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 SilicoTryp

To create a ‘Silicon Trypanosome’, 
a comprehensive, experiment-
based, multi-scale mathematical 
model of trypanosome physiology.
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Trypanosoma brucei

• Protozoan parasite

• African sleeping sickness in human

• Nagana in cattle

• Fatal if untreated

• Drugs toxicity, difficulties in 
administration, emerging resistance



Dynamic model of bloodstream
form T. brucei glycolysis
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• Part of glycolysis is localized in an unique peroxisome-like 
organelle: the glycosome
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A unique thiol: 
trypanothione

• Oxidative stress protection

• Trypanothione = 2x 
glutathione + spermidine

• Eflornithine is suicide 
inhibitor of ornithine 
decarboxylase

• Pentose phosphate pathway 
provides NADPH



Pentose phosphate pathway in 
bloodstream form T. brucei



SilicoTryp wiki
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Cytosolic
pentose phosphate pathway



Extension with the cytosolic PPP:
 an (aspecific) phosphatase?

• Level of oxidative stress regulates flux 
through PPP

• Low oxidative stress leads to Glc6P 
accumulation

• Phosphatase activity would prevent 
this accumulation

• Initial experiments have confirmed this 
activity



Overview

• Introduction to SilicoTryp

– Current model of glycolysis

• Extension of model

– Trypanothione

– Pentose phosphate pathway (PPP)

– Wiki-page

• Cytosolic PPP

• Glycosomal PPP

– Phosphate 'leak'

– Two hypotheses

• Further extension

• Conclusions



Glycosomal
pentose phosphate pathway



Extension with the glycosomal PPP:
a 'phosphate leak'

• Glycosomal PPP introduces a 'phosphate leak'

• ATP/ADP balance in glycosome is perturbed

• Fluxes decline rapidly → non viable state

• Several hypotheses were tested



 Hypothesis 1:
ATP:ADP antiporter
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• Works at 5 mM glucose (blood)

• Glycosomal compartmentation of ATP is essential

• Accumulation of sugar phosphates at 25 mM glucose 
(culture medium)

• ATP:ADP antiporter mimicks absence of glycosome

Bakker, B.M., et al. PNAS 2000
Haanstra, J.R., et al. PNAS 2008



Hypothesis 2:
Ribokinase

• Ribokinase in reverse restores the ATP:ADP 
balance

• Ribose is produced from glucose

• Putative T. brucei ribokinase enzyme showed 
activity in both directions

• Knockdown (RNAi) and knockout experiments 
hint at essentiality
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Inhibition by ribose

• Model suggests 
sensitivity for ribose 
concentration

• 5 mM should be lethal

• Not reproducible in lab

• Not unexpected, as we 
know there are more 
pathways involved in 
ribose metabolism



Conclusions

Trypanosoma brucei biology:

• Phosphatase activity prevents accumulation of cytosolic glucose 6-phosphate

• Ribokinase restores phosphate balance in the glycosome

Systems biology:

• Even small extension of a well curated model brings up many questions

• Iterative cycle of experiments and modelling is necessary (and still continuing)

• Stress your model!
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