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Abstract:  

Urea and guanidinium chloride are the most commonly used chemical denaturants to understand 

the equilibrium between the native and unfolded state of a protein. The comprehensive 

understanding of the molecular mechanisms by which both of the denaturants unfolds a protein is 

still unclear. Interestingly, recent studies further suggest that their aqueous mixture tend to 

stabilize the collapsed denatured state rather than the unfolded state of a protein. The driving 

forces for the collapse/unfolded state originate from a fine interplay among protein backbone and 

side chains in which the conformations and hydrogen bonding of the backbone plays the central 

role. In this work, we aim to elucidate the molecular mechanism of the formation and stability of 

the collapsed conformation using a protein backbone model and explore its conformational free 

energy landscape in the denaturant solutions. We have performed molecular dynamics and 

metadynamics simulations of Gly16 (prototype of protein backbone) peptide in aqueous solutions 

of pure as well as mixture of denaturants. Further, we have also calculated solvation free energy 

of the conformations of Gly16 identified from the free energy landscape using thermodynamic 

integration method. The thermodynamic decomposition of solvation free energy (∆G
sol

) into 

enthalpic (∆H
sol

) and entropic (∆S
sol

) components reveals the nature of solvation of Gly16 in the 

denaturant solutions.  
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