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SUMMARY 

The problems encountered in the identification of African freshwater snails 
of medical importance have resulted in a search for new and more standardized 
characteristics. The methods described for the horizontal starch gel electrophoresis 
of single individuals of Bulitzus make it possible to score the phenotype of ten different 
enzymes in the individual. A system of standards using the enzyme phenotype of 
f?ufinus tt-utzcuzus as reference is described and brief mention is made of the promising 
results obtained so far by the application of the method on the taxonomy and identi- 
fication of Buhfs species from Kenya. 

. 
INTRODUCTION 

The identification of freshwater snails of medical importance is difficult 
because of the variation encountered in the anatomical and morphological char- 
acteristics commonly used for separating species. This great variability can be found 
Gthin small geowaphical areas and is due to the influence of ecological conditions 
on the characteristics. New characteristics, which could be useful for the separation 
of Biottzphalaria and Bulinus species, such as cytological and biochemical ones, have 
been searched for. The biochemical and cytological areas of taxonomy together with 
Infection experiments and other possible characteristics that require live material for 
1 he investigations are calIed experimental taxonomy. However, experimental. 
‘:txonomy is not an alternative to but merely an extension of classical taxonomy, 
nd makes use of the new developments in biological sciences. 

The cytological characteristics, i.e., the chromosome number, have yielded 
We information apart from a useful contribution to the taxonomy of some species 

‘.f Buiinus. In Bulinus, four different chromosome numbers are found’. The most 
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common chromosome number (2n = 36) is found in all investigated members of 
the forskalii and the africanus groups and in most members of the tropicus-natalensis- 

truncatus group. The tetraploid chromosome number (Zn = 72) is found in most 
populgtions of Kulinus truncatus, in Bulinus guernel, * in Bulinus pernaembranaceus and 
possibly in Buiinus coulboisi. Hexaploid (2n = 108) and octoploid (2n = 144) 
chromosome numbers have so far been found only in some Ethiopian populations 
of the tropicus-nhtalensis-truncatus group. 

The biochemical characteristics obtainable by protein or enzyme electrophore- 
sis have contributed little to the taxonomy of Bulinus and Biomphalaria. Studies have 
been carried out using esterase in BuZinusz4 and in Biomphafaria7-g on laboratory 
material. Isoenzyme data from natural populations have been published for 
Biomphalaria’“-13 and for BuZin~.s*~-~~~ The electrophoresis of egg proteins has been 
useful in distinguishing between Bulinus truncatus and the other members of the 
fropicu-natalensis-fruncatus gro~p”~‘~. 

One of the main reasons for the limited success of electrophoresis in the 
taxonomy of freshwater snails compared with the success obtained in other animal 
and plant groups is that the studies have not been carried out at the population level 
and mostly only one electrophoretic characteristic has been investigated. The necessity 
to use several electrophoretic characteristics at the population level in the improve- 
ment of Bulinus and Biomphalaria taxonomy has led to the development of the stan- 
dard electrophoretic procedures described in this paper, through which any single 
Bulinid snail can be surveyed for a total of ten enzymes. 

EXPERIMENTAL 

Preparation of samples for elec?rophoresis 
After the water adhering to the shell has been blotted off, the specimen is 

placed in a micro-test-tube where homogenization takes place without addition of 
water. This results in a concentrated sample. A dilute sample is obtained by cleaning 
the piston of the homogenizer in another micro-test-tube to which lo-25 yl of water 
have been added. After centrifugation at 18,000 g for 2 min the samples are ready 
for application to the gel by sucking up the supematant with 6 x 3 mm pieces of 
Whatman No. 1 chromatography paper. 

Eiectrophoretic conditions 
Electrophoresis was performed at 2” in PIexigIass frames with inside dimen- 

sions of 15 x 24 x 0.6 cm using 10 o/O Connaught hydrolysed starch in the appropriate 
gel buffer. The solidified gels were allowed to‘cool in a refrigerator for 1.5 h. It has 
been observed that too long a cooling period has an adverse effect on the electro- 
phoresis. The compositions of the gel and bridge buffers are given in Table I. The 
samples were applied in a sIit cut 2-3 cm from the edge of the gel. 

In buffer A electrophoresis was performed with dilute samples for esterasc 
and phosphoglucose isomerase staining. With concentrated samples, 3-hydroxy- 
butyrate dehydrogenase can be assayed. The duration of the electrophoresis wa:: 
3.5 h at 320 V and 50 mA_ 

In buffer B electrophoresis was performed with concentrated samples for 3.3 
h at 280 V and 45 mA and the enzymes that wouId be stained were gIutamate- 
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TABLE I 

BUFFERS USED FOR ELECI’ROPHORESIS OF BULZNUS 

Amounts are given in grams per he. 

Bugler system Boric acid Tris Ti!ripIex ZZ Citric acid- Hz0 Sodium hydroxide pH 

A: Bridge 4.64 12.72 0.06 - - 8.6 
Gel 0.680 1.817 0.585 - - 8-l 

B: Bridge 30.95 - - - ca. 1.4 Adjust to 6.9 
Gel - 9.2 - 0.96 - 8.7 

C: Bridge 4.86 31.62 1.23 - - 9.0 
Gel 0.54 10.54 0.41 - - 9.0 

oxaloacetate transaminase, nucleoside phosphorylase, xanthine dehydrogenase and 
NADP-dependent isocitrate dehydrogenase. 

In buffer C electrophoresis was performed with concentrated samples for 3.5 
h at 280 V and 50 mA. Staining was carried out for the enzymes fructokinase, (L- 
glycerophosphate dehydrogenase, 3-hydroxybutyrate dehydrogenase and 6-phospho- 
gluconate dehydrogenase. I 

After completion of the electrophdresis, the application papers were removed 
and the gel was cut horizontally into two halves. Detection of enzyme activity took 
place on the cut surface. 

Staining procedures 
All enzyme staining took place in the dark at 37”. 
Esterase. A 250-ml volume of 0.009 M phosphate buffer (pH = 7.3), 100 mg 

of Fast Red TR and 2 ml of 1 o/0 a-naphthyl acetate in acetone. 
Glutarnate-oxaloacetate transwninase. A 3.8-g amount of dipotassium hy- 

drogen orthophosphate (&HPO,), 1 g of polyvinylpyrrolidone, 100 mg of Titriplex 
11, 74 mg of 2-oxoglutaric acid and 266 mg of L-aspartic acid in 100 ml water. Just 
before use, 250 mg of Fast Violet B salt was added. 

From stock solutions each containing 5 mg/ml of chemical, the amounts given 
below of NAD, NAPD, MTT [3-(4,5-dimethyl-2-thlazolyl)-2,5-diphenyltefrlium 
bromide] and PMS (phenazine methosulphate) were added. The following staining 
mixtures all contained 2.5 mg of MIT and 1.25 mg of PMS and, just before pouring 
the stain on to the gel, 25 ml of 2 oA agarose in 0.025 M magnesium chloride- solution 
at 60” were added. 

Phosphoglucose isonzerase. A IO-mg amount of fructosed-phosphate; 7 U 
(units) of glucose&phosphate dehydrogenase and 2.5 mg of NADP in 25 ml of 0.06 
.\I Tris-hydrochloric acid (PH 8.0). 

3-Hydroxybutyrate dehydrogenase. A IOO-mg amount of 3-hydroxybutyrate 
arid 2.5 mg of NAD in 25 ml of 0.06 M Tris-hydrochloric acid [PH 8.0 (buffer A) 
w pH 6.9 (buffer B)]_ 

Fructokinase. A lOO-mg amount of fructose, 50 mg of adenosine-Y-triphos- 
rhate, 70 U of phosphoglucose isomerase, 7 U of glucose-6-phosphate dehydrogenase 
:’ ?d 2.5 mg of NADP in 25 ml of 0.06 M T&-hydrochloric acid (pH 6.9). 

a-Glycerophosphate dehydrogenase. A IOO-mg amount of a-glyccrophosphate 
,:d 2.5 mg of NAD in 25 ml of 0.06 M Tris-hydrochloric acid (pH 6.9). 
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Fig. 1. 

Fig. 2. 

Fig. 3. 
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6-PhosphogIuconate dehydrogenase. A 20-mg amount of 6-phosphogluconate 
and 2.5 mg of NADP in 25 ml of 0.06 MT&-hydrochloric acid @H 6.9). 

NADP-dependent isocitrate dehydrogenasse. A IOO-mg amount of isocitrate and 
2.5 mg of NADP in 25 ml of O-06 M Tris-hydro&loric acid (PH 6.9). 

Xanthine dehydrogenase. A 3U-mg amount of hypoxanthine and 2.5 mg of 
NAD in 25 ml of 0.06 M Tris-hydrochloric acid (pH 6.9). 

Nucleoside phosphoryiase_ A SO-mg amount of inosine and ‘0.4 U of xanthine 
oxidase in 25 ml of 0.009 M phosphate (pH 7.3). 

Procedure of internal standards 
In order to be able to compare the electrophoretic mobilities of different 

populations run at different times, it is desirable to use a system of standa@ with 
known electrophoretic mobility. In a previous studyls, it has been shown that both 
the esterases and the phosphoglucose isomerases of Bulinus truncatus display a 
remarkably low geographical variation, and the same observation has b&n made 
on 3-hydroxybutyrate dehydrogenase (personal observation). This very low geo- 
graphical variation could probably be observed in the other enzymes not yet properly 
investigated in this species. This makes the &enzymes of &&Ms trwwtus very 
suitable as reference enzymes in a comparative investigation of Bulinus. Further, 
Bulinus truncatus is found in most of Africa except the southernmost part, i.e., south 

of Angola and Malawi. 
The electrophoretic mobilities in enzymes of the stock designated Brdinus 

frzmcatus. Imbaba, Egypt, collected 11-9-1971 and maintained at the Danish Bil- 
harziasis Laboratbry, have arbitrarily been assigned a relative mobility (A) of i.00. 
All other electrophoretic mobilities are and will be given as rm-values to these 
enzymes. A designation of esterase standard is in pres~‘~. For the enzyme 3-hyd@xy- 

butyrate dehydrogenase a triple banded structure is normally observed in Bufinus 
trmcatux The reference band with relative mobility 1.00 in this instance is the least 
anodic of the three bands which appoints the fast band with rltl 1.22 in buffer A and 
1.18 in buffer B. 

Fig. 1. Starch gel isoeozyme pattern of whole animal extracts us& buffer A. (A) 3-Hydroxybutyrate 
dehydrogenase of (a) Bulinus globosus, Tanga area, Tanzank, and (b) Bulinur tropicm, Thii uea, 
Kenya. (B) Esterases of (a) Bulinlrs guernei, Thies, Senegal, and (b) ~&ZUS trwreafus, send (c) 
Phosphoglucose isornerase of (2) Bdinus g&dosus, Coast Province, Kenya, (b) Bulinrrs cI(LTIlIuT, cbst 
Province, Kenya, and (c) Bulinus rruncatus, Imbaba, Egypt. 

Fig. 2. Starch gel isoenzyme pattern of whole animal extracts using buffer B. (A) NADP-isocitrate 
dehydrogenase of (a) Bu~inus tropicus, Eldorct, Kenya, and (b) Bufinus permembr==ws, Wbiai 
Kenya. (B) Nucleoside phosphoryIase of (a) Bultrus ugmhe, Dunga, Kenya, and (b) B&in= qfri-us, 

htisungwi, Tanzania. (C) Xanthine dehydrogenase of (a) B&w africanu, Msungwi, Tanzania, md 
(b) Bulinus ugan&e, Dunga, Kenya. (D) GlutamatmxaI&cesate tb of (a) Bulinus tropicus, 

Mole, Kenya, and (b) BuIinuspermembrarmceus, Njabini, Kenya. 

f-i%. 3. Starch gel &enzyme pattern of whole animal extracts using buffer C- (A) Fructokinve of (a) 
JW~ ~~r,zr, Coast Province, Kenya, and (b) Buihs rropicus, Lake %x-go% Kenjr;t. <Bj aab!c=* 
@losphate dehydrogenasc of (a) Bulinus forskalii, Kisumu, Kenya, (b) ~ulinus barrhi, M-D- 
k enya, and (c) Bufinus browni, Obtuso, Kano Plain, Kenya. (C) GPhosphoWconate dehydrog== 
1. T (2) Bdinus truncatus, Awassa, Ethiopia, and (b) RUGUS octoploides, Debra Sina, Ethiopia- (D) 3- 
: ‘i’droxybutyrate dehydrogenase of (2) BuIinus forskalii, near Obtuse, Kenya, and (b) BU&U.S 
’ -3wni, Bondo, Kenya. 
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RJzSuLTs 

The methods described above are the most reproducible electrophoretic 
methods obtained by staining for 32 enzymes in up to 13 buffer combinations. Some 
of the results obtained have already been published 14-16. Figs. l-3 show photographs 
of the zymograms. The photographs depict wherever possible differences between 
closely related species. In the enzyme a-glycerophosphate dehydrogenase it has been 
found that the species Bufinus forskalii actually is composed of three species, two 
of which are described below. 

Bdinus browni n. sp. 
Diagnosis. In morphology and anatomy it is very similar to Bulitzus forskalii 

(Ehrenberg 1831), but a diagnostic characteristic is found in a-glycerophosphate de- 
hydrogenase, where Bulinus forskalii has rm = 0.91 and Bulinm browni has rm = 
1.48 (Fig. 3B, a and c). 

Remarks. On the Kano Plain, Kenya, populations of Bulinus forskalii and 
Bulinus browni are found in between each other and no populations have shown 
the intermediate phenotype, i.e., a-glycerophosphate dehydrogenase, rm = 0.91/l-48. 

Distribution. Bulinus browni is known from Kano Plain, Kenya, and Salisbury, 
Rhodesia. 

Holotype. Kenya, Nyanza Province, Obtuso, UTM ref. 36MYQOO85. 
Paratypes. Same data as for the holotype. 

Bulinus barthi n. sp. . 

Diagnosis. In morphology and anatomy it is very similar to Bulinrcs forskalii 
(Ehrenberg 1831), but a diagnostic characteristic is found in a-glycerophosphate 
dehydrogenase, where Bulinus forskalii has rm = 0.91 and Bdinus barthi has rm = 
1.22 (Fig. 3B, a and b). 

Remarks. On the coast of Kenya and Tanzania, populations of Bulinus 
forskalii and Bulinus burthi are found in between each other and no populations 
have shown the intermediate phenotype, i.e., c-glycerophosphate dehydrogenase, 
rm = O-91/1.22. 

Distribution. Bulinus borthi is known from the coastal area of Kenya and 
Tanzania_ 

Holotype. Kenya, Coast Province, Mariakani D&m, UTM ref. 37MEF5374. 
Purfztypes. Same data as for the holotype. 

DISCUSSI6N 

The holotypes of Buiinus browni and Buiinus barthi are in the collection of 
the Danish Bilharziasis Laboratory. Of the Buiinus forskatii complex, a number of 
populations have been investigated by electrophoresis and from the other enzymes 
tested additional differences between the three species are found. A more com- 
prehensive account of these data is in preparation. 

The results pub1ishe.d represent only a small part of the data obtained b: 
an electrophoretic survey of natural populations of Bulinus from Kenya. Severa. 
papers dealing with the experimental taxonomy of the Bulinid subgroups are’ ir 
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preparation. The data generally support the classhI taxondmy, but. sqme.adjust+ 
ments are necessary. In a broader perspective, it is the intention to survey .a COIX- 
siderable number of natural populations of B~oq&&zr~~ and Bulimcs i% order to _ 

make the taxonomy of the genera more stabIe and at the same time provie,~~~~ 
characteristics for the species identifzation. Work along these lines is in progr& 
and any -live material of Biomphalaria tid Bulinti ~a_&ivi&g ai the’h&xatory xv& 

.._.___ . .__ 

be gratefully received and used for the study. The .materia& will &:used to-sU,ga~ 
in the knowledge of schistosome intermediate host taxonomy. 
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