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ABSTRACT 

Glycosylation is the most frequent and varied of post-translational modifications, 

with associated functions including recognition, signaling, facilitation of protein folding, 

and modulation of activity. In spite of this significance, characterization by the leading 

structural and dynamic techniques remains elusive due to the difficulties of isotopic 

enrichment the glycoprotein. In this dissertation, ribonuclease A (RNase A) and its 

glycosylated variant (RNase B) were used as a model system to study the mechanism of 

glycosylation-modulated functions. A combination of biochemical and NMR studies 

were applied to samples as a function of glycosylation state. This explored the effect of 

glycosylation on both catalytic activity and related dynamic features in the protein. 

Finally, an expression system was developed to produce RNase B by recombinant 

expression from insect cells. This will enable more quantitative NMR study of dynamics 

in the glycoprotein. 

Kinetic studies here show that the dominant affect of glycosylation is a 5.6-fold 

reduction of kcat, with no significant change to Km.  The mechanism loss was explored 

with a suite of NMR experiments probing the structural and dynamic impact of 

glycosylation. In spite of the inherent disadvantage (low sensitivity), the difficulties of 

NMR characterization are overcome using a suite of (1H,15N) techniques at natural 

abundance 15N. With this, 85% of backbone amide sites were assigned in the 

glycosylated enzyme, RNase B, by transfer of assignments obtained by traditional 

methods with the unmodified form, RNase A. Chemical-shift perturbations demonstrate 

that structural response is limited to sites vicinal to the point of attachment (N34). Also 

revealed is that the functionally crucial conformational equilibria known in unmodified 

RNase A do not experience altered populations or shift differences between conformers. 

This excludes two of three primary factors that influence spin-relaxation-based 

evaluation of conformational dynamics. We investigated response of the final factor, the 

rate (kex) of conformational exchange, using 15N R2 relaxation-dispersion experiments. 

These implicate changes in kex at sites throughout the glycosylated protein. The largest 

responses to glycosylation occur at opposite ends of the protein. Our analysis revealed 

increased kex at these sites, and suggests that glycosylation incurs a general dispersion of 

rates among sites participating in the rate-limiting dynamics of the unmodified parent 
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enzyme. This change provides the mechanism of glycosylation modulated function in 

RNase A.  

This dissertation also establishes an insect-cell expression system for recombinant 

production of the glycosylated enzyme. Due to the toxicity of the wild-type RNase B, 

DNA coding for a catalytically-dead mutant (H12A RNase B) was constructed. The 

mutated protein was confirmed to be expressed from Spodoptera frugiperda using a 

baculovirus expression system. Although sufficient quantities of pure protein were not 

isolated from the cell extract, results do demonstrate RNase B expression. This is 

promising for ultimate access to quantities needed for NMR study with specific istopic 

enrichment to quantitatively address the findings of the above study at natural 

abundance. Improved expression may result on incorporating various protease inhibitors 

to prevent apparent degradation of expressed protein. Additionally, a method is 

presented to identify the N-glycosylation site and characterize corresponding 

oligosaccharide content.  Finally, the H12A RNase A was also expressed and purified 

from E. Coli with uniform 15N enrichment for control studies on dynamics in the non-

glycosylated form of the mutant. These studies demonstrated that functionally critical 

motions are retained in H12A, thus validating this mutant for further investigation of the 

impact of glycosylation on motion.  

 


