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Åare at the heart of physical sciences and engineering.

Åcapture the essential aspects of systems, processes, 

phenomena.

Åare founded on universally accepted laws of physics and 

chemistry.

Åare key to understanding, predicting, designing, optimizing 

and controlling.

Mathematical Models



Mathematical models in biology?

ÅCan biological phenotypes be explained with mathematical 
models of interacting molecules according to physical laws? 

ÅHow does life emerge from a soup of chemicals?

ÅTwo major challenges:
1. Biological systems are not only non-linear and often 

stochastic; they possess an overwhelming number of 
variables.

2. Biology is a discipline in history: 5ƻōȊƘŀƴǎƪȅΩǎdictum that 
άbƻǘƘƛƴƎ ƛƴ ōƛƻƭƻƎȅ ƳŀƪŜǎ ǎŜƴǎŜ ŜȄŎŜǇǘ ƛƴ ǘƘŜ ƭƛƎƘǘ ƻŦ 
ŜǾƻƭǳǘƛƻƴέ Ŏŀǎǘǎ ŀ ƭƻƴƎ ǎƘŀŘƻǿ ƻƴ ƳŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭǎ ƻŦ 
phenotypic complexity.



Antimicrobial Peptides

ÅPromising alternative to traditional antibiotics: no bacterial resistance.

ÅHow do they work? 

ÅFocus on protegrin-1. Potent against wide spectrum of bacterial 
organisms.



Antimicrobial Peptides

ÅCalculate the potential of mean force of binding on the membrane, of 
inserting inside the membrane, of dimerizing, oligomerizing.



Antimicrobial Peptides
ÅAll-atom molecular dynamics simulations of protegrinpore (98,000 

atoms,150 ns). 

ÅDetermine the structure of the pore.

ÅDetermine the electrostatic potential and the dielectric constant.

Mani, R. et al., Biochemistry, 

2006. 45(27): 8341-9.

Langham A, et al. , JACS, 2008, 130(13): 4338-4346



Timeline of AMP function

Å Ion transport through a protegrinpore using Poisson-Nernst-Planck equations.

Å Transient ion transport from bacterial cells. Collapse of transmembranepotential 
and osmotic swelling.

Bolintineanu D, et al. Peptides. 2010, 31(1):1-8



Antimicrobial Peptides
ÅMeasured potassium release matched by models.

ÅOsmotic swelling observed by SEM.


