Metabolomics for the in vitro study of drug resistant malaria parasites
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• Untargeted metabolomics, a broad method to
survey biochemical reactants and products in
an organism, may provide insight into the
metabolic explanations for antimalarial
resistance.
Fidock, et al. (2014) Science
• However, due to low parasitemia and the
Plasmodium parasite’s small size at the ring
stage of the life cycle (Fig. 1), material for
biochemical evaluation has often been limited.

• Purification and analysis methods continue to be
evaluated and optimized for future experiments.

RESEARCH POSTER PRESENTATION DESIGN © 2012

www.PosterPresentations.com

Southeast Asia is the epicenter of in
vivo artemisinin resistance (Fig. 6)

Figure 5: Association between in vitro kelch13 mutations and Ring Stage Survival (RSA)
rates. Ref: Ariey, et al. (2014) Nature

Figure 6: Parasite clearance rates in vivo
by region in Southeast Asia. Ref: Ashley
et. al (2014) NEJM

Finding 1: The Pf pyrimidine biosynthesis enzyme,
dihydroorotate dehydrogenase (DHODH), was
reduced to undetectable levels after artemisinin
exposure, as previously reported. Meshnick, et al. (1994) Exp.
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Figure 2: Metabolite purification and analysis pipeline.

Comparison of Normalization Methods

Llinás, et al. (2003) PLoS Biology

• Additionally, we report preliminary analysis of
an important resistance phenotype.

Pf Kelch-13 mutations confer ringstage survival in vitro (Fig. 5)

• Metabolite levels were normalized to DNA
content (Figs. 3 & 4) and differences between
sensitive and resistant parasites were characterized
using Principle Component Analysis (Table 1) and
fold change (Fig. 7 & 8).
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• Herein, methods are described by which
metabolites can be isolated from various intraerythrocytic stages of P. falciparum for more
successful
exploration
of
resistance
phenotypes in metabolomics studies.

• Sensitive and resistant P. falciparum parasites (5
replicates each) were synchronized and lysed from
the erythrocyte membrane (Fig. 2).

• Parasite metabolites were extracted from >30ml
of pelletized parasite material.

Figure 3:
Samples were evaluated for
parasite number, dsDNA, and total
protein amount prior to analysis.
Late stage parasites were found to
have more DNA and parasites
when compared to ring stages,
whereas protein amount varied
across both sample sets.

Figure 1: The asexual, intra-erythrocytic life cycle of
P. falciparum progresses over 48 hours from the ring
stage of the parasite.

Resistance to artemisinin, our frontline therapy
for malaria, remains poorly understood; however,
only the early intra-erythrocytic ring stage of the
parasite displays this phenotype.

Details of Purification & Analysis Scheme

• Wash steps prior to freezing removed lysis
products, which include contaminating erythrocyte
metabolites.

• Resistance to antimalarials has the potential to
greatly contribute to the mortality attributed
to malaria.
White, et al. (2014) Lancet
• Using traditional methods of investigation, the
molecular mechanisms responsible for
antimalarial resistance in P. falciparum remain
poorly understood.

RESULTS: ARTEMISININ RESISTANCE EXAMPLE

Figure 4:
Principal Component Analysis
(PCA) was performed for both
sets of parasite samples, prior to
normalization (top left), as well
as
using
three
different
normalization methods (parasite
number, dsDNA, and total
protein). All parasite stages
separate with and without
normalization and using all
normalization techniques.

Late Stage Parasites
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Normalization % Variance Top 10 metabolites in PC1
covered by
method
first 5 PC
No
isoleucine folate
86%
N-acetyl
normalization
methioninesulfoxide
malate fumarate
leucine N(4)acetylspermidine
glycerophosphoglycerol
methionine Nacetylthreonine
1-(1-enyl-palmitoyl)-2DNA
81%
arachidonoyl-GPE
1-(1-enyl-palmitoyl)-2linoleoyl-GPE
1-stearoyl-2-arachidonoylGPS
1-(1-enyl-stearoyl)-2arachidonoyl-GPE
glucose
1-palmitoyl-GPC
N-acetylneuraminate
1-palmitoyl-GPA
1-stearoyl-GPC
1-palmitoyl-2-linoleoyl-GPA
Parasite
95%
Glutathione, reduced
serine isoleucine
number
proline docosahexaenoate
dihomo-linolenate
aspartate succinate
methionine arachidonate

Top 10 metabolites in PC2

1-(1-enyl-palmitoyl)-2-oleoylGPE
glycosyl-N-palmitoylsphingosine
sphingomyelin sphingomyelin
sphingomyelin sphingomyelin
palmitoyldihydrosphingomyelin
sphingomyelin sphingomyelin
behenoylsphingomyelin
salicin proline
cystidine glycylvaline
histidine arginine
1-palmitoyl-2-linoleoyl-glycerol
isoleucine succinate serine

pregnen-dioldisulfate
stachydrine
1-stearoyl-GPC 1-linoleoyl-GPC
1-palmitoyl-2-arachidonoyl-GPA
trans-urocanate 2-palmitoylGPC
fructose 1-palmitoyl-GPA
1-palmitoyl-2-linoleoyl-GPA
isoleucine succinate
sphingomyelin sphingomyelin
Protein
87%
malate
leucine
palmitoyldihydrosphingomyelin
fumarate
sphingomyelin
glycerophosphoglycerol
glycosyl-N-palmitoylN-acetyl
sphingosine
methioninesulfoxide
behenoylsphingomyelin
N(4)-acetylspermidine
stearoylsphingomyelin
methionine N1-(1-enyl-stearoyl)-2-oleoyl-GPE
acetylthreonine
sphingomyelin
1-(1-enyl-palmitoyl)-2-oleoylGPE
Table 1: Variance and predominant metabolites by normalization method. A limited
number of metabolites are conserved across late and early ring stage sample sets
(highlighted in white), with lowest variance observed for DNA normalization (Table 1).

Parasitology

Finding 2: Phospholipids and metabolites within
the cholesterol biosynthesis pathway were
significantly elevated after artemisinin exposure in
the sensitive population.
Scaled Intensity Values

• Malaria is responsible for hundreds of millions
of clinical cases and up to five-hundred
thousand deaths annually, most of which
occur from the Plasmodium parasite, P.
falciparum.

METHODS
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Figure 7: Orotate, the metabolite product of
the rate-limiting pyrimidine biosynthesis
enzyme DHODH, was significantly lower in
both sensitive and resistant ART-exposed
isolates.
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Figure 8: Cholesterol and HMG-CoA, both
metabolites within the mevalonate
pathway, were significantly more elevated
in sensitive ART-exposed parasites,
compared to unexposed parasites.

CONCLUSIONS
• Choosing the proper normalization method of
metabolites generated by untargeted analysis
can allow for more effective interpretation of
results (Figs. 3 & 4).
• We are presently evaluating the potential
contribution of the host erythrocyte and
significance of the metabolite changes detected
in sensitive and resistant Pf isolates.

