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ABSTRACT 

This thesis involves two parts, each one related to a different aspect of protein 

stability. The first part of this study involved an investigation of the equilibrium 

unfolding of the protein Factor for Inversion Stimulation (FIS). FIS is a small alpha 

helical dimeric protein found in E. coli that is involved in DNA binding and bending. 

FIS is a good model system to study protein folding due to its small size, lack of 

disulfide bonds and cofactors, and its reversible unfolding. WT FIS exhibits a two-state 

equilibrium unfolding mechanism (N2  2U) whereas a P61A FIS mutant was found to 

have a three-state unfolding mechanism (N2  I2  2U). The intermediate in the 

unfolding pathway of P61A FIS was proposed to be a dimeric intermediate with a 

disrupted C-terminus, but was not clearly observed in the denaturation curves. 

Therefore, a series of double mutations (P61A/Y95W, P61A/Y69W. and P61A/Y38W) 

in which three tyrosine residues were changed, one at a time, to tryptophan were 

engineered to selectively monitor the conformational changes at different locations 

throughout FIS. Equilibrium denaturation studies showed that each tryptophan residues 

was able to clearly detect the formation of the dimeric intermediate. Interestingly, the 

tryptophan farthest away (Trp 38) from the C-terminus was the most efficient reporter, 

whereas the closest tryptophan (Trp 95) was the least efficient. Thus, these studies 

increased our understanding of the role of the C-terminus in the denaturation mechanism 

of P61A FIS. Furthermore, it provided insight into how the properties of the local 

environment, such as hydrophobicity, electrostatics, hydrogen bonding, stability, and 

quenching groups might affect the efficiency of engineered tryptophan residues to serve 

as reporter groups for conformational changes of proteins. 

The second part of this thesis is an investigation of the possible structural factors 

that contribute to the kinetic stability of certain proteins. The term “kinetic stability” is 

used to describe proteins that are trapped in their native state, and are therefore unable to 

explore partially and globally unfolded conformation. Proteins that are kinetically stable 

are able to maintain their function over long periods of time in a variety of conditions. 

They are trap in their native structure by a high-energy barrier that makes their unfolding 

rate much slower compared to most proteins. No structural basis for kinetic stability has 

yet been elucidated. This project focused on investigating how a group of proteins that 
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share similar overall structure might acquire varying degrees of kinetic stability. Several 

members of the papain family of proteases (papain, chymopapain, caricain, and 

actinidain) where chosen as model systems because of their monomeric structure and 

known crystal structure. Unlike FIS, the papain family of proteins unfold slowly and 

irreversible. Therefore, this study focused on comparing the unfolding rates of the 

different proteins under denaturing condition to determine their relative kinetic stability 

and then compared the results with their surface electrostatic properties. The results 

indicated that the kinetic stability of the proteins rank as follows: chymopapain ~ 

caricain > papain > actinidain.  Comparison of the unfolding kinetics, the temperature 

denaturation midpoint, and the surface electrostatic of the different proteins suggests that 

the surface electrostatic interactions might be able to affect the free energy of the native 

state, and thereby affects the barrier toward unfolding, which directly correlates with 

kinetic stability. Thus, this study suggest a mechanism by which surface electrostatic 

interaction that are largely absent in the transition state for unfolding, may selectively 

affect the free energy of the native state, thereby increasing both the thermodynamic and 

kinetic stability of a protein. 
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