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Electrophoretic Studies of some Planorbid
Egg Proteins *
C. A. WRIGHT 1 & G. C. ROSS 2

Morphological characters alone have so far failed to provide adequate criteria for the
identification of the molluscan intermediate hosts of African schistosomes. In the course
of investigations into various other taxonomic approaches, it has been found that the egg
proteins, when subjected to electrophoresis, are sensitive indicators of differences at the
population level. About 80 populations of various species of African and Neotropical
planorbids have been examined in this preliminary study. Differences at the population
level have a considerable bearing on relationships between the snails and the larval schistosomes that parasitize them and help to explain the evolution of local races of schistosomes.
In an earlier paper (Wright & Ross, 1963) we
suggested that electrophoretic comparison of the
egg proteins of planorbid snails might provide
information of taxonomic value. In the present
communication we report the results of a study
on a number of species of Bulinus and Biomphalaria.
MATERIALS AND METHODS

Eggs less than 48 hours old were obtained from
both laboratory-bred and wild-caught snails. The
results obtained from wild-caught specimens were
always checked against those obtained from subsequent laboratory-bred generations of the same
strain, and in no case have we detected differences
due to our culture methods. In preliminary studies
we determined that there were no obvious qualitative
differences either between individual eggs in a single
mass or between egg masses from a population
sample. The eggs were usually laid on polythene
discs floated on the surface of breeding tanks, but
in several cases this site was rejected in favour of the
sides of the container or broken crocks on the
bottom.
The surface of an egg mass was dried by light
blotting with filter-paper, and residual water was
removed by brushing with a torn edge of the paper.
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The eggs were then punctured with a fine tungsten
needle and the contents taken up in a microcapillary
pipette. The volume of protein varied slightly from
egg to egg and was usually greatest in the first
clutches produced by young individuals. The mean
volume of the contents of an egg of Biomphalaria
sudanica was found to be 0.125 ,l and the mean
protein content of each egg 3.4 ,ug-these being
average values obtained from 240 eggs. In order to
obtain fairly uniform results, the total protein from
a number of eggs was pooled and distributed over
12 strips to give about 0.2-0.4 ,ul per strip.
Electrophoresis was carried out on cellulose
acetate in a standard Kohn tank modified to reduce
the vapour space above the membrane strips, and
the coolant space of the tank was filled with refrigerated water. Cellulose-acetate strips 1 inch wide
and 3.9 inches long (2.54 x 9.91 cm) were marked with
a base-line 1 inch (2.54 cm) from the cathode end
and were floated on the surface of buffer solution for
several minutes before being totally immersed for
a further half-hour; this procedure was designed to
prevent air from being trapped in the cellulose
acetate. After soaking, the strips were blotted and
placed in position in the tank. S0rensen's glycine
buffer (0.022M glycine) was prepared from stock
solutions to pH 11.5. The pH value was then raised
(using a pH meter) to 11.78 by the dropwise addition
of lON sodium hydroxide.
Initially, the cellulose-acetate strips were connected
to the buffer reservoirs by means of filter-paper
wicks, but this practice was discontinued because
some batches of paper were found to contain a
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nigrosin-positive substance that diffused into the
cellulose acetate and also because distortion of the
cathodal migrating fractions frequently occurred.
Extreme examples of this distortion are shown in
Fig. 28 and 32. Substitution of cellulose-acetate
wicks overcame both of these faults, and the improvement in resolution of the pattern can be seen
in Fig. 25, 29, 33 and 34.
The egg proteins were applied to the marked
base-lines on the strips and allowed to soak in before
the run was started. The starting current was
0.625 mA per strip at 120 V. The voltage was kept
constant throughout a standard run of two hours,
after which the strips were transferred to 5% trichloracetic acid for 30 minutes to fix the separated
proteins. Fixation was followed by thorough
washing in 5 % acetic acid to remove all traces of
glycine, which would have interfered with subsequent staining. Staining was carried out in 0.2%
nigrosin in 2% acetic acid for 24 hours and was
followed by successive washes in 5 % acetic acid until
a white background to the stained pattern was
obtained. The strips were blotted, air dried and
flattened under pressure. Profiles of the separated
proteins were obtained using a Locarte Laurence
recording densitometer, which does not require the
strips to be cleared and needs no special light-filter
for nigrosin-stained patterns. Photographs were
taken by transmitted light (D. Claugher, in preparation)-a technique that not only enhanced the
original pattern but gave such accurate reproduction
that when the photographs were scanned with the
densitometer they yielded the same profiles as the
original strips.
RESULTS

Photographs of a selection of strips and scanned
proffles of these strips are shown in the figures.
Each strip has been chosen from a number of runs
in order to present results of approximately equivalent density.
Bulinus africanus species group (Fig. 1-9)
Two populations of B. africanus from South
Africa have been sampled, one from Nelspruit,1
Transvaal (Fig. 1) and the other from Richmond,
near Durban, Natal (Fig. 2). There is a marked
difference in the mobility of the two major fractions
1 Subsequent morphological and serological investigations
suggest that the Neispruit population should properly be
classified as B. globosus rather than B. africanus.

in these samples. The Nelspruit pattern shows two
well-marked slow-running bands absent in the
Richmond pattern, which, however, has two strong
bands in front of the major fractions, neither of
which is well developed in the Nelspruit material.
B. africanus ovoideus (Fig. 3) from Mwanza,
Tanzania, resembles the Richmond population of
B. africanus in the mobility of its major fractions
and fast-running components, but it shows in
addition at least four slow-running bands between
the start line and the major fractions.
B. globosus from Nyachivi, Rhodesia (Fig. 4)
shows a few faint slow bands and a poorly defined
fast-moving fraction, while the same species from
near Ibadan, Nigeria (Fig. 5) has more-marked
slow fractions and a series of poorly differentiated
bands in front of the main peak.
B. globosus from the Ombeyi Swamp, near Kisumu, Kenya (Fig. 6) has the components of the
major peak reversed in intensity, only one obvious
slow-moving band and one diffuse very fast fraction.
Fig. 7 illustrates the egg-protein pattern of a
population from Tiengre, also near Kisumu,
Kenya. The taxonomic position of this sample is
difficult to determine on morphological characters,
and it is therefore only tentatively placed in the
B. globosus species.
B. nasutus from Mwanza, Tanzania (Fig. 8) has
a pattern unlike that of any other member of the
africanus group so far examined in that the major
peak consists of a single band. There are also three
clear slow fractions and at least two fast-moving
ones.
B. ugandae from Mwanza, Tanzania (Fig. 9)
is distinguished by the presence of a distinct band
behind the main peak and two fractions of moderate
intensity immediately in front of it.

Bulinus tropicus species group (Fig. 10-14)
A number of populations of this complex have
been examined and the five illustrated show most
of the variations so far encountered. With the
exception of the sample from Chilambana Pan,
Zambia (Fig. 14), the mobility of the main fraction
is relatively constant, and the differences are most
marked in the slower-moving bands. This is particularly well shown in Fig. 10 and 11, the samples
for which came from an irrigation system and from
Lake Duluti respectively, both near Arusha, Tanzania. Albino and pigmented specimens from Lake
Duluti were also studied, and no difference was
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ELECTROPHORESIS OF PLANORBID EGG PROTEINS

found between the patterns. The wild specimens
from the N'dop Plain, West Cameroon, that yielded
the pattern shown in Fig. 13 were conchologically
indistinguishable from B. tropicus depressus, but
the first and subsequent laboratory-bred generations
have produced normal-spired shells and there has
been no change in their egg-protein.
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of the fast-running fractions, there is considerable
uniformity in these patterns.

Biomphalaria (Fig. 25-34)
Fewer populations of Biomphalaria species have
been available for examination, and on the results
so far it would be unwise to draw conclusions about
species-group characteristic patterns. In contrast
to the bulinids, all the members of this genus have
Bulinus forskalii species group (Fig. 15-19)
a number of well-developed cathodal-migrating
The basic pattern in the forskalii group is similar fractions; it is these bands that suffered the greatest
to that in the africanus complex in that the major amount of distortion when filter-paper wicks were
peak consists of two well-developed fractions of used to connect the strips with the buffer compartmoderate mobility. Fig. 15, however, illustrates an ments of the tank. A common characteristic of all
exceptional pattern obtained from a population of the Biomphalaria species studied is a very well
B. forskalii from near Nelspruit, Transvaal, in developed major peak of about the same mobility
which there are at least three cathodal-migrating as that in the Bulinus tropicus group.
fractions (two very faint) in addition to a massive
Biomphalaria pfeifferi from near Nelspruit, Transand complex but slow-moving main peak. Fig. 16 vaal (Fig. 25) has at least five cathodal-migrating
shows a more usual appearance (B. forskalii from fractions and three bands between the start line and
near Ibadan, Nigeria), and Fig. 17 and 18 show the the principal peak. B. rueppelli from Addis Ababa
close similarity in pattern between two distinct (Fig. 26) also has three slow bands between the startspecies within the group-B. beccarii from Dirgag, line and the major fraction, but they lie in different
near Aden, southern Arabia, and B. camerunensis positions from those of the preceding species.
from Lake Barombe Kotto, Kumba Division, West
B. rueppelli from near Said, Upper Aulaqui,
Cameroon. B. reticulatus (Fig. 19) gives the simplest southern Arabia (Fig. 27) has a much less concenpattern so far encountered. The strip illustrated is trated pattern, as is well shown in the profile, and
from a sample from near Said, Upper Aulaqui, differs from the Ethiopian sample by the presence of a
southern Arabia, and two further samples from relatively well-marked fraction running immediately
isolated localities in southern Arabia gave similar behind the main peak.
patterns.
B. alexandrina from Cairo, Egypt (Fig. 28) is the
only sample that has shown a large fraction superficially similar to the main peak, but less dense,
Bulinus truncatus species group (Fig. 20-24)
lying between the main peak and the start line.
The B. truncatus complex have a characteristic
B. sudanica from near Khartoum, Sudan (Fig. 29)
egg-protein pattern unlike that of the other three gives a pattern similar to that of the closely related
groups in that the main peak consists of a complex B. camerunensis from Bambalang, N'dop Plain,
of at least four closely associated narrow bands giving West Cameroon (Fig. 30), but there are differences
a barred appearance. In some of the strips illustrated in some of the slow-moving bands, and B. camerunthis is not easy to see owing to the intensity of the ensis has a well-developed fast fraction scarcely
patterns, but it is apparent in the proffles. Fig. 20, present in the B. sudanica sample.
21 and 22 are samples of B. truncatus from Cairo,
Fig. 31-34 represent some of the Neotropical
Egypt, the Posada River, Sardinia, and Sebha, intermediate hosts of Schistosoma mansoni-AusTripolitania, respectively. Fig. 23 is of B. rohlfsi from tralorbis tenagophilus from Leopoldina, Rio de
Lake Barombe Kotto, Kumba Division, West Janeiro, Brazil (Fig. 31) and three different samples
Cameroon, and Fig. 24 is B. sericinus from Tarbak of A. glabratus, one from an unknown source in
in the Wadi Hatib, Upper Aulaqui, southern Arabia. Brazil (Fig. 32), the Wellcome strain (Fig. 33), also
This last population is the one mentioned by Burch of Brazilian origin, and a sample from Puerto Rico
(1964) as having 72 pairs of chromosomes in contrast (Fig. 34).
to the characteristic number of 36 for the B. truncatus
Fig. 35 is the pattern obtained from a species of
group. Apart from slight differences in the slow- the North American genus Helisoma (possibly
moving bands and some variation in the mobility H. trivolvis) of unknown origin.
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DISCUSSION

The results presented are a selection from about
80 populations that we have examined. They show
that the egg proteins of planorbid snails are extremely
sensitive indicators of variation between populations.
With careful standardization, this technique provides the only objective method of comparison at
present available at this vitally important level.
In our previous work (Wright & Ross, 1963) we
showed that the qualitative changes that occur in
the blood proteins of a planorbid snail are associated
with development of the accessory genital glands.
Since it is these glands that provide both the egg
contents and their outer capsules, differences in
egg proteins must be a reflection of differences in
the protein metabolism of the snails producing them.
The relationship between larval schistosomes and
their intermediate hosts is of an extremely intimate
nature, and the tissues of the snail host are the
parasite's environment. Population differences in
host physiology will therefore exert different selection pressures on the parasite genotypes. In this
way local races of schistosomes will become differentiated, the larval forms of each race being adapted
to the physiological peculiarities of their particular

snail population (Wright, in press). It is perhaps
significant that intermediate host restriction appears
to be more marked and more parochial in Schistosoma capense than it is in S. haematobium, and our
present work indicates a greater degree of intrapopulation variation in the Bulinus africanus group
than in the B. truncatus complex.
Above the population level, the most useful
taxonomic information given by the egg proteins
is a clear distinction between the Bulinus truncatus
complex and the rest of the genus. According to
Burch (1962), the truncatus group with a chromosome number of n = 36 has arisen by polyploidy
from the tropicus group (n = 18). A further doubling of the chromosomes in the Tarbak population
of B. sericinus (to n = 72) has not affected the egg
protein pattern.
Finally, the possible significance of the demonstrated differences in egg proteins should be considered where discrepancies are observed in the
ovicidal activity of molluscicides. It is probable
that the most important factor in this connexion is
permeability of the egg capsule, but the capsule
may also be subject to some degree of local variation
that could affect its permeability.

REISUMIt
Au cours d'une 6tude anterieure, les auteurs ont
signal6 que, chez les planorbides, le developpement des
glandes g6nitales annexes de I'appareil reproducteur
femelle, qui fournissent a l'aeuf son contenu prot6ique,
est associ6 A des modifications qualitatives des prot6ines
seriques. Dans le pr6sent travail, ils montrent que la
s6paration 6lectrophoretique des fractions proteiques de
l'aeuf permet de differencier, au sein d'une meme espece,
differentes populations de mollusques.
Les techniques de prelevement du materiel et d'analyse
par electrophorese sont d6crites en dMtail. La m6thode
permet notamment de distinguer plusieurs populations
parmi Bulinus africanus, B. tropicus et B. forskalii. Quant
aux proteines de l'oeuf de B. truncatus, elles donnent une
image electrophoretique qui permet de separer nettement

cette espece des autres especes du genre Bulinus. Le
procde' applique au genre Biomphalaria montre egalement 1'existence de populations caract6ris6es par un
comportement sp6cifique des prot6ines de l'ceuf lors de
la s6paration par electrophorese.
Les auteurs soulignent l'interet de la methode qui, at
l'echelon <(populations #, est actuellement le seul critare
de diff6renciation. Ils estiment que cette sp6cificit6 du
m6tabolisme proteique est le reflet de particularit6s
physiologiques qui jouent certainement un r6le important
dans les relations entre les mollusques et leurs parasites.
11 est possible enfin que les differences observ&es dans
la composition proteique des cufs suivant les populations
de mollusques determinent dans une certaine mesure
les variations de l'action ovicide des molluscicides.
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