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INTRODUCTION

Infection with P. miyazakii induces a hu-
moral (antibody) response in the host animal.
Based on this, the diagnosis of paragoni-
miasis by the identification or determination
of P. miyazakii-specific antibody can be made
via double immunodiffusion or various im-
munoassays. However there is little infor-
mation about the nature of P. miyazakii an-
tigens. By use of agar double diffusion tests,
Tada (1967) reported the number of pre-
cipitin bands appearing during the course of an
infection in the sera of rats infected with P.
miyazakii, or immunized with P. miyazakii
extract.

The presence of specific P. miyazakii an-
tigens was demonstrated by Tsuji et al..
(1967) in immunoelectrophoresis sera from
immunized rabbits with P. miyazakii extract.
For a more precise study, a more sensitive
method of antigen detection is required as
the immuno-diffusion test needs much anti-
gen and serum for even single tests. For
this purpose, we established a sandwich
enzyme-linked immunosorbent assay as our
method of choice.

The cross-reactivity of ELISA with other
parasite antigens was examined. This sensi-
tive ELISA was used for detection of antigen
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to gain information about molecular weight
and isoelectric point of ES and adult worm of
P. miyazakii.

MATERIALS AND METHODS

Preparation of antigen

P. miyazakii adult worms were collected
from the lungs, livers and abdominal cavities
of dogs and rats which had been infected
with metacercariae collected from freshwat-
er crabs, Geothelphusa dehaani, collected at
Yatsu in Kuga-cho, Yamaguchi prefecture
(Takemoto, 1985).

Preparation of the crude antigen of P.
miyazakii adult worms was reported in a
previous paper (Takemoto, 1985). Briefiy,
after homogenizing worms in 0.1%NaCl,
the homogenate was freezed, and was finely
crushed to ice powder. This process of
freezing and crushing was repeated over six
times. After desalting by dialysis and removal
of insoluble substances by centrifugation, the
extract was freeze-dried.

Crude antigens of other parasites, Para-
gonimus westermani, Fasciola hepatica.
Fishoederius elongatus. Taenia saginata.
Schistosoma mansoni and S. japonicum, were
prepared in the same manner.
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Thirty five adult worms were cultured in
sterile Tyrode solution for 9 days. Every two
days, the culture medium was removed,
transferred to visking tube and dialyzed
against tap water overnight. The swollen
visking tube was placed in an air stream, and
the concentrated solution then lyophilized
and stored at —20 °C until required. The
total dry weight of the recovered excretory-
secretory substance (ES) was 70.6 mg.

Immunoelectrophoresis

Techniques of immunoelectrophoresis
used have been described by Grabar and
Williams (1953) and Tsuji (1974).

Briefly, 0.1% extracts of the adult worms
was subjected to electrophoresis in 0.9%
agarose in veronal buffered saline (pHS8.2,
ionic strength 0.05) for 5 hours at 20 + 2
V/8 cm. After the electrophoresis was ter-
minated, the immune serum concentrated to
1/3 of the original volume was filled to the
trough and incubated in a moist chamber at
4 °C for 3 days. When the bands of preci-
pitation developed sufficiently, the plates
were washed for 3 days in a physiological
solution mixed with a veronal buffered saline,
which was changed daily. The plates were
then dried and stained.

Procedure of ELISA

The procedure of ELISA is summarized in
Table 1. The procedure for the recovery of
IgG from infected rat sera is outlined in Table
2. The fixed lot of crude purified antigen was
used as the standard throughout. All ELISA
readings are indicated as equivalent concen-
tration to the standard antigen. The calibra-
tion curve of every assay consisted of at least
three dilutions of the standard antigen. In one
series (Fig. 3), the values of ELISA are re-
corded as absorbance at 490 nm (A490).
Buffer A was 0.01 M phosphate buffer, pH
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Table 1
Procedure of ELISA.

Nunc-Immuno Plate 1 (96F)

t— coated with IgG (10 ug/ml in 0.15M PBS pH7.0), 4 °c, 18— 24hr
|- washed with buffer A

}— antigen solution diluted with buffer A, 4°c, 1hr

}— washed with buffer A

I Fab’HRP diluted with buffer A, 4°c, 1hr

|- washed with buffer A

|- reacted with substrate (freshly prepared 0.02% Hp0, -0.4%
0-phenylenediamine in Mclavain buffer pH 5.0), room temprature,
1hr, in the dark

|— reaction stopped with 8N HySO,4

L optical density measured at 490nm

Table 2
Preparation of IgG.

P. miyazakii infected rat sera
Precig’itate with 40% (NH4)2SO4
DEAE-cellulose column chromatography
Sephal:jex G-100 gel filtration

P. miyazakii bound sepharose CL-4B affinity
chromatography

Purified IgG

7.0, and contained 0.1 M NaCl and 0.1%
BSA. The preparation of Fab’—HRP is
summarized in Table 3. All assays were
performed in duplicate. With our ELISA, we
were able to detect 42 ng of the standard Pm
antigen.

Protein concentration

Protein concentration was estimated by
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Table 3
Preparation of Fab’-HRP.

P. miyazakii-infected rat sera
Pro‘tein A Sepharose CL-4B
Seplhadex G100
1aGy, .
digested with pepsin

Sephadex G-100

J N-hydrosy-succinimide
Flab’)y HRP.  ester of CHM
reduced 30 °c, lhr
Sephadex G-25 Sephadex G-25
gab' HRP conjugation

4°c, 22hr
Sephadex G-100

Fab'-HRP

measuring absorbance at 280 nm. In addi-
tion, protein concentration was determined
by the method of Lowry et al., (1951), with
bovine serum albumin (BSA) as the refer-
ence.

Materials

As reference proteins for the estimation of
molecular weights, authentic cytochrome C,
myoglobin, chymotrypsinogen A, egg albu-
min and blue dextran were used.

Isoelectric focussing

Isoelectric focussing was performed in an
LKB produkter with Ampholine carrier am-
pholites in the pH range 3.5-5.0. Electro-
phoresis was done at 10 °C for about 50
hours at 500—800 V.

RESULTS

Precipitin bands in immunoelectropho-
resis

The changes in immunoelectrophoretic
precipitin bands in rat sera during the course
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of P. miyazakii infection is shown in Fig. 1.
The number of precipitin bands gradually
increased during the 3rd to the 12th week.

Cross-reactivity of ELISA with other
parasites (Fig. 2)

The cross-reactivity of the ELISA was ex-
amined by replacing P. miyazakii antigen
with the antigens of P. westermani, F. hepa-
tica, F. elongatus, T. saginata, S. mansoni and
S. japonicum. As a reference, the OD of 50
ug/ml of P. miyazakii antigen at A490
was assigned the value of 100%. Cross-
reactivity with the above listed helminths was

Number of bands
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WEEKS AFTER INFECTION

Fi

g. 1-Changes in number of precipitin bands after
immunoelectrophoresis of sera of rat infected
with P. miyazakii.
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Fig. 2—Cross-reactivity of P. miyazakii antigen with
other parasites. (8) P. miyazakii (o) P.
westermani (@) T. saginata (a) F. hepatica (a) F.
elongatus (0) S. japonicum (@) S. mansoni
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slight or negligible. The antigen of P.
westermani showed a higher degree of
crossreactivity. When A490 in each con-
centration of P. miyazakii was 100%, the
cross-reactivity was below 30% even in every
concentration of P. westermani.

Comparative antigenicity

After dilution shown in Fig. 3, the A490 of
ES and adult worm antigen was parallel with
each other. ES antigen had about five times
as high affinity to antibody as adult wormn
antigen had.

Molecular weights

Seventy mg (dry weight) of ES antigen was
dissolved in 0.5 mM PBS, pH7.0, and in-
soluble ingredients were removed by centri-
fugation. About 50 mg (dry weight) of adult
worm antigen was completely dissolved in
the same buffer as the ES antigen. Both an-
tigens were applied to Sephadex G—100 gel
column. Gel filtration was performed 3 times
with the adult worm antigen. Each chroma-
togram .of the adult worm and ES antigens
had one major peak in ELISA. Reference
proteins also were chromatographed by the

2.5_

ES antigen
r=0.997276

A490

Adult worm antigen
r=0.993553

0.5

.
0] o

T T T T T —
0 50 150 450 1350 4050 12150
ng/ml eq.to BSA

Fig. 3—Comparative antgenicity of ES and adult
worm antigens of P. miyazakii.
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same column. The approximate molecular
weight was the same, 36.000, for both an-
tigens (Fig. 4).
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Fig. 4-Molecular weight of antigens of P. miyazakii
estimated by sephadex G—100 gel filtration.
Reference proteins: 1. Cytochrome C,
2. Mioglobin, 3. Chymotrypsinogen A,
4. Egg albumin, and five shows ES and adult
worm antigens.

Isoelectric points

The ELISA peaks mentioned above were
used for determination of isoelectric points.
There were numerous isoelectric peaks for
both antigens (Fig. 5). With adult worm
crude antigen, the majority of antigenic
fractions were eluted in a pH range of
4.4-4.7, with major peaks at pl4.6 and 4.7
The ES antigen showed four peaks in a pH
range of 4.1-4.6, with much overlap to
those seen in the adult worm antigen.

DISCUSSION

In the preceeding paper we reported that
our established ELISA could detect Pm an-
tigen with ‘high sensitivity and linearlity
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Fig. 5-Analysis of isoelectric points with adult worm and ES antigens.

(Takemoto, 1985). Secondly, cross reactiv-
ity was below 30% with P. westermani, the
same genus as P. mivazakii and negligible
with other parasites (Fig. 2). This result as-
certained that our ELISA catched P. miya-
zakii specific antigen. The IgG used in ELISA
was partially purified by P. miyazakii bound
sepharose 4B affinity chromatography
(Table 2). Probably well specificity of ELISA
causes the success of separation of IgG,
which has high specificity to P. miyazakii
antigen.

Property of P. miyazakii antigen was in-
vestigated. The molecular weights of ES an-
tigen and adult worm were the same
(36.000). Their isoelectric points showed
multiple forms (Fig. 5). Adult worm had
seven peaks and most antigenic activity
concentrated at pl 4.6 and 4.7. ES had four
peaks with similar antigenic activity. The
result of the isoelectric focussing suggests
that the number of antigenic substances is
seven at least in adult worm and four at least
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in ES. Worm contituents circulating in blood
after infection are probably ES or necrotic
substances. Therefore ES antigen was ex-
pected to have higher antigenic activity than
adult worm. When ES antigenic activity was
compared with adult worm by protein con-
centration and reactivity of ELISA. ES anti-
genic activity showed 5 times higher than
adult worm (Fig. 3}. This result supports that
infected rat, whose serum was used in
ELISA, had produced more IgG to ES than to
adult worm. Again as the antigenic subst-
ances of adult worm at pl 4.6 and 4.7 had
similar molecular weight as ES, these may be
the precursor of ES within adult worm,
which are processed before excreting or se-
creting.

Our animal of choice in this study was a
rat. However, if characterization in specific
antigenicity to human sera infected with P.
mivazakii develops, infection with P. miya-
zakii will diagnose serologically before pro-
duction of antibody.
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We have pointed out the presence of three
specific bands between P. miyazakii extract
and the sera of rabbits immunized with P.
miyazakii and absorbed with P. westermani
extract (Tsuji et al.. 1967). Previously, our
experiments utilized the sera of rabbits im-
munized with P. miyazakii adult worm anti-
gen. In the present study, we used the sera of
infected rats. Therefore, it is very likely that
neither antigen nor antibody are the same as
previously reported (Tsuji et al.. 1967).

Tada (1967) has reported that the number
of precipitin bands obtained by the double
diffusion test during the course of infection
gradually increased to 5 or 6 bands by day
70, then diminished to 2 bands on the 90th
and 150th day. In our method (Fig. 1), how-
ever, the number of precipitin bands was
maximum 12 weeks post infection, then
plateaued. The discrepancy between our
results may be due to different antigenic
preparations and to different analytical me-
thods. Tada used antigen homogenized for 5
min at 0 °C and analyzed by the double
diffusion test, while our antigen was homo-
genized, lyophilized, crashed to powder over
six times and analyzed by immunoelectro-
phoresis.

SUMMARY

The characterization of adult worm and
excretory-secretory (ES) antigens of P.
miyazakii was performed with a sandwich
exzyme-linked immunosorbent assay (ELISA)
IgG and Fab’ fragments were prepared
from P. miyazakii-infected rat sera. The
former was purified by affinity column
chromatography. The latter was prepared
from 1gG2c by passage through a Protein A
affinity column, then conjugated to horse-
radish peroxidase. Cross-reactivity of the
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ELISA with Fasciola hepatica. Fischoederius
elongatus. Taenia saginata. Schistosoma
mansoni and S. Japonicum was negligible.
With Paragonimus westermani, the same
genus as P. miyazakii, cross-reactivity was
below 30%.

The molecular weight of both antigens was
comparable (36.000) as determined by Se-
phadox G- 100gel filtration. Isoelectric points
in both antigens had many peaks in a pH
range of 3.9-4.7. In adult worm, pl of the
major peaks were 4.6 and 4.7 and minor
part of peaks had the common isoelectric
points with four ES peaks in a pH range of
41-46.

Antigenicity per protein concentration of
both antigens was examined by the ELISA.
The ES antigen was about five times as active
antigenically as adult worm antigen. These
results suggest that ES is one of the major
antigens inducing antibody synthesis in rats
infected with P. miyazakii, and that other
antigens may be present within the adult
worm.
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