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The Regulation-Mechanism-Dependent Energy Consumption

YANG Xiyan WU Yahao
( Department of Applied Mathematics Guangdong University of Finance Guangzhou Guangdong 510521 China)

Abstract: Gene expression is a dynamic non-equilibrium process inevitably consuming energy. Here a gene expres—
sion model at the transcription level is analyzed from the viewpoint of energy consumption. This model considers not
only complexity of promoter structure ( two regulatory sites) but also regulatory functions of interacting transcription
factors ( distinguished as three mechanisms: recruitment stabilization and mixture) . By mathematical modeling the—
oretical analysis and numerical simulation it is found that the recruitment mechanism maximizes energy consump-—
tion the stabilization mechanism minimizes energy consumption and the role of the mixture is between that of these
mechanisms. In addition it is found that if the transcription rates at active states change then the relationship be—
tween promoter activity and energy consumption is inverse (1. e. the higher ( lower) the promoter activity is the
less ( greater) is energy is consumed) but if the transcription rate ( also called leakage rate) at the inactive state
changes then this relationship is direct (1. e. the higher ( lower) the promoter activity is the greater ( less) is en—
ergy is consumed) . Altogether these results indicate that energy consumption in gene expression is regulation mech—
anism-dependent.

Key words: gene expression; energy consumption; regulation mechanism; promoter activity



