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Introduction

Parasites have specific digestive and absorp-
tive mechanisms to obtain all nutrients from
their hosts although the biochemical aspects of
the mechanisms such as enzymes are not well
known.

In Spirometra erinacei (=Diphyllobothrium
erinacei) plerocercoids, Kwa (1972) detected
a casein hydrolyzing enzyme(s) in the proto-
scolex. Nakamura and Yanagisawa (1982a, b)
and Nakamura et al. (1984, 1985) reported a
cysteine protease which hydrolyzes azocoll,
myosin, actin, and others. In addition, we
detected some hydrolyzing enzymes (Fukase
et al, 1984) and reported the purification
and some properties of a cysteine protease,
one of the enzymes (Fukase et al., 1985, 1986).

The plerocercoids of S. erinacei entirely
differ from the adults in morphology, host
specificity, and habitat. Therefore, the adult ces-
todes will possess different hydrolyzing en-
zymes from those of the larvae. Maki et al.
(1982) described a hemoglobin hydrolyzing
enzyme, presumably a carboxyl protease in
adult S. erinacei, but the detailed properties
of the enzyme and the presence of other
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enzymes are not known. In the present experi-
ments, we examined some hydrolyzing enzymes
in adult S. erinacei.

Materials and Methods

Parasites

Five adult cestodes (33.7 g in wet weight)
were obtained from the small intestine of a
naturally infected dog, and they were washed
in tap water and stored frozen until use.

Chemicals

The following chemicals were supplied com-
mercially: diethylaminoethyl(DEAE)-cellulose,
carboxymethyl(CM)-cellulose, L -leucine-p-nitro-
anilide (LeupNA), ethylenediaminetetraacetic
acid 2Na-salt (EDTA), and p-chloromercuri-
benzoic acid (PCMB) (Nakarai Chemicals, Ltd.,
Kyoto, Japan); Sephadex G-200 and Blue
Dextran 2000 (Pharmacia Fine Chemicals
AB, Uppsala, Sweden); N-a-benzoyl-DL-ar-
ginine-p-nitroanilide HC1 (Bz-Arg-pNA) and glu-
taryl-L-phenylalanine-p-nitroanilide ~ (Glt-Phe-
pNA) (Sigma Chemical Co., St. Louis, U.S.A));
Amylase Test A Shionogi (Shionogi & Co., Ltd.,
Osaka, Japan); N-a-tosyl-L-lysylchloromethane
hydrochloride (TLCK) (E. Merck AG, Darm-
stadt, West Germany); and pepstatin A (Protein
Research Foundation, Osaka, Japan). All the
other chemicals used were of analytical reagent
grade.
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Assay of enzyme activity

Amidolytic activity to LeupNA, Bz-Arg-
pNA and Glt-Phe.pNA was measured by the
modification of the method of Amundsen et al.
(1979) in 0.1 M Tris-HCI buffer (pH 8.0) with
4 x 10™ M substrate concentration at 37°C.
The activity was expressed in nmol of substrate
hydrolyzed per minutes.

a-Amylase activity was assayed by the blue
starch method (Ceska er al, 1969) using an
amylase test kit, “Amylase Test A Shionogi”
and was expressed in international unit (IU).

Estimation of protein concentration

Protein concentration was estimated by
measuring absorbance at 280 nm (A,g) in a
cuvette of 1 cm light path.

Extraction of crude enzyme preparation

Worms were crushed in a porcelain mortar
and Triton X-100 was added to the crushed
material to get a final concentration of 1%.
This preparation was then homogenized, and
deionized water was added to it in a ratio of
3 ml per gram of initial material. The diluted
homogenate was shaken vigorously for 1 hour
and was centrifuged at 11000 x g for 20
minutes at 4°C. The supernatant was used as
the crude enzyme preparation for ion exchange
chromatographies.

Results

Hydrolyzing enzymes in the crude enzyme
preparation

The crude worm extract showed high Leu-
pNA amidolytic and a-amylase-like activities,
but amidolytic activity to Bz-ArgpNA and
Glt-Phe-pNA was hardly detected (Table 1).

Hydrolyzing enzymes detected by DEAE-
cellulose chromatography

The crude enzyme preparation was adjusted
to 1 mS/cm in conductivity and 7.5 in pH.
The resulting solution was then applied to a
DEAE-cellulose column (1.5 x 87 cm) equili-
brated with 0.02 M Tris-HCI buffer at pH 7.5.
The enzymes were eluted by an increasing
gradient elution system with 0 to 0.6 M NaCl
in the buffer, and 5 ml fractions were collected.

The results are shown in Fig. 1. High Leu-
pNA amidolytic and a-amylase-like activities
were detected with the increase in conductivity,
but Bz-ArgpNA amidolytic and Glt-Phe-pNA
amidolytic activities were hardly detected.
The fractions with high LeupNA amidolytic
activity (fraction numbers 34—48 in Fig. 1),
which seemed to be composed of two parts,
were collected into the same lot.

Hydrolyzing enzymes detected by CM-cellu-
lose chromatography

The crude enzyme preparation was adjusted
to 0.7 mS/cm in conductivity and 7.0 in pH.
The resulting solution was then applied to a
CM-cellulose column (1.5 x 87 ¢cm) equilibrated
with 0.02 M phosphate buffer at pH 7.0. The
enzymes were eluted by an increasing gradient
elution system with O to 0.6 M NaCl in the
buffer, and 5 ml fractions were collected.

Table 1 Activity of hydrolyzing enzymes in the crude
extract of adult S. erinacei

Activity
Enzyme Unit
Total Per gram of parasites
Bz-Arg-pNA amidolytic nmol/min 7.75 0.23
Glt-Phe-pNA amidolytic nmol/min 10.45 0.31
Leu-pNA amidolytic nmol/min 4101.63 121.71
a-Amylase-like mlIU/min 1864.62 55.33

(16)
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Elution profile in DEAE-cellulose chromatography of crude enzyme preparation of adult
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Fig. 2 Elution profile in CM-cellulose chromatography of crude enzyme preparation of

adult S. erinacei.

The results are shown in Fig. 2. LeupNA
amidolytic activity was detected in most of
the fractions, but Bz-Arg-pNA amidolytic, Glt-
Phe.pNA amidolytic, and a-amylase-like activi-
ties were not detected.

(17)

: absorbance at 280 nm; — - —: conductivity ; o—o: Leu-pNA amidolytic activity

Leu-pNA amidolytic enzymes in Sephadex G-
200 gel filtration

The enzyme preparation obtained by DEAE-
cellulose chromatography (fraction numbers
34—48 in Fig. 1) was applied to a Sephadex G-
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Fig. 3 Elution profile in Sephadex G-200 gel filtration of Leu-pNA amidolytic en-

zyme(s) obtained by DEAE-cellulose chromatography.
----- : absorbance at 280 nm; o—o: Leu-pNA amidolytic activity; : pooled frac-

200 column (2.2 x 98 cm) equilibrated with
0.05 M Tris-HCI buffer at pH 7.5. Elution was
done with the same buffer and 5 ml fractions
were collected.

Leu-pNA amidolytic enzyme(s) was clearly
divided into two: the first enzyme with higher
activity eluted just following the void volume
which was determined to be about 225 ml by
the use of blue dextran, and the secondly
eluted one with lower activity. The fractions
containing the former enzyme were collected

and pooled (Fig. 3).

Effects of pH and some reagents on the activity
of the first eluted Leu-pNA amidolytic enzyme

The activity of the LeupNA amidolytic
enzyme obtained by Sephadex G-200 gel filtra-
tion (fraction numbers 25-34 in Fig. 3) was
examined in different pH’s with GTA buffer
(Kohda, 1981) and glycine-NaOH buffer in a
range of 5.00—9.00 and of 8.75—11.00 respec-
tively. The optimum pH was observed to be
8.50-8.75 (Fig. 4).

Inhibitory effect of some reagents on the
activity of the Leu-pNA amidolytic enzyme
was also examined. The activity was inhibited
by about 30% by EDTA at a concentration of
1073 M, but it hardly inhibited by PCMB,
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Fig.4 Activity of a Leu-pNA amidolytic en-
zyme at different pH’s.

Relative activity is represented in per cent to
that at the optimum pH.
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TLCK, and pepstatin A (Fig. 5).

Discussion

In S. erinacei plerocercoids, high LeupNA
amidolytic activity and a-amylase-like activity
were present, but Glt-PhepNA amidolytic and
Leu-pNA amidolytic activities were not so high
(Fukase ez al., 1984), and the purified Bz-Arg-
PNA amidolytic enzyme seemed to be a cys-
teine protease (Fukase et al, 1985). In the
present examination on adult S. erinacei, on
the other hand, high LeupNA amidolytic and
a-amylase-like activities were detected, whereas
amidolytic activity to Bz-Arg;pNA and Glt-Phe-
PNA was hardly detected. Since the Bz-Arg-
PNA amidolytic cysteine protease characteristic
of plerocercoids is present densely in the body
part other than the protoscolex (Fukase et al,
1986), the enzyme will be lost when the plero-
cercoid is transformed to an adult cestode in
final hosts. Or again, it may be one possibility
that the inhibitor is formed against the Bz-Arg-
pNA amidolytic enzyme with the transforma-
tion to an adult. At any rate, from these results
of our previous (Fukase et al., 1984, 1985,
1986) and present studies, it seems that the
hydrolyzing enzyme system differs between
plerocercoids and adults of S. erinacei.

Adult S. erinacei live in the small intestine
of final hosts, whereas the plerocercoids chiefly
in the muscle and subcutis of second inter-
mediate and paratenic hosts. The mechanism of
nutrient intake seems to differ between the
larval and the adult stages. Accordingly, it will
be reasonable that hydrolyzing enzyme system
is different between the larval and the adult
stages.

In the present examinations, some peaks
were recognized in LeupNA amidolytic activi-
ty in DEAE- and CM-cellulose chromatograms,
and two clear peaks in the elution profile in
Sephadex G-200 gel filtration of the prepara-
tion obtained by DEAE-cellulose chromatog-
raphy. This indicates that there are a few kinds
of Leu-pNA amidolytic enzymes which are
different in the isoelectric point and the mo-

(19)
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lecular weight.

One LeupNA amidolytic enzyme obtained
by Sephadex G-200 gel filtration showed an
optimum pH of 8.50—8.75, and the activity
was slightly inhibited by EDTA but hardly
inhibited by PCMB, TLCK, and pepstatin A.
The molecular weight of this enzyme will be
about 2 x 10° or more, because the enzyme
was eluted just following the void volume in
Sephadex G-200 gel filtration. Considering
the substrate specificity (i.e., Leu-pNA amido-
lytic) and the optimum pH, it seems that this
enzyme is similar to leucine aminopeptidase,
a typical metal protease. But the present en-
zyme was not determined to be a metal pro-
tease because its activity was not strongly
inhibited by EDTA.

It is well known that the body surface of
adult cestodes resembles the mucosal epithe-
lium of the small intestine of host animals in
structure and function (Lumsden, 1975a, b;
Chappel, 1980; Lumsden and Murphy, 1980).
Membrane-bound enzymes such as amino-
peptidases are known to exist in the brush
border of the small intestine of mammals
(Kim and Brophy, 1976; Vannier et al., 1976
Gray and Santiago, 1977). Therefore, the
present Leu-pNA amidolytic enzyme may be
located in the tegument and play a part in
membrane (contact) digestion. And so, it is
possible that the molecular weight of this
enzyme was estimated to be large because
extracted with the small pieces of tegument
membrane.

Maki et al. (1982) reported on a hemoglobin
hydrolyzing enzyme in adult S. erinacei. This
enzyme has an acidic optimum pH and is
strongly inhibited by pepstatin, so that it
clearly differs from the present LeupNA
amidolytic enzyme.

Douch (1978) described L-leucyl-B-naphtyl-
amidases in a cyclophyllidean cestode, Moniezia
expansa, and a nematode, Ascaris suum, with
molecular weights of about 200 000 and about
60 000 estimated by Sephadex G-200 gel
filtration and with optimum pH’s of 7.2 and
6.9, respectively. And further, Cesari et al.
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(1983) detected LeupNA hydrolyzing activity
in Schistosoma mansoni. The enzymes de-
scribed by Douch (1978) and Cesari et al
(1983) resemble the present LeupNA amido-
lytic enzyme in substrate specificity, but
further precise examinations are necessary to
define these enzymes.

Many proteases have been reported in many
species of parasitic helminths, but the identifi-
cation of them is generally difficult because
experimental methods are different in differ-
ent reports. The purification and detailed char-
acterization of each enzyme will accelerate
the elucidation of enzyme systems in parasitic
helminths.

Summary

Adult S. erinacei was examined for hydro-
lyzing enzymes. The crude extract of the ces-
todes showed high Leu-pNA amidolytic activity
and oa-amylase-like activity, but amidolytic
activity toward Bz-ArgpNA and Glt-Phe-pNA
was hardly detected. In the eluate obtained by
DEAE-cellulose chromatography of the crude
extract, high LeupNA amidolytic and a-am-
ylase-like activities were detected, but Bz-Arg-
pNA amidolytic and Glt-PhepNA amidolytic
activities were hardly detected, as well as in

the crude extract. In the eluate obtained by:

CM-cellulose chromatography of the crude
extract, on the other hand, only LeupNA
amidolytic activity was observed. The major
fractions with LeupNA amidolytic activity
obtained by DEAE-cellulose chromatography
were clearly divided into two active peaks by
Sephadex G-200 gel filtration: the first eluted
with higher activity and the secondly eluted
weaker activity. The first eluted LeupNA
amidolytic enzyme had an optimum pH of
8.50—8.75, and slightly inhibited by EDTA
and hardly by PCMB, TLCK, and pepstatin A.
This enzyme seems to have a molecular weight
of about 2 x 10° or more because it was eluted
just following the void volume in Sepadex G-
200 gel filtration. From these results, enzyme
system of adult S. erinacei considered to differ,

(20)

as far as we examined, from that of plero-
cercoids in which an arginine amidase(s) is
characteristic and Leu-pNA amidolytic activity
is not detected so high.
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