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Computational Modeling and Mathematical Analysis of Ca2+ Signaling Dynamics in Neurons
Dr. Kubota has previously worked with one UT medical school summer undergraduate student who worked in Dr. Waxham’s lab.  Major research efforts of Dr. Kubota include 1) developing computational simulations and tools to study Ca2+ signaling dynamics in neurons at the molecular level, and 2) building theoretical and mathematical frameworks to understand molecular diffusions and chemical kinetics of Ca2+ signaling systems important for neuronal function and disease mechanism.   
Project 1) Computer simulation and mathematical theory of molecular diffusions in neurons. Neurons have very complicated geometry with long axonal projection, dendritic arbors, and synaptic protrusions.  Transport and diffusion of signaling molecules in neurons thus play important roles in neuronal functions.  A rapid growth of the field focuses on anomalous nature of molecular diffusions of Ca2+ signaling molecules along dendrites, in and out of dendritic spines.  In this project, we simulate intracellular environment and chemical interactions between Ca2+ signaling molecules and understand the possible mechanism that controls molecular diffusions in neurons.  In addition, we will construct mathematical framework of anomalous diffusions in neuronal cells and analyze experimental data. 

Project 2) Dynamical system analysis of Calmodulin-dependent protein kinase II.  Calmodulin (CaM)-dependent protein kinase II (CaMKII) is known to play a key role in long-term synaptic plasticity.  The potential bistable nature of phosphorylation of this enzyme was proposed to underlie the synaptic memory formation (= bistability hypothesis).  However, recent experimental data suggests the bistable hypothesis may not hold true.  Dr. Kubota’s group has developed a series of mathematical models of CaMKII.  The computational simulations of these models also suggests the bistability hypothesis may not be the case , however, the potential bistable dynamics of other aspects of CaMKII could play a role other than the induction of long-term synaptic plasticity.  In this project, we revisit this bistability hypothesis and conduct a novel dynamical system analysis using a stochastic model of CaMKII. 
































































































































































































































































































































































































































































