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Abstract 
 Heart disease is the leading cause of death in the United States. Many of these diseases are trig-
gered by genetic mutations. For instance, sarcomeric missense mutations affect striated muscle contrac-
tility and can lead to various types of inherited cardiac diseases such as hypertrophic and dilated cardio-
myopathies. The majority of these mutations have found to be distributed on residues located at the inter-
faces of many proteins of the sarcomere that regulates cardiac contraction. These mutations and post-
translational modifications influence not only contraction dynamics, but affect myofilament calcium sen-
sitivity and alter cooperative interactions between the sarcomere regulatory proteins. Although, several 
Monte Carlo type myofilament models attempt to predict the functional effects of point mutations on sar-
comere contractility. The exact molecular-to-filament mechanism by which these alterations provide the 
trigger for disease progression and remodeling is still remaining poorly understood.  
 In this talk, I will present a novel stochastic multiscale (molecular-to-filament) myofilament mod-
el that can describe the activation process of the thin filament during sarcomere contraction. The model is 
based on the Brownian flashing ratchet theory for the molecular scale and is using Langevin dynamics 
principle for the filament scale. This model is then used to predict the phenotype remodeling of cardiac 
function during heart failure, which make major strides toward engineering the human heart disease. 
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