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In the hepatic lobule, the histological unit of the liver, there is heterogeneity in the activity of
metabolic enzymes, the amount of metabolites, and metabolic kinetics, called metabolic zonation,
from upstream to downstream of the bloodstream for numerous metabolic pathways, including
energy metabolism, lipid metabolism, nitrogen metabolism, and metabolism of foreign substances
by cytochrome P450. This is called metabolic zonation. A great deal of measurements was
accumulated in the 1990s, and recently, the signaling pathways that regulate spatial gene
expression have been elucidated. However, the reason why zonation exists in each metabolic
pathway has been interpreted intuitively, and little quantitative study has been done.

In this study, we use a mathematical model and computer simulations to estimate what kind of
selective pressure causes the wild type metabolic zonation through comparison with thousands of
mutated zonation models. In order to simplify the mathematical model, we chose nitrogen
metabolism, mainly the urea cycle, which is confined in the liver. Mammals excrete most of their
nitrogen in the urine as urea, and urea production takes place exclusively in the liver. In addition,
most of the nitrogen flow into the individual is through the lower gastrointestinal tract. From the
aspect of maintaining homeostasis, the amount of nitrogen flowing into the body from the lower
digestive tract and the amount of urea production in the liver must be strictly balanced over a time
window of weeks to months. We have developed a mathematical model of nitrogen metabolism in
mice that incorporates these constraints on nitrogen homeostasis, the composition of the
circulatory system, including the abdominal circulation, and the kinetic properties of the hepatic
pathways of nitrogen metabolism.

Using an evolutionary algorithm, we found 950 model parameters that can maintain nitrogen
homeostasis. When these models were ranked by the energy efficiency of hepatic nitrogen
metabolism, a characteristic structure was found in the distribution of the parameters, and the
model with metabolic zonation similar to that found in real livers occupied the top position.
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Mathematical exploration of selective pressures that induce metabolic zonation in hepatic nitrogen metabolism
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2. MERRAEEOME (FHR)

In the hepatic lobule, the histological unit of the liver, there is heterogeneity in the activity of metabolic enzymes, the amount of
metabolites, and metabolic kinetics, called metabolic zonation, from upstream to downstream of the bloodstream for numerous
metabolic pathways, including energy metabolism, lipid metabolism, nitrogen metabolism, and metabolism of foreign substances by
cytochrome P450. This is called metabolic zonation. A great deal of measurements was accumulated in the 1990s, and recently, the
signaling pathways that regulate spatial gene expression have been elucidated. However, the reason why zonation exists in each
metabolic pathway has been interpreted intuitively, and little quantitative study has been done.

In this study, we use a mathematical model and computer simulations to estimate what kind of selective pressure causes the wild
type metabolic zonation through comparison with thousands of mutated zonation models. In order to simplify the mathematical model,
we chose nitrogen metabolism, mainly the urea cycle, which is confined in the liver. Mammals excrete most of their nitrogen in the
urine as urea, and urea production takes place exclusively in the liver. In addition, most of the nitrogen flow into the individual is
through the lower gastrointestinal tract. From the aspect of maintaining homeostasis, the amount of nitrogen flowing into the body
from the lower digestive tract and the amount of urea production in the liver must be strictly balanced over a time window of weeks
to months. We have developed a mathematical model of nitrogen metabolism in mice that incorporates these constraints on nitrogen
homeostasis, the composition of the circulatory system, including the abdominal circulation, and the kinetic properties of the hepatic
pathways of nitrogen metabolism.

Using an evolutionary algorithm, we found 950 model parameters that can maintain nitrogen homeostasis. When these models were
ranked by the energy efficiency of hepatic nitrogen metabolism, a characteristic structure was found in the distribution of the
parameters, and the model with metabolic zonation similar to that found in real livers occupied the top position.
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metabolic zonation of liver nitrogen
metabolism? : a simulation study




