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The localisation and activity of D glucose-6-phosphatase (G-6-Pase) and alkaline
phosphatase (AlP) in the trophozoites of Balantidium coli isolated from pig intes-
tine content were investigated using ultrastructural and cytochemical methods.
The activity of G-6-Pase was demonstrated on the membranes of the endoplasmic
reticulum, particularly in the cortical part of the trophozoites. In addition, the
product of the reaction to G-6-Pase was concentrated in the vesicular structures,
which were distributed along the reticular membranes. These structures were
described as vesicles similar to glycosomes, containing enzymes of glycogenolysis.
It is very likely that hydrolases in B. coli are formed on the rough reticular mem-
branes without the involvement of cisterns of the Golgi complex. The ultrastruc-
tural deposits of the reaction to G-6-Pase and AlP in the trophozoites of B. coli
described here indicate that some membranes of the rough endoplasmic reticu-
lum and small vacuoles with a strong reaction to these enzymes can play a similar
role to the Golgi complex.
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INTRODUCTION
Balantidium coli is the only representative of Cilia-

ta to live as a parasite in humans. The domestic pig is
considered the most frequent reservoir for this spe-
cies and human cases are therefore found mostly in
rural areas. Trophozoites of B. coli can cause an ulcer-
ative colitis, but the symptoms can be of variable
magnitude. The course of balantidiosis has been found
to be dependent on the bacterial flora [16]. B. coli
virulence towards the host’s tissues may be a second-
ary effect of the changes in the biological, chemical,
and physical conditions of the parasite’s biotope.

Among the species of the genus Balantidium
there are many fish parasites, and the most recent
records show an intestinal symbiont inhabiting the
intestines of the surgeonfish from the Tuvalu Islands
in the Pacific Ocean [2].

To learn the biology and physiology of tropho-
zoites and cysts of B. coli a number of studies based
on cytoenzymatic methods have been undertaken,
enabling the structures associated with the function
and activity of intracellular enzymes to be identified.
Phosphatases, including alkaline and acid phos-
phatase, have been detected with cytoenzymatic
methods and employing light microscopy techniques
in trophozoites of B. coli from in vitro cultures [13]
and in those isolated from the intestines and tissues
of experimentally infected hamsters [4, 14]. The ul-
trastructural localisation of hydrolases in trophozoi-
tes of this protozoan were found only in relation to
acid phosphatase [15] and ATP-ase, isolated from
intestines of pigs with symptomatic and asymptom-
atic balantidiosis [19, 20]. Among the results of cy-
toenzymatic studies of these enzymes were the



283

Bogumiła Skotarczak et al., Phosphatases in Balantidium coli

identification of mucocysts and the description of
the formation process of primary and secondary ly-
sosomes in this species. On the other hand, the ul-
trastructural study of peroxidase enabled peroxi-
somes to be identified for the first time in this spe-
cies [17].

In this paper we would like to present the of al-
kaline phosphatase, the marker of the rough endo-
plasmic reticulum, and D glucose-6-phosphatase, the
marker of the smooth endoplasmic reticulum.

MATERIAL AND METHODS
Pig rectum content was obtained from the mu-

nicipal slaughter house. Trophozoites of B. coli were
isolated from the caecum content of healthy indi-
viduals. The sediment of the intestine content was,
after several washes in physiological fluid (0.9%
NaCl), subsequently controlled in the light micro-
scope. Suspensions with a plenitude of trophozoites
constituted the material for further morphological
examination in electron microscopy.

The cells of B. coli were washed in 0.9% NaCl,
fixed in 2.5% glutaraldehyde in 0.1 M cacodylate
buffer and stored for 24 hours at a temperature of
4oC. After several rinses in cacodylate buffer the tro-
phozoites were fixed in buffered 1% OsO4 for 2 hours,
and than dehydrated in a graded series of ethanol
and embedded in Spurr (resin). Ultrathin sections
were stained with uranyl acetate and examined un-
der the JEM 1200 EX transmission electron micro-
scope. The material for cytochemical detection was
the same as for the morphological studies but with-
out the staining in OsO4.

D glucose-6-phosphatase (G-6Pase, EC 3.1.3.9)
was detected with the Wachstein and Meisel method
for electron microscopy [7].

The cytoenzymatic assay for the presence of al-
kaline phosphatase (EC 3.1.3.1, AlP) was carried out
using the Gomori technique in electron microscopic
modification [7]. In both cases control reactions were
conducted in an incubation medium without sub-
strates.

RESULTS
Observations under an electron microscope of ul-

trathin sections postfixed with osmium tetroxide en-
abled to distinguish all the principal structures of the
trophozoites of B. coli, identified earlier [15, 17–20].
The product of the reaction to G-6-Pase in tropho-
zoites of B. coli was observed along the endoplas-
mic reticulum and in the small vesicular structures
(0.1–0.2 µm) situated on the reticular membra-

nes (Figs. 1–3). The reaction product either filled the
entire space of these vesicles (Fig. 2) or was con-
centrated only in their central part (Fig. 3). The prod-
uct of the reaction to alkaline phosphatase (AlP)
was visible in plasmalemma, in cilliary membrane,
in kinetosomes, and along the endoplasmic reticu-
lum (Figs. 4–7).

DISCUSSION
Phosphatases are hydrolytic enzymes; in other

words they decompose respective substrates into
prime ingredients and simultaneously accept water
molecules. They catalyse hydrolysis of phosphate
esters by releasing inorganic phosphate. The pres-
ence of G-6-Pase has been detected in various cells
of many species of mammals, reptiles, insects, plants
and also micro-organisms. In mammals its presence
has been observed in, among other sites, the liver,
the epithelial cells of the kidney and the small intes-
tine, haematopoietic cells of the bone marrow, fi-
broblasts, cells of the smooth muscles, and in cells
of the blood vessels [7]. G-6-phosphatase is one of
the basic enzymes involved in the metabolism of
carbohydrates. In the case of energy demand in cells,
glycogen is broken down into glucose-1-phosphate,
which is transformed in the cytoplasm into glucose-
6-phosphate. The reaction of glucose release from
glucose-6-phosphate through the removal of ortho-
phosphate is catalysed by glucose-6-phosphatase.
This is the terminal step of glycogenolysis. Large re-
serves of this enzyme are usually found in the liver
cells of mammals in the form of small granules at-
tached to the external surfaces of the smooth endo-
plasmic reticulum membranes [1]. As a result, glu-
cose-6-phosphatase has been considered a charac-
teristic enzymatic marker of the smooth reticulum.
Glucose-6-phosphatase in the membranes of the
smooth endoplasmic reticulum is responsible for re-
moval of the phosphate group and glucose trans-
port to the free space within the smooth endoplas-
mic reticulum. Its activity within the membranes of
the reticulum of the rat and within the nuclear en-
velope was detected with cytoenzymatic methods.

In B. coli the product of a reaction to G-6-Pase
was observed along the endoplasmic reticulum and
in the small vesicular structures (0.1–0.2 µm) situat-
ed on the reticular membranes, particularly in the
cortical parts of the trophozoites. In some of these
vesicular structures the reaction product filled up the
entire space, while in others it was concentrated only
in their central part. This picture of the granulations
evidencing G-6-Pase activity could have been affect-
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Figure 2. G-6-Pase reaction in the cortical part of B. coli tropho-
zoite: glycosome (g), endoplasmic reticulum (er) and cytoplasma
show reaction product. Mitochondrium (m) and peroxisomes (p)
are also visible. Bar = 0.1 µm.

Figure 3. The product of G-6-Pase reaction in glycosome (g) and
in endoplasmic reticulum (er). Bar = 0.1 µm.

Figure 1. G-6-Pase reaction in the cortical part of B. coli trophozoite: endoplasmic reticulum (er) and glycosome (g) show the presence of
phosphatase reaction product. Mitochondria (m), mucocyts (mu) and peroxisomes (p) are also visible. Bar = 0.1 µm.
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ed by the image with different cross-sections planes
of the vesicles.

Protozoans of the genus Trypanosoma, a partic-
ular kind of microbody, were found to contain a sys-
tem of glycolysis enzymes. Those which did not show
the presence of catalase or peroxidase were labelled
glycosomes [9, 11]. Their size was the same as the
size of the vesicles observed in trophozoites of

B. coli with the reaction product to G-6-Pase and
therefore they may be structures analogous to gly-
cosomes but containing enzymes of glycogenolysis.
Because the process catalysed by G-6-Pase, consist-
ing of glucose phosphorylation, is involved in the
distribution of glucose in a cell, it is possible that its
presence requires specialised cell structures. More-
over, some structures that are very similar in size and
shape have previously been found and, because they
exhibited acid phosphatase activity, were considered
primary lysosomes [19].

Alkaline phosphatase is one of the enzymes of
the heterogeneous hydrolytic enzyme group active

Figures 6 and 7. The product of AlP is visible in cytoplasma and
in kinetosomes (k) of B. coli. Bar = 0.1 µm.

Figure 4. AlP reaction in the cortical part of B. coli trophozoite:
plasmalemma (pl), endoplasmic reticulum (er), cytoplasma,
membrane of cilia (c) and kinetosomes (k) show the presence
of the phosphatase product of reaction. Bar = 0.1 µm.

Figure 5. Membrane of cilia (c) shows the presence of AlP pro-
duct of the reaction. Bar = 0.2 µm.
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in an alkaline environment. Its activity is observed
not only in the membranes of the nucleus, but also
in the Golgi complex [5]. A role in cellular transport
and in the processes of proliferation and differenti-
ation of cells has therefore been attributed to it [12].
In earlier, light microscope, studies of B. coli tropho-
zoites, the reaction to AlP was localised in the nucle-
us and in the area of the endoplasmic reticulum [13].
In the present study, in the images obtained with
the aid of electron microscopy, a distinct reaction to
AlP was visible in the plasmalemma, in the mem-
brane of kinetosomes and in the cilia. Quantitative
studies showed a concentration of alkaline phos-
phatase 6 times greater in the cilia of Paramecium
tetraurelia than in the cell bodies [6]. A similar loca-
tion of the product of cytochemical reaction to AlP
was observed in the trophozoites of Entamoeba his-
tolytica [8]. The product was located in, among oth-
er sites, the plasmalemma, in cytoplasmic structures
(0.2 µm diameter) and in packets labelled as subpel-
licular bodies, and in Hartmanella castellani in the
vicinity of the nucleus and reticular membranes [3].
Studies in Paramecium cells have also shown that
alkaline phosphatase is involved in membrane fu-
sion during exocytosis [10].

Hydrolytic enzymes are synthesised on the mem-
branes of the rough endoplasmic reticulum and
are subsequently transported to the cisterns of the
Golgi complex. No Golgi structures have ever been
found in B. coli. The unique deposit of the reac-
tion to G-6-Pase and AlP described in the present
paper indicates that some membranes of the endo-
plasmic reticulum and small vacuoles with a strong
reaction to those enzymes can play an analogous
role in this species to the Golgi complex in Metazoa.
Similar structures were observed in Entamoeba his-
tolytica [8]. Moreover, structures which were very
similar in size, shape, and localisation have previ-
ously been found in trophozoites of B. coli labelled
primary lysomes because they demonstrated the
activity of acid phosphatase [20].
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