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Title: A multi-scale approach to study alteration of energy metabolism 
 
Abstract: 
Metabolic diseases are characterized by a disruption of normal metabolism to provide energy 
at the cellular level. This disruption is due to alterations of the biochemical and biophysical 
processes leading to physiological dysfunction at cellular, tissue-organ and whole body levels. 
These alterations are studied with in vivo and in vitro experiments that examine biological 
responses to physiological stimuli. In response to a stimulus as exercise, oxygen and substrates 
utilization are measured to study the regulatory mechanisms of energy metabolism. While in 
vivo experiments provide information on the central and peripheral factors affecting energy 
metabolism, in vitro experiments provide information on mitochondria bioenergetic. Although 
mitochondrial studies are essential to investigate the regulation of bioenergetic processes in 
healthy and disease states, they are not connected to in vivo models of blood-perfused tissue 
or intact vertebrates. Such a connection is possible using mechanistic mathematical modeling. 
To quantify metabolic functions, mathematical models are developed to combine biochemical, 
biophysical and physiological aspects with in vivo and in vitro data. This multi-scale systems 
approach involves modeling and analysis at cellular, organ and whole organism scales. The 
multi-scale models quantify fuel utilization and factors limiting oxidative phosphorylation in 
tissue-organs and whole-body responses to different conditions (e.g. exercise). The 
computational model validation requires experimental approaches that integrate the 
characterization of structural and functional properties of the cytosol, whole mitochondrion 
and of its components with that of tissue-organ responses to stimuli. A systems biology 
approach is proposed to study skeletal muscle energy metabolism in type 2 diabetes mellitus. 
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