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In order to explore how molecules are linked to the membrane surface in larval Taenia solium, whole cysticerci were incubated
in the presence of phospholipase C from Clostridium perfringens (PLC). Released material was collected and analyzed in
polyacrylamide gels with sodium dodecyl sulfate. Two major bands with apparent molecular weights of 180 and 43 kDa were
observed. Western blot of released material and localization assays in cysticerci tissue sections using antibodies against five known
surface glycoproteins of T. solium cysticerci indicated that only one, previously called GP1, was released. Similar localization studies
using the lectins wheat-germ-agglutinin and Concanavalin A showed that N-acetyl-D-glucosamine, N-acetylneuraminic, sialic
acid, αmethyl-D-mannoside, D-manose/glucose, and N-acetyl-D-glucosamine residues are abundantly present on the surface.
On the other hand, we find that treatment with PLC releases molecules from the surface; they do not reveal Cross Reacting
Determinant (CRD), suggesting a novel anchor to the membrane for the glycoprotein GP1.

1. Introduction

The tegumental surface of larval cestodes is in direct contact
with the host tissues and plays a crucial role in the survival of
the parasite. Glycoproteins and complex carbohydrates have
been detected on the surface of the larvae in several species
of cestodes through the use of histochemical techniques
[1–4].

The tegumental membrane of Taenia solium cysticerci
exhibits a dense glycocalyx composed of abundant carbo-
hydrates and glycoproteins such as GP1, GP2-3, GP6, and
GP7 [5–7]. However, little is known about the anchorage of
the glycoproteins and glycolipids to the membrane. In other
platyhelminths, several studies have also shown that alka-
line phosphatase, acetyl-cholinesterase, and several surface
proteins of 18, 22, 28, 32, 38, and 200 kDa are anchored to
the tegumental membrane via glycosyl-phosphatidyl-inositol
(GPI) in adult and somules of Schistosoma mansoni [8–
10]. Moreover, the apical gut surface protein (p46Ga1) of
Haemonchus contortus is also anchored through GPI [11].

Likewise, Sm25, a major schistosome tegumental glycopro-
tein, is attached by palmitic acid to the membrane [12].

Cestodes, trematodes, and other platyhelminths have
triglycerides and cholesterol as the major neutral lipids and
phosphatidylcholine, phospatidylethanolamine, and phos-
phatidylserine as the major phospholipids [13, 14]. Gly-
colipids, galactosylceramides, and glycosphingolipids have
been identified in tegumental membranes of Spirometra
mansonoides, Echinococcus multilocularis, and Hymenolepis
diminuta [15–17]. A novel glycosphingolipid named AGL
containing inositol phosphate as acidic group has been found
in the nematode Ascaris sum [18].

The purpose of this study was to determine the compo-
nents that are released from the surface of T. solium cysticerci
by phospholipase C from Clostridium perfringens (PLCs).
The GP1 molecule was removed by PLC. Finally, complex
carbohydrates that are ligands for wheat germ agglutinin
(WGA) and concanavalin A (ConA) were also released from
the tegumental surface. These results suggest that a different
kind of glycoprotein anchor might be present in taeniids.
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Figure 1: Materials released by PLC from the surface of T. solium cysticerci. (a) SDS-PAGE showing the material released after 1 hour
incubation in Lane 1: PBS and Lane 2: PBS-PLC. (b) Western Blot of the material released with PLC probed with IgG fraction of Lane 1:
anti-GP1, Lane 2: anti-GP2-3, Lane 3: anti-GP6, Lane 4: anti-GP7, Lane 5: anti-pig IgG, Lane 6: Preimmune rabbit serum, and Lane 7:
anti-cross reacting determinant (CRD).

2. Materials and Methods

2.1. Biological Material. Taenia solium cysticerci were dis-
sected from skeletal muscle of naturally infected pigs
obtained in local abattoirs. Cysticerci were immediately
washed three times with sterile phosphate buffered saline, pH
7.2 (PBS), containing 100 μg/mL of penicillin and 100 U/mL
of streptomycin. Crude extract of T. solium was obtained as
described before [19].

2.2. Phospholipase C Treatment of Intact Cysticerci. Two
groups of 20 cysticerci each were incubated for 1 hour at
room temperature with PBS or PBS containing 10 U/mL of
phospholipase C (PLC), type XIV, from C. perfringens (Sigma
Chemical Co.) in the presence of proteinase inhibitors
(0.1 mg/mL aprotinin, 5 mM PMSF, and 2.5 mM TLCK).
Supernatants were collected and the amount of protein
released was determined in each fraction with the Bio-Rad
Protein Assay (Bio-Rad Laboratories, California, USA).

2.3. Polyacrylamide Gel Electrophoresis (SDS-PAGE) and
Western Blot Analysis. Samples of 10 μg of the released
material were mixed with sample buffer (3% SDS, 62.5 mM
Tris-HCl and 5% 2-mercaptoethanol, pH 6.8) and boiled
for 2 minutes. Samples were run on 10% polyacrylamide
gels and stained with Coomassie Blue R-250. Protein bands
were transferred onto nitrocellulose membranes (Millipore,
Illinois, USA) and incubated for 1 hour at 37◦C with the
appropriate dilution of the IgG fraction of one of the follow-
ing antisera: αGP1, αGP2-3, αGP6, αGP7, αpig IgG, and anti-
CRD of GPI. The IgG fraction of preimmune rabbit serum
was used as negative control. Peroxidase-conjugated goat
anti-rabbit IgG (Zymed) was used as secondary antibody.
Bound antibodies were developed incubating the blots with

0.5 mg 3-3′-diaminobenzidine and 20 μL of 1% H2O2 in PBS
for 15 minutes at room temperature [20].

2.4. Histochemical Studies. Cysticerci that were treated with
and without PLC were washed three times with PBS and fixed
as described before [21]. Fragments of the bladder wall of
cysticerci treated with PBS or PBS-PLC were incubated for
1 hour at room temperature with the appropriate dilution
of the IgG fraction of one of the following antisera: αGP1,
αGP2-3, αGP6, αGP7, and αpig IgG. The IgG fraction of
a preimmune rabbit serum was used as negative control.
Peroxidase-conjugated goat anti-rabbit IgG (Zymed) was
used as secondary antibody. The bound antibodies were
developed incubating the fragments with 0.5 mg 3-3′-
diaminobenzidine and 20 μL of 1% H2O2 in PBS, for 15
minutes at room temperature. Ruthenium red (RR) was also
used in the fixation of intact cysticerci [22], before and after
PLC treatment following the procedure described before.
Similar localization studies were carried out using horse-
radish peroxidase (HRP) conjugated to ConA or WGA.
Peroxidase reaction was stopped in cold PBS and all cyst
fragments were postfixed in osmium tetroxide and processed
for light and electron microscopy as described before
[19]. Semithin (2 μm) and thin (80 nm) sections with or
without staining were photographed in a Nikon Ophtiphot
microscope and a JEOL-1200 EXII electron microscope.

3. Results

Treatment of the cysticerci with PBS and PBS-PLC resulted in
the release of several proteins (Figure 1(a)). The supernatant
from the cysticerci treated with PBS alone (lane 1) shows one
intense band with an apparent molecular weight of 66 kDa
and several weak bands around 90, 50, 45, 30, and 15 kDa.
In contrast, treatment with PBS-PLC resulted in a similar
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Figure 2: Micrographs of the tegumentary surface of Taenia solium cysticerci: light and electron micrographs of sections of the bladder wall
of cysticerci incubated for 1 hour with PBS ((a) and (c)) and PLC ((b) and (d)) probed with anti-GP1. (e) IgG from preimmune serum
rabbit was used as control. HRP-conjugated goat anti-rabbit IgG was used as secondary antibody.

band pattern as well as three major bands of 180 kDa, 66, and
43 kDa and a light smear under 45 kDa (Lane 2). Western
blot assays using different antibodies against previously
described tegumental glycoproteins αGP1, αGP2-3, αGP6,
and αGP7, as well as against αpig IgG, showed that the only
protein released by the PBS-PLC treatment was recognized
by αGP1 antibodies, with an apparent molecular weight
of 180 kDa (Figure 1(b)). The molecules contained in the
PBS-PLC fraction were negative to the anti-CRD antibodies.
Exposure of CRD requires cleavage by phosphatidylinositol-
specific phospholipase C (PIPLC) of GPI at the junction
between the phosphate and the hydrophobic diacylglycerol
moiety [23, 24].

Localization studies with light and electron microscopy
were carried out to determine if changes on the surface glyco-
protein pattern could be observed after PBS-PLC treatment.
As shown in the light and electron micrographs in Figures
2(a) and 2(c), a positive peroxidase reaction is present on
the tegumentary and microtriche surface with anti-GP1
antibodies, but the same antibodies did not recognize it
on cysticerci after PLC treatment (Figures 2(b) and 2(d)),
illustrating that GP1 is almost completely removed from the
tegumental surface. In contrast, the molecules GP2-3, GP6,
GP7, and pig IgG were still bound to the microtriche surface
after treatment with PLC (Figures 3(a)–3(d)). For these
experiments preimmune rabbit IgG was used as negative
control (Figure 2(e)).

To ascertain that the PLC treatment induced changes in
the general pattern of surface carbohydrates on cysticerci, RR
and lectin staining were carried out. The PBS-PLC treatment
of cysts did not induce a noticeable change on regular distri-
bution of RR stained particles on the surface of microtriches
(Figures 4(a) and 4(b)). Images obtained after exposure to
ConA and WGA normally appear as electron dense particles
on the outer surface of microtriches (Figures 4(c), 5(a),
and 5(c)). Particles that bind ConA were less abundant
after PBS-PLC treatment (Figure 4(d)). In contrast, PBS-
PLC treatment abolished almost completely the binding of
WGA as illustrated by the negative peroxidase reaction in
Figures 5(b) and 5(d). Interestingly, the patches recognized
by WGA were destroyed by the PBS-PLC treatment whereas
the patches for Con A were preserved.

4. Discussion

We have examined the effect of PLC treatment on plasma
membrane lipids in T. solium cysticerci. PLC preferentially
hydrolyses phosphatidylcholine but has a broad specificity
for other lipids such as sphingomyelin, phosphatidylserine,
and lysophosphatidylcholine, but not for glycosylphos-
phatidylinositol [25]. We have already demonstrated that
glycoproteins GP1, GP2-3, GP6, and GP7 and pig IgG are
abundant molecules seen as electron dense particles on the
external surface of the tegument of T solium cysticerci. GP1
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Figure 3: Tegument surface of Taenia solium cysticerci, after 1 hour incubation with PBS or PLC. Sections of the bladder wall of cysticerci
were incubated with the IgG fraction of (a) anti-GP2-3, (b) anti-GP6, (c) anti-GP7, and (d) anti-pig IgG.
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Figure 4: Electron micrographs of the tegumentary microtriches of Taenia solium cysticerci, after 1 hour incubation with PBS and PLC.
Sections of the bladder wall were (a) and (b) stained with ruthenium red (RR) and (c) and (d) incubated with concanavalin A (ConA)-
peroxidase.
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Figure 5: Light and electron micrographs of sections of the bladder wall of cysticerci incubated for 1 hour with PBS ((a) and (c)) and PLC
((b) and (d)) and probed with WGA-peroxidase.

is also present on the surface of T. solium and T. saginata adult
worms as well as in T. saginata, T. pisiformis, and T. crassiceps
cysticerci [7].

Western blot results showed that GP1 was present
in the PLC released material, whereas CRD was absent
(Figure 1). Moreover, light and electron microscopy images
showed the loss of GP1 from the surface of cysticerci after
treatment with PLC (Figure 2). All assays to determine the
lipolytic activity of PLC were carried out in the presence of
proteinase inhibitors that inhibit the effect of proteases in
our preparation but do not affect the activity of PLC. In
addition, data showed that the receptors to IgG and the other
glycoproteins also present on the surface of cysticerci were
not affected by PLC. This suggested that GP1 association with
the tegumental membrane depends on an interaction with
the phospholipids mentioned before. It is worth mentioning
that PLC has an MW of 43 kDa and it is therefore possible
that the band of around 43 kDa found in the PLC-released
material could correspond to this enzyme used in the
assay.

On the other hand, analysis of the general changes in
the surface carbohydrates of T. solium cysts using ruthenium
red and the lectins WGA and Con A suggested that the
action of PLC is specific for a few surface components.
The basic pattern of particles in the glycocalyx is clearly
maintained after PLC treatment, as observed in the assays
using RR and Con A. The removal of most of the binding
sites for WGA suggested that N-acetyl-D-glucosamine, N-

acetylneuraminic, and sialic acid are important components
of the released materials including the glycoprotein GP1. The
ConA lectin principally binds to αmethyl-D-mannoside, D-
manose/glucose, and N-acetyl-D-glucosamine. The almost
complete removal of binding sites to WGA and slight
decrease in the binding sites for ConA after PLC treatment
suggests that sugars recognized by both lectins are present
on the surface. These findings are in agreement with results
reported in other cestodes [1, 26]. It seems clear that the
particles observed on the surface are complex structures
composed of different molecules, among them, the sugars
and glycoproteins.

It is known that products of the phospholipases such
as phosphatidylinositol and dyacilglycerol are recognized as
important reservoirs of second messenger precursors and as
anchors for membrane enzymes.

Our report is the first demonstration of a novel type
of membrane anchor; however the biological role of these
structures in Taenia genus remains to be explored.
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(IN 207507-3). Anti-CRD antibodies were kindly provided
by K. Mensa-Wilmot. The authors thank MD Alicia Ochoa
Sánchez for technical help.



6 Journal of Biomedicine and Biotechnology

References

[1] R. M. Sandeman and J. F. Williams, “Lectin binding to cystic
stages of Taenia taeniaeformis,” Journal of Parasitology, vol. 70,
no. 5, pp. 661–667, 1984.

[2] R. O. McCracken and R. D. Lumsden, “Structure and function
of parasite surface membranes. II. Concanavalin A adsorption
by the cestode Hymenolepis diminuta and its effect on
transport,” Comparative Biochemistry and Physiology B, vol.
52, no. 2, pp. 331–337, 1975.

[3] J. Schmidt and W. Peters, “Localization of glycoconjugates
at the tegument of the tapeworms Hymenolepis nana and H.
microstoma with gold labelled lectins,” Parasitology Research,
vol. 73, no. 1, pp. 80–86, 1987.

[4] G. W. P. Joshua, L. J. S. Harrison, and M. M. H. Sewell, “Devel-
opmental changes in proteins and glycoproteins revealed
by direct radio-iodination of viable Taenia saginata larvae,”
Parasitology, vol. 99, no. 2, pp. 265–274, 1989.

[5] A. Sosa, H. Giron, S. Alva, and L. Calzada, “Presence and
nature of a glycocalyx-like coat on the external vesicular
membrane of Cysticercus cellulosae: a high resolution histo-
chemical study,” Life Sciences, vol. 21, no. 7, pp. 1021–1032,
1977.

[6] K. Willms, M. T. Merchant, S. Diaz, and A. Arcos, “Host-
parasite interface in the metacestode of Taenia solium,” in
Cysticercosis: Present State of Knowledge and Perspectives, A.
Flisser, K. Willms, J. P. Laclette, C. Larralde, C. Ridaura, and
F. Beltran, Eds., pp. 397–411, Academic Press, New York, NY,
USA, 1982.

[7] A. Landa, M. T. Merchant, K. Willms, and J. P. Laclette, “Purifi-
cation and ultrastructural localization of surface glycoproteins
of Taenia solium (Cestoda) cysticerci,” International Journal for
Parasitology, vol. 24, no. 2, pp. 265–269, 1994.

[8] B. Espinoza, R. Tarrab-Hazdai, I. Silman, and R. Arnon,
“Acetylcholinesterase in Schistosoma mansoni is anchored to
the membrane via covalently attached phosphatidylinositol,”
Molecular and Biochemical Parasitology, vol. 29, no. 2-3, pp.
171–179, 1988.

[9] E. J. Pearce and A. Sher, “Three major surface antigens
of Schistosoma mansoni are linked to the membrane by
glycosylphosphatidylinositol,” The Journal of Immunology, vol.
142, no. 3, pp. 979–984, 1989.

[10] S. Y. Sauma and M. Strand, “Identification and characteriza-
tion of glycosylphosphatidylinositol-linked Schistosoma man-
soni adult worm immunogens,” Molecular and Biochemical
Parasitology, vol. 38, no. 2, pp. 199–210, 1990.

[11] D. P. Jasmer, L. E. Perryman, and T. C. McGuire, “Haemonchus
contortus GA1 antigens: related, phospholipase C-sensitive,
apical gut membrane proteins encoded as a polyprotein and
released from the nematode during infection,” Proceedings
of the National Academy of Sciences of the United States of
America, vol. 93, no. 16, pp. 8642–8647, 1996.

[12] E. J. Pearce, A. I. Magee, S. R. Smithers, and A. J. G. Simp-
son, “Sm25, a major schistosome tegumental glycoprotein,
is dependent on palmitic acid for membrane attachment,”
EMBO Journal, vol. 10, no. 10, pp. 2741–2746, 1991.

[13] G. L. Mills, D. C. Taylor, and J. F. Williams, “Lipid composition
of the helminth parasite Taenia crassiceps,” Comparative
Biochemistry and Physiology B, vol. 69, no. 3, pp. 553–557,
1981.

[14] G. L. Mills, D. C. Taylor, and J. F. Williams, “Lipid composition
of the metacestode of Taenia taeniaeformis and lipid changes
during growth,” Molecular and Biochemical Parasitology, vol.
3, pp. 301–318, 1981.

[15] B. N. Singh, C. E. Costello, S. B. Levery, et al., “Tegument
galactosylceramides of the cestode Spirometra mansonoides,”
Molecular and Biochemical Parasitology, vol. 26, no. 1-2, pp.
99–111, 1987.

[16] W. J. Knowles and J. A. Oaks, “Isolation and partial biochem-
ical characterization of the brush border plasma membrane
from the cestode, Hymenolepis diminuta,” Journal of Parasitol-
ogy, vol. 65, no. 5, pp. 715–731, 1979.

[17] F. Persat, J.-F. Bouhours, M. Mojon, and A.-F. Petavy, “Gly-
cosphingolipids of Echinococcus multilocularis metacestodes,”
Molecular and Biochemical Parasitology, vol. 38, no. 1, pp. 97–
104, 1990.

[18] M. Sugita, T. Mizunoma, K. Aoki, et al., “Structural characteri-
zation of a novel glycoinositolphospholipid from the parasitic
nematode, Ascaris suum,” Biochimica et Biophysica Acta, vol.
1302, no. 3, pp. 185–192, 1996.

[19] J. P. Laclette, M. T. Merchant, and K. Willms, “Histological and
ultrastructural localization of antigen B in the metacestode of
Taenia solium,” Journal of Parasitology, vol. 73, no. 1, pp. 121–
129, 1987.

[20] H. Towbin, T. Staehelin, and J. Gordon, “Electrophoretic
transfer of proteins from polyacrylamide gels to nitrocellulose
sheets: procedure and some applications,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 76, no. 9, pp. 4350–4354, 1979.

[21] K. Willms and L. Arcos, “Taenia solium: host serum proteins
on the cysticercus surface identified by an ultrastructural
immunoenzyme technique,” Experimental Parasitology, vol.
43, no. 2, pp. 396–406, 1977.

[22] K. Willms, M. T. Merchant, L. Arcos, M. Sealey, S. Dı́az,
and L. Dı́az de León, “Immunopathology of cysticercosis,”
in Molecules, Cells, and Parasites in Immunology, C. Larralde,
K. Willms, L. Ortiz-Ortiz, and M. Sela, Eds., pp. 145–162,
Academic Press, New York, NY, USA, 1990.

[23] R. Sundler, A. W. Alberts, and P. R. Vagelos, “Phospholipases
as probes for membrane sidedness. Selective analysis of the
outer monolayer of asymmetric bilayer vesicles,” The Journal
of Biological Chemistry, vol. 253, no. 15, pp. 5299–5304, 1978.

[24] T. Takahashi, T. Sugahara, and A. Ohsaka, “Purification of
Clostridium perfringens phospholipase C (α toxin) by affinity
chromatography on agarose linked egg yolk lipoprotein,”
Biochimica et Biophysica Acta, vol. 351, no. 1, pp. 155–171,
1974.

[25] R. W. Titball, “Bacterial phospholipases C,” Microbiological
Reviews, vol. 57, no. 2, pp. 347–366, 1993.

[26] P. A. Friedman, P. P. Weinstein, L. A. Davidson, and J. F.
Mueller, “Spirometra mansonoides: lectin analysis of tegumen-
tal glycopeptides,” Experimental Parasitology, vol. 54, no. 1, pp.
93–103, 1982.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Anatomy 
Research International

Peptides
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 International Journal of

Volume 2014

Zoology

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Molecular Biology 
International 

Genomics
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Bioinformatics
Advances in

Marine Biology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Signal Transduction
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Evolutionary Biology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Biochemistry 
Research International

Archaea
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Genetics 
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Virolog y

Hindawi Publishing Corporation
http://www.hindawi.com

Nucleic Acids
Journal of

Volume 2014

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Enzyme 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Microbiology


