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a b s t r a c t

In this first report about pinworms peptidases we primarily characterize peptidases released during
in vitro maintenance of two common pinworms of laboratory animals – Syphacia muris and Passalurus
ambiguus. The peptidase activity obtained using sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS–PAGE) showed the presence of peptidases from S. muris with a wide range of molecular size
(25–110 kDa), which degrades gelatin and mucin at alkaline pH levels. P. ambiguus released serine and
aspartyl peptidases degrading gelatin at all tested pH (3, 5, 7, and 9) and at acidic pH Passalurus released
aspartyl and cysteine peptidases which are active against mucin.

� 2010 Elsevier Inc. All rights reserved.
1. Introduction

Members of the Oxyurida, the so-called pinworms, are parasitic
nematodes which are localized in posterior parts of the gastroin-
testinal tract of vertebrates and herbivorous arthropods. Syphacia
muris (Yamaguti, 1941) is a common pinworm of rats. Adult worms
inhabit the cecum and colon. Eggs are deposited by the female on
the perianal area of the host or in the colon. Infection of the rat oc-
curs by ingestion of embryonated eggs from the perianal area or
the cage environment (Stahl, 1963). Passalurus ambiguus (Rudolphi,
1819) infects domestic and wild rabbits and hares, and its distribu-
tion is worldwide. This pinworm, inhabiting the cecum and colon
of its hosts, has a direct life cycle similar to S. muris (Owen,
1972; Rinaldi et al., 2007). The problem of pinworm infection in
lab rodents and rabbits has been prevalent since the early days
of lab animal medicine (Flynn, 1973) and pinworm infections in
laboratory colonies remain common to this day (Michels et al.,
2006; Baker, 2007). Pinworms can be surprisingly difficult to elim-
inate from the animal facility (Taffs, 1976; Baker, 2007).

Peptidases (proteolytic enzymes or proteases) are enzymes
which hydrolyze peptide bonds. They catalyze the cleavage of
amide linkages in macromolecular proteins and oligomeric pep-
tides (Sajid and McKerrow, 2002). Peptidases play essential roles
in cellular, developmental and digestive processes, blood coagula-
tion, inflammation, wound healing and hormone processing
ll rights reserved.
(Williamson et al., 2003). For this reason it is not surprising that
peptidases play a critical role in the pathogenesis of parasitic dis-
eases (McKerrow et al., 1990, 2006). Many helminth parasites re-
lease peptidases to accomplish some of the tasks imposed by a
parasitic lifestyle, including tissue penetration, digestion of host
tissue for nutrition and evasion of host immune responses (Tort
et al., 1999). Peptidases are extensively studied, especially in hel-
minth parasites with veterinary (Young et al., 1995; Hadaś and
Stankiewicz, 1997a,b; Geldhof et al., 2002; Redmond et al., 2006),
or humane importance (McKerrow et al., 1990; Brinkworth et al.,
2001; Sajid et al., 2003) but there is no report about these impor-
tant enzymes in pinworms.

This work focuses on peptidases of pinworms S. muris and P.
ambiguus, and characterizes these enzymes according to their sub-
strate specificity and inhibitor sensitivity using substrate poly-
acrylamide gel electrophoresis.
2. Material and methods

2.1. Collection of parasites

Adult male laboratory rats (Wistar) and rabbits (New Zealand
White), naturally infected by pinworms bred at the Institute of
Physiology, Academy of Sciences of the Czech Republic, were
examined antemortem coprologically or by Cellophane Tape Test
for pinworm infection. Positive animals were slaughtered, their ce-
cum and colon were removed, placed in a glass bottle containing
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saline and the contents were decanted several times. Adult worms
(males and females) collected from cecum and colon contents were
rinsed in phosphate-buffered saline (PBS) pH 7 and microscopically
determined according to their morphological signs as S. muris and
P. ambiguus, respectively.
2.2. Parasite cultures

Adults of appropriate pinworms were maintained for 20 h at
37 �C in a sterile RPMI 1640 medium supplemented with penicillin
(1000 U/ml), gentamycin (1 lg/ml), streptomycin (5 mg/ml) and
L-glutamine (10 mM) (all purchased from Sigma–Aldrich). The cul-
ture supernatants were concentrated at 4 �C using a Microcon YM-
10 centrifugal filter device (Millipore). Culture fluid containing
in vitro released products of nematodes are referred to as IVR. Pro-
tein concentration in IVR products was measured by the Bicinch-
oninic Acid Protein Assay (Sigma–Aldrich) and products were
stored prior to analysis in a deepfreezer box at minus 70 �C.
2.3. Substrate gel analysis

For the investigation of IVR protein profile IVR products were
separated by sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS–PAGE) under non-reducing conditions (Hoefer
miniVE, Amersham Biosciences) in 10% gels. All stock solutions
and techniques were made according to Bollag and Edelstein
(1991). Before loading on the gel, samples were diluted in Laemmli
sample buffer without 2-mercaptoethanol. IVR proteins (20 lg per
well) were applied to the gel and fractionated under non-reducing
conditions. Electrophoresis was performed initially for 30 min at
90 V and then for 80 min at 150 V using an ice-cold electrode buf-
fer. Once the run was finished, gels were washed in three changes
of 2.5% Triton X-100 over a 30 min period to remove the SDS and
then incubated in 0.1 M citrate–phosphate buffer (pH 7) overnight
at 37 �C. Proteins were visualized by Coomassie Brilliant Blue R-
250 (Sigma–Aldrich).

Peptidase activity of IVR samples was assayed by zymography
in 10% gels, where various protein substrates as gelatin, bovine
albumin, bovine mucin and hemoglobin (Sigma–Aldrich) were
incorporated at a final concentration of 1 mg/ml. Samples were
mixed with a non-reducing sample buffer and loaded onto the
gel (20 lg protein per well). SDS–PAGE was performed on ice by
the same process as the protein profile above. After electrophore-
sis, the gels were sliced prior to overnight incubation in the appro-
priate buffer – 0.1 M citrate–phosphate buffer (pH 3, 5, and 7) and
in 0.1 M Tris–HCl buffer respectively (pH 9). The zone of proteoly-
sis was visualized by Coomassie Blue staining.
Fig. 1. Protein profile of S. muris (S) and P. ambiguus (P) IVR products. Molecular
weight marker (M) is indicated in the figure on the left in kilodaltons. The 20 lg of
IVR proteins from adult pinworms was subjected to 10% SDS–PAGE under non-
reducing conditions and stained by Coomassie Blue.
2.4. Inhibitor sensitivity analysis

The effect of specific peptidase inhibitors (Sigma–Aldrich) on en-
zyme activity was determined by pre-incubating samples with an
appropriate inhibitor for 30 min at the following final concentration
prior to loading onto the gels: 10 lM trans-epoxysuccinyl-L-leucy-
lamido-(4-guanidino) butan (E-64 for cysteine peptidases), 10 mM
ethylenediamino-tetra-acetic acid (EDTA for metallo-peptidases),
1 mM 4-(2-aminoethyl) benzenesulfonyl fluoride (AEBSF for serine
peptidases) and 1 lM (3S,4S)-4-amino-3-hydroxy-6-methylhepta-
noic acid (pepstatin A for aspartyl peptidases). After electrophoresis,
gels were sliced and washed several times thoroughly in 2.5% Triton
X-100, and incubated overnight in a buffer containing the appropri-
ate specific inhibitor. Reduced intensity of proteolysis or their total
disappearance in the presence of a specific inhibitor was visualized
by Coomassie Blue counter-staining.
3. Results

3.1. Proteolytic assays

Protein profiles of S. muris and P. ambiguus IVR products are
shown in Fig. 1. Zones of proteolysis were observed in IVR pepti-
dases of both pinworms on gelatin and mucin substrate gels. Pro-
teolytic activity on albumin and hemoglobin gels was observed in
neither IVR peptidases of S. muris, nor in that of P. ambiguus. Two
proteolytic zones were observed on Syphacia gelatine gel, one
strong band approximately at 25 kDa and the second, less obvious
band, with a molecular weight (MW) of 30 kDa. Both these bands
were observed at only pH 9 (Fig. 2). Very weak proteolytic activity
on Syphacia mucin gel was seen at a neutral and alkaline pH levels.
At pH 9 zones with a broad MW – 45, 60 and 110 kDa and only one
42 kDa band at pH 7 were observed (Fig. 2). Very strong proteolytic
activity was visible in both Passalurus gelatin and mucin substrate
gels. Very strong proteolytic zones were marked in gelatine gel
(Fig. 3) in all tested pH levels (3, 5, 7, and 9) with a broad molecular
weight ranging from 20 kDa to high MW (>200 kDa). Strong zones
between 23 and 50 kDa were evident at pH 3 on mucin gel and four
less strong bands – one weak 23 kDa band, a double band with MW
between 25 and 30 kDa and one less obvious band with low MW
(18 kDa) were observed on the same gel. All these observed zones
were visible only at pH 5. No activity was observed on Passalurus
mucin gel at pH 7 and 9 (Fig. 3).

3.2. Inhibitor sensitivity

Proteolytic zones on Syphacia gelatin gel at approximately 25
and 30 kDa were completely inhibited at pH 9 by AEBSF, a specific
inhibitor of serine peptidases (Fig. 4). Three bands visible on the
Syphacia mucin substrate gel were completely inhibited by AEBSF
at pH 9 and their activity was reduced by EDTA, a specific inhibitor
of metallo-peptidases, at the same pH level (Fig. 4). At pH 5, zones
of proteolysis with low MW levels (<30 kDa) in Passalurus gelatin
gel were completely abolished by AEBSF, and the zones with MW
levels above 30 kDa were inhibited by specific inhibitor of aspartyl
peptidases–pepstatin A. About 85 kDa strong band and less evident
65 and 70 kDa bands were inhibited at pH 9 concurrently by AEBSF
and pepstatin A. The activity of the zone with MW 80 kDa was re-
duced only by pepstatin A (Fig. 5). The other proteolytic zones at
pH 3, 7 and 9 with MW levels above 30 kDa were inhibited in



Fig. 2. Substrate gelatin and mucin gel of S. muris IVR peptidases at various pH. About 20 lg of IVR protein was loaded on 10% gel with incorporated protein (A – gelatin and B
– mucin) and electrophoresed under non-reducing conditions. Gel strips were incubated in buffers of varying pH. Lane 3 – 0.1 M citrate–phosphate buffer (pH 3), lane 5 –
0.1 M citrate–phosphate buffer (pH 5), lane 7 – 0.1 M citrate–phosphate buffer (pH 7), and lane 9 – 0.1 M Tris–HCl buffer (pH 9). Zones of proteolysis are clear bands against a
blue background. The position of the protein size marker (M – MW marker by Fermentas) is indicated in the figure in kDa. (For interpretation of the references in colour in this
figure legend, the reader is referred to the web version of this article.)

Fig. 3. Gelatin and mucin gel of P. ambiguus IVR peptidases. IVR protein (20 lg per well) was loaded on the gel containing protein substrate (A – gelatin and B – mucin) and
was subjected to non-reducing SDS–PAGE. Gel strips were incubated at pH 3 (lane 3), pH 5 (lane 5), pH 7 (lane 7) and pH 9 (lane 9). Proteolytic zones are clear bands against a
blue background. MW marker (M) is indicated in the figure in kDa.

Fig. 4. The effect of inhibitors on S. muris IVR peptidases on gelatin (A) and mucin (B) substrate gel. About 20 lg of IVR protein was loaded on the gel, electrophoresed and gel
strips were incubated in 0.1 M Tris–HCl buffer (pH 9) containing specific inhibitors – 1 mM AEBSF (serine peptidases), 10 lM E-64 (cysteine peptidases), 10 mM EDTA
(metallo-peptidases) and 1 lM pepstatin A (aspartyl peptidases). MW standards are indicated in the figure in kDa.
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the same manner as the zones above (data not shown). Strong
zones of proteolysis at pH 3 on Passalurus mucin gel between 25
and 50 kDa were abolished only by pepstatin A (Fig. 5), bands at
pH 5 under 30 kDa were partially reduced by E-64 (not shown).
4. Discussion

One of the crucial adaptations for parasitism is the ability to se-
crete products that modify the host environment to maximize fit-



Fig. 5. Gelatin and mucin substrate gel with P. ambiguus IVR peptidases incubated with specific inhibitors. IVR protein (20 lg in each lane) was subjected to non-reducing
SDS–PAGE, gel strips were incubated in 0.1 M citrate–phosphate buffer – gelatine gel (A) in pH 5 and mucin gel (B) in pH 3, all with appropriate specific inhibitor – AEBSF, E-
64, EDTA, pepstatin A. The position of the size marker is indicated on the left in kDa.
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ness of the parasite (Thompson and Geary, 2002). These excretory/
secretory products (or IVR products) contain bioactive molecules
as various proteins and enzymes, without their existence it would
be definitely impossible for parasites to survive. One of the most
important parts of IVR products are peptidases used by helminth
parasites especially for invasion, feeding, digestion and for evasion
of the host immune system. For this reason IVR products and pep-
tidases are extensively studied (reviewed by Tort et al., 1999; Sajid
and McKerrow, 2002; Dzik, 2006).

In this experiment, we studied IVR peptidases of two common
pinworms S. muris and P. ambiguus and we used a variety of protein
substrates as gelatin, bovine albumin, bovine mucin and hemoglo-
bin. Gelatin is a water-soluble skleroprotein that derives by boiling
insoluble collagen. Collagen is chemically subdivided into numer-
ous types and the predominant ubiquitous type is the type I occur-
ring especially in skin, bone, tendom, ligaments, and in principle in
the fascia and connective tissue of all organs (Samuelson, 2007). At
alkaline pH levels Syphacia IVR peptidases showed marked activity
against gelatin, and Passalurus IVR peptidases were active on the
same substrate in a broad scale from acidic to alkaline pH levels
(3–9). IVR peptidases of Syphacia with gelatinolytic activity were
completely inhibited at pH 9 by AEBSF, which is known to inhibit
serine peptidases. We can assume that these observed serine pep-
tidases with MW 25 and 30 kDa are probably used by migration of
worms through the cecum and colon, which is alkaline and mostly
varies from pH 6 to 8. Passalurus gelatin substrate gel revealed a
number of IVR peptidases with various molecular sizes which are
active in a broad pH scale. At alkaline pH levels serine peptidases
with MW levels under 30 kDa were detected and bands between
30 and 35 kDa were reduced by a specific inhibitor of aspartyl pep-
tidases pepstatin A. Some high molecular weight proteolytic zones
were abolished by AEBSF and pepstatin A concurrently, but their
further identification remains obscure. We can presume that de-
tected serine and aspartyl peptidases can be utilized by pinworm
females by moving in the perianal area, where they lay eggs. The
activity of these enzymes at acidic pH is in accordance with the
pH level of the skin (pH 4.5–5.5). It is known, that worms can
change the pH levels of their microenvironment and this can be
radically different from the pH levels under normal physiological
conditions. Dawes (1974) indicated that in a relatively short time
helminth parasites can acidify the pH of a medium by about 1
pH unit, and Maki and Yanagisawa (1986) suggests a difference
of up to 3 pH units. These findings can explain the peptidase activ-
ity at very acidic pH 3. Aspartyl Passalurus peptidases active at
alkalic pH can, similarly to IVR peptidases of Syphacia, serve pas-
sage through the large intestine environment.

Gelatin is considered as a general peptidase substrate and is
used in many similar studies as the only option (de Cock et al.,
1993; Young et al., 1995; MacLennan et al., 1997). For a better
understanding of the purpose of pinworm IVR peptidases we incor-
porated the other substrates into the gels. Mucins are major com-
ponents of the mucus that cover the surface of cell lining the
respiratory, digestive and urogenital tracts and these glycoproteins
are a part of a defensive system at mucosal surface of the gastroin-
testinal tract. They protect epithelial cells from infection, dehydra-
tation and physical and chemical injury and they aid the passage of
materials through the tract (Perez-Vilar and Hill, 1999; Corfield
et al., 2001). S. muris release weak peptidases with mucinolytic
activity at alkaline pH and their activity is inhibited by AEBSF
and by EDTA, but classification of these peptidases remains un-
clear. Syphacia is rarely attached to the mucous membrane and
stays in the contents of the large intestine, but there are some re-
ports about health problems such as mucoid enteritis, which is
thought to be associated with heavy worm burdens (Harwell and
Boyd, 1968; Jacobson and Reed, 1974). So it is possible that in se-
vere infections with heavy worm burden some of these worms are
attached to the mucous membrane and use mucins for feeding. For
this purpose pinworms can use peptidases which are active against
mucin at alkaline pH (pH 7 and 9). Aspartyl and cysteine pepti-
dases which are active against mucin at acidic pH levels are com-
ponents of IVR products of P. ambiguus. These enzymes could serve
pinworm females in their return to the colon from the acidic envi-
ronment of the posterior parts of the rectum. They can use aspartyl
and cysteine peptidases for degrading mucin and it could be an
important nutrient for this parasite. Substrate gels with incorpo-
rated blood proteins such as albumin and hemoglobin were with-
out any visible zones of proteolysis in both IVR products of
Syphacia and Passalurus and these results are in accordance with
the conclusion that none of the pinworms is a blood-feeder.

This study provides a firsthand look into the world of pinworms
in vitro maintained peptidases. Of course, this is merely an early
study about this topic and it is necessary to verify obtained results
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because the purpose of the determined released peptidases is only
speculative and remains unclear. However, it is surprising that pin-
worms, which are generally considered to be a relatively non-path-
ogenic parasite, release such potent peptidases which are active in
a broad pH spectrum. The next very interesting thing is that IVR
peptidases of S. muris, when compared to Passalurus IVR pepti-
dases, are very sensitive and all analyses must be maintained on
ice otherwise their activity is completely destroyed and it is impos-
sible to detect them by SDS–PAGE. Further research on this topic
could look at the IVR peptidases influence on immune response
of the host, or at the IVR peptidases of pinworms larvae because
it was ascertained that 4th-stage larvae of P. ambiguus can, under
certain conditions, penetrate the mucous membrane. All new
informations about peptidases of pinworms can lead to a better
understanding of the biology, epidemiology and possible pathology
of these common, but to this date, insufficiently recognized hel-
minth parasites.
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