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Development of a novel strategy for semisynthesis of triantennary complex-type
imCE4 | oligosaccharides and its application for glycopeptide synthesis
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Glycosylation of proteins is one of the major posttranslational modifications, and more than 50%
proteins are estimated to be posttranslationally glycosylated. Complex-type oligosaccharides on proteins
show characteristic branching structures including bi-, tri-, and tetra-antennary forms. In the case of
erythropoietin (EPO), which is glycoprotein hormone stimulating red blood cell production, tri- and
tetra-antennary structures account for more than 90% of complex-type oligosaccharide, and furthermore, it
is known that branched structures are often observed on cancer cells. However, relationship between
oligosaccharide branching patterns and the behavior of proteins/cells has not yet well understood.

Chemical synthesis of oligosaccharides and glycoproteins provides homogenous molecules to
understand the functions and necessities of oligosaccharides at molecular level, however syntheses of
complex-type oligosaccharides unfortunately necessitate time-consuming protocols due to repetitive
protection/deprotection and glycosylation steps. Prompt access to such highly complicated oligosaccharyl
molecules would greatly contribute o reveal oligosaccharide functions.

Thus, I envisaged developing an unprecedented semisynthetic strategy for the synthesis of
triantennary oligosaccharide 1 and 2 from the substrate of biantennary asialononasaccharide 3, which can
be isolated from a natural source in gram scale. Twenty-four hydroxy groups of the biantennary
oligosaccharide were specifically and precisely manipulated based on rigorous NMR structural analysis.
Selective introduction and deprotection of benzylidene acetals produced suitably protected oligosaccharyl
acceptors, followed by glycosylation with lactosaminyl donor and stepwise deprotection reactions to give
desired triantennary oligosaccharide 1 and 2, respectively. The idea to use biantennary structure as a
scaffold of triantennary oligosaccharides was critical for the synthesis, along with a finding of selective
benzylidene deprotection in mannosides.

The obtained triantennary oligosacchary! asparagine was converted into EPO-glycopeptide 33 by
segment coupling reactions in solution, which was further ligated with {glyco-)peptides in order to
synthesize an EPO glycoform having one triantennary sialyltetradecasaccharide and two biantennary
sialylundecasaccharide 67.

In conclusion, I developed a novel semisynthetic strategy toward triantennary complex-type
oligosaccharides and demonstrated robustness and utility of the synthesis by getting access to EPO. The
established synthetic protocols can be powerful platform for the insight into oligosaccharide branching on
proteins.
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Figure. Outline of semisynthesis and its application in this study
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