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ABSTRACT 

Amyloid fibrils are aberrantly associated with a plethora of pathological neurodegenerative 

diseases. This fibrillation process is believed to be initiated by partial misfolding of proteins 

and proceeds via oligomer formation. Thus, understanding the mechanism by which any 

known inhibitor stabilizes the native state of the protein and/or impedes the assembly process 

is imperative for the design of new therapeutic drugs. Amidst various additives, trehalose has 

emerged as a promising cosolvent with GRAS status and wide-ranging applications in 

preventing unfolding, stress intolerance etc. However, its mechanism of action still awaits an 

adequate description. Various theories proposed in literature have elements of contrasting 

features. Additionally, the literature is also deficit in the database that sheds light on its 

efficacy in impeding aggregation pathway and onto intrinsically disordered proteins. Thus, in 

this thesis entitled ‘Mechanistic insights into the effect of trehalose on stabilization and 

aggregation of protein’, we have delved into each of these aspects at a reasonable atomic 

level using molecular dynamics simulations. Experimental validation is also done in cases 

where experimental data were not available.  

The thesis is composed of seven chapters. Chapter 1 (Introduction) provides an overview of 

protein aggregation, its repercussions, strategies to curb the process with a detailed review of 

osmolytes and special emphasis on “Trehalose” and the apparent contradiction in the 

literature about its mechanism of action. The chapter finally discusses the origin of the 

problem in the context of this thesis and the outline of the present research problem.  

Chapter 2 (Materials and Methodologies) describes the theory of molecular dynamics 

simulations, the details of procurement of chemicals, and methodologies used. Chapter 3 

(Scrutinizing trehalose’s interaction with peptides of different nature) is aimed at discerning 

the plausible interaction motifs of trehalose and comparing its induced perturbation on 
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structural and dynamical properties of different solution species. The dissection of the 

interaction energy profiles of acidic, basic, neutral, hydrophilic and hydrophobic peptides 

with trehalose suggests a stronger preference of trehalose to interact with acidic amino acids. 

Chapter 4 (Revisiting the conundrum of trehalose stabilization) focuses on the controversial 

dichotomy between direct and indirect interactions of trehalose with protein, and their 

relevance in driving the folding-unfolding equilibria. We propose that direct interactions 

mainly rule the mechanistic action of trehalose thereby providing relative stabilization to 

native state of protein rather than relative destabilization of the denatured state. Chapter 5 

(Inhibition of GNNQQNY prion peptide aggregation by trehalose: a mechanistic view) 

delves into the way trehalose inhibits the oligomerization phenomenon of “GNNQQNY” 

peptide fragment from the yeast prion protein SUP35. It interacts with the hydrophilic amino 

acids, delays the encounter of different peptides, and inhibits the interchain β-sheet 

formation. The expelled water molecules during the process have larger translational 

movement, suggesting entropy factor to play a role in the presence of trehalose. Chapter 6 

(Introspecting trehalose’s intervention into the aggregation pathway of α-synuclein) provides 

insights into the way trehalose affects the fibrillation process of intrinsically disordered 

protein “α-synuclein”, which is associated with the etiology of Parkinson’s disease. It 

expedites onset of aggregation by stabilizing the aggregation-prone “extended” conformer of 

α-synuclein yet the total fibrils formed are still promisingly less since it accelerates the 

competing pathway toward the formation of amorphous aggregates. Chapter 7 (Summary 

and Future Perspectives) presents the highlights of the study. In a nutshell, our findings have 

been instrumental in understanding the mechanistic role of trehalose at different stages of 

protein aggregation. The information might also be helpful in designing new therapeutics and 

to a priori predict trehalose’s action on different proteins. 
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TEM Transmission electron microscopy 

TFE Trifluoroethanol 

UPS Ubiquitin-proteasome system 

UV Ultraviolet 

VMD Visual molecular dynamics 
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