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Living systems offer endless examples of spatio-temporal patterns ranging from glycolytic 

oscillations in starved yeast cells to morphogenesis in animal and plant development. Supporting 

this diverse spectrum of form and behavior is an intricate web of molecules and molecular 

reactions driven by energy. Using methods of nonequilibrium statistical physics, we i) construct 

and analyze minimal but quantitative models to trace key players and their interactions for a given 

phenomenon; ii) investigate molecular processes in specific organisms to make contact with the 

underlying physical and biochemical reality; iii) develop methodologies and tools for systematic 

analysis of feedback and regulation in a network setting to dissect biological complexity in 

connection with functional optimization. Close integration of the statistical mechanical, biophysical, 

and systems research will contribute to the revelation of the most-tightly kept secrets behind 

successful life strategies. Specific on-going projects include, 

Metabolic regulation of micro-organisms 

The biochemical processes underlying growth of the model bacterium Escherichia coli have been 

carefully studied experimentally for more than half a century, with vast knowledge collected on the 

properties of enzymes and pathways that make up its metabolic system. Yet there is limited 

understanding on how the cell orchestrates this metabolic repertoire to achieve fast growth. Our 

research aims at developing systematic computational methodologies to i) identify the regulatory 

interactions at work from genome-scale metabolic profiling data that are becoming routinely 

available in recent years; ii) examine the performance of regulatory schemes that incorporate the 

observed interactions through model studies; iii) assist experimental investigations where bacteria 

growth is an important component in the system dynamics..  

Bacteria-based tumor therapy 

Can engineered bacteria be equipped with magic tools to kill cancer cells? This question is 

addressed in the collaborative research project (CRF) by the HKU (PI: Dr. Jian-Dong Huang) and 

HKBU teams. On the computational side, we have developed continuum models to profile cell 



densities and evaluate the effectiveness of individual and combined strategies of the therapy. 

Noise propagation in biochemical networks 

How can genetically identical cells exhibit a broad range of phenotypes and responses? The 

search for answers to this question prompted active experimental and theoretical investigation of 

noise in molecular networks in recent years. We study the auto-correlation of birth events in a 

biochemical network. The method gives a much more precise notion of noise generation and 

propagation in molecular conversion pathways as well as regulatory cascades, and can also be 

used to treat non-Markovian processes with arbitrary waiting-time distributions. 
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