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ABSTRACT 

Developments in the past few years have illustrated the potentially revolutionizing 

impact of nanomaterials in the fields of biotechnology and medicine, and there is now an 

increasing interest in understanding and controlling the interactions of nanomaterials 

with biological molecules such as proteins. This thesis work has focused on the 

understanding the influence of nanoscale environment on the structure, function, and 

stability of proteins, and exploring the utility of these conjugates for applications ranging 

from biocatalysis and biotransformations to the preparation of smart composite 

materials. 

In the first in-depth study of its kind, we have uncovered a novel property of single-

walled carbon nanotubes (SWNTs) – their ability to stabilize proteins in denaturing 

conditions to a greater extent than conventional flat supports. Experimental results and 

accompanying theoretical analysis reveal that the stabilization results from the curvature 

of SWNTs, and suggest that the observed enhancements in protein stability are not 

unique to the SWNTs, but should be a widely applicable phenomenon and obtained with 

other nanomaterials as well. The enhanced stability of enzymes adsorbed onto SWNTs 

was exploited to prepare highly active and stable polymer nanocomposite films that 

resist non-specific protein fouling of surfaces. Finally, in the first report of its kind, we 

demonstrate that SWNTs can be directed to aqueous-organic interfaces with the aid of 

surfactants. This phenomenon can be used to transport adsorbed proteins from a bulk 

aqueous phase to an interface, thereby increasing the rate of interfacial 

biotransformations by over 3 orders of magnitude relative to that for native enzyme in 

the bulk aqueous phase.  


