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DIFFERENTIATION OF THE SIBLING SPECIES 
BIOMP/IA LA RIA OCCIDEN TA L IS AN D BIOMPH1A LA RIA TENA GOPHILA 

B'y THE ELECTROPHORETIC PATTERNS OF THEIR HEMOGLOBIN* 

JAMES B. BAILEY**, EDWARD H. MICHELSON** & W. LOBATO PARAENSE*** 

.,Iipe (];d rapid method fiir dijerentiating the si/ling species Bioruphalaria tenago
phila and Biolii1hal'iria occideiitalis 1"1 agarose gel electrolphoresis (A Gt') is described. Snail
he,'nol',nip/ is tised as the test samph and the red colorotiot. of the hemoglobin fraction permits 
Visuaf'atiot; ol /I/(.
tli4ration patterns without resorting to speciJic stains. A1oreor'er, henrol'v in.samplets 1na1 /),.' 

, 

rbtaited without killing the snail, thus permitting its use ]'or other studies or forbreeding. 
Ke% k or : lioopmhalrido Cl'dentalixPioniphalarta tenagophila sibling spccies hernog!o ill 

cLI Itophoi cI', iioclehnicl tLiXO ,iollly 

I l I, laraeis,_ described lBionphale, 'a occidentalis, a species which could not betedditerel tia iroln Rihonphalaria tem/ztphila by shell characteristics or by :he morphology ofmost of tie ecl'al organs. Illtie laboratory, the two species were found to be reprodictively
icompa'ible and consequentl may be considered sibling species. Differentiation of the twospecies C31n he :JColtpliihed only by careful dissecti: the miale and female genitalia and thedentonstrat i of'dhe presence of a vaginal pouch in B3.te iagophilaand its absence in B. occiden
talis. Thele aie. in addition, mopliometric ditTerences in the prepuce/penile dheath complex of thetwo species. ilie reititmo. tlrefore, is a highly complex process requiring a high level of skill indhsseC uric theSe o0rgn s[nS arid rigid control of relaxation and fixation of the snails. 

]B. icuagophi/a is Ijrecognized host of Shist soma inamntoii, whereas B. occidentalisappe-lrs t(' be a rio-sus :ceptibl species (Paraense & Corria, 1982). The need for a method, less
tedious than manual dissection, to dilerentiate the species is obvious. 

A lech queli
employing snail hentolymph and agarose gel electrophoresis (AGE) for thedifteerr ntalioi of" the two species is described. The technique has been found to be simple, rapid,
repeatable, cosl eflr'ctive and suitable for rural laboratories. 

MATFRI,.\ S AND M" IO0lS 
Six strains of B. tenagophi/a and four strains ol'B. occidentalis, all from Brazil, were usedin the stndya(ab. i).Maintenance of the snail populations was as previously described (Michelson, 

1900). 

Iwo litctltods were used for colkcting hemolymph. When large amounts of hemolymph50- IO),pl) were required and snails were expendable, lieiolyrnph was collected from the pericardial cavity :isdescribed by Michelson (1966). If snails were required for breeding or for otherstudies, hernolyinph was drawn by puncturing the maitle collar with the tip of a sharp forceps andcollecting the pooled fluid with a fine-tipped micropipet. Approximately I0-50p1 of hemolymph
could be obtained with this method and snail mortality was genera-lly less than 10%. 

Fresh hiemolynuph was mixed in a proportion of 5: 2 with asample solution :omprised of80% glucose containing 5% glycerol and sufficient 0.5% bromphenol blue to give a dark purplecolhr.' Ten microliters of the mixture were used as the sample for agarose gel clectrophoresis
(AGE). AGI was conducted in either Mini-vertical or Mlini-subhorizontal cells (Bio-Rad Laboratories) and both methods gave comparable results; however, die vertical system appeared to give
sharper baidils. Itt both systems, the gel matrix consisted of 0.8% agarose in 0.15 M tris-barate
buffer, pl- 8.5. Although we used an ultrapure DNA grade agarose (Bio-Rad Laboratories), pre
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TABLE I 

Species and the geographic origin of strains from which hemoglobin was 

obtained 

Species Geographic Oijiti 

cNlelgao,
fiorha'ariaoccidentatis Bart de .tlo ( ,roso 
Guaira, Parami 

Valptratiso, S5o PIaulo 

Sena Madureira, Acre 
Biomphialarit, :enaiophilu Joltvitie, Santai ("11.11il 

Rio de Janeiro, RI 
Irasilia, 1)1 
Taubat , Siloflaulo 
S30 Jos0d(1s(AMpoS, S)o PauIO 

Vit6iia, !FspfritoSalito 

Al snail populations, were derived from those amnt:aed by )r. W.L. 
l'araense, tilitwo Oswatdo Cruz. Rio de Janeiro. 

iminary studies demonstrated that less chemically pule agaroscs would suffice. Horizontal gels, 
2mn in thickness, were prepared by pouring 15iml of me!ted agprose directly onto a Gel fBond(R) 

sheet (FMC H1oProducts), 6.4cm x Il.0cm, containing a 10 comb well-spacer situated lcm from 
a sma2ler edge. 'rite gels V\ry. arid AGE was 104V/70 min/cured for 2hr at 5O( before use run at 
23oC. Vertical gels, 1.5mm inthickness, were prepared ina casting cell and used approximately 
9.3ml of' agarose to make a gel 8cm wide x 7cm long. Gels were run at 104V/55 min/25 0 C. 
Routinely. itti sample wells were c-.st; however, the number may be varied to suitthe needs of the 
investigator. 

A!ier electrophoresis was completed. gels wer.' fixed in12% acetic acid containing 5% 
glycerol for I hr or until the brompheiol marker was no longer visible. Gels were thlen rinsed 
in deionzed wazer "Aid those run in a vertical cell were now mounted OttO Gel Bond sheets. 
Permanent preparations were made by dehydrating the gels to a thin layer iii accordance with 
the technique described by Saravia & Cook (1979). This consisted in covering the gels with a 
moist piece of filter paper, adding several layers of absorbent paper toweling, then placing an 
evenly distributed weight of 2kg on top of the gel-paper complex. After 30 min, the weight and 
the papers were carefully removed and the 'l'n turther dried in a 37C(' incubator for 4-61hr or 
held overnight at ltoom tempci'ture. Stain was not required as lite red-colored hemoglobin bands 
were clearly visible. The prepa:rations may be photographed or photocopied and the gel films can 
be stored indefinitely. 

Migration distap.ces were determined by notng the distanice of the bands from tit, ooint 
ol origin; however, Rf values could be determined also in relation to the bromplienol 'lye front. 

RES ULTS 

Our results indicated that the hemoglobin portion of B. occidentalis ltemolymph migrated 
faster than did that of B. tenagopmila. In most runs the bands were separated by a distance of 
1-2mnm. Although sorte variation in absolute distance was noted between runs, the distance 
between the bands of the two spezies did not show appreciable variation. No differences were 
noted among the geographical strains of the same species. Variation appeared to be less in gels run 
inthe vertical systetu than those done in the horizontal system. 

In the 02 analy-es done in the horizontal system, the hemoglobin band ofB. occidentalis 
migrated at least Imn farther than that of B. tenagophila in 55 comparisons (Fig. I A). In five 
sample runs, the nemoglobin of the two species migrated cqually or so closely to one another that 
Ihey could not be differentiated. Only two sample uns were observed in which the B. tenagophi!a 
band migrated faster than its sibling species. 

In all of the 42 analyses done in the vertical system, B. occidentalis hemoglobin migrated 
at least lmm farther than did the hemoglobin of 13. tenagophila (Fig. IB). When the results from 
both systems wer_ comlbined, it was found that B. occidentalis hemoglobin migrated faster than 
B. tenagophila 93.3% of the time, migrated at an equal rate with the latter species 4.8% of the 
time, and had a slower migration 1.9% of the time. 
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"Fig. I: ttleitIophoresb ot snail heiolymph. A: Vertical gel 

el: g : Bioo:palaria o : .occidentalis;[I: tto rizonafl 1'h.rata 
I:B.tcnqa'ophila. Ihlit, e lial igl(A) was en hanced by staining 

with di:nuiSiliIe iadhydrogen peroXld due to faintneSs of the 
hind,,. I he I;orimntiil iel \\as ,tained. 

A limited number of experiments denmonstrated that B. ghbhrata and B. straminea, both 
intermediate hosts of S.manso/0 inBrazil, had hemoglobins whit:i migrated faster than B. occi
dentalis; however, the M.o)species could not be sep;i-ated from one another in the present system. 

DISCUSSION 

lforts to use hemolymph f imspecies of pianorbid snails as a laxonotnic tool are not 
new and have been reviewed. in part. by Michelson (1073) and by Wright (1971, 1974). In past 
studies, elect rophoretic analyses of'hemolymph had beeii directed towards demonstrating differ
ences in protein and isozyie patterns. Wright (1971 ) questioned the value of these techniques 
for taxonomic studies since he observed both quantitative and qualitative variations associated 
with age and/or size of individual snails. Subsequetntly, tissue extracts have replaced hemolymph 
as the sample of choice itt applications of elect rophoresis foitaxonomic purposes. 

The present study, however, detnonstrates that the analyses of snail hetnolymph hemo
globins by AGI may be a valuable adjtnct to existing techniques for species idertification. In 
Biomlphalaria species, hemoglobin is a major constituent of the hemolymph and in some species 
may constitute as much as 40-65% of the total prolein concentration (Michelson & Dubois, 1975). 
The hiemoglohin fraction in these snails is characterized by being chromogenic, non-corpuscular, 
and of high molecular weight (Ix 106 or greater). Specific differences in lmoglobin mobility 
were not :!pparcnt in past studies, since the matrices employed for elecrophoresis prevented or 
limited the migration of these molecules. AGE separates protein tmolecules by both charge densities 
and molecular seiving and, at concentratiots of 0.6-0.8%, gels have pore sizes adequate for the 
migration of snail hemoglobins. 

Our results indic:ate that differences inhemoglobin migration was a reliable criteion for 
separating the sibling species B. ot ci(c'ttah. and B. tenagoplhila,separation being detnonstrated in 
93.3% of the test samples. Inaddition, the mini-system has several advantages: (1)it permits the 
test snails to remain alive or use in other studies; (2) results are rapid; (3) the technique is simple 
attd requires no special skills; (4)migration patterns can be demonstrated without the use of 
special stains or substrates- and (5) the method is relatively cheap, both in actual cost (estimated 
at S0.03-S0.08/satnple) and materials required. Preliminary experiments suggest tthat the tech
nique may be applicable to other groups of hemoglobin-bearing snails, and recent st.jdies with 
African planorbids appear promising. 
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RES UMO 
1-descrito um :netodo simples c ripido para distinguir Lis esp~cics cripticas B'tni hahuriarenagophilae B. occidentalis por cletroforese cm gel de agarose. A prova 5 feita corn hemolitfa do

taolusco, permitindo a cor vermelha da f*,qtio iemoglobina visualizar os padr ics de migraqdo semnecessidade de reCorrer a coloray6cs cspecfficas. Almn disso. as amostras dc hemolinfa podem ser
obtidas sem sacrificar o niolusco, que poderi ser usado para outros cstudos 01.1para criacaio. 
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