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a b s t r a c t
Proteinases play an important role as virulence factors both in the life-cycle of parasites and in the pathogen–
host relationship. Hysterothylacium aduncum is a worldwide ﬁsh parasite nematode which has been
associated with non-invasive anisakidosis and allergic responses to ﬁsh consumption in humans. Cysteine
proteinases have been associated with allergy to plant pollens, detergents and dust mites. In this study the
presence of two types of cysteine proteinases (cathepsin B and cathepsin L) during in vitro development of
H. aduncum is investigated. Speciﬁc ﬂuorescent substrates were used to determine cathepsin activities. The
activity detected with substrate Z-FR-AMC was identiﬁed as cathepsin L (optimum pH = 5.5; range 3.5–6.5).
Cathepsin B activity was only identiﬁed with Z-RR-AMC (optimum pH = 7.0–7.5; range 5.0–8.0). The start of
cultivation led to increased activity of both cathepsins (1.8-fold for cathepsin B and 6.3-fold for cathepsin L).
These activities varied according to the developmental stage. Cathepsin B activity decreased after M4,
returning to its initial level. Cathepsin L activity also decreased after M4, but still maintained a high level
(4–6 times the initial level) in adult stages. Having considered these activity variations and the optimum pH
values, we suggest that cathepsin L has a role in digestive processes while cathepsin B could be involved in
cuticle renewal, among other possible functions.
© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
Hysterothylacium aduncum is an anisakid nematode parasite of
marine and freshwater ﬁsh and crustaceans throughout the world
[1,2]. Many of these ﬁsh are consumed by man, leading to the
possibility of non-invasive anisakidosis [3] or allergic responses [4].
Some ﬁsh, such as the anchovy (Engraulis encrasicolus) or the sardine
(Sardina pilchardus) act as intermediate/paratenic hosts [5,6] in which
the parasite is found in the visceral cavity and/or in muscle tissue.
Other larger teleost ﬁsh such as the hake (Merluccius spp.) or the cod
(Gadus morhua) act as deﬁnitive hosts, where the worm is found in
the intestine [7,8]. The presence of these parasites in ﬁsh may lead to
the mortality of ﬁsh larvae [9]. Furthermore, the stress experienced by
parasitised adult ﬁsh makes them more susceptible to other infections
[10].
One of the conditions necessary for the successful in vitro
development of the parasite is the presence of pepsin, which could
degrade the proteins in the culture medium to facilitate their
assimilation by the parasite and/or help in ecdysis [11,12]. Pathogenicity has been correlated with protease activity in several species of
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nematode, such as another anisakid, Anisakis simplex [13]. Proteases
are considered essential during development and the most critical
moments of parasite–host interaction and are thus directly involved
in the growth and survival of the parasite [14,15]. Thus, according to
these authors, their identiﬁcation and characterisation are vital to
further our knowledge of the biology of these parasites and they may
be considered as potential targets for vaccines, drugs and in
serodiagnosis. They will also be highly important in forthcoming
antiparasitic initiatives.
Cathepsin proteinases have been identiﬁed in many parasitic
organisms, both in larval and adult stages, and are involved in roles as
diverse as tissue and skin penetration, virulence, and immune evasion
[16]. The most common and well-known cysteine proteases in
nematodes are type B (EC 3.4.22.1) and L (EC 3.4.22.15) cathepsins
included in family C1, clan CA of the papain superfamily [17,18]. The
main role cathepsins B is believed to be the digestion of nutrients
while their high interspeciﬁc variability observed is thought to be an
adaptation by the nematode to the ecological niche it occupies [19].
On the other hand, it has been suggested that the cathepsins L of
nematodes are not only involved in nutrient digestion but also in
embryogeny, tissue invasion, avoidance of the immune response, and,
above all, in moulting [20,21].
Although cysteine protease activity has been detected in an
anisakid such as A. simplex [22], this has not been characterised. The
aim of the present study is to verify cathepsin activity in H. aduncum
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and to observe its variation during the in vitro development of this
worm from L3 recently collected from the intermediate/paratenic
host ﬁsh to mature adult.
2. Materials and methods

data were tested for the Kruskal–Wallis (K–W) non-parametric test to
“k” independent samples. When the data were statistically signiﬁcant,
post hoc multiple comparisons by pairs were performed using the
Bonferroni test for the ANOVA; and Mann–Whitney's U (U M–W) test
with Bonferroni's correction for the Kruskal–Wallis test. The signiﬁcance level was p b 0.05.

2.1. Collection of L3 larvae and cultivation
3. Results and discussion
The L3 of H. aduncum were collected from horse mackerel
(Trachurus trachurus) purchased at the ﬁsh market in Granada
(Southern Spain). The worms over 8 mm in length found free in the
host body cavity, were collected and morphologically identiﬁed
[2,8,23]. A number of larvae were frozen (−80 °C) for enzyme
determination (L3 0 h). The rest of the larvae were processed to the
cultivation in a modiﬁed RPMI-1640 medium with pepsin and foetal
bovine serum added, at 15 °C, as previously indicated [11].

Fig. 1A shows the cathepsin B-like activity of the parasite,
identiﬁed with the substrate Z-RR-AMC, as a function of pH and
developmental stage of H. aduncum. Activity was detected in all the
stages studied with pH range 5.0–8.0. No signiﬁcant differences were
found between the different development stages (K–W, p = 0.512),
regardless of whether pepsin was used (K–W, p = 0.465). The
addition of E64 to the reaction inhibited this cathepsin activity. This

2.2. Preparation of the extract and protein determination
The following samples were taken, washed during 20 min in an
0.9% NaCl solution and frozen (− 80 °C) for enzyme determination: L3
from ﬁsh (L3 0 h, 30 larvae per ml of extract), L3 after 48 h of
cultivation (L3 48 h, 25 larvae per ml of extract), L4 after 14 days of
cultivation (L4, 12 larvae per ml of extract), immature adult after
21 days of cultivation (L5J, 6 worms per ml of extract), and mature
adult 42 days of cultivation (L5, 3 worms per ml of extract). In order to
determine whether the pepsin in the culture medium affected
proteolytic activity a control was prepared using parasites cultured
without pepsin for the last week prior to collection, except L3 48 h,
which was collected after 48 h in culture without pepsin. Somatic
extract was prepared by immersion of the larvae in de-ionized water,
in the proportions mentioned above, followed by 10 bursts/ml of
ultrasonic disintegration (on ice), each of 1 s duration at 15 micron
amplitude. The extract was then centrifuged at 18000 ×g for 15 min at
4 °C and the supernatant was assayed for protein concentration using
the Bradford method [24] and stored at − 80 °C.
2.3. Enzyme determination
The techniques previously described [25,26] were modiﬁed and used
to determine enzyme activity. The parasite extracts (6 µg protein) were
diluted to a ﬁnal volume of 0.2 ml in the following buffers with pH
increments of 0.5: 100 mM glycine–HCl (pH 2.0–3.5); 100 mM sodium
acetate:100 mM acetic acid (pH 4.0–5.5) and 100 mM phosphate buffer
(pH 6.0–8.0). Each buffer contained 1 mM dithiothreitol and one of the
following ﬂuorogenic peptide substrates at a ﬁnal concentration of
0.1 mM: N-α-benzyloxycarbonyl-L-phenylalanyl-L-arginine-7-amido4-methyl-coumarin (Z-FR-AMC) or N-α-benzyloxycarbonyl-L-arginylL -arginine-7-amido-4-methyl-coumarin (Z-RR-AMC). Before the
ﬂuorogenic substrates were used, they were dissolved in dimethylsulfoxide (DMSO) at 10 mM and stored at −80 °C until use. The ﬁnal DMSO
concentration was 1% for all assays. Ionic strength was maintained
constant at 0.25 M by addition of NaCl as necessary. Reactions were
incubated at 37 °C for 100 min and measured every 2 min. Release of
7-amino-4-methyl-coumarin (AMC) was detected using a ﬂuorimeter
with λ excitation at 355 nm and λ emission at 460 nm. To inhibition
assays, 0.01 mM E64 [L-trans-epoxysuccinyl-leucylamido-(4-guanidino)butane], an irreversible cysteine protease inhibitor, was added to
the reaction mixture. Enzyme activity units (U) were calculated as
nanomoles of AMC released min− 1 mg− 1 protein.
2.4. Statistical method
The data were processed using SPSS software (version 14.0 for
Windows). Values were tested for signiﬁcance by 1- or 2-way ANOVA,
depending on variable number; when ANOVA was not applicable, the

Fig. 1. Cathepsins in Hysterothylacium aduncum during its in vitro development. Each
point is the mean of two to three experiments in triplicate. Panel A: pH proﬁle of Z-RRAMC cleaving activity. Panel B: Variation in cathepsin activities. Cleaving activity proﬁle
of Z-RR-AMC at pH 7.5 (■) and of Z-FR-AMC at pH 5.5 (●). Panel C: pH proﬁle of Z-FRAMC cleaving activity.
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is the ﬁrst time that this type of activity has been shown in this
nematode. Cathepsin activity has generally been associated with
lysosomes, which is why optimum activity usually takes place at
around pH 5. But, in marked contrast to the vertebrate proteases,
the parasite proteins are more active and remain stable at neutral
or alkaline pH. This broad pH proﬁle of the parasite cysteine protease is consistent with the numerous extralysosomal functions that
have been characterised [18]. Our results show that the cathepsin
B-like activity of H. aduncum is highest at a neutral pH (7.0–7.5).
This leads us to suggest that this cathepsin does not act in the
lysosome and is able to function extracellularly within the parasite
or is secreted to the exterior. Furthermore, according to Barrett
et al. [17], these data show that only the endopeptidase activity of
cathepsin B is being measured.
Fig. 1B shows the cathepsin B-like activity at pH 7.5 during the
different developmental stages of the nematode. It can be seen that L3,
found in the body cavity of the intermediate/paratenic host ﬁsh,
shows low activity which increases notably after 48 h in culture
(L3 48 h and L4), and then decreases to levels similar or even lower
than the initial in the adult stages studied. Although this cathepsin
has often been associated with the intracellular digestion of nutrients
due to its location in the lysosome, it may possibly perform other
functions. Recently, several cathepsins B have been reported in
hookworms, both in the digestive system (suggesting a possible role
in the acquisition of nutrients) as in the excretion–secretion (ES)
products [27,28]. Cysteine proteases from hookworm and ﬁlarial
nematodes have been related to moulting of the L3 (see [18] for
references; [29,30]). Thus, this cathepsin may take part in the
remodelling of the cuticle from shortly before moulting. In fact, the
greatest activity was during L3 48 h and L4 prior to moults M3 and
M4, respectively.
Fig. 1C shows cysteine protease activity during the development of
H. aduncum, as a function of pH with substrate Z-FR-AMC. All the
larval stages studied showed an optimum pH of 5.5. Comparison of the
groups cultured with and without pepsin (results not shown) showed
no signiﬁcant differences between them (K–W, p = 0.638). In contrast, on comparing all the developmental stages, L3 0 h showed
signiﬁcantly lower activity (K–W, p b 0.001) than the other stages
(U M–W, p b 0.001 in all cases). The incorporation of a speciﬁc cysteine
protease inhibitor (E64) inhibited this cathepsin activity. Fig. 1B
shows the variation in enzymatic activity at pH 5.5 with Z-FR-AMC
during the in vitro development of H. aduncum. Signiﬁcant differences
in activity can be observed (2-way ANOVA, p b 0.001), L3 0 h showing
the lowest activity of all (p b 0.005). No signiﬁcant differences were
found (2-way ANOVA, p = 0.393) between the parasites cultured with
pepsin and those without (results not shown).
Substrate Z-RR-AMC is speciﬁc for cathepsin B, while Z-FR-AMC is
recognised as an excellent substrate for cathepsin L, although also
sensitive to cathepsins B. It is thus possible that the activity of two
types of enzymes is being measured at the same time, although it is
unlikely that both activities (B and L) show the same optimum pH
(5.5). Furthermore, if cathepsin B were present it should show activity
with substrate Z-RR-AMC at an optimum pH close to 5.5 and this did
not occur. The optimum pH (5.5) is analogous to those reported in
somatic extracts of other parasitic nematodes for the substrate Z-FRAMC (activity range ca. 4.5–6.5) [25,31]. We obtained similar results
in H. aduncum, detecting activity at pH between 3.5 and 6.5,
approximately (Fig. 1C). However, the cathepsin B-like activity
measured in the ES products of Ancylostoma caninum with this
substrate was high, being detected between pH 5.0 and 9.0, showing
almost no activity with substrate Z-RR-AMC [32]. The same occurred
with the ES products of Haemonchus contortus [33,34]. Thus, although
we cannot completely discount cathepsin B-like activity with
substrate Z-FR-AMC in H. aduncum, it is to be supposed that, given
our experimental conditions, we have measured almost exclusively
cathepsin L-like activity.

91

Bearing in mind that digestion takes place in an acidic medium in
invertebrates [35], cathepsin L-like activity with optimum pH of 5.5
could take part in the digestion of nutrients, either intracellularly in
the lysosomes or extracellularly in the gut lumen of the nematode.
The activity proﬁle (Fig. 1B) throughout the in vitro development of H.
aduncum may support this idea, since activity increases signiﬁcantly
after placing the worm in the culture; its development is re-initiated
from the L3 which is found in the body cavity of its intermediate/
paratenic host in a state of “hypometabolic dormancy”, as described in
other nematodes [36,37]. This increase in cathepsin L-like activity
remains more or less constant throughout the in vitro development of
the parasite.
However, Loukas et al. [25] described a cathepsin L-like in extracts
of infective larvae of Toxocara canis capable of cleaving both substrate
Z-FR-AMC and Z-RR-AMC, although at different optimum pH values
(5.0 and 6.5, respectively), with activity ratios of a similar magnitude
to those obtained in this study with H. aduncum (results not shown).
This cathepsin has not yet been described in other parasitic helminths.
It is believed that some cases of allergic response in humans,
attributed to ﬁsh, are really due to the ingestion of the parasites they
harbour. In fact, anisakids, particularly A. simplex s.l., are now
considered to be responsible for a great number of cases of allergic
responses. However, some authors have demonstrated that A. simplex
and H. aduncum possess allergens in common and have suggested
that the latter may also be responsible for many allergic responses
following consumption of ﬁsh, as it is found in ﬁsh worldwide [4].
Cysteine proteases from dust mites, ﬁlarias, trematodes, and parasitic
protozoa are also responsible for allergic responses in humans and
animals (see references in [18]).
Cathepsins may be employed as vaccines. Thus, signiﬁcant
protection against Fasciola hepatica and H. contortus in animals has
been documented [38,39]. Similar strategies may be effective against
many parasitic organisms [18].
In conclusion, the somatic extracts of H. aduncum possess two
different cathepsin proteinases which show different speciﬁc activity
for each substrate used and are expressed differentially throughout
ontogenic development. Cathepsin L-like showed optimum activity at
pH 5.5 with Z-FR-AMC and could be involved in the digestion of
nutrients. Cathepsin B-like showed optimum activity at pH 7.0–7.5
with Z-RR-AMC, and, given the variations it exhibits during ontogenic
development, may take part in moulting. A more detailed characterisation of these cathepsins is required if we are to investigate their
possible role as an allergen for man and their possible use in diagnosis
or vaccines and in the development of inhibitors for use in
chemotherapy to control infection in farmed ﬁsh.
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