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Introduction

Electrophoresis has been used in studies
of enzymes in many parasites. This tech-
nique is relatively easy to hand and also
highly reproducible. Furthermore, it is suf-
ficiently appreciated that enzyme forms
provide useful markers in identification of
parasitic organisms (Al-Tagi and Evans,
1978; Carter, 19783, 1978; Gardener et al.,
1974). Thus, electrophoresis may be of
great advantage in differentiating closely
allied " parasite species which have similar
morphological characteristics, and/or in
elucidating genetic relationships among
natural populations. Many enzymes have
been studied electrophoretically in parasitic
protozoans (Carter, 1973; Tsukamoto, 1974;
Godfrey and Kilgour, 1976; Miles et al.,
1977), and helminths (Zee and Zinkham,
1968; Coles, 1970; Ross et al., 1978; Pappas
and Schroeder, 1979).

As far as the authors know, however,
there is little electrophoretic study on en-
zymes in the genus, Paragonimus. Yoshi-
mura (1969a, b) first applied electrophoretic
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procedures to differentiate several species of
Paragonimus, but he performed studies on
only non-enzymic proteins in Paragonimus.
The present paper reports preliminary re-
sults of investigations dealing with the en-
zymes in Paragonimus for the purpose of
attempting to characterize and classify Para-
gonimus spp. by means of enzyme patterns
using starch gel electrophoresis.

Materials and Methods

Parasite

The metacercariae of P. ohirai were ob-
tained from the intermediate host, Sesarma
dehaani, collected in Sendai, Kagoshima
Prefecture during summer, 1979 and the
adult worms were harvested from the lungs
of rats 40-50 days after oral inoculations
of the metacercariae. P. miyazakii meta-
cercariae were obtained from the crabs,
Geothelphusa dehaani, collected at Oku-
yanai, Kochi Prefecture during summer,
1979 and the adult worms were harvested
from rats 90-100 days after oral inoculations
of the metacercariae.

Sample Preparation

All of the adult worms were washed with
0.8% physiological saline, and then subse-
quently stocked in a deep freezer at —80 C
until used. The extracts were prepared by
homogenizing about 20 worms of each
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species in 2.0 ml of 0.1 M phosphate buffer
solution (pH 7.5) with a teflon homogenizer
in an ice water bath. The homogenized
worms were centrifuged at 3,000 rpm for
3min at room temperature. The super-
natant obtained was used in this study. At
the control running of each band, the
sample of normal rat lung extracts was also
prepared in the same way as that of the
parasites.

Electrophoresis

Gels for electrophoresis were prepared
from hydrolysed potato starch (Connaught
Laboratories, Ontario). The amount of
starch used was usually 12.0 g/100 ml of gel
buffer. The gels were prepared according
to Smith’s method (1968), by heating the
suspension of starch and buffer until a clear
solution was obtained. Samples were ab-
sorbed on to 7X6 mm strips of filter paper
before insertion into gels. Six enzymes were
studied as shown in Table 1. The buffer
systems and conditions of electrophoresis for

Table 1 Enzymes examined

Enzyme Abbreviation
Adenylate kinase AK
Esterase EST
Phosphogluconate dehydrogenase 6PGD
Hexokinase HK
Glucosephosphate isomerase GPI

Glucose-6-phosphate dehydrogenase G6PDH

each enzyme (Shaw and Prasad, 1970; No-
zawa et al., 1977) are given in Table 2.

Location of enzyme activity on starch gel

The incubation solution for six enzyme
examined (Brewer and Sing, 1970; Shaw and
Prasad, 1970) are listed in Table 3. The
solution for the enzyme under study was
poured on the surface of the cut gel and
incubated at 37 C until the bands of enzyme
activity developed fully.

Results

As shown in Fig. 1 and 2, all of the para-
site enzymes examined migrated anodally
and showed their own patterns and mobili-
ties different from those of the host, rat
lung. The band patterns obtained here
were highly reproducible, that is, all of the
four repeated experiments brought about
the same results except for EST.

Adenylate kinase (AK)

In P. ohirai extract, three enzyme bands
were detected. The slowest band near the
origin was most intense in color. The inter-
mediate band was less intense than the
slowest, and the most anodal band was very
faint. On the other hand, in P. miyazakii,
two or three enzyme bands were found. The
slow band was strongly intense, while the
fast one faint. But, the most anodal band

Table 2 Buffer systems used in starch gel electrophoresis

Enzyme Gel Buffer Electrode Buffer Condition
6PGD AK 0.01 M Tris 0.155M Tris 60 mA Current
HK 0.003 M Citrate 0.043 M Citrate constant, 4h
EST 0.003 M Citrate 0.1 M LiOH 40 mA Current

0.014 M Tris 0.38 M Borate constant, 4h
0.01 M LiOH
0.038 M Borate
GPI 0.017 M Tris 0.25 M Tris 100 V Voltage
0.003 M Citrate 0.057 M Citrate constant, 12h
G6PDH 0.05 M Tris 0.5 M Tris 200V Voltage

0.097 M Borate
0.002M Na,EDTA

0.646 M Borate
0.016 M Na,EDTA

constant, 4h

(38)
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Table 3 Enzyme assay systems for specific staining on electrophoresis

Enzyme Substrate Coenzyme Other additions Buffer condition
AK Glucose NADP MTT PMS ADP 0.1 M Tris-HCl (pH 8.0)
36.6 mg 2.0 mg 2.0mg 2.0mg 10mg 20 ml
MgCl, G6PDH HK
74.0mg 20U 20
EST a-naphthyl . Fast Blue RR 0.2M Tris-HCl (pH 7. 1)
acetate 60 mg 100 mg 100 m1
6PGD Ba-6-phospho- NADP MTT PMS 0.1 M Tris-HCI (pH 8.0)
gluconate 5.0 mg 2.0mg 2.0mg 2.0mg 20 ml
HK Glucose NADP MTT PMS  ATP ”
36.6 mg 2.0 mg 2.0mg 2.0mg 9.7mg
MgCl, G6PDH
74 mg 20U
GPI Fructose-6- NADP MTT PMS .
phosphate 3.0mg  2.0mg 2.0mg 2.0mg
MgCl, G6PDH
74 mg 2U
G6PDH Glucose-6- NADP MTT PMS //
phosphate 5 mg 2.0mg 2.0mg 2.0mg

NADP, nicotinamide adenine dinucleotide phosphate. MTT, 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyl

tetrazolium bromide.
Tris, tris (hydroxymethyl) amino methane.

was not always reproducible, while other
two bands were reproducible. On the whole,
the relative intensity of each band was
different between the two parasite species,
although the mobilities of bands of P. miya-
zakii were similar to those of the correspond-
ing bands of P. ohirai.

Esterase (EST)

A single band was recognized in both
parasites. P. miyazakii enzyme migrated
almost as fast as that of P. ohirai. But, the
distinct difference in mobility was not
always found between the two species.

Phosphogluconate dehydrogenase (6PGD)

Both parasites showed three-banded pat-
tern, but their relative mobilities were
different from each other as shown in
Figures.

Hexokinase (HK)

Both parasites possessed the same band
pattern and the very similar mobility. Thus,
this enzyme pattern was not capable of dis-
tinguishing between them.

G6PDH, glucose-6-phosphate dehydrogenase.
HK, hexokinase.
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PMS, phenazine methosulfate.

Glucosephosphate isomerase (GPI)

Both parasites possessed a major band
and several minor bands. The mobilities
of the major band were different between
the two species.

Glucose-6-phosphate dehydrogenase
(G6PDH)

Single band was observed in both para-
sites. P. ohirai enzyme was relatively slower
and broader than that of P. miyazakii.

Discussion

Recently, several taxonomical problems
have been actively discussed in the Japanese
lung flukes, Paragonimus spp. The prob-
lems arise mainly because of the classifica-
tion based on the comparative morphology
which has been extensively performed in
parasitic organisms. In order to try to over-
come these difficulties, characteristics other
than morphological features have been used
in attempts to discriminate each species
among morphologically similar parasites in
the genus, Paragonimus.
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Sakaguchi and Tada (1976) studied the
karyotype of two species of the lung flukes,
P. ohirai and P. miyazakii, and Terasaki
(1977) also performed karyotypic analyses
on all of the five species of the lung flukes,
P. westermani, P. miyazakii, P. ohirai, P.
iloktsuenensis and P. sadoensis for an in-
terest of their phylogeny and cytology. How-
ever, they found that the species mentioned
above were karyotypically indistinguishable
from each other except for P. westermani,
of which karyotype was triploid.

Yoshimura (1969b) conducted electropho-
retic studies on the whole body proteins of
P. westermani, P. ohirai and P. miyazakii.
He concluded, from the results obtained,
that each of the three lung flukes has a
species-characteristic electrophoretic pat-
terns.

In general, however, when the whole body
proteins are compared among species in
electrophoretic studies, it is not easy to
recognize the respective homologous protein
bands among different species. Moreover, in
this case, genetic aspect of each band is as
a whole vague. Therefore, more detailed
quantitative analyses seem to be trouble-
some. On the other hand, electrophoretic
studies of enzymes are of great advantages
in identifying and/or classifying the para-
site species, that is, a given enzyme reflects
the specific genetic loci, which are mostly
inherited in a simple mendelian fashion
(Markert, 1975).

In the present paper, electrophoretic pat-
terns of six enzymes in P. miyazakii and P.
ohirai were reported. This work is the first
attempt to use enzymes to compare Para-
gonimus species.

It might be considered that the host
enzymes would be involved in parasite
samples, when the worm extracts were used.
This probability, however, was completely
denied by obtaining the distinct band num-
bers and mobilities of the parasite enzymes
from that of the host enzymes.

In electrophoretic systems used in the
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present study, both host- and parasite-forms
of GPI tended to produce a series of sub-
bands running in an anodal direction, while
in the case of parasites the sub-band was
also found in cathodal from the main band.
AK, 6PGD and HK, like GPI, also formed
sub-bands on electrophoresis for both para-
site enzymes but not significantly for the
host lung forms. Similar phenomenon in
the enzyme forms has been also found in
Plasmodium spp. (Carter, 1978) and other
animals (Shotake et al., 1977) using the same
electrophoretic system as in the present in-
vestigation. It can be presumed that these
sub-bandings are due to polymerization of
molecules in the enzyme proteins (Carter,
1978).

EST generally constitute a family of
enzymes with overlapping substrate speci-
ficity. Indeed, it has been demonstrated in
Ascaris (Zam, 1973) and other many animals
(Markert, 1975) that EST showed multiple
enzyme forms. Therefore, it is very notice-
able that Paragonimus species examined
were detected as only a single band activity
of EST. But, the failure to detect the
multiple band pattern may be only a quan-
titative effect.

The results obtained here showed that P.
ohirai and P. miyazakii can be distinguished
from each other by the enzyme forms.
Totally out of six enzymes, four enzymes,
AK, 6PGD, GPI and G6PDH, were different
between the two species in number, mobili-
ty, or intensity of their enzyme bands. EST
did not always show the difference between
the two species. This may be caused by
intra-species variation in the materials used
in each experiment. HK showed no differ-
ence in every experiment.

This would suggest that electrophoretic
enzyme forms may provide us additional
criteria for the classification and/or charac-
terization of Paragonimus species.



Summary

Preliminary studies dealing with the en-
zymes in Paragonimus spp. were carried out
for the purpose of attempting to classify
Paragonimus species by the enzyme pattern
using starch gel electrophoresis. Six en-
zymes, adenylate kinase, esterase, phospho-
gluconate dehydrogenase, hexokinase, glu-
cosephosphate isomerase and glucose-6-phos-
phate dehydrogenase, of P. ohirai and P.
miyazakit and their host (rat) were compared
by means of horizontal starch gel electro-
phoresis. The electrophoretic patterns of
all of the six enzymes were different between
parasite and host.

From the results obtained here, at least
four enzymes examined were distinctive in
the number and mobility of the bands be-
tween the two parasite species. This might
suggest that the enzyme forms provide us
with additional criteria for classification
and /or identification of the Paragonimus
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Explanation of Figures

Fig. 1 Photograph of starch gel electrophoretic patterns of six enzymes in P. miyazakii, P. ohirai and
the host, rat. 1, AK; 2, EST; 3, 6PGD; 4, HK; 5, GPI; 6, G6PDH. Pm, P. miyazakii; Po, P.

ohirai; H, host {rat lung).

Fig. 2 Diagrammatic representation of starch gel electrophoretic patterns of six enzymes in P. miya-
zakii, P. ohirai and the host, rat. Same numberings and abbreviations as that of Fig. 1 are used.
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