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Recently, biologics based on glycoproteins such as antibodies and erythropoietin (EPO)
have become common protein drugs, but due to the mammalian cell expression methods,
the glycan attached to the glycoproteins show a considerable structural heterogeneity.
Erythropoietin (EPO), a drug for anemia, was first approved as a glycoprotein with N-
linked glycans and is now used as a generic-like protein drug such as a biosimilar.
Interleukin 2 (IL2: proleukin), which activates the immune system, requires O-linked
glycans. Antibodies are the most widely used for cancer treatments because of their
antibody-dependent cellular cytotoxicity, which requires N-linked glycan functions. It has
been known that the role of glycans is to extend the half-life of proteins in blood, but their
essential functions remain ambiguous. Since 2010, many patents of glycoprotein-drugs
began to expire, glycoprotein products with heterogeneous glycan structures have
continued to be used under the strict manufacturing conditions.

Under these circumstances, the preparation methods of homogeneous
glycoprotein drugs are still essential. Therefore, in this project, we studied the synthetic
method of homogeneous glycoproteins. Especially we studied the manipulation of long
peptides prepared in E. coli. for semi-synthesis of glycoproteins. For the coupling of long
peptides with glycosyl peptide or glycosyl amino acid, we found three methods to convert
the C-termini of the long peptides expressed in E. coli. into a thioester form. We
established a method for synthesizing glycoproteins within 4-5 steps via coupling of these
peptides with glycopeptides. In this method, long peptides were coupled to the N- and C-
terminal sides of the oligosaccharyl asparagine-thioacid that assists coupling of these
peptides. After removing the protecting groups of the resultant glycopeptides, folding
experiments of the glycopeptides successfully yielded homogeneous glycoproteins. The
conventional chemical synthetic methods of glycoproteins need over 100 steps, but in this
study, the synthetic steps were dramatically reduced by a highly efficient new method.

In addition, using these methods, we also synthesized a candidate of glycoprotein
drug that can suppress the activated T cells.

We also studied the evaluation method of the quality of homogeneous
glycoproteins synthesized by mass spectrometry. In this project, we focused on hydrogen-
deuterium exchange mass spectrometry and analytical methods monitoring the half-width
of each ion peaks. These methods were found to be an efficient method for the evaluation

of glycoprotein purity.



