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ABSTRACT 

The research area of glycosaminoglycans (GAGs) is just as diverse as their many 

biological functions.  Despite the extensive research performed on GAGs, there is a vast 

amount of information still unknown.  The focus of this research was to investigate the 

fields of GAG structure-activity-relationships (SAR), proteomic analysis, and 

nanotechnologies, to better understand this complex class of molecules. 

 The complexity of GAGs is mostly due to the diversity of their structures, which is, 

in turn, responsible for their interactions with a myriad of proteins.  Sulfation sites 

within the chains allow for distinct patterns to be formed.  One area of this research was 

to develop a method to allow for screening of protein interactions with 

chemoenzymatically synthesized GAGs using surface plasmon resonance (SPR).  A 

heparin (HP)-like molecule was attached to the surface of a SPR chip and enzymatically 

modified with various HP biosynthetic enzymes to form an antithrombin III (ATIII) 

binding site.  This HP-like molecule, now containing an ATIII binding site, was 

analyzed for its interaction with ATIII and the kinetic and affinity data obtained was 

similar to HP. 

An important area of glycobiology involves screening for protein interactions and 

determining GAG structure, especially when pathogenic proteins exploit GAGs for 

infection and invasion into healthy cells.  Group B Streptococcus (GBS) has a surface 

protein, alpha C protein (ACP), which is able to interact with heparan sulfate (HS) on the 

surface of host cells.  This interaction was investigated to understand the amino acid 

residues important for ACP to recognize and bind to HS.  The specificity of protein 

binding to GAGs was also explored.  Knowledge of this interaction might lead to new 

approaches for the treatment of infection, using GAGs as targets. 

The use of GAGs in the area of nanotechnology was next explored.  One advantage 

of utilizing GAGs in therapeutic applications is their high stability.  Unlike protein-based 

drugs, GAGs are not prone to aggregation and retain their activity over time.  GAGs 

display diverse functions, participating in many vital processes, they are also 

biologically friendly, since they are found abundantly within our bodies.  Incorporating 

nanoparticles might enhance the therapeutic uses of GAGs, by introducing novel 

activities or improving on already existing applications.  In this work gold (Au) and 
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silver (Ag) nanoparticles were synthesized by reducing their metal salts with GAGs.  

The result was novel glyconanoparticle composites that retain biological activity, while 

having enhanced properties resulting from the presence of nanoparticles.  There are 

many hypothetical advantages of these composites.  The current study only touches the 

surface of this potentially rich area of biomedical research.   

The use of Au nanoparticles was also investigated to increase the activity and 

stability of GAG catabolizing enzymes.  Immobilizing proteins or enzymes can keep 

them locked in active conformations, prevent aggregation, and can lead to longer 

stability.  Chondroitinase, an enzyme that degrades the GAG chondroitin sulfate (CS), is 

known to remove glial scarring around a spinal cord injury site, promoting nerve growth, 

and eventually results in the recovery of lost function.  However, the instability of this 

chondroitinase remains a serious concern limiting its utility in treating spinal cord injury.  

Immobilized chondroitinase on Au and silica nanoparticles was explored to see if 

enzyme stability could be enhanced.  Over a 2-week time period, chondroitinase on 

nanoparticles remained active.  This is longer than previously published results obtained 

for free chondroitinase.  Immobilized chondroitinase still needs to be tested in vivo to 

determine if these composites result in the recovery of lost function in patients with 

spinal cord injuries. 

The overall results described in this thesis enhance our understanding and 

knowledge of GAGs.  This work unites different fields of carbohydrate research leading 

to potentially novel therapies and medicinal applications.  There are many different 

fields of GAG research, and these fields are interrelated.  Uncovering the basic 

properties of GAGs, such as structure and sulfation patterns, can lead to understanding 

protein-GAG interaction, directly explaining the biological activity of GAGs.  Knowing 

these biological functions allows us to explore new areas of GAG-based therapies and 

biomedical applications. 

 


