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Abstract of Thesis

This thesis describes chemical syntheses of glycoproteins of which peptide backbones are specifically labeled with
'>N atom in order to investigate how oligosaccharide gives effect to protein. By taking advantage of Solid Phase
Peptide Synthesis (SPPS) and Native Chemical Ligation (NCL), we developed the new N labeling method for
synthetic glycoproteins, that is specific and gradient 1*N isotope -labeling (SGI). I chose hydrophobic amino acids
for specific "°N labeling because they highly occur in a peptide backbone and also important in many biological
events such as folding process, binding with receptor, and aggregation formation.

In order to investigate the function of N-glycan, we chose Chemokine Domain of Fractalkine (CDF) as the
target for chemical synthesis. The consensus sequence Asn9-Ilel0-Thrl1 between the two first cysteines forms the
unique large bulge loop CNITC. This bulge loop is fixed by the hydrophobic interaction between Leu48, Tle10 and
Leud0. The arising question is whether the glycan will affect the protein local conformation, dynamics and stability.
At first, I synthesized non-glycosylated CDF and glycosylated CDF having complex-type. Superimposed two 'H-PN
HSQC spectra indicated that almost signals between non-glycosylated CDF and glycosylated CDF bearing complex
type oligosaccharide overlapped. The results reveal that conformational properties are still maintained, however,
there are some differences in the local conformation.

To elucidate the effect of N-glycan on protein properties of CDF, based on the scheme 1A I synthesized
1’N-SGI-labeled CDF 1 and glycosylated CDFs having either high-mannose type 2 or complex type 3. To evaluate
protein dynamics, temperature dependent CD spectra of three synthetic CDFs were measured. Surprisingly,
non-glycosylated CDF changed their CD spectral pattern during heating. However both glycosylated CDFs did not
change CD pattern immediately. CD measurement monitored both heating and cooling process to the roém
temperature. These processes indicated that oligosaccharide stabilized protein conformation, while inhibited protein
dynamics behavior.

Furthermore, "H-">N HSQC spectra of SGI CDFs shown the similarity in the chemical shifts of all isotope
labeled positions, except for Ile10 at the bulge loop (Figure 1C). This indicate local protein conformation slightly
change at this Ile10 position where is very close to glycosylation position. The spin-lattice relaxation time tl at the
Ilel0 and Leu48 were also estimated. Both T1 value increased in case of glycosylated CDF. This changes might

due to the flexibility and fluctuation of oligosaccharide incorporated.




Figure 1: A. Scheme for chemical synthesis of SGI non-glycosylated CDF and glycosylated CDF having
either high mannose type or complex type oligosaccharide B. Amino acid sequence of COF. C 'H-'5N
HSQC of SGI-CDFs
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Molecule). ICOS having one glycan at the Asnf9 R - e

and ICOS having three glycans at the native 19 par

glycosylation sites at the Asn3, 69, and 90, M__‘ Go. 102007

according to the method employing SPPS "I \

for glycopeptide-a-thioesters and NCL followed I ‘
so iz 2000

by glycoprotein folding experiments as shown

in figure 2. All synthesis successfully performed and both ICOSs were obtained.
In terms of 1ICOS bearing a glycan at the Asn69 using SGI method reveals that this glycoform of ICOS tends

to aggregate during NMR analysis. Therefore, we decided to synthesize ICOS bearing three glycans at the Asn’,

Asn® and Asn” positions. Intriguingly, the increase in the number of oligosaccharides shows the significant effect

the solubility but also the prevention of aggregation.

In conclusion, my research revealed that oligosaccharide indeed stabilized glycoprotein conformational
properties and increase glycoprotein-solubility, while oligosaccharide inhibited protein dynamic behavior.
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