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Ultrastructural localization of phosphoglycerate kinase
in adult Clonorchis sinensis
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Abstract Phosphoglycerate kinase (PGK) is an enzyme
that produces one ATP molecule in the glycolytic
pathway. Clonorchis sinensis is largely dependent on
glycolysis for energy production. We performed immu-
noelectron microscopy on adult C. sinensis by using
mouse immune serum raised against recombinant
C. sinensis PGK. A high density of gold particles was
found in the microvilli of the intestinal epithelium and in
lamellae of the sperm duct. PGK was common in the
somatic cells of intra-uterine eggs and in excreted
products. It was localized with moderate intensity in
muscular fibers of the subtegumental muscle layer, and
in the myoepithelia of the intestine and excretory blad-
der. We suggest that PGK plays an essential role in
C. sinensis energy production for movement via muscle
contraction.

Introduction

Clonorchis sinensis is a member of the class Trematoda,
which includes the schistosomes. Schistosomes are
anaerobic parasitic helminths that utilize glucose as their
main energy source. They consume glucose every hour at
the equivalent of 26% of their dry body weight (Lee et al.
1995). C. sinensis absorbs glucose from its environment
(Seo and Lee 1971) and utilizes it for energy production
through the glycolytic pathway (Kang et al. 1969).
Phosphoglycerate kinase (PGK) catalyzes the conver-

sion of 1,3-diphosphoglycerate and ADP into 3-phos-
phoglycerate and ATP. PGK is highly conserved from
eubacteria to eukaryotic animals, implying that this
enzyme is vital in these organisms (Fabry et al. 1990).

PGK has been localized in organs containing mus-
cular tissues in diverse animals. In trematodes, PGK is
associated with microtubules found in the tegument, and
has been suggested to play a role in producing and
supplying energy for repairing damaged tegumental cells
(Goudot-Crozel et al. 1989; Lee et al. 1995). Immuno-
histochemically, PGK has been localized to muscle
tissues of the oral and ventral suckers, and of the
subtegument in C. sinensis (Hong et al. 2000). This study
was performed to elucidate its ultrastructural distribu-
tion and to obtain insight into its physiological function
in adult C. sinensis.

Materials and methods

Metacercariae of C. sinensis were collected from topmouth gud-
geons, Pseudorasbora parva, by artificial digestion, and then fed to
New Zealand white rabbits. Adult C. sinensis were recovered from
rabbit bile ducts after 7 months. The flukes were fixed in 2%
paraformaldehyde/0.4% glutaraldehyde, pH 7.4 for 1 h at room
temperature. Fixed flukes were dehydrated in an alcohol series,
embedded in LR gold resin (London Resin, UK) and polymerized
under UV light. Ultrathin sections were cut at 90 nm and mounted
on a nickel grid. The ultrathin sections were immunogold-labeled
by following a procedure described previously (Yu and Chai 1995).
Mouse immune serum raised against C. sinensis recombinant PGK
was used as the primary antibody at a dilution of 1:500–1:1,000.
The secondary antibody used was goat anti-mouse IgG, 5 nm
colloidal gold-conjugated (Sigma). Pre-immune serum was em-
ployed as a negative control and run in parallel to the main
experiment. The stained sections were observed under a transmis-
sion electron microscope (Jeol 1200EXII, Tokyo, Japan).

Results

Cytoplasmic processes of the intestinal epithelium were
most densely labeled with gold colloids; the cytoplasm
and nucleus of intestinal epithelial cells were moderately
labeled. Myoepithelial cells were moderately labeled
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(Fig. 1). In the wall of the excretory bladder, moderate
gold-labeling was observed in the microvilli, in the
cytoplasm of the epithelial cells and in the myoepithelial
cells.

In the vas deferens, gold particles were found at a
moderate density in the cytoplasm and nuclei of the
epithelial cells. The lamellae of the epithelium and sperm
were also labeled moderately (Fig. 2). Secretory granules
in the epithelial cells were unlabeled.

Intra-uterine eggs containing miracidia showed the
highest density of gold particle labeling in adult C. sin-
ensis. Somatic cells with high electron density were
found to be heavily labeled. In intra-uterine eggs,
labeling was found in the secretory-excretory product
(Fig. 3). Small bodies of low electron density were
unlabeled.

The tegumental surface was highly convoluted. The
tegumental syncytium contained many electron-dense
bodies. Secretory bodies consisting of 10–20 secretory
granules appeared in the syncytium and subtegumental
muscle layers and tissues. Gold particles were found
with moderate density in the tegumental syncytium and
the subtegumental muscle fibers. Cytoplasm and the
cytoplasmic processes of cytons were labeled with gold
particles with a higher density than muscle fibers. The
nuclei of cytons appeared gold-labeled with moderate
density. Mesenchymal tissue under the tegument was
gold-labeled at low density (data not shown).

Discussion

In adult C. sinensis, large amounts of exogenous glyco-
gen were detected in the muscle fibers of subtegument,
oral and ventral suckers, pharynx and proximal uterus
(Seo and Lee 1971), suggesting that glycogen is metab-
olized through glycolysis and supplies energy for muscle
contraction (Hong et al. 2000). In this study, PGK was
localized in myoepithelial cells surrounding the intestine
and sperm ducts (vas deferens). From this finding, we
suggest that the glycolytic pathway provides energy for
the muscular tissues for organ motility and worm loco-
motion.

In schistosomes, several glycolytic enzymes, such as
PGK, glyceraldehyde 3-phosphate dehydrogenase and
triose phosphate isomerase, have been localized in the
tegument (Goudot-Crozel et al. 1989; Shoemaker et al.
1992; Lee et al. 1995). Actins have been found in the
cytosol of the syncytium under regenerating tegument
(Matsumoto et al. 1988), and were associated with en-
zymes of the glycolytic pathway (Arnold et al. 1971;
Bronstein and Knull 1981; Poglazov 1983). Collectively,
the repair of damaged tegument utilizes the glycolysis
pathway to provide the required energy (Lee et al. 1995).

In C. sinensis, PGK was localized in cell nuclei. Dur-
ing DNA replication, DNA polymerase a replicates the
leading strand in the nucleus. Of the DNA polymerase a,

Fig. 1 Villi of the intestinal epithelium showed the highest colloid
density. Scale bar=2 lm

Fig. 2 Epithelium of the vas deferens with abundant endoplasmic
reticulum and microvilli forming lamellae. Sperm were found in the
lamellae. The epithelial cells showed moderate gold colloid density
in the cytoplasm and lamellae. Scale bar=2 lm
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primer recognition proteins, namely, PGK and annexin 2
were found in the nucleus of hepatic and splenic cells
(Kumble and Vishwanatha 1991). It is, therefore, possi-
ble in C. sinensis that PGK plays a role in DNA repli-
cation.

During spermatogenesis in mammals, PGK is ex-
pressed from spermatids at stage 12 to spermatozoa
which begin to be motile (Vandeberg et al. 1981;
Bluthmann et al. 1982). In C. sinensis, PGK was heavily
localized in the testes and sperm in the seminal vesicle
and the seminal receptacle (Hong et al. 2000), as well as
in sperm in the sperm duct in the present study, sug-
gesting that the glycolytic pathway supplies energy and/
or the intermediates needed for sperm physiology.

Because of the high concentration of PGK in the
intra-uterine eggs of C. sinensis, it is probable that
miracidia in the eggs may accumulate PGK to produce
the energy required for swimming after hatching.
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Fig. 3 An intra-uterine egg shows high colloid density in the
miracidial body and in the secretory-excretory material. Scale
bar=2 lm
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