd prou~oly~l" 

of tubuhn Wlth chymotrypE.ll1, were performed Western blot analysl~ of tubull/) 

peptIdes showed that after chymotrypslll digestIOn ofmtestmal tubuhn, anll-As('(Jll.'l 

MAb P3D6 reacted wüh large 13-tubuhn peptide fragm!'llts of :35, :W and ~,1 kDa (Fig 

5.3, panel A, lane 1). In the reproductIve tract thiS MAb recogmzed a li-tubulm 

fragment of 35 kDa (\ane 2) However, thu; ~Ah dld not react Wlth hody wall mu~cll' 

chymotryptic peptides, and reacted only wIth undigestèd tubullll (Jane :~-4) 

With the intestmal tubuhn, MAb 35ï r~acted wIth the largp ~-tubuhn fragments 

of 35 and 24 kDa (FIg. 53, panel B, lane 1) However, III the reproductIve tract and 

bùdy wall muscle peptides, the same :\1Ab reacted only wlth undlg('sted tubulm It dld 

not recognize any chymotrypsm-dlgestfi'd peptides (lane 2-5) Antl-chlck n-tubulm MAb 

356 reacted with the large a-tubulin fragments of 30 and 24 kDa [rom mtestmal 
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Fig. 5.2. Western blot analysls of A suum mtestInal, reproductive tract, and body 

wall muscle homogenate, after 2-mmenslOnal SDS-PAGE. The gels were transblotted 

onto nItrocellulose sheets and Immunostamed Wlth antI-Ascarts ~ tubulin MAb P3D6, 

antl-chlck ~ tubulm MAb 357 and antl-chlck a tubuhn MAb 356. Thlrty five ).lg of 

each protem was loaded per tube gel 

R. Tract = Reproductory Tract, B W. Muscle = Body wall muscle. 
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tubulin (Fig. 5.3, panel C. lane 1) but only the 30 kDa fragment of reproductive tract 

and body wall muscle tubulins (lane 2-3). 

DISCUSSION 

In this chapter, anti-A. suum ~-tubulin MAb and commercial cross-reactive 

anti-chick brain (X- and ~-tubulin MAbs were used 10 characterize the (X- and ~-tubulin 

recovered from intestine, reproductive tract and body wall muscle of adultA. suum. 

One dimensional gel analysis of patterns of A. suum intestine, reproductive 

tract and body wall tissues revealed that the relative mobilities of the tubulin 

subunits were consistent wIth the relative molecular size with a-tubulin the largest 

and ~- tubulin the smallest (Cleveland et al., 1980; Tang & Prichard, 1988). Anti-chick 

J3- tubulin MAb 357 recognized both ~1- and ~2- tubulin bands III all tissues of 4. 

suum. However, the anb-A. suum tubulin MAb P3D6 bound specifically to ~I- hlt not 

~- tubulin in the three tissuE',:) of A. suum and did not react with pig brain tubulin. 

Intestinal tubuhn of adult A. suum has been reported to he the most sensitive 

target for BZs (Borgers et al., 1975; Borgers & De Nollin, 1975). However, it is still not 

clear if the sensitivity of intestinal tubulin to BZ is due to the increased drug 

availability in the intestine or due to the differences in the amino acid sequences 

which would result in different isoform patterns. Sorne authors have postulated that 

the selective toxicIty of the BZs for nematodes is due to the differences in the 

structure of nematode tubuhns compared with mammalian tubulins (Davis & Gull, 

1983). This study has demonstrated that the number of tubulin isoforms, 

electrophoretic mobilities and patterns of expression were different among the three 

tissues of A. suum. ~-tubulin spots observed by MAb 357 in all tissues, did not 

correspond to the spots observed with MAb P3D6 in the three tissues, however, these 

lsoforms were W1thin the same pH range. It should he noted that detection oftubulin 

isoforms within similar pH range and migration pattern in all tissues does not 

necessarily mean that the (X- and J3-tubulin isoforms in one tissue are the same as 

those found in other tissues. The number and electrophoretic mobilities of ~-tubulin 

isoforms found in the intestine were distinctly different from body wall muscle or 

--~-------- ---
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Fig. 5.3. Limited proteolysis and Western blots of A. suum tubulin. The 

electrophoretically separated peptides were immunostained with anti-A. suum ~ 

tubulin MAb P3D6 (Panel A). Lane 1: digested intestinal tubulin; lane 2: digested 

reproductive tract tubulin; lane 3: undigested body wall muscle tubulin; and lane 4: 

digested body wall muscle tubulin; (Panel B) Immunostained with antl-chick ~ tubulin 

MAb 357. Lane 1: digested intestinal tubulin; lane 2: undigested reproductive tract 

tubulin; lane 3: digested reproductive tract tubulin; lane 4: undigested body wall 

muscle tubulin; and lane 5: digested body wall muscle; (Panel C) immunostained wlth 

anti-chick brain CI tubulin MAb 356. Lane 1: intestinal tubulin; lane 2: reproductive 

tract tubulin; and lane 3: body wall muscle tubulin. Twenty to thirty J.lg protem was 

loaded onto each lane. 

DI = digested intestine, DR = digested reproductive tract, UD R = undigested 

reproductive tract, DB = digested body wall muscle, UD B = undigested body wall 

muscle. 
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reproductive tract. It is of particular Importance since a number of studies (B()l'gers 

et al., 1975; Borgers & De Nollin, 1975) have suggested that intestinal tubulill lS the 

primary target ofBZs attack. The differences in the isoform patterns observed in the 

various tissues of A. suum might con tribu te to the understalldmg of the selecti ve 

toxicity of BZ anthelmintic drugs to the different tissues of A suum. Anti-A .'{UU111 

MAb demonstrated a remarkably high degree of species and isoform specIficIty. 

Limited proteolysis ofvarious tissues ofA. suum with chymotrypsin showed that 

anti-tubulill spec~fic MAbs bmd in distinct patterns to tubulin. Thesf' data eonfirm thp 

two- dimension al observations that different tubulins are found 11l difTerent tissues of 

A. suum. Proteins of the size of tubulin are generally built of several structural 

dOillains that have distinct funetions. In the case of tubulin, sueh funetlOns include 

binding of GTP and of microtubule-assocIated proteins, the assoclatton between 

monomers, dimers or protofilaments and the binding of anti-microtubule drugs. 

Nematode and isoform speCIfie anti-tubulin MAbs can :;erve to characterize the 

structure and distribution of the tubulm 'lloJeeule in the various tissues of A. suum 

In this chapter, usmg A. suum ~-tubulin specifie MAbs, 18 reported that A. 

suum eontains multiple tubulin isoforms, and that these isoforms are difTerentially 

expressed wlthin different tissues of the parasite. Furthermore, the knowledge of 

differences in tubulin isoforms from different tissues may he lm portant in determining 

their belective sensitivity to BZ attack and in lelatmg lsoform expreSSIOn t:o functIC)lls. 

The speeificity of the different f3 tubulin isoforms in A. suum hs~me may relate to 

different blOlogieal funetions for the tubulins, and mierotubules forrned from these 

tubulins, and may be related to the differential tissue sensitivity to benzimidazole 

(BZ) drugs. 
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CHA P TER 6 

GENERAL DISCUSSION 

The studies described In this thesis were undertaken to examme: (1) the 

immunological and drug binding difTerences in the tubulins from the intestine, body 

wall muscle and reproductive tract of A. suum, and (2) the immunological differences 

between the tubulins from filarial nematodes and gastrointestinal nematodes. In order 

to address these questIOns, the properties of tubulins from a filarial nematode B. 

pahangi and a gastrointestinal nematode A. suum were investigated and compared. 

Tubulin, the main structural component of MTs, has particular importance in 

nematodes as MTs are targets for anthelmintic chemotherapy and also because 

nematodes present many unusual structural and biochemical feature3. It is important 

to determine the pattern of expression of the tubulin family members because 

difTerent tissues have various functions and behaviourE' .. If a protein is expressed 

differentially one might gain msight into its functions and importance in the various 

tissues in which it is found. It lS thcrefore necessary to localize the protein 'within the 

ceU, as sorting of different isoforms of a single protein type within the cell implies that 

the different isoforms have different functions. In previous studies, antibodies specifie 

for tubulin have been employed as specifie probes for the study of tubulin isoforms, 

post-translational modifications of tubulin, molecular mapping of its functional 

domains and for the study of the orientation of n- and ~-subunits of l\1Ts in a number 

of species. In order to understand better the heterogeneity and sensitivity of tubuHn 

in this nematode, my study focused on the production of MAbs to nematode tubulin 

and their use in the characterization oftubulin from the intestinal and tissue dwelling 

nematodes A. suum and B. pahangi. 
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B. pahangi 

The first set of specifie objectives of this study were to produce monoclonal 

antibodies against tubulin from the tissue nematode B pahangi and to use them t,o' 

(1) investigate the heterogeneity of tubulins from nematodes and mammals; (21 to 

determine their effects on the viability of adult B. pahangl; (3) to localizp ~-tubulm 

in adult R. pahangi; and (4) to detect p-tubulm in the sera and perItoneal nuid from 

infeeted gerbils and sera from infeeted humans, dûgs, and cats 

The data from my study on the filanal nematode B palzangl dernonstrate that 

tubulin was suecessfullY punfied by polylysine ehromatography, RDS-PAGE and 

electroelution. Five IgM and fort y mne IgG Isotype MAbs were obtained after 

immunization of miee with purified B. pahangl tubuhn Although mlCe were 

immunized with both 0:- and P-tubulins, MAbs were produced agall1st ~-tubulin only 

One dimensional SDS-PAGE followed by Western blottll1g demonstrated that aIl anti

B. pahangi tubulin MAbs recogmzed ~l tubuhn, with the tubuhn subumts helllg 

differentiated by mol~eular weight (Chapter 2) 

Anti-B. pahangi MAbs P3D and IB6, both IgG isotype were selected for more 

extensive charaeterizati r , Anti-chiek brall1 tubulin MAbs 357 was used as a positive 

control in most of t!le experiments Anti-B palzangl MAbs recogl1lzed j3-tubulin from 

a number of filarial nematodes (R. pahangl, B. malayi and D lmmltlS) and an 

intestinal nematode (H con tortus). How~ver, these MAbs did not cross-react wlth 

tubulin from pig brain, 3T3 mouse fibroblast eells or the parasltlc protozoan G. muris. 

On the other hand, anti-chiek ~.tubulin MAb 357 reactcd wlth pig bram, 3T3 mOUHe 

fibroblast and G. muris tubulms as strongJy as Il dld with filarial and other nematode 

l3-tubulins. These results mdicated that the antI-B pahangl tubuhn MAbs recognized 

epitopes that are conserved between filarial and intestmal nematode l3-tubulms, but 

are not present in protozoan and mammalian j3-tubulins However, the cross-reaetive 

anti-chick MAb 357 recogmzes an epltope that IS conserved among filarial and 

intestinal nematodes, as weIl as protozoan and mammalian l3-tubulm. The epItope of 

MAb 357 has boen localized to a region of ~-tubulin between amino acids 339-417 in 

the proteolytie fragments of pig brain tubulin (Serrano et al., 1986) (Chapter 2). 
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Several other an tl -tubul in MAbs raised against parasitic protozoa and nematodes have 

been isolawd but these h&ve been found to cross-react with tubulin from dJVerse 

species (yeast to human). Helm et al. (989) have raised MAbs against mierofilariae 

of Brugta species. Contrary to my anti·B. pahangi ~-tubulin MAbs, their MAbs cross

reacted with mammalian tubuhn. 

Diflèrent lsoforms were recognized by different anti-B. pahangi MAbs. MAb 

1B6 appears to be specIfie to one p-tubulin lsoform, whereas MAb P3D shows an 

isoform pattern sImilar to the one observed with the anti-chiek p-tubulin MAb 357. 

In addition, MAb P30 recognized an isoform pattern whlCh is sImilar to that 

reeognized by the anti-peptide polyclonal antibody raised against the 18 amino acid 

sequence of the extreme C-terminal region of B. pahangi ~-tubulin (Guénette et al., 

1991). MAb 357 and th~ anti-peptide antibody recognize two p-tubulin isoforms in B. 

pahangi extraet (Chapter 2) Whether the se isoforms are the produet of different 

tubulin genes or the result of post-translational modifications, is not known. 

Limited proteolysis of B. pahangl tubulin followed by Western blot analysis, 

demonstrated that antl-B. pahangi MAb P30 reacted with the C-terminal fragment 

of the chymotryptic and V8 protease digests. It has been suggested by Mandelkowet 

al. (1985) that the strong reactivIty wIth the C-terminal fragments could be due to the 

fact that this region lS exposed in native tubulin. MAb lB6 l'eacted with the N

terminal fragments of the chymotrypsm-digested P-tubulin. This MAb reacted only 

with the mtact tubulin, no reaction was observed with V8 protease proteolytic 

fragments. Using MAb 357, chymotrypsin or V8 protease digested proteolytic 

fragments dld not show any reaction. Yet M/Lb 357 recognized undigested P-tubulin, 

suggesting that the epitope 18 destroyed by proteolytic cleavage (Chapter 2). The 

results observed with MAb 357 are in agreement with those obtained by Mizuno et al. 

(1985), using VS protease-digested fragments of sheep brain and mung beau p-tubuhn. 

Mea~ urement of the ln vitro activity of anti-B. pahangi tubulin MAbs P30 and 

IB6 and antl·chick brain tubulir.. MAb 357 against female B. pahangi was carried out 

to determine whether anti -H. pahangi or anti -chick tubulin MAbs could independently 

affect the live adult worms. MBZ was inclu"Îed in the study to determine whether the 

• 



1 presence of MBZ drug alone or together with MAbs has a differenhal eITeet The 

results in this study demonstrated an apparent decline in motihty when thl' worms 

were cultured with anti-B. pahangi tubulin MAbs P3D and 1 B6 However, no 

notice able reduction in the motIhty was observed when the worms were trC'ated wlth 

anti-B. pahangi MAb 1A5, antI-chlck MAb 357, MBZ or IMDMIFCS medIUm without 

MAbs. The viability of the worms was assessed by MIT assay Anb-B pahangl MAbs 

P3D and 1B6 significantly reduced the viabihty of adult B. pahangl in mtro Ilowever. 

no significant reduction III the Vlability was observed when adult II. pahanf.!l wcrt' 

exposed to antI-B. pahangi lv1Ab, anb-chlck MAb 357 and/or MBZ (Chapter 21 

Filarial species are unique amougst nematodes III the different morphology 

(Franz, 1988) and increased permeability of the cuticle HoweUs & Chen (1981) 

demonstrated that atyplcal methods of nutnent uptake occur m filanal nematodes, 

where the nutrients are taken up transcuticularly rather than via the mouth and 

intestine. It was postulated that the gut of the filanal nematodes lS non-functional 

and that the cuticle serves as an absorptive surface. Adult B. pahangt has been shown 

to be able to take up glucose, ammo aClds and certam filancidal compounds through 

the cuticle (Howells & Chen 1981). The easy accessibility of the cuticle ta chemical 

agents makes it an attractive target for chemotherapy. Damage to the cutlcle could 

render the worm more permeable, but thls might upset the IOnIe balance of the 

tissues, render the parasite more vulnerable to the host's Immune responsf' and 

increase the penetration of certain anthelmmtIc drugs and chemlcalc.; (üttesen, J 987) 

Dick & Wnght (973) demonstrated rnicrotubule-hke structures In the cutlcle ofa non

filarial pin worm, SyphacLQ obvelata. Subsequently, Rogers et al. (1974) reported the 

presence of tubulin between the hypodermls and the basal stratum of the cutlcle, 

where it may serve a morphological function or may functlOn 111 intracellular transport 

or nutrition. 

It is suggested that the mechanisms by whlch the antt-B pahangl ~-tubuhn 

MAbs reduce the viability of adult worms may he due to thmr mterference with 

microtubules in the body wall muscle of B. pahangi. The antibody may mterfere with 

certain microtubule functions, but not with cellular distribution For example, 
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antibodies may block several MT-dependent motility processes, by aggregating MTs. 

The antibody may interfere wlth cellular architecture by disrupting links between 

MTs and other cytoplasmic structures. The antibody may interfere w ith microtubular 

integrity by bmding to epiwpes on the tubulin molecule which are essential for 

microtubule polymerisation or maintenance of structure. In a recent study, Draber et 

al. (1990) reported that five MAbs against N-terminal domains oftubuliu inhibited the 

assembly of tubuhn mto microtubules in vitro from porcine bram. Similarly, 

Mandelkow et al. (1985) reported that some polyclonal anti-tubulin antibodies were 

able to inhibit tubulin assembly ln Vltro. 

Reduction in the viability of adult B. pahangi worms, by antibodies raised 

against an mternal or non-surface protein is an interesting finding, but the 

mechanism by which these MAbs reach their target, is not known. The data showing 

that an internal protein can have a significant inhibitory efIect on the parasite are in 

agreement with the study ofPearce et al. (1988). The authors have demonstrated that 

the non-surface schistosome antigen paramyosin, when administered intra-dermally, 

conferred significant resistance against Schistosoma mansoni challenge infection in 

mice. Their study suggests that non-surface antigens can he protective. 

Several investigators have ralsed MAbs against different filarial nematodes 

and used them as probes for the detection of target antigens. In this study. anti-B. 

pahangi and chick brain ~-tubulin MAbs were used to detect ~-tubulin in the sera and 

peritoneal fluid of B. pahangi mfected gerbils and in the sera of B. pahangi infected 

dogs, B. malaYl infected cats by Dot-ELISA. AlI gerbil sera, peritoneal fluids and dog 

sera from B, pahcmgi infected ammals reacted strongly with anti-tubulin MAbs. The 

strong reactivity of the gerbil sera, peritoneal fluid and dog sera may he due to the 

continuous release of tubulin from the damaged or dead adults or circulating Mf. 

To localize the distnbubon of ~-tubulin in the various tissues of B. pahangi, 

immunogold electron microscopy was performed. Immunogold labelling of female B. 

pahangi revealed the presence of J3-tubulin in the median and basallayers of cuticle, 

hypodermal layer, somatic muscle cells and developing microfilariae (Chapter 3). 

Whether the MPi's serve a morphological function or whether they function in 
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intracellular transport or nutrition, as observed in the intestinal npmatodes (Atkmson 

et al., 1980), is not known. On the basis of these data it eould bp suggested that tht.' 

MTs found in the cuticle and body wall of B. pahangl may play u morphologlcal 

function or may functlOn in intracellular transport or nutntlOn, WhlCh arc routmely 

performed by MTs in the functional intestmes of A. suum. A galll etc. The preSPJlce 

of /3-tubulin in the cuticle and hypodermallayer of B. pahangz eould serve as a Rouret' 

of circulating filarial J3-tubulin. 

A. suum 

BZs are broad spectrum anthelmintic, whlch are active against a wide vanet) 

of larval and adult helminths. Several mechanism have been proposed for the actIOn 

of BZs in adult nematodes: (1) interference with glucose uptake (Van Den Boosche & 

De NlJllins, 1973); inhibition of fumarate reductase (Prichard, 1973\ and disruptlOn 

of cytoplasmic MTs in intestmal ceUs (Borgers et al., 1975) In nematodes, the 

intestinal tubulin/MT system appears to be of partIeular importance 10 thIS respect 

sinee one of the primary morphologIcal changes observed, after MBZ treatment of the 

host was the disappearance of the intestinal MTs of A suum (Borgers et al , 1975) 

Several studies have demonstrated the dIrect mterar' Jn of MBZ Wlth tubuhn 

obtained from intestine of A. suum in Ultro (Fnedman & Platzer, 1978; Kohler & 

Bachmann, 1981; Barrowman et al., 1984). However, no data on the mteraction ofBZl-> 

to other tissues of A. suum are available. Therefore, the second set of objectives of thls 

study were to explore: (1) if the tubuhns in the mtestine, body wall muscle and 

reproductive tract of A. suum were equally sensitlve to MBZ, and to detennllle the 

binding constants ~ and Bma,: (2) ta compare the tubulin content m the mtestine, 

body wall muscle and reproductIve tract to MBZ binding; and (3) to produce 

monoclonal antihodies against the intestinal tubulin of A. suum and use them to 

investigate the heterogeneIty of (X- and ~-tubulin contents, isoforms, and proteolytIc 

maps in the different tissues of A. suum. 

The data from my MBZ bindmg studies demonstrate that there are marked 

differences in the total hinding ofMBZ to the tubulin from intestine, body wall muscle 
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and reproductive tract extracts of A. suum. Intestine, body wall muscle and 

reproductive tract extracts also differ in levels of HAB; more MBZ is bound by 

mtestme rather than body wall muscle, however, in reproductive tract HAB was not 

detectable. Mter correctIOn for non-specifie bindmg of ligand in the total bmding, by 

the computer program LIGAND, the results mdicated that the binding affinlty ofMBZ 

to mtestinal tubuhn 00.8 x lO h
) was slmilar to that of body wall muscle (9.8 x 10 6

). 

The Bmu of MBZ for tubuhn of mtestme (24.3 pmoles/mg tubulin) of A suum was 

about 3 fold higher than that of body wall muscle (7.8 pmoles/mg tubuhn) (Chapter 

4). These data suggest that the receptons) for the MBZ may he similar in the intestme 

and body wall muscle (K,.). However, the concentration of the receptor(s) per milligram 

of protem (Bma,) was greater in the intestine than in the body wall muscle. In other 

words, the tubuhn from the mtestme bmds more MBZ than does the tubuhn from 

body wall muscle However, MBZ bindmg occurs with the same affinity to the 

mtestme and body wall muscle tubulin. This higher binding ratio of MBZ to tubuhn 

dimer from the intestme compared with body wall muscle and reproductive tract may 

contribute to the hlgher sensltlvity of the MTs of this tissue to the MBZ attack. 

However, the pharmacokmètlc behavlOur of the drug in the intestine may also play 

a role in this selectIve tOXIClty ofMBZ to thls tissue. LAB was similar m the mtestine 

and body wall muscle. However LAB bmding ID the reproductive tract was similar to 

that of the total binding Because MBZ bmdmg was not saturable in the reproductive 

tract, parameters such as Ka and Bmax were not calculated for this tlssue. For 

mtestmal tubuhn, the data are consistent with several in Ultro ultrastructural studies 

(Borgers et al , 1975; Atkmson et al , 1980; Franz et al , 1990a,b) whlCh suggest that 

the mtestine IS more susceptible to MBZ than are the body wall muscle or 

reproductive tract. 

Electron microscopy demonstrated that intestinal cells conta in more MTs than 

body wall muscle which in turn contain higher number ofMTs than the reproductive 

tract. The marked dlfTerences in the effects of MBZ on the various tissues could be due 

to difTerences in the tubuhn content (Chapter 4). However, tubulin content alone may 

not explain the difTerences in the sensibvity ofthese tissues to MBZ. The selective BZ 
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binding may also depend on the type(s) of tubulin found 1Il dlfferent tIssues 

Tubulin, which is the major structural component of M'rs, 18 a heterodimer 

composed of two distinct polypeptIde chains, (1 and ~ Both (1 and 13 subumts are 

expressed as heterogenous bù,. dosely related famihes ofmultlple Isdorms m dIfTl'rt'llt 

organisms, tissues and even wIthm smgle celb of the same orgal1lsm {Fulton & 

Simpson, 1976; Gozes & Ltttauer, 1978; Sulltvan, 1988, Blrkett (>( al, 19R5) The 

precise nature or role of (1- and ~-tubuhn Isoforms has not ypt bt>en elucldated, 

although several investIgators have demonstrated that many ln l'lVO funetlOns of 

tubulin are to sorne extent isoform specdie (Gundersen et al., 19R4; BanerJep & 

Luduena. 1987). 

Using A. suum ~-tubulm specifie MAbs, It IS reported that A. suum contams 

multiple tubulm isoforms and that the se lsoforms are dlfTerentmlly expressed Wlthm 

different tissues of the parasIte The knowledge of dtfTerences m tubuhn Isoforms from 

different tissues may be Important in determinmg thelr selective sensltlVlty to BZ 

attack and in relating Isoform expreSSlOn to function 

Fort y IgG lsotype MAbs were obtamed agamst intestmal ~i-tubulm of A suum 

One ofthese, anti-A suum MAb P3D6, and two commercIal cross-reaetlve anh-ctuck 

brain a-356 and J3-357 tubulm MAbs, were used to charactenze the Isoforms of (1 and 

J3 tubulin recovered from the mtestme, reproductive tract and body wall muscle of 

adult A. suum. Analysis of one dimenSIOn al gels of A suum 1I1testlllc, reproduetlVl' 

tract and body wall tIssues revealed that the relatIve mobdltIes of the tubulm 

subunits were consistent Wlth relatIve molecular Slze, o.-tubuhn belOg the Jargpst and 

~-tubulin the smallest (Clevelalld et al, 1980, Tang & Pnchard, 1988) Antl-chlck ~i

tubulin MAb 357 recogmzed both ~l- and r:>:t- tubullO bancis III ail tissues I)f A suum 

However, the anti-A. suum tubulm MAb P3D6 recogmzed specIfically ~l- but flot (lor 

~-tubulin in the three tissues of A suum MAb P3~6 IS hlghly specles-specific. It 

cross-reacts with tubulm from different tissues of A. suum but does not recogTllze 

mammalian tubulm (Chapter 5) From the width and mtensIty of a- and both ~

tubulin subumts, using SDS·PAGE followed by Western blottmg, It was observed that 

intestine has the highest amount of tubulm and reproductive tract the least ThIS 
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fincling confirms and lS ln agreement Wlth the results obtained from electron 

microscopic studles on the three tissues (Chapter 4). 

Intestinal tubulin of adultA suum has been reported to he the rnost sensitive 

target for BZs Œorgers et al , 1975; Borgers & De Nollin, 1975). However, lt is still 

not clear If the sensItivüy of intestinal tubulin to BZ is due to the increased drug 

availability In the intestine or due to the differences in the aruino acid sequences 

which would result In dIfferent isoform patterns. Sorne aùthors have postulated that 

the selectIve toxlClty of BZs for nematodes is due to the differences m the structure 

ofnematode tubulms compared Wlth marnmalian tubuhns (Davis & Gull, 1983). This 

study has shown that the number of tubulln lsoforms, electrophoretIc Llobilities and 

patterns of expression were dlfferp.nt among the three tIssues of A. suum. J3-tubulin 

isoforms detected by MAb 357 in aU tIssues, dld not correspond to the isoforms 

detected wüh MAb P3D6 ln the tIssues, however, these isoforms were within the same 

pH range It should he noted that detection of tubuhn isoforms withm simIlal' pH 

range and mIgration patterns in aIl tIssues does not necessarily mean that the 0.- and 

J3-tubulin isoforms in one tissue are the same as those found jn other tissues. The 

number and electrophoretIc mobilities ofJ3-tubuIIn isoforms found in the mtestine was 

distinctly different from body wall muscle and reproductIve tract. The differences in 

the lsoform patterns observed in the vanous tIssues of A. suum might contribute to 

the understandmg of the selective tOXlClty of BZ anthelIIuntic drugs to the different 

tissues of A. suum This IS of partIcular importance since a number of stuclies (Borgers 

et al . 1975; Borgers & De Nollin, 1975) have suggested that intestLlla1 tuhuhn is the 

primary target of BZs attack. Anti-A suum MAb dernonstrated a remarkably high 

degree of speCles and Isoform speClficlty The speclfieity of the dlfferent J3-tubulin 

lsoforms in A. suum tissue may relate to the clifferent biologie al funetions of the 

tubulins and mlcrotubules formed from these tubulins, and may he related to the 

dlfTerential tissue sensltivlty to benzimldazole (HZ) drugs. Limited proteolysis of 

various tIssues of A. suum wIth chymotrypsin showed that antl-tubulin specific MAbs 

bind in distinct patterns to tubulin. These data confirm the 2-dimenslOnal 

observations that different tubulins are found in clifferent tissues ofA. suum (Chapter 
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The following may he summarized or concluded from this study. 

1. Species-specific MAbs were raised against ~-tubulm of adult 

A. suum and B. pahangl. These MAbs recognize tubulm from a number of 

filarial and intestinal nt'mato::cs but do not recognize tubulin l'rom 

mammalian cells 

2. ~I- and ~2-tubulin peptides were recognized m body wall muscle, mtestme and 

reproductive tract of A. suum, for the first time, in the nematode usmg 

anti-chick brain MAb In B. pahangt only ~I-tubuhn is recogl1lzed by antl-B. 

pahangi tubulm MAbs. Antl-A. suum tubuhn MAb is also specIfic to 131 tubuhn 

but not to n- or ~2 III aIl tIssues of A suum mvestigated 

3. a and ~-tubulin from body wall muscle, mtestme and reproductive tract of A. 

suum are different in theIr electrophoretic mobihtIes, isoform numbers, 

isoelectric pomts and drug bmdmg abihües. DIfferential expressIOn of n- and 

~-tubulm isoforms, may lead to changes in tubulin bindmg of vanous lIgands 

~-tubulin isoforms m the intestinal extract of A suum were dIffèrent from 

those of body wall muscle, and reproductive tract, In Ilumber and 

electrophoretic mobihties. Anti-o. MAb 356 recogmzed an lsoform pattern WhICh 

is different in varlOUS tissues and different from that recogl1lzcd by antI-p MAb 

357 and P3D6, in the number of Isoforms, electrophoretIc mobdlty of vaflous 

isoforms and pH range; MAb P3D6 recogmzed an lsoform pattern whlch IS 

different in various tissues and from that recogmzed by MAb 357. Tubulin 

isoforms recognized by antl-B. pahangl MAbs differ From thosc found III A 

suum, in their electrophoretlc mobility, isoform number and pH range 

4. Differences in the electrophoretIc mobIllty and number of lsoforrns In the 

intestine may account for the sensitivity ofthis tissue to HZ attack, compareà 
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to body wall muscle, and reproductive tract. 

Limited proteolysis followed by Western blotting oftubulin from various tissues 

of A. suum showed that anti-tubulin MAbs bind in distinct patterns to 

tubulin. Limited proteolysis analysis also indicate that the antigenic sites 

recognized by anti-A. suum MAb differ from thosp. reeognized by anti-B.pahangi 

MAbs. These data are consistant with the two dimensional SDS-PAGE 

observations that different tubulins are found in various tissues of A. suum. 

1 t is possible that differenees in the (X.- and J3-tubulin peptide maps are due to 

extensive post-translational modifications or they may be the products of 

different genes. 

Different levels of specifie MBZ binding were observed for intestine, body wall 

muscle and reproductive tract tubulins. These differences could be due to the 

differences in the quantities of tubulin or the types of tubulins found in 

these tissues 

7. Anti-P-tubulin specifie MAbs P3D and lB6, significantly reduced the viability 

of adult B. pahangi, in vitro. No significant reduction was observed when the 

B. pahangi were exposed to anti-chick P-tubulin MAb 357 and/or MBZ 

8. Anti-B. pahangi tubulin MAbs were able to detect J3-tubuhn in the sera and 

peritoneal fluid from infected gerbils, sera from cats, dogs and humans 

9. Immunogold labelling of B. pahangi female with anti-B. pahangi MAbs 

revealed that p-tubulin is present in the Median and basallayers of cuticle, 

hypodermis and in the somatic muscles. l3-tubulin was also found in the 

uterine wall and the developing embryos; however, tubulin was not seen in the 

intestine of the worm. 
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In conclusion, it is believed that MAbs specific for the p-subunit of tubulm 

would allow the subcellular localization and the function of each subunit to he studied. 

Proteins of the size of tubulin are generally built of several structural domains that 

have distinct functions. In the case of tubulin, such functIons include binding of antI· 

microtubule drugs, GTP or microtubule-associated proteins and the association 

between monomers, dimers or protofilaments. Nematode-specitie anti-tubulin MAbs 

may serve to eharacterize the structure and distribution of the nematode tuhulin 

molecule, and to define microtubule stability and functional domains. 

The use of nematode specifie MAbs in antigen detection assays have 

demonstrated that they can identify individu ais with pre-patent or occult infections 

which are undetected hy classie parasitologlC tests; they give a more accurate 

indication of active infection than traditional serodiagnostic tests; they also 

circumvent the problem of specificity. MAh P3D-based Dot-ELISA could he useful as 

a specifie and potentially practical test for detectiY1g active infectIOn of B. malayi and 

O. volvulus. Detection of B. malayi tubulin with Dot-ELISA in conjuction with ant)

Brug,a p-tu..>ulin MAb P3D, could be considered as a useful addition to the diagnosis 

of lymphatic filariasis, leading to improved understanding of the epidemiology of 

filariasis. 

FUTURE DIRECTIONS 

* 

* 

* 

Anti-nematode tubulin specifie MAbs could he used as a ligand to purify p. 

tubulin subunit or p-tubulin isoforms; 

These specifie MAbs offer a tool to study the mechanisms of microtubule 

assembly and disassembly and the interactions between microtubules and other 

proteins or assembly modifying ligands; 

These specific MAbs could he used to identify the produets of cDNA expression 

libraries and at this level it would he possible to match tubulin isoforms with 

their individual genes; 
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* These MAbs can be used to investigate changes in the numbers as weIl as the 

changes in the distribution of tubulin isoforms in different developmental 

stages of various nematodes; 

* These MAbs can he used as immuno-diagnostic tools, for the detection of 

circulating antigen, which would be particularly useful in epidemiological 

surveys of lymphatic filariasis; 

* These MAbs could be used to localize the binding site of different proteins and 

assembly-modifying ligands. 
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APPENDIX 1 

Index Descriptors and Abbreviations 

ABTS 
MAbs 
ELISA 
SDS-PAGE 
MES 
EGTA 
GTP 
BSA 
MgS02 

(NH4 )2S04 
EDTA 
PBS 
IEF' 
2D 
MTs 
BZs 
MIT 
DMSO 
MBZ 
kDa 
PMSF 
Pen/Strep 
IMDM 
HT 
HAT 
FCS 
Ig 
ID 

K. 
IN 
BWM 
RT 
1 
LAB 

2,2'-AZINO-bls(3-ETHYLBENZTHIAZOLINE-6-SULFONIC ACID) 
Monoclonal antibodies 
Enzyme-linked immunosorbent assay 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
21 N -morphohno ]-ethanes ulfonic acid 

Ethyleneglycol-bis-(~-ammoethyl ether)-N,N,N',N' -tetraacetic acid 
Guanosine-5' -tri phosphate 
Bovine serum albumin 
Magnesium sulfate 
Ammonium sulfate 
Ethylenediamine tetraacetic acid 
Phosphate buffered saline 
Isoelectric focusing 

Two-dimensional 
Microtubule( s) 

Benzimidazole 
13-( 4,5 dimethy( thlazol-2-yl )-2,5-diphen), 1 tetrazolium bromide 1 

Dimethylsufoxlde 
Meber.dazole 
Kiiodalton 
Phenylmethyl sHlfonyl fluoride 
Pemcillm/streptomysin 

Iscove's modified Dulbecco's mediun 
Hypoxanthine thymidine 

Hypoxanthine aminopterin thymidine 
Fetal calf serum 
Immunoglobuli n 
One-dimensional 

Maximum BZ bmding at infinite ligand concentration 
Apparent association constant at equilibrium 
Intestine 
Body wall muscle 
Reproducti ve tract 
Intestine 
Low affini ty binding 
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HAB High affinity binding 
TB Total binding 
dpm Disintegration per minute 
ElA Enzyme immunoassay 
pmol Picomole(s) 
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