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Hsiu-Hui Shih, Shiu-Nan Chen and Shin Liou (1985) Carbohydrate metabolism
in adult Clonorchis sinensis (Trematoda). Bull. Inst. Zool., Academia Sinica 24(2):
177-186. This study attempts to detect the activities of the glycolytic enzymes and
key enzymes for anaerobic metabolism in the extraction of adult Clonorchis sinensis.
In addition, intracellular distribution of respiratory enzymes was also investigated.
Based on these findings, the metabolic pathway is proposed. The results showed
that adult Clonorchis sinensis is equipped with all enzymes required for Embden-
Meyerhof pathway of glucose degradation. In comparison with phosphoenolpyruvate
carboxykinase, the activity of pyruvate kinase is relatively low. This result may
suggest that phosphoenolpyruvate is catalyzed to oxaloacetate by decarboxylation
of phosphoenolpyruvate carboxykinase in C. sinensis. Oxaloacetate is subsequently
converted to malate by the catalysis of malate dehydrogenase.

In the study of distribution of enzymes related to pyruvate metabolism of C,
sinensis, activities of lactate dehydrogenase, pyruvate kinase and malate dehydrogenase
are present mainly in cytosolic fraction. Pyruvate decarboxylase and phosphoenol-
pyruvate carboxykinase were detected in both cytosolic and mitochondrial fractions.
However, no activity of pyruvate dehydrogenase, pyruvate decarboxylase (partial
reaction of pyruvate dehydrogenase) or pyruvate oxidase (phosphate-linked) were

detected in C. sinensis.

Polyacrylamide disc gel electrophoresis analysis of C. sinensis showed a distinct
predominance of LDH-1, LDH-4 and LDH-5 for lactate dehydrogenase isozyme.

Most studies on carbohydrate meta-
bolism of liver fluke have been concerned

with the Fasciola hepatica (Barrett, 1976, 1981; -

Lloyd and Barrett, 1983) and few attempts
have been made to investigate biochemical
aspects of Clonorchis sinensis. Ueda and
Sawada (1968) analysed the distribution of
low molecular weight carbohydrates in acid
hydrolysed tissue of C. sinensis and reported
that 73% of glucose; 10% of galactose; 8%
of mannose; 6% of ribose and 3% of myo-
inositol were included. In the study of meta-
bolic products of C. sinensis, Read (1961)
reported that 509 organic acid resulted from

the glucose degradation was lactic acid.

The present study attempts to detect the
presence of glycolytic enzymes and anaerobic
or aerobic ‘fey enzymes in adult C. sinensis.
The role of these enzymes in the carbohydrate
metabolism was also evaluated.

MATERIALS AND METHODS

Sources and Preparation of Clonorchis sinensis

Metacercaria of Clonorchis sinensis were
obtained from naturally infected fish, Hemi-
cultex keneri, collected from Sun-Moon Lake,
Nantou, Taiwan. To collect metacercaria,
musculature of fish were homogenized in

177



178

physiological saline using a Nihonseiki ( Tokyo,
Japan) homogenizer. The metacercaria were
then harvested under an Olympus (Japan)
dissecting microscope using a pasteur pipette.
Approximately 300 metacercaria were orally
inoculated into a 2.5kg rabbit. Adults were
collected from the bile duct and liver of
freshly slaughtered animal 45 days after
infection and proceeded immediately for the
experimental uses. Prior to the experiment,
the worms were washed twice in Hedon—
Fleig solution and once in normal saline,
blotted dry using filter paper and weighed.

Preparation” of Extract of C. sinensis

For glycolytic enzyme assays, each gram
of C. sinensis were homogenized in 5ml of
buffered solution (0.15M KCI solution con-
taining 12.5% of 0.02M KHCO; solution)
using Polytron PTA 20S homogenizer (Swi-
tzerland) with a speed of 10,000 rpom. Homo-
genization was performed for two consecutive
minutes in an 4°C water bath. The homo-
genate was then centrifuged at 12,000g in a
Beckman J-21C refrigerated centrifuge for 15
min and the supernatant was used immediately
for detecting the activities of glycolytic
enzymes with an exception of glucokinase.
For glucokinase assay, the homogenate was
centrifuged at 12,000g for 15 min and the
supernatant was then re-centrifuged at 100,000 g
in a Hitachi SCP85H refrigerated ultracentri-
fuge for 30 min. The supernatant was used
for the detection of glucokinase activity.

Enzyme Assays

Enzyme assays were accomplished using a
Gilford G250 spectrophotometer with 1cm
light path quartz cuvette at a constant
temperature of 25°C controlled by a thermo-
programmer (Gilford). Although most of
tested enzymes were considered to be stable
within several hours’ storage at a temperature
of approximately 4°C, few enzymes are re-
latively labile under these conditions. Assays
for the activities of glyceraldehydephosphate
dehydrogenase (GDH), pyruvate kinase (PK),
phosphofructokinase (PFK) and enolase should
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therefore be finished first as suggested by
Shonk and Boxer (1964).

Assay techniques for the following en-
zymes are based on those described by Shonk
and Boxer (1964); glucokinase (EC. 2.7.1.2),
phosphoglucoisomerase (EC. 5.3.1.9), phos-
phofructokinase (EC. 2.7.1.11), aldolase (EC.
4.1.2.13), triosephosphate isomerase (EC.
5.3.1.1), glyceraldehydephosphate dehydro-
genase (EC. 1.2.1.12), phosphoglycerokinase
(EC. 2.7.2.3), phosphoglyceromutase (EC.
5.4.2.1), enolase (EC. 4.2.1.11), pyruvate
kinase (EC. 2.7.1.40), lactate dehydrogenase
(EC. 1.1.1.27), glucose 6-phosphate dehydro-
genase (EC. 1.1.1.49), alcohol dehydrogenase
(EC. 1.1.1.1) and glycerophosphate dehydro-
genase (EC. 1.1.1.8). ;

Phosphoenolpyruvate carboxykinase (EC.
4.1.1.32), malic enzyme (EC. 1.1.1.39) and
malate dehydrogenase (EC. 1.1.1.37) were
assayed spectrophotometrically at 340nm as
described by Bueding and Saz (1968) “and
Prichard and Schofield (1968b) respectively.

To detect the production of acetyl phos-
phate, pyruvate dehydrogenase (EC. 1.2.4.1)
and pyruvate decarboxylase (partial reaction
of pyruvate dehydrogenase) were assayed at
540 nm spectrophotometrically as described by
Reed and Willms (1966).

Pyruvate decarboxylase (EC. 4.1.1.1)
activity was assayed by following the decrease
in absorption at 340 nm. The reaction mixture
consisted of a - volume of 1.0ml solution
containing 150 umoles potassium phosphate
buffer, pH 6.0, 0.2 umoles TPP, 0.3 umoles
MgSO,, 50 uzmoles pyruvate, 0.3 gmoles
NADH, 75 units ADH and 30 1 of the tissue
extract.

A slight modification of experimental
procedures as described by Willams and Hager
(1961) was used for the detection of pyruvate
oxidase (EC. 1.2.2.2) activity. One milliliter
of reaction mixture containing 100 #moles
potassium phosphate buffer, pH 6.0, 10 #moles
MgCl,, 0.1 umoles TPP, 50 umoles pyruvate,
1.0 umoles sodium lauryl sulfate, 0.5mg
ovalbumin and 0.1ml tissue extract was
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tested. After equilibration at 30°C, 25u
moles potassium ferricvanide was added to
the cuvette, and the ferrocyanide formation
was measured at 540 nm as described by Reed
and Willms (1966).

Pyruvate oxidase (phosphate-linked) (EC,
1.2.3.3) activity was detected by a modi-
fication of the method described by Hager
and Lipmann (1955). The assay consisted of
1ml of mixture containing 200 z#moles
potassium phosphate buffer, pH 6.0, 10 umoles
MgCl,, 0.2 4 moles TPP, 50 # moles pyruvate,
750 umoles KOH, 0.5-3.0 umoles NaF and
30 11 tissue extract. Subsequently, acetyl
phosphate production was detected by the
method described by Reed and Willms (1966).

All the enzyme activities were expressed
as specific activity in #mole product formed/
min/mg protein (U/mg protein).

Fractionation of Cell Components

Homogenization and fractionation for
mitochondrial and cytosolic fractions of C.
sinensis were carried out as described by
McManus and James (1975). The worms
were homogenized in an ice-cold buffered
"solution containing 0.25 M sucrose and 5.0 mM
tris-HCI, pH 7.5. The homogenate was centri-
..fuged at 755g for 15 min to remove nuclei
and cell fragments. Subsequently, part of
supernatant was retained as crude extract and
the remaining solution was then centrifuged
at 9,750 g for 15 min. - The supernatant was
retained as the cytosolic fraction. The pellet
was redispersed in excess homogenizing buffer
and re-sedimented by centrifugation at 17,300 g
for 15 min. Sediments were subsequently
resuspended in homogenizing buffer and used
as mitochondrial fraction.

Disc Gel Electrophoresis

Polyacrylamide disc gel -electrophoresis
was conducted as described by Davis (1964).
10% of acrylamide concentration gel was used
for the experiment. Approximately 80 ug
protein of sample was applied onto each gel
(8X0.6cm) and 0.1 M tris-glycine, pH 83,
was used as tray buffered solution. FElectro-
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phoresis was run at a constant curgent of 3
mA per gel. After termination of electro-
phoresis, gels were stained for lactate dehydro-
genase activity as described by Siciliano and
Shaw (1976) with DL-lactate as substrate.

Determination of Protein Concentration

Protein determination was accomplished
according to the method of Bradford (1976),
and bovine serum albumin (BSA) was used
as standard.

RESULTS

Enzyme Levels in Clonorchis sinensis Tissue

The activities of glycolytic enzymes in
the extract of adult Clonorchis sinensis are
presented in Table 1. The results show that
significant activities were demonstrated in
glucokinase, glucose 6-phosphate dehydro-
genase, phosphoglucoisomerase, phosphofructo-
kinase, aldolase, triosephosphate isomerase,

TasLE 1
Activity of glycolytic enzymes and phospho-
enolpyruvate carboxykinase in
Clonorchis sinensis

Enzyme activity

Enzyme (U/mg protein)
Glucokinase 0.311+0.081
Phosphoglucoisomerase 11.04041.796
Phosphofructokinase 0.172+0.027
Aldolase 0.183+0.033

Triosephosphate isomerase 31.686-+5.593

Glyceraldehydephosphate

dehydrogenase 3.7634-1.093
Phosphoglycerokinase 10.9344-2.714
Phosphoglyceromutase 1.75140.613
Enolase ’ 4.314+1.421
Pyruvate kinase 0.276+0.089
Lactate dehydrogenase 2.89540.613
Alcohol dehydrogenase 0.621+0.221

Glucose 6-phosphate dehydrogenase 0.270+40.055
Glycerol phosphate dehydrogenase 0.361+0.074
Phosphoenolpyruvate carboxykinase

(GTP) 1.007+£0.537

Each reading is the mean+ standard deviation
from 6 measurements.

The assay conditions were described in the sec-
tion of Materials and Methods.
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glycerophosphate dehydrogenase, glyceralde-
hydephosphate dehydrogenase, phosphoglycero-
kinase, phosphoglyceromutase, enolase, pyru-
vate kinase, alcohol dehydrogenase and lactate
dehydrogenase. The results also showed a
significant activity of phosphoenolpyruvate
carboxykinase in the extract of C. sinensis
{Table 1). The ratio of pyruvate kinase to
phosphoenolpyruvate carboxykinase activities
in adult C. sinensis was 0.274.

The intracellular distribution of some key
enzymes for pyruvate metabolism in C. sinensis

was also investigated and the results are
presented in Table 2. The activity of malate
dehydrogenase, pyruvate kinase or lactate
dehydrogenase were mainly detected in cyto-
solic fraction of C. sinensis. In contrast, the
malic enzyme and pyruvate oxidase activities
were predominately distributed in the mito-
chondrial fraction (Table 2). The results also
showed that phosphoenolpyruvate carboxy-
kinase and pyruvate decarboxylase activities
are obtained in both cytosolic and mitochon-
drial fractions of C. sinensis (Table 2). No

TABLE 2
Intracellular distribution of some key enzymes related to pyruvate
metabolism in Clonorchis sinensis

Specific activity (U/mg protein)

Enzyme Crude Cytosolic Mitochondrial
extract fraction fraction
Pyruvate kinase _ 0.2394-0.030 0.21710.024 0*
Phosphoenolpyruvate carboxykinase 0.617+0.049 0.7724-0.031 0.364+0.043
Lactate dehydrogenase 0.367+0.058 0.37440.062 0 '
Malic enzyme 0.77640.116 0.2254-0.061 1.25340.331
Pyruvate dehydrogenase 0 0. 0
Pyruvate decarboxylase
 (partial reaction of pyruvate dehydrogenase) 0 0 0
Pyruvate decarboxylase 1.847+0.231 1.7384-0.122 2.07740.536
Pyruvate oxidase 2.622+0.371. 0.6961-0.106 14.502+2.564
0 0 0

Pyruvate oxidase, (phosphgte-linked) )

Activities are expressed as mean =+ standard deviation of 4 determinations.

* No activity was observed.

The assay conditions were described in the section of Materials and Methods.

Fig. 1. Proposed pathway of carbohydrate metabolism in Clonorehis sinensis. The broken lines denote
3. phosphofructokinase, 4.
aldolase, 5. triosephosphate isomerase, 6. glyceraldehyde phosphate dehydrogenase, 7. pho-
sphoglycerokinase, 8. phosphoglyceromutase, 9. enolase, 10. phosphoenolpyruvate carboxy-
kinase (GTP), 11. malate dehydrogenase, 12. malic enzyme, 13. pyruvate oxidase, 14. pyruv-
ate kinase, 15. lactate dehydrogenase, 16. pyruvate decarboxylase, 17. alcohol dehydrogenase.

minor pathways. 1. glucokinase,

Abbreviations:
AcH acetaldehyde

DHAP  dihydroxyacetone phosphate
"EtOH  ethanol

FDP fructose 1, 6-diphosphate

F6P fructose 6-phosphate

GLU glucose

GAP glyceraldehyde 3-phosphate
Go6p glucose 6-phosphate

2. phosphoglucoisomerase,

HAc acetate

LAT lactate

MAL malate

OAA oxaloacetate

PEP phosphoenolpyruvate
PG phosphoglycerate

PYR pyruvate
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5 4 3 2 1

Fig. 2. Photograph of polyacrylamide gels stained for lactate dehydrogenase (LDH)
activity after electrophoresis as in Materials and Methods. Gel A shows the
distribution of LDH activity in a portion of the cytosolic fraction from
Clonorchis sinensis, and Gel B shows that of the same fraction from rat liver.

A diagram of each gel is shown besides the. gels.
negative (—) electrodes are indicated.

The positive (+) and
The numbers 1-5 refer to LDH-I

LDH-5 and the broken lines in the diagrams denote the front of the gel.

activity of pyruvate dehydrqgene}se, pyruvate

decarboxylase (partial reaction of pyruvate
dehydrogenase) and pyruvate oxidase (phos-
phate-linked) was detected in the crude
extract, cytosolic fraction and mitrchondrial
fraction of C. sinensis.

Isozymes of Lactate Dehydrogenase

Polyacrylamide disc gel electrophoresis
analysis of lactate dehydrogenase (LDH)
activity in cytosolic fraction of C. sinensis are
presented in Fig. 2. The results show that
the activity of LDH-1, LDH-4 and LDH-5
are prepdnderant. In comparison, the electro-
phoretic pattern of LDH activity in rat liver
is significantly different from that of C. sinensis.
The distinct activity of LDH in rat liver was
demonstrated in LDH-3, LDH-4 and LDH-5
(Fig. 2).

Cofactor Specificity of Malic Enzyme

The cofactor specificity of malic enzyme
in C. sirnensis was investigated in cytosol and
mitochondrial fractions. The results show
that the NAD-dependent specific activities
from cytosolic and mitochondrial fractions are

TaBLE 3
Cofactor specificity of malic enzyme
from Clonorchis sinensis

Malic enzyme specific activity
(U/mg protein)

Cofactor

Cytosolic Mitochondrial
NAD+ 0.240 1.217
NADP+ 0.021 0

Each reading was obtained from 3 determinations.
The assay conditions were described in the sec-
tion of Materials and Methods.
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0.240 and 1.217, respectively, whereas the
NADP-dependent activities are 0.021 and 0.

DISCUSSION

The present results showed that glycolytic
sequence of adult Clonorchis sinensis is identical
to that of Faciola hepatica (Prichard and
Schofield 1968a) and mammals, as far as
phosphoenolpyruvate was formed (Lloyd and
Barret, 1983). Unlike the mammal host,
however, significant higher activity of phos-
phoenolpyruvate (PEP) carboxykinase was
obtained when compared with that of pyruvate
‘kinase in the soluble extracts of adult C.
sinensis. It is therefore suggested that most
of phosphoenolpyruvate was metabolized via
PEP carboxykinase to oxaloacetate in this
fluke. This pathway should be the major
route of energy metabolism for adult C.
sinensis. The similar phenomenon was also
observed in adult worm of Ascaris suum
(Bueding and Saz, 1968), Hymenolepsis diminuta
(Prescott and Campbell, 1965), Fasciola he-
patica (Prichard and Schofield, 1968b) and
Ascaris lumbricoides (Barrett and Beis, 1973).

Extremely high level of malate dehydro-
genase in both cytosolic and mitochondrial
fractions may rapidly remove oxaloacetate to
form malate in C. sinensis. Low level of
malic enzyme in the cytosolic fraction revealed
that malate-pyruvate in extra-mitochondria of
C. sinensis is minor significant. In contrast,
this pathway in mitochondria is significantly
important, because of the high level of malic
enzyme in this faction. Seidman and Entner
(1961) and Saz and Lescure (1969) also
reported that malate is a mitochondrial sub-
strate for Ascaris lumbricoides.

Kohler and Hanselman (1973) have point-
ed that malate entering the mitochondria
would contribute to the formation of pyruvate
and succinate. The occurrence of malate-
succinate-propionate pathway needs further
investigation.

Based on the above findings and the
information showed in Tables 1-3, a scheme
for carbohydrate metabolism of adult C.

. during anaerobic stress.
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sinensis was therefore proposed as iblustrated
in Fig. 1. In this scheme, lactate, ethenol
and acetate are supposedly produced in this
parasite.

The preponderance of each type of lactate
dehydrogenase (LDH) may revealed a distinc-
tive metabolic pathway for parasite, Cahn
et al. (1962), Kaplan ef al. (1968) and Everse
and Kaplan (1973) indicated that LDH-1, the
heart type isoenzyme, favours the flow of
glycolytic carbon away from lactate formation
but into Krebs cycle, and of lactate into the
Krebs cycle or fowards gluconeogenesis. LDH-
5, muscle type isoenzyme, is the most active
in channelling glycolytic carbon into lactate
The high level
activity of LDH-1 and LDH-5 may demons-
trate a preponderance of these metabolic
functions in adult C. sinensis. The predo-
minance of LDH-5 in this fluke further
confirmed our proposed metabolic scheme on
the production of lactate as one of its end
products.
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