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In the hepatic lobule, which is a structural unit of the liver, many metabolic pathways, such as
energy metabolism, lipid metabolism, nitrogen metabolism, etc. are simultaneously running. For
almost every pathways, metabolic heterogeneities among the upstream and downstream of the
blood flow in the lobule has been observed. Recently, signal molecules that regulates the
heterogeneities have been detected. However, the reason why the metabolic heterogeneities exist
is limited to intuitive interpretation, and it is hard to explain using quantitative experimental
measurements.

We used mathematical models and computer simulation to estimate which selective pressure the
wild type metabolic heterogeneity is adapted to. In order to simplify the mathematical model, we
chose nitrogen metabolism in which the urea cycle is exclusively expressed in the liver. Mammals
excrete most of the waste nitrogen in the urine as urea, and urea production occurs exclusively in
the liver. Most of the nitrogen influx into the individual occurs in the lower digestive tract. To
maintain the homeostasis of nitrogen in the body, the nitrogen influx from the lower digestive tract
and the urea production in the liver must be strictly balanced within a time frame of about a week to
a month. We constructed a 'wild-type' mathematical model of mouse nitrogen metabolism that
incorporates the constraints of nitrogen homeostasis, the anatomical structure of circulatory
system, and the kinetic characteristics of nitrogen metabolism related enzymes. Thousands of
'mutant' models are derived from the 'wild-type' model by applying random perturbations to some
model parameters. Comparative analysis of simulation results of all models suggested that the wild;
type 'design' might be optimized for energy efficiency of systematic nitrogen homeostasis.
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Mathematical exploration of metabolic heterogeneity in hepatic nitrogen metabolism
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In the hepatic lobule, which is a structural unit of the liver, many metabolic pathways, such as energy metabolism, lipid metabolism,
nitrogen metabolism, etc. are simultaneously running. For almost every pathways, metabolic heterogeneities among the upstream and
downstream of the blood flow in the lobule has been observed. Recently, signal molecules that regulates the heterogeneities have
been detected. However, the reason why the metabolic heterogeneities exist is limited to intuitive interpretation, and it is hard to
explain using quantitative experimental measurements.

We used mathematical models and computer simulation to estimate which selective pressure the wild type metabolic heterogeneity is
adapted to. In order to simplify the mathematical model, we chose nitrogen metabolism in which the urea cycle is exclusively
expressed in the liver. Mammals excrete most of the waste nitrogen in the urine as urea, and urea production occurs exclusively in
the liver. Most of the nitrogen influx into the individual occurs in the lower digestive tract. To maintain the homeostasis of nitrogen in
the body, the nitrogen influx from the lower digestive tract and the urea production in the liver must be strictly balanced within a time
frame of about a week to a month. We constructed a 'wild—type’ mathematical model of mouse nitrogen metabolism that incorporates
the constraints of nitrogen homeostasis, the anatomical structure of circulatory system, and the kinetic characteristics of nitrogen
metabolism related enzymes. Thousands of 'mutant’ models are derived from the 'wild—type' model by applying random perturbations
to some model parameters. Comparative analysis of simulation results of all models suggested that the wild—type 'design’ might be
optimized for energy efficiency of systematic nitrogen homeostasis.
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