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Introduction 
Oligosaccharide chains on the protein play important roles 

for several biological events, but the oligosaccharide 

exhibits heterogeneous structure, so called glycoform. 

Therefore synthesis of glycoprotein having intact and 

homogeneous oligosaccharide chains have been paid an 

attention in order to investigate what oligosaccharide 

structure on protein is essential for individual biological 

events. The complex type oligosaccharide incorporates to 

the side chain of asparagines. We have prepared 35 

variants of natural complex type, asparagine-linked 

oligosaccharides and examined their utility in the 

syntheses of glycopeptides [1-3]. Using these 

oligosaccharides, we have examined synthesis of 

glycoprotein.  For the synthesis of protein, native 

chemical ligation (NCL) has been used as a powerful 

coupling method of two peptide fragments. A convenient 

synthetic method of glycopeptide-thioester is, therefore, 

essential for the synthesis of glycoprotein by use of NCL.   
We would describe synthesis of glycopeptide-thioester 

and synthesis of glycosylated Crambin in order to 
investigate function of oligosaccharide.    

 

Results and Discussion  
Crambin have been used as a model protein for NMR 

studies and its chemical synthesis have been performed by 

Kent group.  We have an interesting for deliberate 

incorporation of human oligosaccharide to the helix or 

sheet parts of this Crambin (Fig 1.).  Because 

oligosaccharide seems to be frequently incorporated on 

random coil position, we examined to evaluate its 

conformational changes after deliberate incorporation of 

oligosaccharide to the sheet or helix position.  

We also employed three fragments strategy to make 

glycosylated Crambin shown in Figure 1. We selected 

Thr2 and Val-8 to substitute with complex type 

Asn-oligosaccharide 

In terms of synthesis of glycopeptide-thioester, we have 

established a simple synthetic method by use of 

Fmoc-SPPS. [4].  After construction of glycopeptide on 

the HMPB-PEGA resin through Fmoc-strategy, protected 

glycopeptide was released by use of acetic 

acid/trifluoroethanol. Then we examined a coupling 

reaction between C-terminal free carboxylic acid and 

benzylthiol under -20 degrees in DMF by use of 

PyBOP/DIPEA. This condition was the best to form 

thioester and to avoid epimerization at the C-terminal.  

 

 

Finally, protecting groups of glycopeptide-thioester were 

removed by 95 % TFA to afford glycopeptide-thioester 

having intact and homogeneous complex type  

 

oligosaccharide in good yields (Fig. 3).   
Coupling of fragment 2 and 3 was performed by the first 
NCL and then N-terminal thiazoline was removed by 
methoxyamine-hydrogen chloride (Fig. 4).  Then this 
fragment was coupled with glycopeptide-beenzyl-thioester.  
The ligation finished within 20 h (Fig. 5).  After 
purification, the glycosylated polypeptide chain was 
examined folding experiment.  The folding condition was 
to use a solution containing 2M guanidine, cystein/cystine 
and the reaction mixture was stirred at room temperature.  
Within 1 h.  Almost starting material converted into a 
single product. After isolation of folded glycosylated 

Figure 1. Amino acid sequence of Crambin 

Figure 2. Synthetic strategy of glycosylated Crambin 
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crambin, its 1H NMR and CD spectra were measured.  
Comparing of those spectra between nonglycosylated 
Crambin and glycosylated Crambin, both were found to be 
identical to that of correct folded Crambin.  This means 
that incorporation of oligosaccharide to the !-sheet part 
don’t cause conformational change dramatically. In 
addition, we observed that incorporation of oligosaccharide 
at the !-sheet (Thr-2 or Val-8) did not inhibit folding 
process, because folding of glycosylated Crambin finished 
within 1h and this tendency is identical to that of 
nonglycosylated Crambin.  
 In conclusion, we synthesized glycosylated Crambin and 
evaluated folding process. We also examined synthesis of 

chemokine, ovomucoide having human complex type 
oligosaccharide  
 These data would be useful for investigation of 
oligosaccharide functions and protein drug preparation. 
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Figure 3. Synthesis of glycopeptide thioester 

Figure 4. Ligation reaction between fragment 2 and 3. 

Figure 5. Ligation reaction between glycopeptide 

thioester 1 and fragment 2+3. 


