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Abstract

Proteolytic activity of 0—12 day old eggs, miracidium and adult worm of Fasciola gigantica was assessed and proteases were partially
purified by DEAE-Sepharose and CM-cellulose columns. Four forms of protease were separated, Pla, PIb, Plc and PII. Purifications were
completed for Plc and PII using Sephacryl S-200 chromatography. A number of natural and synthetic proteins were tested as substrates for F.
gigantica Plc and PII. The two proteases had moderate activity levels toward azoalbumin and casein compared to azocasein, while gelatin,
hemoglobin, albumin and fibrin had very low affinity toward the two enzymes. Amidolytic substrates are more specific to protease activity.
Plc had higher affinity toward BAPNA—-HCI] (N-benzoyl-—arginine—p-nitroanilide—HCI) and BTPNA—-HCI1 (N-benzoyl-—tyrosine—p-
nitroanilide—HCI) at pH 8.0 indicating that the enzyme was a serine protease. However, PII had higher affinity toward BAPNA at pH 6.5 in
the presence of sulfhydryl groups (B-mercaptoethanol) indicating that the enzyme was a cysteine protease. The effect of specific protease
inhibitors on these enzymes was studied. The results confirmed that proteases Plc and PII could be serine and cysteine proteases, respectively.
The molecular weights of £ gigantica Plc and PII were 60,000 and 25,000, respectively. F. gigantica Plc and PII had pH optima at 7.5 and
5.5 and Ky of 2 and 5 mg azocasein/mL, respectively. For amidolytic substrates, Plc had K, of 0.3 mM BAPNA/mL and 0.5 mM BTPNA/
mL at pH 8.0 and PII had Ky of 0.6 mM BAPNA/mL at pH 6.5 with reducing agent. F. gigantica Plc and PII had the same optimum
temperature at 50 °C and were stable up to 40 °C. All examined metal cations tested had inhibitory effects toward the two enzymes. From
substrate specificity and protease inhibitor studies, Plc and PII could be designated as serine Plc and cysteine PII, respectively.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Fasciola hepatica and F. gigantica are the parasites of
liver fluke disease (fasciolosis). It is not only an important
human disease but also affects cattle and sheep. Infection
causes worldwide economic losses of approximately two
billion dollars per year (Torgerson and Claxton, 1999).
Fasciolosis is also an emerging pathogen of humans,
particularly in South America (Bolivia, Peru and Equador),
in Egypt and Iran (O’Neill et al., 1998; Mas-Coma et al.,
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1999; Rokni et al., 2002). It is estimated that 2.4 million
people are infected with liver flukes worldwide (Mas-Coma
et al., 1999).

Parasitic and microbial organisms utilize the digestive
actions of proteases on proteins of cells, tissues and
organs for purposes of invasion and migration in host
tissues. Like many other parasitic helminths, including the
related trematode Schistosoma mansoni, F. hepatica liver
flukes release many proteolytic enzymes that belong to
the group of cysteine proteases (Dalton and Heffernan,
1989). Most of these proteases resemble mammalian liver
cathepsin L (CL) proteases both in amino acid sequence
and substrate specificity (Brady et al., 1999; Tort et al.,
1999). Liver fluke CL-like proteases are important for
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immune evasion (Carmona et al., 1993; Smith et al.,
1993), tissue invasion (Dalton and Heffernan, 1989;
Berasain et al., 1997), nutrition (Yamasaki et al., 1989;
Smith et al., 1993) and egg production (Wijffels et al.,
1994a; Dalton et al.,, 1996). Two CL subclasses with
different substrate specificities have been identified that
have been termed CL1 and CL2 (Dowd et al., 1994,
1995). Both are synthesized by cells lining the fluke’s gut
(Smith et al., 1993). Southern blot analysis revealed that
F. hepatica contains at least five CL genes (Heussler and
Dobbelaere, 1994). Many CL cDNAs have been isolated
from adult flukes (Yamasaki and Aoki, 1993; Heussler
and Dobbelaere, 1994; Wijffels et al., 1994b) and several
were functionally expressed in the yeast Saccharomyces
cerevisiae (Dowd et al., 1997; Roche et al., 1997).
Vaccination of cattle or sheep with F hepatica CL1 or
CL2 proteins resulted in a significant reduction in both
fluke burden and production of viable eggs (Wijffels et
al.,, 1994a; Dalton et al., 1996; Mulcahy et al., 1999,
Piacenza et al., 1999). The transcriptional products of F.
gigantica genes encoding cathepsin B proteases were
cloned from adult, newly excysted juvenile and meta-
cercarial stages (Meemon et al., 2004). F gigantica
cathepsin proteases are used for diagnosis of fasciolasis
(Dixit et al., 2002; Tantrawatpan et al., 2005) and immune
evasion (Dixit et al., 2004).

On the other hand, the parasitic insects of mammals have
used the serine proteases in establishing suitable environ-
ments upon or within their hosts (Bowles et al., 1988;
Sandeman et al., 1990). Commonly, the same group of
proteases is used for nutrient digestion within and without
the gut (Casu et al., 1994; Bowles et al., 1990; Johnston et
al., 1995), invasion of host cells and tissue (Braun-Breton et
al., 1992; Roggwille et al., 1996; da Silva-Lopez and
Giovanni-De-Simone, 2004), and modification of host
proteins (Burleigh et al., 1997) detrimental to parasite
survival. These proteases are thought to be potential targets
for vaccines or pesticides that disrupt establishment of larval
stages on or within the host and interfere with the digestion
of food in the gut of larval and adult stages (Tellam and
Bowles, 1997). Also, animal and plant parasitic nematodes
express a number of metallo- and serine proteases that are
essential for penetration and tissue migration (Sajid and
McKerrow, 2002). In addition, serine proteases are found in
all organisms studied and participate in blood clotting,
complement activation cascade reactions and a vast number
of other biological phenomena as well (Rawling and Barret,
1994).

As mentioned above the most studies of proteases in
Fasciola were concentrated on the F. hepatica proteases.
Very little information was reported on the proteases from
F gigantica. In the present study, we screened the
proteases during development, eggs, miracidium and adult
of sheep F. gigantica, in addition to the purification and
characterization of serine and cysteine proteases from the
adult.

2. Materials and methods
2.1. Fasciola material

F. gigantica was obtained from sheep liver in the Cairo
slaughter house. F. gigantica was saved directly in an ice box
during transportation to the Lab, lyophilized and stored at
—20 °C till use. Also, F. gigantica were used as a source of
eggs in this study. In the laboratory the eggs were dissected
from the uteri of flukes and washed by sedimentation and
decantation several times to remove debris. Eggs were cul-
tured in coloured-glass bottles containing distilled water and
kept at 24 to 28 °C. Eggs were collected and frozen at —40 °C
at intervals of three days. Miracidia were obtained when eggs
were removed from incubation to light after 15 days.

2.2. Enzyme activity assays

2.2.1. Azocasein assay

Protease activity with azocompounds as substrates was
determined according to Dominguez and Cejudo (1996). Up
to 50 pL of crude extract were incubated with 500 pL. 100
mM sodium acetate buffer, pH 5.5, and 100 pL 3%
azocasein and distilled water to a total volume of 1 mL.
Assays were carried out at 37 °C for 1 h, then stopped by the
addition of 200 pL of 20% (v/v) trichloroacetic acid. After
removal of precipitated protein by centrifugation (12,000
xg for 5 min at room temperature) the absorbance of the
supernatant at 366 nm was determined. One unit of protease
activity was defined as the amount of enzyme hydrolyzing 1
ug azocasein per hour under standard assay conditions.

2.2.2. Ninhydrin assay

Protease activity with natural substrates namely gelatin,
casein, bovine, fibrin, albumin and hemoglobin was
determined according to Moore (1968) by measuring the
liberated a-amino nitrogen. Up to 50 pL of crude extract
were incubated with 500 pL of 100 mM sodium acetate
buffer, pH 5.5, and 100 pL of 3% of each substrate and
adjusted to 1 mL with distilled water. Assays were carried
out at 37 °C for 1 h and then stopped by the addition of 200
puL of 20% (v/v) trichloroacetic acid. After centrifugation,
0.5 mL of the supernatant was added to 1.0 mL of ninhydrin
reagent (0.5 mL of 1% ninhydrin in 0.5 M citrate buffer, pH
5.5, 0.2 mL of the same buffer, and 1.2 mL glycerol) (Lee
and Takahashi, 1966) and heated for 10 min at 100 °C. Four
milliliters of distilled water were added to each sample and
the absorbance at 570 nm was measured and the increase in
free amino groups was determined. Isoleucine was used for
standard. One unit of proteolytic activity was defined as
microgram of a-amino acid liberated per hour under
standard assay conditions.

2.2.3. Trypsin and chymotrypsin (serine protease) assays
Trypsin and chymotrypsin were determined according to
the method of Erlanger et al. (1961, 1964). The substrates
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BAPNA-HCI (N-benzoyl—-arginine—p-nitroanilide—HCI)
and BTPNA (N-benzoyl-tyrosine—p-nitroanilide—HCI)
were dissolved in dimethylsulfoxide at a concentration of
10 mM. The reaction mixture contained in 1.0 mL total
volume 880 puL of 0.1 M Tris—HCI buffer, pH 8.0 and 20 puL
of the enzyme. The reaction was initiated by the addition of
100 pL of the substrate with final concentration of 1 mM.

2.2.4. Cysteine protease assay

Cysteine protease was assayed according to the method
of Arnon (1970). The substrate BAPNA—-HCI was dis-
solved in dimethylsulfoxide at a concentration of 10 mM.
The assay reaction mixture contained in 1.0 mL total
volume 880 pL of 50 mM sodium phosphate buffer, pH 6.5
containing 5 mM P-mercaptoethanol and 2 mM EDTA and
20 pL of the enzyme. The reaction was initiated by the
addition of 100 pL of the substrate with a final concen-
tration of 1 mM.

The activity of trypsin, chymotrypsin or cysteine
protease was measured by following the increase in
absorbance at 405 nm at 25 °C. One unit of proteolytic
activity was defined as the amount of enzyme releasing
1 pmol p-nitroaniline per hour under standard assay
conditions.

2.3. Enzyme purification

The complete purification procedure was performed at 4
°C. Lyophilized F. gigantica (200 mg) were homogenized
in 3 mL 50 mM Tris—HCI buffer, pH 7.0. The homogenate
was centrifuged at 10,000 xg for 15 min and the su-
pernatant was designated as crude extract. The crude
extract was applied directly to a DEAE-Sepharose column
(6 x1 cm i.d.) pre-equilibrated with the same buffer. The
adsorbed material was eluted with a stepwise gradient of
NaCl ranging from 0.0 to 0.4 M prepared in the same
buffer at a flow rate of 40 mL/h and 2 mL fractions were
collected. Fractions exhibiting protease activity were eluted
at 0.0 and 0.1 M NaCl and designated proteases PI and
PII, respectively, according to their elution order. The
pooled negatively charged PI fraction was dialyzed against
50 mM sodium acetate buffer, pH 5.5, overnight and
concentrated by sucrose then analyzed on CM-cellulose
column (6 x1 cm i.d.) previously equilibrated with the
same buffer. The exchanged material was eluted with a
stepwise gradient of NaCl ranging from 0.0 to 0.4 M
prepared in the same buffer at a flow rate of 40 mL/h and
2 mL fractions were collected. Fractions exhibiting
protease activity were eluted at 0.0, 0.1, and 0.3 M NaCl
and designated proteases Pla, PIb and Plc, respectively,
according to their elution order. Proteases Plc and PII were
concentrated by sucrose and separately applied on a
Sephacryl S-200 column (90 x 1.6 cm i.d.) previously
equilibrated with the same buffer and developed at a flow
rate of 20 mL/h and 3 mL fractions were collected. The
two proteases were eluted with the same buffer.

2.4. Protein determination

Protein was quantified by the method of Bradford (1976)
with bovine serum albumin as standard.

2.5. Polyacrylamide gel electrophoresis

Electrophoresis under nondenaturing conditions was
performed in 10% (w/v) acrylamide slab gel according to
the method of Davis (1964) using a Tris—glycine buffer, pH
8.3. Protein bands were stained with Coomassie Brilliant
Blue R-250.

2.6. Molecular weight determination

Molecular weight was determined by gel filtration on
Sephacryl S-200. The column (90x 1.6 cm i.d.) was
calibrated with cytochrome C (12,400), carbonic anhydrase
(29,000), bovine serum albumin (67,000), alcohol dehydro-
genase (150,000) and PB-amylase (200,000). Dextran blue
(2,000,000) was used to determine the void volume (V).
Subunit molecular weight was estimated by SDS-polyacry-
lamide gel electrophoresis (Laemmli, 1970). SDS-denatured
phosphorylase b (94,000), bovine serum albumin (67,000),
ovalbumin (43,000), carbonic anhydrase (30,000), soybean
trypsin inhibitor (20,000) and «-lactalbumin (14,200) were
used for the calibration curve.

2.7. Enzyme characterization

Estimates of optimal temperature and pH were made by
using a temperature range of 10-90 °C and a pH range of
5.0-8.5. The thermal stability was investigated by measur-
ing the residual activity of the enzymes after 15 min of
incubation at different temperatures prior to substrate
addition. The K,; values were determined from Line-
weaver—Burk plots by using different substrate concen-
trations. The effect of metal cations was performed by
incubating the enzyme for 15 min at 37 °C with 2 mM of
cations prior to substrate addition. The effect of protease
inhibitors was determined by incubation of assay reaction
mixture in the presence of inhibitors.

3. Results
3.1. Developmental changes

The total units and specific activities of protease in F.
gigantica eggs increased gradually from day 0 (1715 units/g
tissue, 25.2 units/mg protein) to day 12 (8886 units/g tissue,
130.6 units/mg protein) during development (Table 1). A
significant increase in protease activity was detected on day
15, miracidium (12,680 units/g tissues) and adult (27,770
units/g tissues). Although the specific activities for miraci-
dium (176 units/mg protein) and adult (180 units/mg
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Table 1
Changes in protease activity during development of £ gigantica

Protein (mg) S.A

Days after oviposition Units/g tissues

Day 0 1715£85 68.05+3.1 252+1.6
Day 3 2762+150 68.02+3.7 40.6+1.9
Day 6 4203+270 73.1+4.5 57.5+2.1
Day 9 8045+340 71.0+4.1 113.3£3.8
Day 12 8886+310 68.03+3.5 130.6+4.8
Day 15 12,680+420 72.04+4.8 176+5.1
(Miracidium)

Adult 27,770+1220 154.2+9.8 180+7.3

Each value represents the mean of 3 runs for each developmental
stage+S.E. S.A: specific activity in units/milligram protein.

protein) were approximately equal, the units of adult were
2.2 times higher than those for miracidium. This was
attributed to the high level of protein content for adult
compared to miracidium.

3.2. Purification of protease from F. gigantica

The purification of protease from F. gigantica adult is
summarized in Table 2. The elution profile of the
chromatography on DEAE-Sepharose (Fig. 1) appeared
that protease activity was detected in two peaks, the
negative adsorbed fractions and fractions eluted with 0.1
M NaCl and designated as PI and PII. Protease PI was
applied to a CM-cellulose column, where it separated into
three peaks, Pla, PIb and Plc (Fig. 2). Plc and PII were
separately applied to a Sephacryl S-200 (Fig. 3a and b).
The two proteases Plc and PII are proved to be pure after
Sephacryl S-200 column as judged by polyacrylamide gel
electrophoresis (Fig. 4a). The specific activities of
Sephacryl proteases Plc and PII were 3795 and 2282
units/mg protein, which represented 21- and 12.6-fold
purification over the crude extract, respectively.

3.3. Molecular weight of Plc and PII

The native molecular weights of Plc and PII were
estimated to be 60,000 and 25,000, respectively, using
Sephacryl S-200 column. These values were confirmed by
SDS-PAGE (Fig. 4b), where the molecular weights of Plc
and PII had the same values.

Table 2
Purification scheme for F gigantica protease

3.4. Characterization of Plc and PII

A study of substrate specificity for Plc and PII was made
by using two types of different substrates (Table 3). Firstly,
azo-proteins and natural proteins were used as substrates,
where the activity with azocasein is regarded as 100%
activity. Plc and PII had moderate activity levels toward
azoalbumin and casein compared to azocasein, while
gelatin, hemoglobin, albumin and fibrin had very low
affinity toward the two enzymes. Secondly, the specific
substrates for serine and cysteine proteases were used. The
data in Table 3 appears that PIc had higher affinity toward
BAPNA and BTPNA at pH 8.0 indicating that the enzyme
had trypsin- and chymotrypsin-like activities (serine pro-
tease). However, PII had higher affinity toward BTPNA at
pH 6.5 in the presence of SH (pB-mercaptoethanol) indicat-
ing that the enzyme is cysteine protease. The K, values of
Plc and PII were estimated to be 2 and 5 mg azocasein/mL,
respectively. For amidolytic substrates, PIc had K, of 0.3
mM BAPNA/mL and 0.5 mM BTPNA/mL at pH 8.0 and
PII had K,,, of 0.6 mM BAPNA/mL at pH 6.5 with reducing
agent.

Plc and PII had optimum pHs of 7.5 and 5.5, respectively
(Fig. 5). Fig. 6a shows the temperature optima curves for
PIc and PII activities. The two enzymes had the same
optimum temperature at 50 °C, where the activity of Plc is
quickly declined more than the activity of PII with
increasing of temperature. The effect of temperature on
the stability of Plc and PII was examined (Fig. 6b). The two
enzymes were stable up to 40 °C, followed by a decrease in
activity with increasing of the temperature. Also, PII had
more resistance toward the high temperatures compared to
Plc.

All examined cations had inhibitory effects on Plc and
PII (Table 4). The effectiveness of metal cations as
inhibitors for Plc was Mg® >Fe*'>Ca®">Co®" >Mn?">
Ni**>Hg>" with 100%, 91%, 84%, 70%, 67%, 58%, and
50% inhibition, respectively, while for PII was Mg* >
Fe’">Ca®">Hg? >Mn*">Co?" >Ni*" with 90%, 87%,
83%, 74%, 66%, 48%, and 46% inhibition, respectively.
The effect of different protease inhibitors on Plc and PII was
examined (Table 5). While Plc was inhibited by PMSF and
trypsin inhibitor (serine protease inhibitors), PII was

Step Total units* Total protein (mg) S.A. (units/mg protein) Fold purification Recovery (%)
Crud extract 5554 30.8 180.3 - 100
DEAE-Sepharose 0.0 M NaCl (PI) 3243 7.8 415.7 2.3 58.3

0.1 M NaCl (PII) 2027 2.5 810 4.5 36.4
CM-cellulose 0.0 M NaCl (Pla) 486 33 147.2 0.81 8.7

0.1 M NaCl (PIb) 243 1.8 135 0.74 4.3

0.3 M NaCl (PIc) 2432 1.285 1892 10.5 43.7

Gel filtration on Sephacryl S-200 Plc 1632 0.43 3795 21.0 29.3

PII 1278 0.56 2282 12.6 23.0

* One unit of protease activity was defined as the amount of enzyme hydrolyzing 1 pg azocasein per hour under standard assay conditions.
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Fig. 1. Elution profile for the chromatography of F. gigantica adult protease on DEAE-Sepharose column (6 x 1 ¢m i.d.) previously equilibrated with 50 mM
Tris—HCI buffer, pH 7.0 at a flow rate of 40 mL/h and 2 mL fractions. Absorbance at 280 nm (®----- @) and protease activity (x----- X).

inhibited by p-CMB, N-EM and iodoacetic acid (cysteine
protease inhibitors). These results indicated that proteases
Plc and PII could be serine and cysteine proteases,
respectively.

4. Discussion

In the present study, the proteolytic activity was screened
during the development of F. gigantica. The results
appeared that the proteolytic activity increased during
embryogenesis (1715—8886 units/g tissues), followed by
miracidium (12,680 units/g tissues) and adult (27,770 units/
g tissues). The increase of protease activity levels during
development of F. gigantica would have to be of greater
physiological roles. Several investigations studied the
proteases during development of parasites such as: the
serine proteases from larvae of Heliothis virescens (John-
ston et al., 1995), the neutral proteases of the three
developmental stages of S. mansoni (Auriault et al.,
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Fig. 2. Elution profile for the chromatography of F. gigantica adult protease
DEAE-Sepharose fraction PI on CM-cellulose column (6 x1 cm i.d.)
previously equilibrated with 50 mM acetate buffer, pH 5.5 at a flow rate of
40 mL/h and 2 mL fractions. Absorbance at 280 nm (@----- @) and
protease activity (x----- X).

1982), serine proteases from Chrysomya bazziana larvae
(Muharsini et al., 2000), a neutral thiol protease from
Paragonimus westemani metacercariae (Yamakami and
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Fig. 3. Elution profile for F. gigantica adult protease CM-cellulose fraction
Plc (a) and DEAE-Sepharose fraction PII (b) on Sephacryl S-200 column
(90 x 1.6 cm i.d.) previously equilibrated with 50 mM Tris—HCI buffer, pH
7.0 at a flow rate of 20 mL/h and 3 mL fractions. Absorbance at 280 nm
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Fig. 4. (a) Polyacrylamide gel electrophoresis for F gigantica adult
protease during purification steps. 1—crude extract; 2 and 3—Sephacryl S-
200 Plc and PII, respectively. (b) SDS-PAGE for molecular weight
determination of F. gigantica protease. 1—Standard proteins; 2 and 3—
Sephacryl S-200 F. gigantica Plc and PII, respectively.

Hamajima, 1990) and serine and cysteine-type proteases
from Eimeria tenella oocytes (Michalski et al., 1994).
Enzymatic assays have shown that F hepatica cathepsin L
activity is expressed in different developmental stages
(Carmona et al., 1993; Smith et al., 1993).

During purification of protease from F. gigantica, using
DEAE-Sepharose and CM-cellulose columns, four forms of
protease were separated, Pla, PIb, Plc and PII. The
purification was completed for Plc and PII with the highest
proteolytic activity using Sephacryl S-200 column. Fagbemi
and Hillyer (1992) purified one form of cysteine protease
from F. gigantica. Generally, different forms of proteases
were demonstrated in different stages of parasites (Siddiqui
et al., 1993; Ghoneim and Klinkert, 1995; Johnston et al.,
1995; Hawthorne et al., 2000; Muharsini et al., 2000;
Harmsen et al., 2004).

A number of natural and synthetic proteins were tested as
substrates for F. gigantica Plc and PII. The two proteases
had moderate activity levels toward azoalbumin and casein

Table 3
Substrate specificity of F gigantica proteases Plc and PII

Substrate Relative activity (%)

Plc PII
Azocasein 100 100
Azoalbumin 30 40
Casein 22 25
Gelatin 9.2 7.3
Hemoglobin 6.5 53
Albumin 8.9 4.6
Fibrin 3.2 2.5
BAPNA-HCI (pH 8.0) 100 8.5
BTPNA-HCI (pH 8.0) 80 6.5
BAPNA—HCI (pH 6.5) 10 100

BAPNA-HCI, N-benzoyl-arginine—p-nitroanilide—HCl and BTPNA-
HCIl, N-benzoyl—tyrosine—p-nitroanilide—HCI.
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Fig. 5. pH optimum of F gigantica adult proteases Plc and PII. The
reaction mixture contained in 1.0 mL: 1, 100 ul of 3% azocasein, suitable
amount of enzyme and 50 mM acetate buffer (pH 5.0-5.5), sodium
phosphate buffer (pH 6.0—7.5) and Tris—HCI (8—-8.5).

compared to azocasein, while gelatin, hemoglobin, albumin
and fibrin had very low affinity toward the two enzymes.
Hemoglobin, bovine serum albumin, ovalbumin and both
gelatin and peptide substrates containing arginine in ester
bound were hydrolyzed by Leishmania amazonensis serine
protease (da Silva-Lopez and Giovanni-De-Simone, 2004).
P. westemani neutral thiol protease hydrolyzed protein
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Fig. 6. Temperature optimum (a) and temperature stability (b) of F
gigantica adult proteases Plc and PII. Each point represents the average of
two experiments.
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Table 4
Effect of metal cations on F. gigantica proteases Plc and PII

Metal cation Relative activity (%) Relative activity (%)
Plc Pl

Hg*" 50 26

Ni?* 42 54

Mn** 33 34

Co* 30 52

Ca®" 16 17

Fe** 9 13

Mg** 0 10

The enzyme was preincubated for 15 min at 37 °C with 2 mM of listed
metal cations prior to substrate addition. Activity in absence of cations was
taken as 100%. Each value represents the average of two experiments.

substrates, casein and azocol and showed low specificity
toward hemoglobin, but no activity with bovine serum
albumin (Yamakami and Hamajima, 1990). However,
amidolytic substrates, BAPNA and BTPNA, are more
specific to protease activity. Using these specific substrates
it appeared that F. gigantica Plc and PII are serine (trypsin
and chymotrypsin) and cysteine proteases, respectively.
Using the trypsin substrate, BAPNA, (Geiger and Fritz,
1984), the larval C. bezziana trypsins are active over pH
5.0-7.0 in the sodium acetate buffers. In this buffer, the
tryptic activity was 30% higher than in Tris—HCI buffer
over the same range (6.5—7.0), indicating that the tryptic
activities were buffer ion dependent (Muharsini et al.,
2000). Two major protease activities were present in H.
virescens, a trypsin-like enzyme, hydrolyzing BAPNA and
an enzyme which hydrolyzed synthetic chymotrypsin
substrates containing more than one amino acid, but not
BTPNA (Johnston et al., 1995).

For confirming that F. gigantica Plc and PII are serine
and cysteine proteases, respectively, as concluded above, we
studied the effect of some specific protease inhibitors on
these enzymes. The results appeared that while Plc was
inhibited by PMSF and trypsin inhibitor (serine protease
inhibitors), PII was inhibited by p-CMB, N-EM and
iodoacetic acid (cysteine protease inhibitors). These results
indicated that proteases Plc and PII could be serine and
cysteine proteases, respectively. Several articles studied the
inhibitory effect to determine the type of the protease. Thiol
proteases from F. gigantica (Fagbemi and Hillyer, 1992), P.
westemani (Yamakami and Hamajima, 1990) and S.
mansoni (Dresden and Deelder, 1979; Ghoneim and
Klinkert, 1995) were inhibited by thiol protease inhibitors.
Serine proteases were also inhibited by serine protease
inhibitors (Johnston et al., 1995; da Silva-Lopez and
Giovanni-De-Simone, 2004).

The molecular weights of F. gigantica serine Plc and
cysteine PII were 60,000 and 25,000, respectively, using
Sephacryl S-200 column. These values were confirmed by
SDS-PAGE and represented monomer subunits. The molec-
ular weight of cysteine PII was near to the molecular
weights of cysteine proteases from F. gigantica (26,000—
28,000) (Fagbemi and Hillyer, 1992), F. hepatica (30,000)

(Siddiqui et al., 1993), and P. westemani (22,000) (Yama-
kami and Hamajima, 1990). L. amazonensis had two serine
proteases, relatively high molecular weight (68,000) (da
Silva-Lopez and Giovanni-De-Simone, 2004) and higher
molecular weight (101 kDa) (Ribeiro de Andrade et al.,
1998).

F. gigantica serine Plc had pH optimum at 7.5. This was
near to the pH optimum for serine protease from L.
amazonensis (Ribeiro de Andrade et al., 1998) and F.
tenella (Michalski et al., 1994). F gigantica cysteine PII
had acidic pH optimum at 5.5. Fagbemi and Hillyer (1992)
reported that F. gigantica cysteine protease had pH optimum
at 4.5. F hepatica cathepsin L-like proteases were active
over a wide pH range (pH 3.0—8.0) (Dowd et al., 2000).

Although, F. gigantica serine Plc and cysteine PII had
the same optimum temperature at 50 °C, the two enzymes
were stable up to 40 °C. The lower optimal temperature (28
°C) was reported for serine protease from L. amazonensis
and the thermal stability indicated that 50% of the enzymatic
activity was preserved after 4 min of pre-treatment at 42 °C
and after 24 h of temperature at 37 °C, both in the absence
of substrate (da Silva-Lopez and Giovanni-De-Simone,
2004).The stability study of F hepatica cathepsin L1
demonstrated that the enzyme retained 100% of its activity
at 37 °C for 24 h (Dowd et al., 2000). E. tenella serine
protease was stable at room temperature for 24 h and storage
at —20 °C for 3 months resulted in no loss of activity. The
dependence of enzymatic activity on environment temper-
ature could also be observed for serine protease of
Acanthamoeba healyi, which causes granulomatous ence-
phalitis and pneumonitis (Kong et al., 2000). All examined
metal cations tested (Mg>", Fe**, Ca®", Co®", Mn*", Ni*",
and Hg?") had inhibitory effects toward F gigantica serine
Plc and cysteine PII. The enzyme activity of serine protease
from L. amazonensis was reduced 40% and 20% by
Ca®"and Mg®*, while Mn*" positively modulated the
enzyme (about 15% higher than the control) (da Silva-
Lopez and Giovanni-De-Simone, 2004). Michalski et al.
(1994) reported that the stability of E. tenella serine
protease and its activity were not modified by either

Table 5
Effect of protease inhibitors on F. gigantica proteases Plc and PII

Inhibitors*

Relative activity (%) Relative activity (%)

Plc PII
p-CMB 92 16
N-EM 90 66
Todoacetic acid 93 45
PMSF 9 92
Trypsin inhibitor 23 88
1,10-Phenanthrolin 95 98

The protease activity was measured in the presence of 2 mM inhibitors
listed. Activity in the absence of inhibitors was taken as 100%. Each value
represents the average of two experiments.

* p-CMB, p-chloromercuribenzoic acid; N-EM, N-ethylmaleimide;
PMSF, phenylmethylsulphonyl fluoride.
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divalent cations or chelating agents. In conclusion, from
substrate specificity and protease inhibitor studies, F
gigantica Plc and PII could be designated as serine Plc
and cysteine PII, respectively.
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