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Abstract: When activity of peroxidase in ault Paragonimus westermani was monitored
using o-dianisidine and H;0O, as substrates, its specific activity was 1.5 times higher in
excretory-secretory product (ESP) than in crude extract. The enzyme was purified by two
purification steps of Sephacryl $-300 Superfine gel permeation and DEAE-Trisacryl M
anjon exchange chromatographies. Its activity increased 16.9 fold with 32.3% recovery.
The enzyme was inhibited totally by 1 millimoles of dithiothreitol (DTT). 2-mercaptoethanol
and azide. Molecular mass was 16 kDa in reducing SDS-polyacrylamide gel electrophoresis
(PAGE} or 19 kDa in TSK-Blue gel filtration high performance liquid chromatography
(HPLC), respectively. Special staining for peroxidase by diaminobenzidine on SDS-PAGE
confirmed the activity. The peroxidase was less reactive to a paragonimiasis serum when
observed by SDS-PAGE/immunoblot. In addition, specilic activities of superoxide
dismutase (SOD) and catalase were also identified in the ESP. High activities of these
antioxidant enzymes in ESP indicate that they are parts of defense mechanisms against
reactive oxygen intermediates from host.
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INTRODUCTION

Paragonimus westermani is a trematode
parasite which causes a chronic inflammatory
lung disease in carnivorous mammals and
man (Shim et al., 1991). Complex patho-
physiological interactions, occurred at the sites
of infection, result in a granuloma. Recent
evidences demonstrate that antioxidant
enzymes and proteases of P. westermani are
present in the worm (Song and Dresden, 1990;
Chung et al, 1991 & 1992) and presumed to
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play roles in pathogenesis of the para-
gonimiasis as well as in the parasite survival.
Antioxidant enzymes such as superoxide
dismutase (SOD), catalase, peroxidase and
glutathione S-transferase catalyse the removal
of reactive oxygen intermediates. Free oxygen
radicals of superoxide radical (057, singlet
oxygen (105), hydroxyl radical (- OH) and
hydrogen peroxide (Hy0O,), generated by a
partial reduction of oxygen during the
biological processes, pose a serious hazard to
immediate vicinity (Harrison, 1992).

Many functioning proteins are preserved well
in ESP of parasitic helminthes (Lightowlers and
Richard, 1988; Marrero et al.. 1988;
Marikovsky et al., 1988; Conners and Yoshinb.
1990; Orido, 1990). They are not only involved
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in a variety of pathological processes either by
accelerating the catalysis of reactive oxygen
intermediates (Callahan et al., 1988) or by
facilitating the parasites to salvage metabolites
but in provoking of immune responses to the
host. For example, ESP of Fasciola hepatica
was shown to have immunoreactive molecules
to the host (Marrero ef al, 1988) and that of
Schistosoma mansoni could inhibit the
pPhagocytosis during macrophage mediated
killing processes (Marikovsky et al., 1988;
Conners and Yoshino, 1990}. SOD of
Trichinella spiralis, Taenia taeniaeformis and
Schistosoma mansoni were secreted or released
into culture media and possibly into the in vivo
environment (Leid and Suquet, 1986; Callahan
et al., 1988).

Paragonimus was also known to excrete or
secrete the several proteins, calcareous
materials and lipid droplets (Orido, 1990). It
therefore should contain various kinds of
biologically active molecules which are
required to cope with the potential lethal
attacks from the host and to fulfill the
physiological necessities of oneself. ESP of P.
westermani seems to be more important
because it might function as a first line of
defense in the worm from oxygen mediated
killing. In the previous study, we had purified
S0OD from adult extract of P. westermani
(Chung et al., 1991). The activities of oxygen
scavenging enzymes such as SOD, catalase,
peroxidase and glutathione peroxidase in early
maturation stages of P westermani have also
been documented (Chung et al., 1992). In this
study, peroxidase was purified and
characterized partially in ESP of adult P.
westermani. Activities of SOD and catalase
were also identified in ESP. - '

MATERIALS AND METHODS

Preparation of ESP and crude extracts of
adult Paragonimus westermani: A total of 50
adult worms of P. westermani, which had
obtained from lungs of a dog at 13-week after
an experimental infection, was incubated in
sterile phosphate buffered saline (PBS, 0.01 M,
pH 7.4) for 12 hours at 37°C. The incubation
medium. was centrifuged at 20,000 g for 1
hogr. Resulting supernatant was used as

crude enzyme of ESP of adult P westermani.
Protein content was measured by Lowry et al
(1951). All procedures for enzyme preparation
were done at 4°C, unless otherwise specified
except the incubation of the worms which had
been carried out at 37°C.

Crude extracts of adult worms were prepared
as described previously (Chung et al, 1991). In
brief, 3 g of 13-week old adult worms were
homogenized with Potter-Elvejem homogenizer
in 20 ml PBS (0.01 M, pH 7.4) containing 0.1
mM ethylenediamine tetraacetic acid (EDTA)
(E. Merk, Rahway, NJ). The homogenate was
centrifuged twice at 700 g for 5 minutes.
Supernatant was obtained by centrifugation
again at 20,000 g for 1 hour. Resulting
supernatant was regarded as the crude
enzyme. Protein content was measured (Lowry
etal., 1951).

Measurement of enzyme activities:
Peroxidase activity was assayed as described
by Poetler and Becker (1984). The reactant,
which comprised 3.0 ml of potassium
phosphate buffer (0.1 M, pH 7.0) containing
0.1 mM EDTA, 0.05 ml of 20.1 mM o-
dianisidine (Sigma Chemical Co., St. Louis,
MO). and 0.03 ml of 12.3 mM HyO4 (E. Merk,
Rahway, NJ), was assayed at 405 nm using a
spectrophotometer (Beckman M-35 with
recorder, Palo Alto, CA). One unit of the
enzyme activity was equivalent with the
amount of 1 micromole of o-dianisidine
oxidation. SOD activity was measured using a
xanthine-xanthine oxidase system as described
by McCord and Fridovich (1968). One unit of
50D was defined as the amount of enzyme
that causes 50% inhibition of cytochrome ¢
reduction. Catalase activity was measured as
described by Aebi (1974). One unit of enzyme
activity was defined as the amount of enzyme
that degrade 1 micromole of HyO, for 1 minute
under the given condition. Specific activity of
each enzyme was defined as the units of
activity per milligram of protein.

Purification of peroxidase: Sephacryl S-
300 Superfine gel filtration: Crude enzyme of
ESP (11.5 mg of protein) was applied to 1.6 x
70 cm sized Sephacryl 5-300 Superfine gel
filtration (Pharmacia-LKB, Sverige, Sweden),
which equilibrated with PBS (0.01 M, pH 7.4}
containing 0.1 mM EDTA. The flow rate was 20



ml/hour - em2. 1.8 ml fractions were collected.
Fractions showing peroxidase activity were
pooled, dialysed against 0.05 M Tris-HCI (pH 7.
4) and lyophilized. It was rehydrated with 1.35
ml PBS (0.01 M, pH 7.4) containing 0.1 mM
EDTA. Standard proteins (Pharmacia-LKB,
Sverige, Sweden) used were thyroglobulin (669
kDa), B-amylase (220 kDa), bovine serum
albumin (66 kDa), and cytochrome ¢ (12.4
kDa).

DEAE-Trisaeryl M anion exchange
chromatography: 1.3 ml of partially clarified
enzyme solution was brought to DEAE-
Trisacryl M column (1.6 x 5 em) and eluted
with Tris-HC1 (0.02 M, pH 7.2) containing 0,
0.02, 0.05, 0.1 or 0.2 M stepwise salt gradient
fashion. Eluent were allocated in 2.0 ml
fractions. The active fractions were pooled,
dialysed against the same buffer, lyophilized
and reconstitued with 0.2 ml Tris-HCI (0.1 M,
pH 7.2).

High performance liquid chromatography
(HPLC): DEAE-anion exchange column purified
enzyme was then subjected to TSK-Blue gel
filtration HPLC column (Spectra Physics, SP
8700, Japan). Ten microgram of the enzyme
was eluted through the column at flow rate of
1 ml/minute. The elution was monitored by
computing integrator (SP 4100) at 280 nm.
Standard proteins of alcohol dehydrogenase
(150 kDa), bovine serum albumin (66 kDa),
carbonic anhydrase (29 kDa) and cytochrome ¢
(12.4 kDa) were also eluted. .

SDS-PAGE and immunoblot assay: SDS-
PAGE was done as described by Laemmli (1970)
on 7.5~15% reducing separating gél. Constant
current of 30 mA was supplied throughout the
electrophoresis. The gel was stained with 0.
125% (W/V) Commassie blue R-250. For
immunoblot assay, after SDS-PAGE on 7.
5~15% separating gel, the separated protein
bands were electroblotted to nitrocellulose
paper at 100 V for 2 hours at 4°C (Tsang et al.,
1983). Non-specific reaction was blocked by
1% bovine serum albumin for 2 hours. A
paragonimiasis serum diluted at 1:150 in
PBS/Tween 20 (0.05%, pH 7.4), whose
diagnosis had been made by egg detection in
sputum, was reacted for 2 hours. Peroxidase
conjugated anti-human IgG (heavy- and light-
chain specific, Cappel, PA) was reacted for
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additional 2 hours at 1:1,000 dilution. The
reaction was colored by 4-chloro-1-naphthol
chromogen (Sigma Immunochemical Co., St.
Louis, MO) dissolved in 0.1 M triethanolamine
buffer.

Modulation of the enzyme activity by
inhibitors: Cyanide effect (1 mM) on the
enzyme activity and that of azide were
observed according to Misra and Fridovich
(1978). Final concentration of 1 mM DTT and 1
mM 2-mercaptoethanol, which are well known
sulfhydryl agent, were added and the enzyme
activity was measured. Effects of KCN (1 mM)
and IAA (1 mM) were also assayed. All
chemicals were purchased from Sigma
Chemical Co. (St. Louis, MO)

Special staining for peroxidase: After SDS-
PAGE on 10~15% separating gel, the gel was
soaked in 0.01 M potassium phosphate buffer
(pH 7.2) containing 2 mM o-dianisidine for 1
hour at room temperature. The gel was then
placed to 0.01 M potassium phosphate buffer
(pH 7.2) containing 2 mM diaminobenzidine
and 0.1 mM H,0, for 15 minutes (Misra and
Fridovich, 1977).

RESULTS

Activity of peroxidase in ESP and in crude
extract of adult P. westermani: When the
total activity of peroxidase was assayed either
in 11.5 mg protein in ESP of adult P.
westermani or in 95.4 mg of the worm
extracts, its activity was 557.3 units or 3090.1 -
units. The specific activity in the ESP was 48.5
and that of the worm extracts was 32.4 (Tables
1 and 2). Specific activity of the enzyme in ESP
was therefore 1.5 times higher than that in the
WOrm extracts.

Activities of SOD and catalase in ESP and
in crude extract of adult P. westermani: As
shown in Table 1, the activity of SOD in ESP
was 127.2 units and that in the worm extract
was 532.2 units. Protein content of the ESP
and the worm extract were 11.5 mg and 95.4
mg, respectively. Specific activity of SOD in
ESP was therefore 2 times higher than that in
the worm extract (Table 1). Total activity of
catalase in ESP and in worm extract were 38.5
tnd 505.6 units, respectively. Specific activity
of catalase of ESP was 3.4 and that of the
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Table 1. Comparison of activities of peroxidase,
S0D and catalase in ESP and crude
extract of adult P. westerrnani

Enzyme/ Activily Protein Specific activity
materials  (units) (mg) (units/mg)
Peroxidase
ESP - 557.3 11.5 48.5
Adult* 3090.1 95.4 32.4
S0OD
ESP 127.2 11.5 11.1
Adult 534.2 95.4 5.6
Catalase
ESP 38.5 11.5 3.4
Adult 505.6 95.4 5.3

Adult*; Crude worm extract of P. westermani.

crude extract was 5.3. The enzyme in ESP had
a slightly lower specific activity than that in
the worm extract (Table 1).

Purification of peroxidase: A total of 11.5
mg of protein in the ESP was subjected to
Sephacryl $-300 Superfine gel filtration; 2.7
mg of the enzyme was clarified partially (Fig. 1
and Table 2). Specific activity of the enzyme
increased 77.8 with recovery rate of 47.2%
(recovered enzyme: 210.0 units). DEAE-
Trisacryl M exchange chromatography was
continued as shown in Fig. 2 and Table 2. A
total of 180 units of peroxidase was eluted in
0.02 M salt concentration. Specific activity was
818.2 (protein content: 0.22 mg). The enzyme
purified 16.9 fold with 32.3% recovery. When
the purified enzyme was applied to TSK-Blue
analytical gel filtration HPLC, it had a
molecular mass of 19 kDa (Fig. 3). Yields and
purification data were summarized in Table 2.
Fig. 5 illustrated the SDS-PAGE finding of the
purified peroxidase. The purified peroxidase

exhibited a single homogenous band at 16 kDa
(Fig. 4).

Biochemical and immunological
properties of the peroxidase: The effects of
various inhibitors such as DTT, 2-
mercaptoethanol, IAA, KCN and azide to
peroxidase activity were observed. Because the
peroxidase is a well known heme protein, we
thought that cyanide, and sulihydryl agents
such as DTT and 2-mercaptoethanol, could
inhibit the activity. As presented in Table 3,
the enzyme activity disappeared completely
when 1 mM DTT or 1 mM 2-mercaptoethanol
was added. Similar result was observed by
addition of 1 mM azide in the reactant. KCN (1
mM) and IAA (1 mM) showed also the
inhibitory modulation to peroxidase activity up
to 93.8% and 76.9%, respectively. Fig. 6
exhibited the result obtained from peroxidase
staining of purified enzyme of ESP of adult P.
westermani. As shown in lane P, the purified
enzyme reacted strongly to o-dianisidine
substrate. Lane C, exhibited also the
peroxidase activity in the worm extract at the
same electrophoretic mobility as in the ESP.

Antigenicity of the purified peroxidase was
assessed by western blot using a confirmed
paragonimiasis serum. Typical finding was
seen in Fig. 8 on which the crude ESP, worm
extract and purified enzyme were used as
antigens. A patient serum reacted to multiple
bands of 64, 52, 42, 32, 30, 28, 26, 24, 22, 11
and 8 kDa to the crude ESP (lane C) while faint
reaction was observed to the purified peroxdase
(lane P). Adult worm extract revealed also the
rmultiple reacting bands (lane A).

DISCUSSION

In this study, we purified a peroxidase from

Table 2. Purification of peroxidase in ESP of adult P. westermani

Activity Protein Specific activity Purification Recovery
(units) (mg) (units/mg) fold (%)
ESP
557.3 11.5 48.5 1 100
Sephacryl $-300 column chromatography
210.0 2.7 77.8 1.6 47.2
DEAE-anion exchange chromatography
180.0 0.22 818.2 16.9 32.3
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Fig. 1. Elution profile of ESP of adult P.
westermani in a Sephacryl S-300 Superfine gel
permeation chromatography (1.6 x 70 cm). The
column was equilibrated with 0.01 M PBS (pH 7.
4) containing 0.1 mM EDTA and eluted with the
same buffer at a flow rate of 20 ml/hour - ¢cm2.
Allocations of 1.8 ml were assayed for enzyme
activitics. @: Protein content. Inverted arrowheads
indicate the respective enzymes. Bar (-} indicates
the pooled fraction of respective enzyme. m: SOD
activity, A: Catalase activity, o: Peroxidase
activity.
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Fig. 2. Elution profile of peroxidase in ESP of
adult P. westermani on DEAE-Trisacryl M anion
exchange chromatography. Partially clarified
enzyme solution containing high activity of
peroxidase was applied to a 1.6 x 5 cm sized
DEAE-Trisacryl M column and eluted through 0.
02 M Tris-HCI buffer (pH 7.2) containing 0, 0.02,
0.05, 0.1 or 0.2 M stepwise salt concentration.
2.0 ml fractions were assayed for peroxidase
activity. Tnverted arrow indicate the salt gradient.
Bar (- ) indicates the pooled fraction containing
high peroxidase activity.
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Fig. 3. Determination of molccular mass of
peroxidase by TSK-Blue analytical gel filtration
HPLC. Ten microgram of the enzyme was cluted
through the column at a flow rate of 1
ml/minute. Standard proteins used were alcohol
dehydrogenase (150 kDa), bovine serum albumin
(66 kDa), carbonic anhydrase (29 kDa) and
cylochrome ¢ (12.4 kDa). Inverted arrow ()
indicates the retention time of the peroxidase.
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Fig. 4. SDS-PAGE findings of the purified
peroxidase on 7.5~15% gel in reducing condition.
Throughout the electrophoresis, constant current
of 30 mA was supplied. The gel was stained with
Coomassie blue R-250 and destained with
methanol/acetic acid solution. M;: Molecular
mass in kDa, Lane 1 showing the crude ESP.
Lane 2 exhibits Sephacryl $-300 filtercd fraction
and lane 3 demonstrates the purified peroxidase.
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Fig. 5. Finding of the purified enzyme in special
staining for peroxidase. Separating gel of 10~15%
was used for protein separation in reducing
condition. After SDS-PAGE, the gel was soaked in
0.01 M potassium phosphate buffer (pH 7.2)
containing 2 mM o-dianisidine 2 mM 3.3-
diaminobenzidine and stained with 0.1 mM Hs0,
and C,: Crude extract of adult P. westermani, P:
Purified peroxidase from the ESP.

Table 3. Effect of inhibitors on peroxidase activity
in ESP of adult P. westerrmani

Inhibitors? Activity Relative activity Inhibition

(units/ml) (%0) {96)
None 400 100 -
DTT 0 0 100
2-mercaptoethanol O 0 100
IAA 92.3 23.1 76.9
KCN 24.6 6.2 93.8
Azide 0 0 100

al Concentration of inhibitors was 1 mM

ESP of adult P. westermant ‘i)y 2 step column
chromatographies of Sephacryl $-300
Superfine gel filtration and DEAE-Trisaryl M
anion exchange chromatography utilizing o-
dianisidine and Hy0Q, substrates. As revealed
by inhibitor profiles presented in Table 3, the
enzyme, purified in this study, was most

M C P A

Fig. 6. SDS-PAGE/immunoblot using a
confirmed patient serum to the ESP, adult worm
extract and the purified peroxidase showing a
typical finding. After transfer the resolved
proteins to nitrocellulose paper by electrophoresis
at 100 V for 2 hours at 4°C, a patient serum,
diluted at 1:150 in PBS/T, was reacted overnight
as a probe. M. Molecular mass in kDa, Cr: Crude
ESP, P: Purified peroxidase, A: Whole worm
extract of adult P. westermani.

similar to cytochrome ¢ peroxidase. The
enzyme activity was inhibited totally by azide,
DTT and 2-mercaptoethanol which are.well
known reducing agents as well as peroxidase
inhibitors. Special staining for peroxidase
confirmed the observation (Fig. 5). Molecular
mass of the enzyme was 16 kDa in SDS-PAGE
or in 19 kDa in gel filtration HPLC. This finding
suggested strongly that the purified enzyme
was a cytochrome ¢ peroxidase because of
relatively smaller molecular mass; many plants
peroxidase including horseradish have a
molecular mass of ca. 35 kDa and that of
glutathione peroxidase is about 80 kDa. In
addition, so far peroxidases found in cestode
parasites have been regarded as cystochrome
¢-linked peroxidase (Paul and Barrett, 1980).
Excreted/secreted antioxidant enzymes in
biological systems seemed to play a key role in
def:nse against oxidants. For examples,
Kazura and Meshnik (1984) stated that co-
culturing adult T. spiralis with the new born



larvae protected the larvae from acetaldehyde-
xanthine oxidase induced killing. This finding
suggested that SOD, excreted/secreted from
adults, might protect the new born larvae from
the attack. The differences in the activity and
in the amount of SOD between the new born
and the adult T. spiralis are considered to be a
mechanism of different resistance to killing by
the oxidants (Callahan et al, 1988; Chung et
al.,'1991).

Microorganisms differ greatly in their
susceptibility to oxygen-mediated damages
because the levels of endogenous scavenging
enzymes are different each other (Murray,
1981). We showed recently that the worms of
an early maturation stages of P. westermani
were equipped with higher activities of
antioxidant enzymes (Chung et al., 1991 &
1992). To understand properly the roles of
oxygen scavenging enzymes in host-parasite
interactions in paragonimiasis, we measured
the activities of 3 oxygen radical scavenging
enzymes in ESP of P. westermani.

Table 1 demonstrated clearly that ESP of
adult P. westermani contajned a variety of
antioxidant enzymes such as SOD, catalase
and peroxidase. Specific activity of SOD,
catalase and peroxidase of the ESP were 11.1,
3.4 and 48.5 while those of the adult worm
extract were 5.6, 5.3 and 32.4, respectively,
Activities of SOD and peroxidase in ESP were
higher than those of adult worm extract. This
finding may be an evidence that ESP of P.
westermani play a major defense mechanism
of the worm against oxygen mediated killing.
SOD was found to have a molecular mass
around 32 kDa which were comparable not
only to that of the worm extract but that of
other parasites such as T. spiralis, A. suum, O,
volvulus and T. taeniaeformis. Molecular
masses of SODs from these parasites were
reported to be around 33 kDa (Callahan et al.,
1988). It is well known that the enzyme
distributed widely in oxygen metabolizing
organisms regardless their phylogenetic origin
and their being related biological reactivities,
and physicochemical structures (Callahan et
al, 1988; Simurda et al., 1988; Henkle et al,
1991). The nucleotide sequences of S. mansoni
and O. volvulus cDNA of SOD revealed also
that the encoded proteins shared predicted
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hydrophobic signal sequences (Simurda et al.,
1988; Henkle et al., 1991).

It is interesting that catalase activity either
in ESP or in the crude extract of P westermani
were comparable to other eukaryotes. Catalase
that has a single substrate of HyQp, distributed
ubiquitously in tissue of all species. In the
previous observations concerning to parasites
catalase, however, Barrett (1980) described
that any evidence of catalase was not
recognized in Fasciola hepatica. Mkoji and co-
workers (1988) stated also that Schistosoma
mansoni had no catalase activity. They
explained that the toxicity of hydrogen
peroxide in these parasites might be removed
through the actions of cytochrome c-linked
peroxidase instead of catalase. To elucidate the
different mechanisms of hydrogen peroxide
removal among 3 phylogenetically related
trematodes species of P. westermani, F.
hepatica and S. mansoni, further studies are
needed.

Despite its diverse physiological and
biological functions, the peroxidase of P.
westermani induced a weak antibody response
in an infected patient as far as our SDS-
PAGE/immunoblot finding was concerned. As
exhibited in Fig. 7, crude ESP and adult
extract of P. westermani showed many
antigenic bands to the infected patient serum
such as 64, 42, 32, 30, 28, 26, 24, 11 and 8
kDa. Of them, the purified enzyme disclosed
faint antibody reaction to the infected serum.
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