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Molecular mechanism for the regulation of activation in calcium/calmodulin-dependent pro-
tein kinase II (CaMKII)
Calcium/calmodulin-dependent kinase II (CaMKII) is a Ser/Thr kinase, which plays a critical role in neuronal and cardiac 
signaling. Unregulated / perturbed activation of CaMKII leads to several pathological conditions, like severe impairment 
in learning and memory, cardiac arrhythmias and heart failure. Owing to the physiological importance of the activated 
state of CaMKII, it is obvious that the activation of CaMKII is tightly regulated in cells.

The proposed project aims at understanding the molecular basis of this regulation using two approaches:

(1) design of a photoactivatable CaMKII using a dimeric protein, pdDronpa, that dissociates in cyan light (500 nm) and re-
associates in violet light (400 nm). Following a successful design, we aim to use this optically controlled CaMKII to study 
the regulation of activation, specifically in terms of the frequency of the activation stimulus, in cells.

(2) reconstitute the regulatory circuit of CaMKII, including its membrane-associated interaction partners, such as the 
NMDA receptor, the dopaminergic D3 receptor and the phosphatases, on a supported membrane bilayer. Using this 
simplistic model, we will study the effect of various signal inputs to this circuit to examine the regulatory constraints on 
CaMKII at the synapse.

Molecular Dynamics Simulation in Structure-Function Studies of T Cell Signaling
When a T cell receptor is activated by contact with a peptide:MHC complex, it sets off a cascade of signals that ulti-
mately result in activation of the T-lymphocyte. The primary step of this signaling pathway is the assembly of the T cell 
receptor (TCR) complex, whose formation is mediated by a series of phosphorylation reactions carried out by kinases, 
such as those of the Src family, and dephosphorylation reactions. We will be using several theoretical methods rang-
ing from molecular dynamics simulations to more complex multistate dynamics methods, to complement experiments 
carried out by our group and understand how the cellular environment and surrounding, interacting proteins affect the 
structure and function of the members of the TCR complex.
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