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Abstract Giardiasis, Amoebasis, and Cryptosporidiosis are the
important enteric protozoa in Asia and Africa. The objective of the
present sutdy include molecular epidemiological survey of enteric
protozoan infections in the stage of West Bengal and molecular
characterization of the mechanisms involved iIn parasitism and
virulence of Entamoeba and Giardia. We, in the second year,
investigated molecular mechansisms of anti-oxidative stress
mechanisms by metabolic profing of Entamoeba under the oxidative

stress.
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Introduction

Enteric protozoan infections are
mainly caused by Giardia
intestinalis, Entamoeba
histolytica, and Cryptosporidium
hominis/parvum. Enteric protozan
diseases are considered to be
equally important to viral and
bacteria infections. Amebiasis
affects approximately 1% of the
whole world population and causes
100 thousands death annually.
Giardiasis and cryptosporidiosis
also show very high prevalence in
developping countries, and severely
affects physical and cognitive
growth in children.

In this collaboration with the
parasitology section at NICED,
Indian Council of Medical Research
(ICMR), Kolkata, India, we have been
working together for both molecular
epidemiology of enteric infections
as well as establishing common
platforms to investigate molecular
mechanisms and systems that allow
parasitism and pathogenesis in
humans. Such collaborative works
should fascilitate capacity
building of both groups and enhance
exchange of information of emerging
and reemerging enteric protozoan
infections, and consequently should
benefit health administrtion of the
both countries as well as the whole
Asian region.

Materials and methods

1. Cultivation

Cultivation of trophozoites of
Entamoeba histoltyica HM-1: IMSS
cl6(Louis Buddy Diamond) should be
consulted in their original
articles
2. Metabolomic analysis

Metabolomic profiling was carried

out using a capillary
electrophoresis-time-of-flight
mass spectrometer. Details of the
methods were previously described
by Husain (J Biol Chem 2010).
Approximately 90 intermediary
metabolites were measured using
both anion and cation modes.

(Ethical clearance) We have
obtained all necessary clearance
and permissions on biosafety- and
biodiversity-related
investigations.

Results
1. Cell death and production of
reactive oxygen species (ROS)

Cell death and ROS production were
measured in E. histolytica
trophozoites exposed to oxidative
stress: paraquat and hydrogen
peroxide (Figure 1).
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Figure 1. Percentage viability of
trophozoites exposed to the
indicated concentrations of 1 mM of
paraquat (PQ) or hydrogen peroxide
(A or B, respectively). ROS
concentrations in trophozoites to
exposed to 1 mM PQ for the indicated
period of time.

2. Metabolic profiling of
ROS-exposed trophozoites
Trophozoites were incubated with
PQ or hydrogen peroxide for 11, 3,
6, or 12 hours, then metaboites were
extracted for CE-ToFMS analysis. As
shown in Figure 2, dramatic global




chanes of various metabolites were
observed. Changes common to both
treatment as well as
treatment-specific changes were
observed.
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Figuire 2 Global changes of
metabolites in a time course (shown
in relative to time 0). Increase and
decrease are shown in red and green,
respectively. Changes at 1, 3, 6, or
12 hours of control, PQ-treated, and
hydrogen peroxide —treated samples
are shown.

3. Influence of oxidative stress
on the central energy metabolism
The extracted data exclusively on
the central energy metabolism are
shown in Figure 3. It was generally
observed that the changes caused by
PQ were larger than those by
hydrogen peroxide, while the
directions of changes (up or down
regulation) were similar. Among the
glycolytic pathway, metabolites in
the upstream of the pathway were
more affected. Furthermore, it was
observed that dihydroxylacetone

phosphate (DHAP) was highly
accumulated.

A number of metabolites including
N-acetylglucosamine 6-phosphat,
involved in the chitin biosynthesis,
were increased. The upregulation
was more pronounced in the
PQ-treated trophozoites.

In addition, intermediates in the
pentose phosphate pathway,
including erythorose 4-phosphte,
sedoheptulose 7-phosphate, and
ribose 5-phosphate were increased.
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Figure 3 Effects of oxidative stress
(red, PQ; grean, hydrogen peroxide)
on the central carbon metabolism

4. Effects of oxidative stress on
nucleotides and energy charge

Effects by PQ and hydrogen
peroxide were similar, but they were
more remarkably pronounced in
trophozoites treated with hydrogen
peroxide. Among nucleotides, ATP
was most highly affected, together
with a concomittant increase in AMP
and ADP. In addition, the energy
charge was decreased by 40-50%,
suggestive of the deprivation of
energy in the cell.
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Figure 4. Effects of oxidative
stress on nucleotides and energy
charge (red, PQ; grean, hydrogen
peroxide)

4. Effects of oxidative stress on
the activities involved in
glycolysis and fermentation

Effects of PQ on the individual
enzymes involved in glycolysis and
fermentation were examined (Figure
5). Two enzymes were severely
affected: phosphoglycearte mutase
and pyruvate:ferredoxin
oxidoreductase.
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Figure 5. Effects of PQ on activity
of enzymes in glycolysis and
fermentation (A). Intracellular
concentrations of glycerol (B),
ethanol (C), and acetate (D) in
normal and PQ-treated (1 mM 12hours)
trophozoites.

5. Effects of oxidative stress on
intracelular concentrations of

glycerol, ethanol, and acetate

PQ treatment severely decreased the
ethanol concentration by 50%, while
it cause a 14-fold increase in the
glycerol concentration (Figure 5).
No change was observed for acetate.

Discussion

Although giardiasis, among the
enteric protozoan parasites, most
widely affect residents,
particularly children, in
developping countries, its
molecular mechanisms of
pathogenesis, anti-stress defense,
differentiation, and regulation of
gene expression largely remain to be
investigated. We are working
closely together with a group in
NICED, on the antioxidative stress
mechanisms in Giardia. As a part of
this collaboration, we tried to



generalize their observations made
on Giardia by confirming them in
another common intestinal protozoan
parasite Entamoeba. At the same time,
we established a platform of
metabolism analyses that can be used
in general in any pathogens
including bacteria, fungi, and
parasites. CE-ToFMS-based
metabolomics is robust and enables
simultaneous detection and
quatitation of >100 intermediary
metabolites.

Usig this highly sensitive and
robustly quatitative platform, we
made a number of unprecedented
findings on the metabolic changes
during oxidative stress in E.
histolytica. First, we demonstrated
that oxidative stress caused
dynamic redirection of the
glycolytic pathway toward other two
major associated pathways: chitin
biosynthesis and the pentose
phosphate pathway. Concomittantly,
the glycolytic pathway was ceased,
and this is at least in part due to
inhibition of the two major
flux-limiting enzymes in
glycolysis: phosphoglycerate
mutase and pyruvate:ferredoxin
oxidoreductase. Second, oxidative
stress caused a shift of energy
productio due to the inability to
synthesize ATP via glycolysis and
ethanol and acetate fermentation.
Instead, the trophozoites produce
glycerol derived from
dihydroxyacetone phosphate via
glycerol 3-phosphate with
concomittant production of ATP.

We are currently planning to test
whether the observation made in E.
histolytica are also observed in
Giardia using the platform used in
the present study to generalize the

obvervations or discover novel
aspects in stress response in
Giardia.
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