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ABSTRACT: Disc electrophoretic patterns were prepared from a whole worm saline extract 
<>btained from 2 adult worms of Paragonimus kellicotti. A minimum of 21 distinct protein bands 
was separated, 19 of which were highly reproducible, i. e. , identified from 90-100% of gels. Den· 
sitometric tracings of the electrophoretic patterns always yielded 8 prominent peaks which chao 
racterized this species. The patterns of P . kellicotti were distinctly different not only from those 
of P. westermani, P. ohirai and P. iloktsuenensis but trom that of P. miyazakii. Major differences 
in patterns between P. kellicotti and P. miyazakii are observe.d in the mid·gel region while the 
two species have similar patterns at both ends of the gel column. 

At present, no definitive characteristics 
exist for differentiating adult worms of 
Paragonimus kellicotti WARD, 1908 and P. 
miyazakii KAMO et at. 1961. Several dif· 
ferences between the two species have 
been observed in their natural inter
mediate hosts (AMEEL, 1934; KAMO et at. 
1961; and HATSUSHIKA et at. 1966), me
tacercariae (MIYAZAKI, 1964; and YOSHI
DA & NISHIMURA, 1966 & 1968) and in 
morphological features of the eggs (TE
.RAUCHI et at. 1961; and YOSHIDA & NISHI
MURA, 1965 & 1968) . 

YOSHIMURA (1968 b) reported that three 
species of lung flukes, P. westermani, P. 
ohirai and P. miyazakii were easily differ
entiated by their disc electrophoretic pat
terns. YOSHIMURA (1968 c) later reported 
that the disc electrophoretic patterns of 
P . sadoensis were essentially identical 
with those of P. ohirai with only minor 
differences. To the contrary, the disc 
·electrophoretic patterns of t he Taiwanese 
strain of P. itoktsuenensis differred from 
those of P. ohirai although adult worms 
are morphologically similar (YOSHIMURA 
£t at. 1968). 

The present study was conducted to 
determine if the adult worms of P. kelli
cotti could be distinguished from those of 
P. miyazakii by their disc electrophoretic 
profiles. 
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MATERIALS AND METHODS 

Seven crayfish, Cambarus robustus GIR
ARD, 1852, were sent to the authors' 
laboratory from a known e'ndemic area 
for P. kellicotti in Michigan, through the 
courtesy of Prof. J. B. BURCH, in July 
1968. Eighteen metacercariae which were 
morphologically identified as P. kellicotti 
were collected from these crayfish. An 
adult female cat was experimentally expos
ed to the metacercariae. Only two adult 
worms were harvested from the cat 91 days 
later. To eliminate intestinal metabo
lites, these worms were kept in 0.9% phy
siological saline solution for 5 hours in an 
incubator at 28°C and then lyophilized. 

The details of the disc electrophoretic 
technique employed in this study have 
been previously described by YOSHIMURA 
(1968 a) . The preparations of both adult 
worm saline extract and sample gel were 
slightly modified from the method des
cribed by YOSHIMURA (1968 b) because 
only 20 mg of dried worms were available. 
The dry worms were extracted in 0.8 ml 
of 0.9% physiological saline solution and 
the sample gels for the electrophoretic 
charge were made by diluting the extract 
with 5% acrylamide spacer gel (in con
trast with usual 3.75% spacer gel) at a 
ratio of 1 : 3. 
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The method for analyzing the data has 
been previously reported by YOSHIMURA 
(1968 a ) . Results reported by YOSHIMURA 
(1968 b) and YOSHIMURA et at. (1968) for 
P. westermani, P. ohirai, P. miyazakii 
and P. iloktsuenensis were included for 
comparative studies. Special attention 
was given to a comparison between P. 
kell£cotti and P. miyazakii beca4se of their 
similar morphological features. 

RESULTS 

Three electrophoretic runs were made, 
each run consisting of 8 gel columns. 
Ten good gel columns were selected for 
determining the Rf values of the bands 
separated from P. kellicotti. A minimum 
of 21 distinct protein bands was separat
ed, 19 of which were highly reproducible, 
i. e. , identified from 90-100% of the gels 
examined. Mean Rf value and occurrence 
frequency for each band are listed in 
Table 1, compared with Rf values for 
bands separated from P. miyazakii collect
ed from Iwakuni (YOSHIMURA, 1968 b) ; 
included are standard deviations for all 
prominent bands. Individual bands sep
arated were numbered according to the 
analogy of their Rf values with those 
from four other species of lung flukes 
(see YOSHIMURA, 1968 b & YOSHIMURA et 
al. 1968). 

Densitometric tracings of the electro
phoretic patterns of P. kellicotti yielded 8 
prominent peaks which characterized the 
species. These peaks were A, B, C-1, D 
-1, E, F -1, H-2 and K as shown in I & II 
of Fig. 1. These peaks were lettered with 
reference to the positions (Rf values) of 
peaks identified from P. westermani, P. 
ohirai and P. miyazakii previously report
ed by YOSHIMURA (1968 b). Prominent 
peaks are identified C-1, D-1, F -1 and H 
-2 to indicate that they have significantly 
different Rf values compared with den
sitometrically prominent peaks character
izing other species of Paragonimus labeled 
C, D, F, Hand H -1. This does not mean 
that other taxa are devoid of bands at Rf 
values analogous to C-1, F -1, and H -2. 

When they occur in other species, the 
bands lack appreciable densities in con
trast with the densely staining bands 
la beled C-1, F -1 and H -2 from P. kellico
tti. 

Slight variations in electrophoretic pat
terns were observed in bands 8 and 9 a, 
i. e., bands 7 and 10 were wide and pro
minent under optimal conditions, so that 
band 8 seemed to be resolved from the 
mass of band 7 and band 9a separated 
from band 10. Both 8 and 9a were re
solved in 20% of the gels (Fig. 1, I) and 
at times, one but not the other was 
resolved (e. g. , Fig. 1, II) . 

Three bands, 14, 16 and 18, were usually 
faint and fuzzy in appearance. The latter 
two bands were usually too faint to deter
mine their Rf values by direct measure
ment. Bands 22 and 23 were usually so 
blurred that they often appeared as only 
a single wide disc. Bands 25 (peak K) , 
22 and 23, were generally shifted towards 
the front when compared with those from 
P. miyazakii (I', II' & II of Fig. 1) . As 
a result, significant differences in Rf 
values of the three bands were found be
tween P. kellicotti and P. miyazakii (Table 
1) . If the shift did not occur, the posi
tions of the three bands were almost 
identical to those of P. miyazakii (I & I' 
of Fig. 1) . 

In addition to the 21 distinct bands, 
approximately 50% of the gels showed a 
very faint band with an Rf value of 0. 962 
between bands 25 and 27. 

DISCUSSION 

The electrophoretic profiles (I & II of 
Fig. 1) were consistently uniform through
out the 3 runs although obtained from 
only two adult worms. This profile, 
therefore, is considered to represent the 
pattern for P. kellicotti. The pattern is 
distinctly different not only from those 
of P. westermani, P. ohirai and P. iloktsu
enensis but also from that of P. miyazakii 
whose adult morphological features, ex
cept for eggs (TERAUCHI et ai. 1961; and 
YOSHIDA & NISHIMURA, 1965 & 1968) , re-
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Table 1. Mean Rf values of the protein bands separated from adult Paragonimus 
kellicotti and P. miyazakii. 

Protein P. kellicotti P . miyazakii (Iwakuni)* Significant 

band Mean Rf Occurrence Mean Rf Occurrence difference 

number SD frequency SD frequency (t test) 
values of band (%) values of band (%) 

1 0.013 100 0.013 100 

2 **O.028( A ) 0.006 100 **0.035( A ) 0. 004 100 

3 0.058 100 0.050 100 

4 0.068 100 

5 0.083 100 0.090 70 

7 **0.157(B ) 0.011 100 **0. 159( B ) 0.013 100 

8 0.197 50 0.193 60 

9a 0.227 30 

10 **0. 250( C -1) 0.012 100 0.262 20 

11 **0. 291 ( D ) 0.017 100 

lla **0. 331 ( D-1) 0.017t 100 

12 **0.367( E) 0.017t 100 0.363 100 

12b 0.414 20 

13 0.421 100 **0.444( F ) 0.011 100 

14 0.455 90 

15 **0, 486 ( F -1) 0. 014 100 0.491 100 

16 0.532 100 

17 0.555 100 

18 0.578 100 

18a 0.591 100 

19 **0.614( H-2) 0.015 100 0.615 100 

20 **0. 660( I) 0.014 100 

22 0.810 100 0.752 0.018 70 Yes, p< O.l% 

23 0.838 100 0. 793 0. 013 100 Yes, p<O.l% 

25 **0.908( K ) 0.016 100 **0.877( K ) 0.020t 100 Yes, p < 1.0% 

26 0.936 100 

27 1.000 100 1.000 100 

* Previous data described by Yoshimura (1968 b) . 
** Prominent band. 

SD Standard deviation. 

t Greatest deviation. 
Letters in parentheses correspond to prominent peaks in the densitometric tracings of Fig. l. 
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Fig. 1. Comparison of densitometric tracings of disc electrophoretic 

patterns from Paragonimus kellicotti (I & II ) and P . m iyazakii (I ' & II ') adult 

worms obtained from cats. 

The bands are numbered below the densitometric tracings and the most 

characteristic bands for the species are lettered. 

15 
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semble p, kellicotti. P. kellicotti and P. miya
zakii have similar electrophoretic patterns 
in the regions near both ends of the gel 
column. However, distinct differences 
in patterns were observed between them 
in the mid-gel area (Fig. 1). P. kellicotti 
is characterized by peaks D-l, E, F -1 and 
H-2 identified from the mid-gel area and 
by the fact that no bands were separated 
from a wide region of gel between bands 
19 and 22. Conversely, P. miyazakii is 
characterized by the presence of distinct 
peaks F and I in this area. 

Both peaks A and K were identified 
from P. kellicotti, thus, these two peaks 
are considered to be common to all 
species belonging to the genus Paragoni
mus as previously indicated by YOSHIMU
RA (1968 b). 

It is possible that bands of significantly 
different Rf values in the different taxa 
of genus Paragonimus may be biochemi
cally quite similar or identical because of 
similar densitometric profiles, e. g., den
sitometric characteristics of bands 10 
(peak C-l ; Rf 0.250) and 15 (peakF -1; Rf 
0.486) from P. kellicotti were similar to 
those of bands 11 (peak D; Rf 0.291) from 
P. miyazakii and 16 (peak G; Rf 0.508) 
from P. ohirai respectively. At present, 
however, it may be assumed that band 'l0 
of P. kellicotti is different from band 11 of 
P. miyazakii for the following reasons: 
1) A highly significant difference in Rf 
value was found between them (p<O. 1%) ; 
2) frequently a band 10 does appear in 
P. miyazakii and the Rf values between 
this band and the band 10 of P. kellicotti 
are not significant; and 3) band 10 from 
P. kellicotti is somewhat close to peak C-
1 (band 10) from P. iloktsuenensis with 
respect to band position, pattern and 
staining quality. Similarly, differences 
in Rf values between band 15 of P. kel
licotti and band 16 of P. ohirai were found 
to be significant (p<1. 0%). However, no 
significant differences in Rf values were 
found between band 15 of P. kellicotti and 
band 15 of P. westermani, P. miyazakii and 
P. iloktsuenensis. A more detailed com-

parison between individual bands separat
ed from P. kellicotti and those from the 
four other species of lung flukes could 
not be made since only a small amount 
of worm material was available for this 
study. 

As described by YOSHIMURA et al. (1968), 
the final identification of individual bands 
must be made by analyzing the separated 
fractions with various biochemical or im
munochemical techniques since the same 
Rf values for bands in different species 
do not necessarily mean homology and 
vice versa when differences in Rf values 
are not too large. 

These preliminary data indicate that 
P. kellicotti adult worms can be easily 
distinguished from P. miyazakii by com
paring their disc electrophoretic patterns 
and that differentiation is possible even 
when only two adult worms are available. 
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