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While spatial heterogeneity (metabolic zonation) has been observed in various metabolic pathways
in liver, much of their functional significance is unknown. Using mathematical approaches, we aim
to elucidate the significance and deduce evolutionary process of metabolic zonation in liver
especially for nitrogen metabolism.

Mammals excrete most of the nitrogen from the kidney as urea. Gene expressions related to
nitrogen metabolism, including urea cycle, are spatially regulated within the liver. Since similar
spatial heterogeneity is not seen in reptiles and birds, those excrete nitrogen as uric acid,
metabolic zonation may have evolved to adapt to nitrogen excretion by urea.

In order to investigate its probability, we constructed a mathematical model of the whole body
nitrogen homeostasis, use a flat liver nitrogen metabolism model without spatial heterogeneity like
reptiles and birds as an ancestral model, and are accumulating simulation results of artificial
evolotions.

In the parameter search performed in this academic year, it was suggested that energy efficiency
is improved when glutamine synthesis is predominantly expressed in the perivenous zone
(downstream), and when the urea cycle predominantly expressed in the periportal zone (upstream)
in particularly co-expressed with ammonia synthesis. These expression gradients well reproduce
the expression gradient of glutamine synthetase or carbamoyl phosphate synthase actually
measured in mammalian liver. In addition, it was also shown that when the optimized glutamine
synthesis and the expression gradient of urea cycle / ammonia synthesis are combined, the energy
efficiency is additionally improved.

However, since the number of trials presented here is insufficient, and the number of parameters
for optimization are also restricted, there is a possibility that the obtained models are just local
solutions. It is necessary to try many evolution simulations with higher degrees of freedom.
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Construction of a theoretical model of metabolic zonation of nitrogen metabolism in the liver
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While spatial heterogeneity (metabolic zonation) has been observed in various metabolic pathways in liver, much of their functional
significance is unknown. Using mathematical approaches, we aim to elucidate the significance and deduce evolutionary process of
metabolic zonation in liver especially for nitrogen metabolism.

Mammals excrete most of the nitrogen from the kidney as urea. Gene expressions related to nitrogen metabolism, including urea
cycle, are spatially regulated within the liver. Since similar spatial heterogeneity is not seen in reptiles and birds, those excrete
nitrogen as uric acid, metabolic zonation may have evolved to adapt to nitrogen excretion by urea.

In order to investigate its probability, we constructed a mathematical model of the whole body nitrogen homeostasis, use a flat liver
nitrogen metabolism model without spatial heterogeneity like reptiles and birds as an ancestral model, and are accumulating simulation
results of artificial evolotions.

In the parameter search performed in this academic year, it was suggested that energy efficiency is improved when glutamine
synthesis is predominantly expressed in the perivenous zone (downstream), and when the urea cycle predominantly expressed in the
periportal zone (upstream) in particularly co—expressed with ammonia synthesis. These expression gradients well reproduce the
expression gradient of glutamine synthetase or carbamoyl phosphate synthase actually measured in mammalian liver. In addition, it
was also shown that when the optimized glutamine synthesis and the expression gradient of urea cycle / ammonia synthesis are
combined, the energy efficiency is additionally improved.

However, since the number of trials presented here is insufficient, and the number of parameters for optimization are also restricted,
there is a possibility that the obtained models are just local solutions. It is necessary to try many evolution simulations with higher
degrees of freedom.
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