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Abstract Oncogenic potential of Blastocystis species have
been predicted on reporting the enhanced proliferation of
human colorectal cancer cells by the parasite solubilized
antigen in vitro, and the enhanced drug-induced carcino-
genesis by infection in vivo. The present study is the first to
investigate some phenotypic characters, namely the surface
ultrastructure, protein profiles and protease activity of
Blastocystis sp. isolated from three different clinical
groups: colorectal carcinoma (CRC) patients, symptomatic
and asymptomatic infected persons. Under SEM, all CRC
Blastocystis sp. isolates had a very rough intensely folded
surface in comparison to the less rough and completely
smooth surface of all symptomatic and asymptomatic
Blastocystis sp. Non-CRC isolates, respectively. Under
reducing conditions, the sodium dodecyl sulfate—poly-
acrylamide gel electrophoresis had shown a significant
presence of 2 protein bands of 230 and 32 KDa in 42.9% of
Blastocystis sp. CRC isolates with their complete absence
from Non-CRC isolates. While using non-reducing condi-
tion with the incorporation of gelatin in the gel to study the
protease activity of the parasite, no significant difference
existed between isolates of the three groups. In conclusion,
the significant difference in surface ultrastructure and in
protein profiles exists between Blastocystis sp. of CRC and
Non-CRC isolates. These differences might be either sec-
ondary to the altered gut environment in the presence of
CRC or are indicators of a different pathogenic potential of
the parasite isolates inducing malignancy.
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Introduction

Recognized since the early 1900s as a harmless yeast (Tan
2008), Blastocystis species is nowadays identified as a
protist (Silberman et al. 1996) belonging to the Stra-
menopiles line of eukaryotic organisms (Ho et al. 2000;
Arisue et al. 2002). Blastocystis infection has been asso-
ciated with several gastrointestinal symptoms such as
diarrhea, abdominal pain, constipation, flatulence, fatigue,
urticaria and skin rash (Parija and Jeremiah 2013) even
though most cases are asymptomatic (Yason and Tan
2018). Blastocystis sp. is, also, known to play a significant
role in some chronic gastrointestinal illnesses such as
irritable bowel syndrome (IBS) (Abaza et al. 2014; Abu El-
Fetouh et al. 2015). Furthermore, the parasite was identi-
fied with the significantly higher incidence in patients with
colorectal carcinoma than with normal colonic epithelium
(Steer 2007). More recently, El-Gayar and Mahmoud
(2014), Mohamed et al. (2017) and Kumarasamy et al.
(2017) speculated potential carcinogenic effect of Blasto-
cystis sp. as the parasite affected the growth of colorectal
cancer cells in vitro (Chandramathi et al. 2010) and
induced precancerous polyp formation in vivo in rats
(Kumarasamy et al. 2017).

Based mainly on small-subunit ribosomal RNA (SSU-
rRNA) gene sequences, Blastocystis was found to be a
species complex composed of 17 subtypes (STs) (Stens-
vold et al. 2007a, b) with biological and morphological
differences (Yason and Tan 2018). Among the 17 STs
recognized, ST1-8 could colonize both humans as well as
non-human hosts (Stensvold 2013), with Blastocystis ST1
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to ST4 diagnosed in most surveys in human populations
(Alfellani et al. 2013; Ramirez et al. 2016; Yason and Tan
2018), ST9 was found to colonize human intestine only and
ST10-17 are limited to non-human hosts (Stensvold 2013).
Blastocystis ST7 hardly occurs, but in vitro and drug sus-
ceptibility studies pointed out that this subtype could pos-
sess a greater pathogenic potential (Wu et al. 2014a, b).
Although some studies determining the subtype
pathogenicity described a significant correlation between
STs and the associated clinical presentation (Tan et al.
2008; AbdelHameed and Hassanin 2011), intra subtype
variations in pathogenicity has also been detected, that is,
not all the strains of a particular subtype are pathogenic
with no significant differences in distribution of the STs
between the symptomatic, asymptomatic (EI-Wakil and
Talaat 2009; Scanlan 2012; Abu EL-Fetouh et al. 2015)
and irritable bowel syndrome (Abaza et al. 2014) groups.
These observations illustrated that subtyping alone does
not predict the pathogenicity of the isolate (Nagel et al.
2012).

Currently, the phenomenon of intra subtype variation in
pathogenicity is explained by the phenotypic differences
between the pathogenic and non-pathogenic members. The
most studied phenotypic disparities of the pathogenic
members are the predominance of amoeboid forms (Tan
and Suresh 2006), the secretion of proteases and other
hydrolytic enzymes (Tan and Suresh 2006; AbdelHameed
and Hassanin 2011), the protein profiles (AbouGamra et al.
2011; Fadl et al. 2016), the growth kinetics (Parija and
Jeremiah 2013), and the surface ultrastructure (Ragavan
et al. 2014).

The present work aims to recognize the surface ultra-
structure characters, the protein profiles and the protease
activity of Blastocystis sp. isolated from colorectal carci-
noma patients.

Materials and methods
Study design

The present work is a cross-sectional observational study
conducted from September 2015 to October 2017, at the
Parasitological Research and Diagnostic Laboratory unit of
Parasitology Department, Faculty of Medicine, Ain-Shams
University.

Collection and recruitment of Blastocystis isolates

Seven Blastocystis sp. isolates were recruited from stools
collected from patients with early diagnosed colorectal
carcinoma (CRC) attending the outpatient clinics (Oncol-
ogy and Surgery) and Colonoscopy unit of El Demerdash

Hospitals of Faculty of Medicine, and was referred to as
Group I (GI),12 isolates were obtained from infected per-
sons not diagnosed to have CRC (Non-CRC), 6 of them
were infected symptomatic patients and were referred to as
Group II (GII) and 6 were infected non-symptomatic car-
riers and were referred to as Group III (GIII), all of the
Non-CRC patients were attending the Parasitological
Research and Diagnostic Laboratory of Parasitology
Department, Faculty of Medicine, Ain Shams University
for stool examination.

Persons providing stool samples were subjected to a
thorough medical history questionnaire covering the per-
sonal data, the presence of GIT symptoms related to
Blastocystis sp. infection (diarrhea, abdominal pain, con-
stipation, flatulence), parasitic infections, malignancy, and
drug intake. Stool specimens were examined microscopi-
cally (Garcia 2015) using normal saline and iodine to
detect parasites. Modified Ziehl-Neelsen and modified
trichrome stains of fixed permanent smears were done to
exclude coccidian parasites. Blastocystis positive stool
samples were excluded from the study if they contained
other parasites or if they were taken from patients with a
history of anti-parasitic or chemotherapeutic drug intake.

Blastocystis sp. isolates were established in culture from
human positive stool samples by culturing on the biphasic
egg-slant medium overlaid with Locke’s solution and 20%
inactivated horse serum (Clark and Diamond 2002).

After repeated subcultures, organisms of each Blasto-
cystis sp. isolate were harvested from tubes containing peak
growth by centrifugation (500 g, 5 min) and washed twice
with sterile phosphate buffered saline (PBS; pH 7.4).
Subsequently, parasites were purified using a density gra-
dient centrifugation technique (Upcroft et al. 1989) to
reduce bacterial contamination and to concentrate Blasto-
cystis organisms from culture supernatants. Briefly, washed
organisms suspended in 3 ml PBS (PH 7.4) were layered
onto 10 ml of Ficoll-Hypaque separating media (Pharmacia
Biotech Inc., Piscataway, NJ, USA) in a 12-ml centrifuge
tube and were concentrated by centrifugation (2000x g for
20 min). Blastocystis sp. cells banded approximately 1 cm
from the top of the Ficoll-Hypaque solution, while bacteria
pelleted at the bottom of the tube. Purified parasites were
removed by aspirating the band, washed in sterile PBS, and
pelleted by centrifugation (500xg for 5 min). This was
repeated for five times, then a portion of the final pellet was
examined under bright field microscopy at the magnifica-
tion of 1000x to ensure the purity of the sample, and the
pellet was stored at — 70 °C until processed to be further
fixed and examined under scanning electron microscopy
and to prepare Blastocystis sp. solubilized antigen for
protein profiling and zymography by SDS—polyacrylamide
electrophoresis.
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Scanning electron microscopy (SEM) (Zaman et al.
1999)

The specimen for SEM was prepared by fixing overnight in
4% (v/v) glutaraldehyde in 0.1 M sodium cacodylate buffer
(pH 7.3) and, postfixed for 30 min in 1% osmium tetroxide
in cacodylate buffer. After osmication, specimens were
mounted on glass cover-slips previously coated with poly-
I-lysine (Sigma Chemical Company, St. Louis) for 0.5 h in
a moist chamber and then dehydrated in graded ethanols.
After critical point drying in CO2, the cover glass was
placed on adhesive-coated stubs, gold coated by SPI-Mo-
dule and examined by Environmental SEM (Inspect S; FEI
Company, Holland) at the Electron Microscopy Unit of
Theodor Bilharz Research Institute (TBRI).

Sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE)

Blastocystis sp. isolates solubilized antigen preparation
(Gericke et al. 1997)

Harvested parasites, stored at — 70 °C, were subjected to
successive cycles of freezing at — 20 °C and thawing at
37 °C in a water bath. Completion of lysis was achieved by
adding few drops of sterile distilled water followed by
ultrasonication at 30 s for six cycles with 30-s intervals.
The homogenates were centrifuged at 11,000 x g for 10 min
at 4 °C and the supernatants containing the crude extract of
the parasites were collected, and their protein contents
were estimated by the Bradford technique (Bradford 1976).
The antigens were kept at — 20 °C till use.

SDS-PAGE protein profiles analysis (Laemmli 1970)

Cell lysate containing 40 pg protein from each isolate was
denatured by boiling for 4 min with 1x sample buffer
(10% SDS, 128 mM 2-B mercaptoethanol, 20% glycerol,
1% bromophenol blue, 500 mM TrisHCl pH 6.8) and
loaded into SDS-discontinuous polyacrylamide gel for
electrophoresis (PAGE) in a Mini-Protean II Elec-
trophoresis Unit (BioRad). Two acrylamide concentrations,
12% and 5% in resolving and stacking gels, respectively,
were used. Electrophoresis was started at a voltage of 35 V
for 20 min (for stacking gel), then, the voltage was
increased to 150 V for 90 min (for resolving gel). Pre-
stained molecular weight markers were used (Bio-Rad
Laboratories, Hercules, Calif., USA). The protein bands
were visualized by staining in 0.25% Coomassie Brilliant
blue R-250 for 30 min. The gel was imaged using gel
imaging instrument, and the molecular weights of proteins
were determined by computerized analysis of SDS-PAGE
gels using Gel pro-documentation software.
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Gelatin SDS—PAGE protease activity (zymography)

Electrophoretic analysis of proteolytic activity contained in
Blastocystis sp. isolates was carried out as described by
Toth and Fridman (2001) in the SDS-discontinuous buffer
system of Laemmli (1970) as previously described with
0.2% (w/v) gelatin (Sigma) copolymerized into the
resolving gel. Samples (20 pg/well) were loaded in
Laemmli’s buffer devoid of reducing agents (B-mercap-
toethanol) without boiling so that enzymatic activity of the
proteases would be regained upon renaturation. Elec-
trophoresis was run for 90 min at 140 V at 4 °C in
resolving gel. To develop and visualize proteolytic activity,
gels were then incubated with continuous shaking on an
orbital shaker in a 0.25% (v/v) Triton X-100 solution
(Washing buffer) for 1 h at room temperature to remove
the SDS and to allow the proteases to become active,
soaked 3 times in distilled water for 5 min each, and
transferred to incubation buffer containing 1 mM DTT
(dithiothreitol, Sigma) for overnight at 37 °C. The bands
were visualized by staining in 0.12% (w/v) Coomassie
brilliant blue R-250 in 40% [v/v] methanol-10% [v/v]
acetic acid solution for 4 h. Molecular weight determina-
tion was done with reference to prestained markers
(BioRad) by computerized analysis of gels using Gel pro-
documentation software.

Statistical analysis

The data were analyzed using the Statistical Package for
Social Science (SPSS 15.0.1 for Windows; SPSS Inc.,
Chicago, IL, 2001). A one-way analysis of variance
(ANOVA) test was used to assess the statistical signifi-
cance of the difference between more than two study group
means. A P value > 0.05 was considered statistically
significant.

Results

According to the clinical history and stool examination,
nineteen Blastocystis species isolates were obtained and
grouped into 3 groups: 7 isolates in group I (GI) from early
diagnosed colorectal carcinoma (CRC) patients (CRC iso-
lates), 6 isolates in group II (GII) from Non-CRC patients
with symptoms suggestive of blastocystosis such as diar-
rhea, abdominal pain, vomiting, and flatulence as abdom-
inal pain, bloating and diarrhea (Non-CRC symptomatic
isolates), and, 6 isolates in group III (GIII) from Non-CRC
patients without any gastrointestinal symptoms (Non-CRC
asymptomatic isolates).

Under SEM, Blastocystis organisms from cultures of the
isolates from the three groups appeared round, oval, and
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sometimes, irregular in shape, with sizes ranging from 5 to
20 um. No size differences was detected between the three
groups. No surface coat was detected in any isolates in
culture. All Blastocystis organisms of CRC isolates possess
extremely rough and intensely folded surface while isolates
from Non-CRC symptomatic isolates possess less rough
with tiny pores, and Blastocystis asymptomatic isolates
have a very smooth surface as shown in Fig. 1 and Table 1.

The protein profiles of Blastocystis sp. isolates analyzed
by SDS—page showed the presence of a total of 30 bands,
of both high and low molecular weights (MW) ranging
from 12 to 230 kDa. Statistical analysis of protein profiles
of the three groups revealed significant differences in one
high MW (230 kDa) and some low MW (56, 38, 32 kDa)
bands. Analysis showed a significant presence of 2 protein
bands of 230 and 32 kDa in 42.9% of Blastocystis sp. of
CRC isolates with their complete absence from Non-CRC
isolates. The protein band of 56 kDa was detected in 2
(28.6%) isolates of GI, and in 4 isolates (66.7%) in GIII
and significantly not detected in any isolates of GII. No
common protein band was detected in all isolates of the
three groups (Table 2, Fig. 2).

Using gelatin-SDS—-PAGE analysis, protease bands were
seen as clear bands against a stained dark background
(Fig. 3). Blastocystis sp. isolates showed a total of 17
protease bands ranging between 22 and 215 kDa. Both
high (215, 143, 140, 120, 100, 74, 70, 63 and 60 kDa) and
low (48, 45, 39, 35, 33, 32 and 22 kDa) molecular weights
proteins were detected. Statistical analysis of SDS-PAGE
protease profiles revealed that there is no significant dif-
ference (P > 0.05) between the three studied groups
(Table 3).

Discussion

During the last two decades, the pathogenic potential of
Blastocystis sp. was widely debated in literature because
the parasite has been found in both symptomatic and
asymptomatic patients (Souppart et al. 2009). Various
reports showed that Blastocystis sp. may be associated with
some intestinal disorders such as IBS (Eida and Eida 2008)
and CRC (Chan et al. 2012).

Discrimination between symptomatic and asymptomatic
isolates of Blastocystis sp. has been attempted based on
phenotypic characteristics such as protein profiles (Lanuza
et al. 1999), serogroups (Miiller 1994) and isoenzyme
patterns (Gericke et al. 1997) or genotypic characteristics
such as molecular profiles and subtype signatures (Stens-
vold et al. 2007a, b).

The aim of the present work was to study the surface
ultrastructure, protein profile and protease activity of
Blastocystis isolates from patients having colorectal

carcinoma in comparison with those isolated from infected
individuals without colorectal carcinoma.

SEM is used to study the surface structural feature of
cells while viewing the general morphology. Under SEM,
in the present study, Blastocystis organisms from culture
showed variation in shape being round, oval, and irregular
in shape as was previously reported by Tan et al. (2008),
Zhang et al. (2012) and Ragavan et al. (2014). The size
range of the organisms in the three groups was similar to
that recorded by Zhang et al. (2012) ranging from 5 to
20 um. Several studies have examined the surface mor-
phology of Blastocystis sp. by SEM (Dunn et al. 1989;
Boreham and Stenzel 1993; Suresh et al. 1994; Cassidy
et al. 1994; Zaman et al. 1999; Tan et al. 2008; Zhang et al.
2012; Ragavan et al. 2014). In the present study, the
smooth surface of Blastocystis sp. in asymptomatic isolates
was similarly described previously by Suresh et al. (1994),
Tan et al. (2008) and Ragavan et al. (2014) under SEM
examination of cultured Blastocystis sp. isolated from
asymptomatic carriers. The rougher surface topography of
organisms of symptomatic isolates in the present study was
first reported in Boreham and Stenzel (1993) who observed
rough topography of cells of an isolate from a patient
suffering from diarrhea in which Blastocystis sp. was the
only parasite seen during detailed stool examination. Tan
et al. (2008) and Ragavan et al. (2014) confirmed the
presence of differences in the surface ultrastructure of
organisms derived from symptomatic and asymptomatic
infected persons; organisms of symptomatic isolates have
rougher topography while asymptomatic isolates have a
smooth surface. More rough with excessive convolutions
was the surface described of isolates derived from patients
suffering from IBS. In the present study, a very rough
surface with excessive convolutions was the characteristic
appearance of isolates derived from patients with CRC.

Hence, the current observations, together with the pre-
viously reported surface topography of the clinically dif-
ferent isolates, add further weight to a possible relationship
between the surface morphology and the pathogenic
potential of Blastocystis sp.; however, its significance
remains to be elucidated. On the other hand, the different
topography of organisms from different clinical conditions
may be a consequence to the various intestinal environ-
mental conditions in the different clinical presentation.

Besides morphologic heterogeneity of Blastocystis sp.,
antigenic heterogeneity was also reported, both between
and within geographical regions (Tan 2008; Fadl et al.
2016). In the present study, analysis of the protein profile
of Blastocystis isolates was done by SDS-PAGE to
investigate the degree of heterogeneity of the parasite and
its correlation with clinical conditions of infected patients.

The presence of similar and distinctive antigenic bands
in the protein extracts of isolates in the three groups
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Fig. 1 Scanning electron micrographs of Blastocystis sp. isolates
from GI: colorectal carcinoma patients (a, b) with extremely folded
rough surface, GII: non-colorectal carcinoma symptomatic patients (¢,

involved in the current study indicated different pheno-

types of the isolates. A total of 30 bands were resolved in
the protein profiles of the isolates of the three groups.
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d) with slightly rough surface, and GIII: non-colorectal carcinoma
asymptomatic carriers (e, f) with smooth surface

Nearly similar number of bands (31 bands) was previously
reported by Lanuza et al. (1999) while only a total of 22
bands were reported in symptomatic and asymptomatic
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Table 1 Surface structure of Blastocystis sp. isolates of GI (CRC group), GII (Non-CRC symptomatic sub-group) and GIII (Non-CRC
asymptomatic sub-group) under SEM examination

SEM GI(N=7) GII (N = 6) GIII (N = 6) P value
Description Organisms with a coarse and intensely folded Organisms with slightly rough Organisms with smooth P < 0.001
surface with marked surface irregularity in surface with tiny pores in surface in organisms of all
organisms of all seven isolates organisms of all six isolates six isolates of the group

N = number of isolates in the group. Comparison by One-way ANOVA test, where: P value = Probability value, where: P < 0.01 = highly
significant difference

Table 2 Molecular weight and frequency of protein bands of Blastocystis isolates in GI (CRC group), GII (Non-CRC symptomatic sub-group)
and GIII (Non-CRC asymptomatic sub-group), analyzed by SDS-PAGE

MW of bands (kDa) Group P value
GI GII GIII
Count % Count % Count %
230 3 42.9 0 0 0 0 0.047
200 3 429 3 50 1 16.7 0.448
180 0 0 1 16.7 0 0 0.319
135 2 28.6 4 66.7 1 16.7 0.169
130 0 0 1 16.7 0 0 0.319
127 0 0 0 0 1 16.7 0.319
112 0 0 0 0 1 16.7 0.319
100 5 71.4 3 50 3 50 0.659
95 1 14.3 1 16.7 0 0 0.591
90 3 429 2 333 2 333 0.917
75 4 57.1 3 50 3 50 0.956
65 1 14.3 1 16.7 0 0 0.519
64 3 429 4 66.7 3 50 0.648
58 6 85.7 3 50 2 333 0.095
56 2 28.6 0 0 4 66.7 0.045
50 1 14.3 1 16.7 2 333 0.668
48 1 14.3 3 50 1 16.7 0.331
47 2 28.6 1 16.7 0 0 0.370
45 1 14.3 1 16.7 1 16.7 0.990
40 3 429 1 16.7 1 16.7 0.458
38 2 28.6 3 50 6 100 0.030
32 3 42.9 0 0 0 0 0.047
30 0 0 2 333 0 0 0.088
25 3 429 3 50 4 66.7 0.684
22 2 28.6 4 66.7 1 16.7 0.169
20 2 28.6 0 0 1 16.7 0.370
18 1 14.3 3 50 1 16.7 0.280
17 2 28.6 1 16.7 1 16.7 0.828
14 2 28.6 3 50 3 50 0.659
12 3 429 4 66.7 2 333 0.489

The cells in italics show bands of statistical significance in the studied groups

isolates in the study of AbouGamra et al. (2011) and Fadl MW (230 kDa) and few low MW (56, 38, 32 kDa) bands
et al. (2016). between isolates of the three groups. Protein bands in GII

Statistical analysis of protein profiles of isolates in the (symptomatic Non-CRC isolates), and GIII (asymptomatic
present study revealed significant differences in one high ~ Non-CRC) ranged from 12 to 200 kDa. The same range of
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Fig. 2 SDS-PAGE protein profiles of the 19 Blastocystis isolates
separated in 12% polyacrylamide gel and stained by Coomassie blue
stain. Lane M, broad range molecular weight standard. Lanes 1-4 in
a, lanes 3-5 in b: represent isolates from GI (CRC group). Lanes 5-7

protein profile of symptomatic and asymptomatic isolates
was reported by Init et al. (2003) and Fadl et al. (2016).
The narrower range was reported by Hegazy et al. (2008)
and AbouGamra et al. (2011); they reported protein profile
ranging between 24 and 130 kDa, and 12-125.5 kDa,
respectively.

The present study is the first to investigate the protein
profile of CRC-patients-derived Blastocystis isolates. Pro-
tein profile of Blastocystis isolates from GI, CRC-patients,
ranged from 12 to 230 kDa, with two bands of 230 and
32 kDa significantly present in 42.9% of CRC isolates and
completely absent from both groups in GII and GIII (Non-
CRC). These two bands could be considered characterizing
isolates from CRC patients.

In the present study, a common band with molecular
weight of 38 kDa was detected significantly in all isolates
(100%) in GIII (Non-CRC asymptomatic) while present in
50% only in GII (Non-CRC symptomatic) and 28.6% in GI
(CRC group). This is in contrast to the work of AbouGamra
et al. (2011), where this band was found significantly in
80% in symptomatic and only 40% of asymptomatic
patients. While in the studies, of Init et al. (2003) and Fadl
et al. (2016) the band was reported in all Blastocystis
isolates whether symptomatic and asymptomatic.
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in a, lanes 1-2 in b, and lane 5 in c: isolates from GII (Non-CRC
symptomatic group). Lane 8 in a, lane 6 in b and lanes: 1-4 in ¢:
isolates from the GIII (Non-CRC asymptomatic group)

In the present study, the band 56 kDa was significantly
absent completely from GII (Non-CRC symptomatic),
while present in 66.7% in GIII (Non-CRC asymptomatic)
and in 28.6% of GI (CRC). In the work of AbouGamra
et al. (2011), this protein band was present in both symp-
tomatic (100%) and asymptomatic (80%) isolates.

The protein band of 29 kDa that was previously reported
in AbouGamra et al. (2011) to be present in all their
symptomatic and asymptomatic isolates and could be used
by the authors to discriminate between asymptomatic and
symptomatic isolates by immunoblotting assay, could not
be detected in any isolate in the present study. It is worth
mentioning that this band could not be detected, also, in the
study of Fadl et al. (2016) in symptomatic and asymp-
tomatic isolates. Instead, a band of 30 kDa was detected,
insignificantly, in the present work, only in 33.3% of the
Non-CRC symptomatic isolates and also, insignificantly in
9.5% of symptomatic isolates in the study of Fadl et al.
(2016). The band of 30 kDa was not detected in asymp-
tomatic isolates in both studies and in the present study
could not be detected in GI (CRC group). From this
observation, it could be deduced that the band of 29 kDa in
AbouGamra et al. (2011)‘s work could be considered
replaced by the 30 kDa band in both studies, but of no
significance, it could be further investigated for more
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Fig. 3 Gelatin-SDS-PAGE showing the protease profiles of different
Blastocystis isolates. Protease bands can be seen as clear bands
against blue background. Lanes 1-4 in a, lanes 3-5 in b represent
isolates in GI (CRC group). Lanes 5-7 in a, lanes 1-2 in b and lane 5

diagnostic significance. Discrepancies in the protein bands
resolved in different studies may be due to differences in
concentration of polyacrylamide used in the SDS-PAGE
gels as suggested by Lanuza et al. (1999) and Hegazy et al.
(2008) or due to the geographical differences between
Blastocystis sp. isolates (Chen et al. 1999). Although the
four studies carried by Hegazy et al. (2008), AbouGamra
et al. (2011) and Fadl et al.(2016) and the present study on
the protein profiles of Blastocystis sp. were carried on
isolates from Egyptian patients using 12% concentration of
polyacrylamide gel, differences in the protein bandings of
isolates were reported. This may be due to the genetic
diversity of isolates from symptomatic and asymptomatic
Egyptian patients.

Marked inter- and intra-subtype variation in cysteine
protease production/expression by Blastocystis STs proved
that cysteine proteases are essential virulence factors
responsible for variation in disease symptoms observed
among carriers (Poirier et al. 2012). Based on these data,
zymography was performed to compare protease activities
in Blastocystis isolates in the three groups in the present
study. No significant differences were present between
different protease activities in the isolates in the three
groups of the study. This may be due to small numbers of
isolates in each group. A smaller number of protease

C

in ¢ represent isolates in GII (Non-CRC symptomatic group). Lane 8
in a, lane 6 in b and lanes 1-4 in ¢ represent isolates in GIII (Non-
CRC asymptomatic group) (color figure online)

activity bands (13 bands), ranging from 22 to 120 kDa,
were detected in GIII (Non-CRC asymptomatic) isolates, in
contrast to 15 bands detected in isolates of GI (CRC group)
and GII (Non-CRC symptomatic). Bands of isolates in GI
ranged from 22 to 215 kDa with the 215 kDa band
appearing only in this group, while bands of isolates in GII
ranged from 22 to 143 kDa. The smaller number of bands
in GIII, might be related to the lower virulence of the
asymptomatic group isolates. Protease activity at 32 kDa
band, which was previously detected by AbdelHameed and
Hassanin (2011), and reported by the authors to be of
significant value in differentiating between symptomatic
and asymptomatic isolates being detected in 61.1% of
symptomatic and 12.5% of asymptomatic isolates, was the
most frequently detected band in the present study but of
no significant difference in existence between GI (CRC
group) being present in 71.4%, GII (Non-CRC symp-
tomatic) 66.7% and GIII (Non-CRC asymptomatic) 66.7%.

Conclusion
In conclusion, this work is a preliminary study demon-

strating the presence of a significant difference in surface
ultrastructure and in protein profiles between Blastocystis
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Table 3 Molecular weight and frequency of protease bands of different groups of Blastocystis isolates separated by SDS-PAGE

MW of bands (kDa) Group P value
GI GII GIII
Count % Count % Count %
215 2 28.6 0 0 0 0 0.147
143 0 0 1 16.7 0 0 0.319
140 4 57.1 2 333 0 0 0.087
120 3 429 3 50 1 16.7 0.448
100 3 429 3 50 4 66.7 0.684
74 3 429 2 333 2 333 0.917
70 3 429 2 333 3 50 0.842
63 1 14.3 2 333 1 16.7 0.668
60 2 28.6 2 333 1 16.7 0.795
48 3 429 3 50 1 16.7 0.448
45 2 28.6 2 333 2 333 0.977
39 2 28.6 1 16.7 1 16.7 0.828
35 4 57.1 2 333 1 16.7 0.313
33 3 429 2 333 0 0 0.194
32 5 714 4 66.7 4 66.7 0.977
30 0 0 0 0 1 16.7 0.319
22 3 429 1 16.7 3 50 0.531

% = Percent. Using Chi square test: P < 0.5, P < 0.001 = highly significant

sp. of CRC and Non-CRC isolates. It is not known whether
these differences develop secondary to the altered gut
environment in the presence of CRC or are indicators of the
different pathogenic potential of the parasite isolates
inducing malignancy. Further work needs to be done to
analyze molecular characterization and phylogenetic anal-
ysis of zymograms of organisms from CRC isolates.
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