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A “virtual red blood cell” is successfully

employed in pathological analyses of anaemia
The E-Cell Project, Keio University

Abstract: Professor Masaru Tomita (Faculty of Environmental Information, Keio
University) and his research group developed a software that simulates human
erythrocytes, and succeeded in modeling the change of metabolisms in erythrocytes
caused by congenital enzyme deficiencies. Erythrocytes with congenital enzyme
deficiencies have an abnormal metabolism, and its life span is shorter than the normal
cell. This success has made it possible to estimate in detail the change of metabolism,
and is expected to aid the diagnosis of symptoms and the development of new
medical treatments.

Renowed in the field of computer simulation of cells, the "E-Cell Project" of Keio University
Shonan Fujisawa Campus modeled the metabolic reactions of erythrocytes in a computer
software, aided by funds from Japan Science and Technology Corporation. The project
simulated the congenital enzyme deficiencies of erythrocyte with this software.

The data obtained by studies of enzymatic reactions in the past is programmed into the
simulation software, and all reaction can be precisely eproduced. There are about 50
reactions caused by about 100 substances in the metabolic pathway. The software
calculates the change in the amount of these substances to determine the state of cells. The
simulation software originally modeled a normal cell, but parameters are changed to fit the
data from patients of congenital enzyme deficiency and the project suceeded to reproduce
the symptoms.

The congenital enzyme deficiency modeled in this project is one of the most frequent
deficiency, G6PDH (glucose 6-phosphate dehydrogenase) deficiency. This enzyme
produces substances that reduce the harmful active oxygen, produced by the aerobic
respiration. When this enzyme is in disorder, proteins inside the erythrocytes and the cellular
membrane are damaged, and the life span of the cell is greatly shortened. The simulation
sofware reproduced the symptoms with precise change of substances within the cell. Even
today there is no technology to observe in detail the whole metabolic pathway, therefore it is
difficult to delevop medications for this deficiency. This research is expected to aid the
development of new diagnosis and medical treatments.
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Figurel The Graphical Interfaces of the E-CELL System

The changes in substances and activities are graphically shown. The control panel in the top left corner
controls the elapsed time and the execution of simulation, and panel beneath it is the Substance Window
where the number of molecules and the concentrations are shown. The panel in the middle is the
Reactor Window where the activities of enzymes are shown, and beneath it is the Tracer Window,
where the amount of substances and the activities of enzymes are plotted over time.
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Figure 2 The Human Erythrocyte Simulation

This erythrocyte model consists of glycolysis, pentose phosphate pathway, nucleic acid metabolism,
membrane transport system, and oxygen transport system by hemoglobin. The model also realizes the



physical effects such as the changes of the osmotic pressure and pH.
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Figure 3 Simulation of Glucose 6-phosphate dehydrogenase deficiency

These graphs show the change of Glutathione (GSH) that reduces the active oxygen, and ATP that
indicates the amount of energy in the cell, are both decreasing over time.



