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Introduction

To discriminate among species of para-
sites, gel electrophoresis has been used in
a variety of parasites, such as species be-
longing to the genus, Trypanosoma or
Leishmania (Taylor and Muller, 1979). In
many studies reported hitherto, glucose-
phosphate isomerase (GPI) variations have
been recognized among species in parasitic
protozoa (Carter, 1973; Baker et al., 1978;
Shirley, 1979; Kreutzer and Christensen,
1980). Carter (1973) found that enzyme
forms of GPI differentiate Plasmodium
species and its strains. Miles et al. (1977)
reported that the electrophoretic patterns
of GPI differed between domestic and syl-
vatic stocks of Trypanosoma cruzi. They
emphasized that their results supported
the epidemiological evidence which the
domestic and sylvatic transmission cycles in
a rural area do not overlap. In parasitic
helminths, on the other hand, several at-
tempts have also been made to examine
GPI variation (Vrijenhoek, 1978; Agatsuma
and Suzuki, 1981). Recently, Agatsuma
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(1981a, b) investigated GPI isozymes in
natural populations of Japanese lung
flukes, Paragonimus miyazakii and P. ilok-
tsuenensis, clearly differentiating two spe-
cies with electrophoretic patterns of GPI
isozymes. Furthermore, he found that con-
siderable variations of this enzyme occur in
natural populations of each species.

The present study deals with GPI iso-
zymes of other two lung flukes, P. ohirai
and P. sadoensis, using starch gel electro-
phoresis. Their morphological features are
closely allied with each other, but, they
have been considered to be distinct species,
especially owing to the differences in their
morphology of metacercariae and in their
host specificity (Kawashima et al, 1967;
Miyazaki et al., 1968). It is, therefore, of
interest to know the degree of genetic dif-
ferences among them. The current paper
reports on the extent of GPI polymorphism
in these two species.

Materials and Methods

Parasite

Metacercariae of P. ohirai were obtained
from the crab host, Sesarma dehaant, col-
lected at the Sendai river, Sendai, Kago-
shima Prefecture, and at the Maruyama
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river, Kinosaki, Hyogo Prefecture, during
July to August 1980. P. sadoensis metacer-
cariae were obtained from Geothelphusa
dehaani at small streams around the mouth
of the Ohkura river in Sado Island, Niigata
Prefecture, in March 1980. Adult worms
of each species were harvested from the
lung cysts of the albino rats (Wister) in-
oculated with the metacercariae 40-50 days
after inoculation. The adults obtained
were washed thoroughly with 0.8%, physio-
logical saline, and then stocked in a deep
freezer at —80 C until required for electro-
phoresis.

Preparation of enzyme extracts

The extracts of parasites were prepared
by homogenizing individually in 0.1 ml of
0.1 M phosphate buffer solution (pH 7.5)
using a teflon homogenizer in an ice water
bath. Then, the homogenates were cen-
trifuged at 3,000 rpm for 3 min at room
temperature. The supernatants obtained
were used for electrophoresis. As a control
run, the samples of normal rat lung ex-
tracts were also prepared in the same
procedures as those of the parasites.

Electrophoretic procedures

Electrophoresis was carried out in a 129,
horizontal starch gel at 4 C for 14 h with
a constant-current power supply of 70 mA.
Samples were absorbed on to 7X6mm
strips of filter paper, and then inserted
into gels. Electrophoretic buffer for the
electrode was composed of 0.1 M Tris-
Maleic acid, containing 0.1 M Na,EDTA,
0.01 M MgCl, and 0.13M NaOH (pH 7.4),
and the buffer solution for the gel was ob-
tained by diluting the electrode buffer ten
times. After a run, a slide of gel was
stained for GPI. GPI bands were made
visible by incubation in the dark at 37 C
for 15 to 20 min with a solution containing
0.1 M Tris-HCI (pH 8.0), 0.1 mg/ml MTT
tetrazolium, 0.1 mg/ml phenazine metho-
sulfate, 0.1 mg/ml NADP, 3.7 mg/ml
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MgCl,, 0.1 U/ml glucose-6-phosphate de-
hydrogenase and 0.15mg/ml fructose-6-
phosphate. These methods for electropho-
resis were essentially based on those of
Shaw and Prasad (1970) and Nozawa et al.
(1977).

Results

Electrophoretic patterns of the parasites
differed from those of the host tissue (rat
lung), as previously described by Agatsuma
(1981a, b).

In P. ohirai, three different phenotypes
of GPI were found in Sendai population,
while only one was found in Kinosaki
population (Fig. 1). Those found in Sendai
showed either single band (a of Figs. 1, 2),
or two types of triplet bands (b, ¢ of Figs.
1, 2), and the phenotype in Kinosaki popu-
lation appeared as a single band (a of
Figs. 1, 2). Mobilities of the single band
found in these two populations were iden-
tical with each other and also with those
of the slowest band of the triplet-type
phenotypes. On the other hand, only one
phenotype was found in P. sadoensis popu-
lation. This phenotype appeared as a sin-
gle band which was identical with the
single band of P. ohirai in mobility (a of
Figs. 1, 2). Chi-square (X2) value of the
difference from the theoretical value calcu-
lated on the basis of Hardy-Weinberg’s
equilibrium are given in Table 1. There
is no significant deviation from Hardy-
Weinberg proportion. The distribution of
phenotypes of banding patterns suggested
that the GPI protein may possess dimeric
structure. These results obtained here
were very similar to those of previous
studies with P. miyazakii and P. iloktsuen-
ensis (Agatsuma, 1981a, b). Therefore, the
same assumption was again proposed as
those described previously; GPI isozymes
of the present two species were a dimer
protein, and were controlled by a single
locus. This would be supported also by



Fig. 1 Photograph of three phenotypes of GPI
isozymes found in P. ohirai and P. sadoensis
by means of starch gel electrophoresis.

o; origin a; GPIL00/GPI1.00

b; GPI1.00/GPI2-30 ¢; GPI.00/GP]2-80

i

Table 1
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Fig. 2 Diagrammatic representation of GPI
isozymes in P. ohirai and P. sadoensis. The

a, b and ¢ show the same genotypes as those
in Fig. 1.

Genotype frequencies of glucosephosphate isomerase (GPI) in

P. ohirai and P. sadoensis

Species & Localities

Genotype frequencies of GPI isozymes

1.00/1.00§ 1.00/2.30 1.00/2.80 2.30/2.30 2.30/2.80 2.80/2.80 No. X2
P. ohirai
Sendai obs.T 83 20 0 0 0 107 1.70%
exp.t 84. 37 17.67 3.62 0.92 0.38 0.04
Kinosaki 68 0 0 0 0 68
P. sadoensis
Sado 85 0 0 0 0 85

0.70>P>0.50 (df=3)
observed numbers

*

1.

I expected numbers calculated, based on the Hardy-Weinberg law

§ Numbers, 1.00, 2.30 and 2.80 show GPI!.00, GPI2-30 and GPI2-80, respectively.

Table 2 Frequencies of GPI alleles in P. ohirai and P. sadoensis

Species & Localities

Allelic frequencies

Total alleles

GPIL.00 GPI2-30  GPI2.80
P. ohirai Sendai 0.888 0.093 0.019 214
Kinosaki 1.000 0.000 0.000 136
P. sadoensis Sado 1.000 0.000 0. 000 170

the fact that the ratios of phenotypes
agreed with Hardy-Weinberg expectation
for these isozymes. Thus, the most com-

mon allele at GPI locus is designated
GPIn0, and other alleles were assigned
numbers relatively to the mobility of
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238

GPI%. Then, the genotypes of three
kinds of phenotypes found in Sendai popu-
lation of P. ohirai will be GPI.%0/GPI.00,
GPI0/GPI>30 and GPI-90/GPI>8° (Fig.
2). Based on this hypothesis, three alleles,
GPI100 GPI230 and GPI2-8° will occur in
Sendai population of P. ohirai, while only
one allele, GPI-%, in Kinosaki population
of P. ohirai and in Sado population of P.
sadoensis. The frequencies of these three
alleles were estimated on the basis of the
presumptive genotype frequencies. As
shown in Table 2, GPI locus was polymor-
phic in Sendai population of P. ohirat, but
monomorphic in Kinosaki population of
P. ohirai and in P. sadoensis population.
No difference was found between the
natural populations of the latter two spe-
cies in the distribution of allelic frequen-
cies.

Discussion

The present study suggested that GPI
isozymes found in P. ohirai and P. sadoensis
were a dimer protein, controlled by a sin-
gle locus. This suggestion has been also
made in other Paragonimus species, P.
miyazakii and P. iloktsuenensis (Agatsuma,
1981a, b). Thus, these features of GPI are
considered to be common in the species
belonging to the genus, Paragonimus. It
was also found that in P. ohirai, GPI locus
revealed polymorphism in Sendai popula-
tion, but monomorphism in Kinosaki
population. GPI polymorphism has so far
been observed in parasitic helminths, i.e.,
Paragonimus miyazakii and P. iloktsuenen-
sis (Agatsuma, 1981a, b), and Contracaecum
sp. (Vrijenhoek, 1978), and in also other
animals, Colias butterflies (Watt, 1977),
and plants (Gottlieb and Weeden, 1979).
In the species of the genus, Colias, it was
suggested that GPI polymorphism may be
maintained by natural selection (Watt,
1977). In this study, it was demonstrated
that there occurred no significant difference
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of departure from Hardy-Weinberg propor-
tion in Sendai population of P. ohirai.
This seems to show the occurrence of ran-
dom mating in the population examined,
probably without selection and migration
from other populations. However, more
detailed experiments will be required to
determine the mechanism relating to the
GPI polymorphism.

This study revealed that the distribu-
tions of allelic frequencies in GPI locus of
Kinosaki population of P. ohirai were iden-
tical with those of P. sadoensis; both pos-
sessing only a single allele, GPI'-%0. Yoshi-
mura (1969) has performed electrophoretic
studies on the whole body proteins to com-
pare P. sadoensis with P. ohirai collected
in Izu Peninsula, and concluded that the
electrophoretic patterns were essentially
identical with each other. Thus, the pres-
ent results partly support those of Yoshi-
mura’s studies (1969), though only one
enzyme was employed as a marker in com-
parison of both species.

The present denominations of GPI al-
leles were done as reported previously
(Agatsuma, 1981a, b), based on their rela-
tive mobilities. Thus, direct comparison is
possible between the present results and
the previous ones. According to this, any
common allele was not found between P.
ohirai and P. miyazakii, while P. ohirai and
P. iloktsuenensis share two alleles, GPI1.00
and GPI230, and the former allele was
most common in both two species. From
the above, P. ohirai and P. sadoensis are
considered to be genetically more allied to
P. iloktsuenensis than P. miyazakii.

Up to date, little genetic analysis of the
parasitic helminths has been made. The
GPI variants detected in natural popula-
tions will serve as a good marker of in-
heritance in Paragonimus species.

Summary

Studies on glucosephosphate isomerase




(GPI) were performed in Japanese lung
flukes, Paragonimus ohirai and P. sadoen-
sis, using starch gel electrophoresis. In P.
ohirai, three different phenotypes (single
band or triplet bands) of GPI were found
in Sendai population, while only one (sin-
gle band) was found in Kinosaki popula-
tion. In P. sadoensis, only one phenotype
(single band) was found. From the distri-
bution of phenotypes of banding patterns
and no deviation from the Hardy-Wein-
berg equilibrium, it was considered that
GPI isozymes may be of dimeric structure
and be controlled by a single locus with
three alleles (P. ohirai) or only one (P.
sadoensis). Based on this hypothesis, three
alleles, GPI1:00, GPI230 and GPI=-#°, might
occur in Sendai population of P. ohirai,
while only one allele, GPI'%9, in Kinosaki
population of P. ohirai and in P. sadoensis.
The estimation of allelic frequencies sug-
gested that GPI locus was polymorphic in
P. ohirai of Sendai, and monomorphic in
P. ohirai of Kinosaki and in P. sadoensis,
and also that there is no difference in dis-
tribution of allelic frequency between the
Kinosaki population of P. ohirai and P.
sadoensis population.
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MBRBRET7 A VYA LOBRKEEIC K DHRE

Iv.

KERBERE L CEEMBROBEAKS S & (7 5 glucosephosphate

isomerase 7 A VYA LOXMILRIZTFIEEDELE:

BE B
(FHMEMRFEFEREHE)

ABFE T, KFPM%ER X OHEERF%EO gluco-
sephosphate isomerase (GPI) iz oW THREMICE
3 BENEROBEY 7T v 7 v S VERKE R AV
THN., KFEHRBEO2A 527 7%, BREER
NABLCEERERED 7oy r 4k, X, EE
BB 2 F 2y 7IXFBREEEDOY T F =5
LENENFEL, 7 v PEYE, 40~50H BiziH
ZERLZ. ZhbORBRE—RILIZHREITA
Z, ®WLLT, ZOLEFEEBRKEICHA V. KBk
I L OEEFERAMEIL, Shaw and Prasad (1970) 2%
oz, FOFRERKEMBERONNEMTIIEREA D
h, 3EEORBAVKRIEIh. ZHHIT 1 RDA
YIFDRELDLD, BIV3IEKDAAYIFELDLO
T, 3AKDAY FE Lo bDICRBEEORLS 21
BORBEEBD -7z, L LBBOHEATIE, TR
oY, TXRTIERDAY FELOEGTH -,
ZORY FOBBHEZNNERAD L EAD Y FEHD
BHEDOLD L —FK L. —7, EEMRBIZI N T
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X, IRTLIEKDAY FOBEEDOHRTHY, ZhdHD
BEEX, KEHBRBEOZRERA L TH -7z, ZD1
ROV FOBEEE, 3AKDLODKRGEEM DS
VFERAULTHh ot UENXSiC GPI 74 V¥4
20, KPR R O BRI ER L EER TR OER TIX
BRIZHZ DN 72, KEMBREDOIRER T
SRERL, TOHESHFEIN—F 1 —T 4 v~ULT
OB LR RSN IRFHEIL—FK L. Zhbol
Lhh, WEMBED GPI 74 V¥4 it 286K
Ez bh, 0 EEERITEROMENR S L A
2, B—BEFECLIVTRINTHEILDOLEES
iz, ZoRBIT XY, KPMEEONANERIZ,
RILBIEF GPIN, GPIZ%, GPI*® %3, g0 kE
i 3 X OB BT HICiE GPIM® 78
FETILDOLEZ bR, 2O LiX, BBFOKXTF
Fiti . & e Y s oD e PN R A5 ME— DSBS F GPI-%
EHREL TSI LEREL, MEXEhD TEVWE
BERIZH DD LHEBR SN,






