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SUMMARY

Fresh specimens of Echinoccccus granulosus, Hydatiqera

t-aeniaeformis Multiceps m_u.lticeps , Taenia hydatiqena,

Taenia pisiformis, Taenia ovis, Taenia solium and

Taeniarhynchus saginatus mere collected from natural infec¬

tions and from experimentally infected animals. Collections

mere made in the United Kingdom and in Nigeria and a feu;

specimens mere also obtained from other countries abroad*

Material from the specimens mas compared by staining,

serological techniques and enzyme electrophoresis.

Staining ova by the Ziehl-Neelsen method was not

successful in differentiating ova of any of the species

including T, saginatus and T. solium.

Serological techniques that were tried included oval

precipitation, agar gel diffusion precipitation, fluorescent

antibody, immunoelectrophoresis and the enzyme-linked

immunosorbent assay (ELISA). Strobilate, oval and, in some

instances, larval cyst antigens, were used in tests against

antisera raised in rabbits and other species. With anti-

sera that had been absorbed by one or two heterologous

antigens, some success was achieved in agar gel diffusion

precipitation tests and with ELISA in differentiating

strcbilate tissue, but serological techniques were not

generally adequate for this purpose.

Success in differentiating taeniid material was

achieved by enzyme electrophoresis on thin layer starch gels.
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Of the many enzymes tested, five mere found to display

interspecies zymogram differences in the pattern and

mobility of their multiple forms; adenylate kinase,

glutamate dehydrogenase, malate dehydrogenase, hexokinase

and glucose phosphate isomerase, of u/hich the latter tiuo

were the most useful for differentiation.

Wo differences were seen between larval and adult

material except for the presence of host enzymes in the

former which were easily identified by comparison with

host tissue extracts. Wo differences wore seen between

immature, mature and gravid proglottides and no individual

variation was seen between worm specimens. Anthelmintic

treatment did not affect worm enzyme patterns,

Taeniid species were compared with one another and

also with other tapeworm species- The mobility and pattern

of the enzyme forms in zymograms differed more between

unrelated than between related species. With glucose phos¬

phate isomerase it was possible to identify most of the

taeniid species. When this enzyme was preserved in a

solution containing enzyme stabilisers, it stored well over

a long period especially in liquid nitrogen or freeze dried

and kept at »20°C. Dilution of samples did not distort

zymogram patterns and crude extracts could be identified

using the mobility of the slowest moving band as the

criterion. This method was used successfully for a survey

in Nigeria, Identification was by comparison with a

known species. The other enzymes were useful for confirm¬

ing the diagnosis.



Strain variation betu/een E. granulosus of horse and

sheep origin was seen in specimens collected from Belgium

and different parts of the United Kingdom. Cysts from

oxen were identical to those from sheep, but indirect

comparison with cysts from Nigerian camels showed these

to be different from both the equine and ovine strains.
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CHAPTER ONE

INTRODUCTION

Tapeworms have been known as parasites of man since

ancient times. In 1500 BC the Ebers papyrus described

worms that were probably of the Taenia species, but it is

likely that prehistoric man knew of their existence before

that (Hoeppli, 1956). Cysticerci were also known to man

in ancient times, but it was not until 1760 that Pallas

recognised the association of the larval cyst and the

adult worm (foster, 1965), and the life cycles of the

various taeniid worm species were not unravelled until the

middle of the nineteenth century (Rausch, 1975; Mullsr,

1975). The significance of tapeworms, therefore, was not

at first realized.

As the life cycles became known, the public health

importance of larval cysts in meat became apparent and

this led to the condemnation cf organs or whale caresses

during meat inspection in order to prevent completion of

the parasitic life cycle. The serious consequences to

man of paras itization by some larval cestodes, together

with the severe economic loss caused by the disease in

man and animals (Schwabbe, 1969; Abduladze, 1970;

Olivier, 1974), has since led to many national efforts to

control or eradicate tapeworm diseases. As early as 1863,

Iceland, for instance, invited Krabbe from Copenhagen to

advise on hydatid disease and he instituted various

measures which eventually led to its eradication (Schwabbe,
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1969; Beard, 1973). Many other r.ountries have attempted

eradication of echinococcosis and effective national

campaigns are currently operating in New Zealand (Begg,

1961; Gemmell, 1973) and the Australian island state of

Tasmania (Meldrum & McConnell, 1968). Cyprus has since

followed this example (Polydorou, 1977).

All countries suffer economic loss resulting from

cysticercosis of livestock and, in those countries whose

economies are based to a large extent on livestock produc¬

tion, this loss may be severe. Export of meat from East

Africa to Europe, for instance, mould be uneconomic due to

the number of carcases condemned at slaughter (Kagan, 1974).

In 1968, 12c5 per cent of Australian shipments of mutton

to the U.S.A., worth $U.S.1,538,Q00, were rejected.

Between 50 and 80 per cent of these rejects were due to

Taenia ovis cysts. It was partly due to this that the U.S.

and Canadian authorities placed a total ban on mutton

imports from Australia in 1970, cutting Australia's export

of mutton by 45.2 per cent (Arundel, 1972). In New Zealand

where the economic less from organs condemned for hydatid

disease alone amounted to SN.Z.4 m (Schwabbe, 1969), the

problem of cysticercosis of sheep is also important and

their national hydatid eradication scheme has been

extended to include the compulsory treatment of dogs

against Taenia hydat,igena and Taenia ovis, as well as

Echinococcus granulosus (Gemmell, 1973; Anorn, 1976). In

the U.S.S.R., national schemes for the eradication of cysti¬

cercosis are also in force (Abduladze, 1970).
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Correct identification of the parasites concerned is

essential if epidemiological studies are to be meaningful.

At present, the identification of taeniid worms is based

on morphological characteristics of the adult and larval

stages. This is time consuming and subject to error.

Fresh approaches have therefore been made to identify the

taeniid worms by different and more reliable methods.

This thesis presents the results of this work.
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CHAPTER TWO

CLASSIFICATION 0r TAENIIP5 AND THEIR PUBLIC HEALTH

AND VETERINARY IMPORTANCE

As new species of adult and larval tapeworms were

discovered, they were given generic or specific names,

but when their life cycles were revealed, it was found

that adults and their larvae had sometimes been classified

differently. The confusion caused by this has been

perpetuated by the retention of both sets of names even

after the life cycles became known, and Pawlowski &

Schultz (1972) quite rightly objected to the continuance

of this practice and suggested the disuse of the larval

name when it differed from that of the adult.

Diversity of larval structures is common in these

species and larval morphology cannot in any case be

relied upon as a means of distinguishing the species

(Esch & Self, 1965; Uerster, 1969); nor can their host

specificity be relied upon as a distinguishing criterion,

as larvae may occasionally establish themselves in

unusual hosts (Uerster, 1969). Uerster found that most

features used to distinguish species were subject to some

variation and that species could therefore only rarely be

identified on the basis of a single feature. Using

reliable criteria based on several features of the adult

worms, she revised the taeniid worms and was able to reduce

the number of species from 70 to 30.
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Historically, the taeniid worms have been grouped

and classified under a variety of names such as Taenioidea

Zwicke, 1841; Taeniadae Baird, 1853; Taeniodea Goldberg,

1®55; Taeniadae Carus, 1863; Taeniidae Ludwig, 1886

(Abduladze, 1970).

Within the family Taeniidae the worms have been

grouped into various sub-families, genera and sub-genera

by different authorities. There has been a lot of

conflicting opinion about their generic grouping often

depending upon whether morphological differences of larvae

were considered important characteristics or not. Modern

authorities are still nnt agreed on the grouping of the

taeniid worms. fibduiadze (1970) divided the family into

two sub-families; Taeniinae Perrier, 1897, embracing all

the taeniid worms except Echinoccccus species, and

Echinococcinae. Yamaguti (1959) divided all the taeniid

worms into various genera including the genus Echinococcus.

Verster (1965a; 1969) separated the genus Echinococcus

Rudolphi, 1801, from the other taeniid worms which she

included under one genus, Taenia Linnaeus, 1758. Wardle

& McLeod (1968) included ten genera under Taeniidae, includ-

ing Echlnoooccus, Taeniarhynchus, Hydatiqera, Multiceps and

Taenia, but in 1974 (Wardle jet _al, 1974), whilst largely

accepting V/erster's revision of the Taenia species, they

reclassified the whole group by elevating Taeniidae to

ordinal status within the class of true tapeworms,

Eucestoda.



Most cf the cestodes of public health and veterinary

importance are members of the new order Taeniidea in which

they are included in only four genera; Echinococcus

Rudolphi, 1801; Multiceps Goeze, 1782; Taenia Linnaeus,

1758 and Taeniarhynchus Weinland, 1858. In addition,

and of minor importance, the genus Hydatigera Lamarck,

1815 contains Hydatigera taeniaeformis Batsch, 1786, whose

host is the cat and whose intermediate hosts are small

rodents. This worm has very rarely been found in man

(fibduladze, 1970).

The genus Echinococcus comprises at least four

species of which three ore of public health importance

because the larval stage can infect man; Echinococcus

granulosus Batsch, 1786; Echinococcus multlingularis

Leuckart, 1863 and Echinococcus oliqarthrus Diessing, 1863

(Thatcher & Sousa, 1966; Rausch, 1975). Of these three

species, E. granulosus is world wide in distribution

(Smyth & Smyth, 1964; Anon., 1967; Schwabbe, 1968),

E. multilocularis is confined to the northern hemisphere

within certain defined areas (Anon,, 1967; Rausch, 1968,

1975), being mainly a problem in arctic and sub-arctic

regions, and E. oligart-hrus is restricted to central and

northern South America (Thatcher, 1970; Rausch, 1968,

1975). E. multilocularis has a more limited host range

than E. granulosus and the two species do not share any

natural intermediate host (Rausch, 1968). Dogs and

cats may acquire infection by eating rodents and pass on

infection to man and, therefore, E.multilocularis
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attains importance as a human pathogen only when man

encroaches upon natural foci (Rauseh, 1975).

E. oliqarthrus is confined geographically to a small area

and is associated with wild animals (Leiby & Kritsky, 1972;

Rausch, 1975), although domestic cats can be readily infec¬

ted (Sousa & Thatcher, 1969).

Although infection of man by the hydatid organism of

either E. multilocularis or E. oliqarthrus is more serious

than infection by E, granulosus, because of their restricted

geographical and host distributions, these two species are

not as important as E. granulosus.

Many sub-specics of E, granulosus' have been described

such as E„ granulosus granulosus, E. granulosus canadensis,

E, granulosus borealis and E. granulosus equinus, but

Rausch (1967) considered them all, with the possible

exception of E, granulosus canadensis Cameron, 1960, to be

synonymous with E, granulosus granulosus. Likewise

Rausch found no adequate evidence to divide E«, multilocul¬

aris into sub-species and regarded populations that had

been described from different geographical areas with pecu¬

liar host ranges as exhibiting only strain differences.

It has even been suggested that the division of

Echinococcus into species is invalid (Perez Fontana, 1963).

A critical study of Taenia pisiformis, Multiceps

multiceps and Hydatiqera taeniaeformis by Esch & Self

(1965) confirmed earlier observations that these species

could not be separated generically, and suggested they be
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included in the genus Taenia,, When l/erster revised the

Taenia genus she included these three species within it

(Merster, 1969), however, Wardle _et _al (1974), on

raising Taeniidae to ordinal status, continued to divide

it into genera placing Flulticeps multiceps Leske, 1780 in

a separate genus but ambiguously included serialis

Gervais, 1847 and serialis brauni n. comb, Merster, 1969

in both Flu 1 tic eps and Taenia genera,

Fl. multiceps is of veterinary importance as it has a

dog-sheep life cycle and a wide geographical distribution,

although surprisingly it is not found in Australia (Pullar,

1946; Seddon, 1967), It may also affect other ruminants.

Fi» multjeeps is also important from the medical aspect as

coenuriasis has been recorded in man (Witenburg, 1964;

Abduladze, 1970; Wardle _et _al, 1974). Coenuriasis may

also be an important economic problem of livestock in some

parts of the world, Shumakovich (1958) reported that in

the lower Uolga area of U.S.S.R.in 1957, 39.2 per cent of

losses due to helminthiasis in sheep were caused by

coenuriasis, and other such reports of high incidence and

loss due to this disease have been recorded from other

parts of the Soviet Union (Abduladze, 1970). Coenuriasis

in man has also been caused by Fl, serialis brauni

(Abduladze, 1970; Templeton, 1968, 1971; Wardle e_t al,

1974), which was previously thought to be a separate species

from Fl. serialis (l/erster, 1969).
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The genus Taenia Linnaeus, 1758, comprises ten main

species according to Wardle ejb al_ (1974), of which several

are of public health or veterinary importance. The dog

is the host of Taenia hydatiqena Pallas, 1766, Taenia ovis

Cobbold, 1869 and Taenia pisiformis Bloch, 1780. The

larval form of T. hydatiqena, known as Cysticerc.us

tenuicollis, is found in many ruminants and has occasion¬

ally been found in man; that of T« ovis, known as

Cysticercus ovis, is found mainly in sheep and that of

T« pisiformis, known as Cysticercus pisiformis, is found

mainly in rabbits and hares (Abduladze, 1970).

One species, Taenia solium Linnaeus, 1758, parasit¬

ises man, and the larval cyst is found in the pig. Man

can also act as the intermediate as well as the definitive

host, and there are many reports in medical literature of

cy st-ic ere os is caused by this parasite. A characteristic

site of the cysts in man is believed to be the eye and

brain (Slais, 1970), although Muller (1975) states that

cysts occur in all orqans in proportion to their size. A

racemose cyst is sometimes found in cerebral cysticercosis

of man, which was at first thought, because of its shape

and size, to be a different species, Cysticercus racemosus

("Slais, 1967), Taeniarhynchus Weinland, 1858 contains

only one species, 7 aeniarhynchus saqinatus which, like

T. solium, parasitises man.' 'The larval form, Cysticercus

bovis, found in cattie, is cosmopolitan. This worm was

first described by Goetze (.1782) and named Taenia sag in at a.
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It was later assigned to a new genus by Weinland u/ho

called it Taeniarhynchus saqinatus (Stiles & Hassal, 1912)

but these names are often confused.

The classification of Wardle e_t a^l (1974) has been

adopted in this thesis.
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CHAPTER THREE

MORPHOLOGICAL PI EEERENTI ATIL'H

Some of the taeniid worms of domestic animals and

man are easily distinguished by obvious characteristics.

Thus, Echinococcus spp. are all small and have from two

to seven segments including mature and gravid segments

(Verster, 1965) and T. saqir.atus is the only worm lacking

an armed rostellum.

The larval forms of the worms also differ:

Echiriococcus spp. forming a hydatid cyst which is typic¬

ally unilocular in E. granulosus and alveolar in

E. multilocularis (Abdussalam es_t jal, 1968; Rausch, 1968);
Liultic eps, a coenurus cyst; Hydatiqera, a strobilocercus

and the rest large or small cysticerci containing only one

Scolex. Whereas these larval characteristics may be an

aid to identification, classification based on larval

morphology is unreliable because larvae may have uncharac¬

teristic forms in unusual hosts (Esch & Self, 1965;

Abdussalam ejb _al, 1968; Uerster, 1969).
In the introduction to the paper revising the taeniid

species. Uerster (1969) pointed out the deficiencies of

many of the criteria that had formerly been used to

distinguish them and concluded that differences of a single

character could not justify the creation of a separate

genus. Therefore she did not approve of the creation of

Taeniarhynchus as a separate genus, based solely on the
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absence of an armed rostellum.

Descriptions of characteristic shapes and sizes of

soft organs are often dependent upon the method of fixa¬

tion and so are unreliable. Furthermore, the shape of

some organs, such as the cirrus pouch, may vary in

different parts of the strobila. The number of branches

of the uterus is subject to variation and the number of

testes is difficult to determine due to layering because

of the thickness of the segment (Verster, 1967).

Host specificity is shown more strongly by the adult

than by the larval stages, but experimental infection of

unusual hosts has often been successful; for instance,

T. solium may become established in the golden hamster

(Gnezdilov, 1957) and in the chacma baboon (\/erste^, 1965b).

Adult worms may establish themselves in unusual hosts, but

sometimes the worm may then not reach patency: for

instance, Echinococcus granulosus has been recorded in the

cat, but in this unusual host it did not reach patency

(Rausch & Nelson, 1963). Verster concluded that host

specificity can therefore not be relied upon as a sole

means of identification.

In man, T. saqinatus can be differentiated from

T. solium by only a few features that are valid, according

to Verster (1967) and Proctor (1972). Of these, the most

reliable and easily assessed are:

1. The presence of an armed rostellum in T. solium

and its absence in T, saqinatus.
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2. "!he presence of three ovarian lobes in T« solium

and only two in T. saginatus.

3. The presence of a vaginal sphincter in

T. saginatus and its absence in T. solium.

Although ova of I, solium tend to be spherical and of

T. saginatus round, Kamalova (1953) has shcum that it is

impossible to differentiate them on measurements of the

eggs, onchospheres or embryos. When only gravid

proglottides are available, specific identification can

only be based on the presence or absence of a vaginal

sphincter. This is not easily identified and proglottides

must be carefully stained in order to recognize it.

It is partly because of inaccurate identification

that Verster (1967) considered T. solium to be probably

more common than formerly supposed, as identification of

gravid proglottides had usually been based on the number

of branches of the uterus.

Diagnostic characters for distinguishing cestnde

larvae found in man were summarized by Slais (1970), based

mostly on his own observations. He differentiated cysts

by the number of scolices, the presence or absence of hooks

and on characters of the bladder wall. These characters

depended mostly on histological examination to determine

the size of various protruberances and the presence or

absence of certain tissues. £lais pointed out that the

cyst can be extremely difficult to distinguish especially

if it is incomplete.
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In the dog, Echinccoccus species can be distinguished

easily from other mature taeniid worms by their size

(Abdussalam ejt _al, 1968). E, multilocularis can be

distinguished from E. granulosus on the basis of several

morphological characteristics (Rausch, 1968). Morpho¬

logical and physiological differences also occur within

species and this has led to the assumption that many

species and sub-species exist (Sweatman & Williams, 1963;

Williams & Sweatman, 1963; Verster, 1965a).

Although Rausch (1967) disagreed with the division

E» granulosus and E. multilocularis into sub-species,

he acknowledged that morphological and physiolngj.cal

differences occurred but preferred to assign these differ¬

ences to strain variation. These strain differences are

nevertheless important because of host preferences which

characterise each strain. E« granulosus, for instance,

is usually infective to man but a strain occurring in

Europe and the near East which has a horse-dog life cycle

may not be (Thompson & Smyth, 1976). There is also

evidence to suggest that this strain may not be infective

to sheep and that the strain having a sheep-dog life cycle

is probably not infective to horses (Williams & Sweatman,

1963; Hatch & Smyth, 1975).

The other canine taeniid worms are more difficult to

distinguish and the shape, size and number of the hooks

are the most reliable characters. In addition, a vaginal

sphincter muscle is present in T. ovis and M« serialis

but absent in T. hydatiqena and T. pisiformis. M. multiceps
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has a muscular "pad" on the anterior wall of the vagina

between the latter and the cirrus pouch. H. taeniaeforrnis

of the cat also has a vaginal sphincter (Verster, 1969).

Incorrect identification can easily result from inaccurate

measurements of the hooks or the reliance on soft organ

features. This has led to conflicting conclusions being

drawn from the results of different surveys.

In Australia it was important to establish the role

of the fox, the dingo and the dog as the definitive hosts

of worms causing cysticerccsis of meat in order to plan

control measures. In 1946, Pullar reported from a survey

of dogs and foxes in Victoria that 13.5 per cent of foxes

were infected with T. avis. He found T. ovis and

E. granulosus in dogs, but failed to provide details of

the method used in identification (Pullar, 1946).

Jackson & Arundel (1971) did a survey of dogs in Victoria

in which they found T, pislformis, T. hydatigena, T. ovis,

M. serialis and E. granulosus to be common. Diagnosis

was based on the size of the mature worm, measurements of

the length of the rostellar hooks in the anterior row, the

number of branches of the uterus, and the size of the

genital pure which, according to Hall (1919) is character¬

istically broad in T» ovis. The size of the scolex and

neck and the shape of the segments were also used to

differentiate borderline species of T. pisiformls with

hooks smaller than 210 yjm (Arundel, 1972). Dent & Kelly
(1974), using Arundel's criteria in a survey of foxes, did

not find E. granulosus or, contrary to Pullar's findings,
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T. ovis. They found T. pisif orrni^, H, serialis and also

J. hydatigena in 5.2 per cent of 5r- foxes. Coman (1973),

in another survey of Victorian foxes, found T. pisiforrnis

anc^ Wo serialis present but not T, ovis, E. granulosus or

T, hydatigena. He cast doubts on the presence of

T. hydatiqena and T. ovis in foxes as recorded in previous

reports. He quoted a further survey by Ryan (unpublished)

in which no T. ovis or T. hydatiqena had been encountered.

Diagnosis had been by hook measurement and he pointed out

that accurate hook measurement of T, hydatiqena would

place it well outside the range of measurements for

T. pisiformis and H. serialis.

Beveridge & Gregory (1976) did yet another survey

including dogs, foxes and dingoes. They found

T«. pisiformis and -serialis present in foxes,

T. pisiformis, W. serialis and T. hydatigena in dingoes and

T. ovis, T. hydatigena, M. serialis and T. pisiformis in

rural dogs. They compared different methods of identifi¬

cation, including characters of the mature proglottis, and

suggested a key based on confluency of the testes posteria

to the vitellaria, the presence or absence of a vaginal

sphincter, and the position of the cirrus sac in relation

to the osmo-regulatory vessels. They concluded that

this latter relationship was not affected by the method

of fixation although histological sections may be necessary

to see the morphology of the vagina and the cirrus sac.

Gross strobilar morphological characteristics were

described, based on the shapes of the scolex, neck and
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proglittiHes after relaxation. They found that the

length of the large rostellar hooks was reliable,

although they overlapped to some extent, but the small

hook length was unreliable except for identifying

M, serialis, which is the only worm that may have hooks

less than 100 ^um long. They confirmed that the number
of uterine branches was not a very reliable criterion on

which to base a diagnosis.
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CHAPTER FOUR

IDENTIFICATION BY OTHER METHODS

Apart from morphological examination, other ways of

distinguishing taeniid worms are limited to differential

staining techniques and serological tests,

Stainino methods
■ I T — !-■ ■!.

Capron & Rose (1962) described a staining method to

differentiate T. saqinatus and T. solium. Lichtenberg &

Lindenberg (1954) had reported the presence of an alcohol

and acid fast substance in Schistosoma mansoni eggs and

recommended the staining of stool specimens for their

easy detection. Brygoo & Randriamalala (1959) confirmed

their findings but noted staining differences between

5. mansoni and S« haematobium. Using the technique

described (Brygoo e_t _al, 1959), Capron & Rose (1962)
examined ova of several helminth species and found that

T. saqinatus ova retained the stain whereas T. solium

ova did not. The embryophoral blocks and cement

substance, but not the inner surface of the ernbryophore,
. v .

were found to be acid fact (Slais, 1970).

Serological methods

The immune response to tapeworm infestation has been

recently reviewed by Gemmell & Soulsby (1968), Terry (1968),
Dobson (1972), Gernmell & Macnamara (1972) and Gemmell &

Johnstone (1977). Most interest has centred on the

reaction of the host to somatic infection by the larval
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most important from the medico-clinical point of view and

also because a stronger humoral antibody response is

illicited to tissue, rather than to lumen dwelling

helminths. This has led to the development of a vast

range of tests and techniques directed towards the detec¬

tion of antibodies. Many reviews of these tests are in

the literature (Hiles, 1926; Giunchi, 1960; Kent, 1963;

Sorice, Castagnari & Tolu, 1966; Schiller, 1967; Terry,

1968; Kagan, 1968; Miller & Brown, 1969; Denham jet al,

1971; Fife, 1971; Capron ejt _al, 1972; Kagan, 1974;

Kagan & Norimman, 1974), These tests are useful in the

diagnosis of helminth diseases in man or in experimental

work with animals, but they are of little value in

diagnosing luminal infestations of the alimentary tract

or disease in animals. Even the more reliable tests that

are used in human medicine vary in their efficacy. The

condition of the patient, the strain of the organism, its

viability or its location may affect tests (Kagan, 1974)

and false positive or falsa negative results may be

frequent enough to render some tests of little value.

Antigen prepared from one species of cestode may have

many components in common not only with other cestode

species, but also with nematodes and trematodes (Biguet

ejt al, 1962; Capron _et al, 1968; Kagan, 1968;

Sviridenko-Stepankovskaya et_ jal, 1972). Furthermore,

mimicry by the parasite of host antigens has been

observed (Gemmell & Macnamara, 1972). In animals,
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therefore, the tests pick up only heavily infected animals

and are erratic and non-specific. Kagan (1974) found that

virtually any cattle in Kenya or Nigeria, whether infected

uiith the cystic stage of T. saqinatus or not, were posi¬

tive in serological tests at the time of slaughter,

Various forms of precipitation test, complement fixa¬

tion, bentonite flocculation, latex agglutination, indirect

immunofluorescent antibody, SAFA (soluble antigen

fluorescent antibody), Immunoelectrophoresis, counter

current electrophoresis, radioimmunoassay and enzyme-

linked immunoassay (e.g. ELISA) have been developed fox-

use in the diagnosis of cestode disease (Biagi & Tay,

1958j Castagnari & Sorice, 1971; Beltran & Gomaz-Priego,

1973; Torres et. jal, 1973; Kagan, 1974; Bout jet al, 1975;

Farag et al, 1975), Of these tests only Immunoelectrophor¬

esis as a means of diagnosing hydatid disease is truly

specific as only in this disease is one particular arc,

designated arc five, seen in the gel (Capron at al, 1970).'

All these tests use antigens that have been prepared

by different extraction methods from parasite tissues or

cyst fluid. Some tests have been described using whole

parasites as antigen. Thus, with schistosomiasis,

techniques have been described in which the egg, the

miracidium or the cercaria are used in such a way.

Parasitic tissue sections of Echinococcus protoscolicos,

or ova of taeniid worms have also been used in fluorescent

antibody tests. Although primarily designed to test sera

for antibodies, these tests using whole organisms as

antigen lend themselves to the identification of parasitic
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mater i a j.

The circum-oval precipitation test

Visible precipitation that develops around ova,

miracidia and cercaria when bathed in homologous antiserum

has been the basis of tests that have been widely used and

reported in the diagnosis of schistosomiasis in man (Kagan

& Pellegrino, 1961).

Oliver-GonzSlez (1954) first reported the phenomenon

of precipitation around the ova of 5. inansoni after incub¬

ation at 37°C in sera from infected humans and monkeys.

There uiere no cross reactions with Ascar is, hookworm,

Trichuris, Entamoeba, Paraqonlmus intestinalis or Fasciola

hep at in a infection. He considered the egg antigen to be

specific and could not demonstrate its presence in living

cr lyophilised adults or lyophilised cercariae and no

precipitation occurred if sera from mice with single sex

schistosome infections were used(Oliver-Gonzalez, 1954;

Oliver-Gonzalez et. al, 1955a, b). The test is not

entirely species specific as reactions between schistosome

species occur (Oliver-GonzSlez ert al_, 1955b; Newsome,
1958). Furthermore, Newsome found that the host origin

of both the egg and the sera used in the test determined

its success (1958). False positive results can also

occasionally occur (Oliver-GonzSiez, 1954; Newsome, 1958;

Kloetzel, 1959). It is sometimes difficult to distinguish

precipitates of an immune reaction from other blebs seen

on eggs (Anderson, 1963), and this may be the reason for
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false positive reactions. The precipitates have been

examined under the electron microscope by Sakumoto et al

(1972). They observed that these ujere often associated

with some defective portion of the egg shell.

Before Oliver-Gonzalez described the test, Chen (1950)

had examined ova and strobilocerci cf H. taeniaeformis in

the presence of immune sera. Although the strobilccerci

shrank and collapsed, he did not notice any effect on the

ova. Heyneman & Welsh (1959), working with Hymenolepis

nana, observed the effect of placing each phase of the

life cycle in immune serum. The ova agglutinated,

precipitates were formed inside the outer shell membrane,

there was withdrawal of the central membrane from the

embryophore and infectivity of the ova for mice was reduced.

The visible reactions, however, were only present in one

third of the ova and ten per cent of ova placed in normal

serum showed the same effects, except that clumping was not

seen. Weinmann (1966), using mouse antiserum, did not

confirm these results. Silverman (1955) used activated

taeniid onchospheres in a similar best and saw precipi¬

tates around the penetrating gland and enclosing membranes.

Inactivated immune sera had a lethal lytic effect after one

hour but some active and inactivated normal sera produced

the same response after three hours. Precipitates were

also seen inside the membrane of those onchospheres which

had failed to break loose and inactive onchospheres

showed a tendency to clump.
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Smyth found the embryophoral blocks of

T„ pisiformis ova aggregated _in vitro in the presence of

sera from experimentally infected animals but only if the

sera mere not inactivated. Aggregation of onchospheral

blacks in immune serum mas observed by Blundell-Hasell

(1971). Heath (1970) also investigated the effect of

complement on the immune reactions of T. pisiform.is

onchospheres when they mere being liberated from the ova.

In its presence they became paralysed and incapable of

reorganisation.

The fluorescent antibody test

This has been uiidely used for the diagnosis of

hydatid disease in human medicine. It has also been

used for diagnosing cysticercosis due to T. solium larvae

in man (Daoc e_t ail, 1972; Kagan, 1968; 1974), and

cysticercosis due to T. saginatus in cattle (tuz'eby 1

Dubra, 1970; Calamel & Soul6, 1972). Both the direct

and the indirect methods have been studied as well as a

soluble antigen fluorescent antibody test (SAFA).

Various tissues of taeniids have been used as antigen

such as sections of larvae (Vanni & Radioe, 1952; Biagi

& Pina, 1964; de Pita ejt a^L, 1965; Panaitasco, 1965;

Pozznoli e_t al, 1965; Coudert jet al, 1966, 1967; Euzeby
& Dubra, 1970; Pauluzzi, 1970; Konovalova, 1973;

Coltorti & Varela-Dxaz, 1974), sections of adult worm

(Capron jet al, 1970; Movesijan & Mladenovid, 1971; Soule

et al, 1971; Daoc e_t al, 1972; Rydzeu/ski et_ al, 1975)
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and ova (Euzeby & Dubra, 1970; Calomel & Soule, 1972;

Machnicka, 1973). Ova of Davainea proglottina and

Raillietina cesticillus were also used by Enigk &

Sticinsky (1957). Autofluorescence of some tissues,

such as the larval hooks (Uanrii & Radice, 1952; Biagi &

Pina, 1964; Panaitesco, 1965; Machnicka, 1973; Benex,

1974; Coltorti & l/arela-Dxaz, 1974) and the ova (Calamel

& Soule, 1972; Benex, 1974), is marked. In the

diagnosis of echinococcosis, it is now normal practice to

use live protoscolices as antigen and the use of germina-

tive epithelium has mors or less been abandoned due to

the physical difficulties in dealing with sections of

this tissue (Benex., 1974). Panaitesco (1965) quenched

this autofluorescence with dilutions of Lugoi's iodine and

counterstainirig with Evans blue or rhodamine has enhanced

visibility of the reaction (Biagi & Pina, 1964; Machnicka,

1973; Kagan, 1974). Working with T. saoinatus larval

sections, Euzeby & Dubra (1970) and Calamel & Soule (1972)

found false positive reactions with normal bovine serum,

which they attributed to the presence of bovine antigenic

material within the cysts. On the other hand, Biagi &

Pina (1964) used T. solium larval sections as antigen and

obtained very specific: reactions which were located in the

calcareous corpuscles from which the fluorescence emanated.

This test is one of the more sensitive ones used in the

diagnosis of human cysticercosis and echinococcosis but

suffers from the high degree of subjectivity required to

read it (Fife, 1971; Capron et. al, 1972; Kagan, 1974).
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As with the other serological teste cross reactions with

other cestocies occur (Capron at al, 1970; Euzeby & Dubra, 4

1970; Calamel & Soule, 1972; Daoc at al, 1972;

Rydzewski _et al, 1975).

Immunoelectrophoresis

Of the serological tests, Immunoelectrophoresis is

quite specific for the diagnosis of hydatidosis. This

technique was adapted for use in the study of cestodes by

Biguet jet al (1962). Capron at _a_l (1967) examined

hydatid material and noted the presence of a specific arc

designated arc five. This test has now been evaluated

(Capron at al, 1970; Quilici at al, 1971) and standard¬

ised (Guisantes at a_l, 1975).

Although sensitive and very specific in diagnosing

hydatid disease in man, it has disadvantages in relation

to the diagnosis of cestode material. It has not been

successful due to non-specificity in cysticercosis in

pigs (Morris at al, 1968) and recent work has shown that

the arc five antigen is present in T. hydatiqena cyst

fluid (Vareta-Draz at al, 1977). Even in hydatid disease

in man the arc is not seen in all sera. The preparation

of sera is extravagant, requiring lyophilisation and

concentration to a third the volume and large amounts of

antigen are required to test each sample (Kagan, 1974).

The specificity of this technique has not been improved by

electrosineresis (Torres et al, 1973).
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The basic fault with all the serological tests used

in the diagnosis of helminth disease is that the antigens

used are complex and may not be those antigens which the

host experiences. This has led to the repeated plea for

a search for the specific antigens concerned in the

stimulation of humoral immunity. This limitation does

not necessarily preclude their use for the identification

of helminth material by serological methods.

Of the recently developed techniques, the enzyme-

linked immunosorbent assay (ELISfl) is one of the most

sophisticated and sensitive, and enables quantitative

estimation of antibodies (Uoller et al_, 1976). The assay

is also easy to perform, economical in the use uf antigen

and antiserum and a safe alternative to radioimmune assay.

Bout et_ al_ (1975) and Farag et_ al (1975) have used this

technique in the diagnosis of hydatid disease in human

medicine and obtained good results, but cross reactions

have been observed between other helminths. When

purified hydatid fraction five was used there was no over -

lap in extinction values.

Enzyme electrophoresis

The technique of enzyme electrophoresis has been

widely used by clinicians and geneticists. Latterly,

parasitologists have shown increasing interest in its use

as a means of identifying species, sub-species and strains

of organisms.
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In 1957, Vessel & Beam reported the heterogeneity

of lactate dehydrogenase (1957). Similar findings were

published the same year by Wieland & Pfleiderer (1957).

They showed that different forms of this enzyme from the

same species could be separated by electrophoresis. This

led to an escalation in the study of enzyme electrophoresis

resulting in the discovery of many enzymes with multi-

molecular forms (Wilkinson, 1970).

It lias been postulated that these multiple forms

arise in several different ways. Genetic differences

account for the presence of different forms which may be

chemically very distinct or merely have slight physical

differences. Hybrids may be formed between major types.

Multiple forms of non-genetic origin may also occur due

to chemical or conformational alteration of molecules

(Cann & Goad, 1968; Kaplan, 1968; Masters & Holmes,

1975). This multiplicity of enzyme forms may have a

metabolic advantage as certain forms may be better suited

to work in particular tissue, in cellular or sub-cellular

environments (Masters & Holmes, 1974).

The name "isozyme" was originally proposed by Markert

& Miller (1959) to describe the enzyme forms, but

"isoenzyme" is now more commonly used. Terminology,

however, is being revised and it is proposed that the term

"isoenzyme" should be limited to those multiple forms

arising from genetically determined differences in

primary structure, and not to those derived by modifica¬

tion of the same primary sequence. The term "multiple
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forms of en enzyme" should be used as a general term to

cover all enzymes with the same activity and occurring

naturally in a single species (Masters & Holmes, 1975).

The enzymes present in tapeworms, including taeniids,

have been investigated by many workers,, Numerous enzymes

concerned with carbohydrates and metabolism have been

detected. Acid and alkaline phosphatase is present in

high concentrations in the tegument of tapeworms and may be

involved in glucose transport (Rogers, 1947s Fefevere, 1952;

Yamao, 1952a,b; Chowdhury, 1955; Erasmus, 1956a,b;

Kilejian e_t aJL, 1961; Lee & iatchell, 1964; Waitz &

Schardein, 1964; Arme, 1966; Rothman, 1966; Smyth,

1969; Zcfa'rska, 1973).

Read (1949) was the first to show the presence of

glycolytic enzymes and it has since been established that

enzymes involved in glycolysis (Embden-Meyerhof pathway),

oxidative decarboxylation (Krebs cycle) and the pentose-

phosphate pathway are present in tapeworms, although this

latter pathway does not appear to be very significant

(de Ley & Vercruysse, 1955; Phifer, 1956; Agosin &

Aravena, 1959, 1960; Heyneman & Voge, 1960; Rothman &

Lee, 1963; Waitz, 1963; Waitz & Schardein, 1964; von

Brand, 1966, 1974; Smyth, 1969; Bohm & Bryant, 1975a,b,c;

Cornish & Bryant, 1975).

Carbohydrate metabolism has boon studied more than

other metabolic processes, but enzymes involved in lipid

metabolism have also been reported, although parasitic

worms do not appear to be able to synthesize cholesterol.



They are able to absorb fatty acids and synthesize

glycerides (PylkkU, 1956,a,b; Schwabbe, 1959; Lee,

Rothman & Senturia, 1963; Lee & Tatchell, 1964;

Schardein & Waitz, 1965; Rothman, 1966; von Brand, 1966,

1974; Smyth, 1969; Bogdanov, 1974). Enzymes involved

in protein metabolism have also been reported (Smorodinzew

& Bbb&chine, 1936; Daugherty, 1955; Lee & Tatchell,

1964; von Brand, 1966, 1974; Smyth, 1969; Barret, 1975;

Parker & Maclnnis, 1977), Transaminases have been found

(Wertheim et_ al., 1960; Cornish & Bryant, 1975) but the

capacity for transamination is probably limited (Smyth,

1969). In addition, many other enzymes have been detected

but their roles remain uncertain. Some in the tegument

are associated with inactivation of biochemical processes

and may have a use in protecting worms from, for instance,

host proteolytic activity. It is also of interest that

adsorption of the host enzyme alpha-amylase onto the

surface of the tapeworm has been observed i_n vitro (Read,
1973; Pappas & Read, 1975).

When enzymes undergo electrophoresis, iso-enzymes and

other enzyme forms may exhibit differences in directional

mobility, the rate of mobility or in band patterns, and

thus separate from one another. Under standard conditions,

these patterns are characteristic. This has proved a very

useful tool in distinguishing genera, species, sub-species

or even strains of organisms. In parasitology, it is

often important to distinguish pathogens from non-pathogens

which may resemble one another morphologically and interest
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in biochemical classification is growing. Enzyme electro¬

phoresis has been used to distinguish trypanosomes

(Bagster & Parr, 1973; Kilgour & Godfrey, 1973; Steiger

et, al, 1974), Leishmania (Kilgour et al, 1974), PIasmodium

(Carter, 1970, 1973; Carter & McGregor, 1973; Carter &

Uollsr, 1973), Entamoeba (Reeves i Bischoff, 1968), and

ascarid worms (Zee & Zinkham, 1975).

Enzyme electrophoresis has not been used for identi¬

fying helminths. Although Zee & Zinkham found differences

between some ascarid worms, they were primarily concerned

with the diagnosis of visceral larva migrans and the

differentiation of host and parasite enzymes. The tech¬

nique of enzyme electrophoresis suggested possibilities

for the biological differentiation of cestodes. The work

recorded in this thesis concerns the use of this and other

techniques for this purpose.



MATERIALS AND METHODS
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CHAPTER FIVE

TAPEWORM MATERIAL

Tapeworm material was obtained from three sources:

Kenya, Nigeria and the United Kingdom.

a) Kenya; Material was collected and despatched by

biologists attached to the Animal Health and Industry

Training Institute, Kabete.

Taeniarhynchus gravid proglottides were collected

from dispensaries in Kenya, washed and kept in normal

saline. These specimens were despatched to Edinburgh at

fortnightly intervals. On arrival, the segments were

washed and stored in saline and antibiotics (100 U Sodium

benzylpenicillin B.P., 100 jjg streptomycin sulphate B.P.

and two to five jug amphotericin E, U.S.P. per ml) at -20°C.
Live ova were collected by dissection of segments before

freezing. Ova were washed and stored in saline and anti»-

biotics at 4°C.

b) Nigeria;

Collection methods

Material was collected by the author. Table 1 shows

the anthelmintics that were used to expel worms. Some

specimens were obtained after spontaneous expulsion or

post-mortem. Most of the material was collected live.



Tab1e1

MethodofCollectionofTapeuiormMaterialfromVorn,Nigeria
Species

Areco.line hydrobromide B.Vet.C.

Male Fern 8.P.

Mepacrine hydrochloride 8.P.

Niclosamide B.P,

Spontaneous
Post¬ mortem

Unknown

T„saginatus

-

40

1

1

4

-

1

T.solium

-

4

2

-

1

-

-

T.hydatigena

4

-

-

-

1

-

-

E.granulosus

-

-

-

-

-

4

-

Cysticercus ceilulosae

—.

mm

All

mm

Dipylidium caninum

1

mm

mm

.

Mt

Avitellina centriDunctata
—

mm

1

mm

Monieziabenedeni
—

—

—

mm

1

mm

Helictometra giardi

am

mm

.,

am

1

mm

Pyrogyniasp.

-

-

-

-

-

5

-

Raillietinasp.
—

—

—

—

—

4

—
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Human material

Wine hospitals and seven dispensaries in the Plateau

State or nearby areas were supplied with normal saline and

antibiotics (100 U Penicillin G, B.P., 100 pq dihydro-

streptomycin B.P. and 100 U Nystatin B.P. per ml).

Instructions were given to store freshly collected human

tapeworm material at 4°C or at -20°C.

Frequent visits were made to collect material as

fresh as possible. A veterinary technician was also

posted to his home village (Miango) for three days to

study faecal examination records and to examine faeces

brought in by arrangement with the local dispensary.

Positive cases were encouraged to receive free treatment

to expel tapeworms.

The number of worms collected between May and

September 1976 are given in Table 2. Specimens were

transported to the United Kingdom on ice.

Canine material

By arrangement with the V/om Veterinary Clinic,

arecoline hydrcbromide solution (15 mg arecoline hydro-

bromide B.Vet.C. and 1.5 mg saccharine sodium B.P. per ml)

was supplied for a survey on dogs presented there.

Instructions were given for dosage (3.5 mg per kg) and

purges were collected for examination. The formulation

and dosage were in accordance with the New Zealand National

Hydatids Council procedures (Thompson, 1970). Faeces were

washed through a succession of sieves down to 100 meshes



Table2

TapewormscollectedinNigeria(MaytoSeptember,1976)
Species

Mumber

Soolicespresent

T.saginatus

44worms

9

Including3multipleinfectionsof 4,4and5respectively

T.solium

7worms

2

T.hybatigena

5worms

3

.

E.granulosus

4cysts

Fromcamels

Cysticercus cellulosae

manycysts

Allfromonepig

Dipylidiumcaninum
2.worm

1

fivitellina centripunctata

1worm

1

Monieziabenedeni
1worm

1

Helictometragiardi
1worm

Pyrogyniasp.

5worms

5

Ailfromoneguineafowl

Raillietinasp.

4worms

?!11IIIIII
i



per inch and the sediment of each was placed in a black

tray and examined with a magnifying glass under a strong

light (see Tables 1 and 2).

Slauqhter house material

Collections of cysts and tapeworms were made at

V/om, Bos and Bukuru slaughter houses (see Tables 1 and 2).

Cysts were also collected at Kano slaughter house and

despatched to Uom by members of the Parasitology Department

of the Ahrnadu Bello University, Zaria.

c) Belgium

Echinococcus cysts were collected from a slaughter house

by Dr., S. Geerts of the Institute for Tropical Medicine,

Antwerp- The hydatid sand in cyst fluid was stored separ¬

ately from the germinative epithelium or the cysts were

stored whole- The material was stored at -20°C and

transported to Edinburgh on dry .ice.

d) United Kingdom
Collection of material

Worms or cysts were collected at every opportunity from

the Veterinary Field Station post-mortem room, from the Gorgie

and Glasgow abattoirs and from wild rabbits that had been shot-

Some samples were obtained from other research workers within

the United Kingdom. Adult tapeworms were also obtained from

dogs with natural infections by purging with arecoline acetarso

("Tenoban", Burroughs Wellccma & Co.*),

The various species of worms collected in the United

Kingdom can be seen in Table 3. These figures include

experimental infections.

* Full names of commercial companies and their addresses are
given in Appendix III,
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Table 3

Species of tapeworms collected .in the United Kingdom

Parasite species
Host
species

Number of
occ asions

Anaplocephala perfoliata Horse 1

Cittotaenia sp. Rabbit 1

Dipyiidium caninum Dog 2

Dipylidium caninum Cat 1

E. granulosus cysts
(5 from Belgium) Horse 8

E. granulosus cysts Ox 2

E. granulosus cysts Sheep 3

E, granulosus cysts
("sent from Kenya) Han 1

Hymenolepis dirninuta Rat 1

Moniezia expsnsa Sheep 2

T. hydatigena Dog 6

T. hydatigena cysts Sheep 4

M. multiceps Dog 2

M. multiceps cysts Sheep 3

T. ouis Dog 2

T. ovis cysts Sheep 8

T. pisiformis Dog 5

T. pisiformis cysts Rabbit 3

T. saginatus (sent from Kenya) Han 3

T. saginatus cysts Ox- 2

T. solium (sent from Nigeria) Han 1

H. taeniaeformis Cat 11

H. taeniaeformis cysts Mouse
'

26

1

Experimental infections

All animals used for experimental infections were

kept indoors on University premises and fed on dried or

tinned food. Dogs and cats u/ere dosed with bunarnidine

hydrochloride ("Scoloban", Burroughs Wellcome & Co.) at
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the recommended dose rate at least one or two days before

infection. If necessary they were also dosed against

roundworms and hookworms prior to infection. Sheep were

dosed with thiabendazole ("Thibenzole", Merck, Sharp and

Dohme Ltd.) at the recommended dose rate prior to infection.

Tapeworms were collected from definitive hosts after

dosing with arecoline acetarsol B.Vet.C. Cysts were

collected post-mortem. Details of experimental infec¬

tions are given below.

Hvdatigera taeniaeformis

Ova were obtained from Danssen Pharmaceutics, Belgium.

Laboratory bred mice and rats were dosed with a suspension

of ova in saline directly into the stomach by means of a

fine plastic tube attached to a syringe. Cysts that

developed to viability were fed to cats, and when infection

became patent, the cycle was repeated. Infections are

shown in chronological order in Table 4.

Taenia hydatigena and Multiceps multiceps

Viable cysts were obtained from sheep and fed to

dogs. Infections are shown in chronological order in

Tables 5 and 6,



Table4

Experimentalinfectionswith//,taeniaeforrnis
HostSpecies

Ageofhost (months)

No.ofeggsorcysts perhost

Periodfrominfection topatency(days)

Periodfrominfection toparasitecollection (days)

No.ofparasitesrecovered

2whiterats

6

1000eggs

—

225

Nocysts

2whiterats

6

750eggs

-

225

Nocysts

12whiterats

1

100eggs

-

225

Average4-5cystseach

Cat

6

10cysts (degenerating)

—

81

None

Cat

6

1cyst (degenerating)

—

81

None

6BrownSwissmice

1

100eggs

-

63

Average1.3livecysts

6BrownSwissmice

1

100eggs

-

80

Total3livecysts

Cat

4cysts

74

74

3gravidworms

Cat

5

4cysts+3cysts 39dayslater

—

140

Noworms

9BrownSwissmice

1

500eggs(mostly immature)

—

120

Manycysts

3BrownSwissmice

1

1000eggs(old)

-

120

Manycysts

Cat

10-20livecysts

90

Stillinfectedafter14months

Cat

5

10-20livecysts

90

Stillinfectedafter14months



Table5

ExperimentalInfectionswithT,hydatiqena
Host Species

Ageof host (months)
No.ofeggsor cystsperhost

Periodfrom infectionto patency(days)

Periodfrom infectionto parasite collection(days)
No.ofparasites recovered

Dog

c;

*4cysts

-

51

3gravidworms

Dog

5

*4cysts

-

51

1gravidworm

Dog

7

4cysts

52

151

4gravidworms

Dog

7

7cysts

74

124

5gravidworms

Dog

4

11cysts

175

—

Infectionlost after1year

*Cystskeptfor48hrat4°Cpriortodosing.



Tabla6

ExperimentalinfectionswithN.multiceps
Host Species

Ageof host (months)
No.ofeggsor cystsperhost

Periodfrom infectionto patency(days)
Periodfrom infectionto parasite collection(days)

No.ofparasites recovered

Dog

5

*3cysts (manyscolices)
119

115

370worms manygravid

Sheep

12

2000eggs 27000eggs
7dayslater

—

-

Noevidenceof infectionafter 18months

Dog

3

*1cyst (manyscolices)
63

56

2gravidworms passedspontane¬ ously.Still infectedafter 7months

*Cystskeptfor48hrat4°Cpriortodosing
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Taenia ovis

Ova were obtained from Dunedin, New Zealand, and dosed

orally to lambs. Two lambs were treated with dexamethasone

trimethylacetate ("Qpticortenol 0.5^", Ciba-Geigy A G) at

the rate of five mg per ten kg live weight twice weekly,

starting two weeks before infection with ova and continuing

up to the time of slaughter. Viable cysts obtained from

the sheep were fed to dogs. Infections are shown in

chronological order in Table 7.

Taenia pisiformis

Fresh cysts were obtained from wild rabbits that had

been shot. Infections are shown in cnrcnological order

in Table 8.

v



Table7

ExperimentalInfectionswithT.ovis

HostSpecies

AgeofHost (months)

No.ofeggsorcysts perhost

Periodfrominfection topatency(days)
Periodfrominfection toparasitecollection (days)

No.ofparasitesrecovered

Sheep(BlackFace)

12

200eggs

—

84

90dead;1livecyst

Sheep(BlackFace)

12

800eggs

■-

84

11dead;1livecyst■

Sheep(BlackFace)

12

1600eggs

-

84

144dead;1livecy«*

Sheep(BlackFace)

.12

3200eggs

-

84

133dead;Nolivecysts

Dog

5

1cyst(ruptured)

-

77

None

Sheep

6

3000eggs(old)

-

54

None

Sheep

6

1500eggs(old)

-

91

1dead1livecyst

Dog

6

1cyst

-

70

None

Sheep+(BlackFace)

10

15000eggs

-

42

Severalhundredlivecysts

Sheep+(BlackFace)

10

17000eggs

-

80

Severalhundredlivecysts

Sheep(BlackFace)

3

10000eggs

-

42

120-150cysts(approx.7'%live)

Sheep(BlackFace)

3

10000eggs

-

59

5-7cysts.Poorcondition

Dog

6

10-20cysts*

-

70

None

Dog

6

50cysts

56

-

Stillinfectedafter14months

Dog

6

7cysts

56

-

Stillinfectedafter14months

*Heldfor4daysat4°C. +Sheepreceived"Opticortenol0.5%"(Ciba-GeigyAG).



Table8

ExperimentalinfectionswithT.Pisiformis
Host Species

Ageof host (months)
No.ofeggsor cystsperhost

Periodfrom infectionto patency(days)
Periodfrom infectionto parasite collection(days)
No.ofparasites recovered

Dog

6

About60cysts

61

82

53worms

Rabbit

7

500eggs

-

147

1cyst

Dog

12

1cyst
•+19cysts 17dayslater

154

154

4gravidworms



CHAPTER SIX

PREPARATION AND STORAGE OF TAPEWORM MATERIAL '

Tapeworm ova

Ova were obtained by teasing gravid proglottides

apart in normal saline. Ova were washed through a 50 ^jm

sieve and retained by a 30 yjm sieve except for the small

H, taeniaeformis ova which were retained by a 25 pm

sieve. The ova were collected in saline to which anti¬

biotics had been added and were stored at 4°C in medical

flat bottles, which were half filled and stored on their

sides in order to allow the maximum area for oxygen

diffusion. Counting was done with an eel-worm larva

counting chamber (a glass chamber holding one ml of fluid

in an area three cm by two cm ruled into 24 squares).

One ml samples of a suitably diluted ova suspension were

counted. Mature, live ova were differentiated from

immature and dead ova by appearance. Ova that had

onchospheres which had shrunk away from the embryophores

were considered dead and those that had thin and light

coloured embryophores were considered immature. Only

"mature" ova were used for infecting animals.

Hatching and activation of ova

A slightly modified technique of Gallie & Sewell

(1970) was used. Ova were incubated at 37°C for one hour

in Solution A and then for at least three hours in

Solution B.



45.

Solution A: Pepsin 1 g (BDH Chemicals Ltd.)

Distilled mater 100 ml

Concentrated hydrochloric acid 1.75 ml

(May & Baker Ltd.).

Solution B: Pancreatin 1 g (BDH Chemicals Ltd.)

Sodium hydrogen carbonate 1 g (BDH

Chemicals Ltd.)

Trypsin 40 mg (BDH Chemicals Ltd.)

Distilled mater 80 ml

Ox bile 20 ml

L - Cysteine hydrochloride (BDH Chemicals

Ltd.) 0.0316 g/100 ml solution.

When ova mere transferred to Solution B, the container

mas filled almost to the top. 0.2 ml of ten per cent

hydrochloric acid solution mas added and an air-tight lid

applied to prevent escape of the carbon dioxide that

evolved. Ox bile mas obtained under aseptic conditions

from freshly slaughtered cattle and stored at -20°C.

Tapemorm cysts

Cysts of T. saginatus from cattle and T. ovis from

sheep mere collected by cutting meat and offal from the

carcase into slices of approximately one cm thickness.

All tissue of host origin mas removed from the cysts,

mhich mere stored in saline mith antibiotics at -20°C.

Large cysts (T. hydatiqena, M. muitlceps and E. granul¬

osus) mere separated into different components prior to
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freezing. Scolices and the cyst wall were washed and

stored separately from cyst fluid. Hydatid sand was

separated from cyst fluid by centrifugation, washed and

stored in saline with antibiotics. Host tissue samples

were also collected separately.

Adult tapeworms

Whole tapeworms were washed in several changes of

normal saline and stored in a small quantity of saline

and antibiotics at -20°C.
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CHAPTER SEVEN

STAINING TAPEWORM MATERIAL

Gravid proglottides were embedded in paraffin wax

and cut into approximately five pm sections by technicians

of the Pathology Department and the Centre for Tropical

Veterinary Medicine teaching unit. The Ziehl-Neelsen

technique was used to stain the sections by the following

method, which was adapted from Drury & Wellington

(1967):-

a) Stains:

Carbol fuchsin:

Basic fuchsin 1 g (C.T. Gurr)

Absolute alcohol 10ml

5% phenol in distilled water 100 ml

The basic fuchsin was dissolved in alcohol then

mixed with tho phenol solution and filtered.

Acid alcohol:

1% HC1 in 70^1 alcohol

Methylene blue:

Methylene blue 1 g (G.T. Gurr)

Glacial acetic acid 1 ml

Absolute alcohol 20 ml

Distilled water 80 ml
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b) Procedure;

Sections uiere deu/axec! and rehydrated in tiuo changes

of xylene, two changes of absolute alcohol and one change

each of 90 per cent alcohol, 70 per cent alcohol and

distilled water, each for two minutes.

A piece of filter paper was placed over the section

on each slide and carbol fuchsin poured over it. The

slides were heated to steaming point for five minutes

after which the paper was removed. They were washed with

water and then decolourised with acid alcohol for one to

three minutes, followed by 20 per cent sulphuric acid for

about 20 seconds. They were washed in water again,

counterstained with methylene blue for one to three

minutes and then washed well in absolute alcohol. They

were cleared in xylene for two minutes before mounting in

synthetic resin (DePeX, Searle Scientific Services).

Various methods were used to stain ova; they were

dried on to a slide or they were suspended .in staining

fluids in test tubes and washed by means of dilution and

centrifugation. A Millipore filter holder (Swinnex,

Millipore (U.K.) Ltd.) was also used. The ova were-

retained in it by a 5 yum filter (SMWP 02500, Hillipore(U.K. )
Ltd.). A variation on the above staining technique was

also used on the ova. As an alternative to heat, ova

were stained with cold carbol fuchsin for up to 50

minutes after the method described by Brygoo, Capron &

Randriamalala (1959).
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CHAPTER EICM I

SEROLOGICAL TESTS; ANTIGENS AND ANTISERA .

Preparation of antigen

Antigens were prepared from fresh material if possible,

otherwise material stored at -2Q°C was used. Strobilate

or metacestode material was dried, weighed and cut up into

small pieces u/ith scissors. Phosphate buffered normal

saline pH 7.3 (PBS Tablets, Oxoid Ltd.) was added to give

ten per cent w/v, and this was then cooled in an ice bath

and homogenized at maximum speed (7700 ~ A homogenizer,

MSE Scientific Instruments). Hornogenization was done in

four two minute bursts so as to avoid heating.

The homogenate was sometimes disintegrated further

in an ultrasonicator (100 watt ultrasonic disintegrator

No. 7100, MSE Scientific Instruments). Two bursts each

of two minutes were given at the eight micron reading of

the peak to peak amplitude meter. The sample was kept in

an ice bath during this process.

The homogenate was then centrifuged at 2500 £ for 30

minutes at 4°C and the supernatant was frozen at -20°G.
More PBS was added to the precipitate and the whole

process repeated three or four times. The supernatants

were then thawed and pooled. A preliminary test for

protein content indicated how much concentration was

required to bring it to five to ten mg per ml.
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Protean estimation was done by the spectrophotometry

method of Warburg and Christian. The optical extinction

of the extract was measured at 260 nm and 280 nm and from

this was calculated the nucleic acid and protein contents

(Warburg and Christian, 1941).

Concentration was usually done with polyethylene

glycol 6000 (B.D.H. Chemicals Ltd.). The extract was

poured into dialysis tubing of a suitable diameter which

had been previously soaked in water for about an hour

(l/'isking tubing, Scientific Instrument Centre Ltd.). This

was suspended in a cylinder and a reading of the fluid

column length noted. The tube was then surrounded by

polyethylene glycol and left until the column was reduced

to the desired length.

Dehydrated polyacrylamide gel (Lyphogel, Celman

Instrument Co.) was sometimes used for concentrating. A

calculated amount of dehydrated gel pieces was placed in

the extract. After absorbing water they were then removed.

Ultracentrifugation was often necessary, especially after

freezing at -20°C in order to clear the solution of

colloidal matter. This was done at 4°C for 40 minutes at

100,000 o.

Antigens from tapeworm ova

Different methods were tried. Ova were ultra-

sonicated in PBS solution for a total of 40 minutes in

short bursts. On another occasion, ova were hatched and

onchospheres were submitted to ultrasonication (four bursts
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of two minutes each). Sometimes ova, in a little normal

saline and u/ith some crushed glass, were simply ground uiith

a pestle and mortar.

Solutions were centrifuged, concentrated and the

protein content estimated as described for other antigens.

Serum preparation

Blood taken from animals for serum production was

held at 37°C for about one hour and then at A°C overnight.

The serum was sucked off the clots and centrifuged at

2500 ci for 30 minutes at 4°C. Clear serum was stored at

Antiserum production

Laboratory bred young adult rabbits were used for

antiserum production. Antigen, ideally containing ten mg

protein per ml, was made up with Freund's incomplete

adjuvant (Difco Laboratories) in equal proportions.

The antigen was injected into the adjuvant in small

quantities and thoroughly mixed by vigorous shaking

between each addition until a stable emulsion was produced

that did not separate out on standing and remained as a

discrete droplet on water. The rabbit was injected with

two ml of emulsion containing one ml antigen solution

having an estimated protein content of up to ten mg per

ml. Half the dose was administered into the thigh of one

hind leg, and the other half into the other thigh. Blood

was obtained from the rabbit at the same time by ear vein
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punctur- for checking titre.

This, procedure u/as repeated three weeks and five

weeks later. Subsequently the same quantity of antigen,

but without adjuvant, was injected subcutaneously as a

booster five days before removal of blood.

Dovine antisera were mostly derived from experiments

which have formed the basis of a publication (Gallie &

Sewell, 1576). Bovine antisera to T. saqinatus were

produced by the repeated oral dosing of cattle with

T, sag inatus ova (EiO, E674 and E668) or by repeated

intramuscular injection of calves with T. saginatus

strobilate material followed by oral challenge (E675, E67

and Z155). These antisera were known to have a high titre

to T. saginatus antigen in the haemagglutination inhibition

and agar gel diffusion tests.

Serum was also collected from sheep that had been

crally infected with T. ovis ova (see Table 7, first

four sheep), with M. mulbiceps ova (see Table 6) and a

rabbit that had been orally infected with T. pisiformis

ova (see Table 8). Collections were made weekly for the

first three months of infection.

Coat anti-rabbit and rabbit anti-bovine globulin

were obtained from Mrs. L.3.S. Harrison. The former was

used for conjugation with fluorescein isothiocyanate and

the latter was used in the indirect fluorescent anti¬

body test.
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For the former, normal rabbit serum had been precipi¬

tated with ammonium sulphate solution at a final concen¬

tration of one third saturation. Fifty mg of this

normal rabbit serum precipitate in Freund's incomplete

adjuvant had been injected intramuscularly into a goat on

five occasions, three weeks apart. The goat serum gave

a titre of between 1:16 and 1:32 in the gel diffusion test

against one mg per ml normal rabbit serum protein.

Rabbit anti-bovine globulin had been produced in a

similar way: a rabbit had been hyperimmunized with

bovine serum precipitate in Freund's incomplete adjuvant.

Ten mg of the precipitate had been given intramuscularly

on two occasions, one month apart. Thereafter, a series

of intravenous injections had been given at two day

intervals. The antiglobulin gave a titre of between

1:16 and 1:32 by the gel diffusion test against one mg

per ml bovine serum protein.
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CHAPTER MINE

PRECIPITATION TESTS

Circum-oval precipitation test

In this test ova were incubated in the presence of

antiserum and examined microscopically for surface

precipitates. T. saginatus ova were first washed in

normal saline. A suspension of ova was centrifuged at a

minimum speed (less than 1,000 rpm on an MSE Super Minor

centrifuge) and the supernatant discarded. The ova were

resuspended in saline by shaking ana were then recentri-

fuged. Glass slides were prepared by squeezing petroleum

jelly onto them through a nozzle so as to form a ring the

size of a cover slip. Fifty to 100 ova in 0.1 to 0.5 ml

saline were dropped into the centre of the ring, and an

equal amount of serum or diluted serum was added to the

uva. Anti-T. saqinatus rabbit and bovine sera were used.

The bovine sera was derived from two animals; one

infected by oral dosing with ova (E674) and the other hyper-

immunized by injection with strobilate material (Z155).

Normal rabbit and normal bovine sera were used as controls.

Sera were used neat or in dilutions of 1:4, 1:16 and 1:20.

A cover slip was placed over this and pressed onto the petrol¬

eum jelly so as to form a seal. The slides were

incubated at 37°C for 24 hours but sometimes they were

also examined earlier than this. About 0.02 per cent

sodium azide was usually incorporated to control
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bacterial growth.

Fifty to 100 T. saginatus ova were placed on each

slide and ten to 20 ova on each slide were examined

microscopically for precipitates. A search was made

for chain-like and globular precipitates emerging from

the embryophore after incubation with serum. Matter

which resembled these two types of precipitate was

judged and scored according to the quantity.

Ova were also treated in a variety of ways before

use in these tests: they were held in hatching fluid

solution A, they were hatched with solution A and then

solution B, or they were soaked in 0.2 per cent solution

of sodium hypochlorite (20 per cent "Milton", Richardson

Merrell Ltd.) for five hours at 37°C so as to remove the

outer onchospheral membranes. After incubation the

slides were examined under a light microscope.

Micro agar diffusion precipitation test

a) Method

The template technique of Crowle (1961) was used.

Microscope slides were cleaned in chromic acid, rinsed

and dried. They uiera then coated with an 0.2 per cent

ion agar solution in distilled water to which 0.01 per

cent sodium azide had been added. This was done by

heating the slides in a flame and then dipping them into

the hot agar solution. After drying, each end of the

slide was covered with two layers of plastic insulation
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provided shoulders about 0.5 mm high for the matrix to

lie on. The slides u/ere warmed and a melted one per

cent solution of agar in normal saline containing 0.01

per cent sodium azids was poured onto the slide to cover

the area in between the tapes. The matrix, lightly

greased with silicone grease (Ambersil MS 4, Ambersil Ltd.),

was then placed on the agar and rested on the tapes. Care

was taken to exclude air bubbles and the slide was allowed

to cool. Excess agar that had risen up the matrix holes

was removed by suction from a water pump with a sawn-off

hypodermic needle as a nozzle. The needle was chosen to

fit as closely as possible into the drilled holes of the

matrix. The matrix dimensions were 2>5 cm by 2.5 cm and

three mm thick. Four wells were positioned equidistant

from each other and five mm from a centre well. The wells

were three mm diameter at the top, tapering at a depth of

two mm to 1.5 mm diameter.

These slides were prepared immediately prior to use.

A dilution of antigen or antiserum was delivered into

each matrix well with a Pasteur pipette that had been

drawn out to an extra fine point. Care was taken to

exclude air bubbles by filling with the Pasteur pipette

touching the bottom of the well. The filled slides

were kept at room temperature (about 20°C) in moist

conditions. A plastic sandwich box was used as a moist

chamber: blotting paper lightly soaked with water was



57.

inserted into the lid and the box uas sealed u/ith tape to

prevent evaporation. Incubation lasted until lines

developed, usually after four days. After incubation,

the matrix was removed. This was done by carefully

lifting it so as not to disrupt the agar, or by drying it

at 37UC until the agar had dehydrated and shrunk away

from the matrix.

The grease was removed before staining by gently

rubbing with a moist cotton wool swab. Recording of

precipitation lines was done before and after staining.

The slides were sometimes soaked for a short period

in D.0125 per cent cadmium acetate to increase visibility

of the lines and then washed in two changes of PBS (ten

minutes in the first, 30 minutes in the second),

b) Staining

Stain - 0.1% thiazine red R (R.A. Lamb), a protein

stain dissolved in 100 rnl one per cent acetic acid.

The slides were soaked in each of the following

fluids for ten minutes:

1. Distilled water

2. Distilled water

3. Thiazine red stain

A. One per cent acetic acid

5. One per cent acetic acid

6. One per cent acetic acid + one per cent glycerol

They were then allowed to dry thoroughly at 37°C.
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c) Antigens and antisera

The technique mas used to measure the titre of rabbit

and sheep antisera during hyperimmunization and during

development of infection in animals dosed with ova. It

was also used to test cross reactions between different

worm species and for absorption studies.

In experiments IP3, IP4, IP5, IP6, IP7 and IP8,

antigens and antisera were used neat as well as in

doubling dilutions. Dilutions from 1:2 to 1:16 were

usually made. Normal saline was used instead of antigen

and normal bovine, sheep or rabbit serum instead of anti¬

serum for controls.

The following bovine antisera were used in the

experiments: Z155, E675, E67 (from calves injected with

antigen) and E674, E674 concentrated X5 and E668 (from

orally dosed calves).

All antisera from orally dosed sheep and the rabbit

were used and all antisera from rabbits that had been

hyperimrnunized by injection (see antiserum production).

For absorption studies, antiserum was incubated with

an equal quantity of a heterologous antigen at 37°C for

30 minutes. The resulting fluid was used as absorbed

antiserum against homologous antigen.
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CHAPTER TEN

THE FLUORESCENT ANTIBODY TEST

This test mas done in different mays using strobila,

rnetacestode or ova of T. saginatus as antigens. Homo¬

logous antiserum mas added to the antigen, incubated and

mashed off. Fluorescein isothiocyanate (FITC, Nordic

Immunological Laboratories), or rhodamine isothiocyanate

(TRITC, Nordic Immunological Laboratories), conjugated to

the specific serum antiglobulin, mas then added and after

incubation the antigen mas mashed and examined in a

fluorescent microscope. An indirect technique mas also

used in mhich fluorescent antiglobulin mas used against

another antiglobulin, mhich in turn mas specific for the

antisera used.

Antigen

T. saqinatus ova mere used unhatched, treated to

disrupt the embryophore (but not necessarily resulting in

hatching), as hatched onchospheres or sectioned in gravid

proglottides. An 0.8 per cent sodium hypochlorite

solution (80^ "Milton", Richardson Merrel Ltd.) mas used

to disrupt the embryophores by soaking them in it up to

five hours. Alternatively they mere incubated in

hatching solution A for 30 minutes or in solution A for

about one and a half hours follomed by solution B for

about tmo and a half hours. These times mere also
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varied. Approximately ten yjm cryostat sections of

gravid proglottides prepared by the Pathology Department

mere used fresh, or kept in dry conditions at -20°C for

a f ew days before use. Fixed sections, approximately

five yum thick, mere also prepared in paraffin wax and
were dewaxed and rehydrated prior to the test.

Antisera

Bovine antisera E10, E674, E660, Z155 and rabbit

antiserum to T. saginatus were used in tests against

ova. Table 9 shows ant isera used in tissue section

tests.

Conjugated antisera

Goat anti-rabbit globulin conjugated with FITC was

made. In addition, FITC and TRITC conjugated goat anti-

rabbit globulin and FITC conjugated rabbit anti-bovine

globulin were purchased from a commercial source (Nordic

Immunological Laboratories).

The method used for conjugation was based on that

described by Holborow & Dohnson (1967) and Johnson &

Holborow (1973). Conjugation was done at 4°C throughout.

One hundred ml goat anti-rabbit serum (GAR) was

precipitated, dropwise, with continuous stirring, by 100

ml saturated ammonium sulphate solution. The pH was

then adjusted to 7,8 with 4N' sodium hydroxide. After

16 hours, the suspension was centrifuged at 1,500 £, and
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the precipitate urns dissolved in PBS pH 7.3 up to 100 ml

and then reprecipitated with 50 ml saturated ammonium

sulphate. The whole procedure was repeated three times.

0.15 M saline was used to redissolve the precipitate and

transfer it for dialysis over three days against PBS pH

7.3. The solution was then centrifuged to remove

denatured protein (1,500 £ for ten minutes). The

protein content was estimated by absorption spectrophoto¬

metry at 260 nm and 280 nm and checked by the Biuret

method. The solution was then diluted to give a final

protein concentration of ten mg per ml by the addition of

0.15 M saline and 0.5 M carbonate/bicarbonate buffer pH

9 in which FITC had been dissolved (one mg per ml). The

buffer that was added constituted one-tenth of the final

volume and a little over one mg FITC was added for each

100 mg of protein in the solution.

Tiie FITC was added drop by drop whilst the solution was

stirred continuously. Stirring was continued for 18 hours.

Excess FITC was removed by dialysis overnight against PBS

pH 7.3, and the solution was then dialysed overnight against

0.0175 M phosphate buffer preparatory to passing it

through a column containing diethylaminoethyl (DEAE)

cellulose (DE 52, Whatman LabSales Ltd.). Approxim¬

ately one g DEAE-cellulose for every ten mg globulin

was prepared according to the-manufacturer's direc¬

tions for the removal of fines, degassing and

equilibration to 0.0175 M phosphate buffer pM 6.3. The
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conjugate was then passed through the column using

fractionating equipment (LKB Instruments Ltd.). The

optical density of the effluent was monitored at 254 nm

(Spectochrom F analyser, Gilson) and recorded on paper

(6520-4 LKB Instruments Ltd.). Collections were made

in test tubes so that fractions of the effluent corres¬

ponding to peaks shown on tho paper could be collected

separately,

By substituting the buffer, first by 0.0175 M phos¬

phate pH 6.3 containing 0.123 M NaCl and then by 0.0175

M phosphate pH 6.3 containing 0. 250 M NaC.1, separate

collections were made of peaks that were recorded, one

being oiuted by each of the substitute buffers. The

collections were then dialysed against PBS pH 7.3, and

the labelling ratio measured by optical extinction at

495 nm, which is the peak absorbance of FITC conjugated

to protein and 280 nm, which is the tyrosine absorption

peak. One peak collection had an optical extinction

ratio of 0.9 and this was concentrated with polyethylene

glycol to about the original volume. The conjugate was

then divided into aliquots and stored at -20°C. The

specific antibody content was tested in the micro-gel

diffusion test against normal rabbit serum. Yellow

precipitation lines were visible at a titre of 1:32.

Test procedure using ova

a) Tube test

A suspension of 50 to 200 ova was washed in PBS pH
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7,3 by lightly centrifuging, discarding the supernatant

and resuspending in PBS pH 7.3. This washing procedure

was repeated twice and the ov/a were finally suspended in

0.5 rnl or one ml PBS, To this suspension was added

0.2 ml serum, or serum diluted with PBS and it was

incubated at room temperature (about 20°C) usually for

30 minutes but sometimes up to 16 hours. The ova were

then washed again twice and resuspended in PBS.

Conjugated antiglobulin (0.1 ml) was added to the ova,

incubated again and then washed.

The sediment of ova was then transferred to a slide

for microscopical examination. A ring had previously

been drawn in the centre of the slide, about 1.5 cm

diameter, with a wax pencil to confine the drop. The

drop was covered with a cover slip,

b) Slide test

Other methods were also tried; ova were dried onto

a slide that was then bathed with the test fluids.

Washing was by flooding repeatedly with PBS or by dipping

slides into a dish to soak for periods up to two hours in

changes of PBS. Slides were mounted with nine parts

glycerol and one part saline pH 9.2 for microscopy,

c ) Quenching of autof .luorescence

Dilutions of Mile blue (G.T, Gurr) and Lugol's iodine

were used to stain ova for ten minutes. The ova were

washed twice to remove the stain before microscopy.
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Tost procedure using tissue sectin is

Cryostat sections had serum and conjugate placed

directly over them. Incubation time was 30 minutes at

37°C. Washing was done by suspending the slides in a

rack in a continuous flow tank of PBS which was kept

stirred. Slides were sometimes counterstained with

1:100 Evan's blue in PBS for five minutes, washed and

mounted as before.

A "sandwich" method was also tried using bovine anti¬

serum, rabbit anti-bovine globulin and goat anti-rabbit

globulin conjugate. The washed sections were covered

with a drop of glycerol and a cover slip and examined

microscopically.

Table 9 shows antisera, antiglobulins and conjugates

used in these tests.

Table 9

Scheme of Immunofluorescent Experiments using

T. saqinatus Tissue Sections

Antig en Antiserum
Method of
hyper-
immunization

Anti¬

globulin
Conjugate

T. saginatus Rabbit Injection — GAR FITC

gravid
or TRITC

proglottis
Bovine Injection — RAB FITC

sect ions
Bovine Oral — RAB FITC

Bovine Injection RAB GAR FITC

Bovine Injection RAB GAR TRITC

RAB = Rabbit anti-bovine
GAR = Goat anti-rabbit
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Microscopical examination

Vickers equipment u/as used for fluorescent

microscopy according to the manufacturer's instructions

(Vickers Ltd.). An H.B.G. 200 mercury lamp u/as used,

together with a B G 12 primary filter for excitation.

Barrier filters 0G 1 and GG 9 were used in light ground

microscopy. With dark ground illumination 0G 4 and GG 9

barrier filters were used. On one occasion a Leitz

Orthoplan universal large field microscope with Ploem

illumination was used with an H.B.O. 200 mercury vapour

lamp, four mm B G 12 excitation filter and a K 510 or

K 550 barrier filter.
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CHAPTER ELEVEN

IMMUNOELECTROPHORESIS

Scheidegger's technique for micro-immunoelectro-

phoresis, ujith a few minor modifications, was used

(Crowle, 1961). Single or multiple perspex templates

were used.

Antigens and antisera

Strobilate antigens from Cittotaenia, T« hvdatiqena,

M. multiceps and T* saginatus were used in this test

against both homologous and heterologous sera raised in

rabbits.

Single template method

In this method, single glass microscope slides

(75 mm by 25 mm) were used. After thorough cleaning,

the slides were ccatsd with 0*2 per cent agar. Flue

layers of waterproof vinyl tape, about two mm in width,

were laid along the long edges to act as a support for

the template. Hot, one per cent agar (Purified agar,

Code L.2.8, Oxoid Ltd.) or 0.9 per cent agarose (BDH

Chemicals Ltd.) in buffer was pipetted onto the slides

in between the tapes. A perspex template, the same

size as the slide, with a central trough and a well at

each side of it, was greased with silicone grease and

laid on the hot agar to rest on the tapes. Dimensions

of the trough were 5.5 cm x 1 mm; the wells had a diameter
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of one mm and mere located in the middle of the template,

two mm either side of the trough.

Gel was cleared from the two wells by means of a

hypodermic needle attached to a water suction pump and

the wells were filled with antigen. The slide was set

on the bridge of a Shandon U 77 tank (shandon Southern

Instruments Ltd.) which had previously been filled with

buffer. Filter paper wicks (Whatman No. 1 paper,

Whatman LabSales Ltd.) soaked in buffer were used to

connect the electrical circuit from the buffer to the gel

at each end of the slide. A sodium barbital buffer of

0.1 ionicity and pH 8.2 was used in most experiments

(Crowle, 196 1).

When the circuit was complete, a constant voltage

was applied from a power supply (Vokam, SAE 2761, Shandon

Southern Instruments Ltd.). Voltage was usually 150 V

but other voltages (20, 50 or 100 V) were used in some

experiments. In four experiments electrophoresis was

done on duplicate or triplicate slides so that the effect

of different periods of electrophoresis could be ccmpared.

Slides were submitted to electrophoresis for periods

ranging from 25 minutes to 150 minutes.

After electrophoresis, the gel was scooped out of

the trough, it was filled with antiserum and the slide

was incubated for two to three days at room temperature

in a moist chamber or until precipitation lines developed.

The template was then removed, the grease cleaned off the

agar and the agar stained in the same way as in the
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micro-gel diffusion, test.

Multiple trough template

This method vuas the same as that already described,

but a glass slide 82 mm by 82 mm was prepared by

levelling it and pipetting onto it 12 ml of molten agar

made up with buffer to give a layer one mm thick. A

template of the same size was temporarily held over the

agar and up tc eight troughs alternating with up to nine

wells were cut into the agar using a scalpel blade and

punch. A barbital acetate buffer of Q.C5 ionicity and

pH 8,6 was used (Luckins, 1975).

The template was then removed, the wello emptied of

agar, filled with antigen and electrophoresis performed.

After electrophoresis, the agar was removed from each

trough and replaced by an equal quantity of antiserum.

The slide was then incubated at 4°C for 24 hours.
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CHAPTER TWELVE

THE ENZYME-LINKED IMMUNOSORBENT ASSAY (ELI5A)

The antigen coated tube test technique was used as

described by Engvall & Perlrnarin (1972).

Antigens

These were prepared from Cittotaenia, T. hydatiqena,

M. multiceps, T. pisiformis and T. saqinatus strobila.

Antigen was also prepared from one week eld ova of

T. hydatiqena and T. ovis. In experiment E3, 300 ova of

each species and, in experiment E9, about 5,000 ova of

each species were prepared by crushing them with a pestle

and mortar. They were used against both unabsorbed and

absorbed antisera. Saline was used for controls.

Antisera

Antisera were raised in rabbits and normal rabbit

serum was used for controls.

From information gained in the gel diffusion test,

heterologous antigens that gave the largest number of

precipitation lines were used for absorption. An anti¬

serum was absorbed by one or by two heterologous antigens.

This was done by adding to it an equal volume of each

antigen and incubating for 30 minutes at 37°C. Absorbed

sera were usually used immediately, otherwise they were

stored at -20°C.
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Preparation nf enzyme conjugate

As commercial supplies cf enzyme conjugate were not

available at first, horse-radish peroxidase was linked to

goat anti-rabbit globulin. Most tests, however, were done

with a commercial goat anti-rabbit IgC linked to horse¬

radish peroxidase (Nordic Immunological Laboratories).

For the preparation of con jug ate, it was first necessary

to prepare rabbit IgG. This was then aggregated as an

immunoadsorbent in order to extract, pure goat anti-rabbit

IgG which was then conjugated to horse-radish peroxidase.

a) Preparation of rabbit IgG

Precipitation of globulin with 33 per cent ammonium

sulphate was done by the method described by Campbell e_t al

(1964). Four hundred ml of normal rabbit serum was stirred

continuously and precipitated by adding, drop by drop, 200 ml

of saturated ammonium sulphate solution. The pH was adjusted

to 7.B by the addition of sodium hydroxide, stirred for three

hours at room temperature and then centrifuged at 1,400 £ for

30 minutes. The precipitate was dissolved in saline to 400

ml, reprecipitated, and the whole procedure repeated twice

more. The precipitate was finally dissolved in 0.1 M

phosphate buffered saline pH 6.8, made up to 200 ml and

then dialysed against the same buffer for three days at

4°C until the dialysate was free of ammonium sulphate.

The dialysate was tested by acidifying a small aliquot with

a drop of dilute hydrochloric acid and then adding a few
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indicated the presence of sulphate ions. The globulin

solution was then centrifuged at 1,400 £ at 4°C for 30

minutes and stored at ~20°C.

The protein content urns checked spectropnotometrically

and the solution passed through a DEAE-cellulose column

(DE 52, Whatman) equilibrated to 0.01 M phosphate buffer

pH 6.8. Immunoglobulins other than IgG are retained at

this molarity (Fahey & Terry, 1974). It was then concen¬

trated to one-third of its volume with polyethylene glycol.

The specificity of the globulin was shown by Immuno¬

electrophoresis against goat anti-rabbit serum using a

template with four troughs and a barbital buffer of 0.1

ionicity and pH 8.2 (Crowle, 1961).

The solution was further concentrated to 50 ml,

centrifuged at 1,400 £ and the protein content re-estimated

spectrophotometrically. Gel filtration than removed large

and small molecular contaminants. Sephadex Superfine

G 200 (Pharmacia Fine Chemicals A 0) was swollen with

eluant and packed into a column (26/100 Pharmacia Fine

Chemicals) according to the manufacturer's instructions

(Pharmacia Fine Chemicals, 1972). Homogeneity of the bed

was checked by passing Blue Dextran 2000 (Pharmacia Fine

Chemicals) through the column. The globulin solution

was passed through the column in 0.1 M Tris/HCl (Tris-

hydroxymethyl - methylamine, (BDH Chemicals Ltd.) pH

8.0 plus 1 M NaCl and 0.02 per cent sodium azide. An
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automatic concentrator was included in the pumping circuit

which concentrated the effluent five times (fimicon CEC 1

concentrator containing a Diaflo ultra filtration membrane

UM 10 of molecular weight cut off >10,000 , Amicon

Corporation). Further concentration to 50 ml was made

with polyethylene glycol and the protein content was

re-estimated.

b) Preparation of immuncadsorbent

Insolubilization of the protein was done by the

method described by Avrameas & Ternynck (1969). The IgG

was dissolved in 0.1 M phosphate buffer pH 7.0 at 50 mg

per ml. Whilst stirring at room temperature, one ml of

a 2.5 per cent aqueous solution of glutaraldehyde (G1631,

Grade IV, Sigma) was added dropwise for each five ml of

solution. The gel that formed was allowed to stand for

three hours at room temperature. Complete insolubiliza¬

tion was shown by the absence of protein in a supernatant

obtained by centrifuging a small quantity of the insoluble

material dispersed in a little water at 2,500 £ for 15

minutes.

The insolubilized protein was then homogenized in a

tissue grinder (BC/15, R.B, Radley & Co. Ltd.) and dis¬

persed in the proportion of 500 mg to 200 ml 0.2 M phos¬

phate buffer pH 7,3. This was centrifuged at 2,500 £ for

15 minutes at 4°C. The homogenization and centrifugation

procedures were repeated three times and the protein then

suspended in 200 ml 0.1 M glycine/HCl buffer pH 2.8 and
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recentrifuged. This procedure w^s repeated. The immuno-

adsorbent mas finally washed by centrifugation in phosphate

buffer until the supernatant had an optical density of zoro

at 280 nm.

c) Immunoadsorption ana elution of goat anti-rabbit IqG

Ten ml goat anti-rabbit antiserum mas stirred with

467 mg of insolubilized globulin at room temperature for

30 minutes and then centrifuged at 2,500 £ for 15 minutes

at 4°C. The precipitate was suspended in 40 ml PBS and

washed by centrifugation and resuspension until the super¬

natant had an optical density of less than 0.04 at 280 nm.

The adsorbed protein was eluted twice, each time using

about four ml of 0.1 M glycine/HCl buffer pH 2.0. The

immunoadsorbent was again washed with the buffer and then

with several changes of PBC. It was then re-used to

adsorb mora antibodies. The protein content of each

eluate was estimated and electrophoresis of each showed

the presence of only specific antibodies against normal

rabbit IgG. The total recovery amounted to 23.6 mg of

protein. The pooled eluates were then concentrated with

polyethylene glycol and lyphogel and tested against normal

rabbit serum by micro-gel diffusion, giving a titre of

1:32.

d) Conjugation of goat anti-rabbit IgG to horse-radish

peroxidase

A conjugation procedure was reported by Kawaoi &

Nakane (1973) but details were not given. The procedure
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urns developed by Harrison (1976). Ten mg horse-radish

peroxidase (HRPO, Type VI, Sigma) was dissolved in tu»o ml

0.3 M sodium bicarbonate. 0.2 ml of one per cent

fluoronitrobenzene in absolute ethanol was then added and

the solution stirred for two hours at room temperature to
amino

block the u and 6^groups of HRPO. This prevents self-

coupling of peroxidase upon the subsequent formation of

aldehyde groups. Two ml 0.05 M sodium metaperiodate in

water was added and mixed in the dark overnight at 4°C to

oxidize the carbohydrate moiety. The next day, two ml

0.16 M ethanediol (AnalaR, BDH Chemicals Ltd.) in water

was added to stop the oxidation reaction. The mixture

was then dialysed against 0.01 M carbonate buffer pH 9.5.

Ten mg specific goat anti-rabbit IgC was meanwhile dialysed

against the same buffer. The IgG in two ml carbonate

buffer was then allowed to react with the HRPO aldehyde

for three hours at room temperature. The resulting

conjugate was concentrated with polyethylene glycol to

three ml and purified by fractionating on a C 200 Sephadex

column using 0.1 M Tris/HCl pH 8.0 and 1.0 M NaCl. Only

the first peak was kept, thus excluding unconjugated

enzyme and protein. The selected fraction was dialysed

against PBS pH 7.3 and concentrated to 0.5 mg per ml,

including five per cent bovine serum albumen for stabiliza¬

tion and 0.02 per cent sodium" azide to prevent bacterial

contamination.
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The conjugate ujas then tested with substrate and

produced an immediate intense brown colour reaction. It

was stored at 4°C,

e) Test procedure

The method for the tube test was described by Engvall

& Perlmann (1972). Five cm by one cm disposable poly¬

styrene tubes (Luckham Ltd.) were coated with antigen by

placing in each one ml of a solution of antigen in 0.1 M

sodium carbonate buffer pH 9.6 plus 0.02 per cent sodium

azide and incubating them for one to three hours at 37°C
and then at 4°C overnight.

The next day, the tubes were emptied and washed

three times with 0,9 per cent NaCl containing 0.05 per

cent polyoxyethylene scrbitan monolaurate ("Tween 20%

Sigma). This was done by filling the tubes with the

washing fluid and leaving them for two minutes before

emptying. One ml of the rabbit antisera being studied,

diluted with PBS containing 0.05 per cent Tween 20 and

0,02 per cent sodium azide, was then added to each tube.

The Tween 20 was added to prevent non-specific adsorption.

The tubes were incubated at room temperature (+20°C) for
about six hours and then washed again.

HRP0 conjugate was diluted with PBS/Tween, one ml

was added to each tube and incubated at room temperature

overnight. The next day, the tubes were washed again, one

ml substrate was added to each tube and the colour reaction

allowed to develop. The substrate used was described by
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Ruitenberg _et al (1975) and consisted of 80 mg of 5-amino

salicyclic acid (Cambrian Chemicals Ltd.) dissolved in

100 ml hot distilled mater and adjusted to pH 6.0 with 1 N

sodium hydroxide. To nine ml of this solution, one ml

of 0.05 per cent hydrogen peroxide solution was added

and one ml of the final solution was delivered into

each tube.

The reaction was stopped by adding 100 4 M NaOH

per tube, and the optical density was read at 449 nm.

Substrate was used as a standard for optical density.

Duplicate tubes u/ere usually included in the tests.
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CHAPTER THIRTEEN

ENZYME ELECTROPHORESIS: PREPARATION OF EXTRACTS

Strobila and cyst material

Tapeworm material was homogenized in various fluids

in a proportion of 1:9 approximately. Small quantities

(one or two proglottides) were homogenized with a pestle

and mortar or in a one ml mini homogenizer (dencons).

Larger quantities were homogenized at maximum speed for

eight minutes in two minute bursts at 4°C in a machine

with a rotating cutter (Model 770DA MSE).

Ultrasonication for up to six minutes in bursts of

one to two minutes at 4 C sometimes followed. Usually

the homogenate was then centrifuged at 2,500 £ for 30

minutes at 4°C and the supernatant frozen at -2Q°C.
After thawing, it was ultracentrifuged at 100,000 £ for

30 minutes at 4°C, and the supernatant stored at -2Q°C.
Hydatid cyst fluid was centrifuged at 100,000 £ and the

supernatant was freeze dried.

Freeze drying was done using a dry ice-ethyl alcohol

freezing mixture either in 0.5 ml quantities in two mi

glass ampoules (Adelphi Tubes Ltd.) or in larger quanti¬

ties in flasks using a Speedivac High Vacuum pump (Model

2SC20A, Edwards High Vacuum Ltd.).

In Nigeria, facilities for centrif'ugation at 4°C and

for ultracentrifugat ion were not available and samples

were filtered through a 0.22 j-im filter instead (Millipore
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(U.K.) Ltd.), Some difficulties mere experienced due to

blockage, but filtering was possible if the extract was

allowed to stand at -}-4nC overnight and only the super¬

natant used.

Ova

Ova were collected and washed as described previously.

In Nigeria, sieves were not available and visible

pieces of strobilate material were removed by forceps

under a magnifying glass. Ova were then washed by repeti¬

tive centrifugation and discarding of supernatants,

Ova were finally centrifuged and as much supernatant

fluid as possible was removed. The sediment was crushed,

together with broken glass, with a pestle and mortar.

Enzyme solutions

Extracts were often prepared in a solution of ImM

each of EDTA (Ethylenediamine tetra acetic acid, ED2SS

Sigma) dithiothreitol (0632 Sigma) and oc- amino-n-caproic

acid (A2504 Sigma) in distilled water (EP solution).

Some extracts were prepared in 2,4 M ammonium sulphate

solution or in 2,6 M ammonium sulphate solution plus

10" M magnesium acetate (M0631 Sigma).

Extracts for freeze drying were made up in distilled

water, in normal saline and then dialysed against distilled

water or in EP solution. Extracts for immediate use were

made up in normal saline, water, or EP solution.

Extracts of host tissue taken from the same animals

in which cysts were found were also made and preserved in
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the same way for comparative studies.

Storage of extracts

Extracts wore stored in several different ways: at

+4°C, -20°C or in liquid nitrogen. For storage in

liquid nitrogen lOjJl quantities were pipetted into liquid

nitrogen to form small beads. These were collected and

stored in containers in liquid nitrogen*,

Extracts in ammonium sulphate were stored at + 4°C
and freeze dried samples were stored at + 4°C or at ~2G°C
in a glass vacuum dessicator or in sealed ampoules.

Fractionation

A freeze dried extract of Taenia hydatigena strobilate

material, which had been shown to be snzymically active,

was reconstituted in PBS (160 mg in three ml). This was

ultracentrifuged at 100,000 £ for 20 minutes and then run

through a G2C0 Sephadex column using PBS 7.3 at the rate

of 18 ml per hour, monitored at 254 nm wavelength. Frac¬

tions were collected, concentrated with polyethylene

glycol and freeze dried.

An approximate molecular weight range wac calculated

for the fractions containing most enzymic activity by the

formula:

K = \le - \lo

uf ~t. o

where V = eluted volume (fraction), V = void volume,

V, = total volume of column,t
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The molecular weight was obtained by applying the

calculated K^ to 3 graph giving the relationship between
elutien behaviour and molecular properties (Pharmacia

Fine Chemicals AB, 1972)*

Detection of enzymes

2
0,025 ml of tapeworm extract or a 6mm piece of

filter paper dipped in extract u/as added to 0.5 ml of

developing solution incorporating a substrate linked to a

tetrazolium dye system* This was incubated until a

colour change was visible. The intensity of the colour

change was sometimes measured in a spectrophotometer at

540 nm.

Enzyme assay

This was based on the absorbance of light by reduced

nicotinamide adenine dinuelectides (NADH and NADPH) and

the non-absorbance by the oxidised forms (NAD and NADP).

Any dehydrogenase reaction in which NAD or NADP is reduced

may therefore be measured by the increase in light

absorbance at 366 nm wavelength (Bergmeyer, 1965). In

order to measure the enzyme activity of a sample, a known

amount was added to the appropriate substrate in the

presence of the coenzyme NADP. Thus for glucose phosphate

isomerase 2 ml of 0.15 f1 Tris/HCl buffer pH 8*0 was mixed

with 0.3 ml 0.1 M MgCl0, O.ihml NADP solution (ten mg per
4L

ml), 0*2 ml fructose-6-phosphate solution (ten mg per ml)

and 10 U glucose-6»phosphate dehydrogenase* In the
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presence of NADP, the glucose-6-phosphate dehydrogenase

converted any glucose-6-phosphate, which was produced by

the activity of the glucose phosphate isomerase on the

fructose-6-phosphate, to 6 phosphogluconate:

Fructose-6-phosphate

glucose phosphate
isomerase

glucose--6-phosphate ^ /NADP +
glucose-6-phosphate ^

dehydrogenase

6 phosphogluconate ^ NADPH + H+

To 0.8 ml of this solution at 28 C, 5 yjl of the sample

was added. The mixture was shaken and inserted in a

spectrophotometer (SP1800 Ultraviolet, Pys Unicam). The

change in light absorbance at 366 nm was recorded automati¬

cally by a recording attachment (AR25 Linear recorder, Pye

Unicam) on the spectrophotometer. From the results, the

enzyme activity present in the sample was calculated using

the formula (Mattenheimer, 1976):

U/ml z. A A x TV
txExd S\J

Where A A = change of absorbance
t = time in minutes

TV/ = total assay volume
5V = a sample volume
E = molar absorption coefficient at

366 nm (l'l\
d - distance of light path in cm

Extracts were diluted prior to use with ten per cent

bovine serum albumin (A&370, Sigma) to bring their



concentrah:.on to 1 Ll/ml.



63.

CHAPTER FOURTEEN

ENZYME ELECTROPHORESIS: SUPPORT MEDIA

The Millipore System (Millipcire (U.K.) Ltd.)

The "Phoroslide"is made of cellulose acetate bonded

for strength onto a hard flexible backing. Prebuffering,

blotting and insertion of the Phoroslide into the specially

designed buffer cell was done according to the manufac¬

turer's instructions. The applicators were loaded by

passing the grooved contact area through the sample four

times. If the multiple cell containing four Phoroslides

for comparing eight samples simultaneously was used, the

special serum tray and dropper was employed. The duration

of contact with the Phoroslida was two minutes, after which

the applicators were removed and electrophoresis commenced.

Electrophoresis was done at room temperature,; buffers,

voltages and times were varied.

Prepared slides of agarose ("Agaroslide'', Millipore

(U.K.) Ltd.) were also used with this apparatus in a

similar way. These were used in the multiple cell and

required no prebuffering. Samples were applied to the pre-

cut slots by a Pasteur pipette that had been drawn to a fine

point.

Electrophoresis using a Shandon tank (Model U77, Shandon

Southern Instruments Ltd.)

Several different media were used for enzyme electro¬

phoresis.
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a) CeilLlose acetate

"Celagram" strips were used (Shandon Southern

Instruments Ltd.) and the manufacturer's directions were

followed for prebuffering and handling. Samples were

applied by means of a multiple applicator (Shandon

Southern Instruments Ltd.). This applicator was comb¬

like with ten six mm long and six mm wide "teeth" each

separated by six mm and having a groove cut on the free

end of each to hold the sample.

b) Polyacrylamide gel

The method described by McCarthy (1974) was used to

make the gel. A mould for a 16 cm x nine cm and three mm

thick gel was made with two sheets of glass separated at

opposite short ends by three mm thick glass strips cemented

onto one of the sheets. The mould was held together with

bull-dog clips and made water-tight with petroleum jelly.

One wide edge was sealed off with plasticine and the

solution poured in carefully so as to avoid bubbling.

When quite full, the last edqe of the mould was also sealed

off with plasticine.

The solution was made by adding five to ten g

"Cyanogum 41" gelling agent (BOH Chemicals Ltd.) to 95 ml

of buffer solution. When dissolved, 0.5 to one ml ten per

cent w/v 3~dimethylaminopropionitrile (BDK Chemicals Ltd.),
and one ml 10% w/v ammonium persulphate}
^both made up freshly in the same buffer, were added.

When set, the plasticine and cover sheet of glass were

removed and a line of slots was cut in the gel three cm



85 *

from one long edge. The slots, eight mm u/ide and separated

by six mm from oech other, mere cut with a piece of razor

blade resting against a ruler.

Pieces of cellulose acetate paper ("Celagram", Shandon

Southern Instruments Ltd.) of about eight mm x one mm mere

soaked in the tapeu/orm extract and inserted into the slots

for electrophoresis.

c) Thick starch gel

The method used was based on that described by Smith

(1968). The mould was mads up of two sheets of glass and

a six mm thick hollow rectangle of plastic. Two sizes

were used; small (11 cm x 17 cm) and large (17.5 cm x

18 cm). The plastic mould was .laid on one clean sheet of

glass and the molten starch was poured into it until it

was over-full. The other glass sheet, at least six mm

thick, was laid on top of the plastic mould and pressed

down, thus squeezing out excess starch. The gel was then

allowed to solidify at room temperature before being stored

at 4°C and used within 24 hours.

The starch solution was made by adding ten per cent

w/v hydrolysed starch ("Electrostarch", BDH Chemicals

Ltd. or starch from Connaught Medical Research Labora¬

tories or S4501, Sigma) tn a weak buffer solution in a

flask. This was stirred continuously whilst heating

over a flame to boiling point. It was then degassed for

20 to 30 seconds before pouring into the mould. Sugar

was sometimes added as it is supposed to improve zone

resolution and handling (Shaw & Koen, 1968).
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Slots were cut into the gel on a line six cm from one

end in a similar way to that described for polyacrylamide

gel. Care was taken not to cut right through the gel to

the base plate. Samples were applied by soaking four mm

x four mm pieces of filter paper (f\!a. 1, Whatman) or

cellulose acetate and inserting them into the slots.

These inserts were usually left in situ but on some

occasions they were removed during electrophoresis after

20 minutes or one hour,

d) Thin layer starch gel

The method described by Wraxall and Culliford (1968)

was used. A mould was prepared by cementing strips of

perspex slightly less than one mm thick and five mm wide

along the edges of a glass sheet to form a rectangular-

well of 13.5 cm x 21.5 cm.

Starch gel was prepared (usually 11^ w/v in weak

buffer) and poured into the mould at one end. A scraper

(SAC2557, Shandon Southern Instruments Ltd.) was used to

push the starch over the whole area of the mould: excess

starch spilled over the end. This made a gel of not more

than one mm thickness. The gel was cooled at 4°C until

it turned milky (about ten minutes).

A slightly modified method of Kilgour and Godfrey

(1973) was used for application of the samples. The gel

was placed over a marked cut- sheet of paper so that the

samples could be inserted on a line at the cathodal end

exactly five cm from the wick. Samples were inserted by



first cutting the gel with slots by means of a comb-like

instrument similar to a multiple applicator. Slots were

about six mm long and had a space of about six mm in

between each. Coloured embroidery cotton was cut to the

length of a slot and teased out to its six component

strands. One or two strands were then soaked in the

sample, drained and inserted into each slot.
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CHAPTFR FIFTEEN

ENZYME ELECTROPHORESIS: PROCEDURE

Power For electrophoresis was delivered From a Vokam

Power Pack with constant voltage and constant current

settings (Shandon Southern Instruments Ltd.) that

delivered up to 400 V. An LK8 power supply with constant

settings was also used which could deliver up to 2,000 \i

(2103, LKB Instruments Ltd.).

Either a constant voltage or a constant current

setting was used For the duration oF a run. The actual

voltage across the gel was measured by a voltmeter with

attached probes.

The manuFacturer's instructions For electrophoresis

using a Shandon tank Model Li77 were Followed. The tank

was Filled with a minimum oF 600 ml buFFer (300 ml each

side). Fresh buFFer solution was usually used For each

run, otherwise the direction oF the current Flow was

reversed For a second run.

Thick gel plates rested on the rods provided with

the tank but thin gel plates rested on an insulated cooling

platen, which in turn was housed on a perspex holder

(modiFication to 077 tank SAE3232, Shandon Southern

Instruments Ltd.).

When cellulose acetate or agarose gels were used,

electrophoresis was done at room temperature. When thick

starch gels were used the apparatus was housed in a cold

room at 4°C. Thin starch gels were used at about 8°C, with
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cooling by ice-cold water circulating through the metal

platen on which they rested.

Thick starch gels were covered by thin plastic film

("Cling film", Boots) to prevent drying during electro¬

phoresis. Four layers of medical gauze were used as a

wick for all gels in the Shannon apparatus except for thin

starch gels. For these gauze and paper wicks were first

tried but abandoned in favour of household sponges, 15 cm

x ten cm x one cm. The distance between the wicks was

constant and was 7.5 cm for polyacrylamide gels, 14 err. for

thick starch gels and 15 cm for thin starch gels. The

wicks were held in place by a glass sheet laid ever them.

The metal cooling platen was insulated underneath by a

rubber pad lying on the porspex holder and on top by a

sheet of 50 /urn Melinex (imperial Chemical Industries Ltd.).

Electrolyte so I tit .ions

The choice of electrolyte solution for use in the

electrode tank and for making the gel depended upon the

enzyme to be studied. Initially an electrolyte was used

which had been reported in the literature as suitable for

that particular enzyme, but eventually most electrolyte

solutions were tried for each of the main enzymes. Most

electrolytes were diluted for use in gel preparation.

Discontinuous buffer systems were also tried in which the

electrolyte solution used in the tank was quite different

from that used for the preparation of the gel. In Table

10 all the buffers used for each enzyme are given.
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ElectrolytesystemsusedforElectrophoresis
Enzymes

Molarityrange (electrodebuffer)

pHrange (electrode buffer)

Electrodebuffer

Dilutionforgelbuffer, pHasforelectrode buffer

GPI,G6PD,GDH(NADPandNAD) HK.AK,LDH,6PGD,MDH (NADPandNAD) MDH(NADPandNAD)GPI,aNA esterase,6PGD,ASAT,ALAT,GDH,LDH GPI,GDH,G6PD,Alk.Phos.,MDH, AcidPhos.,1CD,PGM,HK.AK,ALD LDH,Peroxidase,ASAT,ALAT, Cholinesterase AK,HK,LDH,MDH,GDH,GPI AK,GPI,MDH,6PGD,GDH, (NADandNADP) MDH,LDH GPLMDH,LDH,ASAT,ALAT, Cholinesterase ALD SDH LDH,MDH MDH

0.05M-0.5MTris6.0-8.9 0.1MTris 0.05M—0.1Mbarbitone7.6-8.8 0.01M—0.5M5.1-9.0 0.032M-0.1Mphosphate6.2-8.0 0.2M5.8-8.0 0.5I(Dawsonetal,1969)4.0—8.2 0.1755M-0.682Mborate8.0-10.0 0.5MTris0.0179MNa2EDTA 0.647Mboricacid8.0 0.1Msuccinicacid 0.186MTris6.0 0.1MTris 0.05M—0.1Mbarbitone7.6—8.1 0.3Mboricacid8.6
Tris/HCl Tris/HCl/barbitone Tris/citrate Fhosphate/citrate Phosphate Phosphate/citrate/KCl Borate/NaOH Tris/versene/borate Succinicacid/Tris Tris/HC1/barbitone Boric/lithium

1in5to1in25 Iin5 1in5to1in25 1in5 3in40
1in5 1in10 1in10 5mMsuccinicacid 8.7mMTris NormalsalineorPhos¬ phate/citratepH7.0(as above)' 0.36MTris/citpH8.5

AkeytoabbreviationsisgiveninAppendixI
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Markers

Stained proteins mere used to measure the distance

travelled under standard conditions of electrophoresis:

ten per cent K bovine globulin (BG-11, Sigma) was stained

by adding to one ml a fem drops of 0.04 per cent solution

of broraphenol blue indicator (21006, BDH); haomolysed

blood samples from an ox, a sheep and a rabbit mere also

used .

Gel staining methods

a) Phoroslides and Aqaroslides

The method followed was that described in Millipore

Application Manual AM301 (Millipore (U.K.) Ltd.) except that

different developing solutions were used. The slides

were dipped, cellulose acetate side downwards in a

developing solution for 13 seconds. Excess fluid was

dabbed off and the slide was placed in a moist chamber at

37°C until visible bands developed. Phoroslides were

fixed in five per cent acetic acid for ten minutes,, blotted

and dried. The dried slides were placed slowly in ethanol,

left for five minutes and then transferred to a clearing

solution (ethyl alcohol and glacial acetic acid, 30:70)

for one minute and dried.

Agaroslides were dipped in a developing solution for

15 seconds and then incubated until bands were visible.

They were then fixed in 60 per cent ethyl alcohol in

deionized water.
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b) Cellulose acetate

Sheets other than Phoroslides were dipped in

developing solution, incubated in the same way and dried.

c) Thick starch gels

After electrophoresis the gel was sometimes sliced

horizontally into two or three sheets, three mm or two mm

thick respectively. This was done with either a large

sharp carving knife or a slicer mechanism similar to that

made by Shandon (SAE-2568, Shandon Southern Instruments

Ltd.). In the latter, the gel, still in position cn the

glass plate, was pushed along a board across which a thin

wire was stretched. The wire was adjusted to slice the

gel horizontally as the gel was pushed past.

The sheets of gel were then floated off the plate

into a basin of water and from there each was transferred

to a plastic sandwich box, slightly larger than the gel,

and drained. The gel was submerged in developing

solution and incubated at 37°C until bands developed, after

which the solution was poured off and the gel kept moist

until the result was recorded.

Q') Thin layer starch eels

An open perspex square of internal dimensions 12 cm x

12 cm was placed over the middle of the gel to confine the

developing solution which was poured into it. The gel was

then incubated at 37°C until bands developed.



CHAPTER SIXTEEN

DEVELOPING SOLUTIONS AND RECORDING RESULTS

Developing solutions

Basic recipes mere compiled by Shaw & Prasad (1970)

and many of the formulas used were modifications of these,

Enzyme activity with the appropriate substrate was linked

to a dye system so that the position of an enzyme in the

gel could be seen. This system was first used by

Markert & Miller (1959) and is based on hydrogen

transfort

reduced

enzyme activity

oxidized

NAD (oxidized) PMS (reduced)

NADH (reduced) PMS (oxidized)

SUBSTRATE COENZYME CATALYST

Tetra-
zoliuro
salt

(oxidized)
YELLOW
solution

Formazan
(reduced)
BLUE
precipi¬
tate
DYE

NAD - Nicotinamide adenine dinucleotide

PMS = Phenazine methosulphate

Recipes for different enzymes are given in Table 11
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DevelopingSolutionsforStainingSpecificEnzymesinGels Enzyme

Buffer

Substrate,Coenzymeandotheringredients
AcidphosphataseEC3,1,3.2 Shaw&Prasad(1970)
100ml0.05M sodiumacetate pH5.0

100mgsodiumoc-naphtnylacidphosphate, 100mgBlackKsalt

AconitassEC4-2.,1.5 Shaw&Prasad(1970)
S.OmlO.jM phosphate pH8.0

SolutionA(25mgNADP,30mgNBTorMTT,8ml 0.1Mcis-aconitatepH7.5,24mlwater). SolutionB(3mlwater,2mlSolutionA+6U isocitratedehydrogenasewarmedto37°C). PlacestarchgelinSolutionBthenpourrest ofSolutionA+40mlwater+2mgPMSontop
AdenylatekinaseEC2.7.4.3 Carter(1973)

30ml0.1M Tris/HClpH7.4
5mgNADP,20mgADP,40mgGlucose,6UG6PD, 20'JHK,20mgMgCl?,6mgMTT.0.5mgPMS addedjustbeforeuse

L-alanine:2oxoglitarats aminotransferase EC2.6.1.2 (modificationofASATrecipe)
0.1Mphosphate pH7.0,100ml
532mgL-alanine.73mgoCketoglutaricacid, 50mgpyridoxalphosphate.Add200rogfast blueB3saltjustbeforeuse



Enzyme

Buffer

Substrate,Coenzymesandotheringredients
AldolaseEC4,1,2.7 Shaw&Prasad(1970)
0.5nTris/HCl pH7,1,10ml

50mgNAD,545mgNa^fructose1,6diphos¬ phate.5H2Q,100Uglyceraldehyde3PD, 30mgNBTorMTT,150rngNa^AsO^.7H20, 90mlwater, use

2mgPMSaddedjustbefore

Alkalinephosphatase EC3.1.3.1 Shaw&Prasad(1970)
100ml distilled water

50mgy3-naphthylsodiumphosphate,50mgfast blueRR,123mgmagnesiumsulphate.^^2^*
Alkalinephosphatase EC3.1.3.1 EngvallaPerlmann(1972)
1ml0.05M sodium carbonate pH9.8

1mg/mlyS-nitrophenylphosphateandMgCl, 10M̂/ralbuffer

L-aspartate:2oxogluterate aminotransferaseEC2.6.1.1 Shaw&Prasad(1970)
0.1M phosphate pH7.0,100ml
532mgL-asparticacid,73mgotketoglutaric acid,50mgpyridoxalphosphate.Add200rag fastblueBBsaltjustbeforeuse

CholinesteraseEC3.1.1,8 BoehringerMannheim GmbHDiagnostica Ellmanetal(1961)
52mM phosphate 0.26mM 5,55-ditniobis (nitro-benzoic) acid,3ml

Acetylthiocholineiodide156mM,1ml
ot-naphthylacetateesterase Carter(1974)

50ml0.1M sodium phosphate pH7.4

30mgNact-naphthylacetatedissolvedina littleacetone,30mgfastblueRR



Enzyme

Buffer

Substrate,Coenzymesandotheringredients
FumarasaEC4.2.1.2 Shaw&Prasad(1970)

<

0.1M phosphate pH7.1,20ml
80mgNAD,30mgNBTorMTT,770mgK fumarate,200UMDH,80miwater.Add 1mgPMSjustbeforeuse

Glucosephosphate isomeraseEC5.3.1.9 Carter(1974)

50ml0.1M Tris/HCl pH8.0

50mgD-fructoss-6-phosphate,5mgNADP,6mg MTT,0.01mlG6PD(SigmatypeX1),20mgMgCi2. Add0.5mgPMSjustbeforeuse
Glucose-6-phosphate dehydrogenase EC1.1.1.49 Carter(1974)

50ml0.1M Tris/HCl pH7.0

100rngglucose-6-phosphate,5mgNADP,6mg MTT,40mgMgCl?.AddQ.5mgPMSjustbefore use

Glutamatedehydrogenase EC1.4.1,2 Carter(1974)

50ml0.1M Tris/HCl pH7.5

1ml7%sodiumglutamatepH7.5(byadding NaOH),7mgNADor5mgNADP,6mgMTT,0.5mg PMSaddedjustbeforeuse

HexokinaseEC2.7.1.1 Carter(1973)

30ml0.1M Tris/HCl pH7.4

5mgNADP,100mgATP,500mgglucose,6U G6PD,5mgKCN,20mgMgCL,6mgMTT.Add 0.5mgPMSjustbeforeuse

Isocitratedehydrogenase EC1.1.1.42 Sham&Prasad(1970)
85mlwater

20mgNADP,20mgNBTorMTT,0.1MNa?iso¬ citrate.H20,20ml10/MnClj.4H20,add 3mgPMSjustbeforeuse
1



Enzyme

Buffer

Substrate
,Coenzymeandotheringredients

Lactatedehydrogenase EC1.1.1.27 Carter(1974)

50ml0.1M Tris/HCl pH8.0

200mglithiumlactate,7mgNAD,6mgMTT, 0.5mgPMSaddedjustbeforeincubation
Malatedehydrogenase (orMalicenzyme) EC1.1.1.37(or EC1.1,1.40) Carter(1974)

50ml0.1M Tris/HCl pH8.0-8.5

5mllQ^omalicacidsolutionpH7,5with NaOH,7mgNAD(orNADP),6mgMTT,0.5mg PMSaddedjustbeforeincubation
PeroxidaseEC1.11.1.7 Ruitenberg,Steerenberg aBrosi(1975)

80mg5-aminosalicylicaciddissolvedin 100mlhotdistilledwater,adjustedtopH6 withNaOH,Toeach9mladd1ml0.05/SHo0o
22

Phosphoglucomutase EC2.7.5.1 Shaw&Prasad(1970)
10ml0.5M Tris/HC1 pH7.1

10mgNADP,200mgor600mgNA£glucose 1-phosphate.200mgMgCl^.6H90,80U G6PD,20mgN3TorMTT,90mlwater
6-phospnogluconate dehydrogenase EC1.1.1.44 Carter(1974)

50ml0.1M Tris/HCl pH7.0

50mg6-phosphogluconate,5mgNADP,6mgMTT, 0.5mgPMSaddedjustbeforeincubation



Enzyme

Buffer

Substrate
5,Coenzymesandotheringredients

Succinate dehydrogenase Shaw&Koen(196S)

100ml0.5M phosphate pH7.0 (includedin recipe)

SolutionA(13.5mgsuccinate.6H20, 25ml0.5MK^HPO^anhydrous,65mlH2Q). SolutionB(27.0mgNa2succinate.6H2G, 35mgMBTorMIT,50mgATP,10ml0.1M Na2EDTA,100ml0.5MphosphatepH7,0), 80mgPMS.IncubateinAfor15min,then pouroffandincubatein8

AbbreviationsareexplainedinAppendixI, AllchemicalsnrresuppliedbySigmaChemicalCc.Ltd.exceptthefollowing: FromBDHChemicalsLtd.: AcetoneAnalaR D-glucoseAnalaR Magnesiumchloride.6H^0,AnalaR di-potassiumhydrogenorthopiicsphate Sodiumhydroxide Sodiumdihydrogenorthophosphate di-sodiumhydrogenorthophosphatedihydrati Iris(hydioxymethyl)methylamine
FromM&BLtd.:FromCambrianChemicalsLtd, Hydrochloricacid5-amincsalicylicacid
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When using the thin layer staoch gel method the

following modifications were made;

Ingredients for developing solutions were prepared as

stock solutions and stored at 4°C.

Agar was included in the formulation and this

solution was poured over the gel to set, after which it

was incubated at 37°C in the dark.

About 150 rng agar was heated in ten ml water or

buffer until it melted. Meantime the rest of the

ingredients except PMS were mixed into the remainder of

the buffer. When the agar solution cooled to 55°C, the

PMS was added to the other ingredients, the molten agar

was poured in, mixed and the whole tipped onto the gel

within the frame. About 20 ml altogether was required

to cover the gel.

Formulations for this method were modifications of

recipes obtained from Doid (1974) and those shown in Table

11, They were made partly from the following stock

solutions, which were stored at 4°C;
NADP 10 mg/rnl, sodium glutarnate 7% pH 7.5 with NaOH, WAD

10 mg/ml, D~fructose-6-phosphate 10 mg/ml, sodium maiate

0.1M pH 7.5 with NaOH, 0.1M MgClz and MTT 2 mg/ml.
Details are shown in Table 12.

MTT was used in all solutions except those used with

cellulose acetate for which NOT was substituted. NBT

was also sometimes used with polyacrylamide gel.



Table12

Formulationsvisedforthinlayerstarchgels
Enzyme

Buffer

Substrate,Coenzymesandother ineredients

Diluentfor150mgagar (CodeL28.OxoidLtd.)

Glucosephosphate isomerase

0.4MTris/HCl pH8.0 2.4ml

7.6mlH20,1.0mlNADP,1mlF'6-P, 10UG6FD,2mlHIT,2mlMgCl2,0.5mg PMSaddediustbeforeuse

10mlwater

Glutamate dehydrogenase

0.4MTris/HCl pH8.0
10ml

1.5'hi.sodiumglutamate,2mlNAD,or NADP,2.5mlMTT,0.5mgPMSaddedjust beforeuse

15nl0.4MTris/HCl pE8.0

Kalate dehydrogenase(NAD?)
O.AMTris/HCl pH8,2.4ml
7.6mlH^O,2mlNADP,0.8mlmalate,2.5mlMTT 2mlMgCl.,,0.5mgPNSaddedjustbefore use

10mlwater

Malate
dehvdroeenase(NAD)

Asabovebut2mlNADinsteadofNADP
Malatedehydrogenase (NAD)(alternative recioe)

10mlHpO,5mlmalate,0.7mlNAD, 3mlMTT,0.5mgPMSaddedjustbeforeuse
10ml0.2MTris/KCi pH8.0

Hexokinase

0.1MTris/HCl pH7.410ml
500mgglucose,1mlMgCl^,100mgATP, 0.5mlNADP,3mlMTT,6UG6FD,5mgSGN,0.5meFMSaddediustbeforeuse
10ml0.1MTris/HCl pH7.4

Adenylatekinase

0.1MTris/HCl pH7.410ml
40mgglucose,0.5mlNADP,20mgADP,

6UG6FD,20UHK,1mlMgClg,3mlMTT, 0.5meFMSadded.iustbeforeuse
10mlTris/HCl pH7.4

6-phospho-gluconate dehydrogenase

0.4MTris/HCl pH8.05ml

5mlH20,50mg6PG,0.5mlNADP,3ml MTT.0.5mePMSaddediustbeforeuse
10mlwater

Abbreviation?areexplainedinAppendixI
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Recording results

A densitometer ("Phoroscope", Millipore (U.K.) Ltd.) was

used for recording the bands on a Phoroslide. This was

fitted with a 580 nm filter to enable a blue colour to

be recorded. It was operated according to the manu¬

facturer's instructions to align the pattern on the

screen. A trace was then made automatically onto

paper.

Recording of band patterns in starch gels and

polyacrylamide gels was made by tracing with an indelible

felt tip pen on polyester film (Type 5, 50/urn Melinox,

ICl). Photographic recordings of some gels were also

made. For photography thick gels and polyacrylamide

gels were lit by reflected light but transmitted light

was used for thin starch gels, which mere laid on top of

a light box. Photography was done by the photographic

unit at the Veterinary Field Station.
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CHAPTER SEVENTEEN

PIFFERENT!ATI ON BY STAINING AND SEROLOGY

Staining

The most satisfactory method was to stain sections

of gravid proglottides by the hot Ziehl-Neelsen method.

Seven taeniid worms u/ere examined: Taenia hydatinena,

N. multiceps, T« ovis, T. pisiformis, T. saqinatus,

T. solium and H. taeniaeformis. The embryophore of all

these species was acid and alcohol fast in contrast to

the onchosphere and other tissue. These results were

consistent and confirmed by staining two specimens of

each species on several occasions. Sections were also

given to two technicians, one in the Pathology Department

and one in the Centre for Tropical Veterinary Medicine

M.Sc. laboratory, both with experience in staining, for

further confirmation.

Figs. 1 and 2 show stained sections of T. solium and

T. saginatus respectively.

The other staining methods were not satisfactory for

the following reasons: ova in test tubes stained poorly

due to dilution of the staining fluids and many were lost

during the washing process; recovery of ova from the

Millipore filter method was also poor and ova were

unevenly stained; ova fixed to a glass slide by evapora¬

tion appeared very dark and it was difficult to see any

colours.



Sections were stained by the Ziehl-Neelsen method. Embryophores are stained red (acid and alcohol
fast) and are seen sectioned in different planes; some are almost whole whilst others have been broken
by the microtome and the embryophoral blocks displaced. Onchospheres and strobila tissue are counter-
stained blue.

(X 240)



Figure 18

Strain variation in if. granulosus (glucose phosphate isomerase)

From left to right:

Ox (E granulosus
( E. granulosus

Horse (E. granulosus
(E. granulosus

Sheep E. granulosus

Ox (E. granulosus
(E. granulosus

Horse E. granulosus
Horse liver

Ox liver

germinative epithelium (Glasgow)
germinative epithelium (Glasgow)
hydatid fluid and sand (Belgium)
germinative epithelium (Belgium)

germinative epithelium (Glasgow)
germinative epithelium (Wales)
germinative epithelium (Glasgow)
hydatid fluid (London)



Figure 1
T. solium gravid proglottis

Figure 2
T. saginatus gravid proglottis
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Ova did not stain deeply enough by the cold method

described by Brygoo jst a_l (1959).

Clr c um-ov a J. preclpitatio n tost

Untreated ova were used in five experiments (CP 1 to

5) against bovine and rabbit antisera. Precipitates of

both types were seen in all slides including the controls

although higher scores were allotted to those on slides

treated with antisera. It was difficult, however, to

distinguish between orecipitate, yolk sac material

attached to the embryophure and other particulate matter

present.

Ova were treated in further experiments by different

methods designed to clean the ova or to disrupt the

embryophore and so allow a more intimate contact with

onchospheral material. Ova incubated in pepsin and

hydrochloric acid (solution A) for half to one hour still

had remnants of the yolk sac adhering. In two experi¬

ments (OP 6 and CP 7) precipitates were seen with anti¬

sera and with normal sera. In another experiment (OP 8)

treatment of ova with 0.2% sodium hypochloride solution

(20%. Milton, Richardson Merrel Ltd.) resulted in loss of

the embryophore and the disappearance uf most of the

onchospheres. This was partly due to the washing

process but the onchospheres appeared misshapen after

contact with the Milton.

Finally, a test (OP 9) was done on hatched oncho¬

spheres that were still in their membranes. Both bovine
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antiserum and rabbit antiserum were used but no precipi¬

tates were seen.

Micro anar diffusion precipitatien test

In a preliminary experiment (IP l) T. saginatus

antigen was tested against antisera from the rabbit and

the calves that had been hyperimmunized by intramuscular

injection of strobilate material and compared to serum

from the calves that had been given repeated oral doses

of ova. The results are tabulated in Table 13.

Table .13

Immunoprec.ipitation between T. san inatus antigen and anti-
sera raised by oral dosing ofoaTves or by intramuscular

injection of strobilate material

Experiment IP 1

Antiserum Method of hyper- Maximum number
immunizaticn of lines

1 Rabbit Intramuscular 5

3 Calves Intramuscular 4

2 Calves Oral N i 1

It appeared from this result that there was no

reaction between strobilate antigen and antiserum from

the calves hyperimmunized by oral dosing of ova. Anti-

sera from orally infected animals were included in other

experiments and results are summarised iri Table 14.
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Tabic 14

Irnmunoprnc i.pit at ion between antlq e ns and homologous anti-
sera from animals infected orally

Experi¬
ment Antigen

Donor of homologous
Antiserum

Maximum
No. of
lines

IP 2 T. san inatus Calf (concentrated X5) 1

IP 3 T. pisiformis Rabbit Nil

T. ovis Sheep No. 1 Nil

Sheep No, 2 Nil

Sheep No. 3 Nil

Sheep No. 4 Nil

M. multlceps Sheep No. 5 Nil

IP 4 M. multiceps Sheep No. 5 Nil

IP 5 Pi. multiceps Sneep No. 5 Nil

These results largely confirmed the lorn level of

reaction in the gel diffusion test between strobilate

antigen and antisera from animals that had been immunised

by oral dosing with ova.

Antigen from T. sag inatus ova was then compared to

antigen from T. saginatus strobila in experiment IP 2.

Concentrated antiserum from the calf that had been hyper-

immunized by oral dosing was also included. Results are

given in Table 15.
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Table 15

A comparis on by im itiunoprecipi tat ion between ntrob.il at e and
oral antigens of "i~. sag.ir.atus

Experiment IP 2

Source of Antigen Antiserum Method of
hyperimrnunizat ion

Maximum
No. of
lines

Strobila Rabbit Intramuscular 2 strong

Calf (X 5) Oral 1 strong

Ova Rabb it Intramuscular Nil

Calf (X 5) Oral Nil

It was evident from the results shown in Tables 13,

14 and 15 that this test could not be reliably used to

detect antibodies in animals immunized by oral dosing of

ova. Antigens from strobilate material of Cittotaenia,

X« hydatiqena and Mmultioeps were tested against

homologous antigens in experiments IP 3 and IP 4. Results

are seen in Tables 16 and 17.
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Table 16

Iminunopr ec ip it. ati on between an tin ens fr om d iff erent tape¬
worm species and homologous antisera

Experiment IP 3

Antigen

Cittotaenia

T, hydatiqena

H» multiccps

T, oisiformis

Maximum No. of lines

7

6

6

7

Table 17

Immunoprecipitation betuieen antiqens_from different tapeworm
species and homologous rabbit antisera

Experiment IP 4

Antig en

Cittotaenia

T» hydatlqcna

M. multiceps

T. pis.iforrriis

T. sag inatus

Maximum No. of lines

6

7

8

5

4

Fig. 3 shows the lines produced between M« multiceps antigen

and its homologous antiserum.

Experiments IP 3 and IP 4 showed that there were

strong reactions in all the systems. Cross reaction



Figure 3

Immunoprecipitation lines between M. multiceps antigen and
homologous antiserum

Centre well:

Top well:
Right well:
Left well:
Bottom well:

antiserum

antigen, neat
antigen, 1:2
antigen, 1:4
saline control
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studies ujere then made in experimencs IP 6, IP 7 and IP 8.

Each antigen mas used against its homologous rabbit anti¬

serum and against each of the heterologous rabbit antisera.

The results are shown in Table 18.

Table 10

Immunoprecipitstion between antigens from different tapeworm
species and homologous and heterologous antisera

Experiments IP 6S IP 7 and IP 8

Antigen

Eittotaenia

T. hy oatiq ena

Ml. multicep;

T» PJ siformis

Tc saginatu;

Tapeworm used to
raise antiserum

Cittotaenia
T o h ydatigena
HI. mu11iceps
T./ pis iformis
T. sag in at us

Cittotaenia
T. hydatig ena

6pSM :ui1 f.

T. pisiformi;
T. sag inatus

Cit to taenia
T. hydatigena
HI multiceps
T, pis iformis
t, s aqinatus

Cittotaenia
T. hydatigena
Ml, multic eps

* homologous systems

Maximum No. of

*4
1 (weak)
1
1
1

4 (weak)
*6 (strong)
5 (strong)
3
7

2 (weak)
5 (strong)
*6 (strong)
4
5

3 (weak)
b (strong)
4 (:

T. pisiformis *b
T. saginatus 5

Cittntaenia 1 (weak)
T. hydatigena 4 (strong )
Mi. multiceps 3 (strong)
T. pisiformis 2

(strongT. saginatus *4
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Fig. 4 shows cross reactions between antigen and

heterologous antisera in experiment IP 7.

There were considerable cross-reactions between

taeniid species, but less between Cittotaenia and the

taeniid worms.

Each antiserum was then absorbed with the hetero¬

logous antigen with which it had given the strongest

reaction in experiments IP 6 and IP 7. Thus:

Cittotaenia antiserum was absorbed with T. pisiformis antigen

T. __hydatiqena antiserum was absorbed with M„ multiceps antigen

M. multiceps antiserum was absorbed with T. hydatigena antigen

T. pisiformis antiserum was absorbed with T, hydatiqena antigen

T. saqinatus antiserum was absorbed with T. hydatigena antigen



Figure 4

Immunoprecipitation betweenM. multiceps antigen and heterologous antisera

Centre well:

Top well:
Right well:
Bottom well
Left well:

M. multiceps antigen
T. hydatigena antiserum
T. pisiformis antiserum
Cittotaenia antiserum
T. saginatus antiserum
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TabIn 19

InnrunoprBC ip it at io n 1 ipes bet. u> e e_n antic e ns of diff orent
tapeworm species and absorbed antisera

Experiments IP 8 and IP 9

Antigen Tapeworm used tu
raise antiserum

Maximum No, of
lines

Cit-totaenia Cittotaenia *4
T. hydatiqena
Fl. multiceps
T. pisiformis
Tv sag inat us

0
0
0
u

T. hydatioana Cittotaenia 0
T. hydatiqena
Fi« mu11iceos
T. pisiformis
T* sag in at us

*4
0
0
0

M. multiceps Cittctaenia
T. hydatiqena
El. multxceos
T. pisiformis
T. saginatus

0
0

u

□

T. pisiformis Cittotaenia 0
T. hydntigcno
Fn multiceps
T. pisiformis
To saginatus

2
0

•&0
0

To saninatus Cittotaenia 0
T» hydatiqena
Fl. mul tic ops
T. pisiformis
T. saqinatus

1
0
2 (weak)
*1

* homologous system

Strong precipitation lines were seen between all anti¬

gens and unabsorbed homologous antisera. Precipitation

linos between antigens and unabsorbed heterologous 'antisera

were comparable to the results of Experiments IP 6 and IP 7
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and for convenience of presentation these results were

included in Table 10.

Absorption appeared to remove non-specific reaction

in most, but not all, systems.

Fig. 5 shouis precipitation between an absorbed anti¬

serum and its homologous antigen.

The fluorescent antibody test

a) Ova

Autofluorescence of the embryophore was very strong

whether light ground or dark ground illumination was used.

Lugol's iodine or Nile blue at 1:10 dilution was not

successful in quenching this. Stronger solutions of

Lugol's iodine had some effect in reducing autofluorescence,

but it was felt that this could eliminate specific

fluorescence as well and its use was discontinued.

After ova had been bathed in antiserum and conjugate,

some faint fluorescent globules were seen on the embryo-

phore. This was not seen in ova bathed in normal serum

and conjugate but the globules were not seen in all tests

or on all ova.

Treatment op ova with 80 per cent Milton for up to five

hours resulted in the rupture of the embryophore of some but

did not improve the results*

In the tube test eggs were retained as a sediment in a

little fluid and it was therefore difficult to gauge dilutions

properly. This was not the case with the slide test.



Figure 5

Immunoprecipitation between antigens and Cittotaenia antiserum
that had been absorbed with a heterologous antigen

(Photograph of a stained slide)

Centre well: Cittotaenia antiserum
with T. pisiformis antigen

Top well: Cittotaenia antigen
Right well: M. multiceps antigen
Bottom well: T. hydatigena antigen
Left well T. pisiformis antigen
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Ova M' at were submitted to various periods in diges¬

tion fluids hatched readily but feu ova became activated;

most mere still retained in the onchospheral membrane.

Many ova mere lost during washing in the digestion

process or in the tost. Although embryophoral blocks were

seen, onchospheres were difficult to find under the

fluorescent microscope, in spite of enclosing the sediment

within a waxed circle.

Intense fluorescence around the onchospheral membrane

was sometimes seen. This was found to be related to how

thoroughly the onchosphcres had been washed. Auto-

fluorescence of the booklets was always present. In some

experiments an increase in intensity of fluorescence was

detected in ova that had been exposed to antiserum compared

to the controls but this was not consistent,

b) .Sections

Results of these experiments were also inconclusive.

In gravid sections embryophores fluoresced brightly and it

was difficult to detect any difference in colour of the

onchospheral membrane. Fluorescence was more intense when

neat sera were used in the "sandwich" technique using FITC.

TRITC did not produce any fluorescence.

Immunoalectrophores is

The microirnmunoelectrophoresis template method on

microscope slides was used in most of the experiments as

this was found to be the most sensitive. Lines were more

clearly seen with agarose than with agar.
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T. pisiformis and T. hydatigcna and their homologous

sntisera were found to precipitate the strongest lines and

were used in all the experiments. Concentrating the

antisera improved the visibility of the lines. Up to six

arcs mere seen with antisera concentrated 12 times, but arcs

were not always clear. No arc peculiar to any particular

antigen/antibody system was detected.

Enzyme-linked Immunosorbent assay (ELTSA)

This test was used with antigens of different tapeworm

species against homologous and heterologous antisera and

also against homologous antisera that had been absorbed

with one or more heterologous antigens.

The immunoprecipitation gel test results determined

the choice of antigen for absorption. Antiserum to

T, hydatiqena was absorbed with M . nu 11.1 csps antigen and

all other antisera were absorbed with T. hydatiqena.

Pi, rnuJ.ticeps antigen at one, five and ten yjg/ml
initially was used to determine the optimal concentration

of antigen for the test. The results can be seen in

Table 2.0.
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Tab!b 20

The dete rmination of an tig en concentration suitab1e
for the ELTSA test

Experiment E 1

Serum
dilution

Conjugate
(l in 500 )

——

Rend i rig at
449 nm

1:50 + 0

1:100 + 0

1:50 + 1.6

1:50 + 1.6

1:50 + 0.12

1:100 + 0.9 2

1:100 + 0.84

1:100 + 0.1

— 0

- 0

- 0

All
1:50

+

0

0

+ 0

+ 0

+ 0

M. multicops
Antigen (ugj

Salina

Saline

10

5

1 Antiserum
10

5

1

10

5 E
23

1
M

CD
CO

Saline -P

10
-C
X}
ca
n

5

1

M
E
U
O

Salina

In all subseque3nt tests 5/ug/ml mas chosen as the

antigen concentration.

Each antigen mas tested against homologous, hetero¬

logous and absorbed homologous antiscra. The results can
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bo seen in Tables 21 to 26.

Table 21 shows the reactions between antigens and

homologous or heterologous antisera. There were cross

reactions between all antisera with usually a slightly

stronger reaction in homologous systems than in

heterologous systems.

Table 21

Reactions be tisieen ant in en s and h orrsol ooous
and heterologous antisera

Antigen Antiserum Readings at 449 nm
(1:100) Experiment L 3

T. hydatiqena T. hydat iqena *0.6 0.56
M» multiceps 0.6 0.52
T. pisiformis 0.27 0. 25
T. saqinatus 0.56 0.54
Cittotaenia 0.25 0.. 28

M, multiceps To hydatiqena 0 e 48 0.47
M. multiceps *0.62 0. 53
To pisiformis 0.18 0.26
T. saqinatus 0.55 0.56
Cit to taenia 0.2.7 0.28

T. pisifnrmis T. hyoatioena 0.56 —

M. mult icons 0.35
I. pisiformis *0. 25 -

To saqinatus 0.5 -

Cittotaenia 0. 22 —

7. saqinatus To hydatiqena 0.52 0.56
Mo multiceps 0.51 0.52
T. pisiformis 0.1 0.11
T» saqinatus *0.56 0.59
C i L to Lat-ii it a 0.10 0.1.4

Cittotaenia To hydatinena 0.2 —

Kio tnul tic eps 0. 24 -

To pisiformis 0.07 -

Tc saqinatus 0.29 -

Cittotaenia *0.43

* homologous system:
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Table 22 shows the results obtained when homologous,

heterologous and absorbed heterologous ant.Lsera were tested

against M, multiceps antigen.



Table22

ReactionsbetweenM.multicsosantigenandhomologous, absorbedhomologousandheterologousantisera Absorption antiserum: antigen

Readingsat449nm

Antigen

Antiserum

Concentration

Experiments:
E1

r

r\

z

E3

F.multiceps
M.multiceps

1:50

1.6

—

—

1:100

-

0.34

0.85

0.85

0.62

0.53

1:50

1.1

0.27

-

-

-

-

1:100

1:1

0.22

0.22

0.24

0.18

0.16

1:100

1:2

-

0.19

0.24

0.15

0.18

1:100

2:1

-

0.2

0.2

0.11

0.1

T.hydatiqena
1:100

-

-

C.76

0.8

0.48

C.47

T.pisiformis
1:100

»

_

0.46

0.46

0.18

0.26

T.saqinatus Cittotaenia

1:100 1:100

-

CO

CO

c t

o □

0.86 0.45

0.55 0.27

0.56 0.28

Normalrabtrt serum

1:100

..

0

0

0

0

0

Saline

Allsera

1:100

-

0

0

0

0

0
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These results show that M_*_ multiceps antiserum absorbed

in the ratio of 1:1, 1:2 or 2:1 with T. hydatigena antigen

still retained activity against M. multicsps antigen. As

there did not appear to be any difference in absorption

between the ratios used, the intermediate ratio of 1:1 was

chosen for absorption in other experiments.

Different antigens were then tested against absorbed

homologous and heterologous antisera. Antisera were

absorbed in a 1:1 proportion with heterologous antigen.

The results are shown in Table 23.

Table 23

Reactions bet we e_n different an tig ens an d sbsc r bed _a n t i s e ra

Absorbed Readings at 449 nm
Antigen antiserum Experiment E 4

(1: 100)

T. hydatinena T. hydatiqena *0.61 0.65
H, multiceps 0.035 0. 04
T. oisifcrmis 0 0
T. sac inatus 0.07 0.07

M. multiceps T. hydatiqena 0. 21 0. 22
M. multiceps *0.3
Tc pisiformis 0 0
T. saqinatus 0. 24 0. 24

T. pisiformis T. hydatiqena 0.47 0. 51
Mo multiceps 0.07 0.08
T. pisiformis *0.14 0.11
T. sag inatus 0.06 0.08

T. saqinatus T. hydatiqsna 0.16 0.175
M. multiceps 0.09 0.1
T. pisiformis 0 0
T» saqinatus *0.39 0.39

^homologous systems
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It was evident from these results that absorption uias

not complete. T« hydat.iqena antiserum mas then absorbed

in different proportions with M. multtceps antigen (1:1 or

1:2 respectively) or successively with two antigens,

H. multiceps and T. pisiformis, both in a 1:1 proportion

with the antiserum. This absorbed antiserum was tested

against different antigens. The results are seen in

Table 24.
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ReactionsbetweendifferentantigensandT.hydatiqena antiserumabsorbedindifferentwavs Readingsat449nr,
ExperimontE5

Antigen

T.hydat
igenaantiserum(l:
100)

Notabsorbed
Absorbedwith

Absorbedwith
AbsorbedwithM.multiceps

M.multiccps1:1
K»mult.

„ceps1:3
1:1andT.pisifcrrnis1:1

T.hydatiqena
0.41

0.44

0,265

0.265

0.25

0.23

0.16

0.16

M.multiceos
0.33

0,37

0.06

0.06

0.01

0

0

0

T.pisiformis
0.38

0.39

0.22

0.23

0.15

0.15

0.03

0

T.saqinatus
0.15

0.14

0.14

0.14

0,02

0.02

0

0,01



121.

Absorption appeared to be adequate when tuio antigens

were used to absorb an antiserum., Other antisera were

therefore absorbed in the same way. The results are seen

in Table 25.

Table 25

Reactions between different antiqens and anti-
sera cb so roe d by two heterologous antigens

Absorbed Readings at 449 nm

Antigen ant is erum
( 1 5 100) Experiment E 6 Experiment E 7

Tc hydatiqena T. hydatiqena 0.15 0.14 0.06 0.09*
IT. muitieeps 0.03 0.01 0 0
T. pisxformis 0 0 0 0
T. sag inatus 0 0 0 0

M. multiceps T. hydatioena 0 — 0 0
M. muitieeps 0.07 0.04 0. 04*
T. pis if ormis 0 - 0 0
T. saginatus 0.04 — 0.02 0.02

T. pisiformis T. hydatiaena 0.01 0 0
M. muiticeos 0,01 0 0
T. pis iformis 0.02 - 0.03 0.03*
T. saoinatus 0.01 — 0 —

T. saqinatus T. hydatioena 0.02 0 G.C1
IT. muitieeps 0.02 0.01 0
T« pisiforrais 0 - 0 0
T. saginatus 0.04 ~~ 0.1 0.11 *

* homologous systems

Again the absorption appeared adequate but reactions to

absorbed homologous antisera were poor.

The results of experiments using egg antigens are seen

in Table 26.



Table26

Reactionsbetweenantigenspreparedfromovaandabsorbedantisera Unabsorbedantiserum

Absorbedantiserum

!!.

avisovaantioen
T,hydatigenaova]T.ovisova antigenantigen
T,hydati£_enaova anticen

Exaeriment:

E8

T.hydatigena Fi.multiceps T.pisiformis ;aqinatus
0.33 0.32 0.32 0.03

0.01 0.02

E9
0 0 0 0

0 0 0 0

E8

0.03 0.03 0.02 0.02

0.03 0,02 0.02 0.02

E3

0 0

F9

0 0

0

0.01
0 0

0.01 0 0

c 0 0

E8

0 0 0 0

00.01
E9

0 0

0.02 0

0 0 0 0



1 23 *

l/ery low reactions wore obtained in Experiment E 0 and

none in E 9 between the egg antigens and unabsorbed sera,

whilst virtually no reactions occurred against absorbed

antisera in either experiment,,
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CHAPTER EIGHTEEN

ENZYME ELECTROPHORESIS: PHYSICAL EFFECTS

Support modia

a) Cellulose acetate

This support required no preparation, was easy to work

with and a larger number of samples could bo compared in

one run, but the method was abandoned as enzyme banding

and definition were very poor.

b) Agaroslides

These were preferable to Phoroslides as staining was

seen more clearly. Enzyme banding, however, was very poor.

This method was also abandoned mainly due to the high cost

of the slides,

c ) P h o r os1 ides

Enzyme location was possible but banding was very

poor. The advantage of these slides was that an attempt

could be made to quantify results by the use of a densito¬

meter.

d ) Polyacrylamide gels

Seven per cent gels were the most satisfactory, being

economical arid yet reasonably strong. These gels had the

advantage of translucenuy, thus enabling location of

enzymes more easily than with starch gels. They were also

easier to handle than starch gels. Banding, however, was

poor and they were abandoned in favour of starch gol.
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g) Starch gels

Much of the initial work was done using thick gels.

The starch concentration varied from B.8 per cent to 20 per¬

cent. Definition improved with higher starch content but

the gels became too friable at a high concentration and ten

per cent was found to be both adequate and easy to work

with. Different commercial brands of starch were tried.

Although the handling qualities differed, the results were

not altered by the brand. The addition of ten per cent

sucrose to the gel did not appear helpful. Gel thickness

was varied frem two mm to six mm, the latter being adopted

as standard. Some gels of 18 x 17.5 cm in size were tried

but most gels were 17 x 11 cm as this size was more conveni¬

ent for handling after electrophoresis.

A higher starch content was chosen fur thin layer gels

•as they did not have to be handled: 11 per cent was used

routinely.

Thin layer gels gave superior results to thick layer

gels and all later work was done with the former. An

example of each is seen in Fig. 6.

Sample anplication

With samples soaked on filter paPBr> difficulties were

encountered duo to softening and tearing of the paper during

insertion into the pro-cut slots. Cellulose acetate film

was found to be more suitable. The inserts were left in

the gel throughout electrophoresis as their removal 20

minutes to one hour after the start of electrophoresis did

not improve results.



Figure 6

Zymogram of glucose phosphate isomerase on a thick
and a thin starch gel

Plate 1

Thick gel (photograph
by reflected light)

Plate 2

Thin gel (photograph
by transmitted light)



126.

Cooling

electrophoresis of thick gels was done in a cold room

at 4°C. It was probable that the temperature rose under

the safety hood of the apparatus during electrophoresis

and as a result the gel over-heated in parts with

burning at the contact point between wick and gel on some

occasions. The acquisition of a cooling platen coincided

with the change from using thick gels to using thin layer

gels. Cooling by means of a single platen lying underneath

the gel was adequate, when the water circulating through it

was kept at about 8°C.

Preparation of extracts

extracts were sometimes prepared merely by homogeniza-

tion of tissue in some water, normal saline cr EP solution

with a tissue grinder or pestle and mortar. These gave a

clear zymogram pattern provided they were not too concen¬

trated. IJltrasonication tended to heat samples and was

later omitted from the procedure. Extracts destined for

preservation and storage were usually ultracentrifuged.

Because of the absence of facilities in Nigeria,

extracts were not centrifuged there. Instead, they were

allowed to stand overnight at 4°C and the supernatant was

sucked off for use. A comparison was made between filtered

and unfiltered supernatants. No difference in definition

of enzyme patterns could be detected between the two and

filtering was discontinued.



Figure 7

Electrophoresis of T. saginatus and T. solium extracts in different buffers.
Zymogram of glucose phosphate isomerase

-

Plate 1

0.5M Tris/HCl pH 8.0
(gel buffer diluted 1:5)

Left: T. saginatus
Right: T. solium

Plate 2
0.2M phosphate pH 7.4
(gel buffer 0.015 M phosphate
pH 7.4)

Left: T. saginatus

Right: T. solium

Both thin gels were run for three hours at 330 volts
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CHAPTER NINETEEN

ENZYMES FOUND IN TAPEWORMS

Tub e tests for enzymes

At first extracts u/ere tested in tubes for the presence

of a particular enzyme before electrophoresis. Results of

such a test for the presence of malate dehydrogenase are

seen in Table 27.

Table. 2?

The presence of nialate d chydrogen as e in some
tapeworm extracts

Tapeworm species Dilution of extract
with water

Reading at
540 nm

Honiezia sp 1:1
neat

concentrated x 3

0.17
0.33
0.36

T. saginatus 1:1
neat

concentrated x 6

0.09
0.13
0.16

T. hydatigena
strobila 1.32

1: 16
1.8
1.4
1.2
neat

0.001
0.02
0.04
0.09
0.16
0.41

Saline control 0 0

This test was repeated for glucose-6-phosphate

dehydrogenase, 6 phosphogluconate dehydrogenase, lactate

dehydrogenase, glutarnate dehydrogenase and cC-naphthy 1

acetate esterase. Colour changes occurred in very few
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samples but indicated some glucose-6-phosphate dehydrogenase

activity in Moniezia, glutamate dehydrogenase activity in

T. hydatiqena and T. saginatus, some lactate dehydrogenase

activity in Moniezia, T. hydatigena and E. granulosus and

glucose phosphate isomerase activity in Fioniezia,

!«> hydatigena cyst, E, granulosus and Tt saqinatus.

Subsequently these same extracts were tested again

after starch gel electrophoresis. Enzyme activity shown

by the enzyme in the test tube was not always apparent in

the qel and therefore tube tests were not continued. All

extracts were thereafter tested directly by electrophoresis.

Enzymes found in tapeworm extracts

Table 28 shows tapeworm enzymes that were seen in

zymograms.

Of the enzymes tested, glucose phosphate isomerase was

found to be the most useful as it was present in all

specimens and showed clear differences between species.

Other enzymes which were useful were malatc dehydrogenase,

glutamate dehydrogenase, adenylate kinase and hexokinase.

All these enzymes were present to seme degree in all tape¬

worm species and some differences in mobility were seen.

Other enzymes were difficult to detect, were not present in

all species or showed no generic or specific differences and

were not studied further.



Table28
EnzymesinTapeworms

EnzymeE.granulosus
T.hydatigena.
M.multiceps
71ovis

71ptsiformis
71saginatus

71solium

77.taeniaformis
Species

cyst

adult

cyst

adultcyst
adult

adult

adult

cyst

adultcyst
adultcyst

differences shown

ALAT

NIL

NIL

NIL

ASAT

+

NIL

NIL

NO

Acidphos.

j.

NIL

NIL

NO

Alk.phos.

+

+

NIL

NO

Aldolase

+

+

+

Aconitase

NIL

NIL

NIL

Adenylatekinase
++

++

++

++

++

++

++

++

YES

•NAesterase

NIL

NIL

NIL

NIL

NIL

Esterase(nonspecific)

NIL

NIL

NIL

Cholinesterasc

NIL

NIL

NIL

Fumarase

+

+

+

NO

GDH(NAD)

+

++

++

++

++

++

+

+

YES

GHD(NADP)

+

+

+

+

+

YES

G-6-PD

+

++

NIL

NO

GPI

+++

+++

+++

++++++

+++

+++

+++

+++

++++++

++++++

YES

Hexokinase

+

++

++

++

++

++

++

++

YES

ICD

NIL

NIL

NIL

NO

LDH

+

+

+

NIL

NO

MDH(NAD)

++

++

++

++

++

++

++

++

YES

MDH(NADP)

+

+

+

+

YES

Peroxidase

NIL

NIL

NIL

NO

PGM

+

+

+

+

+

NO

6PGD

+

+

T

NO

SDH

+

++

+

NO

+++Strongbands ++Strongbandsseenonsomeoccasions +faintbands

AkeytoabbreviationsisgiveninAppendix1
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CHAPTER TV.'EN TY

ENZYME ELECTROPHORESIS: VARIATIONS IN TECHNIQUE

Vo.ltage and current

In a series of studies using different voltages it was

found that a constant setting of 110 V (reading across gel

about 6.5 V/cm) gave the best results when thick gels were

run overnight. This usually gave a reading of 14 mA when

0.1 M Tris/citrate buffer pH 7.5 was used and it was later

found that setting the current at a constant 14 mA gave a

more consistent result than a constant voltage setting.

In the thin layer technique, tha best results were

obtained with a constant 330 V measured across the gel

using 0.2 M phosphate buffer pH 7.4. This usually gave an

ammeter reading of 22 mA if the gel was sufficiently thin.

A reading greater than this was a sign that the gel was too

thick.

Time

The effect of varying the time of the electrophoretic

run, under corstant conditions, can be seen in Fig. 8. (M 0 H)
Lengthening the period of electrophoresis increased the

movement of enzymes. It did not necessarily improve defini¬

tion. With thick gels comparable results could be obtained

by a shorter period of electrophoresis if the voltage was

increased, provided the product of time and voltage

remained about the same. Even with a thick gel, electro¬

phoresis could bo completed in two hours, but the quality



Figure 8

The effect of time on electrophoresis

From right to left:

Sheep's heart extract ) Aftgr (WQ hour$
T. hydatigena extract )

Sheep's heart extract ) After four hours
T. hydatigena extract )

Sheep's heart extract ) After six hours
T. hydatigena extract )
Electrode buffer: 0.341 borate/NaOH pH 9.0
Gel buffer: 0.034 M borate/NaOH pH 9.0
150 volts (power pack reading). Thick gel
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of the gel uias not almays as good.

Illl

The effect of pH mas observed mhen comparing gels

using a buffer of constant ionic strength of 0.5 (Damson

et al, 1969). Electrophoresis mas run at pH 4, 5.4, 6.2,

7C2 and 8.2 and a borate/NaOH buffer mas used for pH 9 and

pH 10. Gels mere developed for malate dehydrogenase and

lactate dehydrogenase and showed malate dehydrogenase to

have an isoelectric point between pH 6.2 and 7.2. No develop¬

ment uccurred at pH 4. There mas very little lactate

dehydrogenase activity. Electrophoresis of all the gels

mas at a constant 80 V over 16-j>- hours.

Movement towards the anode increased with higher ph.

The effect of pH mas used later to help distinguish between

T. saqinatus and T. solium. Extracts of these two worms

shewed differences in glucose phosphate isornerase in thin

layer gels. In order to enhance this difference the pH

mas lowered to around the isoelectric point so that the

enzyme of the one tapeworm mould move anodally, and that of

the other, cathodally.

In a 0.2 M phosphate buffer pH 7.4, isoenzymes of both

tapeworms moved anodally but those of T. saqinatus moved

more rapidly. The pH was then lowered to 5.9 until the

main bands of T. solium moved cathodally and those of

T. saginatus anodally. Fig. 9 shows the results. It was

found, however, that very small variations in pH could

alter the direction of movement.



Figure 9

Glucose phosphate isomerase isoenzymes of T. saginatiis and T. solium at pH 5.9

+

The black cotton thread marks the point of application. The main band of T. saginatus (left) has
moved anodally and that of T. solium (right), cathodally.

Electrode buffer: 0.2M phosphate pH 5.9
Gel buffer: 0.015M phosphate pH 5.9
330 volts across a thin gel for 3 hours.
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Buffer cone en t rat, ion

Thick gels made with 0.034 M borate/iMaOH pH 9 buffer

were held at a constant 80 V over 16-£ hours, using three

different borate/NaOH electrode buffers pH 9: 0.1755 M,

0.341 M and 0.682 M borate. Increase in buffer concentra¬

tion caused an increase in mobility of malate dehydrogenase

but not necessarily better separation of bands.

However, tnis effect was not consistent with all

enzymes as was shown when several enzymes were run in thin

gels using three different buffer concentrations. With

hexokinase, glucose phosphate isomerase and glutamate

dehydrogenase mobility was increased in the higher concen¬

tration but the reverse was the case with adenylate kinase.

This is shown in fig. 10.

Storage and preservation_of extracts

The activity of glucose phosphate isomerase in

T«. pisiform is material that was preserved in several ways

is shown in Table 29.



Figure 10

The effect of buffer concentration on the movement of adenylate kinase

Plate 1. Electrode buffer: 0.1 M Tris/HCl pH 8.0
From left to right: T. hydatigena, blank, T. ovis, E. granulosus, blank, T. saginatus, T. solium, M.
multiceps, Dipylidium caninum

I

Plate 2. Electrode buffer: 0.5 M Tris/HCl pH 8.0
From left to right: T. ovis, H. taeniaefortius, blank, T. pisifortnis, M. multiceps, T. hydatigena, E.
granulosus, T. ovis, T. solium, T. saginatus

Buffer for both gels was 1:5 dilution of electrode buffer
330 volts across a thin gel for three hours
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Tahle 29

Glucose phosphate iontncrase act!vity in samples of
To pisiformis one month after preparation in

different mays

Extract diluent Preservation Temp eraturc
during
storage

Enzyme activity
after 1 month,
ll/tng protein

Freeze dried
powder*

Water

EP solution

EP solution

2.4 M (NH^)2 SO^

*Rcconstituted in distilled water

solution

solution

solution

+ 9

-196°C

+ 5°C

+ 5°G

54.5

47.3

39.0

6.8

Enzyme activity did not necessarily indicate preserva¬

tion of electrophoretic characteristics as enzyme activity

was sometimes strong when zymogram bands were altered or

blurred. Table 3G shows the effect of preservation and

storage on the bands.



Table30

Theeffectofpreservationandstoraqeonelectrophoretic
■-■—....ii.I...—r?—,. qualityofglucosephosphateisomeraseenzyme

Extractdiluent

Storage temperature
Length ,cf storage (days)

Storageas Extract(E) orwhole worm(W)

Enzyme activity
Banding

Saline

Fresh
+20C +4°C -20°C

a

13 540

W w w

+++ + ++ +++

4*4*4* 4-

T4*
4.4--J.—N

VJ1

EPsolution

+20CC +5°C +5°C +5°C ~20°C -20°C ~20qC -196C

a

60 90

15u
60 90

210 >365

E E E E E E r
E

Nil +++ ++ + +++ ++ ++ +++

Nil +++ ++ + +++ ++ ++ +++

EPsolution+
0,2%betapropriolactone
+37DC

30rnin

E

Nil

Nil

2.4M(NH4)2
S04

+?8°c 4bC

8

180

E E

++ +

++(warped) +(warped)

Freezedried: Water

+5°C

600

E

+

EPsolution

+5°C

>365

E

+++

-:•++
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2.6 il ammonium sulphate solution containing 0.0001 M

magnesium acetate mas also used but appeared to have no

advantages over 2.4 M ammonium sulphate.

When ammonium sulphate uias used as a preservative,

enzyme activity was retained but there were fewer bands

and they became warped or blurred. This can be seen in

Fig. 11.

Dilution of extracts

Diluting the samples resulted in fainter bands, those

furthest from the point of application being most affected.

As dilution increased so the lighter bands furthest from

the cotton thread disappeared. This effect is shown in

Fig. 12. To allow comparison of samples of equivalent

enzymic strength, they were diluted as indicated by the

assay results.

E x tract fractionation

There were two major peaks when an extract of

T. hydatigena was passed through a Sephadex G20D column

and the effluent monitored at 254 nm. Six fractions were

taken of the effluent including each of the two major peaks,

one at the beginning (F1) and one at the end (F6). A

drop of each fraction was added to about one ml of

glucose phosphate isomerase developing solution. An

immediate colour reaction was seen with fractions F2 and

F3 arid a weak reaction with F1 after one hour. The

fractions were freeze dried.



Figure 11

The effect of preservation and storage on band patterns of glucose phosphate isomerase

+

The left half of the plate shows H. taeniaefonms and the right half T. ovis.
From left to right:
Extracts in EP solution, stored in liquid nitrogen
Extracts in ammonium sulphate solution, stored at 4°C
Fresh extracts
Extracts in EP solution, stored at 4°C
Extracts in EP solution, stored at -20°C
All extracts were at least three months old
Cleai bands can be seen in fresh specimens and in those preserved in nitrogen. There is loss of banding
and enzymic activity in extracts preserved at 4°C and in T. ovis preserved at -20°C. This extract was
five months old; the equivalent H. taemaeformis extract was three months old

Electrode buffer: 0.2M phosphate pH 7.4
Gel buffer: 0.015M phosphate pH 7.4
330 volts across a thin gel for three hours



Figure 12

The effect of sample dilution on enzyme bands

Doubling dilutions of a 71 pisiformis extract

Electrode buffer: 0.2M phosphate pH 7.4
Gel buffer: 0.015M phosphate pH 7.4
330 volts across a thin gel for three hours
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Electrophoresis mas carried out with reconstituted

fractionated material on several occasions. Strong

glucose phosphate isomerase activity was seen in fractions

F2 and F3 but there mas some activity in all fractions

mhen concentrated about five times. All fractions showed

identical gel mobility and banding and this mas

indistinguishable from that seen with unfractionated

Thyda11 qena extract. Malate dehydrogenase activity

similarly showed no differences.

The approximate molecular weight range of fractions

F2 and F3 mas between 75,000 and 180,000,
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CHAPTER TWENTY ONE

SPECIFIC ENZYMES IN TAPEWORM DIFFERENTIATION

Adenylate kinase (AK)

Various buffers were used but a similar pattern was

seen with each. Tris/HCl buffers were found to give most

satisfactory results. Fig. 10 shows gels run in 0.1 M and

0.5 M Tris/HCl pH 8.0.

Table 31 gives a summary of the results on gels run

in Tris/HCl buffer, pH 8.0. These show both generic and

specific differences.
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Table 31

Adenylate kinase. Relative position of enzyme
farms from different tapeiuorm species

-1 0 1 2 3 4 5 6 7 8

Av it el Una centripunctata X

Helictometra qiardi X X

Moniezia benedeni X X

Raillietina sp.
1 r

E. granulosus X X X

T. hydatiqena X X V
A

M, multiceps X X X v
A X

T. ovis X X X

T. pis iformis X X X X

T. saginatus \
/

t \
\ 4

t
\ 1 c ; /\

T. solium X X X X

H. taeniaeformis

-ve + \

X

'e

X X X X X

0 = position of insertion

The difference between T. solium and T. sag inatus was

most obvious at a molarity of 0.1 M.

Glutamate dehydroqenasc (GDH)

This enzyme was not seen easily or clearly on the

zymograms but obvious differences between tapeworm species

could be detected. Most success was achieved with 0.2 M
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phosphate buffer pi! 7.4, but 0.1 M Tris/llCl pH 8.0 was

also suitable (see Fig. 13). NAD dependent enzyme u/as

dominant, but there was slight NADP dependent enzyme

activity.

Table 32 is a summary of the results using 0.2 M

phosphate pH 7.4 electrode buffer. Other tapeworms

examined included Dipylidium c an inurn from a cat and

Hymenolepis dim1nuta from a rat, both of which showed

characteristic patterns quite different from the taeniid

worms. L>. can in urn iso-enzymes moved more rapidly

cathodally in 0.1 M Tris/HCi pH 8.0, while those of

R. diminuta moved more rapidly anodally than any of the

taeniid worms. There was only slight activity in the

E. granulosus and T, ovis samples and the location could

not be accurately determined. In 0.1 M Tris/HCi pH 8.0

buffer, T. ovis appeared to have the same mobility as

T. hydatiqena«



Figure 13

Glutamate dehydrogenase. Zymogram of some taeniid tapeworm extracts

+

From left to right: T. hydatigena, blank, E. granulosus (horse), M. multiceps, blank, T. solium, T.
saginatus

Electrode buffer: 0.5M Tris/HCl pH 8.0
Gel buffer: electrode buffer diluted 1:5
330 volts across a thin gel for three hours
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Table 52

Glutarnate dehydronenasn. Rolativn position of
enzyme forms fpom different tapeworm species.

Electrode buffer Li . 2 fl phosphate pH 7.4 330 V for 3 h

-A -3 -2 -1 0 1 ! 2 3 A 5 6 7

A. centripunctata X X X X
!

H. g iard .1 V
A

T. hydatiqona V
A

M. multiceps X x

T. pisiformis A

T_j_ sag inatus X

T. solium X

H. taeniaef ormis

-VE + ve

X

1

u = position of insertion

Hexokinase (HK)

Clear species differences wore seen on zymograms, but

the extracts had to be fresh. Tris/HCl buffer pH 8.0 mas

the most successful. Fin. la shows a zymogram.

Table 33 is a summary cf the results of gels run u/ith

a Tris/HCl buffer. Results on gels run with other buffers

were comparable. An electrode buffer of 0.5 fi Tris gave

the clearest bands, but at this high molarity the gel some¬

times melted at the wick interface and the duration of

electrophoresis had to be curtailed.



Figure 14

Hexokinase. Zymogram of some taeniid tapeworm extracts

+

Fium left to right: T. solium, 1. saginatus, 71 solium, T. saginatus, E. granulosus (horse)M. multiceps,
T. ovis, blank, blank, T. hydatigena

Flectrode buffer: 0.5M Tris/HCl pH 8.0
Gel buffer: electrode buffer diluted 1:5
330 volts across a thin gel for three hours



Table33

Hexokinase*Relativepositionofenzymeformsfrom differenttapewormspecies.Electrodebuffer 0.5MTrls/HClpH8.033GUfor3horless -1

0

1

2

3

4

5

6

7

8!9

10

11

12

13

14|l5
16

17

/*,nIo

E.granulosus(sheep) T.hydatiqena M.multiceps T.ovis T.oisiformis T»saqinatus T.solium H.taeniaeformis
?X

X

-ue

;j
I

X X

CJ

XXX

X

X

\
i

X

XX X ><

i

XXX

X X

X

X

i

X

X

.

X

0=positionofinsertion.?=occasionallyseen.
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Maiate drhydrogenasc (MDM)

Enzyme activity iaas strong in al] the tapeworms

examined,, Doth NAD and NADP dependent enzymes were present,

but enzymic activity of the former was stronger and no

differences in band position were seen between the two.

Many buffers were tried and the conditions of electro¬

phoresis varied in order to obtain clear banding. On

thick gels with 0.05 M Tris/HCl buffer pH 8,0 at a high

voltage (215 1/ to 320 \/) for a short period (three hours)

numerous bands were seen on a few occasions. Ten bands

were seen with T. hydatigena, five with M, multiceps and

four with T_. pisif orrais. Unfortunately this banding could

not be reproduced and adequate comparisons could not be

made. All taeniid species were tested but very little, if

any, difference in mobility was seen between them, although

there were obvious ordinal differences. Results are

summarised in Table 34 for Tris/HCl/barbitone pH 8.5 buffer

and in Table 38 for phosphate/citrate pH 7.0 buffer.
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Table 34

hiaLate dehydrogonasc, Relative positions of enzyme
forms from different tapeworm species. Electrode
buffer IrisTTTcTTHarbitcne pH 8« 5 diluted 1:5 for eel.

thick qel. IDG \J for 16.5 h

-2 -1

-

B 1 2 3 * 5

E. granulosus

T. hydatigena

T. hydatiqena cyst

T. saginatus

T. solium

Cittctaenia sp«

Hymenolepis diminuta

Moniezia expanse X

—v <

.

2 •M

X

X

X

• /

A

X

X

>e

X

X

X

X

0 = position of insertion

Glucose phosphate isomerg.se (GPI)

This enzyme was also present in all tapeworm extracts

that were tested. It retained its activity well in storage.

Differences in mobility were clearly seen between most of the

taeniid species and even greater differences were seen

between tapeworm species from other orders. With this

enzyme alone it was possible to differentiate most of the

taeniid species that were available. Banding was usually

clear. Extracts were usually assayed and diluted as

necessary to equivalent enzymic activity. Fig. 15 shows



Figure 15

Glucose phosphate isomerase. Zymogram showing taeniid tapeworm extracts

From left to right: T. hydatigena, T. ovis, E. granulosus (horse), T. saginatus, T. solium, M. multiceps,
H. taeniaeformis, T. pisiformis, T. saginatus and T. solium. Enzyme activity of each sample was
approximately 1 U ml"'

Electrode buffer: 0.2 M phosphate pH 7.4
Gel buffer: 0.015 M phosphate pH 7.4
330 volts across a thin gel for three hours
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all the ti-nniid species tested*

Many species of tapeworm were tested both in Nigeria

and in the United Kingdom. A summary of the results

obtained by comparing the zymograms is given in Table 35,

Although T. ovis and T. sag inatus are shown to have identical

positions, T. ovis was seen on some gels to be slightly

slower moving than T. sag inatus.



Table35

Glucosephosphateisomerase.Relativepositionsofenzymeformsfromdifferenttapewormspecies, Electrodebuffer0.2MphosphatepH7»£,gelbuffer0a015HphosphatepH7./,330Vfor3h -ye+V8
-3

-2

-1

0

1

2

3

u

5

6

7

8

9

.

10

11

12

13

u

15

16

17

18

S,granulosus(horse)

X

X

X

X

T,hvdatigena

!

!

V
A

X

X

X

X

X

M.rrulticeps
T 0oris

I

X

X

X

X

T,Piriformis

X

X

X

X

X

A

X

T,saair.atus

X

X

X

X

T.solium

X

X

X

X

X

Hctaeniaeformis

X

X

X

X

X

X

X

I

A»verf'oliata

X

X

X

X

A, .centripunctata

X

V A

Gitt-otaenia

X

X

X

X

D,caninum(cat)
X

X

X

X

X

B„caninum(dog)

X

X

X

Heguard!

X

X

X

H«exnansa

X

X

X

M.benedeni

X

X

X

Gamermeat

X

X

!X

Oxliver

X

X

X

X

X

Pigirrasclo

X

X

X

X

X

Sheepliver

X

X

X

X

X

Mousemuscle

X,

:x

Horseliver

X

X

x

i

20

212212321:25
XI

X

X

0=positxoxiofinsertion.
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CHAPTER TWENTY TWO

ENZYME ELECTROPHORESIS; VARIATION WITHIN SPECIES

Effect of anthelmintics

Table 2 shows the range of anthelmintics used in

Nigeria to obtain tapeworm specimens. Specimens of all

canine taeniids were obtained with and without the use of

arecoline hydrobromide. Zymograms of GPI were made with

specimens of the same species obtained by each of the

anthelmintics used and also with those obtained post-mortem

or by spontaneous discharge. No differences were found.

Extracts from different parts of the tapeworm

a) Strob11 a

T. hydatiqena immature, mature and gravid segments were

extracted separately and compared for AK and GPI. No

differences could be detected (see Fig. 16).

b) Ova

Ova of T. saqinatus, T. o v i s , T. pis if orinis and

H. taeniaeformis were used. Few remained whole after

crushing with a pestle and mortar. Extracts were usually

made from 1,000 to 2,000 ova.

In Nigeria, GPI bands were seen in an extract from 1.320

ova of T« hydatiqena. These bands were identical to those

in extracts of strobilate tissue, but when sieving was

employed in their preparation in the United Kingdom, no

bands were seen in any of the four species even when an



Figure 16

Glucose phosphate isomerase in different parts of a T. hydatigena tapeworm

+

From left to right: T. hydatigena gravid proglottis, T. hydatigena mature proglottis, T. hydatigena
immature proglottis, T. pisiformis, M. multiceps, Moniezia expansa, T. hydatigena (whole worm)

Electrode buffer: 0.1 M Tris/citrate pH 7.5
Gel buffer: electrode buffer diluted 1:5
110 volts (power pack reading) across a
thick gel for 16.5 hours
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extract wc" made from 32,000 ova of T, ovis.

c) Larval cysts

T. hydatiqena, M. multiceps, T. pis if orinis, T. saqinatus,

T. solium and H_. taeniaeformis strobilate extracts were

compared to homologous whole larval extracts. Larval

extracts of hydatid cysts were prepared from hydatid sand,

germinative epithelium and cyst fluid separately and extracts

^rom T. hydatid ena cysts were prepared from scolices and

cyst wall separately. When comparisons were made between

larval tissue and strobilate tissue, extracts of host tissue

from the organ in which the cyst was found were also included

in the zymogram.

All larval and homologous sirobilats tissues showed

identical CPI bands in zymograms. Hydatid fluid had little

parasite enzyme activity and all larval extracts had host

tissue enzymes present in them as well. The positions of

the enzymes in host tissue extracts are shown in Table 35,

Fig, 17 shows a zymogram comparing larval cyst and strobilate

material,

Strain variation

It was not possible to compare many worms originating

from different areas of the world. 11. taeniaeformis

originating from an experimental strain in Belgium was

compared with the same species found post-mortem in

Scottish cats; T, sap in atus strobila from Nigeria and

Kenya were compared with one another and with T„ sag in at us



Figure 17

H. taemaeformis strobila and larval cyst. A comparison of

+

From left to right: strobila, cyst and mouse muscle

Electrode buffer: 0.2M phosphate pH 7.4
Gel buffer: 0.015M phosphate pH 7.4
330 volts across a thin gel for three hours
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cysts from cattle experimentally infected in Scotland by ova

obtained from worms in Kenya mixed with ova from the London

School of Tropical Medicine patients.

Extracts examined in Nigeria could also be compared

indirectly with those in the United Kingdom. Many samples

of strobile of T. saqinatus and T. solium were imported

into the United Kingdom after being tested in Nigeria

against worms of animal origin. The same samples were then

tested against worms of animal origin in the United Kingdom.

No differences were found between any adult specimens

from different hosts even if the hosts originated from

different countries.

Echinococcus cysts were also collected from a variety

of hosts, in Belgium, Nigeria and the United Kingdom. Tig.

18 shows differences that were seen in mobility between

extracts of cysts derived from sheep and horses. Those

from cattle were similar to those from sheep. Table 36

shows the relationship of the strains found in sheep, cattle,

horses and camels.
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Table 36

Echinococcus granulosus. Relative positions of glucose
phosphate isomerase forms in extracts from cysts

derived from different hosts

Host

Number
of

animals 0 1 2 3 4 5 6 7 8 9 10
■

Camel 2 > : X X

Horse 7
♦

) : : * \
\ » : )

'

j t\

Ox 6 X X X X X

Sheep 3 X X X X X

~v e 1 + 1JB

0 = position of insertion
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CHAPTER TWENTY THREE

ENZYME ELECTROPHORESIS; STANDARDS

a) Enzymes

Sheep's heart muscle was extracted in the same manner

and under the same conditions as tapeworm material and was

used in early work with thick gels as a standard with which

to compare the mobility of tapeworm enzymes,, This was

discontinued and various other preparations were tried

including Sigma commercial enzyme preparations (an ammonium

sulphate suspension of MDH from beef heart, an ammonium

sulphate suspension of GPI from yeast and a freeze dried

preparation of GPI from rabbit muscle).

The iso-enzynies in these preparations had very

different mobilities from those of tapeworms. Yeast GPI

moved anodally very rapidly in 0.2 M phosphate pH 7.4 buffer

and the bands were warped. Banding was clearer at a lower

pH. Under the same conditions rabbit muscle GPI reconsti¬

tuted in EP solution did not give clear banding and mobility

was mostly cathodal.

b) Markers

Stained proteins were used to measure the distance

travelled under standard conditions of electrophoresis.

Bromphenol blue stained ten per cent bovine globulin moved

too fast. Haemoglobin from .an ox, a rabbit and a sheep

was then tried. Under the optimal conditions of electro¬

phoresis for GPI in tapeworms, sheep haemoglobin moved

approximately 1.5 cm anodally (electrode buffer 0.2 M
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phosphate pH 7.4; gel buffer 0.015 M phosphate pH 7.4;

330 \i across thin gel for 3 h). Sheep GPI uias present

in the haemoglobin and moved anodally at a similar rate to

that of tapeworms. Rabbit haemoglobin and its GPI did not

move much from the point of application. Ox haemoglobin

and its GPI moved very fast and was located at the end of

the gel after the run. Sheep haemoglobin was therefore

the most satisfactory marker of the haemoglobins tested.

In addition to the above, tissue extracts of hosts

were always included as a control when larval cyst extracts

were studied.

Measurement of zymogram traces

A study was made on thin layer starch gel zymograms

run under similar conditions (electrode buffer 0.2 M phos¬

phate pH 7.4; gel buffer 0.015 M phosphate pH 7.4; 330 V

for 3 h). The distance travelled from the cotton thread

by the nearest band was measured for T. hydatigena,

T. saginatus and T. solium. The results are shown in

Table 37.
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Table 37

The distance travelled (mm) from the point of
aPP ication by the slowest band of glucose

phosphate iscmerase under identical
electrophoretic conditions

Zymogram T. hydatiqena T. solium T. saginatus

1 15 17 22

2 14 15 19

3 7 14 17

4 12 19 23

5 9 15 19

6 - 13 22

7 10 20 25

8 9 16 22

9 9 15 20

The relative positions of each species was constant,

but the distances moved by the first bands varied consider¬

ably and overlapped between species in different zymograms.

A constant voltage setting of 330 U was used in all these

runs. The current, however, differed from gel to gel,

ranging from 22 mA to 36 mA.

Densitomctry

Zymograms were run on Millipore Phoroslides which were

then cleared and used for measuring enzyme mobility in a

densitometer. During the clearing process the stain which
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developed when using MIT faded considerably or disappeared.

It was found that the use of NBT instead of MTT prevented

this. A blue line was drawn with a ball-point pen three cm

from the cathode end of the slide. This showed as a peak

on the screen. Paper recordings were made of the screen

pattern to include this line together with the enzyme band

pattern.

Measurements were made from this line to three points

on the enzyme band; the beginning of the ascent, a mid¬

point in the sharpest rise and the first major peak.

The Tris/HCl/barbitone electrolyte recommended for

electrophoresis of lactate dehydrogenase in this equipment

(XE 2100042, Millipore (U.K.) Ltd.) or 0.1 M Tris/Citrate

pH 7.4 were mainly used and variations in voltage from 25 V

to 200 \l were made. Variations in the period of electro¬

phoresis were adjusted to suit these voltages - from 18

minutes to two hours.

As banding was not clearly defined, the peaks were not

sharp. Measurements to half way up the first major peak

or to the summit of the peak gave results by which the

species could be compared but this method was less accurate

and more inconsistent than visual appraisal. Using the

same buffer and the same electrophoretic conditions, no two

Phoroslides gave the same measurements for the same extract

and only obvious differences could be detected between

species - i.e. between a very fast moving isc-enzyme and a

very slow moving one.
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CHAPTER TWENTY I OUR

ENZYME ELECTROPHORESIS: SPECIES CHARACTERISTICS'

Table 38 gives a summary of the locations of the

multiple enzyme forms of the different tapeworm species.

Differentiation of the taeniid worms was achieved by

comparing the position of the band nearest the point of

application. It was thus possible with GPI alone to

differentiate most of the species that were examined.

The horse strain of E. granulosus was studied most

and the relative position of the other strains is known to

differ (see Fig. 18). The band positions with the horse

strain had close similarities to those of T. ovis.

T. hydatiqena had medium GPI mobility in contrast to

T. pisiformis which was the slowest, and to M. multiceps,

which was the fastest. H. taeniaeformis had a very similar

location to T« pisiformis except with glutamate dehydrogenase,

In both cases the glutamate dehydrogenase activity was weak

but extract from these two worms showed very different

mobilities. T. ovis and T. saginatus were the only two

taeniid worms that were more or less identical although

T, ovis was slightly slower on some zymograms.

T. saqinatus and T. solium also had a similar GPI

location. The mobility difference could be enhanced by the

use of 0.5 M Tris/HCl pH 8.0 buffer. Differentiation of

these human taeniids was the subject of a published paper

(Le Riche & Sewell, 1977. See Appendix II).
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HK multiple forms showed many specific differences.

After GPI, this enzyme was the most useful as it was also

fairly easy to detect. M. multiceps HK has cathodal

mobility in contrast to the fast anodal mobility of the

GPI forms. T. ovis and I, saqinatus had very different

HK mobilities.

Unrelated tapeworm species of other orders usually

had very different zymogram patterns and could not be

confused with taeniid species. There also appeared to

be species differences within these orders.



Table38

Distributionofelectrophoretieformsofarxzyme3Intaeniidextracts*Relativepositionscfbands numberedfromthepointofapplication,Minnsgignsdenotecathodalmovement. Adenylatekinase
Glutamate

Hexokinase

Malate

Glucosephosphate

(Tris/HGlpK3.0)
dehydrogenase
(0.5MTris/HGl

dehydrogenase
isomerase

(0.2Mphos.
pH8.0)

(0.05Mphos/
(0.2Mphos.pH7.4)

PH7.4)

citoH7.0)

E,granulosus (horse)

1,2,3

4,5

2,3

12,14,16,18

T.hydatigena
1,2,3

2

5,6,7,3,9

-1,1,2,3

8,10,12,14.16,18,20

M,nralticeDS

3,4,5,6,7

-1,1

-1,1,2,3

1,2

19,21,23,25

Tfovis

2,3,4

5

-1,1

11,13,15,17

T.pisiformis
-1,1,2,3

1

4,5,6

-1,1,2

1,3,5,7,9,11,13

T.saginatus

1,2,3,4,5

3

-1,1,2,12,13
-1,1,2

11,13,15,17,19

T.solium

2,3,4,5

1

1,2,13

-1,1

9,11,13,15,17

H.taeniaeformis
1,2,3,4,5,6

5

5,6,7

-1,1

2,4,6,3,10,12,14

A.perfoliata

9,11,13,15

A.centripunctata
8

-5,-4,-3,-2,-1

—1$\

12,14

Gittotaenia

9,11,13,15

D.caninum(cat)

-3,-2,-1,1,3

D.caninum(dor)

-1,1,3

K.giardi

3,4

4

6,7,8

3,5,7

M.expansa

14,16,18

M.benedeni

2,3

4,5,6,7,8

9,11,13



DISCUSSION
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CHAPTER TWENTY FIVE

MATERIAL

Introduction

A variety of different techniques has been utilized

in the search for reliable and practical, methods of identi¬

fying taeniid worms. These techniques have included those

used in clinical medicine to diagnose specific diseases such

as echinococcosis and cysticerccsis and also others that

have not previously been applied to helminthological

diagnosis. Although sophisticated and expensive

apparatus has sometimes been used in this work, an attempt

has been made to simplify tests wherever possible to enable

their use in small laboratories in developing countries.

Material

Much of the initial serology was done before fresh

material from different worm species became available and

was mostly confined to work with ova. However, much of

the findings from this work were later confirmed by more

sensitive tests using fresh material.

No difficulties were experienced with infecting

definitive hosts except with T» ovis. Very few viable

cysts were collected from sheep on the first occasions and

these cysts were punctured during dissection. Worms did

not develop in dogs that received them. Although it was

optimistic to expect infection of dogs from such a small

dose, it would in any case appear from Sutton's work
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that, unlike T. hydatiqena and H. taeniaeformis, cysts of

T. ouis are not infective if they have been dissected

from their surrounding capsule or if they have been

damaged in any may (Sutton, 1974).

The regime of corticosteroid treatment mas recommended

in a personal communication by Heath (1976) as a method of

minimizing the development of immunity in sheep to infec¬

tion, and a similar method has been reported recently in

the literature by Sutton (1976). In addition to dexa-

methasone, Sutton also used betamethasone and found that

the former increased survival rate of the cysts whereas the

latter increased the infection rate. Only riexamethasone

mas used in this work but it gave very good results.

One dog retained T. ovis infection for more than 14

months. Sweatman & Henshall (1962) reported the longevity

T. ovis infection in the dog to be from one month to

more than nine and a half months, but Gregory (1976) found

that infection could last nearly four years. The longevity

of infection in the dog was confirmed by the present

observation. Infection with other taeniid worms was also

of lcng duration.

It was not possible to collect all taeniid species.

PL serialis, PL serialis brauni and E. multilocularis were

notable omissions.
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CHAPTER TWENTY SIX

DIFFERENTIATION BY STAINING AND SEROLOGICAL TESTS

Staining

Capron & Rose (1962) first reported a difference in

staining by the Ziehl-Neelsen method betu/eeri T. saginatus and

T, solium. They found the embryophores of T. saginatus

were acid and alcohol fast and so stained red, whereas

those of T, solium did not. This finding has not been

confirmed. Taeniid worms of seven different species were

stained by the method described by Capron & Rose and also

by the usual method with heating. All embryophores were

definitely acid and alcohol fast, including those of

T. solium, and this method could therefore not be used for

differentiation.

Serological tests

The circum-oval precipitation test has been found

useful in the diagnosis of schistosomiasis in clinical

medicine. Electron microscope studies showed that

precipitates were associated with defective portions of the

egg shell (Sakamoto at al, 1972). The shell of the

schistosome egg is quite different in construction from the

robust and thick embryophore of the taeniid ovum and defects

allowing intimate contact between the onchosphere, which is

also protected by its membrane, and antisera bathing the

ernbryophore may not br so common. Observations have been

recorded by several workers on the effects of antiserum on
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taeniid onchospheres or onchospheral blocks, but reports

of precipitates in or around intact ova have only been

observed with Hymenolepis nana, which has quite differently

constructed ova (Hyneman & Welsh, 1959). Even with

Hymenolepis observations of precipitates have been contra¬

dictory, with false positive and false negative results.

A further difficulty arose because the attachment of

vitelline material to the outside of the ovum obscured

observations. This material may be more obvious on ova

teased out of proglottides than on naturally released ova.

Attempts to clean ova with Milton were unsuccessful due to

the deleterious effects of the chemical on them.

Silverman (1955) first hatched taeniid ova and

observed the effect of immune sera on "activated" oncho¬

spheres. Unfortunately the adjectives "hatched" and

"activated" are often not clearly defined in the literature

when applied to taeniid ova. Silverman observed precipi¬

tates on onchospheres that had been liberated from their

membranes and also inside membranes of those that had not.

Chen (1950) did not observe any precipitates in onchospheres

which were not liberated from their membranes.

Silverman's observations could not be confirmed in the

work reported here. The process of hatching and activating

ova is lengthy and very wasteful. Care has to be taken to

keep the fragile onchospheres warm once they have hatched.

For practical purposes the identification of unhatched ova

is desirable as these may be too few to pass through the

hatching procedure.
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Identification of ova by the fluorescent antibody test

was also attempted. The FITC conjugate which was made in

the laboratory had a labelling ratio of 0.5. The optimum

is 1.0, and the conjugate u/as therefore considered quite

satisfactory. Other purchased conjugates were also used.

Autofluorescence of the embryophore was so strong that

it seemed likely to obscure specific fluorescence and

attempts to quench autofluorescence were not successful.

In spite of this, success has been reported using taeniid

ova in this test by Euzeby & Dubra (1970), Calamel & Soule

(1972) and Machnicka (1973) but, as with the cireurn-oval

precipitation test, the results of the different workers

were contradictory. These workers all experienced diffi¬

culties due to autofluorescence, or due to non-spec ific

fluorescence with negative sera. Calamel & Soule used

hatched onchospheres in very large numbers in tube tests

and in frozen sections: ten million embryos/ml were used.

They found that bright fluorescence of the onchospheral

membrane contrasting with the unstained interior of the

embryo was characteristic of specific fluorescence.

Flachnicka, on the other hand, reported fluorescence of the

onchospheral membrane and hooks when they were bathed in

normal sera. She considered fluorescence of the embryo

cells to be characteristic of specificity although

fluorescence of the onchospheral membrane also increased

in a specific reaction.
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/

Euz^by & Dubra sometimes failed to obtain fluorescence

mith immune sera and observed cross reactions tuith.

Dicrocoelium dendriticum. Calamel & Soule' did not see

cross reactions with D. dendriticum but did between taeniid

worms•

Fluorescence of the onchospheral membrane was seen in

experiments reported here. Although at first this was

thought to be specific, it was later concluded that it was

related to adherence of fluorescein conjugate to the

membrane through improper washing before microscopy. It is

possible that with better filters, which were not available,

some of the autofluorescence could have been cut out, but a

test which requires such large numbers of onchospheres is,

in any case, impractical,

Searching for onchospheres by dark ground illumination

was very difficult; hatching and activating was time

consuming and wasteful. . The sectioning of gravid

proglottides would be the most satisfactory technique if

autofluorescence could be reduced.

This test however is not only very subjective but has

been shown to be of poor specificity by other workers and

it did not seem to be worth while developing it further.

The micro agar diffusion precipitation technique was,

in contrast, quite useful. The tests were fairly easy to

perform and gave clear-cut results. This technique has been

used by Enyenyi (1970) to compare some tapeworm and other

antigens and by Gallia & Sewell (1974a,b) to trace the



immune response of calves to T. saqinatus infection.

In experiments IP 1 and IP 2 (see Tables 13 and 14),

the orally dosed animals lacked a strong immune response to

strobilate antigen. Gallie & Sewell have demonstrated an

immunoprecipitation response in orally dosed calves. This

response was stronger in some individuals than in others,

but was much weaker in orally dosed calves than in calves

immunized with strobilate antigen by intra-muscular injec¬

tion (Gallie & Sewell 1974a,b; 1976). Harrison (1977)

also obtained a weak reaction with antisera from orally

dosed calves and concentrating the sera five times was

necessary before lines could be seen.

In most of the tests antigen was made from homogenized

strobila or cyst material. This antigen was identical to

that used to hyperimmunize the animals by intra-muscular

injection. A stronyer response in the test when this

antiserum was used was therefore more likely than when

antisera from orally infected animals was used. Soluble

antigens from homogenized strobilate material may be very

different from the excretory and secretory products of

infecting organisms which are experienced by the host after

oral infection. Nevertheless, the use of strobilate

antigens for immunizing animals and for subsequent tests

may be a useful tool in the identification of cestode

material.

The use of ova as antigen (see Table 15) also gave no

reaction in tests against antisera from orally infected
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animals* This may.merely indicate the weakness of the

system} which could have been due to a poor yield of

soluble antigenic material from the ova, or due to the

lack of precipitins in it. On the other hand, the immune

response in the host may be against excretory and secretory

products of the invading organism rather than the soluble

antigens of which it is composed.

Lines between homologous systems were clear and strong

but cross reactions with other species were also strong,

though less so between Cittotaenia and the taeniid worms.

Cittotaenia belongs to a different order, Anaplocephalidea,

and appears to share fewer antigens with the taeniid species,

Absorption of antisera was successful in removing much

of the cross reaction, yet leaving, in most cases, specific

reaction. Further absorption studies were continued using

the more sensitive EL ISA technique.

Immunoelectrophoresis has been shown to provide a

specific test for hydatid disease in man because of the

presence of the characteristic arc 5. Material was not

available for testing Echinococcus, but the large number of

lines (up to 23) illustrated in the paper by Capron e_t al

(1968) were not obtained. It is possible that their method

of preparing antigen by lyophilisation was superior although

details of antigen concentration are not given in the paper.

The technique uses large amounts of sera and, since Capron

eft al, who had previously described the specificity of arc

5 for hydatid disease (Capron et al, 1967), had not noted



any specific lines For T. sap inatus (23 lines),

Te pisiformis (17 lines), T. solium (22 lines) or

T. hydatigena (17 lines), this test was abandoned,, Recent

work has shown that the arc 5 antigen is present not only

granulosus but in E. multilocularis (Yarzabal _et al,

1977, and in T. hydatigena cyst fluid as well (Uarela Diaz

et al, 1977). Previous studies had often been made with

sera from human patients and therefore cross reactions with

other worm species were not encountered. The specificity

of the test for echinococcosis therefore appears to be in

doubt.

Absorption studies were pursued using the ELISA

technique. As in the micro agar diffusion precipitation

test, absorption of antiserum with one closely related

cestode extract did not absorb out all non-specific reac¬

tion. Absorption with two closely related extracts remove;

most of the cross reacting antibodies but the reaction to

homologous antigen was then also poor. The spectrophoto¬

meter readings were very low but it was felt that results

had been masked to a great extent because the colour faded

after the addition of sodium hydroxide solution to stop the

enzyme reaction. Perhaps because of this, the technique

was too insensitive to record a reaction from egg antigen.

Alkaline phosphatase was used by Engvall & Perlmann

(1972) in their work with the ELISA test. This enzyme is

expensive to use, hence the choice of horse-radish peroxi¬

dase in this work.
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In a report on the F.LISA technique by an informal

consultation group (WHO, 1975), the possibility of the

substrate 5-amino salicylic acid being a carcinogen urns

noted and a continued search for an alternative uias

suggested. The HRPQ test therefore requires further

development with regard to the substrate, and, in

preliminary studies, O-phenylenediamine has recently been

found more satisfactory (\loiler, 1977). This substrate

which changes to an orange colour appears to be more stable

and more sensitive. A better method of enzyme inhibition

is in any case desirable with 5-amino salicylic acid

substrate.

The conjugate for this procedure was at first prepared

in the laboratory, but it did not retain activity on

storage. Later details released by Nakane (1975) showed

that it is necessary to stabilize the conjugate by the

addition of sodium borohydride. This instability was firs

observed early in the work and a commercial conjugate was

used thereafter, so the results were not affected by this

omission.
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CHAPTER TWENTY SEVEN

ENZYME ELECTROPHORESIS; TECHNIQUES

Enzyme electrophoresis was found to offer better

possibilities than serology for making a clear-cut differ¬

entiation between taeniid worms and effort was concentrated

in this field.

Of the supports used, the thin layer starch gels

appeared to give superior results. The decision to change

to this technique, however, coincided with the purchase of

improved electrophoretic equipment with a cooling platen.

Although electrophoresis in thick gels had been done in the

cold room at 4°C, the protective plastic hood incorporating

the safety switch that covered the gel prevented the circula¬

tion of the cool air and allowed heat to build up inside.

Because of this, and also because of an inadequate power

supply at that time, low voltages over a long period

generally had to be used.

The apparent advantage of being ablo to slice a thick

gel and develop the slices simultaneously in different

substrates was outweighed by the handling difficulties in

doing so, which often resulted in damage to all the slices.

Successful results were not achieved with cellulose acetate,

but this may have been due to the brand used. Successful

electrophoresis on cellulose acetate has been reported by

Meera Khan (1971) and van Sorneren et al (1974) but both
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used a particular brand that is reputed to have special

properties *

In the preparation and storage of enzymes it was

important to distinguish between the preservation of

zymogram characteristics of the enzyme or merely its

enzymic activity. Improper preservation could result in

retention of enzymic activity, as measured by assay, but

loss of the characteristic banding patterns. This loss

may occur due to alteration of the molecular conformation

of the enzyme, as has been observed with human glucose

phosphate isomersse by Detter et_ _al_ (1963).
Extracts were prepared for immediate use by merely

homogenizing the material in the solution of enzyme

preservatives, using the supernatant for electrophoresis.

A ten per cent w/v hornogenate was usually satisfactory and

dilutions of this could be tested in the same gel if necess¬

ary. Particulate matter did not seem to cause "drag",

especially if the supernatant was removed after leaving the

extract to stand overnight. Although ultracentrifugation

was considered desirable, especially if the extract was to

be stored, centrifugation of samples was not essential.

Homogenizat.ion of specimens released sufficient

soluble enzymes. Ultrasonication was liable to heat the

homoganate and did not appear to improve the yield.

Some form of cold storage was necessary to preserve

enzyme activity, although the incorporation of ammonium
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sulphate, thich crystallizes the enzyme (Bergmeyer, 1965),

preserved enzyme activity best at room temperature*

Unfortunately this procedure caused warping effects on the

bands u/hich made it difficult to compare specimens.

The transport of animal tissues across international

borders is tightly controlled in order to prevent the spread

of disease. -proprio-lactone, a sterilizing agent

commonly used, unfortunately destroyed enzyme activity.

Binary ethyleneimine, a new virus inactivator that does not

denature serum proteins (Bahnemann, 1976), may prove useful

if it is accepted internationally as a sterilizing agent.

It was at first thought desirable to assay the enzyme

activity of the extracts so that their concentration could

be adjusted to allow comparison of samples of similar acti¬

vity, but it was found that assay was not always helpful or

necessary. When samples from cysts were assayed, fur

instance, it was not possible to discriminate between host

and parasite enzyme; strong enzymic activity did not

necessarily indicate the presence of parasite enzymes. In

any case, it was found that dilution of extracts did not

distort the enzyme pattern, merely causing the disappearance

of the weaker, distal and faster moving bands. Accordingly,

when the position of the proximal slow moving band was used

as the criterion, samples of widely differing activity

could be compared. Crude samples could therefore be

included in a run if immediate identification was required.

GPI and MDH preserved and stored wall and dilution of

extracts was usually necessary in order to obtain clear
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banding. The concentration of other enzymes in the

extracts urns not so high and they did not store as well

either. Better results with them were usually obtained

if extracts were used neat.

T, hydatiqena extract was fractionated as it was

thought that GPI activity might be derived from iso-enzymes

of different molecular sizes. If so, it should have been

possible to separate the bands, but this did not appear to

be the case as most of the enzyme was concentrated in two

small adjacent fractions. The molecular weight of GPI

from yeast is 145,000 (Bergmeyer, 1965) and lies within

the range of these two fractions. Enzyme activity in the

other fractions was probably due to tailing of the samples.

Testing extracts with substrate in test tubes for

enzyme activity was not found to be a necessary preliminary

to electrophoresis and was extravagant with developing

solution. A positive result in a test tube did not

indicate whether an enzyme would be seen after electrophoresis

on a gel or whether it would show multi-molecular forms.

Walicey & Fairbairn (1973) were also unable to demonstrate

the presence of enzyme after electrophoresis. They were

unable to detect lactate dehydrogenase iso-enzymes although

they had shown, by other methods, that those were present

Hymenolepis diminuta. It was therefore found more

expedient to test extracts directly by electrophoresis.

Those enzymes that could be seen in the gel were selected

for further study and five were found to show multi-molecular

variation that was of value in differentiating tapeworms.
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CHAPTER TWENTY EiGHT

ENZYME ELECTROPHORESIS: RESULTS

Enzymes shooting species characteristics

Multiple molecular enzyme forms have previously been

recognized in tapeworm extracts. Walkey & Fairbairn (1973)

examined the electrophoretic forms of lactate dehydrogenase

in Hymenolepis diminuta and found two forms. Carter &

Fairbairn (1975) reported five pyruvate kinase iso-enzymes

in the same species but no comparisons were made with other

species. Lee et_ jal (1976), on the other hand, found both

inter and intra-specific differences in esterase activity

^-n Echinococcus species by iso-electric focussing.

In the present study, the five enzymes found to have

multi-molecular forms that showed specific differences in

tapeworms were GDH, AK, MDH, HK and GPI. GDH was not

always present in sufficient concentration to show up in the

gel or else it showed up faintly, but it was seen in

extracts from all the taeniid worms on one occasion or

another. Waitz (1963) failed to detect this enzyme in

H. taeniaeformls and Cornish & Bryant (1975) failed to

find it in Monipzia expansa. There would appear to be

some difficulty in gel penetration by this enzyme

(Wilkinson, 1970).

The presence of AK in tapeworms has not previously

been noted. Its value in differentiating species is not

high. Although specific differences were seen, the patterns



173,

were rather similar to GPI.

The anomaly shown in Fig. 10 u/here mobility was faster

in low rather than high concentration of a similar buffer

is inexplicable but requires further confirmation. It is

of no significance to the present study.

Two forms of MDH are known to exist in mammalian

tissues, one being of mitochondrial and one of cell sap

origin, and it has been suggested that the soluble cell sap

form may be a complex of the mitochondrial form u/ith a

lipoprotein (Sophianopoulos & l/estling, I960).

In a study of enzymes in Haemonchus contortus and

Ascaris suum, Rhodes e_t _al (1970) showed MDH to be present
in soluble tissue extract, but failed to get clear banding

with electrophoresis on starch gel or ion agar. With iso¬

electric focussing in polyacrylamide gels, however, they

found many discrete bands? up to 11 bands were seen in

A. suum, but only three in swine serum. Shirley & Lee

(1977), on tha other hand, were unable to separate MDH of

Eimeria species into bands by iso-electric focussing,

although they succeeded with lactate dehydrogenase. The

work of Sophianopoulos & Vestling (I960) and Rhodes e_t al_

(1970) shows that some nematode enzymes may have many more

multi-molecular forms than the same enzymes in mammals.

Zee & Zinkham (1975) also studied MDH in ascarid worms

by electrophoresis. They showed that three groups of worms

had different patterns: Ascaridia columbae, A. dissimitis

anc* A. qalli resembled one another^ To x as car is leonina was



174

similar to Toxocara c anis and T. cati whereas A scar is suum

and A, lumbricuides mere identical although they did not find

as many bands as Rhodes _et al (1970).
In the present work, numerous bands of MDH were seen

on a feui occasions, although these patterns could not

always be reproduced. Iso-electric focussing would

probably separate them and enable comparisons to be made.

From the zymogram patterns that were produced it uias never¬

theless possible to distinguish between taeniid and non-

taeniid worms, but identical mobility of taeniid enzyme

prevented species differentiation.

MDH may have been an unfortunate choice for the study

of species differences by Zee and Zinkham in ascarid worms;

a study of another enzyme such as GPI might have been more

rewarding in differentiating all the species. HDH has

nevertheless been found useful in distinguishing between

trypanosomes in the NADP-dependent form ("malic enzyme")

(Bagster & Parr, 1973) and between Plasmodia (Carter, 1973),

although doubt was expressed about Carter's conclusions due

to confusion with host enzyme (Killick-Kendrick, 1974).

HK has been described in Moniezia expansa (Behm &

Bryant, 1975b) and Echinococcus granulosus (Agosin &

Aravena, 1959). In the present study, it had strong

enzymic activity in fresh extracts and was present in all

the taeniid worms. The pattern was quite different from

that of GPI and the former enzyme was therefore found to be

quite useful.
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However, GP1 was the most useful of the five enzymes

for differentiating the taeniid worms, as each species had

a characteristic pattern. The enzyme was stable under

several conditions of preservation and storage.

GPI was first reported to be present in multiple

forms in yeast (Nakagawa & Noltman, 1967). Carter & Parr

(1967) identified heterogeneity of the enzyme in animal

tissue and were the first to use a visible staining

reaction. Since then, this enzyme has been studied in

many organisms in which it is known to be present in

multiple forms. It has been used to identify Plasmodia

(Carter, 1970; Carter & McGregor, 1973; and Carter &

Voiler, 1973) and Entamosba (Rieves & Bischoff, 1963) and

variations within populations have been detected with it

in other species, such as man (Detter e_t al, 1968; Fitch

et al, 1963) and yeascs (Nakagawa & Noltman, 1967). It

has also been used to identify strains of moths and butter¬

flies (Jelnes, 1974; 1975). Detter _et al and Fitch jet al,

working independently, concluded that GPI was dimeric in

structure in man.

In tapeworms GPI has been shown to be present in

H. taeniaef ormis (Wait z, 1963) and E. granulosus (Vessel &

Abdolrasulnia, 1976). Up to seven bands were seen in the

present work in some tapeworm extracts. The origin of

these bands is not known. Zee & Zinkham (1968) found that

the three forms of soluble MDH in ascarid worms were each

a different protein although they all had similar molecular
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weights. These forms were not due to conformational

changes as had been postulated by Thorne et al (1963) in

their work with mitochondrial and supernatant forms of MDH

in pig's heart, but were determined by two genetic loci.

Presumably, the enzyme bands seen in extracts in the

present work are also genetically controlled because they

were consistently present no matter what solvent was used or

whether they were preserved or fresh extracts, but their

nature would need to be confirmed by further biochemical

studies.

As the band characteristics appear to be common to

each species, it is likely that the iso-enzyrnes are

controlled by multiple gene leci. Such iso«enzymes result

from mutations that alter amino acid sequences in the

polypeptide chains thus forming iso-enzymes of similar-

activity but slightly different construction. Individual

variation, which was not seen in the present work, is more

likely to result due to the occurrence of multiple alleles.

Hybridization between these two types may form additional

bands (Moss & Butterworth, 1974; Harris & Hopkinson, 1976).

Secondary alteration of molecular structure can occur

as a result of various effects upon the enzyme. It can

occur as a result of treatment during extraction or storage

causing alteration in configuration of the molecule. It

is possible, but not likely, that this would account for

the bands as differently prepared and preserved extracts

were identical. Loss of banding which occurred in some



177.

old samples, however, may have been due to this phenomenon.

No attempt was made to determine the origin of the

bands or to study the nature of the iso-enzymes in the

tapeworms. Only the mobility of the proximal band of

glucose phosphate isomerase was used as the criterion for

comparison between tapeworm species.. The origin of the

other bands was therefore of incidental interest only as

they were not used in identification.

Heasurement of mobi1ity

Quantitative assessment of these findings by measure¬

ments in a densitometer or by measuring the mobility of

bands on tracings was not successful. Measurement of

Phoroslides in the densitometer failed to give consistent

results because of the imprecise banding. The staining

quality of the thin starch gels was good and the banding

clear but variation occurred from gel to gel even under

similar electrophoretic conditions.

Although electrophoretic conditions were intended to

be the same with respect to gel quality, voltage, time and

buffers, it is obvious that there must have been some

variable effects because current flow was not identical

during each run. This variation may have been caused by

small differences in the thickness of' the gel or differences

in the temperature of the gel during electrophoresis. This

variation made it impossible to use measurements of

mobility as a standard for comparison between tapeworm



species or between tapeworm specimens and markers under the

electrophoretic conditions that prevailed.

Comparison with other standard commercial enzymes

offered no advantages. These enzymes often behaved very

differently from those of tapeworms in respect to mobility

and direction of movement and thus comparisons were more

difficult than between tapeworm species. Multiple forms

of GPI have been reported in many species and interspecies

variation is common, occurring even in yeasts (Nakagawa &

Noltmann, 1967). Since such variation occurs, there would

not appear to be any advantage in their use as standards as

their reliability may be questioned. Commercial enzyme

preparations, in any case, are often available as

crystallized suspensions in ammonium sulphate solution

which is not suitable for electrophoresis. Direct

comparison between tapeworm species was the most reliable

and satisfactory way to differentiate them.
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CHAPTER TWENTY NINE

DIFFERENTIATION OF TAPEWORMS

Extrinsic effects

The possibility of extrinsic factors affecting the

enzyme patterns mas considered. A record u/as kept of the

anthelmintic used for expelling each worm specimen. The

pharmacological action of many anthelmintics is not fully

understood and enzyme inhibition is a possibility. There

appeared to be no effect on the zymogram pattern when

extracts from worms expelled by different anthelmintics

were compared to those derived from spontaneously expelled

worms. The inefficiency of anthelmintic treatment for

human tapeworms in Nigeria, as judged by the low recovery

of scolices, was, incidentally, remarkable. Incorrect

dosing was probably the reason for this.

Inclusion of host enzymes in parasite extracts is a

problem associated with the identification of protozoan

parasites. This is less likely to occur with lumen dwelling

helminths. Muthukrishnan (1975), however, reported the

absorption of horse-radish peroxidase through the tegument

T. hydatiqena in vitro. Reid (1973) also reported and

investigated the adsorption of pancreatic ct-amylase onto

the cuticle by Hymenolepis diminuta. When testing for

tapeworm enzymes, this possibility should be borne in mind

as host enzyme may complicate the zymogram patterns and

give false results. The adult worm and the metacestode



cyst are both permeable to many large molecules (Wardle

et al, 1974; Pappas & Read, 1975). Hustead & Williams

(1977) have recently demonstrated the ability of tapeworm

cysts to absorb, both ijc vitro and _in vivo, host immuno¬

globulins. Host immunoglobulins were detected by them in

H. taeniaeformis, T. crassiceps and E. granulosus cysts.

In the present tuork, host enzymes were found in extracts

from various cysts. These enzymes may have been

introduced from the surface of the cyst during processing

but, in any case, all the host enzymes included in this

study were clearly different in zymogram location and

pattern from worm enzymes. They could be readily

distinguished by comparison with enzymes in extracts from

the host, tissue surrounding the cyst.

Tissue differences

Enzymes have been widely used as a sensitive indica¬

tion of basic changes during differentiation of organisms

(Masters & Holmes, 1975). The amino acid sequence on

various globin polypeptides gives evidence of ancestry and

both convergence and divergence in protein evolution has

bean recognised.

Markert & Miller (1959) pointed out differences that

may be encountered between embryonic and adult tissues.

Embryonic tissues may have a; different spectrum of iso¬

enzymes from adult tissues and, during the course of

development, the relative quantities of these may vary.
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This may reflect the state of differentiation of the cells

in each tissue,

Yamao (1952b), Erasmus (1956a), Waitz (1963), Cheah

(1967), Walkey & Fairbairn (1973) and Carter & Fairbairn

(1975) reported differences in the distribution of enzymes

in various developmental stages of tapeworms.

Erasmus (1956a) studied acid and alkaline phosphatase

levels and found the acid enzyme to predominate in the

larva of T. pisiformis and the alkaline enzyme to predom¬

inate in the adult worms but he failed to find any activity

in the scolex, Waitz (1963) found various enzymes common

to both larva and adult H, taeniaeformis, but glyceraldehyde

dehydrogenase, although present in larval extracts, was not

found in the adult. Walkey & Fairbairn (1975), working

with H. diminuta, found evidence supporting the existence

of two forms of lactate dehydrogenase; one in ova and

cysticercoids and the other in various parts of the adult

strobila.

Wo quantitative measurements of enzyme activity were

attempted in this work, but extracts from both ova and

larval cysts were compared with strobile material by

enzyme electrophoresis. Although enzymes were found in

the cysts, the enzyme activity was not strong and this may

indicate differences in enzyme concentration between larval

and strobilate tissue.

On some occasions enzymes were seen in extract

prepared from ova, but it is likely that the enzymes were
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in fact derived from small pieces of strobila that had been

homogenized with the ova. After more careful filtering,

no enzymes were found in horaogenates from large numbers of

ova. The reason for this may be either that the particular

enzymes tested do not occur in ova or that they occur in

low concentrations that were not detectable in the gel

after electrophoresis. To be of practical value, sufficient

enzyme must be detectable in small numbers of ova such as

those found in faecal, soil or vegetable samples.

Abdussalam e_t al (1968) pointed out the need for a

practical method of differentiating taeniid ova and it is

unfortunate that none of the methods met with success in

this respect.

Differences in enzyme distribution within the strobila

have also been reported but these were mainly quantitative

(.Walkey & Fairbairn, 1973). When extracts were made in

bulk during the present study, they were usually prepared

from immature, mature and gravid proglottides mixed

together. In the two enzymes studied, no differences were

seen in zymograms in the distribution within the ctrobila

although no attempt was made to quantify enzyme activity.

Differences between species

The mere distantly one species of organism is related

to another, the greater are the differences in protein

structure. This protein polymorphism is the result of

natural selection exerting its effect on the various amino
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acid substitutions j.n the polypeptide chains that result

from mutation. The substitution of one amino acid near

the active site of an enzyme can result in iso-enzyme

variation. Yoshida (1967) showed, for instance, that the

substitution of asparagine for aspartic acid at the active

site resulted in a structural difference in glucose-6-

phosphate dehydrogenase that could be detected as a

variant by enzyme electrophoresis.

Such differences in enzyme structure may also lead to

an alteration in substrate specificity or to a different

response to inhibitors, activators or other modulators of

activity (Masters & Holmes, 1975), but will only be

detected by electrophoresis if there is a net change in

protein charge (Hopkir.son, 1970).

Inter-species differences between tapeworm enzymes

have previously been reported by Waitz & Schardein, 1964,

1965). They examined sections of Hymenolepis nana,

H. dimlnuta, Hydatiqena taeniaeforrnis and Pipy1idium caninum

and found differences in location and intensity of activity

with alkaline phosphatase, amylophosphorylase, esterase

and cholinesterase between the species. Enzyme activity

was not actually measured but merely judged by visual

appraisal of colour change at the site of activity after

sections had been incubated in a substrate linked to a dye.

In the present comparative work with tapeworm extracts,

both closely related and distantly related species were

included. Inter-specific differences were more obvious
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with sorriL, iinzymes than with others, but inter-ordinal

differences were very obvious and seen u/ith all the five

enzymes. This was especially so with MDH, in which there

were no obvious differences amongst the taeniid worms (see

Tables 34 and 30), but very clear differences between these

and worms belonging to other orders. This therefore tends

to confirm the broad morphological classification of these

tapeworms.

Inter-species differences were seen not only among the

taeniid worms but also in other groups as well. Honiezia

expansa and M. benedeni appeared to hove different GPI

forms although those two species were not compared directly

with each other.

Amongst the taeniid worms, M. multiceps differed most

from the other species. Some species appearea to have

very similar zymogram characteristics. Thus H. taeniae-

form is and T. pisiforinis were very similar as were

T. saginatus and T. ovis. Strains Gf Echinccoccus also

had similarities with other worms, such as the horse strain

of E. granulosus and T. ovis. Echinococcus is not likely

to be confused morphologically however.

H. taeniacforrnis and T. pisiformis do not generally

occur in the same host but T. pisiformis has occasionally

been reported in the cat as well as in the dog (Abduladze,

1970). Glutamate dehydrogenase is difficult to see in

gels but H. taeniaeformis and T. pislforrnis can be clearly
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distinguished using this enzyme.

T. solium and T. saginatus are easier to distinguish

as the difference in GPI location is more obvious. This

method was used during the Nigerian survey to differen¬

tiate samples and was found satisfactory. The difference

ujas more obvious using a Tris/HCl buffer and the fast

moving bands of HK had very different mobilities for these

two species. T. saoinatus and T. ovis do not occur in

the same host but can be separated by their HK patterns.

Lowering the pH until the slower moving specimen

progressed cathodally while the other still moved anodally

to the point of application was considered as a possible

method of separating two closely similar species. This

method would have been useful for identifying a single

specimen at a particular pH by its direction of mobility

without recourse to relating this mobility to that of the

other species. Unfortunately, however, at the iso-electric

point very slight changes in pH will result in different

directional movement. Slightly imperfect pH meters or

pome slight alteration j,n the pH of the buffer would

therefore give a false result and thus the method was found

to be unreliable.

Strain variation

Differences in GPI patterns were seen within the

E. granulosus species. Seven horses from Belgium,

England and Scotland had an identical pattern which was

different from that of six cattle and three sheep from
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Scotland and Wales. A third strain may be present in

Nigerian camels. This confirms differences within the

Echinococcus genus that have already been recognized by

morphological and other biological studies, Smyth (1977)

and Thompson (1977) reported differences in grou/th and

maturation between British horse and sheep strains. Lee

et al (1976) found differences in non-specific esterase

patterns after iso-electric focussing, not only between

E. granulosus and E. multilocularis, but also between sheep

and horse strains of E. granulosus,

Whether these differences should constitute strain or

sub-specific differences is a matter for morphologists to

decide. It was very interesting in this respect to see a

difference in GPI pattern between Pipy1idiurn caninum found

in the dcg and the same species found in the cat (see Table

35). This difference requires confirmation by further

study of more specimens but, if it is consistent, then it

may be another example of strain difference in tapeworms.
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chapter' thirty

species v/ariatiqn and classification

Interaction between host and parasite

Many hypotheses have been devised to explain the

genetic interaction between parasite and host (Clark, 1976).

It has been suggested that polymorphism in the host would

be stimulated by antigenic mimicry by the parasite and

also that convergent molecular evolution among different

parasite species adapted to the same host could also occur

(Damian, 1964). The ability of parasites to vary their

phenotypic structure enables them to attack resistant

hosts and this dynamic interaction between host and para¬

site stimulates polymorphism in both.

Some trypanosomes have a considerable capacity for

antigenic variation. During an infection antigenic change

can occur every few days thus rendering the host's immune

response ineffective. There appears to be no limit to the

number of antigens produced and some may be reproduced during

an infection or many may be produced at the same time.

Certain antigens may develop at a particular stage of infec¬

tion and there may be a relatively ordered sequence of

development in each infection (Gray & Luckins, 1976).

These antigens are not the result of mutation and

selection as they revert to a "basic antigen" in the vector,
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but are due to the ability of the trypanosome to vary

surface antigens by the production of a range of glyco¬

proteins in the surface coat, which is lost in the vector

(l/ickerman, 1974).

This phenomenon does not appear to exist with T. vivax

as reversion to a basic antigen does not occur. This

trypanosome has the ability to bind host serum proteins

to its surface, thus possibly disguising itself (l/ickerman,

1974).

The ability of cestode forms to absorb host proteins

and to adsorb host enzymes onto the surface has already

been mentioned. These phenomena and antigenic mimicry

may complicate serological studies.

Evidence of interaction between host and parasite

due to mutational changes may be detected by enzyme electro¬

phoresis. For instance, hosts resistant to PIasmodium

falciparum have a deficiency of glucose-6-phosphate

dehydrogenase which adversely alters the environment for

the parasite (Damian, 1964).

Since differences in enzyme structure occur indepen¬

dently of one another and, since there are several thousand

gene loci implicated in enzyme synthesis, the chances are

that each individual's enzyme constitution is unique

(Hopkinson, 1970). This probably applies to all living

organisms as enzyme polymorphism has been found in many

species.
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It is surprising that no differences were found

between individual tapeworms, especially as in a few

instances worms of the same species, but originating from

different parts of the world, were compared. Tapeworms

are hermaphrodites and sexual reproduction between worms

is not known to occur (Wardle & McLeod, 1968). Diver¬

gence of characteristics would therefore seem to be less

likely but Smyth (1977) postulated that a population of

double recessives could develop very quickly in Echinococcus

because of asexual reproduction in the hydatid cyst, where,

if a recessive were present, it would replicate itself

rapidly. If the characteristics of the recessive were

more suitable to a new host species, the production of a

new strain would then occur.

With the stable environment offered by a host species

to which the tapeworm is already well adapted, divergence

of strains is presumably unlikely to occur. Asexual

reproduction, however, is not common to all the taeniid

worms as it usually occurs only with those having a hydatid

or a coenurus metacestode stage, although it has also been

reported ini vitro with T« pisiformis (Cpuni, 1970). It

is possible therefore that those taeniids that have cysti-

cerci as larval forms may not be so adaptable.

Any mutants that occur would first develop from the

egg through larval forms and if the mutation were not

advantageous the larval form would not survive. Individual

v-'ariation in adult tapeworms may therefore be rarely seen
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if the worm is in its normal host, l/hich has fed on its

natural prey, the intermediate host.

Speciation occurs as a result of a papulation being

split into at least two parts followed by sufficient

genetic change in each sub-population to prevent inter¬

breeding. Each sub-population must have developed

sufficient differences in niche preference to survive

competition from another sub-population if or when it has

to co-exist with it. This probably applies to speciation

of all living organisms, though other methods of specia¬

tion applying to self fertilizing hermaphrodites may have

been overlooked (flayr, 1963).

Inglis (1965) painted out that the presence of one

species of nematode in a host is not necessarily indicative

of it being the only specific parasite for that particular

niche. One set of conditions, for instance the nutrition

or health of the host, may favour one species whereas another

set may favour another. One species in a niche may also

merely indicate that it arrived first thereby excluding

others»

This appears to be somewhat contradictory to the

theory of speciation unless it can be regarded as a

transient stage in the fight for dominance between species

occupying the same niche.

The development of strains of Cchinococcus into separate

species would depend on complete separation of sub-populations
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according to Mayr's theory. Sweatman & Williams (1963)

thought that E. granulosus borealis was an indigenous

Canadian sub-species whereas E. granulosus canadensis was

introduced into Canada from Norway. Rausch (1967) refuted

the establishment of separate sub-species as they occur in

common hosts in the same geographical region. He argued

that any genetic differences there may have been would

have disappeared in the resulting common gene pool. This

argument is difficult to understand unless one believes

there is sexual reproduction between tapeworms.

Rausch considered the fox to be an unlikely natural

definitive host for E. granulosus, arid one can speculate

on the origin of the horse and sheep strains in the United

Kingdom. The strains may have developed in separate

sylvatic cycles long ago, both eventually becoming adapted

to the dog as the definitive host, or they could have

developed rapidly in more recent times in different areas

of the country where they adapted to a horse-dog or a

sheep-dog cycle.

If both strains appear to occupy the same niche in

the dog, they must be in direct competition with one

another. If no sexual reproduction occurs between

separate worms, then it is presumably possible for diversi¬

fication between strains to proceed in the same host, but

this could be frustrated by competition for the same

niche. On the other hand, the gut environment of a dog
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being fed on horse flesh may favour the survival of the

equine strain of Echinococcus, whereas the gut environment

of a dog being fed other meat may favour the ovine strain.

Classification

Tapeworms are well adapted to their natural definitive

hosts and rarely cause serious clinical disease but it

would appear that they retain an ability to diversify

rapidly if necessary. The taeniid worms have each

adapted themselves to a slightly different niche with regard

to host species or tissue preference and, although very

similar as a group antigenically and in many other ways,

they are each distinguished by some morphological or

biochemical characteristics. This is reflected, as this

work has shown, in enzyme variation, some of which can be

detected by electrophoresis. This enzyme variation can be

used as a means of distinguishing individual species and

strains. Biochemical classification may not necessarily

agree with that based on morphological features but

nevertheless it appears an alternative, perhaps less

subjective, basis on which to distinguish groups of

org anisms.

There is much controversy on the classification of

taeniid worms: whether Taeniarhynchus should be

separated generically from Taenia; whether all the taeniid

worms should be grouped under one generic name, excluding

Echinococcus, or how Echinococcus should be sub-divided.
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The work presented in this thesis offers some bio¬

chemical evidence for grouping the taeniid worms together

on the one hand and for separating the species on the

other, as each had its characteristic zymogram patterns.

Within the group, Multiceps was at one extreme of the

range of GPI patterns and T« pisiformis and H. taeniae-

formis were at the other. With MDH and HK the positions

were altered.

Differences in GPI patterns were as marked between

E. granulosus strains as between the taeniid species.

Whether the generic divisions of Wardle et_ _al

are justified or whether it is justified to separate

E» granulosus into sub-species remains a matter for

taxonomists to decide but further study of iso-enzyme

variation between all the tapeworm species would help to

elucidate the relationships between them.
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E-ACA:

Acid phos.:

ADP:

AK:

ALAT:

ALD:

Alk. phos.:

ASAT:

ATP:

DFAE cellulose:

OTT:

EDTA:

EP solution:
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A key to abbreviations

E-arnino-n-caproic acid

acid phosphatase

adenosine 5'-diphosphate

adenylate kinase

alanine aminotransferase

aldolase

alkaline phosphatase

aspartate aminotransferase

adenosine 5'-triphosphate

diethylaminoethyl cellulose

dithiothreitol

•ethylenediamine tetraacetic acid

enzvme preservative solution (see Dage
78)'

FITC:

GAR:

GDH:

Glyceraldehyde 3PD

G6PD:

GPI:

HC1:

HK:

I CD:

KCN:

K^HPO,. :

fluorescein isothiocyanate

goat anti-rabbit

glutamate dehydrogenase

glyceraldehyde-3-phosphate dehydrogenase

glucose-6-phosphate dehydrogenase

glucose-6-phosphate isomerase

hydrochloric acid

hexokinase

isocitrate dehydrogenase

potassium cyanide

potassium phosphate



LDH:

MDH:

MgCl2:
MTT:

MAD:

MADH:

MADP:

NADPH:

oi NA esterase:

Na2HAs04:
NaOH:

MBT:

(MH4)2S04:
PBS:

6PG:

6PGD:

PGM:

RAB:

SDH:

Tris:

TRITC:

lactate dehydrogenase

malate dehydrogenase

magnesium chloride

3-(4,5-dimethyl thiazolyl-2)-2,5-
diphenyl tetrazolium bromide

nicotinamide adenine dinucleotide
phosphate

reduced form of MAD

nicotinamide adenine dinucleotide
phosphate

reduced form of MADP

c^-naphthyl acetate esterase

sodium arsenate

sodium hydroxide

nitro blue tetrazolium

ammonium sulphate

phosphate buffered normal saline

6-phosphogluconate (tri-sodium salt)

6-phosphogluconate dehydrogenase

phosphoglucomutase

rabbit anti-bovine

succinic dehydrogenase

tris-(hydroxymethyl)-aminomethane

tetramethylrhodamine isothiocyanate
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Taenia solium by enzyme electrophoresis
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Easter Bush, Roslin, Midlothian, Scotland, U.K.

Summary
Forty-four Taenia saginata and seven T. solium speci¬

mens were collected in Nigeria. Extracts of these worms
and of their metacestodes were compared by enzyme
electrophoresis. The mobility of glucose phosphate iso-
merase was consistently faster with T. saginata than with
T. solium. Extracts of the strobilate and cysticercus forms
of the same species gave identical results. It was thus
possible to distinguish clearly between material of either
species.

Introduction
T. solium is the more important of the two taeniid

worms found in man, because of the danger of human
cysticercosis and, according to Verster (1967), it is
possibly more common than is usually supposed.
Inaccurate identification is one of the probable reasons
for underestimating its prevalence. Although T. solium
and T. saginata can be distinguished by various morpho¬
logical characteristics of the scolex and the mature
proglottides, it is difficult to differentiate the gravid
proglottides usually found in the faeces. The number of
branches of the uterus, which was formerly the charac¬
teristic used to distinguish gravid proglottides, is not
reliable because there is considerable variation (Verster,
1967). Furthermore, it is not possible to distinguish
between the ova of these two species (Kamalova, 1953).
Electrophoresis shows up small structural differences

in iso-enzymes which permit biochemical classification
of species and sometimes even of strains within species.
This procedure has been used as a tool to identify some
parasites of vertebrates, for example trypanosomes
(Steiger et al, 1974; Kilgour & Godfrey, 1973;
Bagster & Parr, 1973), Leishmania (Kilgour et al.,
1974), Plasmodium (Carter, 1970, 1973), Entamoeba
(Reeves & Bischoff, 1968) and ascarid worms (Zee &
Zinkham, 1975). This report suggests that enzyme
electrophoresis may also be used to distinguish taeniid
material of human origin.

Materials and methods

During the course of a recent small survey in Nigeria,
44 specimens of T. saginata and seven of T. solium were
collected. Nine T. saginata and two T. solium scoleces
were present. The material was either obtained following
treatment of the patients with male fern, mepacrine
hydrochloride or niclosamide or was passed spontane¬
ously. The larval cysticerci of T. solium were also obtained
from pork in Nigeria and those of T. saginata from
calves experimentally infected in the U.K. with eggs
obtained from Kenya. Fresh material was prepared for
immediate use by homogenizing it in ten volumes of
physiological saline. Other preparations were homo¬

genized in water containing 1 mM of each of the enzyme
stabilizers E.D.T.A., dithiothreitol and g-aminocaproic
acid (Kilgour & Godfrey, 1973), which were then
stored at +5°C or -20°C. Additional preparations were
made in the same way from whole worms stored in
saline and antibiotics at -20°C (100 units Penicillin G,
100 mg dihydrostreptomycin and 100 units nystatin
per ml saline). Centrifugation at 100,000 for 30 minutes
at +4°C of some samples gave no difference in the
electrophoretic results. Other samples were allowed to
sediment overnight at 4°C, only the supernatant being
retained for analysis.
Electrophoresis by the thin-layer starch gel method

(Wraxall & Culliford, 1968) was used, as modified by
Kilgour & Godfrey (1973). Glucose phosphate
isomerase (E.C. No. 5, 3, 1, 9) was located by reduction
of tetrazolium salt to give its blue formazan insoluble
precipitate at the site of enzyme activity in the gel
(Delorenzo & Ruddle, 1968), 20 ml of the solution
containing the reagents and 1-4% agar, was allowed to
solidify over the gel and the whole then incubated at
37°C until development of bands occurred.

Results

Up to seven equidistant bands were seen with each of
the two tapeworm species, but fewer bands were more
usually seen. Extracts from all tapeworms of one species
were identical in mobility but the number of bands
detected was determined by the activity of the enzyme in
the specimen. No differences attributable to the method
of collection or preparation of the specimens were seen.
Other methods of preservation may result in loss of
banding even in enzymically active samples but the
overall difference inmobility remains. With both T. solium
and T. saginata extracts prepared from either strobila or
cysticerci had identical mobility.
At pH 7-4, the band nearest the point of application

was the strongest band and was visible if any enzyme
activity was present. The mobility of this band only was
used as the criterion for comparison. Differences in
mobility between the two species can be seen in Fig. 1.

Discussion
Enzyme electrophoresis of glucose phosphate iso¬

merase appears to distinguish between T. saginata and
T. solium clearly and consistently, provided the material
is preserved correctly. It therefore has advantages over
identification based on morphological features, which
may vary or be difficult to see, and it may be used to
identify small fragments of segments found in stool
specimens.
Further studies will be required to ascertain whether

these species derived from other parts of the world show
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Fig. 1. Isoenzymes of glucose phosphate isomerase at
pH 7-4. On the top T. solium and on the bottom T.
saginata. Sample contained in 8 mm lengths of cotton
thread seen at the origin. Movement of the bands from
thread towards anode. Enzyme activity of each sample
approximately 1 U ml Voltage 330V across a 15 cm
gel of 1 mm thickness. Current 20 mA. Time 3 hours.
Gel buffer 0015M phosphate pH 7-4. Electrode buffer
0-2M phosphate pH 7-4.

the same electrophoretic mobilities and whether differ¬
ences can be shown between the taeniid worms of
canine origin.
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Names arid addresses of commercial companies

Adelphi Tubes Ltd., Duncan Terrace, London N1 8BZ

Ambersil Ltd., Whitney Road, Daneshill, Basingstoke, Hants.

Amicon Corporation, Lexington, Massachusetts, U.S.A.

BDH Chemicals Ltd., Poole BH12 4NN

Boots, 101 Princes Street, Edinburgh 2

Burroughs Wellcome & Co. (The Wellcome Foundation Ltd.),
Berkhamstead, Herts.

Cambrian Chemicals Ltd., Suffolk House, George Street,
Croydon CR9 3QL

Ciba-Geigy A G, Basel, Switzerland.

Connaught Medical Research Laboratories, University of
Toronto, Canada.

Difco Laboratories, P.O. Box 148, Central Avenue, East
Molesey KT8 OSE

Edwards High Vacuum Ltdc (subsidiary of MSE).

Gelman Instrument Co. (Gelman Hawksley Ltd.), 1 Leeke
Street, London, WC1K 9JA

Gilson, Villiers-le-bel, 95400 Aznouville-l&s-Gonese,
F ranee.

G.T. Gurr (subsidiary of Searle Scientific Services).

Imperial Chemical Industries Ltd., Dumfries factory,
Drungans, Dumfries.

Oanssen Pharmaceutics, 2340 Beerse, Belgium.

Oencons (Scientific) Ltd., Mark Road, Hemel Hempstead,
Herts.

R.A. Lamb, 6 Sunbeam Road, North Acton, London, NW10 63L

LKB Instruments Ltd., 232 Addington Road, South Croydon,
Surrey CR2 8YD

Luckham Ltd., Victoria Gardens, Burgess Hill, Sussex
RH15 9QN
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May & Baker Ltd., Dagenham RM10 7XS

Merck, Sharp & Dohme Ltd., Hertford Road, Hoddesdon, Herts.,
EN11 9BU

Millipore (U.K.) Ltd., Abbey Road, London NW10 7SP

MSE Scientific Instruments, Manor Royal, Crawley, Sussex
RH10 2QQ

Nordic Immunological Laboratories Ltd., 60 King Street,
Maidenhead, Berks. SL6 1EQ

Oxoid Ltd., London SE1 9HF

Pharmacia Fine Chemicals AB, Box 175, S-751 04, Uppsala 1,
Sweden.

Pye Unicam Ltd., York Street, Cambridge CD1 2PX

R.B. Radley & Co. Ltd., London Road, Saiubridgeworth, Herts.,
CM21 93H

Richardson Merrel Ltd., 20 Sav/ille Row, London W1X 2AN

The Scientific Instrument Centre Ltd., 1 Leeke Street,
London WC1K 90A

Searle Scientific Services, P.U. Box 53, Lane End Road,
High Wycombe, Bucks.

Shandon Southern Instruments Ltd., Lysons Avenue, Ashvale,
Aldershot, Hants. GU1Z 5QF

Sigma Chemicals Co. Ltd., Norbiton Station Yard, Kingston-
upon-Thames, Surrey KT2 7BH

Vickers Ltd., Uickers Instruments, Haxby Road. York Y03 7SD

Whatman LabSalns Ltd., Springfield Mill, Maidstone, Kent
ME 14 2LE


