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Abstract 

Background: Insulin receptor kinase (IRK) and Insulin-like growth factor 1 receptor kinase (IGF-

1RK) are two important members in the large class of tyrosine kinase receptors. They play pivotal 

roles in the regulation of glucose homeostasis, cell proliferation, differentiation, motility, and 

transformation. Their dysfunctions are linked to diabetes, rheumatoid arthritis and many cancers. 

Although their regulatory mechanisms have been widely studied experimentally, the atomistic 

details are still poorly understood, especially for the influences caused by activation loop (A-loop) 

phosphorylation.  

Methods: Molecular dynamics (MD) and alchemical free energy simulations are carried out to 

understand mechanisms underlying the kinase proteins regulation and their thermodynamic basis. 

To capture a full picture about the entire kinase catalytic cycle, different functional steps are 

considered, i.e., conformational transition, substrate binding, phosphoryl transfer and product 

release. The effects of the A-loop phosphorylation on protein’s dynamics, structure, stability, and 

free energy landscape are examined by various analysis methods, including principle component 

analysis (PCA), motion projection, dynamical network analysis and free energy perturbation.  

Results: The main findings are: 1) A-loop phosphorylation shifts the kinase conformational 

population to the active one by changing the electrostatic environments in the kinase apo form, 2) 

allosterically fine-tunes the orientation of the catalytic residues mediated by the αC-helix in the 

reactant and product binding states, and 3) thermodynamically favors the kinase catalysis presented 

by a catalytic-cycle-mimic free energy landscape. An integrated view on the roles of A-loop 

phosphorylation in kinase allostery is developed by incorporating kinase’s dynamics, structural 

interactions, thermodynamics and free energy landscape. In addition, new soft-core potentials 

(Gaussian soft-core) and protocols are developed to conduct accurate and efficient alchemical free 

energy calculations.   

Conclusions: The entire catalytic cycle is examined by MD and free energy calculations and 

comprehensive analyses are conducted. The findings from the studied kinases are general and can 

be implemented to the other members in IRK family or even to more non-homologous families 

because of the conservation of the characteristic residues between their A-loop and αC-helix. In 

addition, the Gaussian soft-core potentials provide a new tool to perform alchemical free energy 

calculations in an efficient way.   
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