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Abstract. To approach the biochemical relationships of five subspecies of Oncomelania snails, antigenic
structures among the subspecies were compared using immunoelectrophoresis. The results obtained are
summarized as follows:

1) For five subspecies of Oncomelania hupensis snails (Oncomelania hupensis hupensis, O.h.nosophora,
O.h. formosana, O.h. chiui and O.h. quadrasi), 23-24 precipitin bands were observed between the antigens
and their homologous antisera, while 18-22 bands were observed in the heterologous reactions.

2) For each subspecies, residual bands observed after absorption procedure demonstrated the presence of
antigens unique to each subspecies except O.h. chiui.

Based on the immunological antigenic structures among the Oncomelania subspecies, it is suggested that
O.h. nosophora and O.h. hupensis forms are closely related group, while O.h. formosana, O.h. chiui and O.h,

quadrasi forms are another group.

INTRODUCTION

It is well-known that there are five recognized
subspecies of Oncomelania snails. The subspecies
have distributed to the Japan, China, Taiwan and
Philippines. Recently, in addition to these five sub-
species: Oncomelania hupensis nosophora, O.h.
hupensis, O.h. formosana, O.h. chiui and O.h.
quadrasi, Davis et qf (1988) added O.h. lindoensis,
restricted to the island of Sulawesi. However, they
reported that O.4. lindoensis was presumably de-
rived secondarily from Philippines snails.

Oncomelania snails serve as intermediate hosts
of the Asian blood fluke, Schistosoma japonicum.
Many investigators reported that the different geo-
graphical strains of S. japonicum showed different
infectivities to various subspecies of Oncomelanfa
snails (Moose and Williams, 1963; Lee e al, 1982;
Iwanaga, 1976). Moose and Williams (1964) re-
ported that O.h. formosana was refractory to infec-
tion with the human strain of S. japonicum, even
though O.h. formosana was taxonomically related
to the other four subspecies of Oncomelania snails
(Davis, 1967). This finding suggests the existence
of basic physiologic and biochemical differences
among Oncomelania snails.
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The present paper deals with antigenic struc-
tures among five subspecies of Oncomelania snails
by immuoelectrophoresis.

MATERIALS AND METHODS

Source of Oncomelania snails

Five subspecies of laboratory-reared Oncome-
lania snails were employed in the experiments. The
laboratory colonies were originated from the fol-
lowing areas; Oncomelania hupensis nosophora
from Yamanashi, Japan; O. . hupensis from Shang-
hai, China; O.h. formosana from Changhua, Tai-
wan; O.h. chiui from Shihmen, Taiwan; O.h.
quadrasi from Leyte, Philippines.

Oncomelania snails were reared in the labora-
tory following the cultivation techniques of Iwanaga
(1973, 1975).

Preparation of antigens and antisera

Oncomelania snails antigens were prepared from
0.1% NaCl extracts of the whole body according to
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the methods of Tsuji (1974) and Iwanaga and Tsuji
(1985). Antisera (ie, immune sera) to Oncomela-
nia snails were prepared by the following method:
Emulsion containing 2-3 mg/ml of each Oncome-
lania snail antigen in 1.0-1.5 ml of Freund’s com-
plete adjuvant (DIFCO Lab, Detroit. USA) were
injected into proximal limbs of rabbits intramus-
cularly for ten times every week, and antisera were
obtained from blood drawn from these rabbits ten
days after the final injection (modification of Tsuji,
1974, 1975).

Absorption procedure

0.4-0.6 ml of the antiserum to a specific antigen
was adsorbed with 8mg of another antigen. After
stirring, the antiserum-antigen mixture was incu-
bated for 3 hours at 37°C and then stored 12 hours
at 4°C. The mixture was centrifuged at 3,000 rpm
for S minutes. After centrifugation, the supernatant
was used as absorption antiserum (modification of
Tsuji, 1974).

Immunoelectrophoresis

Immunoelectrophoresis was done according to
the technique of Tsuji (1974, 1975) on 0.9% aga-
rose gel (Behringwerke, AG, Germany) in veronal
buffered saline (pH 8.2) and the electric current,
adjusted to 18 £2V/8cm gel length, was applied for
3 hours.

RESULTS

In the homologous antigen-antibody systerms,
24 precipitin bands were observed with each of O.
h. nosophora, O. h. hupensis and O. h. formosana,
similarly, 23 bands were observed with each of O.
h. chiui and O. h. quadrasi as shown in Table [ and
Fig 1. Heterologous reactions among Oncomelania
snails produced fewer precipitin bands than did
homologous reactions (Table 1). The antiserum
from rabbits immunized with O. h. nosophora
showed 21 bands with O. h. hupensis antigen, 18
bands with each of O. h. formosana and O. h. chiui
antigens and 19 bands with O. . guadrasi antigen.
In cases of anti-O. h. hepensis serum, it was possi-
ble to demonstrate 21 bands with O. h. nosophora
antigen, 18 bands with each of O. h. formosana and
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Table 1

Number of precipitin bands among Oncomelania
snails.

Immune sera

OHN OHH OHF OHC OHQ

Antigens

OHN 24 21 18 18 19
OHH 21 24 18 18 19
OHF 18 18 24 22 20
OHC 18 18 22 23 20
OHQ 19 19 20 20 23

OHN: O. h. nosophora OHH: O. h. hupensis
OHF: O. h. formosana OHC: O. h. chiui
OHQ: O. h. quadrasi

Q.4 . nosophara antigen

N ——

Anti-Q. h- nosophora serum

Q. h. hupensis antigen

M |

Anti- Q. h. hupensis serum

Q.h. formosana antigen

= -
Anti- 0.h. formosana serum

Q-h.chiui antigen

\ ——
L —
Anti- Q. h. chiui serum

0-h. quadrasi antigen

5\5
K

]
Anti-0.h.quadrasi serum

Fig 1-Immunoelectrophoregrams between the antigens
and their homologous antisera of Oncomelania
snails.
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Table 2

Number of residual bands after absorption.

Immune sera absorbed

OHN OHH OHF OHC OHQ

Antigen

used for test

OHN 0 3 6 5 4
OHH 3 0 6 5 4
OHF 6 6 0 1 3
OHC 6 6 2 0 3
OHQ 5 5 4 3 0

OHN: O. h. nosophora OHH: O. h. hupensis
OHF: O. h. formosana OHC: O. h. chiui
OHQ: O. h. quadrasi

O. h. chiui antigens and 19 bands with O. h. quadrasi
antigen. The anti-O. h. formosana serum showed
18 bands with each of O. h. nosophora and O. h.
hupensis antigens, 22 bands with O. A. chiui antigen
and 20 bands with O. . quadrasi antigen. And the
anti-O. h. chiui serum showed 18 bands with each
of O. h. nosophora and O. h. hupensis antigens, 22
bands with O. h. formosana antigen and 20 bands
with O. h. quadrasi antigen. Finally, the anti-O. A.

OUN antigen

Anti-ONN

OHH antigen!= T i =

Anti-CUN abs

with OHH ai

OlN anlLigen

0N antigen

Antj-OBN

-~

OHF antigen

oe=_ .

Anti-OHN absorbed

OHN antigen with OHF anligen

quadrasi serum showed 19 bands with each of O. A.
nosophora and O. h. hupensis antigens, and 20
bands with each of O. h. formosana and O. h. chiui
antigens.

Absorption procedures were performed to com-
pared antigenicities among Oncomelania snails
(Table 2). Three, six, six and five bands respec-
tively were recognized as the residual reaction of
anti-O. h. nosophora serum absorbed with each of
O. h. hupensis, O. h. formosana, O. h. chiui and O.
h. quadrasi antigens, respectively (Figs 2, 3). Us-
ing anti-O.h. hupensis serum, three, six, six and five
bands respectively were recognized as the residual
bands after absorptions with each of O. . nosophora,
O. h. formosana, O. h. chiui and O. h. quadrasi anti-
gens, respectively (Fig 4). Anti-O. h. formosana
serum absorbed with each of O. h. nosophora and
O. h. hupensis antigens produced six bands in each
case, similarly, two bands with O. h. chiui antigen
and four bands with O. h. quadrasi antigen (Fig 5).
The immunoelectrophoregram in Fig 6 showed re-
sidual bands of anti-O. A. chiui serum absorbed
with each of O. h. nosophora, O. h. hupensis, O. h.
Jormosana and O. h. quadrasi antigens; 5 bands
each were recognized with O. 4. nosophora and O.
h. hupensis antigens, 1 band with O. h. formosana
antigen and 3 bands with O. h. quadrasi antigen. In

01N antigen

B GIN

OHC anLigen *
Anti-OHN shserbed
Oi¥ antigen with DIIC antigen
0NN antigen

Ant.i-OlXN

OHQ antigen
L cumonsny .

Anti-0UN absorbed

OHN antigen with OHQ antigen

Fig 2-Immunoelectrophoresis between Oncomelania hupensis nosophora and other Oncomelania snails using absorption

procedures. OHN: O. h. nosophora OHH: O. h. hupensis

OHQ: O. h. quadrasi
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OHF: O. h. formosana OHC: O. h. chiui
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OMN antigen

]
OHN immune-serum absorbed with
OHH antigen

OHN antigen

)
OHN immune-serum absorbed with
OHF antigen

OHN antigen

]
OMHN immune-serum absorbed with
OHC antigen

OHN antigen

OHN immune- serum absorbed with
OHQ antigen
Fig 3-Immunoelectrophoregrams between Oncomelania
hupensis nosophora and other Oncomelania snails
using absorption procedures.
Dotted lines: Common bands with both antigens
Bands No. 1 and No. 2: Specific bands for O. h.
nosophora
OHN: O. h. nosophora OHH: O. h. hupensis
OHC: O. h. chiui OHF: O. h. formosana
OHQ: O. h. quadrasi

OHH antigen

1}
OHH immune-serum absorbed with
OHN antigen

OHH immune-serum absorbdd with
OHF antigen

OHH antigen

|
OMH immune-serum absorbed with
OHC antigen

OHH antigen

OHH immune-serum absorbed with
OHQ antigen

Fig 4-Immunoelectrophoregrams between Oncomelania
hupensis hupensis and other Oncomelania snails
using absorption procedures.

226

Dotted lines: Common bands with both antigens
Bands No. 3 and No. 4: Specific bands for O. A.
hupensis

OHH: O. h. hupensis
OHC: O. h. chiui
OHQ: O. h. quadrasi

OHN: O. h. nosophora
OHF: O. h. formosana

the anti-O. h. quadrasi serum (Fig 7), 4 bands were
recognized as the residual bands after absorption
with each of O. h. nosophora and O. h. hupensis
antigens, and 3 bands were noticed after absorption
with each of O. h. formosana and O. h. chiui anti-
gens. From the results of absorption among
Oncomelania snails, common residual unreacted
bands remained for each specific heterologous an-
tigen-antiserum reaction, suggested the presence of
one or more antigens unique to each subspecies.
Thus, bands No. 1 and No. 2 were common residual
bands (ie specific bands) for O. h. nosophora ab-
sorbed with each of four other subspecies of On-
comelania snails. Similarly, commonresidual bands
for O. h. hupensis were bands No. 3 and No. 4, No.
5 for O. h. formosana, and No. 6 for O. h, quadrasi

OHF antigen

[ —1
OHF immune-serum absorbed with
OHN antigen

OHF antigen

OHF immune-serum absorbed with
OHH antigen

OHF antigen

OHF immune-serum absorbed with
OHC antigen

OHF antigen

OHF immune-serum absorbed with
OHQ antigen
Fig 5-Immunoelectrophoregrams between Oncomelania
hupensis formosana and other Oncomelania snails
using absorption procedures.
Dotted lines: Common bands with both antigens
Band No. 5: Specific band for O. h. formosana
OHF: O. h. formosana OHN: O. h. nosophora
OHH: O. h. hupensis OHC: O. h. chiui
OHQ: O. h. quadrasi
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OHC antigen

OHC immune-serum absorbed with
OHN antigen

OHC antigen

OHC immune-serum absorbed with
OHH antigen

OHC immune-serum absorbed with
OHF antigen

OHC immune-serum absorbed with
OHQ antigen
Fig 6-Immunoelectrophoregrams between Oncomelania
hupensis chiui and other Oncomelania snails us-
ing absorption procedures.
Dotted lines: Common bands with both antigens
OHC: O. h. chiui OHN: O. h. nosophora
OHH: O. h. hupensis OHF: O. h. formosana
OHQ: O. h. quadrasi

(Figs 3,4, 5,7). Nocommon residual band, specific
to O. h. chiui, was observed (Fig 6).

DISCUSSION

Immunoelectrophoresis has been extensively
utilized for immunological aspects of physiologi-
cal studies of parasites and snails (Biguet er al,
1962; Santana et al, 1992; Iwanaga et al, 1992).
Species discrimination of snails was accomplished
by immunological methods (Tran Vay Ky et al,
1962; Rosé et al, 1966; Davis, 1969). Iwanaga
(1992) reported immunological differences of Bra-
zilian species of Biomphalaria snails by immuno-
electrophoresis, and suggested that Biomphalaria
glabrata pigmentado, B. glabrata albino and B.
straminea were not same species, although B.
glabrata pigmentado and B. glabrata albino were
closely related to each other.

In the present study (Table 1), it was found that
O. h. nosophora shared between 18 and 21 antigens
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OHQ antigen

OHQ immune-serum absorbed with
OHN antigen

OHQ immune-serum absorbed with
OHH antigen

OHQ antigen

L N |
OHQ immune-serum absorbed with
OHF antigen
OHQ antigen
~, Sy
- -~ oo CTTSTTmems—a e A -
NI TR L Ch At
. Swtray S g T i
OHQ immune~- serum absorbed with
OHC antigen

Fig 7-Immunoelectrophoregrams between Oncomelania
hupensis quadrasi and other Oncomelania snails
using absorption procedures.

Dotted lines: Common bands with both antigens
Band No. 6: Specific band for O. k. quadrasi
OHQ: O. h. quadrasi OHN: O. h. nosophora
OHH: O. k. hupensis OHF: O. h. formosana
OHC: O. h. chiui

with each of the other four subspecies of On-
comelania snails, and shared the largest number of
bands (21) with O. h. hupensis. Thus, O. h. noso-
phoraand O. h. hupensis are most closely related to
each other immunoelectrophoretically. Further-
more, O. h. nosophora produced the fewest com-
mon bands (18) with O. h. formosana and O. h.
chiui. Comparing immunoelectrophoretical pat-
terns between O. h. formosana and O. h. chiui, these
two subspecies were most closely related to each
other (22 shared bands), similarly, O. k. quadrasi
was more closely related to O. h. chiui and O. h.
Jformosana than to either O. h. nosophora or O. h.
hupensis. These findings are in agreement with the
report by Davis and Lindsay (1967) on disk elec-
trophoretic profiles of proteins of O. k. nosophora,
O. h. chiui and O. h. formosana. '

Absorption procedures were performed to com-
pare antigenic specificities among Oncomelania
snails. Some residual bands among Oncomelania
snails showed different patterns, suggesting that
each Oncomelania subspecies had different anti-
genicities.
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Recently, enzyme biochemistry of Oncomelania
snails were studied (Viyanant et al, 1987; Wood-
ruff et al, 1988). Tsukamoto et al (1988) reported
the isozyme patterns among O. h. nosophora, O. h.
formosana and O. h. quadrasi by discontinuous
electrophoresis in 5% polyacrylamide gels. For
the 16 enzymes examined, some showed differ-
ences in electrophoretic mobility of banding pat-
terns in the three subspecies. However, they sug-
gested that O. h. nosophora, O. h. formosana and O.
h. quadrasi were closely related to each other as a
species complex.

Inthis study, some common antigens were found
in the comparison of heterologous reactions. Fur-
thermore, from the results of absorption proce-
dures, the five subspecies of Oncomelania showed
some antigenic differences. For each subspecies, a
common residual band present after absorption
againsteach other subspecies, and demonstrates the
presence of antigens unique to each subspecies. In
particular, residual bands No. 1 to No. 6 are specific
bands for each Oncomelania subspecies, but these
residual bands are very weak. Further, biochemical
analysis of these residual bands, using SDS-PAGE
and/or Western blotting techniques, will be neces-
sary to confirm these differences.

ACKNOWLEDGEMENTS

This study was partially supported by a grant for
Japan-US Cooperative Medical Science Program.

REFERENCES

Biguet J, Capron A, Tran Vay Key P. Les antigéns de
Schistosoma mansoni. 1. Etude ¢letrophorétique et
immunoélectrophoretique.  Caractérisation des
antigéns spécifiques. Ann Inst Pasteur 1962; 103 :
763-71.

Davis GM. The systematic relationship of Pomatiopsis
lapidaria and Oncomelania hupensis formosana
(Prosobranchia: Hydrobiidae). Malacologia 1967,
6:1-143,

Davis GM. Electrophoretic, immunological and biologi-
cal properties of a population of Semisulcospira
transmitting Paragonimus westermani in Japan 1969;
Jpn J Parasitol 1969; 18 : 93-119.

Davis GM, Lindsay GK. Disc electrophoretic analysis of
228

molluscan individuais and populations. Malacologia
1967; 5 : 88-111.

Davis GM, WoodruffS, Staub KC, Upatham ES, Viyanant
V, Yuan HC. Genetic variation in Oncomelania
hupensis: Schistosoma japonicum transmitting snails

in China and the Philippines are distinct species.
Malacologia 1988; 29 : 347-61.

Iwanaga Y. Fundamental studies on laboratory breeding
of Oncomelania hupensis nosophora. (2) Breeding
with some species of phyto-planktons. Med J Hiro-
shima Univ 1973; 21 ; 249-54.

Iwanaga Y. Fundamental studies on laboratory breeding
of Oncomelania hupensis nosophora. (3) Labora-
tory observations on the young snails production of
O. h. nosophora under the various environments.
Med J Hiroshima Univ 1975; 23 : 41-7.

Iwanaga Y. Observation on the infection of Oncomelania
spp to Schistosoma japonicum, Yamanashi strain.
Jpn J Parasitol 1976; 25 : 59-68.

Iwanaga Y. Comparative studies of Brazilian species of
Biomphalaria snails by immunoelectrophoresis. Jpn
J Malacology 1992; 51 : 315-21.

Iwanaga Y, Tsuji M. Studies on host-parasite relation-
ship between Schistosoma japonicum and Oncome-
lania snails. Jpn J Parasitol 1985; 34 : 1-6.

Iwanaga Y, Santana JV, Goncalves JF. Studies on com-
mon antigenicities between the Belo Holizonte strain,
Brazil of Schistosoma mansoni eggs and Biompha-
laria snails by immunoelectrophoresis. Southeast
Asian J Trop Med Public Health 1992; 23 : 98-102.

Lee KM, Fan PC, Wu CC. Further studies on the suscep-
tibility of new Taiwan fociof Oncomelania hupensis
to geographic strains of Schistosoma japonicum.
Southeast Asian J Trop Med Public Health 1982;
13:91-5.

Moose JW, Williams JE. The susceptibility of geo-
graphic races of Oncomelania nosophora and O.h.
formosana to the'Japanese strains of Schistosoma
Jjaponicum. J Parasitol 1963; 49 : 284.

Moose JW, Williams JE. The susceptibility of geographi-
cal races of Oncomelania formosana to infection
with human strain of Schistosoma japonicum. First
International Congress of Parasitology, Research
Report 406 Medical Laboratory 1964; 1-10.

Rosé F, Osteux R, Rosé G, Tran Vay Ky P. Application
des techniques d’immunoelectrophorese en agarose
et d’électrophorése en gel d’acrylamide a 1’étude
des mollusques (Planorbidae). Ext Bull Soc Zool
France 1966; 9] : 345-52.

SantanaJV, Iwaraga Y, Telles AMS, Silva MR, Goncalves
FF, Tateno S. Immunoelectrophoretic study on
common antigens of Sdo Lourenco da Mata and Belo

Vol 28 No.1 March 1997



IMMUNOELECTROPHORESIS ON ONCOMELANIA SNAILS

Holizonte strains of Schistosoma mansoni adult
worms and Biomphalaria snails. Rev Inst Med Trop
Sdo Paulo 1992; 34 : 49-54.

Tran Vay Ky P, Rosé F, Laude F. L’étude immuno-
électrophorétique de la structure antigénique des
mollusques est-elle susceptible de résoudre certaines
difficultés de leur taxonomie? CR Acad Sci 1962;
255 :366-7.

Tsukamoto M, Nakagiwa Y, Chuang CK. Zymogram
comparison in thrce taxa of Oncomelania, vector
snails of schistosomiasis. J Univ Occupat Environ
Health 1988; 10 : 381-90.

Tsuji M. On the immunoelectrophoresis for helmintho-
logical researches. Jpn J Parasitol 1974; 23 : 335-

Vol 28 No.1 March 1997

45,

Tsuji M. Comparative studies on the antigenic structure
of several helminths by immunoelectrophoresis. Jpn
J Parasitol 1975; 24 : 227-36.

Viyanant V, Upatham ES, Blas BL, Yuan HC. Analysis
ofallozymes by electrofocusing in schistosoma snail
hosts (Oncomelania hupensis) from China and the
Philippines. Malacol Rev 1987, 20 : 91-6.

Woodruff DS, Katharine CS, Upatham ES, Viyanant V,
YuanHC. Genetic variation in Oncomelania hupen-
sis: Schistosoma japonicum transmitting snails in
China and the Philippines are distinct species.
Malacologia 1988; 29 : 347-61.

229





