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Chapter 1 of this thesis describes the main factors, which made us to choose such research. Interactions between
carbohydrates and lectins are subjected to intensive studies due to their roles in cellular events like fertilization, cell
signaling, immune function, genomic activities, and host-pathogen recognition or cancer metastasis. Carbohydrates
present on the cell surface to detect and work as a receptor for any foreign substances like pathogen, bacteria, viruses
and toxins, after getting the information from the outside world these carbohydrates soon transfer these signals to
protein. This is the reason most of the scientists highly focused towards the study of carbohydrate-protein interactions.
Usually, the lectin-carbohydrate interaction is not so strong, but can be enhanced via several modifications in
carbohydrates, which we did in this research. However, to the best of our knowledge there are surprisingly few reports
on the linear linkage of GlcNAc via biotin-avidin interactions. In this paper we described the synthesis of biotinylated
GlcNAc monomer-using 6-chlorohexanol as linker and further modifications via organic synthesis leads to a formation
of unique bio-probe. Driven by the high demand for sensitive and specific tools for optical sensing and imaging, bio-
probes with various working mechanisms and advanced functionalities are flourishing at an incredible speed. Synthesis

of GlcNAc derivative and its biological applications by PL and SPR methods are the main objective of this research.

Chapter 2 describes the synthesis portion of this research. The main goal of this project was to synthesize divergent
type of avidinbiotin-GIcNAc (ABG) tetrameric complex using various techniques of organic synthesis. Organic
synthesis requires protection, deprotection and glycosylation type of reaction to carry forward the reactions to get
targeted compounds in a good yield. Firstly we used D(+)glucosaminehydrochloride as a starting material to get an
a-anomeric acetate compound 2 by the acetylation reaction followed by the formation of oxazoline 3 intermediate using
the reference of Nakabayashi et al, and soon applied for the glycosylation step to attach a C, length spacer. Spacer is

required to use as it provide flexibility and stability to the artificial carbohydrate and basically help to suppress the non-



specific interactions between protein and carbohydrate, as the distance between particular protein and carbohydrate is
an important point to avoid any non-specific intimation. The linker we used here is 6-chlorohexanol, which leads to the
synthesis of compound 4, after attachment of such linker we chose displacement of chlorine to azide by displacement
reaction to get the compound 5, followed by the deprotection of all acetate group via Zemplen s method of deacetylation
to serve compound 6. After synthesis of compound 6, the aim was turned towards the reduction of azide to amide, so we
chose reduction reaction to make compound 7. After finishing acetylation, glycosylation, displacement, deacetylation
and reduction reactions, we went for the coupling reaction to make a conjugate of GIcNAc and biotin. Two kind of
coupling reaction has been chosen based on the reagents use, one is DMAP/DIC coupling and another is DMT-MM
coupling. In our study the DMT-MM proved to be a good coupling reagent to make a couple of GlcNAc-biotin with
quite good yield (63 %) but if we talk about the DMAP/DIC, it rarely showed any target compound (almost 0 %). Such
methods helped to develop the final material 10.

Chapter 3 describes the complete chemical and physical analysis of synthetic compounds. After complete synthesis
the chemical and physical analysis has been performed using analytical techniques of IR, NMR, MS and elemental
analysis. Proton NMR suggested the coupling constants of anomeric proton (8 4.96 ppm, d, 1 H, J, ,= 8.48 Hz, H-1) for
compound 9 and (3 4.63 ppm, d, 1 H, J,,= 8.28 Hz, H-1) for compound 10. Carbon NMR showed the anomeric signal
in the range of (8 100.3 ppm, C-1) for compound 9 and the same with compound 10 (3 101.5 ppm, C-1). IR made the
good agreement to explain the structure of compound 9 and 10. MS showed the molecular mass of both the synthetic
compounds same as the theoretical values. To make sure all the synthesized compounds are pure and can be further use
for biological assaying and making of ABG tetramer, these analytical techniques explained the level of purity of each
and every synthesized compound and helped use to go to the next step.

Chapter 4 describes the synthesis of main material that is divergent type tetrameric complex of avidin-biotin-GlcNAc
(ABG) and reason to choose avidin-biotin system. We all know avidin-biotin system, which is famous for its strongest
known non-covalent interaction (K, ~ 10™° M), because of high affinity between biotin and avidin synthetic assembly of
the biotin and other bioactive compounds are of great interest in biochemical and biomedical research fields in order to
evaluate activities of the bioactive compounds. Therefore we chose such system to make a tetrameric stable complex of
ABG. After the fruitful synthesis of ABG complex, the estimated concentration of avidin was measured to be 0.257 uM
in the mixture of ABG complex by using absorption coefficient at 282 nm and accordingly the concentration of GIcNAc
moiety is 1.028 uM (4 x 0.257 uM).

Chapter 5 describes the biological activity of ABG and compound 10 using fluorometric assay. First is to check the
binding affinity of ABG complex with WGA (Wheat Germ Agglutinin) we use fluorometric assay by means of specific
excitation of tryptophan at wavelength of 295 nm. Interestingly, high affinity constant has been measured for ABG
complex with WGA (K, ~ 10" M) while its glycoside showed just in the range of ~10° M"'. ABG complex shows the
binding almost thousand times of glycoside 10. This huge difference in affinity binding is proved due the phenomenon
of glycocluster effect, which is more favorable for ABG as compared to compound 10. PL method in this research
does not required any fluorescence labeling method, because we use the excitation wavelength for tryptophan and it
is an automated form of fluorescence spectroscopy which proved to be advantageous to get a result according to our
hypothesis.

Chapter 6 describes the biosensor assaying using Surface plasmon resonance (SPR) methodology. In this we used
ABG complex and three linear type of GlcNAc polymers named glycopolymer 1, 2 and 3 as control against ABG.
Glycopolymer 1 with monomer and acrylamide ratio of 1:10, polymer 2 with 1:20, polymer 3 with 1:4 and ABG were



used as respective analytes. WGA used as ligand and was immobilized on sensor surface via amine coupling method.
The efficiency of the method was exhibited in the analysis of the interactions that covered a high affinity range; namely
the strong binding (K, ~ 10’ M) for ABG compared with the polymers 1, 2 and 3 which shows the binding of (K, ~ 10
M™"). The usefulness of these synthetic glycopolymers as tools in the study of sugar-lectin interactions has been proved
due to glycocluster effect and the combination of lectin immobilization with SPR is characterizing specific screening.
The lectin-based SPR made it possible to carry out the label-free detection of glycoproteins with a broad concentration
range with a good linearity. SPR also provided all the thermodynamical evaluations and all tested glycopolymers
showed their own unique lectin-binding pattern.

Chapter 7 The evaluation of binding by a variety of techniques facilitates a better understanding of the molecular
basis by which multivalent ligands exert their effects. We compared the kinetic affinity calculated by SPR data with
PL data of same sugar conjugates and both the methods are almost in the same agreement, little fluctuation in results
may occurred in ABG and glycopolymer 2. It should be emphasized that the PL method measures the solution-solution
carbohydrate and protein interactions, which is different from the solution-solid interactions measured by SPR. Surface
plasmon resonance and fluorescence spectrophotometry are the techniques used in this research for identifying the
binding between carbohydrate-protein and gave the good results according to our hypothesis. Combination of the lectin
panel with surface plasmon resonance and flourospectrophotometry makes it possible to carry out both qualitative
screening and quantitative detection of synthesized glycoconjugates of GIcNAc. Additionally, the assays used to
evaluate protein-carbohydrate interaction each evaluate a range of different process, either because the assay itself
measures a phenomenon that incorporates additional interactions beyond simple binding or because the assay operate
under different concentration regimes. In addition, both the techniques offer several unique advantages. These implied
techniques uses very small amounts of material, expanding the range of systems amenable to study. It may be worth to
say that the unique selectivity, high sensitivity, excellent reproducibility, simplicity, absence of labeling agents, rapidity,
automation and small consumption of reagents make these two methods SPR and PL good alternative to the more
complicated and time consuming glycoprotein analysis techniques based on structural investigations and quantitative
determination of the carbohydrate composition.

We can conclude the protein-glycan interactions are guided by the same principles as other macromolecules
interactions, like hydrogen bonding, hydrophobic interactions and electrostatic interactions. Most monovalent
interactions between proteins and glycans are low affinity (almost in mM range) and frustrate efforts towards the
development of carbohydrate therapeutics, and recognition but in case of modified carbohydrates after clustering
and polymerization can leads toward the strong affinity (nM range) due to the glycocluster effect. High specificity
can be achieved, but not all interactions are totally selective. Most interactions are multivalent, usually involving
oligomerization of the lectin or multiple types of interactions (protein-protein as well protein-carbohydrate). The use
of carbohydrate-protein interaction study is worth in many biological functions such as immune function, fertilization,
cancer metastasis and many more. The ability to control these events with selective small molecule inhibitors offers
enormous potential for the study of biology. The development of strong binding ligands for carbohydrate binding

proteins continues to be a demanding sector throughout the carbohydrate chemistry and biology community.
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