Glycosylated Polypeptide and Pharmaceutical Composition Containing Same

Technical Field
[0001]
The present invention relates to a glycosylated polypeptide and a

pharmaceutical composition comprising said polypeptide.

Background Art
[0002]

Natural human interferon B (IFN-B) is a glycoprotein consisting of 166 amino
acid residues. Interferon B belongs to the cytokine family, and is known to be involved
in immunomodulation action, antiviral activity, and cell proliferation suppression action.
Moreover, human interferon f has three Cys at positions 17, 31, and 141 of its amino
acid sequence, and has a monoantennary complex-type N-linked oligosaccharide at
asparagine at position 80. Moreover, it is known to have a disulfide bond at Cys at
positions 31 and 141. Interferon B as a pharmaceutical is manufactured utilizing a cell
expression system, and is classified into IFN-B-la or IFN-B-1b depending on the
difference in the host for expression. While IFN-B-1a is a glycoprotein, IFN-B-1b does
not have an oligosaccharide. Further, IFN-B-1a having a sugar chain is known to have
a more potent effect in immunogenicity, antiviral activity, and antitumor property
compared to IFN-§-1b.

[0003]

It is known that the sugar chain structure comprised in the glycoprotein has a
strong influence on pharmacokinetics. In particular, the presence or absence of a sialic
acid present at the non-reducing terminal of the sugar chain is known to have an
influence on the extension of half-life in blood. However, previously biosynthesized
IFN-B-1a is reported to have ununiform sugar chain structure in the polypeptide (for
example, the result of analyzing the sugar chain structure ununiformity by CE-TOF-MS
is described in Non-Patent Literature 1). Moreover, isolation of IFN-B having
substantially uniform sugar chain structure from a synthesized IFN-B or a
naturally-occurring IFN-B has not been reported. This has thus been an obstacle in
presuming the sugar chain structure important for bioactivity.

[0004]

In recent years, the biotechnology of utilizing a cell expression system has
enabled the manufacture of bioactive protein formulations including interferons, such as
insulin, erythropoietin, and G-CSF. In these protein formulations, it is reported that



the glycosylation pattern of the protein renders variety to physical or chemical
properties of the protein such as the folding step, or conformation property, stability,
immune reaction, half-life in blood, and function of the protein in the biological system
(Non-Patent Literature 2). Moreover, considering the crucial immunogenicity caused
by a non-human-type sugar chain, the structure of the sugar chain added to these protein
formulations is preferably a human-type sugar chain.

Such glycoprotein formulations have been manufactured by the cell expression
system as the only method. However, as described above, the technology of such a
cell expression system could not go the length of controlling the sugar chain structure,
thereby causing ununiformity in the sugar chain structure in the glycoprotein
manufactured (e.g. Non-Patent Literature 3). For this reason, there were problems
such as variability of the quality between production lots or the inability to optimize the
sugar chain. Accordingly, a method for preparing a uniform glycoprotein wherein the
sugar chain structure is easily adjustable has been long desired, but currently, there is no
report of synthesizing a human-type uniform glycoprotein showing bioactivity in vivo
by chemical synthesis.
[0005]

Moreover, a bioactive glycoprotein manufactured by a technology by such a
cell expression system may comprise a virus or genetic material. Moreover, there is a
possibility of contamination with such genetic material etc. also in the case of
synthesizing a bioactive glycoprotein wusing a sugar chain prepared from a
biologically-derived sample. Application of heat treatment that can disintegrate these
- genetic materials is desired in order to manufacture a safe protein formulation.
However, currently, heat treatment on a bioactive glycoprotein formulation will

inactivate the glycoprotein, and application of heat treatment has not been reported.
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[0006]

[Non-Patent Literature 1] Anal Bioanall Chem (2011) 400:295-303
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[Non-Patent Literature 3] J. Biotechnol, 42, 117-131 (1995)

Summary of the Invention
Problems to be Solved by the Invention
[0007]



The object of the present invention is to provide a glycosylated polypeptide

having uniform sugar chain structure which has interferon B activity.

Means for Solving the Problems
[0008]

As a result of repeated research to solve the above problems, the present
inventors succeeded in manufacturing a glycosylated polypeptide having uniform sugar
chain structure which has interferon  activity.

In other words, the present invention relates to a glycosylated polypeptide
characterized in that said glycosylated polypeptide is a polypeptide selected from the
group consisting of:

(a) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1;

(b) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1 having one or a few amino acids deleted, substituted, or added;

(c) an interferon B analog; and

(d) a polypeptide having 80% or more homology with a polypeptide consisting
of the amino acid sequence represented by SEQ ID NO. 1;
wherein the polypeptide has a sugar chain at the amino acid corresponding to position
80 in interferon P and has interferon B activity, and

said glycosylated polypeptide has substantially uniform sugar chains.

Here, one embodiment of the glycosylated polypeptide of the present invention
is characterized in that said glycosylated polypeptide is prepared by chemical synthesis.
[0009]

Moreover, another aspect of the present invention relates to a glycosylated
polypeptide obtained by a method comprising a step of synthesizing a glycosylated
peptide fragment and at least two peptide fragments and a step of linking said
glycosylated peptide fragment and said at least two peptide fragments, characterized in
that said glycosylated polypeptide is a polypeptide selected from the group consisting
of:

(a) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1;

(b) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1 having one or a few amino acids deleted, substituted, or added;

(¢) an interferon B analog; and



(d) a polypeptide having 80% or more homology with a polypeptide consisting
of the amino acid sequence represented by SEQ ID NO. 1;
wherein the polypeptide has a sugar chain at the amino acid corresponding to position
80 in interferon B and has interferon P activity.

Moreover, in one embodiment of the glycosylated polypeptide of the present
invention, the glycosylated polypeptide relates to a glycosylated polypeptide obtained
by a method comprising a step of synthesizing a glycosylated peptide fragment and at
least two peptide fragments and a step of linking said glycosylated peptide fragment and
said at least two peptide fragments, characterized in that said glycosylated polypeptide
is a polypeptide selected from the group consisting of:

(a) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1;

(b) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1 having one or a few amino acids deleted, substituted, or added;

(c) an interferon B analog; and

(d) a glycosylated polypeptide having 80% or more homology with a
polypeptide consisting of the amino acid sequence represented by SEQ ID NO. 1;
wherein the polypeptide has a sugar chain at the amino-acid corresponding to position
80 in interferon B and has interferon B activity.

Here, one embodiment of the glycosylated polypeptide of the present invention
is characterized in that the sugar chain in said glycosylated polypeptide is an
asparagine-linked sugar chain.

Moreover, one embodiment of the glycosylated polypeptide of the present
invention is characterized in that the sugar chain in said glycosylated polypeptide is a
disialo sugar chain represented by the following formula (a) or an asialo sugar chain
represented by the following formula (b).

[Chemical Formula 1]
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[0010]

Moreover, one embodiment of the glycosylated polypeptide of the present

invention is characterized in that Cys corresponding to positions 31 and 141 of

interferon B forms a disulfide bond in said glycosylated polypeptide.

Moreover, one embodiment of the glycosylated polypeptide of the present

invention is characterized in that said glycosylated polypeptide is heat-treated.

Moreover, one embodiment of the glycosylated polypeptide of the present

invention is characterized in that said glycosylated polypeptide is 90% or more pure.

[0011]



Moreover, another aspect of the present invention relates to a composition
comprising said glycosylated polypeptide characterized in that the glycosylated
polypeptides in said composition are substantially uniform. ,

Here, one embodiment of the composition of the present invention is
characterized in that the glycosylated polypeptides in said composition are 90% or more
uniform.

Moreover, one embodiment of the composition of the present invention is
characterized in that said glycosylated polypeptide is 90% or more pure.

[0012]

Moreover, the composition of the present invention is characterized in that it is
a composition comprising a glycosylated polypeptide characterized in that said
glycosylated polypeptide is a polypeptide selected from the group consisting of the
following polypeptides (a) - (d):

(a) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1;

(b) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1 having one or a few amino acids deleted, substituted, or added;

(c) an interferon B analog; and

(d) a polypeptide having 80% or more homology with a polypeptide consisting
of the amino acid sequence represented by SEQ ID NO. 1;
wherein the polypeptide has a sugar chain at the amino acid corresponding to position
80 in interferon B and has interferon B activity, and

the glycosylated polypeptides in said composition are substantially uniform.
[0013]

Moreover, another aspect of the present invention relates to a pharmaceutical
composition characterized in that it comprises (I) a glycosylated polypeptide according
to any one of claims 1 to 7 and/or a pharmaceutically acceptable salt thereof and (II) a
pharmaceutically acceptable carrier.

Here, one embodiment of the pharmaceutical composition of the present
invention is characterized in that sugar chains are substantially uniform in said
glycosylated polypeptide.

Moreover, one embodiment of the pharmaceutical composition of the present
invention is characterized in that sugar chains are 90% or more uniform in said
glycosylated polypeptide.

Moreover, one embodiment of the pharmaceutical composition of the present

invention is characterized in that said glycosylated polypeptide is 90% or more pure.



Moreover, one embodiment of the pharmaceutical composition of the present
invention is characterized in that it is employed for treating or preventing an interferon
B-related disease.

Moreover, one embodiment of the pharmaceutical composition of the present
invention is characterized in that said interferon B-related disease is at least one disease
selected from the group consisting of a brain tumor including multi-glioblastoma,
medulloblastoma, and astrocytoma, cutaneous malignant melanoma, chronic active
hepatitis B, chronic hepatitis C, subacute sclerosing panencephalitis, compensated
cirrhosis C, and multiple sclerosis.

[0014]

Moreover, another aspect of the present invention relates to a method for
treating or preventing an interferon B-related disease, characterized in administering an
effective amount of said glycosylated polypeptide.

Here, one embodiment of the method of the present invention for treating or
preventing an interferon [-related disease is characterized in that said interferon
B-related disease is at least one disease selected from the group consisting of a brain
tumor including multi-glioblastoma, medulloblastoma, and astrocytoma, cutaneous
malignant melanoma, chronic active hepatitis B, chronic hepatitis C, subacute
sclerosing panencephalitis, compensated cirrhosis C, and multiple sclerosis.

[0015]

Moreover, another aspect of the present invention relates to a glycosylated
polypeptide characterized in that the glycosylated polypeptide is a polypeptide selected
from the group consisting of: ,

(a) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1;

(b) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1 having one or a few amino acids deleted, substituted, or added;

(¢) an interferon B analog; and

(d) a polypeptide having 80% or more homology with a polypeptide consisting
of the amino acid sequence represented by SEQ ID NO. 1;
wherein the polypeptide has a sugar chain at the amino acid corresponding to position
80 in interferon B and has Cys corresponding to positions 17, 31, and 141 in interferon
protected by a protecting group.

Here, one embodiment of the glycosylated polypeptide of the present invention
is characterized in that said sugar chain in said glycosylated polypeptide is a disialo

sugar chain having the carboxy group of the sialic acid present at the sugar chain



non-reducing terminal protected represented by the following formula (c) or an asialo

sugar chain represented by the following formula (b).
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Moreover, one embodiment of the glycosylated polypeptide of the present
invention is characterized in that Cys corresponding to said positions 17, 31, and 141 in
interferon B are protected by any one protecting group selected from the group
consisting of an Acm group, an alkoxymethyl group, a triphenylmethyl group, a t-butyl
group, a benzyl group, and an ethyl group having the B positioﬁ substituted in said
glycosylated polypeptide.

[0016]

Moreover, another aspect of the present invention relates to a method for
manufacturing a glycosylated polypeptide, characterized in that it comprises a step of
deprotectihg Cys corresponding to said positions 17, 31, and 141 in interferon B
protected by a protecting group in said glycosylated polypeptide having Cys protected.

Here, one embodiment of the method for manufacturing the glycosylated
polypeptide of the present invention is characterized in that it further comprises a step of
preparing said glycosylated polypeptide having Cys corresponding to positions 17, 31,
and 141 in interferon B protected by a protecting group before said step of deprotecting
Cys.

Moreover, one embodiment of the method for manufacturing the glycosylated
polypeptide of the present invention is characterized in that the glycosylated
polypeptide is heat-treated before the step of deprotecting the protecting group of Cys.
[0017]

Moreover, another aspect of the present invention relates to a glycosylated
polypeptide characterized in that the glycosylated polypeptide is a polypeptide selected
from the group consisting of:

(a) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1;

(b) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1 having one or a few amino acids deleted, substituted, or added;

(c) an interferon B analog; and

(d) a glycosylated polypeptide having 80% or more homology with a
polypeptide consisting of the amino acid sequence represented by SEQ ID NO. 1;
wherein the polypeptide has a sugar chain at the amino acid corresponding to position
80 in interferon 3, and

said sugar chain is a disialo sugar chain having the carboxy group of the sialic
acid present at the sugar chain non-reducing terminal protected represented by the
following formula (c).

[Chemical Formula 5]
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(wherein R represents -COOBn, -COOEt, -COOMe, -COOCH;COPh,
-COOCH,PhOMe, -COOCH,Ph(OMe),, -COOCH,PhNO,, or -COOCH,Ph(NO;),.
Bn indicates a benzyl group, Et indicates an ethyl group, Me indicates a methyl group,
and Ph indicates a phenyl group).
[0018]

Moreover, another aspect of the present invention relates to a method for
manufacturing a glycosylated polypeptide, characterized in that it comprises a step of
deprotecting the protecting group of the carboxy group of the sialic acid present at the
sugar chain non-reducing terminal in said glycosylated polypeptide having a sugar chain
having the carboxy group of the sialic acid protected.

Here, one embodiment of the method for manufacturing the glycosylated
polypeptide of the present invention is characterized in that it further comprises a step of
preparing said glycosylated polypeptide having a sugar chain having the carboxy group
of the sialic acid protected before the deprotection step of the carboxy group of said
sialic acid.

Moreover, the glycosylated polypeptide of the manufacturing method of the
present invention is characterized in that it further comprises a step of folding said

glycosylated polypeptide.

Effects of the Invention
[0019]
Since the glycosylated polypeptide of the present invention has uniform sugar

chain structure, there is little variability between lots and a glycosylated polypeptide
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having interferon B activity with stable quality can be provided. Moreover, the type of
sugar chain bound can be made to be uniform, and the sugar chain structure can be
optimized according to purpose.

Moreover, since the glycosylated polypeptide of the present invention can be
heat-treated, contamination with a virus or an unknown genetic material can be

prevented.

Brief Description of the Drawings
[0020]

Figure 1 is a schematic diagram of a step of ligating glycopeptide fragment B
having amino acids at positions 68 - 88 and peptide fragment C having amino acids at
positions 89 - 166 in the amino acid sequence of interferon 8 in one embodiment of
manufacturing the glycosylated polypeptide of the present invention.

Figure 2 is a schematic diagram of a step of ligating peptide fragment A having
amino acids at positions 1 - 67 and glycopeptide fragment (B+C) having amino acids at
positions 68 - 166 in the amino acid sequence of interferon § in one embodiment of
manufacturing the glycosylated polypeptide of the present invention.

Figure 3 is a schematic diagram of a step of reducing a particular cysteine of
glycopeptide fragment (A+B+C) having amino acids at positions 1 - 166 in the amino
acid sequence of interferon  prepared by ligation into alanine in one embodiment of
manufacturing the glycosylated polypeptide of the present invention.

Figure 4 is a schematic diagram showing a step of deprotecting the protecting
group of cysteine performed on glycopeptide fragment (A+B-+C) having amino acids at
positions 1 - 166 in the amino acid sequence of interferon B prepared by ligation after
the reduction step into alanine in one embodiment of manufacturing the glycosylated
polypeptide of the present invention.

Figure 5 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(11) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 6 shows the amino acid sequence of glycopeptide fragment (11)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 7 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(12) manufactured in one embodiment of manufacturing the glycosylated polypeptide of

the present invention.
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Figure 8 shows the amino acid sequence of glycopeptide fragment (12)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 9 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(13) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 10 shows the amino acid sequence of glycopeptide fragment (13)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 11 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(14) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 12 shows the amino acid sequence of glycopeptide fragment (14)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 13 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(15) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 14 shows the amino acid sequence of glycopeptide fragment (15)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 15 shows the data of the purity of glycopeptide fragment (15)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention as measured by HPLC.

Figure 16 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(5) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 17 shows the amino acid sequence of glycopeptide fragment (5)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 18 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(6) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 19 shows the amino acid sequence of glycopeptide fragment (6)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the

present invention.
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Figure 20 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(7) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 21 shows the amino acid sequence of glycopeptide fragment (7)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 22 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(8) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 23 shows the amino acid sequence of glycopeptide fragment (8)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 24 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(9) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 25 shows the amino acid sequence of glycopeptide fragment (9)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 26 shows the HPLC data (A) of glycopeptide fragment (10)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 27 shows the amino acid sequence of glycopeptide fragment (10)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 28 shows the data of the purity of glycopeptide fragment (10)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention as measured by HPLC.

Figure 29 shows the HPLC (A) and ESI-MS (B) data of peptide fragment (18)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 30 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(19) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 31 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(20) manufactured in one embodiment of manufacturing the glycosylated polypeptide of

the present invention.
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Figure 32 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(21) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 33 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(22) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 34 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(23) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 35 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(24) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 36 shows a schematic diagram of the amino acid sequence of dibenzyl
disialo sugar chain attached polypeptide (7) having Cys at positions 17, 31, and 141
protected with an Acm group which is one embodiment of the glycosylated polypeptide
of the present invention, and HPLC and ESI-MS analysis data of said dibenzyl disialo
sugar chain attached polypeptide (7) before and after heat treatment. Figures 36a and ¢
show the ESI-MS data before heat treatment, and Figures 36b and e show the ESI-MS
data after heat treatment. Moreover, Figure 36d shows the HPLC analysis data before
heat treatment, and Figure 36f shows the HPLC analysis data after heat treatment.

Figure 37 shows a schematic diagram of the amino acid sequence of dibenzyl
disialo sugar chain attached polypeptide (8) having Cys at positions 17, 31, and 141
unprotected which is one embodiment of the glycosylated polypeptide of the present
invention, and HPLC and ESI-MS analysis data of said dibenzyl disialo sugar chain
attached polypeptide (8) before and after heat treatment. Figures 37a and ¢ show the
ESI-MS data before heat treatment, and Figures 37b and e show the ESI-MS data after
heat treatment. Moreover, Figure 37d shows the HPLC analysis data before heat
treatment, and Figure 37f shows the HPLC analysis data after heat treatment.

Figure 38 shows the receptor affinity analysis data against [FN-a/B receptor 2
of a chemically synthesized glycosylated polypeptide (non-heat-treated) which is one
embodiment of the present invention.

Figure 39 shows the receptor affinity analysis data against IFN-a/B receptor 2
of a chemically synthesized glycosylated polypeptide (heat-treated) which is one
embodiment of the present invention.

Figure 40 shows the pharmacokinetics analysis data when a chemically

synthesized glycosylated polypeptide which is one embodiment of the present invention
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was administered to mice. IFNB Mochida prepared by biosynthesis was used as
control. In Figure 40, A shows the data when administered intravenously and B shows
the data when administered subcutaneously.

Figure 41 is the showing the antitumor activity of a chemically synthesized
glycosylated polypeptide which is one embodiment of the present invention. PBS
(vehicle group) and IFNB Mochida prepared by biosynthesis were used as controls.

Figure 42 shows the data comparing the cell proliferation suppression activity
power a chemically synthesized glycosylated polypeptide which is one embodiment of
the present invention between a heat-treated and a non-heat-treated polypeptide.

Figure 43 is a schematic diagram showing a step of ligating peptide fragment
B2 having amino acids at positions 68 - 75 and glycopeptide fragment B1 having amino
acids at positions 76 - 88 in the amino acid sequence of interferon B in one embodiment
of manufacturing the glycosylated polypeptide of the present invention.

Figure 44 is a schematic diagram showing a step of methylating the thiol group
(-SH) of a particular cysteine of glycopeptide fragment (B1+B2) having amino acids at
positions 68 - 88 in the amino acid sequence of interferon 8 prepared by ligation into a
methylthio group (-SMe) in one embodiment of manufacturing the glycosylated
polypeptide of the present invention.

Figure 45 is a schematic diagram showing a step of intramolecular acyl
translocation in which the cysteine having a methylated thiol group (-SMe) on
glycopeptide fragment (B1+B2) is converted into serine in one embodiment of
manufacturing the glycosylated polypeptide of the present invention.

Figure 46 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(25) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 47 shows the HPLC (A) and ESI-MS (B) data of peptide fragment (26)
manufactured in one embodiment of manufacturing the glycosylated polypeptide of the
present invention.

Figure 48 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(27) manufactured in one embodiment of manufacturing the glycosylated polypeptide of
the present invention.

Figure 49 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(28) manufactured in one embodiment of manufacturing the glycosylated polypeptide of

the present invention.
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Figure 50 shows the HPLC (A) and ESI-MS (B) data of glycopeptide fragment
(29) manufactured in one embodiment of manufacturing the glycosylated polypeptide of

the present invention.

Description of Embodiments
[0021]

An "interferon " or "IFN-B" herein is a polypeptide having a sequence of 166
amino acids represented by SEQ ID NO. 1. Interferon B has a disulfide bond between
cysteines at positions 31 and 141 in the amino acid sequence below. Moreover, an
"interferon B" herein preferably has the amino acid sequence below (SEQ ID NO. 1),
and corresponds to a human-type interferon B-1a having a sugar chain. Interferon B-1a
has a sugar chain added to asparagine at position 80 in the amino acid sequence below.
Met~Ser~Tyr-Asn—Leu-Leu—Gly—Phe—Leu-Gln1O—Arg—Ser—Ser—Asn—Phe-Gln-Cys—Gln~Lys
-Leu*’-Leu-Trp-Gln-Leu-Asn-Gly-Arg-Leu-Glu-Tyr*’-Cys-Leu-Lys-Asp-Arg-Met-Asn-
Phe-Asp-lle*’-Pro-Glu-Glu-Ile-Lys-Gln-Leu-Gln-Gln-Phe™-Gln-Lys-Glu-Asp-Ala-Ala-
Leu-Thr-Ile-Tyr*’-Glu-Met-Leu-Gln-Asn-Ile-Phe-Ala-Tle-Phe’’-Arg-Gln-Asp-Ser-Ser-S
er-Thr-Gly-Trp-Asn®*’-Glu-Thr-Ile-Val-Glu-Asn-Leu-Leu-Ala-Asn”’-Val-Tyr-His-Gln-I
le-Asn-His-Leu-Lys-Thr'®-Val-Leu- Glu-Glu-Lys-Leu-Glu-Lys-Glu-Asp''*-Phe-Thr-Ar
g-Gly-Lys-Leu-Met- Selr—Ser—LeuIzo—His—Leu—Lys-Arg—’l“yr-Tyr-Gly-/ﬁurg—Ile—Leu13 0_His-
Tyr-Leu-Lys-Ala-Lys-Glu-Tyr-Ser-His'**-Cys-Ala-Trp-Thr-lle-Val-Arg-Val-Glu-Ile'>-
Leu-Arg-Asn-Phe-Tyr-Phe-Ile-Asn-Arg-Leu'®-Thr-Gly-Tyr-Leu-Arg-Asn'®
[0022]

An "amino acid" herein is employed in its broadest meaning, and includes not
only natural amino acids but also non-natural amino acids such as amino acid variants
and derivatives. Those skilled in the art will recognize in light of this broad definition
that examples of amino acids herein include, e.g., natural proteinogenic L-amino acids;
D-amino acids; chemically modified amino acids such as amino acid variants and
derivatives; natural non-proteinogenic amino acids such as norleucine, 3-alanine, and
ornithine; and chemically synthesized compounds having properties well-known in the
art characteristic of amino acids. Examples of non-natural amino acids include an
a-methylamino acid (such as a-methylalanine), a D-amino acid, a histidine-like amino
acid (such as 2-amino-histidine, B-hydroxy-histidine, homohistidine,
a-fluoromethyl-histidine, and a-methyl-histidine), an amino acid having excess
methylenes on the side chain ("homo" amino acid), and an amino acid in which the

carboxylic functional group amino acid in the side chain is substituted with a sulfonate
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group (such as cysteic acid). In a preferred aspect, the amino acid contained in the
compound of the present invention consists only of natural amino acids.
[0023]

As used herein, when one or a few amino acids in the amino acid sequence are
said to be deleted, substituted, or added, the number of amino acids substituted etc. is
not particularly limited as long as interferon B activity is retained, but means that e.g.
approximately 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino acids are different. ~Alternatively, it
also includes the case where 20% or less and preferably 10% or less amino acids of the
length of the entire amino acid sequence are different. The amino acid to be
substituted or added may be a natural amino acid, a non-natural amino acid, or an amino
acid analog, preferably a natural amino acid.

[0024]

A "peptide fragment" herein refers to a peptide fragment having the sequence
of a portion of the amino acid sequence of the ultimate glycosylated polypeptide when
manufacturing the glycosylated polypeptide of the present invention. Moreover, a
"glycosylated peptide fragment" or a "glycopeptide fragment” herein refers to a peptide
fragment comprising a glycosylated amino acid in the amino acid sequence of such
peptide fragment. The glycosylated polypeptide of the present invention is
manufactured by linking a glycosylated peptide fragment and at least two peptide
fragments.

[0025]

An "interferon B analog" herein includes a polypeptide structurally similar to
interferon B and/or a polypeptide having an overlapping structure with interferon B, e.g.
a polypeptide having one of the amino acids or a few amino acids of interferon  amino
acids conservatively substituted, a modified interferon B, an interferon § fragment
having interferon § activity, and an elongated interferon  having interferon 8 activity.
[0026]

"Having one of the amino acids or a few amino acids conservatively
substituted" herein refers to an amino acid substitution in which the hydrophylicity
and/or hydrophobicity index are similar between the original amino acid and the amino
acid to be substituted, and wherein apparent reduction or dissipation of interferon 8
activity before and after such substitution is not caused.

[0027]

A "modified interferon B" herein is a modified version of interferon B,

including a naturally-occurring variant of interferon B or an artificially modified

compound of interferon 8. Examples of such modifications include, e.g., alkylation,
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acylation (such as acetylation), amidation, carboxylation, ester formation, disulfide
bond formation, glycosylation, lipidation, phosphorylation, hydroxylation, and binding
of a labeling component of/to one or more amino acid residues of interferon 8.

[0028]

An "interferon B fragment having interferon B activity” herein is a peptide
having one or more amino acids deleted from the N- and/or C-terminals of interferon B
which maintains activity towards interferon f§ receptor.

[0029]

An "clongated interferon B having interferon § activity”" herein is a peptide
having one or more amino acids added to the N- and/or C-terminals of interferon 8
which maintains interferon 8 activity.

[0030]

Examples of an interferon § analog described above can include the amino acid
sequence known as interferon 8-1b in which Met at position 1 is deleted and Cys at
position 17 is substituted to Ser.

[0031]

The glycosylated polypeptide of the present invention comprises a polypeptide
consisting of an amino acid sequence having 80% or more homology with the amino
acid sequence represented by SEQ ID NO. 1, wherein the glycosylated polypeptide has
a sugar chain at the amino acid corresponding to position 80 in interferon § and has
interferon B activity. When the glycosylated polypeptide of the present invention has
80% or more homology with SEQ ID NO. 1, it can preferably have 85% or more, 90%
or more, 95% or more, or 99% or more homology.

[0032]

An "amino acid corresponding to a particular position in interferon B" herein
refers to an amino acid at the same position corresponding to the amino acid sequence
of interferon B, as long as there is no addition or deletion etc. of an amino acid in the
glycosylated polypeptide. Moreover, if an addition or deletion of an amino acid is
present in the amino acid sequence of a glycosylated polypeptide, it refers to an amino
acid at the position that takes into account the shift on the amino acid sequence by the
addition or deletion of the amino acid. For example, in a glycosylated polypeptide
having the sequence Met;-Ser,-Tyrs-Asng- from positions 1 to 4, when one amino acid
(Trp) is added between the amino acids at positions 2 and 3 (Met-Ser-Trp-Tyr-Asn-),
the amino acid corresponding to the amino acid at position 3 (Tyr) refers to the amino
acid (Tyr) in the glycosylated polypeptide which has been shifted one to the C-terminal
side by the insertion of Trp.
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[0033]

A "sugar chain" herein refers to a compound made from a string of one or more
unit sugars (monosaccharides and/or derivatives thereof). When there is a string of
two or more unit sugars, each unit sugar is bound with each other by a dehydration
condensation with a glycoside bond in between. Such sugar chains include, but are not
limited to e.g. a wide range such as monosaccharides and polysaccharides contained in
vivo (glucose, galactose, mannose, fucose, xylose, N-acetylglucosamine,
N-acetylgalactosamine, sialic acid, and conjugates and derivatives thereof), as well as a
sugar chain degraded or derived from conjugated biomolecules such as degraded
polysaccharides, glycoproteins, proteoglycans, glycosaminoglycans, and glycolipids.
The sugar chain may be linear or branched.

[0034]

Moreover, a "sugar chain" herein also includes a sugar chain derivative, and
examples of sugar chain derivatives include, but are not limited to, a sugar chain
wherein the sugar constituting the sugar chain is e.g. a sugar having a carboxy group
(such as aldonic acid in which C-position 1 is oxidized to become a carboxylic acid
(such as D-gluconic acid which is oxidized D-glucose) and uronic acid in which the
terminal C atom has become a carboxylic acid (D-glucuronic acid which is oxidized
D-glucose)), a sugar having an amino group or an amino group derivative (such as
D-glucosamine and D-galactosamine), a sugar having both amino and carboxy groups
(such as N-glycoylneuraminic acid and N-acetylmuramic acid), a deoxylated sugar
(such as 2-deoxy-D-ribose), a sulfated sugar comprising a sulfate group, and a
phosphorylated sugar comprising a phosphate group.

[0035]

A preferred sugar chain herein is a sugar chain that will not dissipate interferon
[} activity when added to the glycosylated polypeptide.

Such a sugar chain in the glycosylated polypeptide of the present invention is
not particularly limited, and may be a sugar chain that exists as a glycoconjugate in vivo
(such as a glycopeptide (or a glycoprotein), a proteoglycan, and a glycolipid), or it may
be a sugar chain that does not exist as a glycoconjugate in vivo.

[0036]

A sugar chain that exists as a glycoconjugate in vivo is preferred with respect to
the fact that the glycosylated polypeptide of the present invention is administered in
vivo. Examples of such sugar chains include N- or O-linked sugar chains which are
sugar chains bound to a peptide (or a protein) in vivo as a glycopeptide (or a

glycoprotein). An N-linked sugar chain is preferably employed. N-linked sugar
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chains can include, e.g., a high-mannose form, a complex form, or a hybrid form,
particularly preferably a complex form.
[0037]

In one preferred aspect of the present invention, the sugar chain in the
glycosylated polypeptide of the present invention is a complex-type sugar chain. A
complex-type sugar chain is characterized in that it comprises two or more types of
monosaccharides, and has the basic structure shown below and a lactosamine structure
shown by Gal31-4GlcNAc.

[Chemical Formula 6]

[0038]

Examples of preferred complex-type sugar chains used herein include, e.g., a
sugar chain represented by the following general formula:

[Chemical Formula 7]

[wherein R' and R* are identical or different and are:

[Chemical Formula 8]
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, and Ac is an acetyl group].

Moreover, in the present invention, a complex-type sugar chain comprises a
biantennary complex-type sugar chain. A biantennary complex-type sugar chain refers
to those having a monoantennary sugar chain consisting of 0 - 3 sugars in bound to each
of the two mannoses at the end of the basic structure. The biantennary complex-type
sugar chain is preferably e.g. the disialo sugar chain shown below:

[Chemical Formula 9]
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, a monosialo sugar chain:
[Chemical Formula 10]
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[Chemical Formula 11]
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, a diGlcNAc sugar chain:

[Chemical Formula 12]

, and a dimannose sugar chain:
[Chemical Formula 13]
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A disialo sugar chain or an asialo sugar chain is preferred as the biantennary
complex-type sugar chain, most preferably a disialo sugar chain.

Moreover, the complex-type sugar chain of the present invention includes not
only the above biantennary complex-type sugar chain (double-branched complex-type
sugar chain), but also a triantennary complex-type sugar chain (triple-branched
complex-type sugar chain) and a tetraantennary complex-type sugar chain
(quadruple-branched complex-type sugar chain). For example, triantennary and
tetraantennary complex-type sugar chains can include a trisialo sugar chain represented
by the structural formula below:

[Chemical Formula 14]
HO HO

COOH
HO,, HO NHAC

AcH»@%o o MOl
HE HO "o O

HO
OH HO o
HO HO HO
COOH

HO, O OH OH
o O HO ZE % OH
HOfii:?i/ \
HO 70 HO
OH NHACO?;\# NHAG NHAC
o MO oom

Ho\iirm HO Hg%ﬁzﬁ#/p

LT O x O O

paﬁm-/7“~;}\lﬁggiﬁ§¢¥/'Ho NHAC
HO oH

[Chemical Formula 15]
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and a tetrasialo sugar chain represented by the structural formula below:
[Chemical Formula 16]
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Moreover, triantennary and tetraantennary complex-type sugar chains can also
include a sugar chain having one or more sugars deleted from the non-reducing terminal
of these trisialo and tetrasialo sugar chains.

Further, the complex-type sugar chain of the present invention includes those

with a fucose added. Complex-type sugar chains with a fucose added can include a
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fucose-containing complex-type sugar chain represented by the structural formula
below:
[Chemical Formula 17]
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[Chemical Formula 18]
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[Chemical Formula 19]
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Moreover, a sugar chain having one or more sugars deleted from the non-reducing
terminal of these fucose-containing complex-type sugar chain can also be included.

Moreover, a "biantennary complex-type sugar chain," a "disialo sugar chain," a
"monosialo sugar chain," an "asialo sugar chain," a "diGIcNAc sugar chain," a
"dimannose sugar chain," a "triantennary complex-type sugar chain," a "tetraantennary
complex-type sugar chain," and a "fucose-containing complex-type sugar chain" herein
inciude not only those shown in the above chemical formulae, but also those with a
binding mode different from examples shown in the chemical formulae, and such sugar
chains are also preferably employed as a sugar chain of the present invention.
Examples of such sugar chains include, e.g., a disialo or monosialo sugar chain in which
sialic acid and galactose are bound with an (a2 -> 3) bond.

[0039]

Moreover, the complex-type sugar chain of the present invention also
comprises a sugar chain having a polylactosamine structure or a sialyl polylactosamine
structure represented by the following formula.

[Chemical Formula 22]
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[Chemical Formula 23]
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(wherein n is an integer from 2 - 3).
[0040]

Moreover, the high-mannose sugar chain employed herein is a sugar chain
having two or more mannoses further bound to the basic structure of the complex-type
sugar chain described above. Because high-mannose sugar chains are bulky, stability
in blood may become higher by binding a high-mannose sugar chain to the peptide. A
sugar chain comprising 5 - 9 mannoses such as a mammalian high-mannose sugar chain
is preferred, but it may be a sugar chain comprising more mannoses such as a yeast
high-mannose sugar chain. Examples of high-mannose sugar chains preferably
employed herein can include, e.g., high-mannose-5 (M-5):

[Chemical Formula 24]
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and high-mannose-9 (M-9):
[Chemical Formula 25]
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[0041]
Preferred sugar chains herein can also include, e.g., a sugar chain having an

identical structure (a sugar chain in which the type of constituent sugar and the binding
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mode thereof are identical) with a sugar chain that exists in a human body as a
glycoprotein bound to a protein (such as a sugar chain described in "FEBS LETTERS
Vol. 50, No. 3, Feb. 1975"), or a sugar chain having one or more sugars deleted from

the non-reducing terminal of the same. Specifically, sugar chains listed below can be

included.
[0042]
[Chemical Formula 26]
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[0043]
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[Chemical Formula 28]
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[Chemical Formula 29]
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[0046]

In one embodiment of the present invention, the sugar chain may have the
carboxy group of the sialic acid placed at the non-reducing terminal modified.
Examples of such a sugar chain can include, among the sugar chains listed above, a
sugar chain having a sialic acid at the non-reducing terminal, wherein the hydrogen
atom of the carboxy group (-COOH) of said sialic acid in the sugar chain is substituted
with Bn, Et, Me, CH,COPh, CH,PhOMe, CH,Ph(OMe),, CH,PhNO,, or CH,Ph(NO,),
(i.e. the carboxy group of said sialic acid is represented by -COOBn, -COOEt, -COOMe,
-COOCH,COPh, -COOCH,PhOMe, -COOCH,Ph(OMe),, -COOCH,PhNO,, or
-COOCH,Ph(NO3),).

[0047]

Moreover, in one aspect of the present invention, a preferred sugar chain is a
sugar chain having a linear structure. An example of such a sugar chain includes
oligohyaluronic acid.  An oligohyaluronic acid herein refers to a sugar chain having 2 -
32 sugars, preferably 2 - 16 sugars, and more preferably 4 - 8 sugars of alternately
bound N-acetylglucosamine and glucuronic acid in a linear line.

Among the oligohyaluronic acids employed in the present invention,
particularly preferred examples include, when a unit consisting of N-acetylglucosamine
and glucuronic acid is set as 1 unit, a sugar chain of 2 units (4 sugars) or more to 8 units
(16 sugars) or less, further preferably 2 units (4 sugars) - 4 units (8 sugars), and most
preferably 2 units (4 sugars).

Examples of a hyaluronic acid preferably employed in the present invention
include, e.g., an 4-sugar oligohyaluronic acid,

[Chemical Formula 30]

and an 8-sugar oligohyaluronic acid.
[Chemical Formula 31]
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[0048]

The amino acid to be glycosylated in the glycosylated polypeptide of the
present invention is, similarly to a naturally-occurring interferon B, preferably the amino
acid corresponding to position 80 in interferon 8. Moreover, the amino acid to be
glycosylated is preferably asparagine.

[0049]

In one preferred aspect of the present invention, the sugar chains of the
glycosylated polypeptide of the present invention are preferably uniform. As used
herein, sugar chains are uniform in a glycosylated polypeptide refers to the fact that the
glycosylation sites in the peptide, the type of each sugar constituting the sugar chain, the
binding order, and the binding mode between sugars are identical when sugar chains are
compared between glycosylated polypeptides. Specifically, it refers to the fact that the
sugar chain structure is uniform between glycosylated polypeptides in at least 90% or
more, preferably 95% or more, and more preferably 99% or more.

Moreover, as used herein, the glycosylated polypeptides in the composition are
uniform in a composition comprising a glycosylated polypeptide refers to the fact that
the glycosylation sites in the peptide, the type of each sugar constituting the sugar chain,
the binding order of the sugar chain, the binding mode between sugars, the type of
amino acids constituting the polypeptide, and the amino acid sequence order are
identical when sugar chain and polypeptide portions are compared between glycosylated
polypeptides comprised in said composition. Specifically, it refers to the fact that the
sugar chain structure and polypeptide portions are uniform between glycosylated
polypeptides comprised in the composition in at least 90% or more, preferably 95% or
more, and more preferably 99% or more.

In particular, a composition etc. comprising a glycopeptide having uniform
sugar chains between glycopeptides have constant quality, and is particularly preferred
in the fields of pharmaceuticals manufacture or assays etc. The proportion of uniform
sugar chains or the proportion of uniform glycosylated polypeptides can be measured
for example by a method employing e.g. HPLC, capillary electrophoresis, NMR, and
mass spectrometry.

[0050]
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The glycosylated polypeptide of the present invention is manufactured by
linking a glycosylated peptide fragment and at least two peptide fragments.

(Peptide Fragment)

As described above, such glycosylated peptide fragments and peptide
fragments constituting the glycosylated polypeptide of the present invention each have a
portion of the amino acid sequence of interferon . In other words, each fragment has
the amino acid sequence of each of the sequence of 166 amino acids of interferon 8
divided into at least three portions.

In regards to the number of fragments and the length of each fragment, it is
preferred to select the amino acid sequence of each fragment with the preferred number
of fragments and at the preferred amino acid position considering the reduction in yield
due to elongation during synthesis of each fragment, the type of amino acid necessary
for linking each fragment, and the reduction in yield due to the number of linking steps.

The length of each fragment will vary according to the method for preparing
the fragment, but is e.g. preferably 9 - 84 long, more preferably 67 - 78 long.

Moreover, in regards to the method for linking each fragment, the linking can
be performed with a well-known method such as Thiol-free ligation, Staudinger
Ligation, Sugar-Assisted Ligation, and Thiol auxiliary ligation (Chem. Commu., 2011,
47, 6201-6207), (Chem. Commu., 2010, 46, 21-43), preferably with native chemical
ligation method (NCL).

[0051]

When employing the native chemical ligation method, the N-terminal of each
fragment selected from the amino acid sequence of interferon 8 must be Cys. When an
amino acid other than Cys is to be selected as the N-terminal amino acid of each
fragment, Ala, His, Lys, Phe, Ser, Thr, Val, or Met can be selected. For example,
when the N-terminal of the fragment is Ala, it is possible to synthesize a fragment
having Cys introduced at the N-terminal instead of Ala, and then reduce the Cys into
Ala after ligation with other fragments. Moreover, when the N-terminal of the
fragment is Phe or Val, it is possible to employ a non-natural amino acid having a thiol
group at the B position as the amino acid to be introduced for ligation, and then subject
to reduction treatment. When Ser or Thr is designed as the N-terminal of the fragment,
cysteine can be introduced as the N-terminal, and this can be converted into Ser or Thr
after ligation by methylation of the thiol group of said cysteine residue, followed by a
cyanogen bromide treatment. Moreover, when His or Lys is designed as the

N-terminal of the fragment, it is possible to form the desired amide bond by a ligation
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reaction utilizing the nucleophilic attack of the amino group after introducing these
amino acids as the N-terminal. When other amino acids are the N-terminal of the
fragment, the ultimate glycosylated polypeptide can also be constituted by applying the
native chemical ligation method with a well-known method.

Alternatively, when cysteine is absent at the desired position in the amino acid
sequence of interferon B3, it is also possible to introduce a cysteine at the desired position
as the N-terminal of the fragment, as long as the final product glycosylated polypeptide
has interferon B activity. Moreover, the introduced cysteine can also be substituted to
Ala, Ser, or Thr as above after the ligation step between each peptide fragment as
desired.

[0052]

In the manufacture of the glycosylated polypeptide of the present invention, the
amino acid selected as the N-terminal of the fragment is preferably selected from Ala,
Phe, Val, Ser, or Thr in regards to the number of fragments or the yield of the final
product, and more preferably selected from Ala, Phe, or Val which can be substituted by
a reduction reaction. As a more specific example, positions 1 - 67 in interferon 3 can
be the first fragment, positions 68 - 88 having Ala at position 68 at the N-terminal can
be the second fragment, and positions 89 - 166 having Ala at position 89 at the
N-terminal can be the third fragment. Moreover, for example, the above third
fragment of positions 89 - 166 can also be manufactured as divided into a fragment of
positions 89 - 133 and a fragment of positions 134 - 166 having Ala at position 134 at
the N-terminal.

[0053]
(Method for Manufacturing Fragment)

Such a peptide fragment manufacturing method can be manufactured by
methods such as biosynthesis, chemical synthesis, or cell-free synthesis. In particular,
the synthesis of a peptide fragment having a sugar chain is preferably manufactured by
chemical synthesis in order to have uniform sugar chains. A method for
manufacturing a glycosylated polypeptide by applying well-known peptide synthesis
methods such as solid and liquid phase synthesis can be employed as the manufacturing
method by chemical synthesis. Moreover, when Ala is selected as the N-terminal of
each fragment, since it is necessary to reduce a particular Cys introduced at the
N-terminal instead of Ala into Ala after ligating each fragment, it is preferred to
selectively protect in advance the Cys that is not to be reduced. Accordingly, in such a

case, it is easy and preferred to manufacture the peptide fragment by chemical synthesis.
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[0054]

As a specific example of the glycosylated peptide fragment manufacturing
method of the present invention which is a stable manufacturing method for a
glycosylated polypeptide having uniform sugar chain structure, as with peptide
fragments, a method for manufacturing a glycosylated peptide fragment by using
glycosylated Asn as the glycosylated amino acid and applying a well-known peptide
synthesis method such as solid and liquid phase synthesis can be employed. Such a
method is described in e.g. Angew. Chem. Int. Ed. 2008, 47, 6851-6855. It is also
described in International Publication No. 2004/005330 (US2005222382 (Al)), the
disclosure of which is incorporated herein by reference in its entirety.

[0055]

The glycosylated polypeptide can be manufactured by for example a solid
phase synthesis employing glycosylated asparagine, the outline of which is shown
below.

(1) The carboxy group of an amino acid having the amino group nitrogen
protected with a lipophilic protecting group is bound to a resin. In this case, since the
amino group nitrogen of the amino acid is protected with a lipophilic protecting group,
self-condensation between amino acids is prevented, and the resin reacts with the amino
acid to cause binding.

(2) The lipophilic protecting group of the reactant obtained is detached to form
a free amino group.

(3) This free amino group and the carboxy group of any amino acid having the
amino group nitrogen protected with a lipophilic protecting group are subjected to
amidation reaction.

(4) The lipophilic protecting group is detached to form a free amino group.

(5) By repeating the above steps (3) and (4) once or more, a peptide in which
any number of any amino acid are linked and having a resin bound at one end and a free
amino group at the other end is obtained.

(6) Finally, by cleaving the resin with an acid, a peptide having the desired
amino acid sequence can be obtained.

In (1), if glycosylated asparagine having the amino group nitrogen protected
with a lipophilic protecting group is employed instead of the amino acid having the
amino group nitrogen protected with a lipophilic protecting group, and the carboxy
group of said asparagine portion is reacted with the hydroxyl group of the resin, a
glycosylated peptide fragment having glycosylated asparagine at the C-terminal can be
obtained.
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Moreover, after (2), or after repeating (3) and (4) for any number of times that
is once or more, if glycosylated asparagine having the amino group nitrogen protected
with a lipophilic protecting group is employed instead of the amino acid having the
amino group nitrogen protected with a lipophilic protecting group in (3), a sugar chain
can be added at any position. Moreover, (3) and (4) can also be further repeated after
adding the glycosylated asparagine to elongate the peptide.

After binding the glycosylated amino acid, if the lipophilic protecting group is
detached to form a free amino group, and step (6) is performed immediately thereafter, a
peptide having glycosylated asparagine at the N-terminal peptide can be obtained.
[0056]

The sugar chains described above having identical structure are employed as
the sugar chain bound in the above synthesis method. Such sugar chains can be
obtained by any well-known method. Examples of specific methods that can be
utilized are, but are not limited to, chemical synthesis of sugar chains (see, e.g., J.
Seifert et al. Angew Chem Int. Ed. 2000, 39, p531-534) or those separated from a
natural or artificial sugar chain source or those commercially available. The
glycosylated amino acids having identical structure in the said method are not limited,
and for example, separation of sugar chains of identical structure from a natural or
artificial sugar chain source can be performed by the method described in e.g. WO
2004/058789. Specifically, a mixture comprising glycosylated asparagine
(sialylglycopeptide (SGP)) is isolated from a natural sugar chain source such as a hen
egg with the method described in e.g. Seko et al., Biochim Biophys Acta. 1997; 1335
(1-2):23-32, a lipophilic protecting group (such as Fmoc) is introduced into said
glycosylated asparagine to obtain a glycosylated asparagine derivative mixture, this is
subjected to chromatography, and sugar chains having various structures comprised in
said mixture can be separated according to its structure. Moreover, a glycosylated
asparagine having a particular structure with or without various protecting groups can
be available from e.g. Otsuka Chemical Co., Ltd.

[0057]

The resin may be a resin generally used in solid phase synthesis, and for
example, 2-chlorotrityl chloride resin (from Merck) functionalized with chlorine,
Amino-PEGA resin (from Merck) functionalized with an amino group, NovaSyn TGT
alcohol resin (from Merck) having a hydroxyl group, Wang resin (from Merck), and
HMPA-PEGA resin (from Merck) etc. can be employed. Moreover, a linker may exist
between the Amino-PEGA resin and the amino acid, and examples of such linkers can

include, e.g., 4-hydroxymethylphenoxyacetic acid (HMPA) and
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4-(4-hydroxymethyl-3-methoxyphenoxy)-butylacetic acid (HMPB). H-Cys(Trt)-Trityl
NovaPEG resin (from Merck) etc. in which the C-terminal amino acid is bound to the
resin in advance can also be employed.

Moreover, when the C-terminal is to be amidated, e.g. Rink-Amide-PEGA
resin (from Merck) functionalized with an amino group can be employed. By cleaving
this resin and the peptide with an acid, the C-terminal amino acid of the peptide can be
amidated.

In the binding between the resin and the amino acid having the amino group
nitrogen protected with a lipophilic protecting group, for example, in order to use a
resin having a hydroxyl group or a resin functionalized with chlorine, the carboxy group
of the amino acid is bound to the resin via an ester bond. Moreover, if a resin
functionalized with an amino group is to be used, the carboxy group of an amino acid is
bound to the resin via an amide bond.

The 2-chlorotrityl chloride resin is preferred in that it can prevent the
racemization of the terminal Cys when elongating the peptide chain in solid phase
synthesis.

[0058]

Any amino acid can be employed as the amino acid, and examples can include
the natural amino acids serine (Ser), asparagine (Asn), valine (Val), leucine (Leu),
isoleucine (Ile), alanine (Ala), tyrosine (Tyr), glycine (Gly), lysine (Lys), arginine (Arg),
histidine (His), aspartic acid (Asp), glutamic acid (Glu), glutamine (Gln), threonine
(Thr), cysteine (Cys), methionine (Met), phenylalanine (Phe), tryptophan (Trp), and
proline (Pro).

[0059]

Examples of lipophilic protecting groups can include, e.g., carbonate- or
amide-based protecting groups such as a 9-fluorenylmethoxycarbonyl (Fmoc) group, a
t-butyloxycarbonyl (Boc) group, a benzyl group, an allyl group, an allyloxycarbonyl
group, and an acetyl group. When introducing a lipophilic protecting group into an
amino acid, e.g. when introducing an Fmoc group, introduction can be carried out by
adding 9-fluorenylmethyl-N-succinimidyl carbonate and sodium hydrogen carbonate
and allowing reaction. The reaction may be performed at 0 - 50°C, preferably at room
temperature for approximately about 1 - 5 hours.

[0060]

As the amino acid protected with a lipophilic protecting group, those
commercially available can also be used. Examples can include Fmoc-Ser-OH,
Fmoc-Asn-OH, Fmoc-Val-OH, Fmoc-Leu-OH, Fmoc-Ile-OH, Fmoc-Ala-OH,
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Fmoc-Tyr-OH, Fmoc-Gly-OH, Fmoc-Lys-OH, Fmoc-Arg-OH, Fmoc-His-OH,
Fmoc-Asp-OH, Fmoc-Glu-OH, Fmoc-GIn-OH, Fmoc-Thr-OH, Fmoc-Cys-OH,
Fmoc-Met-OH, Fmoc-Phe-OH, Fmoc-Trp-OH, Fmoc-Pro-OH, Boc-Ser-OH,
Boc-Asn-OH, Boc-Val-OH, Boc-Leu-OH, Boc-Ile-OH, Boc-Ala-OH, Boc-Tyr-OH,
Boc-Gly-OH, Boc-Lys-OH, Boc-Arg-OH, Boc-His-OH, Boc-Asp-OH, Boc-Glu-OH,
Boc-GIn-OH, Boc-Thr-OH, Boc-Cys-OH, Boc-Met-OH, Boc-Phe-OH, Boc-Trp-OH,
and Boc-Pro-OH.

Moreover, an amino acid protected with a lipophilic protecting group wherein
the protecting group is introduced into the side chain can include, e.g., Fmoc-Ala-OH,
Fmoc-Arg(Pbf)-OH, Fmoc-Asn(Trt)-OH, Fmoc-Asp(OtBu)-OH, Fmoc-Cys(Acm)-OH,
Fmoc-Cys(tBu)-OH, Fmoc-Cys(Trt)-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Gln(Trt)-OH,
Fmoc-Gly-OH, Fmoc-His(Trt)-OH, Fmoc-Ile-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-OH,
Fmoc-Met-OH, Fmoc-Phe-OH, Fmoc-Pro-OH, Fmoc-Ser(tBu)-OH,
Fmoc-Thr(tBu)-OH,  Fmoc-Trp(Boc)-OH,  Fmoc-Tyr(tBu)-OH, Fmoc-Val-OH,
Boc-Met-OH, and Boc-Thz-OH.  Thz herein indicates a thiazolidine-type Cys
(Thiazolidine-4-carboxylic acid).

When the peptide fragment is synthesized by e.g. solid phase synthesis, it is
preferred to preferred to have an amino acid protected with a Boc group at the
N-terminal in that the side reaction by the nucleophilic reaction caused by the amino
group can be suppressed when thioesterification is necessary after the peptide fragment
synthesis.

[0061]

Moreover, if it is desired to add a linker in the amino acid sequence of a
glycosylated polypeptide, the linker can be inserted at a preferred position by using a
linker protected with a lipophilic protecting group instead of the above amino acid
protected with a lipophilic protecting group in the process of solid phase synthesis.
[0062]

When employing a resin having a hydroxyl group, e.g. well-known dehydration
condensation agents such as 1-mesitylenesulfonyl-3-nitro-1,2,4-triazole (MSNT),
dicyclohexylcarbodiimide (DCC), and diisopropylcarbodiimide (DIPCDI) can be
employed as the esterification catalyst. Moreover, When employing a 2-chlorotrityl
chloride resin, esterification can be performed with a base such as
diisopropylethylamine (DIPEA), triethylamine, pyridine, and 2,4,6-collidine. The
proportion of the amino acid and the dehydration condensation agent used is 1 part by
weight of the former to generally 1 - 10 parts by weight, preferably 2 - 5 parts by weight
of the latter.
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[0063]

The esterification reaction is preferably performed by for example placing the
resin in a solid phase column, washing this resin with a solvent, and then adding the
amino acid solution. Examples of washing solvents can include, e.g.,
dimethylformamide (DMF), 2-propanol, and dichloromethane. Examples of solvents
for dissolving the amino acid can include, e.g., dimethyl sulfoxide (DMSO), DMF, and
dichloromethane. The esterification reaction may be performed at 0 - 50°C, preferably
at room temperature for approximately about 10 minutes - 30 hours, preferably for
approximately 15 minutes - 24 hours.

[0064]

Moreover, it is also preferred to acetylate and cap the unreacted hydroxyl
groups on the solid phase at this time with e.g. acetic anhydride.
[0065]

The detachment of the lipophilic protecting group can be performed by for
example treatment with a base. Examples of bases can include, e.g., piperidine and
morpholine. In such a case, it is preferred that this is performed in the presence of a
solvent. Examples of solvents can include, e.g., DMSO, DMF, and methanol.

[0066]

The amidation reaction of the free amino group with the carboxy group of any
amino acid having the amino group nitrogen protected with a lipophilic protecting
group is preferably performed in the presence of an activator and a solvent.

[0067]

Examples of activators can include, e.g., dicyclohexylcarbodiimide (DCC),
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (WSC/HC),
diphenylphosphorylazide (DPPA), carbonyldiimidazole (CDI),
diethylcyanophosphonate (DEPC), benzotriazol-1-yloxy-trispyrrolidinophosphonium
(DIPCI),  benzotriazol-1-yloxy-trispyrrolidinophosphonium  hexafluorophosphate
(PyBOP), 1-hydroxybenzotriazole (HOBY), hydroxysuccinimide (HOSu),
dimethylaminopyridine (DMAP), 1-hydroxy-7-azabenzotriazole (HOAL),
hydroxyphthalimide (HOPht), pentafluorophenol (Pfp-OH),
2-(1H-benzotriazol-1-yl1)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU),
1-[bis(dimethylamino)methylene}-5-chloro-1H-benzotriazolium 3-oxide
hexafluorophosphate (HCTU), O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphonate ~ (HATU),  O-benzotriazol-1-yl-1,1,3,3-tetramethyluronium
tetrafluoroborate (TBTU), and 3,4-dihydro-3-hydrodi-4-oxa-1,2,3-benzotriazine (Dhbt).
[0068]
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The amount of the activator used may be 1 - 20 equivalents, preferably 1 - 10
equivalents, and further preferably 1 - 5 equivalents to any amino acid having the amino
group nitrogen protected with a lipophilic protecting group.

[0069]

Examples of solvents can include, e.g., DMSO, DMF, and dichloromethane.
The reaction may be performed at 0 - 50°C, preferably at room temperature for
approximately about 10 - 30 hours, preferably for approximately 15 minutes - 24 hours.
The detachment of the lipophilic protecting group can be performed similarly to the
above.

[0070]

Treatment with an acid is preferred in order to cleave the peptide chain from
the resin. Examples of acids can include, e.g., a mixed solution of trifluoroethanol and
acetic acid (1:1), trifluoroacetic acid (TFA), and hydrogen fluoride (HF).

[0071]

The peptide fragment can be prepared by chemical synthesis such as solid
phase synthesis as above, but it can also be prepared by a biosynthesis method
well-known to those skilled in the art. For example, the peptide fragment of interest
can be expressed by introducing the gene of interest into a recombinant vector. The
recombinant vector employed herein may be any that may transform a host cell, and
animal viral vectors such as a plasmid for E. coli, a plasmid for Bacillus subtilis, and a
plasmid for yeasts, retrovirus, vaccinia virus, and baculovirus etc. are employed
depending on the host cell. Those having a regulatory sequence such as a promoter
that may appropriately express the protein in the host cell are preferred. Moreover, the
host cell may be any that can express a foreign gene in a recombinant vector, and E. coli,
Bacillus subtilis, yeast, an insect cell, and an animal cell etc. are generally employed.
[0072]

The method for transfecting the host cell with a recombinant vector employed
may be those routinely used in general, and e.g. heat shock method, calcium chloride
method, or electroporation method for E. coli, and lithium chloride method or
electroporation for yeasts can be utilized. Moreover, transformation of an animal cell
can be performed with a physical method such as electroporation, or a chemical method
such as liposome method or calcium phosphate method, or a viral vector such as a
retrovirus. Moreover, after the introduction of the vector, it is preferred to confirm that
the DNA sequence of interest is properly integrated by a method well-known to those
skilled in the art. In regards to the culturing format of the transformant host cell, the
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culture condition may be selected in light of the nutrient physiological nature of the
host.
[0073]

Moreover, the peptide to be prepared by biosynthesis is preferably purified.
The purification method of the peptide can be performed by an ordinary general
purification. For example, in the case of a recombinant protein, after culturing the
bacteria or cell expressing the recombinant protein used herein, a crude extract of the
peptide is prepared by collecting the bacteria or cell with a well-known method,
suspending this in an appropriate buffer, destructing the bacteria or cell by e.g.
ultrasonic wave, lysozyme and/or freeze-thawing, and then subjecting to centrifugal
separation or filtration. The buffer may include a protein denaturing agent such as
urea or guanidine hydrochloride, or a surfactant such as Triton X-100™. The
purification of the extract in this way or the peptide comprised in the culture supernatant
can be performed by a well-known purification method. For example, affinity
chromatography, ion exchange chromatography, filter, ultrafiltration, gel filtration,
electrophoresis, salt precipitation, and dialysis etc. are appropriately selected and
combined to enable separation and purification of the peptide.

[0074]

Moreover, in order to facilitate the purification of the recombinant protein,
various tags may also be integrated into the expression vector. Examples of a tag that
can be used include tags known to those skilled in the art such as a tag that improves
expression efficiency or a tag that improves purification efficiency, and examples
include, e.g. thioredoxin, a GST tag, a Myc tag, a FLAG tag, and a maltose-binding
protein (MBP).

[0075]

Moreover, when the cysteine to be used for ligation to the desired N-terminal
of the peptide fragment is absent, cysteine can also be introduced to said site. For
example, it is possible to mutate a desired site into cystein in a nucleic acid molecule to
be introduced into a host cell by any mutagenesis method known in the present
technical field, including, but are not limited to, error-prone PCR, site-specific
mutagenesis, assembly PCR, DNA shuffling, in vivo mutagenesis, cassette mutagenesis,
recursive ensemble mutagenesis, and exponential ensemble mutagenesis.

[0076]

Moreover, when protection of the amino acid side chain is preferred in the

peptide fragment prepared by biosynthesis as above, the protection can be achieved with

a method well-known to those skilled in the art. For example, when protecting
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cysteine, the N-terminal cysteine is protected with e.g. formaldehyde, and the Cys
residue side chain thiol group in the peptide can be selectively protected with e.g.
S-9-Fluorenylmethyl thioether (Fm-SR).

[0077]
(Linking of Each Fragment)

Any well-known method that can link two peptide fragment chains as
described above can be employed for a step of linking a glycosylated peptide fragment
and a peptide fragment prepared in a method as above, an example of which can include
native chemical ligation (NCL, see, e.g., Japanese Translation of PCT International
Application Publication No. 2004-518621). NCL is a method of mixing peptide
fragment A having a thioester at the C-terminal and peptide fragment B having cysteine
at the N-terminal in a buffer solution, detaching the thioester group at the C-terminal of
peptide A by the nucleophilic attack of the sulthydryl group of cysteine at the
N-terminal of peptide fragment B, and linking the two peptides with each other via a
natural peptide bond by a subsequent nucleophilic attack of amine.

[0078]

Accordingly, as described above, when employing NCL in the linking step, a
step of thioesterifying the C-terminal of the polypeptide to be positioned at the
N-terminal is necessary before the linking step. Such thioesterification can be
achieved for example by activating the C-terminal carboxylic acid with PyBOP and
DIPEA, and adding excess alkylthiol. When employing this method, the addition of
the alkylthiol is preferably performed at a low temperature of 10°C - -80°C, more
preferably at a temperature of 0°C - -40°C in order to suppress the configuration of the
a carbon of the amino acid at the fragment terminal. In particular, in the above
thioesterification reaction, it is preferred to employ a thiophenol instead of an alkylthiol.
The thioesterification reaction by the addition of thiophenol has a fast reaction rate and
can almost fully complete the reaction. Accordingly, the side reaction of the
cyclization reaction of the peptide fragment during the thioester reaction can be
suppressed and is thus preferred.

Moreover, the above thioesterification can also be performed by e.g. the Fmoc
or Boc methods described in Yamamoto et al., J. Am. Chem. Soc. 2008, 130 (2), 501
-510.

[0079]

NCL is performed by mixing preferably equimolar amounts of the polypeptide

chain of the sugar chain binding portion and the polypeptide chain of the non-sugar
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chain binding portion in a buffer solution. In a preferred aspect, the ligation reaction is
carried out in a buffer having pH 6 - 8, and the preferred pH range is 6.5 - 7.5. This
buffer may be aqueous, organic, or a mixture thereof. The ligation reaction can further
comprise one or two or more types of catalysts and/or one or two or more types of
reductants, lipids, and other denaturing agents or solubilizers etc. Examples of a
preferred catalyst include, e.g., a thiol- and phosphine-containing substance such as
thiophenol, benzyl mercaptan, TCEP, and alkyl phosphine. Examples of a denaturing
agent and/or a solubilizer include guanidine, urea aqueous solution or an organic solvent
solution such as TFE, HFIP, DMF, and NMP, water, or acetonitrile mixed with
guanidine and urea aqueous solution. The speed of the ligation reaction can be
adjusted with temperature, and can be generally performed at 5 - 55°C, preferably at 15
- 40°C. In particular, the ligation reaction of [FN-f is preferably performed under the
condition of 6 - 8§ M guanidine. For example, it proceeds well in a reaction system
employing a buffer comprising 6 M guanidine at pH 6.8 - 7.8 and 1 - 3% thiophenol.

If the separation of the product after the ligation step and the source material is
difficult, for example, the thiol group of cysteine which was the ligation linking point
can be deliberately thioesterified by utilizing an excess amount of a C-terminal
thiophenyl ester body having high reactivity. In this way, by thioesterifying the thiol
group of the peptide side chain produced by ligation, the lipophilicity or water solubility
of the product can be increased to facilitate separation.

If an excessively thioesterified thiol group was produced by this operation, it
can be easily restored to a thiol group with e.g. sodium mercaptoethanesulfonate.

[0080]

When each fragment was designed with Ala as the N-terminal, a glycosylated
polypeptide having Cys instead of Ala at the N-terminal position is manufactured by the
above method. Accordingly, in such a case, it is preferred to restore the amino acid
that needs reduction (Cys) to Ala by a reduction reaction during the preparation of the
glycosylated polypeptide.

A method such as radical reduction and hydride reduction can be used as such
a method for reducing Cys to Ala, particularly preferably radical reduction.

The reaction of the radical reduction can be performed by e.g. adding tBuSH,
sodium 2-mercaptoethanesulfonate, or glutathione etc. to a solvent such as TCEP
comprising the peptide fragment. Examples of the solvent used in the radical
reduction reaction employed can include water, an organic solvent (such as acetonitrile),
or a buffer (such as a phosphate buffer), and a specific example can include

Tris-carboxyethyl phosphine solution (TCEP solution). Moreover, the solvent can
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include a solubilizer. For example, it is preferred to comprise 6 M - 8 M guanidine.
Moreover, the radical reduction reaction is preferably performed at a pH range of 7.5 -
pH 8.0, and the reaction temperature is preferably -15 - 40°C.  When the pH is lower
than 7.5, the reaction will not be fully completed and is thus not preferred. Moreover,
the reaction time can be 2 - 6 hours. When it is longer than 6 hours, peak attenuation
begins and is thus not preferred. As an example of the radical reduction reaction, the
reaction can be performed with 7 M guanidine and 0.25 M TCEP under the condition of
pH 7.5, 20°C, and 4 hours.

In the radical reduction reaction, the Cys that is not preferred to be reduced can
be protected by a protecting group. As such a protecting group, a well-known
protecting group such as an Acm group, an alkoxymethyl group, a triphenylmethyl
group, a t-butyl group, a benzyl group, and an ethyl group having the B position
substituted can be employed.

Moreover, a reaction container that will allow little dead volume for placing the
reaction solution is preferably employed for the radical reduction reaction in order to
fully complete the reaction.

[0081]

Moreover, when a Cys protected with an Acm group etc. exists after the above
reduction step, deprotection of Cys is performed.

In regards to the deprotection step, for example, when the protecting group of
Cys is an Acm group, it can be deprotected by reacting with e.g. iodine, mercury acetate
(II), silver nitrate (I), or silver acetate (I) in water, methanol, acetic acid, or a mixed
solution thereof. Moreover, when the protecting group is an alkoxymethyl group, it
can be deprotected e.g. with acid hydrolysis or by employing a silver or mercury salt.
When the protecting group is a triphenylmethyl group, it can be deprotected with e.g. a
mercury (II) salt.

The above reaction may be performed generally at 0 - 80°C, preferably at 5 -
60°C, and further preferably at 10 - 35°C. The reaction time is preferably
approximately 5 minutes - 24 hours in general. Other protecting groups can also be
deprotected by a method well-known to those skilled in the art. Moreover, after
completion of the reaction, it may be treated with e.g. dithiothreitol (DTT) or
hydrochloric acid, and then purified with a well-known method (such as high
performance liquid column chromatography (HPLC)) as appropriate.

[0082]

Moreover, when each fragment was designed with Ser as the N-terminal, a

glycosylated polypeptide having Cys instead of Ser at the N-terminal position is
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manufactured by the above method. Accordingly, in such a case, the amino acid that
needs conversion into Ser (Cys) is converted into Ser after ligation during the
preparation of the glycosylated polypeptide.

Such a conversion step can be performed by e.g. a methylation reaction of the
-SH group on Cys, a cyanidation reaction, and a subsequent intramolecular acyl
translocation reaction.

More specifically, the above conversion step comprises (1) a step of reacting
the -SH group of Cys in a peptide comprising Cys with a methylation agent to form a
-SMe group (methylation), and (2) a step of reacting the -SMe group on the peptide
obtained in step (1) with a cyanidation agent (cyanidation reaction), and after the
reaction, converting the -SMe group into an -OH group via a reaction intermediate by
placing said peptide under basic conditions (intramolecular acyl translocation reaction).
Such a conversion step is described e.g. in International Publication 2009/017154, the
disclosure of which is incorporated herein by reference in its entirety.

[0083]

Examples of a methylation agent employed for the methylation reaction of the
-SH group of Cys is not particularly limited as long as it can convert an -SH group into
an -SMe group, and can include, e.g.,, iodomethane and methyl-4-nitrobenzene
sulfonate.

The amount of the methylation agent used is 1 - 1000 equivalents to one
cysteine residue of the source material peptide or glyéopeptide. It may preferably be
10 - 100 and further preferably 15 - 30 equivalents. The methylation reaction may be
performed at 0 - 50°C, preferably at 20 - 30°C for approximately about 10 minutes - 30
hours, and preferably for approximately 15 minutes - 1 hour.

The solvent may be a buffer solution, the pH of which may be 7 - 9, preferably
8 - 9. For example, an example can include a buffer solution at pH 8.6 adjusted with 6
M guanidine hydrochloride solution, 0.25 M Tris-hydrochloric acid solution, and 3.3
mM EDTA solution.

[0084]

Moreover, examples of a cyanidation ageht that can be employed with respect
to stability etc. are e.g. cyanogen bromide and phenylcyanate. Preferably, an easily
available cyanogen bromide can be employed.

The amount of the cyanidation agent used can be 1 - 1000 equivalents,
preferably 10 - 100 equivalents, and more preferably 15 - 30 equivalents to one residue

of the -SMe group. The reaction with the cyanidation agent is desirably performed at
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0 - 50°C, preferably at 30 - 40°C for approximately about 30 minutes - 100 hours,
preferably for approximately 12 hours - 50 hours.

The reaction with the cyanidation agent is performed under acidic conditions,
particularly preferably at pH 2 - 3. The reaction can be performed under acidic
conditions by the use of an acidic water-soluble substance, specifically, formic acid,
trifluoroacetic acid, and methanesulfonic acid etc. In doing so, the acidic
water-soluble substance used is particularly preferably degassed in order to prevent the
oxidation of the sulfur atom. Moreover, the reaction is preferably performed under
protection from light with respect to the stability of the cyanidation agent.

As the solvent, a water-soluble solvent showing pH 2 - 3 described above, e.g.
80% formic acid solution, 70% formic acid solution, and 2% trifluoroacetic acid/39%
acetonitrile-containing aqueous solution etc. can be optimally employed.

[0085]

When the peptide comprises a methionine residue as an amino acid, it is
preferred to discriminate the -SMe group of the methionine residue from the -SMe
group obtained from the methylation reaction. This discrimination can be performed
by e.g. the introduction of a protecting group. As used herein, a methionine having a
protecting group introduced (protected methionine) is not particularly limited as long as
it is a compound that does not react with the cyanidation agent in the cyanidation
réaction, an example of which can include a sulfoxide-type methionine (Met(O):
-CH,-CH,-S(=0)-CH3). The protected methionine residue can be converted into a
methionine residue after the cyanidation reaction or the intramolecular acyl
translocation reaction. The deprotection method can be performed as appropriate by a
method well-known to those skilled in the art.

[0086]

The intramolecular acyl translocation reaction can be performed by
permorming under a more basic condition compared to the cyanidation reaction. This
gives a peptide comprising an amino acid residue having an -OH group.

The basic condition in the intramolecular acyl translocation reaction may be
acidic or neutral as long as it is placed under a more basic condition compared to the
cyanidation reaction, more specifically, as long as it is a condition in which the -NH,
group on the C atom adjacent to the ester bond of the reaction intermediate obtained in
the cyanidation reaction is not protonated. With respect to efficiently performing the
conversion from the reaction intermediate to the peptide having an -OH group, a weak

or strong basic condition can be employed.
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The basic condition can be achieved by adding a basic compound that is a pH
adjusting agent well-known to those skilled in the art (such as guanidine, disodium
phosphate, Tris, sodium hydrogen carbonate, hydrazine hydrate, and 50 mM sodium
hydroxide aqueous solution). In doing so, the amount of the basic compound used can
be 0.5 - 1000 equivalents, preferably 10 - 100 equivalents, and more preferably 15 - 30
equivalents to the source material peptide.

The intramolecular acyl translocation is desirably performed at 0 - 50°C,
preferably at 20 - 30°C for approximately about 5 minutes - 30 hours, preferably for 5
minutes - 1 hour, and more preferably for approximately 5 minutes - 10 minutes.

The quenching of the reaction can be performed by reducing the pH.
Alternatively, it is also possible to directly move on to a purification step by e.g. HPLC
without changing the pH.

[0087]

When Thr was selected as the N-terminal of the peptide fragment, a residue of
a threonine (Thr) derivative having an -SH group instead of Cys (or a threonine
derivative having said -SH group protected by a disulfide bond etc.) can be introduced
to the N-terminal of the peptide fragment. The peptide fragment having a threonine
derivative introduced can be subjected to the above methylatidn reaction, cyanidation
reaction, and intramolecular acyl translocation reaction after ligation in order to
substitute the threonine derivative in said peptide fragment to threonine.

[0088]

When introducing a sugar chain having a sialic acid to a peptide fragment, it is
preferred that the carboxy group of the sialic acid on the sugar chain to be introduced
employed is, e.g., a sialic acid-containing sugar chain protected by e.g. an aryl group
including e.g. a benzyl (Bn) group, an alkyl group including e.g. an ethyl group (Et) or a
methyl group (Me), and a phenacyl group having the side chain of the carbon forming
the ring structure substituted by e.g. a diphenylmethyl group, a phenacyl group, an
alkoxy group, or a nitro group. More specifically, e.g., a protecting group that protects
the carboxy group of the sialic acid as represented by -COOBn, -COOEt, -COOMe,
-COOCH(Ph),, -COOCH,COPh, -COOCH,PhOMe, -COOCH,Ph(OMe),,
-COOCH;,PhNO,, or -COOCH,Ph(NOy,), is preferred. In this way, by protecting the
carboxy group of the sialic acid with a benzyl group etc., it is possible to prevent the
detachment of an acid-labile sialic acid. In particular, the detachment of the sialic acid
from the sugar chain non-reducing terminal can be prevented also when performing the

heat treatment described below. Moreover, the introduction of the protecting group to
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the carboxy group of the sialic acid will facilitate the separation and purification step by
HPLC etc. in the manufacture step.
[0089]

The protection reaction of the carboxy group of the sialic acid on the sugar
chain can be performed by a method well-known to those skilled in the art. For
example, the deprotection of the protecting group of the carboxy group of the sialic acid
protected by a benzyl group, a diphenylmethyl group, or a phenacyl group can also be
performed by a method well-known to those skilled in the art. For example, the
deprotection reaction can be performed by hydrolysis under basic conditions, although
not particularly limited to the following. The deprotection reaction may be performed
generally at 0 - 50°C, preferably at 0 - 40°C, and further preferably at 0 - 30°C. The
reaction time is preferably for approximately 5 minutes - 5 hours in general. After
completion of the reaction, it may be neutralized with a weak acid such as phosphoric or
acetic acid, and then purified with a well-known method (such as high performance
liquid column chromatography (HPLC)) as appropriate. The step of deprotecting the
protecting group of the carboxy group of the sialic acid can be performed before or after
the folding step.

[0090]

Each step of the manufacture of interferon 3 shown above can be a one-pot
synthesis. For example, when interferon § is manufactured by preparing multiple
fragments and by multiple ligation steps, the multiple ligation steps can be a one-pot
synthesis.  Further, the reduction step of cysteine is necessary after linking the
fragments, the multiple ligation steps as well as the subsequent reduction step of
cysteine can also be a one-pot synthesis.

Further, the deprotection step of cysteine and the deprotection step of the sugar
chain sialic acid which are necessary after the ligation step (such as the reduction step of
cysteine if necessary) can also be a one-pot synthesis. For example, by allowing the
first step ligation and the second step ligation described in Examples 2 and 3 in the
present specification to be one-pot, it is possible to improve the yield by about 1.6-folds.

In this way, allowing the manufacture step to be one-pot is preferred since
reduction of the time for the manufacture step and facilitation by elimination of the

HPLC step can be attempted, and further the yield can be improved.

[0091]
(Folding Step)
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The glycosylated peptide fragment and the peptide fragment are bound by the
above method, and a step of substituting the necessary amino acid, or a step of folding
the glycosylated polypeptide having all the portions linked after the deprotection step
can be included. Various well-known methods can be employed as the folding step,
and can comprise, but is not limited to, e.g. dialysis in a folding buffer. The folding
buffer is not limited, and can be, e.g., glutathione, cystine-cysteine, and a compound
having a guanidine group such as guanidine or a salt thereof, and the pH can be 6.0 - 9.0.
Dialysis can be performed multiple times, and the composition or pH of the folding
buffer for each dialysis treatment may be identical or different.

More specifically, e.g., when the folding step is performed by three rounds of
dialysis, the first dialysis can be performed in a solution comprising 8 M guanidine at
pH 8.0 - 9.0 for 0.5 - 6 hours, the second dialysis condition can be performed in a
solution comprising 2 M - 4 M guanidine at pH 8.0 - 9.0 for 6 - 24 hours, and the third
dialysis can be performed in a solution comprising 1 mM - 20 mM acetic acid aqueous
solution at pH 2.0 - 4.0 for 6 - 24 hours.

Moreover, when the folding buffer employed for the folding step comprises
oxidized and reduced glutathione, it is preferred to vary the concentration ratio of the
oxidized and reduced as appropriate depending on the type of sugar chain added to the
polypeptide. For example, when the sugar chain is a disialo sugar chain, the ratio of
the oxidized glutathione and the reduced glutathione comprised in the folding buffer is
preferably in the range of 1:1 - 4:1, more preferably 1:1 - 3:1, and particularly
preferably 2:1.  Moreover, when the sugar chain is an asialo sugar chain, the ratio of
the oxidized glutathione and the reduced glutathione is preferably in the range of 4:1 -
16:1, more preferably in the range of 6:1 - 10:1, and particularly preferably 8:1.

The formation of a disulfide bond at an unintended site or aggregation etc. can
be suppressed by having the source material at a low concentration when dissolving the
source material before folding.

Confirmation of the polypeptide folding can be achieved by any method that
analyzes the polypeptide conformation, examples of which include, but are not limited
to, the disulfide mapping method, the evaluation of binding to an antibody specific to

the conformational epitope, and X-ray analysis.

[0092]
(Heat Treatment)

Moreover, the glycosylated polypeptide manufactured by the above method
can also be heat-treated.  The heat treatment is preferably performed before the folding
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step. Moreover, when a sialic acid is present at the non-reducing terminal of the sugar
chain in the glycosylated polypeptide, it is preferred that the heat treatment is performed
with the carboxy group of the sialic acid protected with a benzyl group etc.

The heat treatment can be performed e.g. in a buffer solution comprising 6 M -
10 M guanidine (Gn) at pH 3.5 - 7 under a temperature condition of 40°C - 60°C for
about 24 - 72 hours. Inactivation of an enveloped virus such as HIV, HCV, and HBV
that has a suspicion of contamination can be achieved by heat treatment. In addition,
the glycosylated polypeptide of the present invention can maintain its interferon B
activity even when heat treatment is applied.

Moreover, since it is likely that the thiol group of cysteine will produce a side
reaction by heat treatment, the thiol group of cysteine is preferably protected with an

Acm group etc. in the heat treatment step.

[0093]
(Activity)

The glycosylated polypeptide of the present invention has interferon § activity.
An "interferon 8 activity" herein means having at least one activity among well-known
activities such as immunomodulation action, antiviral activity, and antitumor activity.
[0094]

For example, interferon B activity of the glycosylated polypeptide can be
measured with e.g. the antitumor activity measurement test described in Example 12.

The antitumor activity measurement test can be examined by e.g.
subcutaneously administering the subject glycosylated polypeptide to a mouse having a
tumor and measuring the tumor volume over time.

[0095]

The glycosylated polypeptide of the present invention can be provided as 90%
or more pure. Moreover, the glycosylated polypeptide of the present invention more
preferably is 95%, 97%, 98%, 99.0%, or 99.5% or more pure.

The purity of the glycosylated polypeptide herein refers to the value of the
yield (g) excluding impurities such as unreacted material from the total yield (g) when
preparing the glycosylated polypeptide of interest, divided by the total yield of when
preparing the glycosylated polypeptide, multiplied by 100. More specifically, the total
yield when preparing the glycosylated polypeptide refers to the yield of the glycosylated
polypeptide fraction of interest obtained in the product separation step by HPLC after
the folding step. Moreover, impurities etc. also include a glycosylated polypeptide that

does not have identical sugar chain structure.
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In a composition comprising the glycosylated polypeptide of the present
invention, the purity of the glycosylated polypeptide refers to the purity of the
glycosylated polypeptide per se that is comprised in the composition as one ingredient,
separately from other ingredients comprised in the composition.

Accordingly, a high purity composition comprising a glycosylated polypeptide
has constant quality, and is particularly preferred in the fields of pharmaceuticals
manufacture or assays etc.

Moreover, the purity of the glycosylated polypeptide can be measured by
HPLC analysis. The purity of the glycosylated polypeptide as measured by HPLC can
be shown in HPLC area size %.

[0096]
(Pharmaceutical Composition)

Next, a pharmaceutical composition containing the glycosylated polypeptide of
the present invention as the active ingredient will be described.

The pharmaceutical composition containing the glycosylated polypeptide of the
present invention as the active ingredient is effective for the treatment or prevention of
interferon B-related diseases. As described above, various actions are known for
interferon f§, and these action-related diseases also vary. For example, examples of
interferon B-related diseases include, e.g., a brain tumor such as glioblastoma,
medulloblastoma, and astrocytoma, cutaneous malignant melanoma, chronic active
hepatitis B, chronic hepatitis C, subacute sclerosing panencephalitis, compensated
cirrhosis C, and multiple sclerosis. The pharmaceutical composition containing the
glycosylated polypeptide of the present invention as the active ingredient is effective for
the treatment or prevention of the above diseases.

Moreover, the administration subject of the pharmaceutical composition
containing the glycosylated polypeptide of the present invention as the active ingredient
means any individual of an organism, preferably an animal, further preferably a
mammal, and further preferably a human individual.

[0097]

The above pharmaceutical composition is one formulated into the form of an
ordinary pharmaceutical composition with a diluent or an excipient such as a generally
used filler, expander, binder, moisturizer, disintegrant, surfactant, and lubricant.

Examples of such pharmaceutical compositions include, e.g., tablets, pills,
powders, liquids, suspensions, emulsions, granules, capsules, suppositories, inhalants,

ophthalmic solutions, and injections.
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[0098]

The amount of the glycosylated polypeptide of the present invention contained
in the pharmaceutical composition is not particularly limited and can be selected as
appropriate from a broad range, but in general, 1 - 90% by weight of the glycosylated
polypeptide of the present invention is preferably contained, and more preferably 1 -
70% by weight is contained in the pharmaceutical composition.

[0099] | | |

The pharmaceutical composition containing the glycosylated polypeptide of the
present invention as the active ingredient can either further contain other active
ingredients, or it can be employed in combination with a pharmaceutical composition
containing other active ingredients. Moreover, the pharmaceutical composition
containing the glycosylated polypeptide of the present invention as the active ingredient
can either comprise the glycosylated polypeptide as a pharmaceutically acceptable salt,
or further contain one or more different glycosylated polypeptides of the present
invention as active ingredients. Moreover, it can also be employed in combination
with the pharmaceutical composition containing one or more different glycosylated
polypeptides of the present invention as the active ingredient. Moreover, Examples of
other ingredients that can be contained in the pharmaceutical composition can include a
pharmaceutically acceptable carrier known to those skilled in the art.

[0100]

The method for administering the pharmaceutical composition according to the
present invention is not particularly restricted, and administeration is achieved with a
method according to various drug formulations, age, sex, and the disease condition of
the patient, and other conditions. The method of administration for tablets, pills,
liquids, suspensions, emulsions, granules, and capsules include e.g. oral administration.
Moreover, in case of injections, it can be intravenously, intramuscularly, intradermally,
subcutaneously, or intraperitoneally administered alone or mixed with an ordinary fluid
replacement such as glucose or amino acid. In case of suppositories, it is intrarectally
administered. In case of ophthalmic solutions, it is applied to an eye tissue such as the
conjuctival sac. In case of inhalants, it is applied to the bronchial tube or the lung.
[0101]

The administration dose of the above pharmaceutical composition may be
selected as appropriate according to usage, age, sex, and the disease extent of the patient,
and other conditions, and for example can be an administration dose that will be 0.001 -
9 nmol of the glycosylated polypeptide of the present invention, preferably 0.01 - 0.2
nmol per 1 kg of body weight.
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[0102]

The administration frequency of the above pharmaceutical composition may be
selected as appropriate according to usage, age, sex, and the disease extent of the patient,
and other conditions, and 3 times/day, twice/day, once/day, and further at a less frequent

-administration frequency according to stability in blood thereof (such as once/week and
once/month) may be selected. Preferably, the administration frequency of the above
pharmaceutical composition is once or less per day.

[0103]

The sugar chain added to the glycosylated polypeptide of the present invention
is easily degraded by the metabolic system in the body. Moreover, in one aspect of the
present invention, said sugar chain has a structure that is present as bound to a
glycopeptide (or a glycoprotein) in vivo. Accordingly, the glycosylated polypeptide of
the present invention and a pharmaceutical composition comprising said peptide as the
active ingredient have advantages such as not showing side effects or antigenicity even
when administered in vivo, and having less concern for losing drug effect due to allergic
reactions or antibody production.

[0104]

Further, the glycosylated polypeptide of the present invention can be stably and
easily supplied in large amounts, and it is extremely useful with respect to providing
pharmaceuticals having stable and high quality.

Moreover, the present invention also provides a method for treating or
preventing an interferon B-related disease, characterized in administering an effective

amount of the glycosylated polypeptide of the present invention.

[0105]

The terms used herein are to be employed to describe particular embodiments,
and do not intend to limit the invention.

Moreover, the term "comprising" as used herein, unless the content clearly
indicates to be understood otherwise, intends the presence of the described items (such
as components, steps, elements, and numbers), and does not exclude the presence of
other items (such as components, steps, elements, and numbers).

[0106]

Unless otherwise defined, all terms used herein (including technical and
scientific terms) have the same meanings as those broadly recognized by those skilled in
the art of the technology to which the present invention belongs. The terms used

herein, unless explicitly defined otherwise, are to be construed as having consistent
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meanings with the meanings herein and related technical fields, and shall not be
construed as having idealized or excessively formal meanings.
[0107]

The embodiments of the present invention may be described referring to
schematic diagrams. In case of schematic diagrams, they may be exaggerated in
presentation in order to allow clear description.

Terms such as first and second are employed to express various elements, and
it should be recognized that these elements are not to be limited by these terms. These
terms are employed solely for the purpose of discriminating one element from another,
and it is for example possible to describe a first element as a second element, and
similarly, to describe a second element as a first element without departing from the
scope of the present invention.

[0108]

The present invention will now be described in further detail referring to

Examples. However, the present invention can be embodied by various aspects, and

shall not be construed as being limited to the Examples described herein.

Examples
[0109]

The following Examples exemplify a method of manufacturing the 1 - 166
amino acids in the amino acid sequence of interferon § divided into three fragments of
peptide fragment A having amino acids at positions 1 - 67, glycopeptide fragment B
having amino acids at positions 68 - 88, and peptide fragment C having amino acids at
positions 89 - 166.

More specifically, a manufacturing method comprising the following steps is
exemplified:

() A step of preparing peptide fragment A represented by the following
formula (d), glycopeptide fragment B represented by the following formula (e), and
peptide fragment C represented by the following formula (f).

[Chemical Formula 32]

SR? SR?
wf s

RZ = Acm
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(d)
[Chemical Formula 33]

FE’%
sa""

H
- N eses) —coseh
R' = Oligosaccharide

(e)
[Chemical Formula 34]

®
(II) A step of linking fragment B and fragment C by ligation to prepare

fragment (B+C), and converting the thiazolidine-type cysteine at the N-terminal of
fragment (B+C) into cysteine (see Figure 1).

(IIT) A step of linking fragment A and fragment (B+C) by ligation to prepare
fragment (A+B+C) (see Figure 2).

(IV) A step of reducing the cysteine employed for ligation in fragment
(A+B+C) into alanine (see Figure 3).

(IV) A step of deprotecting the protecting group of cysteine (see Figure 4).

In each fragment, the C-terminal used for linking by ligation is thioesterified,
and the N-terminal used for linking by ligation has a cysteine. Moreover, in
glycopeptide fragment B represented by the above formula (II), the N-terminal side
cysteine is a thiazolidine-type in order to avoid a side reaction the ligation step at the
C-terminal.

The N-terminal amino acid of the above fragments B and C is alanine at
positions 68 and 89 in interferon 8. However, since cysteine is required for ligation, in
the above manufacturing example, the fragments were synthesized with cysteine instead
of alanine at the N-terminal amino acid of fragments B and C, and then reduced to
alanine after ligation.

Moreover, for example, fragment (A+B) herein shows fragment A and
fragment B linked together.
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[0110]
Example 1 Synthesis of each peptide fragment
(1-1.  Synthesis of peptide fragment A-SPh)

Amino-PEGA resin (from Merck) (100 umol) was placed into a column for
solid phase synthesis, sufficiently washed with methylene chloride (DCM) and DMF,
and then sufficiently swelled with DMF. 4-hydroxymethyl-3-methoxyphenoxy butyric
acid (HMPB) (0.25 mmol), TBTU (0.25 mmol), and N-ethylmorpholine (0.25 mmol)
were dissolved in DMF (2 ml) and placed in the column, and this was stirred at room
temperature for 4 hours. The resin was sufficiently washed with DMF and DCM, the
HMPB-PEGA resin was obtained, and this was employed as the solid phase for solid
phase synthesis.

Fmoc-Phe (0.50 mmol), MSNT (0.50 mmol), and N-methylimidazole (0.375
mmol) were dissolved in DCM (2 ml), placed into the column for solid phase synthesis,
and stirred at 25°C for 4 hours.

[0111]

After stirring, the resin was washed with DCM and DMF. The Fmoc group
was treated with 20% piperidine/DMF solution (2 ml) for 15 minutes for deprotection.
After washing with DMF, the amino acids were sequentially condensed with the method
shown below for subsequent peptide chain elongation.

The amino acid having the amino group protected with an Fmoc group was
dissolved in N-methylpyrrolidone (NMP) (1 ml), 0.45 M HCTU-HOBT/NMP (0.4
mmol) was added, this was added to the column for solid phase synthesis, and
subsequently 0.9 M DIPEA/NMP (0.8 mmol) was added to the column for solid phase
synthesis. After stirring at room temperature for 20 minutes, the resin was washed
with DCM and DMF, the Fmoc group was treated with 20% piperidine/DMF solution
(2 ml) for 15 minutes for deprotection. This operation was repeated, and amino acids
protected with Fmoc and Boc groups (0.5 mmol) were used to sequentially condense the
amino acids.

[0112]

As amino acids protected with Fmoc and Boc groups, Fmoc-Phe, Fmoc-lle,
Fmoc-Asn(Trt),  Fmoc-GIn(Trt),  Fmoc-Leu, @ Fmoc-Met, = Fmoc-Glu(OtBu),
Fmoc-Tyr(tBu), Fmoc-Ile, Fmoc-Leu-Thr(¥Me, MePro), Fmoc-Ala, Fmoc-Ala,
Fmoc-Asp(OtBu), Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Gln(Trt), Fmoc-Phe,
Fmoc-Gln(Trt), Fmoc-Gln(Trt), Fmoc-Leu, Fmoc-GIn(Trt), Fmoc-Lys(Boc), Fmoc-Ile,
Fmoc-Glu(OtBu), Fmoc-Glu(OtBu), Fmoc-Pro, Fmoc-Ile, Fmoc-Asp(OtBu), Fmoc-Phe,
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Fmoc-Asn(Trt), Fmoc-Met, Fmoc-Arg(Pbf), Fmoc-Asp(OtBu), Fmoc-Lys(Boc),
Fmoc-Leu, Fmoc-Cys(Acm), Fmoc-Tyr(tBu), Fmoc-Glu(OtBu), Fmoc-Leu,
Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Asn(Trt), Fmoc—Léu, Fmoc-Gln(Trt),
Fmoc-Trp(Boc), Fmoc-Leu, Fmoc-Leu, Fmoc-Lys(Boc), Fmoc-Gln(Trt),
Fmoc-Cys(Acm), Fmoce-Gln(Trt), Fmoc-Phe, Fmoc-Asn(Trt), Fmoc-Ser(tBu)-Ser(PMe,
MePro), Fmoc-Arg(Pbf), Fmoc-Gin(Trt), Fmoc-Leu, Fmoc-Phe, Fmoc-Gly, Fmoc-Leu,
Fmoc-Leu, Fmoc-Asn(Trt), Fmoc-Tyr(tBu), Fmoc-Ser(tBu), and Boc-Met were
sequentially employed and linked to the solid phase resin. As a result, a 67-residue
peptide (1) of Phe-lle-Asn(Trt)-GIn(Trt)-Leu-Met-Glu(OtBu)-Tyr(tBu)-Ile-Thr(¥Me,
MePro)-Leu-Ala-Ala-Asp(OtBu)-Glu(OtBu)-Lys(Boc)-Gln(Trt)-Phe-Gln(Trt)-Gln(Trt)-
Leu-GIn(Trt)-Lys(Boc)-Ile-Glu(OtBu)-Glu(OtBu)-Pro-Ile- Asp(OtBu)-Phe-Asn(Trt)-Me
t-Arg(Pbf)-Asp(OtBu)-Lys(Boc)-Leu-Cys(Acm)-Tyr(tBu)-Glu(OtBu)-Leu-Arg(Pbf)-Gl
y-Asn(Trt)-Leu-Gln(Trt)-Trp(Boc)-Leu-Leu-Lys(Boc)-GIn(Trt)-Cys(Acm)-Gin(Trt)-Ph
e-Asn(Trt)-Ser(YMe,
MePro)-Ser(tBu)-Arg(Pbf)-Gln(Trt)-Leu-Phe-Gly-Leu-Leu-Asn(Trt)-Tyr(tBu)-Ser(tBu)
-Met-BocNH (SEQ ID NO. 2) was obtained on the solid phase resin.

[0113]

After washing the peptide (1) obtained above with DCM and DMF, a mixed
solution of trifluoroethanol and acetic acid (1:1) was added until the resin was
sufficiently soaked, and this was stirred for 18 hours at room temperature to cleave
between the resin and peptide 1. The cleaved resin was filtered off, and the reaction
solution was concentrated under reduced pressure. The residue obtained was
concentrated, and a peptide having the amino acid side chain protected (1) (SEQ ID NO.
3 Phe-lle- Asn(Trt)-Gln(Trt)-Leu-Met-Glu(OtBu)-Tyr(tBu)-Tle-Thr(¥Me,
MePro)-Leu-Ala-Ala-Asp(OtBu)-Glu(OtBu)-Lys(Boc)-Gln(Trt)-Phe-Gln(Trt)-Gln(Trt)-
Leu-Gln(Trt)-Lys(Boc)-Ile-Glu(OtBu)-Glu(OtBu)-Pro-Ile- Asp(OtBu)-Phe-Asn(Trt)-Me
t-Arg(Pbf)-Asp(OtBu)-Lys(Boc)-Leu-Cys(Acm)-Tyr(tBu)-Glu(OtBu)-Leu-Arg(Pbf)-Gl
y-Asn(Trt)-Leu-Gln(Trt)-Trp(Boc)-Leu-Leu-Lys(Boc)-Gln(Trt)-Cys(Acm)-Gln(Trt)-Ph
e-Asn(Trt)-Ser(WMe,
MePro)-Ser(tBu)-Arg(Pbf)-Gln(Trt)-Leu-Phe-Gly-Leu-Leu-Asn(Trt)-Tyr(tBu)-Ser(tBu)
-Met-BocNH was obtained.

[0114]

One hundred umol equivalents of peptide (1) having a 67-residue amino acid
and having the amino acid side chain protected was transferred to a recovery flask,
dissolved in DMF (3.0 mL), and then cooled to -15°C - -20°C under nitrogen
atmosphere. To this was added thiophenol (308 pl, 3.0 mmol), and then PyBOP
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(260.0 mg, 0.50 mmol) then DIPEA (85.0 pl, 0.5 mmol) were added. After stirring at
-15°C - -20°C for 2 hours, trifluoroacetic acid (0.1 mL) was added, and and this was
gradually restored to room temperature. After being restored to room temperature, the
reaction solution was concentrated under reduced pressure. To the residue obtained
was added trifluoroacetic acid:water: TIPS (= 95:2.5:2.5), and this was stirred at room
temperature. After 2 hours, this solution was added again to the diethyl ether (150 ml)
for precipitation, and then centrifuged in order to remove the solution portion to obtain
the residue comprising the peptide thioester . This residue obtained was purified with
HPLC [column: SHISEIDO proteonavi (C4, 5 um), f20 x 250 mm, flow rate: 7.0
mL/min, eluting solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN,
gradient A:B = 55:45 -> 55:45 (5 minutes) -> 25:75 (35 minutes) -> 5:95 (36 minutes),
isocratic elution for 5 min and then linear gradient], and peptide fragment A-SPh (1)
having a thiophenyl ester at the C-terminal (SEQ ID NO. 4):
H2N-Met-Ser-Tyr-Asn-Leu-Leu-Gly-Phe-Leu-Gln-Arg-Ser-Ser-Asn-Phe-Gln-Cys(Ac
m)-Gln-Lys-Leu-Leu-Trp-Gln-Leu-Asn-Gly-Arg-Leu-Glu-Tyr-Cys(Acm)-Leu-Lys-Asp
-Arg-Met-Asn-Phe-Asp-Ile-Pro-Glu-Glu-Ile-Lys-Gln-Leu-Gln-Gln-Phe-Gln-Lys-Glu-A
sp-Ala-Ala-Leu-Thr-Tle-Tyr-Glu-Met-Leu-Gln-Asn-Ile-Phe-SPh was obtained.

ESI-MS: Caled for CssHsgiNoyOjo6Ss: [M+4H]Y 2094.16, [M+5H]™" 1675.53,
[M+6H]®" 1396.44, found. 2094.06, 1675.43, 1396.17

[0115]
(1-2.  Synthesis of disialo sugar chain attached peptide fragment B-SPh)

Amino-PEGA resin (from Merck) (100 pmol) was placed into a column for
solid phase synthesis, sufficiently washed with methylene chloride (DCM) and DMF,
and then sufficiently swelled with DMF. 4-hydroxymethyl-3-methoxyphenoxy butyric
acid (HMPB) (0.25 mmol), TBTU (0.25 mmol), and N-ethylmorpholine (0.25 mmol)
were dissolved in DMF (2 ml) and placed in the column, and this was stirred at room
temperature for 4 hours. The resin was sufficiently washed with DMF and DCM, the
HMPB-PEGA resin was obtained, and this was employed as the solid phase for solid
phase synthesis.

Fmoc-Leu (0.50 mmol), MSNT (0.50 mmol), and N-methylimidazole (0.375
mmol) were dissolved in DCM (2 ml), placed into the column for solid phase synthesis,
and stirred at 25°C for 4 hours.

[0116]

After stirring, the resin was washed with DCM and DMF. The Fmoc group

was treated with 20% piperidine/DMF solution (2 ml) for 15 minutes for deprotection.
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After washing with DMF, the amino acids were sequentially condensed with the method
shown below for subsequent peptide chain elongation.

The amino acid having the amino group protected with an Fmoc group was
dissolved in N-methylpyrrolidone (NMP) (1 ml), 0.45 M HCTU-HOBT/NMP (0.4
mmol) was added, this was added to the column for solid phase synthesis, and
subsequently 0.9 M DIPEA/NMP (0.8 mmol) was added to the column for solid phase
synthesis. After stirring at room temperature for 20 minutes, the resin was washed
with DCM and DMF, the Fmoc group was treated with 20% piperidine/DMF solution
(2 ml) for 15 minutes for deprotection. This operation was repeated, and amino acids
protected with an Fmoc group (0.5 mmol) were used to sequentially condense the amino
acids.

[0117]

Fmoc-Leu, Fmoc-Leu, Fmoc-Asn(Trt), Fmoc-Glu(OtBu), Fmoc-Val, Fmoc-Ile,
Fmoc-Thr(tBu), and Fmoc-Glu(OtBu) were sequentially employed as amino acids
protected with an Fmoc group, and an 8-residue peptide was obtained on the
Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-lle-Thr(tBu)-Glu(OtBu). To this 8-residue peptide,
the Fmoc group was treated with 20% piperidine/DMF solution (2 ml) for 15 minutes
for deprotection. After washing with DMF, dibenzyl disialo sugar chain asparagine
(g) (547.8 mg, 200 pmol) and DEPBT (59.9 mg, 200 pmol) were dissolved in
DMF/DMSO (1:1 mixed solution, 3.33 ml) in the centrifuge tube, placed into the
column for solid phase synthesis, DIPEA (52.3 pl, 300 umoL) was added, and this was
stirred at room temperature for 18 hours. Washing with DMF and DCM yielded a
9-residue sugar chain peptide of
Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-Ile-Thr(tBu)-Glu(OtBu)-Asn(dibenzyl-disialooligosa
ccharide)-FmocNH (SEQ ID NO. 5) on the solid phase.

[Chemical Formula 35]
HO HO
CO0BN
HO,,, 5 HO .
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(&)
[0118]

For subsequent glycopeptide chain elongation, the lipophilic protecting group
of the 9-residue sugar chain peptide on the solid phase resin obtained above was
deprotected with 20% piperidine/DMF solution (2 ml), and then amino acids were
sequentially condensed with the method shown below.

The amino acid having the amino acid protected with an Fmoc group as well as
HOBt (67.6 mg, 0.50 mmol) and DIPCI (73.1 pl, 0.475 mmol) were dissolved in DMF
(6.3 ml), activated for 15 minutes, and then placed into the column for sold phase
synthesis. After stirring at room temperature for 1 hour, the Fmoc group was treated
with 20% piperidine/DMF solution (2 ml) for 20 minutes for deprotection. This
operation was repeated to sequentially condense the amino acids. As amino acids
protected with Fmoc and Boc groups, Fmoc-Trp(Boc), Fmoc-Gly, Fmoc-Thr(tBu),
Fmoc-Ser(tBu)-Ser(YMe, MePro), Fmoc-Ser(tBu), Fmoc-Asp(OtBu), Fmoc-Gln(Trt),
Fmoc-Arg(Pbf), Fmoc-Phe, Fmoc-Ile, and Boc-L-thiazolidine-4-carboxylic acid were
sequentially employed and linked to the solid phase resin. As a result, a 21-residue
glycosylated peptide fragment (2) of
Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-Ile-Thr(tBu)-Glu(OtBu)-Asn(dibenzyl-disialooligosa
ccharide)-Trp(Boc)-Gly-Thr(tBu)-Ser(YMe,
MePro)-Ser(tBu)-Ser(tBu)-Asp(OtBu)-Gln(Trt)-Arg(Pbf)-Phe-Ile-Thz-BocN (SEQ ID
NO. 6) was obtained on the solid phase resin.

[0119]

Then, after washing with DCM and DMF, a mixed solution of trifluoroethanol
and acetic acid (1:1) was added until the resin was sufficiently soaked, and this was
stirred for 18 hours at room temperature to cleave between the resin and the
glycosylated peptide fragment. The cleaved resin was filtered off, and the reaction
solution was concentrated under reduced pressure. The residue obtained was
concentrated, and a 21-residue sugar chain peptide (2) having the amino acid side chain
protected (SEQ ID NO. 7):
Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-Ile-Thr(tBu)-Glu(OtBu)-Asn(dibenzyl-disialooligosa
ccharide)-Trp(Boc)-Gly-Thr(tBu)-Ser(W¥Me,
MePro)-Ser(tBu)-Ser(tBu)-Asp(OtBu)-GIn(Trt)-Arg(Pbf)-Phe-Ile-Thz-BocN was
obtained.

[0120]
One hundred pmol equivalents of glycosylated peptide fragment (2) having a

21-residue amino acid and having the amino acid side chain protected was transferred to
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a recovery flask, dissolved in DMF (3.0 mL), and then cooled to -15°C - -20°C under
nitrogen atmosphere. To this was added thiophenol (308 pl, 3.0 mmol), and then
PyBOP (260.0 mg, 0.50 mmol) then DIPEA (85.0 pl, 0.5 mmol) were added. After
stirring at -15°C - -20°C for 2 hours, trifluoroacetic acid (0.1 mL) was added, and and
this was gradually restored to room temperature. After being restored to room
temperature, the reaction solution was concentrated under reduced pressure. To the
residue obtained was added trifluoroacetic acid:water: TIPS (= 95:2.5:2.5), and this was
stirred at room temperature. After 2 hours, this solution was added to the diethyl ether
(150 ml) for precipitation, and then centrifuged in order to remove the solution portion
to obtain the residue comprising the glycosylated peptide thioester . This residue
obtained was purified with HPLC [column: SHISEIDO proteonavi (C4, 5 pum), £20 x
250 mm, flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B: 0.09%
TFA/10% water/90% AN, gradient A:B = 65:35 -> 52:48 (26 minutes) -> 5:95 (28
minutes), linear gradient], and disialo sugar chain attached peptide fragment B-SPh (2)
having a thiophenyl ester at the C-terminal (SEQ ID NO. 8):
HN-Thz-Ile-Phe-Arg-Gln-Asp-Ser-Ser-Ser-Thr-Gly-Trp-Asn(dibenzyl-disialooligosacc
haride)-Glu-Thr-Ile-Val-Glu-Asn-Leu-Leu-SPh was obtained.

ESI-MS: Caled for CagoH314N34006So: [M+3H]" 1635.34, [M+4H]*" 1226.76, found.
1635.04, 1226.51

[0121]
(1-3.  Synthesis of asialo glycosylated peptide fragment B-SPh)

Amino-PEGA resin (from Merck) (100 pmol) was placed into a column for
solid phase synthesis, sufficiently washed with methylene chloride (DCM) and DMF,
and then sufficiently swelled with DMF. 4-hydroxymethyl-3-methoxyphenoxy butyric
acid (HMPB) (0.25 mmol), TBTU (0.25 mmol), and N-ethylmorpholine (0.25 mmol)
were dissolved in DMF (2 ml) and placed in the column, and this was stirred at room
temperature for 4 hours. The resin was sufficiently washed with DMF and DCM, the
HMPB-PEGA resin was obtained, and this was employed as the solid phase for solid
phase synthesis.

Fmoc-Leu (0.50 mmol), MSNT (0.50 mmol), and N-methylimidazole (0.375
mmol) were dissolved in DCM (2 ml), placed into the column for solid phase synthesis,
and stirred at 25°C for 4 hours.

[0122]

After stirring, the resin was washed with DCM and DMF. The Fmoc group

was treated with 20% piperidine/DMF solution (2 ml) for 15 minutes for deprotection.
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After washing with DMF, the amino acids were sequentially condensed with the method
shown below for subsequent peptide chain elongation.

The amino acid having the amino group protected with an Fmoc group was
dissolved in N-methylpyrrolidone (NMP) (1 ml), 0.45 M HCTU-HOBT/NMP (0.4
mmol) was added, this was added to the column for solid phase synthesis, and
subsequently 0.9 M DIPEA/NMP (0.8 mmol) was added to the column for solid phase
synthesis. After stirring at room temperature for 20 minutes, the resin was washed
with DCM and DMF, the Fmoc group was treated with 20% piperidine/DMF solution
(2 ml) for 15 minutes for deprotection. This operation was repeated, and amino acids
protected with an Fmoc group (0.5 mmol) were used to sequentially condense the amino
acids.

[0123]

As amino acids protected with an Fmoc group, Fmoc-Leu, Fmoc-Leu,
Fmoc-Asn(Trt), Fmoc-Glu(OtBu), Fmoc-Val, Fmoc-lle, Fmoc-Thr(tBu), and
Fmoc-Glu(OtBu) were sequentially employed and linked on the solid phase resin.  As
a result, an 8-residue peptide fragment of
Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-lle-Thr(tBu)-Glu(OtBu) (SEQ ID NO. 9) was
obtained on the solid phase resin. The Fmoc group of this 8-residue peptide fragment
was treated with 20% piperidine/DMF solution (1 ml) for 15 minutes for deprotection.
After washing with DMF, asialo sugar chain asparagine derivative (h) (547.8 mg, 200
umol) and DEPBT (59.9 mg, 200 umol) were dissolved in DMF/DMSO (1:1 mixed
solution, 3.33 ml) in the centrifuge tube, placed into the column for solid phase
synthesis, DIPEA (52.3 ul, 300 pmol)) was added, and this was stirred at room
temperature for 18 hours. Washing with DMF and DCM yielded a 9-residue
glycosylated peptide fragment of
Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-Ile-Thr(tBu)-Glu(OtBu)-Asn(Asialooligosaccharide)
-FmocNH (SEQ ID NO. 10) on the solid phase.

[Chemical Formula 36]
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[0124]

For subsequent glycopeptide chain elongation, the lipophilic protecting group
of the 9-residue sugar chain peptide on the solid phase resin obtained above was
deprotected with 20% piperidine/DMF solution (2 ml), and then amino acids were
sequentially condensed with the method shown below. The amino acid having the
amino acid protected with an Fmoc group as well as HOBt (67.6 mg, 0.50 mmol) and
DIPCI (73.1 pl, 0.475 mmol) were dissolved in DMF (6.3 ml), activated for 15 minutes,
and then placed into the column for solid phase synthesis. After stirring at room
temperature for 1 hour, the Fmoc group was treated with 20% piperidine/DMF solution
(2 ml) for 20 minutes for deprotection. This operation was repeated to sequentially
condense the amino acids. As amino acids protected with Fmoc and Boc groups,
Fmoc-Trp(Boc), Fmoc-Gly, Fmoc-Thr(tBu), Fmoc-Ser(tBu)-Ser(¥Me, MePro),
Fmoc-Ser(tBu), Fmoc-Asp(OtBu), Fmoc-GIn(Trt), Fmoc-Arg(Pbf), Fmoc-Phe,
Fmoc-Ile, and Boc-L-thiazolidine-4-carboxylic acid were sequentially employed and
linked on the solid phase resin. As a result, a 21-residue glycosylated peptide
fragment (3) having  the amino acid side chain protected,
Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-Ile-Thr(tBu)-Glu(OtBu)-Asn(Asialooligosaccharide)
-Trp(Boc)-Gly-Thr(tBu)-Ser(WYMe,
MePro)-Ser(tBu)-Ser(tBu)-Asp(OtBu)-Gln(Trt)-Arg(Pbf)-Phe-Ile-Thz-BocN (SEQ ID
NO. 11) was obtained on the solid phase resin.

[0125]

After washing with DCM and DMF, a mixed solution of trifluoroethanol and
acetic acid (1:1) was added until the resin was sufficiently soaked, and this was stirred
for 18 hours at room temperature to cleave between the resin and glycosylated peptide

fragment (3). The cleaved resin was filtered off, and the reaction solution was
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concentrated under reduced pressure. The residue obtained was concentrated, and
glycosylated peptide fragment (3) having the amino acid side chain protected (SEQ ID
NO. 12):
Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-Ile-Thr(tBu)-Glu(OtBu)-Asn(Asialooligosaccharide)
-Trp(Boc)-Gly-Thr(tBu)-Ser(¥Me,
MePro)-Ser(tBu)-Ser(tBu)-Asp(OtBu)-Gln(Trt)-Arg(Pbf)-Phe-Ile-Thz-BocN was
obtained.
[0126]

One hundred pmol equivalents of a 21-residue glycosylated peptide fragment
(3) having the amino acid side chain protected was transferred to a recovery flask,
dissolved in DMF (3.0 mL), and then cooled to -15°C - -20°C under nitrogen
atmosphere. To this was added thiophenol (308 ul, 3.0 mmol), and then PyBOP
(260.0 mg, 0.50 mmol) then DIPEA (85.0 ul, 0.5 mmol) were added. After stirring at
-15°C - -20°C for 2 hours, trifluoroacetic acid (0.1 mL) was added, and and this was
gradually restored to room temperature. After being restored to room temperature, the
reaction solution was concentrated under reduced pressure. To the residue obtained
was added trifluoroacetic acid:water: TIPS (= 95:2.5:2.5), and this was stirred at room
temperature. After 2 hours, this solution was added again to the diethyl ether (150 ml)
for precipitation, and then centrifuged in order to remove the solution portion to obtain
the residue comprising the glycosylated peptide thioester . This residue obtained was
purified with HPLC [column: SHISEIDO proteonavi (C4, 5 um), 20 x 250 mm, flow
rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B: 0.09% TFA/10%
water/90% AN, gradient A:B = 65:35 -> 52:48 (26 minutes) -> 5:95 (28 minutes), linear
gradient], and asialo glycosylated peptide fragment B-SPh (3) having a thiophenyl ester
at the C-terminal (SEQ ID NO. 13):
HN-Thz-Ile-Phe-Arg-Gln-Asp-Ser-Ser-Ser-Thr-Gly-Trp-Asn(Asialooligosaccharide)-Gl
u-Thr-Ile-Val-Glu-Asn-Leu-Leu-SPh was obtained.
ESI-MS: Caled for Ci73HagsN30s0S: [M+3H]*" 1381.09, [M+4H]*" 1036.07, found.
1380.90, 1035.92

[0127]
(1-4.  Synthesis of peptide fragment C)

Amino-PEGA resin (from Merck) (100 umol) was placed into a column for
solid phase synthesis, sufficiently washed with methylene chloride (DCM) and DMF,
and then sufficiently swelled with DMF. 4-hydroxymethyl-3-methoxyphenoxy butyric
acid (HMPB) (0.25 mmol), TBTU (0.25 mmol), and N-ethylmorpholine (0.25 mmol)
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were dissolved in DMF (2 ml) and placed in the column, and this was stirred at room
temperature for 4 hours. The resin was sufficiently washed with DMF and DCM, the
HMPB-PEGA resin was obtained, and this was employed as the solid phase for solid
phase synthesis. '

Fmoc-Asn(Trt) (0.50 mmol), MSNT (0.50 mmol), and N-methylimidazole
(0.375 mmol) were dissolved in DCM (2 ml), placed into the column for solid phase
synthesis, and stirred at 25°C for 4 hours.

[0128]

After stirring, the resin was washed with DCM and DMF. The Fmoc group
was freated with 20% piperidine/DMF solution (2 ml) for 15 minutes for deprotection.
After washing with DMF, the amino acids were sequentially condensed with the method
shown below for subsequent peptide chain elongation.

[0129]

The amino acid having the amino group protected with an Fmoc group was
dissolved in N-methylpyrrolidone (NMP) (1 ml), 0.45 M HCTU-HOBT/NMP (0.4
mmol) was added, this was added to the column for solid phase synthesis, and
subsequently 0.9 M DIPEA/NMP (0.8 mmol) was added to the column for solid phase
synthesis. After stirring at room temperature for 20 minutes, the resin was washed
with DCM and DMF, the Fmoc group was treated with 20% piperidine/DMF solution
(2 ml) for 15 minutes for deprotection. This operation was repeated, and amino acids
protected with an Fmoc group (0.5 mmol) were used to sequentially condense the amino
acids. As amino acids protected with Fmoc and Boc groups, Fmoc-Asn(Trt),
Fmoc-Arg(Pbf), Fmoc-Leu, Fmoc-Tyr(tBu), Fmoc-Gly, Fmoc-Thr(tBu), Fmoc-Leu,
Fmoc-Arg(Pbf), Fmoc-Asn(Trt), Fmoc-lle, Fmoc-Phe, Fmoc-Tyr(tBu), Fmoc-Phe,
Fmoc-Asn(Trt), Fmoc-Arg(Pbf), Fmoc-Leu, Fmoc-lle, Fmoc-Glu(OtBu), Fmoc-Val,
Fmoc-Arg(Pbf), Fmoc-Val, Fmoc-Ile, Fmoc-Thr(tBu), Fmoc-Trp(Boc), Fmoc-Ala,
Fmoc-Cys(Acm), Fmoc-His(Trt), Fmoc-Tyr(tBu)-Ser(YMe, MePro), Fmoc-Glu(OtBu),
Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-Lys(Boc), Fmoc-Leu, Fmoc-Tyr(tBu),
Fmoc-His(Trt), Fmoc-Leu, Fmoc-lle, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Tyr(tBu),
Fmoc-Tyr(tBu), Fmoc-Arg(Pbf), Fmoc-Lys(Boc), Fmoc-Leu, Fmoc-His(Trt),
Fmoc-Leu, Fmoc-Ser(tBu)-Ser(¥Me, MePro), Fmoc-Met, Fmoc-Leu, Fmoc-Lys(Boc),
Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Phe-Thr(¥Me, MePro), Fmoc-Asp(OtBu),
Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Glu(OtBu), Fmoc-Leu, Fmoc-Lys(Boc),
Fmoc-Glu(OtBu), Fmoc-Glu(OtBu), Fmoc-Leu, Fmoc-Val, Fmoc-Lys(Boc)-Thr(¥Me,
MePro), Fmoc-Leu, Fmoc-His(Trt), Fmoc-Asn(Trt), Fmoc-Ile, Fmoc-Gln(Trt),
Fmoc-His(Trt), Fmoc-Tyr(tBu), Fmoc-Val, Fmoc-Asn(Trt), and Boc-Cys(Trt) were
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sequentially employed and linked on the solid phase resin. As a result, a 78-residue
peptide fragment (4) of
Asn(Trt)-Arg(Pbf)-Leu-Tyr(tBu)-Gly-Thr(tBu)-Leu-Arg(Pbf)-Asn(Trt)-Ile-Phe-Tyr(tBu
)-Phe-Asn(Trt)-Arg(Pbf)-Leu-lle-Glu(OtBu)-Val-Arg(Pbf)-Val-Ile-Thr(tBu)-Trp(Boc)-
Ala-Cys(Acm)-His(Trt)-Ser(WMe,
MePro)-Tyr(tBu)-Glu(OtBu)-Lys(Boc)-Ala-Lys(Boc)-Leu-Tyr(tBu)-His(Trt)-Leu-Ile-A
rg(Pbf)-Gly-Tyr(tBu)-Tyr(tBu)-Arg(Pbf)-Lys(Boc)-Leu-His(Trt)-Leu-Ser(YMe,
MePro)-Ser(tBu)-Met-Leu-Lys(Boc)-Gly-Arg(Pbf)-Thr(¥Me,
MePro)-Phe-Asp(OtBu)-Glu(OtBu)-Lys(Boc)-Glu(OtBu)-Leu-Lys(Boc)-Glu(OtBu)-Gl
u(OtBu)-Leu-Val-Thr(YMe,
MePro)-Lys(Boc)-Leu-His(Trt)-Asn(Trt)-lle-Gln(Trt)-His(Trt)-Tyr(tBu)-Val-Asn(Trt)-
Cys(Trt)-BocNH (SEQ ID NO. 14) was obtained on the solid phase resin.

[0130]

To peptide fragment (4) obtained above was added trifluoroacetic
acid:water: TIPS (= 95:2.5:2.5), and this was stirred at room temperature for 3.5 hours to
cleave between the resin and peptide fragment (4). Then, this was added to the diethyl
ether (150 ml) for precipitation, and then subjected to a centrifugal separation operation
to separate the precipitate comprising peptide fragment (4) of interest and the solution
portion. Then, after removing the solution portion, the target substance was confirmed
with HPLC, and then purified with HPLC [column: SHISEIDO proteonavi (C4, 5 um),
£20 x 250 mm, flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B: 0.09%
TFA/10% water/90% AN, gradient A:B = 65:35 > 65:35 (5 minutes) -> 30:70 (35
minutes) -> 5:95 (45 minutes), isocratic elution for 5 min and then linear gradient] to
obtain peptide fragment C (4) of interest (SEQ ID NO. 15):
H,N-Cys-Asn-Val-Tyr-His-Gln-Ile-Asn-His-Leu-Lys-Thr-Val-Leu-Glu-Glu-Lys-Leu-G
lu-Lys-Glu-Asp-Phe-Thr-Arg-Gly-Lys-Leu-Met-Ser-Ser-Leu-His-Leu-Lys-Arg-Tyr-Ty
r-Gly-Arg-lle-Leu-His-Tyr-Leu-Lys-Ala-Lys-Glu-Tyr-Ser-His-Cys(Acm)-Ala-Trp-Thr-
Ile-Val-Arg-Val-Glu-Ile-Leu-Arg-Asn-Phe-Tyr-Phe-Ile-Asn-Arg-Leu-Thr-Gly-Tyr-Leu
-Arg-Asn.

ESI-MS: Caled for CaqHegsNi24011483: [M+8H]Y 1206.89, [M+9H]™" 1072.90,
[M+10H]'"" 965.71, [M+11H]''" 804.93, found. 1206.85, 1072.87, 965.58, 877.90,
804.90

[0131]
Example 2 Synthesis of asialo IFN-f3
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Active IFN-B having an asialo sugar chain was synthesized in a total of 5 steps

shown below.

(2-1.  First step: Linking of asialo glycosylated peptide fragment B and peptide
fragment C)

Two types of fragments, a 21-residue asialo glycosylated peptide fragment B
with a thiophenyl ester C-terminal (3) (1.8 mg) and a 78-residue peptide fragment C (4)
(2.5 mg) were placed in the same recovery flask, dissolved in a buffer solution at pH 7.2
(0.26 ml) (prepared with 8 M guanidine hydrochloride solution, 0.2 mM phosphoric
acid solution, and 20 mM Tris-carboxyethyl phosphine solution (TCEP solution)).
Thiophenol (7.8 pl) was then added and reacted at room temperature. After 24 hours,
the reaction was confirmed with HPLC, then to the reaction solution was added 0.2 M
methoxyamine solution (0.39 ml) (prepared by adding 20 mM TCEP solution to 0.2 M
methoxyamine solution), and this was reacted at room temperature. After 12 hours,
the production of the target substance was confirmed with HPLC and ESI-MS. The
reaction solution was transferred to a centrifuge tube, thiophenol was extracted with
diethyl ether, then the aqueous layer comprising the target substance was filtered with a
membrane filter, and the filtrate portion comprising the glycopeptide fragment was
purified with HPLC [column: SHISEIDO proteonavi (C4, 5 um), 20 x 250 mm, flow
rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90%
AN, gradient A:B = 65:35 -> 65:35 (5 minutes) -> 30:70 (35 minutes) -> 5:95 (45
minutes), isocratic elution for 5 min and then linear gradient] to obtain peptide fragment
(11) of interest having an asialo sugar chain at the position corresponding to position 80
of interferon B (SEQ ID NO. 16) (Figures 5 and 6).
ESI-MS: Caled for CgprHosoN1s60104S4: [M+10H]'"" 1367.52, [M+11H]"" 1243.29,
[M+12H]'*" 1139.77, [M+13H]"" 1052.17, [M+14H]"*" 977.09, [M+15H]"*" 912.02,
[M+16H]"* 855.08, [M+17H]'7* 804.84, [M+18H]'** 760.18, found. 1367.64, 1243.33,
1139.80, 1052.20, 977.10, 912.03, 855.09, 804.84, 760.18

[0132]
(2-2.  Second step: Linking of peptide fragment A and asialo glycosylated peptide
fragment (B+C))

Two types of fragments, the 67-residue peptide with a thiophenyl ester
C-terminal (1) obtained in the above first step (2.3 mg) and peptide fragment (11) of
interest having an asialo sugar chain at the position corresponding to position 80 of

interferon B (asialo glycosylated peptide fragment (B+C)) (68 - 166) (1.9 mg) were
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placed in the same recovery flask, dissolved in a buffer solution at pH 7.2 (0.14 ml)
(prepared with 8 M guanidine hydrochloride solution, 0.2 mM phosphoric acid solution,
and 20 mM TCEP solution). Thiophenol (4.2 ul) was then added and reacted at room
temperature. After 24 hours, the reaction was confirmed with HPLC, sodium
mercaptoethanesulfonate (1.1 mg) was then added, and this was reacted at room
temperature. After 12 hours, the production of the target substance was confirmed
with HPLC and ESI-MS. The reaction solution was transferred to a centrifuge tube,
thiophenol was extracted with diethyl ether, then the aqueous layer comprising the
target substance was filtered with a membrane filter, and the filtrate portion comprising
the target substance was purified with HPLC [column: SHISEIDO proteonavi (C4, 5
um), £20 x 250 mm, flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B:
0.09% TFA/10% water/90% AN, A:B = 55:45 -> 55:45 (5 minutes) -> 25:75 (35
minutes) -> 5:95 (36 minutes), isocratic elution for 5 min and then linear gradient] to
obtain a 166-residue glycosylated polypeptide (12) having a free thiol group at Cys at
positions 68 and 89 and having an asialo sugar chain at Asn at position 80 (SEQ ID NO.
17) (Figures 7 and §&).

ESI-MS: Caled for Co79H1s525N2s53030080: [M+17H]'™ 1290.86, [M+18H]"*" 1219.20,
[M+19H]"" 1155.09, [M+20H]*" 1097.38, [M+21H]*'" 1045.18, [M+22H]*" 997.71,
[M-+23H)2" 95438, [M+24HT**" 914.65, [M+25H]7" 878.11, [M+26H*" 844.37,
[M-+27H*™ 813.14, [M+28H]*" 784.13, [M+29H]¥" 757.13, found. 1219.21, 1155.11,
1097.43, 1045.23,997.71, 954.43, 914.67, 878.11, 844.37, 813.17, 784.13, 757.16

[0133]
(2-3.  Third step: Reduction of Cys to Ala)

The 166-residue glycosylated polypeptide (12) having a free thiol group at Cys
at positions 68 and 89 and having an asialo sugar chain at Asn at position 80 obtained in
the above second step (1.0 mg) was placed in a recovery flask, dissolved in a buffer
solution at pH 7.5 (0.10 ml) (prepared with 8 M guanidine hydrochloride solution and
0.2 mM phosphoric acid solution), then 0.5 M Tris-ethylcarboxy phosphine solution
(TCEP solution) at pH 7.5 (0.10 ml) (prepared with TECP, 6 M guanidine
hydrochloride solution, 0.2 mM phosphoric acid solution, and triethylamine), tBuSH
(4.2 ul), and 0.1 M VA-044 solution (4.2 ul) (prepared by dissolving VA-044 in water)
were added, and this was reacted at room temperature.  After 4 hours, the production
of the target substance was confirmed with HPLC and ESI-MS. The reaction solution
was transferred to a centrifuge tube, tBuSH was extracted with diethyl ether, then the

aqueous layer comprising the target substance was filtered with a membrane filter, and
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the filtrate portion comprising the target substance was purified with HPLC [column:
SHISEIDO proteonavi (C4, 5 um), 20 x 250 mm, flow rate: 7.0 mL/min, eluting
solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN, A:B = 55:45 -> 55:45
(5 minutes) ->25:75 (35 minutes) -> 5:95 (36 minutes), isocratic elution for 5 min and
then linear gradient] to obtain a 166-residue glycosylated polypeptide (13) having Cys
at positions 68 and 89 converted to Ala and having an asialo sugar chain at Asn at
position 80 (SEQ ID NO. 18) (Figures 9 and 10).

ESI-MS: Caled for CoroHyspsNas3Os00S7: [M+17H]'T* 1287.09, [M+18H]'®* 1215.64,
[M+19H]"*" 1151.71, [M+20H]*" 1094.18, [M+21H]*"* 1042.12, [M+22H]%" 994.80,
[M+23H]" 951.59, [M+24H]**" 911.98, [M+25H]*" 875.54, [M+26H]*" 841.91,
[M+27HF" 810.76, [M+28H]*" 781.84, [M+29H]** 754.92, found. 1287.05, 1215.71,
1151.76, 1094.23, 1042.17, 994.88, 951.64, 911.99, 875.61, 841.95, 810.77, 781.85,
754.94

[0134]
(2-4.  Fourth step: Deprotection of Acm group)

The 166-residue glycosylated polypeptide (13) having an asialo sugar chain at
Asn at position 80 obtained in the above third step (0.3 mg) was placed in an Eppendorf
tube, dissolved in 90% acetic acid aqueous solution (0.03 ml), silver acetate (0.10 mg)
was then added, and this was reacted at room temperature with protection from light.
After 3.5 hours, the production of the target substance was confirmed with HPLC and
ESI-MS. To the reaction solution was added dithiothreitol (1.0 mg), this was stirred at
room temperature for 5 minutes and then centrifuged, and the supernatant excluding the
precipitate was collected. This collected supernatant was filtered with a membrane
filter, and the filtrate portion comprising the target substance was purified with HPLC
[column: SHISEIDO proteonavi (C4, 5 pm), 920 x 250 mm, flow rate: 7.0 mL/min,
eluting solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN, gradient A:B
= 50:50 -> 50:50 (5 minutes) -> 20:80 (35 minutes) -> 5:95 (35.5 minutes), isocratic
elution for 5 min and then linear gradient] to obtain glycosylated polypeptide (14)
having an asialo sugar chain at Asn at position 80, having the Acm group of cysteine at
positions 17, 31, and 141 deprotected (SEQ ID NO. 19) (Figures 11 and 12).
ESI-MS: Caled for CoroHis10N2500207S7: [M+17H]'7* 1274.55, [M+18H]"®" 1203.80,
[M+19H]""" 1140.49, [M+20H]*" 1083.52, [M+21H]*'" 1031.97, [M+22H]** 985.11,
[M+23H]%" 942.32, [M+24H]** 903.10, [M+25H]*" 867.01, [M+26H]**" 833.70,
[M+27H]*" 802.86, [M+28H]™" 774.23, [M+29H]*" 747.56, found. 1274.62, 1203.82,
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1140.53, 1083.55, 1032.01, 985.15, 942.38, 903.12, 867.05, 833.72, 802.91, 774.29,
747.55

[0135]
(2-5.  Fifth step: Folding step)

Glycosylated polypeptide (14) having an asialo sugar chain at Asn at position
80 obtained in the above fourth step (0.32 mg) was placed in a centrifuge tube,
dissolved in a buffer solution at pH 8.5 (3.5 ml) (preparéd with 8 M guanidine
hydrochloride solution and 0.1 mM Tris solution), and then left at room temperature.
After 1 hour, this solution was transferred to a dialysis membrane (Spectra/Pro,
MWCO: 8000). This dialysis membrane was placed in dialysis external solution A
(prepared with 3 M guanidine hydrochloride solution, 0.1 mM Tris solution, 8 mM
reduced glutathione solution, and 1 mM glutathione solution) and dialyzed at 4°C.
After 12 hours, this dialysis membrane was replaced in dialysis external solution B
(prepared with 1 M guanidine hydrochloride solution and 0.1 mM Tris solution) and
dialyzed at 4°C. After 12 hours, this dialysis membrane was placed in dialysis
external solution C (10 mM acetic acid solution) and dialyzed at 4°C. After 24 hours,
this dialysis membrane was removed from the dialysis external solution, and the dialysis
membrane internal solution was transferred to a centrifuge tube. The dialysis
membrane internal solution was analyzed with HPLC, and the major peak elution time
was reduced from 17.4 minutes at the starting time of the stepwise dialysis operation to
11.6 minutes at the end of the stepwise dialysis operation. This peak was measured
with ESI-MS, and a molecular weight that was reduced by 2 Da from the molecular
weight before the start of the stepwise dialysis operation was confirmed. This was
thus directly purified with HPLC [column: SHISEIDO proteonavi (C4, 5 pm), 020 x
250 mm, flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B: 0.09%
TFA/10% water/90% AN, gradient A:B = 50:50 -> 50:50 (5 minutes) -> 20:80 (35
minutes) -> 5:95 (35.5 minutes), isocratic elution for 5 min and then linear gradient] to
obtain glycosylated polypeptide (15) (SEQ ID NO. 20) (Figures 13 and 14). Moreover,
the purity of this fraction was determined with HPLC to be 99.00% (HPLC area size %)
(Figure 15). Then, lyophilization of the obtained glycosylated polypeptide (15) was
performed. This lyophilizate was redissolved in 10 mM acetic acid aqueous solution,
the glycoprotein was then quantified with a spectrophotometer (ultraviolet absorption
method), and the concentration was defined as an in vitro activity sample. Moreover,
an in vivo activity sample was prepared by dissolving 10 mM acetic acid aqueous

solution comprising glycosylated polypeptide (15) with a defined glycoprotein
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concentration in a buffer separately prepared for formulatio (prepared with human
serum albumin (30 mg), sodium chloride (24.4 mg), dibasic sodium phosphate hydrate
(7.53 mg), and crystalline sodium dihydrogenphosphate (1.41 mg)), lyophilizing again,
and then dissolving in Japanese Pharmacopeia water for injection.

ESI-MS after stepwise dialysis and after HPLC purification: Caled for
CoroH150sN2s500207S7: [M+IH]* 2406.37, [M+10H]'"" 2165.83, [M+11H]'"" 1969.03,
[M+12H]"" 1805.03, [M+13H]"*" 1666.25, [M+14H]'*" 1547.31, [M+15H]">" 1444.22,
[M+16H]'*" 1354.02, [M+17H]'7" 1274.43, [M+18H]"" 1203.68, found. 2406.21,
2165.68, 1968.85, 1804.85, 1666.09, 1547.16, 1444.05, 1353.93, 1274.39, 1203.63

[0136]
Example 3. Synthesis of disialo IFN-f

Active IFN-B having a disialo sugar chain was synthesized in a total of 6 steps
shown below.

(3-1.  First step: Linking of dibenzyl disialo sugar chain attached peptide fragment B
and peptide fragment C) |

Two types of fragments, a 21-residue dibenzyl disialo sugar chain attached
peptide fragment B with a thiophenyl ester C-terminal (2) (2.2 mg) and a 78-residue
peptide fragment C (4) (2.5 mg) were placed in the same recovery flask, dissolved in a
buffer solution at pH 7.3 (0.21 ml) (prepared with 8 M guanidine hydrochloride solution,
0.2 mM phosphoric acid solution, and 20 mM Tris-carboxyethyl phosphine solution
(TCEP solution)), thiophenol (6.2 pl) was then added, and this was reacted at room
temperature. After 24 hours, the reaction was confirmed with HPLC, then to the
reaction solution was added 0.2 M methoxyamine solution (0.31 ml) (prepared by
adding 20 mM TCEP solution to 0.2 M methoxyamine solution), and this was reacted at
room temperature. After 12 hours, the production of the target substance was
confirmed with HPLC and ESI-MS. The reaction solution was transferred to a
centrifuge tube, thiophenol was extracted with diethyl ether, then the aqueous layer
comprising the target substance was filtered with a membrane filter, and the filtrate
portion comprising the glycopeptide fragment was purified with HPLC [column:
SHISEIDO proteonavi (C4, 5 um), ¢20 x 250 mm, flow rate: 7.0 mL/min, eluting
solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN, A:B = 55:45 -> 55:45
(5 minutes) -> 25:75 (35 minutes) -> 5:95 (36 minutes), isocratic elution for 5 min and

then linear gradient] to obtain peptide fragment (B+C) (5) of interest having a dibenzyl
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disialo sugar chain at the position corresponding to position 80 of interferon 8 (SEQ ID
NO. 21) (Figures 16 and 17). |

ESI-MS: Caled for CessHoosN1ss0010S4: [M+10H]' 1443.10, [M+11H]'" 1312.63,
[M+12H]'*" 1203.33, [M+13H]"*" 1110.84, [M+14H]'** 1031.57, [M+15H]"* 962.87,
[M+16H]'®" 902.75, [M+17H]'7" 849.70, [M+18H]'®" 802.55, [M+19H]"" 760.37,
found. 1443.78, 1312.66, 1203.36, 1110.84, 1031.58, 962.86, 902.76, 849.70, 802.55,
760.36

[0137]
(3-2.  Second step: Linking of peptide fragment A and dibenzyl disialo sugar chain
attached peptide fragment (B+C))

Two types of fragments, a 67-residue peptide fragment with a thiophenyl ester
C-terminal A (1) (2.9 mg) and the peptide fragment having a dibenzyl disialo sugar
chain at the position corresponding to position 80 of interferon B (dibenzyl disialo sugar
chain attached peptide fragment (B+C)) (5) obtained in the above first step (3.3 mg)
were placed in the same recovery flask, dissolved in a buffer solution at pH 7.2 (0.22
ml) (prepared with 8 M guanidine hydrochloride solution, 0.2 mM phosphoric acid
solution, and 20 mM TCEP solution). Thiophenol (7.0 ul) was then added and reacted
at room temperature. After 24 hours, the reaction was confirmed with HPLC, sodium
mercaptoethanesulfonate (2.0 mg) was then added, and this was reacted at room
temperature. After 12 hours, the production of the target substance was confirmed
with HPLC and ESI-MS. The reaction solution was transferred to a centrifuge tube,
thiophenol was extracted with diethyl ether, then the aqueous layer comprising the
target substance was filtered with a membrane filter, and the filtrate portion comprising
the target substance was purified with HPLC [column: SHISEIDO proteonavi (C4, 5
pum), 020 x 250 mm, flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B:
0.09% TFA/10% water/90% AN, A:B = 55:45 -> 55:45 (5 minutes) -> 25:75 (35
minutes) -> 5:95 (36 minutes), isocratic elution for 5 min and then linear gradient] to
obtain a 166-residue glycosylated polypeptide (6) having a free thiol group at Cys at
positions 68 and 89 and having a dibenzyl disialo sugar chain at Asn at position 80
(SEQ ID NO. 22) (Figures 18 and 19).

ESI-MS: Caled for CioisHis7NassO316S0: [M+16H]'" 1419.15, [M+17H]'"™" 1335.73,
[M+18H]"®" 1261.58, [M+19H]"*" 1195.23, [M+20H]**" 1135.52, [M+21H]*'" 1081.50,
[M+22H]%" 1032.38, [M+23H]>* 987.54, [M+24H]**" 946.44, [M+25H]*" 908.62,
[M+26H]**" 873.71, [M+27H]*"" 841.39, [M+28H]**" 811.37, [M+29H]** 783.43,
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[M+30H]?"" 757.35, found. 1419.12, 1335.73, 1261.55, 1195.21, 1135.48, 1081.49,
1032.35, 987.51, 946.42, 908.61, 873.70, 841.39, 811.36, 783.42, 757.36

[0138]
(3-3. Third step: Reduction of Cys to Ala)

The 166-residue glycosylated polypeptide (6) having a free thiol group at Cys
at positions 68 and 89 and having a dibenzyl disialo sugar chain at Asn at position 80
obtained in the above second step (4.0 mg) was placed in a recovery flask, dissolved in
a buffer solution at pH 7.5 (0.28 ml) (prepared with 8 M guanidine hydrochloride
solution and 0.2 mM phosphoric acid solution), then 0.5 M Tris-ethylcarboxy phosphine
solution (TCEP solution) at pH 7.5 (0.28 ml) (prepared with TECP, 6 M guanidine
hydrochloride solution, 0.2 mM phosphoric acid solution, and triethylamine), tBuSH
(28 ul), and 0.1 M VA-044 solution (28 pl) (prepared by dissolving VA-044 in water)
were added, and this was reacted at room temperature. After 4 hours, the production
of the target substance was confirmed with HPLC and ESI-MS. The reaction solution
was transferred to a centrifuge tube, tBuSH was extracted with diethyl ether, then the
aqueous layer comprising the target substance was filtered with a membrane filter, and
the filtrate portion comprising the target substance was purified with HPLC [column:
SHISEIDO proteonavi (C4, 5 um), ¢20 x 250 mm, flow rate: 7.0 mL/min, eluting
solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN, A:B = 55:45 -> 55:45
(5 minutes) -> 25:75 (35 minutes) -> 5:95 (36 minutes), isocratic elution for 5 min and
then linear gradient] to obtain a 166-residue glycosylated polypeptide (7) having Cys at
positions 68 and 89 converted to Ala and having a dibenzyl disialo sugar chain at Asn at
position 80 (SEQ ID NO. 23) (Figures 20 and 21).
ESI-MS: Caled for CioisHis71N2ssO316S7: [M+18H]'™ 1258.02, [M+19H]"* 1191.86,
[M+20HT* 1132.32, [M+21H]*" 1078.44, [M+22H]*** 1029.47, [M+23H]>* 984.75,
[M+24HP* 943.76, [M+25H]*" 906.05, [M+26H]**" 871.24, [M+27H]*" 839.01,
[M+28H]*" 809.08, [M+29H]*" 781.22, found. 1258.02, 1191.86, 1132.31, 1078.39,
1029.43, 984.73, 943.76, 906.04, 871.25, 839.01, 809.06, 781.17

[0139]
(3-4.  Fourth step: Deprotection of Acm group)

The 166-residue glycosylated polypeptide (7) having a dibenzyl disialo sugar
chain at Asn at position 80 obtained in the above third step (2.9 mg) was placed in an
Eppendorf tube, dissolved in 90% acetic acid aqueous solution (0.13 ml), silver acetate

(0.43 mg) was then added, and this was reacted at room temperature with protection
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from light. After 3.5 hours, the production of the target substance was confirmed with
HPLC and ESI-MS. To the reaction solution was added dithiothreitol (3.0 mg), this
was stirred at room temperature for 5 minutes and then centrifuged, and the supernatant
excluding the precipitate was collected. This collected supernatant was filtered with a
membrane filter, and the filtrate portion comprising the target substance was purified
with HPLC [column: SHISEIDO prdteonavi (C4, 5 um), 020 x 250 mm, flow rate: 7.0
mL/min, eluting solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN,
gradient A:B = 50:50 -> 50:50 (5 minutes) -> 20:80 (35 minutes) -> 5:95 (35.5 minutes),
isocratic elution for 5 min and then linear gradient] to obtain a 166-residue glycosylated
polypeptide (8) having a dibenzyl disialo sugar chain at Asn at position 80, having the
Acm groups at positions 17, 31, and 141 deprotected (SEQ ID NO. 24) (Figures 22 and
23).

ESI-MS: Caled for CioosHsssN2s2031387: [M+18H]"®" 1246.17, [M+19H]"* 1180.64,
[M+20HT?"" 1121.65, [M+21H]*'" 1068.29, [M+22H]**" 1019.78, [M-+23H]*" 975.48,
[M+24HT** 934.88, [M+25H]"" 897.52, [M+26H]*®" 863.04, [M+27H]*"" 831.11,
[M+28H]*" 801.47, [M+29H]%" 773.86, found. 1246.16, 1180.60, 1121.62, 1068.27,
1019.74, 975.44, 934.85, 897.49, 863.00, 831.08, 801.45, 773.81

[0140]
(3-5.  Fifth step: Deprotection of benzyl group)

The 166-residue glycosylated polypeptide (8) having a dibenzyl disialo sugar
chain at Asn at position 80 obtained in the above fourth step (1.9 mg) was placed in a
recovery flask, dissolved in 8 M guanidine solution (0.17 ml) (prepared with guanidine
hydrochloride and 20 mM TCEP), and then stirred at room temperature. After cooling
with ice-water, 50 mM sodium hydroxide aqueous solution (0.85 ml) was slowly added.
After reacting in ice-water for 20 minutes, this was neutralized with a buffer (2.1 ml)
(prepared with 8 M guanidine solution and 0.2 M acetic acid sodium aqueous solution).
The reaction was confirmed with HPLC and ESI-MS to have produced the target
substance. = The reaction solution was difectly purified with HPLC [column:
SHISEIDO proteonavi (C4, 5 um), ¢20 x 250 mm, flow rate: 7.0 mL/min, eluting
solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN, gradient A:B = 50:50
-> 50:50 (5 minutes) -> 20:80 (35 minutes) -> 5:95 (35.5 minutes), isocratic elution for
5 min and then linear gradient] to obtain a 166-residue glycosylated polypeptide (9)
having a disialo sugar chain at Asn at position 80 (SEQ ID NO. 25) (Figures 24 and 25).
ESI-MS: Caled for CoooHisasNos2Os313S7: [M+17H]TF 1308.81, [M+18H]'® 1236.16,
[M+19H]""* 1171.15, [M+20H]?"* 1112.64, [M+21H)*"" 1059.71, [M+22H]**" 1011.58,
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[M+23H]2" 967.64, [M+24HP**" 927.37, [M+25H]" 890.31, [M+26H]*" 856.11,
[M+27H]"" 824.44, [M+28HP*" 795.03, [M+29H]%" 767.65, [M+30H]*"" 742.09,
found. 1308.80, 1236.17, 1171.12, 1112.63, 1059.67, 1011.56, 967.63, 927.34, 890.29,
856.09, 824.42, 795.01, 767.63, 742.08

[0141]
(3-6.  Sixth step: Folding step)

Glycosylatéd polypeptide (9) having a disialo sugar chain at Asn at position 80
obtained in the above fifth step (1.3 mg) was placed in a centrifuge tube, dissolved in a
buffer solution at pH 8.5 (13 ml) (prepared with 8 M guanidine hydrochloride solution
and 0.1 mM Tris solution), and then left at room temperature. After 1 hour, this
solution was transferred to a dialysis membrane (Spectra/Prd, MWCO: 8000). This
dialysis membrane was placed in dialysis external solution A (prepared with 3 M
guanidine hydrochloride solution, 0.1 mM Tris solution, 2 mM reduced glutathione
solution, and 1 mM glutathione solution) and dialyzed at 4°C. After 12 hours, this
dialysis membrane was replaced in dialysis external solution B (pfepared with 1 M
guanidine hydrochloride solution and 0.1 mM Tris solution) and dialyzed at 4°C.
After 12 hours, this dialysis membrane was placed in dialysis external solution C (10
mM acetic acid solution) and dialyzed at 4°C. After 24 hours, this dialysis membrane
was removed from the dialysis external solution, and the dialysis membrane internal
solution was transferred to a centrifuge tube. The dialysis membrane internal solution
was analyzed with HPLC, and the major peak elution time was reduced from 28.0
minutes at the starting time of the stepwise dialysis operation to 26.1 minutes at the end
of the stepwise dialysis operation. This peak was measured with ESI-MS, and a
molecular weight that was reduced by 2 Da from the molecular weight before the start
of the stepwise dialysis operation was confirmed. This was thus directly purified with
HPLC [column: SHISEIDO proteonavi (C4, 5 um), 020 x 250 mm, flow rate: 7.0
mL/min, eluting solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN,
gradient A:B = 46:54 -> 46:54 (5 minutes) -> 34.5:65.5 (28 minutes) -> 5:95 (28.5
minutes), isocratic elution for 5 min and then linear gradient] to obtain glycosylated
polypeptide (10) (SEQ ID NO. 26) (Figures 26 and 27). Moreover, the purity of this
fraction was determined with HPLC to be 99.36% (HPLC area size %) (Figure 28).
Then, lyophilization of the obtained glycosylated polypeptide (10) was performed.
This lyophilizate was redissolved in 10 mM acetic acid aqueous solution, the
glycoprotein was then quantified with a spectrophotometer (ultraviolet absorption

method), and the concentration was defined as an in vitro activity sample.
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Moreover, an in vivo activity sample was prepared by dissolving 10 mM acetic
acid aqueous solution comprising glycosylated polypeptide 10 with a defined
glycoprotein concentration in a buffer separately prepared for formulatio (prepared with
human serum albumin (30 mg), sodium chloride (24.4 mg), dibasic sodium phosphate
hydrate (7.53 mg), and crystalline sodium dihydrogenphosphate (1.41 mg)),
lyophilizing again, and then disSolving in Japanese Pharmacopeia water for injection.
ESI-MS after stepwise dialysis and after HPLC purification: Caled for
CoosH1540N2520313S7: [M+10H]'" 2224.08, [M+11H]''" 2021.98, [M+12H]"** 1853.57,
[M+13H]"" 1711.06, [M+14H]'*" 1588.92, [M+15H]"*" 1483.05, [M+16H]'*" 1390.43,
[M+17H]'™ 1308.69, [M+18H]'*" 1236.05, found. 2223.88, 2021.80, 1853.43, 1710.91,
1588.77, 1482.92, 1390.35, 1308.61, 1236.01
[0142]

The amino acid sequence of interferon p was manufactured by dividing into
three ﬁ'agments in the above Examples 2 and 3, but Examples 4 - 6 below show
examples of manufacturing the amino acid sequence of interferon B divided into four
fragments. ,
In Examples 4 - 6, the glycosylated polypeptide is manufactured from a total of
four peptide fragments by further dividing peptide fragment C having amino acids at
positions 89 - 166 in interferon P into fragment C1 of positions 89 - 134 and fragment
C2 of positions 135 - 166 having Ala at position 134 at the N-terminal.

[0143]
Example 4. Synthesis of peptide fragment (C1+C2)
(4-1.  Synthesis of peptide fragment C1-SPh)

Amino-PEGA resin (from Merck) (100 pmol) was placed into a column for
solid phase synthesis, sufficiently washed with methylene chloride (DCM) and DMF,
and then sufficiently swelled with DMF. 4-hydroxymethyl-3-methoxyphenoxy butyric
acid (HMPB) (0.25 mmol), TBTU (0.25 mmol), and N-ethylmorpholine (0.25 mmol)
were dissolved in DMF (2 ml) and placed in the column, and this was stirred at room
temperature for 4 hours. The resin was sufficiently washed with DMF and DCM, the
HMPB-PEGA resin was obtained, and this was employed as the solid phase for solid
phase synthesis.

Fmoc-Lys(Boc) (0.50 mmol), MSNT (0.50 mmol), and N-methylimidazole
(0.375 mmol) were dissolved in DCM (2 ml), placed into the column for solid phase
synthesis, and stirred at 25°C for 4 hours.

[0144]
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After stirring, the resin was washed with DCM and DMF. The Fmoc group
was treated with 20% piperidine/DMF solution (2 ml) for 15 minutes for deprotection.
After washing with DMF, the amino acids were sequentially condensed with the method
shown below for subsequent peptide chain elongation.

[0145]

The amino acid having the amino group protected with an Fmoc group was
dissolved in N-methylpyrrolidone (NMP) (1 ml), 0.45 M HCTU-HOBT/NMP (0.4
mmol) was added, this was added to the column for solid phase synthesis, and
subsequently 0.9 M DIPEA/NMP (0.8 mmol) was added to the column for solid phase
‘synthesis. After stirring at room temperature for 20 minutes, the resin was washed
with DCM and DMF, the Fmoc group was treated with 20% piperidine/DMF solution
(2 ml) for 15 minutes for deprotection. This operation was repeated, and amino acids
protected with an Fmoc group (0.5 mmol) were used to sequentially condense the amino
acids.

[0146]

As amino acids protected with an Fmoc or Boc group, Fmoc-Lys(Boc),
Fmoc-Leu, Fmoc-Tyr(tBu), Fmoc-His(Trt), Fmoc-Leu, Fmoc-lle, Fmoc-Arg(Pbf),
Fmoc-Gly, Fmoc-Tyr(tBu), Fmoc-Tyr(tBu), Fmoc-Arg(Pbf), Fmoc-Lys(Boc),
Fmoc-Leu, Fmoc-His(Trt), Fmoc-Leu, Fmoc-Ser(tBu)-Ser(¥Me, MePro), Fmoc-Met,
Fmoc-Leu, Fmoc-Lys(Boc), Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Phe-Thr(¥Me, MePro),
Fmoc-Asp(OtBu), Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Glu(OtBu), Fmoc-Leu,
Fmoc-Lys(Boc), Fmoc-Glu(OtBu), Fmoc-Glu(OtBu), Fmoc-Leu, Fmoc-Val,
Fmoc-Lys(Boc)-Thr(¥Me, MePro), Fmoc-Leu, Fmoc-His(Trt), Fmoc-Asn(Trt),
Fmoc-Ile, Fmoc-GIn(Trt), = Fmoc-His(Trt), Fmoc-Tyr(tBu), Fmoc-Val, and
Fmoc-Asn(Trt) were used, and as the amino acid protected with a Boc group,
Boc-L-thiazolidine-4-carboxylic acid was sequentially employed and linked on the solid
phase resin. As a vresult, a 46-residue peptide fragment (16) of
Lys(Boc)-Leu-Tyr(tBu)-His(Trt)-Leu-Ile-Arg(Pbf)-Gly-Tyr(tBu)-Tyr(tBu)-Arg(Pbf)-Ly
s(Boc)-Leu-His(Trt)-Leu-Ser(WMe,
MePro)-Ser(tBu)-Met-Leu-Lys(Boc)-Gly-Arg(Pbf)-Thr(W¥Me,
MePro)-Phe-Asp(OtBu)-Glu(OtBu)-Lys(Boc)-Glu(OtBu)-Leu-Lys(Boc)-Glu(OtBu)-Gl
u(OtBu)-Leu-Val-Thr(¥Me,
MePro)-Lys(Boc)-Leu-His(Trt)-Asn(Trt)-Ile-Gln(Trt)-His(Trt)-Tyr(tBu)-Val-Asn(Trt)-
Thz-BocN (SEQ ID NO. 27) was obtained on the solid phase resin.

[0147]



83

The solid phase resin having peptide fragment (16) obtained above was washed
with DCM and DMF, then a mixed solution of trifluoroethanol and acetic acid (1:1) was
added until the resin was sufficiently soaked, and this was stirred for 18 hours at room
temperature to cleave between the resin and peptide fragment (16). The cleaved resin
was filtered off, and the reaction solution was concentrated under reduced pressure.
The residue obtained was concentrated, and peptide fragment (16) having the amino |
acid side chain protected (SEQ D NO. 28):
Lys(Boc)-Leu-Tyr(tBu)-His(Trt)-Leu-Ile-Arg(Pbf)-Gly-Tyr(tBu)-Tyr(tBu)-Arg(Pbf)-Ly
s(Boc)-Leu-His(Trt)-Leu-Ser(YMe,
MePro)-Ser(tBu)-Met-Leu-Lys(Boc)-Gly-Arg(Pbf)-Thr(¥Me,
MePro)-Phe-Asp(OtBu)-Glu(OtBu)-Lys(Boc)-Glu(OtBu)-Leu-Lys(Boc)-Glu(OtBu)-Gl
u(OtBu)-Leu-Val-Thr(¥Me,
MePro)-Lys(Boc)-Leu-His(Trt)-Asn(Trt)-1le-Gln(Trt)-His(Trt)-Tyr(tBu)-Val-Asn(Trt)-
Thz-BocN was obtained.

[0148]

One hundred umol equivalents of a 46-residue protected peptide fragment (16)
was transferred to a recovery flask, dissolved in DMF (3.0 mL), and then cooled to
-15°C - -20°C under nitrogen atmosphere. To this was added thiophenol (308 pl, 3.0
mmol), and then PyBOP (260.0 mg, 0.50 mmol) then DIPEA (85.0 pl, 0.5 mmol) were
added. After stirring at -15°C - -20°C for 2 hours, trifluoroacetic acid (0.1 mL) was
added, and and this was gradually restored to room temperature. After being restored
to room temperature, the reaction solution was concentrated under reduced pressure.
To the residue obtained was added trifluoroacetic acid:water: TIPS (= 95:2.5:2.5), and
this was stirred at room temperature. After 2 hours, this solution was added to the
diethyl ether (150 ml) for precipitation, and then centrifuged in order to remove the
solution portion to obtain the residue comprising the peptide thioester . This residue
obtained was purified with HPLC [column: SHISEIDO proteonavi (C4, 5 um), ¢20 x
250 mm, flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B: 0.09%
TFA/10% water/90% AN, gradient A:B = 65:35 -> 65:35 (5 minutes) -> 30:70 (35
minutes) -> 5:95 (45 minutes), isocratic elution for 5 min and then linear gradient], and
peptide fragment C1-SPh (16) having a thiophenyl ester at the C-terminal (SEQ ID NO.
29):
HN-Thz-Asn-Val-Tyr-His-Gln-Ile-Asn-His-Leu-Lys-Thr-Val-Leu-Glu-Glu-Lys-Leu-Gl
u-Lys-Glu-Asp-Phe-Thr-Arg-Gly-Lys-Leu-Met-Ser-Ser-Leu-His-Leu-Lys-Arg-Tyr-Tyr
-Gly-Arg-lle-Leu-His-Tyr-Leu-Lys-SPh was obtained.
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ESI-MS: Caled for CossHaiaN7pOgSs: [M+4H]™ 1438.68, [M+5H]" 1151.14,
[M+6H]®" 959.45, [M+7H]™ 822.53, [M+8H]*" 719.84, found. 1438.51, 1151.00,
959.34, 822.43, 719.74

[0149]
(4-2.  Synthesis of peptide fragment C2)

- Amino-PEGA resin (from Merck) (100 umol) was placed into a column for
solid phase synthesis, sufficiently washed with methylene chloride (DCM) and DMF,
and then sufficiently swelled with DMF. 4-hydroxymethyl-3-methoxyphenoxy butyric
acid (HMPB) (0.25 mmol), TBTU (0.25 mmol), and N-ethylmorpholine (0.25 mmol)
were dissolved in DMF (2 ml) and placed in the column, and this was stirred at room
temperature for 4 hours. The resin was sufficiently washed with DMF and DCM, the
HMPB-PEGA resin was obtained, and this was employed as the solid phase for solid
phase synthesis.

Fmoc-Asn(Trt) (0.50 mmol), MSNT (0.50 mmol), and N-methylimidazole
(0.375 mmol) were dissolved in DCM (2 ml), placed into the column for solid phase
synthesis, and stirred at 25°C for 4 hours.

After stirring, the resin was washed with DCM and DMF. The Fmoc group
was treated with 20% piperidine/DMF solution (2 ml) for 15 minutes for deprotection.
After washing with DMF, the amino acids were sequentially condensed with the method
shown below for subsequent peptide chain elongation.

[0150]

The amino acid having the amino group protected with an Fmoc group was
dissolved in N-methylpyrrolidone (NMP) (1 ml), 0.45 M HCTU-HOBT/NMP (0.4
mmol) was added, this was added to the column for solid phase synthesis, and
subsequently 0.9 M DIPEA/NMP (0.8 mmol) was added to the column for solid phase
synthesis. After stirring at room temperature for 20 minutes, the resin was washed
with DCM and DMF, the Fmoc group was treated with 20% piperidine/DMF solution
(2 ml) for 15 minutes for deprotection. This operation was repeated, and amino acids
protected with an Fmoc group (0.5 mmol) were used to sequentially condense the amino
acids. As amino acids protected with an Fmoc or Boc group, Fmoc-Asn(Trt),
Fmoc-Arg(Pbf), Fmoc-Leu, Fmoc-Tyr(tBu), Fmoc-Gly, Fmoc-Thr(tBu), Fmoc-Leu,
Fmoc-Arg(Pbf), Fmoc-Asn(Trt), Fmoc-Ile, Fmoc-Phe, Fmoc-Tyr(tBu), Fmoc-Phe,
Fmoc-Asn(Trt), Fmoc-Arg(Pbf), Fmoc-Leu, Fmoc-Ile, Fmoc-Glu(OtBu), Fmoc-Val,
Fmoc-Arg(Pbf), Fmoc-Val, Fmoc-lle, Fmoc-Thr(tBu), Fmoc-Trp(Boc), Fmoc-Ala,
Fmoc-Cys(Acm), Fmoc-His(Trt), Fmoc-Tyr(tBu)-Ser(YMe, MePro), Fmoc-Glu(OtBu),
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Fmoc-Lys(Boc), and Boc-Cys(Trt) were sequentially employed and linked on the solid
phase resin. As a result, a 32-residue peptide fragment (17) of
Asn(Trt)-Arg(Pbf)-Leu-Tyr(tBu)-Gly-Thr(tBu)-Leu-Arg(Pbf)-Asn(Trt)-Ile-Phe-Tyr(tBu
)-Phe-Asn(Trt)-Arg(Pbf)-Leu-Ile-Glu(OtBu)-Val-Arg(Pbf)- Val-lle-Thr(tBu)-Trp(Boc)-
Ala-Cys(Acm)-His(Trt)-Ser(YMe,
MePro)-Tyr(tBu)-Glu(OtBu)-Lys(Boc)-Cys(Trt)-BocNH  (SEQ ID NO. 30) was
obtained on the solid phase resin. ‘

[0151]

To peptide fragment (17) obtained above was added trifluoroacetic
acid:water: TIPS (= 95:2.5:2.5), and this was stirred at room temperature for 3.5 hours to
cleave between the resin and peptide fragment (17). Then, this was added to the
diethyl ether (150 ml) for precipitation, and then subjected to a centrifugal separation
operation to separate the precipitate comprising the peptide of interest and the solution
portion. Then, after removing the solution portion, the target substance was confirmed
with HPLC, and then purified with HPLC [column: SHISEIDO proteonavi (C4, 5 um),
020 x 250 mm, flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B: 0.09%
TFA/10% water/90% AN, gradient A:B = 65:35 -> 65:35 (5 minutes) -> 30:70 (35
minutes) -> 5:95 (45 minutes), isocratic elution for 5 min and then linear gradient] to
obtain peptide fragment C2 (17) of interest (SEQ ID NO. 3l
H,N-Cys-Lys-Glu-Tyr-Ser-His-Cys(Acm)-Ala-Trp-Thr-Ile-Val-Arg-Val-Glu-Ile-Leu-A
rg-Asn-Phe-Tyr-Phe-Ile-Asn-Arg-Leu-Thr-Gly-Tyr-Leu-Arg-Asn.

ESI-MS: ESI-MS: Caled for CssHagoNs:O47S2: [M+3H] 1351.22, [M+4H]* 1013.67,
[M+5H]>" 811.13, found. 1351.02, 1013.51, 811.01

[0152]
Exampile 5. Linking of peptide fragment C1 and peptide fragment C2

Two types of fragments, a 46-residue peptide fragment with a thiophenyl ester
C-terminal C1-SPh (16) (8.7 mg) and a 32-residue peptide fragment C2 (17) (3.5 mg)
were placed in the same recovery flask, dissolved in a buffer solution at pH 6.8 (1.0 ml)
(prepared with 8 M guanidine hydrochloride solution, 0.2 mM phosphoric acid solution,
and 20 mM Tris-carboxyethyl phosphine solution (TCEP solution)), thiophenol (30 pl)
was then added, and this was reacted at room temperature. After 24 hours, the reaction
was confirmed with HPLC, then to the reaction solution was added 0.2 M
methoxyamine solution (1.5 ml) (prepared by adding 20 mM TCEP solution to 0.2 M
methoxyamine solution), and this was reacted at room temperature. After 12 hours,
the production of the target substance was confirmed with HPLC and ESI-MS. The
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reaction solution was transferred to a centrifuge tube, thiophenol was extracted with
diethyl ether, then the aqueous layer comprising the target substance was filtered with a
membrane filter, the filtrate portion comprising the target fragment was purified with
HPLC [column: SHISEIDO proteonavi (C4, 5 um), ¢20 x 250 mm, flow rate: 7.0
mL/min, eluting solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN,
gradient A:B = 65:35 -> 65:35 (5§ minutes) -> 30:70 (35 minutes) -> 5:95 (45 minutes),
isocratic elution for 5 min and then linear gradient] to obtain peptide fragment (18) of
- interest (SEQ ID NO. 32) (peptide fragment (C1+C2)) (89 - 166) (Figure 29).

ESI-MS: Caled for CasHessNi24O114S4: [M+8H]* 1210.90, [M+9H]" 1076.47,
[M+10H]'" 968.92, [M+11H]"* 880.93, [M+12H]"*" 807.60, [M+13H]"*" 745.55,
[M+14H]"*" 692.37, found. 1210.77, 1076.46, 968.91, 880.92, 808.50, 745.47, 692.37

[0153]
Example 6.  Asialo IFN-B synthesis method 2
(6-1.  Linking of asialo glycosylated peptide fragment B and peptide fragment
(C1+C2))

Two types of fragments, a 21-residue asialo glycosylated peptide fragment B
with a thiophenyl ester C-terminal (3) (1.5 mg) and a 78-residue peptide fragment (18)
(peptide fragment C1-C2) (2.4 mg) were placed in the same recovery flask, dissolved in
a buffer solution at pH 7.2 (0.25 ml) (prepared with 8 M guanidine hydrochloride
solution, 0.2 mM phosphoric acid solution, and 20 mM Tris-carboxyethyl phosphine
solution (TCEP solution)). Thiophenol (7.4 pl) was then added and reacted at room
temperature. After 24 hours, the reaction was confirmed with HPLC, then to the
reaction solution was added 0.2 M methoxyamine solution (0.37 ml) (prepared by
adding 20 mM TCEP solution to 0.2 M methoxyamine solution), and this was reacted at
room temperature. After 12 hours, the production of the target substance was
confirmed with HPLC and ESI-MS. The reaction solution was transferred to a
centrifuge tube, thiophenol was extracted with diethyl ether, then the aqueous layer
comprising the target substance was filtered with a membrane filter, and the filtrate
portion comprising the glycopeptide fragment was purified with HPLC [column:
SHISEIDO proteonavi (C4, 5 um), 020 x 250 mm, flow rate: 7.0 mL/min, eluting
solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN, gradient A:B = 65:35
-> 65:35 (5 minutes) -> 30:70 (35 minutes) -> 5:95 (45 minutes), isocratic elution for 5
min and then linear gradient] to obtain peptide fragment (19) of interest having an asialo
sugar chain at the position corresponding to position 80 of interferon  (SEQ ID NO.
33) (asialo glycosylated peptide fragment (B+C1+C2)) (68 - 166) (Figure 30).
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ESI-MS: Caled for CeorHosoN1s¢O104Ss: [M+10H]'"" 1370.73, [M+11H]'™" 1246.21,
[M+12H]'?" 1142.44, [M+13H]"" 1054.64, [M+14H]'*" 979.38, [M+15H]"" 914.15,
[M+16H]16 857.08, [M+17H]'"" 806.72, [M+18H]"*" 761.96, [M+19H]"" 721.91,
found. 1370.66, 1246.14, 1142.38, 1054.56, 979.38, 914.08, 856.99, 806.65, 761.92,
721.86

[0154]
(6-2 Linking of peptide fragment A and glycopeptide fragment B+C1+C2)

Two types of fragments, a 67-residue peptide fragment with a thiophenyl ester

C-terminal A (1) (3.0 mg) and peptide fragment (19) of interest having an asialo sugar
chain at the position corresponding to position 80 of interferon B (asialo glycosylated
peptide fragment B+C1+C2) obtained in the above 6-1. (68 - 166) (3.3 mg) were placed
in the same recovery flask, dissolved in a buffer solution at pH 7.2 (0.24 ml) (prepared
with 8 M guanidine hydrochloride solution, 0.2 mM phosphoric acid solution, and 20
mM TCEP solution). Thiophenol (7.2 pl) was then added and reacted at room
temperature.  After 24 hours, the reaction was confirmed with HPLC, sodium
mercaptoethanesulfonate (2.1 mg) was then added, and this was reacted at room
temperature. After 12 hours, the production of the target substance was confirmed
with HPLC and ESI-MS. The reaction solution was transferred to a centrifuge tube,
thiophenol was extracted with diethyl ether, then the aqueous layer comprising the
target substance was filtered with a membrane filter, and the filtrate portion comprising
the target substance was purified with HPLC [column: SHISEIDO proteonavi (C4, 5
um), 920 x 250 mm, flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B:
0.09% TFA/10% water/90% AN, A:B = 55:45 -> 55:45 (5 minutes) -> 25:75 (35
minutes) -> 5:95 (36 minutes), isocratic elution for 5 min and then linear gradient] to
obtain a 166-residue glycosylated polypeptide (20) having a free thiol group at Cys at
positions 68, 89, and 135 and having an asialo sugar chain at Asn at position 80 (SEQ
ID NO. 34) (Figure 31).
ESI-MS: Caled for CoroHysp5Nas3On00S11: [M+17H]'" 1293.69, [M+18H]'*" 1221.88,
[M+19H]"" 1157.62, [M+20H]*"" 1099.79, [M+21H]*"* 1047.47, [M+22H]**" 999.90,
[M+23H]*" 956.47, [M+24H]**" 916.66, [M+25H]”" 880.03, [M+26H]*" 846.22,
[M+27H]"™ 814.92, [M+28H]**" 785.85, found. 1292.75, 1221.01, 1156.79, 1098.99,
1046.71, 999.19, 955.78, 916.00, 879.39, 845.63, 814.34, 785.29

[0155]
(6-3 Reduction of Cys to Ala)
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The 166-residue glycosylated polypeptide (20) having a free thiol group at Cys
at positions 68, 89, and 135 and having an asialo sugar chain at Asn at position 80
obtained in the above 6-2. (1.1 mg) was placed in a recovery flask, dissolved in a buffer
solution at pH 7.5 (0.20 ml) (prepared with 8 M guanidine hydrochloride solution and
0.2 mM phosphoric acid solution), then 0.5 M Tris-ethylcarboxy phosphine solution
(TCEP solution) at pH 7.5 (0.20 ml) (prepared with TECP, 6 M guanidine
hydrochloride solution, 0.2 mM phosphoric acid solution, and triethylamine), tBuSH
(20 ul), and 0.1 M VA-044 solution (20 ul) (prepared by dissolving VA-044 in water)
were added, and this was reacted at room temperature.  After 4 hours, the production
of the target substance was confirmed with HPLC and ESI-MS. The reaction solution
was transferred to a centrifuge tube, tBuSH was extracted with diethyl ether, then the
aqueous layer comprising the target substance was filtered with a membrane filter, and
the filtrate portion comprising the target substance was purified with HPLC [column:
SHISEIDO proteonavi (C4, 5 pum), ¢20 x 250 mm, flow rate: 7.0 mL/min, eluting
solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN, A:B = 55:45 -> 55:45
(5 minutes) -> 25:75 (35 minutes) -> 5:95 (36 minutes), isocratic elution for 5 min and
then linear gradient] to obtain a 166-residue glycosylated polypeptide (21) having Cys
at positions 68, 89, and 135 converted to Ala and having an asialo sugar chain at Asn at
position 80 (SEQ ID NO. 35) (Figure 32).
ESI-MS: Caled for CoroHispsNaszOs00S7: [M+17H]M 1287.09, [M+18H]'®" 1215.64,
[M+19H]"" 1151.71, [M+20H]?"" 1094.18, [M+21H]*™ 1042.12, [M+22H]*" 994.80,
[M+23H]®" 951.59, [M+24HT** 911.98, [M+25H]>" 875.54, [M+26H]**" 841.91,
[M+27H]*"™ 810.76, [M+28H]**" 781.84, [M+29H]*" 754.92, found. 1287.11, 1215.69,
1151.72, 1094.20, 1042.16, 994.83, 951.61, 911.98, 875.57, 841.93, 810.80, 781.88,
754.88
[0156]

Glycosylated polypeptide (15) can be obtained by applying the steps of Acm
group deprotection and folding that have similar conditions as the steps described in 2-4.
and 2-5. to glycosylated polypeptide (21) obtained in the above 6-3.

[0157]
Example 7. Disialo IFN-B synthesis method 2
(7-1 Linking of dibenzyl disialo sugar chain attached peptide fragment B and
peptide fragment (C1+C2))

Two types of fragments, a 21-residue dibenzyl disialo sugar chain attached
peptide fragment B with a thiophenyl ester C-terminal (2) (17.9 mg) and a 78-residue
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peptide fragment (18) (peptide fragment (C1+C2)) (22.9 mg) were placed in the same
recovery flask, dissolved in a buffer solution at pH 7.2 (2.37 ml) (prepared with 8 M
guanidine hydrochloride solution, 0.2 mM phosphoric acid solution, and 20 mM
Tris-carboxyethyl phosphine solution (TCEP solution)). Thiophenol (71.1 pl) was
then added and reacted at room temperature. After 24 hours, the reaction was
confirmed with HPLC, then to the reaction solution was added 0.2 M methoxyamine
solution (3.55 ml) (prepared by adding 20 mM TCEP solution to 0.2 M methoxyamine
solution), and this was reacted at room temperature. After 12 hours, the production of
the target substance was confirmed with HPLC and ESI-MS. The reaction solution
was transferred to a centrifuge tube, thiophenol was extracted with diethyl ether, then
the aqueous layer comprising the target substance was filtered with a membrane filter,
and the filtrate portion comprising the glycopeptide fragment was purified with HPLC
[column: SHISEIDO proteonavi (C4, 5 pm), 020 x 250 mm, flow rate: 7.0 mL/min,
eluting solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN, A:B = 55:45
-> 55:45 (5 minutes) -> 25:75 (35 minutes) -> 5:95 (36 minutes), isocratic elution for 5
min and then linear gradient] to obtain peptide fragment (22) of interest having a
dibenzyl disialo sugar chain at the position corresponding to position 80 of interferon B
(SEQ ID NO. 36) (Figure 33).

ESI-MS: Caled for CessHoosNissO210S4: [M+11H]" 1315.55, [M+12H]"" 1206.00,
[M+13H]"" 1113.31, [M+14H]"" 1033.86, [M+15H]"** 965.00, [M+16H]'*" 904.75,
[M+17H]'"" 851.59, [M+18H]'®" 804.34, [M+19H]"** 762.06, found. 1315.59, 1205.97,
1113.28, 1033.83, 964.98, 904.74, 851.57, 804.32, 762.02

[0158]
(7-2  Peptide fragment A and dibenzyl disialo sugar chain attached peptide fragment
(B+C1+C2))

Two types of fragments, a 67-residue peptide fragment with a thiophenyl ester
C-terminal A (1) (4.7 mg) and peptide fragment (22) of interest having a dibenzyl
disialo sugar chain at the position corresponding to position 80 of interferon B obtained
in the above 7-1. (5.2 mg) were placed in the same recovery flask, dissolved in a buffer
solution at pH 7.2 (0.35 ml) (prepared with 8 M guanidine hydrochloride solution, 0.2
mM phosphoric acid solution, and 20 mM TCEP solution). Thiophenol (11 pl) was
then added and reacted at room temperature. After 24 hours, the reaction was
confirmed with HPLC, sodium mercaptoethanesulfonate (3.3 mg) was then added, and
this was reacted at room temperature. After 12 hours, the production of the target

substance was confirmed with HPLC and ESI-MS. The reaction solution was
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transferred to a centrifuge tube, thiophenol was extracted with diethyl ether, then the
aqueous layer comprising the target substance was filtered with a membrane filter, and
the filtrate portion comprising the target substance was purified with HPLC [column:
SHISEIDO proteonavi (C4, 5 pm), ¢20 x 250 mm, flow rate: 7.0 mL/min, eluting
solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN, A:B = 55:45 -> 55:45
(5 minutes) -> 25:75 (35 minutes) -> 5:95 (36 minutes), isocratic elution for 5 min and
then linear gradient] to obtain a 166-residue peptide fragment (23) having a free thiol
group at Cys at positions 68, 89, and 135 and having a dibenzyl disialo sugar chain at
Asn at position 80 (SEQ ID NO. 37) (Figure 34).

ESI-MS: Caled for Cio1sHis71N2ssO316S10: [M+16H]'® 1421.16, [M-+17H]'™ 1337.62,
[M+18H]'* 1263.36, [M+19H]'** 1196.92, [M+20H]*" 1137.13, [M+21H]** 1083.02,
[M+22H]" 1033.84, [M+23H]*" 988.93, [M+24H]**" 947.77, [M+25H]*" 909.90,
[M+26H]**" 874.94, [M+27H]*"" 842.57, [M+28H]®" 812.52, [M+29H]*" 784.53,
found. 1421.13, 1337.57, 1263.35, 1196.90, 1137.08, 1082.99, 1033.80, 988.89, 947.73,
909.87, 874.92, 842.55, 812.51, 784.50

[0159]
(7-3 Reduction of Cys to Ala)

The 166-residue peptide fragment (23) having a free thiol group at Cys at
positions 68, 89, and 135 and having a dibenzyl disialo sugar chain at Asn at position 80
obtained in the above 7-2. (6.1 mg) was placed in a recovery flask, dissolved in a buffer
solution at pH 7.5 (0.27 ml) (prepared with 8 M guanidine hydrochloride solution and
0.2 mM phosphoric acid solution), then 0.5 M Tris-carboxyethyl phosphine solution at
pH 7.5 (TCEP solution) (0.27 ml) (prepared with TECP, 6 M guanidine hydrochloride
solution, 0.2 mM phosphoric acid solution, and triethylamine), tBuSH (100 pl), and 0.1
M VA-044 solution (100 pl) (prepared by dissolving VA-044 in water) were added, and
this was reacted at room temperature. After 4 hours, the production of the target
substance was confirmed with HPLC and ESI-MS. The reaction solution was
transferred to a centrifuge tube, thiophenol was extracted with diethyl ether, then the
aqueous layer comprising the target substance was filtered with a membrane filter, and
the filtrate portion comprising the target substance was purified with HPLC [column:
SHISEIDO proteonavi (C4, 5 um), 020 x 250 mm, flow rate: 7.0 mL/min, eluting
solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN, A:B = 55:45 -> 55:45
(5 minutes) -> 25:75 (35 minutes) -> 5:95 (36 minutes), isocratic elution for 5 min and

then linear gradient] to obtain a 166-residue peptide fragment (24) having Cys at
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positions 68, 89, and 135 converted to Ala and having a dibenzyl disialo sugar chain at
Asn at position 80 (SEQ ID NO. 38) (Figure 35).

ESI-MS: Caled for CioisHis71N2ssO316S7: [M+18H]'™®* 1258.02, [M+19H]""" 1191.86,
[M-+20H?%" 1132.32, [M+21H]*'" 1078.44, [M+22H]**" 1029.47, [M+23H]*" 984.75,
[M+24H" 943.76, [M+25H]*" 906.05, [M+26H]*" 871.24, [M+27H]*™ 839.01,
[M+28HT*" 809.08, [M+29H]%" 781.22, found. 1258.05, 1191.87, 1132.37, 1078.47,
1029.51, 984.77, 943.79, 906.05, 871.25, 839.04, 809.05, 781.24

[0160]

Glycosylated polypeptide (10) can be obtained by applying the steps of Acm
group deprotection, benzyl group deprotection, and folding that have similar conditions
as the steps described in 3-4, 3-5, and 3-6 to the glycosylated polypeptide (24) obtained
in the above 7-3.

[0161]

In the above Examples 1 - 3, a peptide fragment having Ala at the N-terminal
was designed and employed for ligation. Accordingly, in Examples 1 - 3, a peptide
fragment having Cys introduced at the position of Ala placed at the N-terminal of said
peptide fragment was synthesized, ligated, and then Cys was reduced to Ala.

In the following Example, a peptide fragment having Ser at the N-terminal was
designed. In other words, an example is shown wherein a peptide fragment having
Cys introduced at the position of Ser was synthesized, ligated, and then Cys was
converted to Ser. More specifically, an example is shown wherein peptide fragment B
having amino acids at positions 68 - 88 in the amino acid sequence of interferon B is
synthesized by dividing into fragment B2 of positions 68 - 75 and fragment Bl of
positions 76 - 88 having Cys at the N-terminal instead of Ser at position 76, and after a
ligation step of synthesizing peptide fragment (B1+B2)-SR having Cys as the amino
acid at the position corresponding to position 76 of interferon B (hereinafter referred to
as peptide fragment (B1+B2)-SR (Cys body)) by ligation and a step of converting Cys
at the position corresponding to position 76 of interferon B in peptide fragment
(B1+B2)-SR (Cys body) to Ser, peptide fragment (B1+B2)-SR having Ser as the amino
acid at the position corresponding to position 76 of interferon P is synthesized.

[0162]

In other words, more specifically, a manufacturing method comprising the
following steps is exemplified:

(D) A step of preparing peptide fragment Bl represented by the following
formula (i).

[Chemical Formula 37]
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— IFN (76-88) -COSR

R'= Oligosacchride

)
(II) A step of preparing glycopeptide B2 represented by the following formula
Q)

[Chemical Formula 38]

0)
- (ITT) A step of preparing a glycopeptide represented by the following formula
(k) by linking peptide B1 and glycopeptide B2, and then converting a particular cysteine
on said peptide to serine (see Figures 43 - 45)
[Chemical Formula 39]
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[0163]
Example 8. Synthesis of disialo sugar chain attached peptide fragment
(B1+B2)-SR
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(8-1 Synthesis of peptide fragment B1-SR)

HMPB-Chem Matrix (from Biotage) (0.10 mmol) was placed into a column for
solid phase synthesis, sufficiently washed with methylene chloride (DCM) and DMF,
and then sufficiently swelled with DCM.

Fmoc-Leu (0.50 mmol), MSNT (0.50 mmol), and N-methylimidazole (0.375
mmol) were dissolved in DCM (2 ml), placed into the column for solid phase synthesis,
and stirred at 25°C for 4 hours.

After stirring, the resin was washed with DCM and DMF. The Fmoc group
was treated with 20% piperidine/DMF solution (2 ml) for 15 minutes for deprotection.
After washing with DMF, the amino acids were sequentially condensed with the method
shown below for subsequent peptide chain elongation.

The amino acid having the amino group protected with an Fmoc group was
dissolved in N-methylpyrrolidone (NMP) (1 ml), 0.45 M HCTU-HOBT/NMP (0.4
mmol) was added, this was added to the column for solid phase synthesis, and
subsequently 0.9 M DIPEA/NMP (0.8 mmol) was added to the column for solid phase
synthesis. After stirring at room temperature for 20 minutes, the resin was washed
with DCM and DMF, the Fmoc group was treated with 20% piperidine/DMF solution
(2 ml) for 15 minutes for deprotection. This operation was repeated, and amino acids
protected with an Fmoc group (0.5 mmol) were used to sequentially condense the amino
acids.

Fmoc-Leu, Fmoc-Leu, Fmoc-Asn(Trt), Fmoc-Glu(OtBu), Fmoc-Val, Fmoc-Iie,
Fmoc-Thr(tBu), and Fmoc-Glu(OtBu) were sequentially employed as amino acids
protected with an Fmoc group, and an 8-residue peptide was obtained on the
Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-lle-Thr(tBu)-Glu(OtBu). To this 8-residue peptide,
the Fmoc group was treated with 20% piperidine/DMF solution (2 ml) for 15 minutes
for deprotection. After washing with DMF, dibenzyl disialo sugar chain asparagine
derivative (g) (547.8 mg, 200 pmol) and DEPBT (59.9 mg, 200 umol) were dissolved in
DMF/DMSO (1:1 mixed solution, 3.33 ml) in the centrifuge tube, placed into the
column for solid phase synthesis, DIPEA (52.3 pl, 300 pmol.) was added, and this was
stirred at room temperature for 18 hours. Washing with DMF and DCM yielded a
O-residue sugar chain peptide of
Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-lle-Thr(tBu)-Glu(OtBu)-Asn(dibenzyl-disialooligosa
ccharide)-FmocNH (SEQ ID NO. 39) on the solid phase.

[0164]
[Chemical Formula 40]
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[0165]

For subsequent glycopeptide chain elongation, the lipophilic protecting group
of the 9-residue sugar chain peptide on the solid phase resin obtained above was
deprotected with 20% piperidine/DMF solution (2 ml), and then amino acids were
sequentially condensed with the method shown below. .

The amino acid having the amino acid protected with an Fmoc group as well as
HOBt (67.6 mg, 0.50 mmol) and DIPCI (73.1 ul, 0.475 mmol) were dissolved in DMF
(6.3 ml), activated for 15 minutes, and then placed into the column for solid phase
synthesis. After stirring at room temperature for 1 hour, the Fmoc group was treated
with 20% piperidine/DMF solution (2 ml) for 20 minutes for deprotection. This
operation was repeated to sequentially condense the amino acids. As amino acids
protected with Fmoc and Boc groups, Fmoc-Trp(Boc), Fmoc-Gly, Fmoc-Thr(tBu), and
Boc-Cys(Trt) were sequentially employed and linked to the solid phase resin. As a
result, a 13-residue glycosylated peptide fragment (25) of
Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-Ile-Thr(tBu)-Glu(OtBu)-Asn(dibenzyl-disialooligosa
ccharide)-Trp(Boc)-Gly-Thr(tBu)-Cys(Trt)-BocNH (SEQ ID NO. 40) was obtained on
the solid phase resin.

Then, after washing with DCM and DMF, a mixed solution of trifluoroethanol
and acetic acid (1:1) was added until the resin was sufficiently soaked, and this was
stirred for 18 hours at room temperature to cleave between the resin and the
glycosylated peptide fragment. The cleaved resin was filtered off, and the reaction
solution was concentrated under reduced pressure. The residue obtained was
concentrated, and glycosylated peptide (25) having the amino acid side chain protected
(SEQ ID NO. 41):
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Leu-Leu-Asn(Trt)-Glu(OtBu)-Val-Ile-Thr(tBu)-Glu(OtBu)-Asn(dibenzyl-disialooligosa
ccharide)-Trp(Boc)-Gly-Thr(tBu)-Cys(Trt)-BocNH was obtained.

One hundred pumol equivalents of glycosylated peptide fragment (25) having a
13-residue amino acid and having the amino acid side chain protected was transferred to
a recovery flask, dissolved in DMF (3.0 mL), and then cooled to -15°C - -20°C under
nitrogen atmosphere. To this was added sodium 2-mercaptoethanesulfonate (492.5 mg,
3.0 mmol), and then PyBOP (260.0 mg, 0.50 mmol) then DIPEA (85.0 ul, 0.5 mmol)
were added. After stirring at -15°C - -20°C for 2 hours, trifluoroacetic acid (0.1 mL)
was added, and and this was gradually restored to room temperature. After being
restored to room temperature, the reaction solution was concentrated under reduced
pressure. To the residue obtained was added trifluoroacetic acid:water:TIPS (=
95:2.5:2.5), and this was stirred at room temperature. After 2 hours, this solution was
added again to the diethyl ether (150 ml) for precipitation, and then centrifuged in order
to remove the solution portion to obtain the residue comprising the peptide thioester .
This residue obtained was purified with HPLC [column: SHISEIDO proteonavi (C4, 5
pm), 020 x 250 mm, flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B:
0.09% TFA/10% water/90% AN, gradient A:B = 72:28 -> 59:41 (26 minutes), linear
gradient] to obtain dibenzyl disialo sugar chain attached peptide fragment B1-SR (25)
having an alkyl thioester as the C-terminal (SEQ ID NO. 42):
H,N-Cys-Thr-Gly-Trp-Asn(dibenzyl-disialooligosaccharide)-Glu-Thr-1Ile-Val-Glu-Asn-
Leu-Leu-SR (Figure 46). -SR shows an ethyl sulfonate thioester.

[0166]
(8-2 Synthesis of peptide fragment B2-SPh)

HMPB-Chem Matrix (from Biotage) (0.10 mmol) was placed into a column for
solid phase synthesis, sufficiently washed with methylene chloride (DCM) and DMF,
and then sufficiently swelled with DCM.

Fmoc-Ser(tBu) (0.50 mmol), MSNT (0.50 mmol), and N-methylimidazole
(0.375 mmol) were dissolved in DCM (2 ml), placed into the column for solid phase
synthesis, and stirred at 25°C for 4 hours.

After stirring, the resin was washed with DCM and DMF. The Fmoc group
was treated with 20% piperidine/DMF solution (2 ml) for 15 minutes for deprotection.
After washing with DMF, the amino acids were sequentially condensed with the method
shown below for subsequent peptide chain elongation.

The amino acid having the amino group protected with an Fmoc group was
dissolved in N-methylpyrrolidone (NMP) (1 ml), 0.45 M HCTU-HOBT/NMP (0.4



96

mmol) was added, this was added to the column for solid phase synthesis, and
subsequently 0.9 M DIPEA/NMP (0.8 mmol) was added to the column for solid phase
synthesis. ~After stirring at room temperature for 20 minutes, the resin was washed
with DCM and DMF, the Fmoc group was treated with 20% piperidine/DMF solution
(2 ml) for 15 minutes for deprotection. This operation was repeated, and amino acids
protected with an Fmoc group (0.5 mmol) were used to sequentially condense the amino
acids.

Fmoc-Ser(tBu), Fmoc-Ser(tBu), Fmoc-Asp(OtBu), Fmoc-Gln(Trt),
Fmoc-Arg(Pbf), Fmoc-Phe, Fmoc-Ile, and Boc-L-thiazolidine-4-carboxylic acid were
sequentially employed as amino acids protected with an Fmoc group and linked to the
solid phase resin. As a result, an 8-residue peptide fragment (26) of
Ser(tBu)-Ser(tBu)-Asp(OtBu)-Gln(Trt)-Arg(Pbf)-Phe-Ile-Thz-BocN (SEQ ID NO. 43)
was obtained on the solid phase resin.

Then, after washing with DCM and DMF, a mixed solution of trifluoroethanol
and acetic acid (1:1) was added until the resin was sufficiently soaked, and this was
stirred for 18 hours at room temperature to cleave between the resin and the peptide
fragment. The cleaved resin was filtered off, and the reaction solution was
concentrated under reduced pressure. The residue obtained was concentrated, and
peptide (26) having the amino acid side chain protected (SEQ ID NO. 44):
Ser(tBu)-Ser(tBu)-Asp(OtBu)-Gln(Trt)-Arg(Pbf)-Phe-Ile-Thz-BocN was obtained.
[0167]

One hundred umol equivalents of peptide fragment (26) having an 8-residue
amino acid and having the amino acid side chain protected was transferred to a recovery
flask, dissolved in DMF (3.0 mL), and then cooled to -15°C - -20°C under nitrogen
atmosphere. To this was added thiophenol (308 ul, 3.0 mmol), and then PyBOP
(260.0 mg, 0.50 mmol) then DIPEA (85.0 pl, 0.5 mmol) were added. After stirring at
-15°C - -20°C for 2 hours, trifluoroacetic acid (0.1 mL) was added, and and this was
gradually restored to room temperature. After being restored to room temperature, the
reaction solution was concentrated under reduced pressure. To the residue obtained
was added trifluoroacetic acid:water:TIPS (= 95:2.5:2.5), and this was stirred at room
temperature.  After 2 hours, this solution was added again to the diethyl ether (150 ml)
for precipitation, and then centrifuged in order to remove the solution portion to obtain
the residue comprising the peptide thioester . This residue obtained was purified with
HPLC [column: SHISEIDO proteonavi (C4, 5 um), ¢20 x 250 mm, flow rate: 7.0
mL/min, eluting solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90% AN,
gradient A:B = 78:22 -> 68:32 (20 minutes), linear gradient] to obtain peptide fragment
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B2-SPh (26) having a thiophenyl ester at the C-terminal (SEQ ID NO. 45):
HN-Thz-Ile-Phe-Arg-Gln-Asp-Ser-Ser-SPh (Figure 47).

[0168]
(8-3 Linking of dibenzyl disialo sugar chain attached peptide fragment B1-SR and
peptide fragment B2-SPh)

Two types of fragments, a 13-residue dibenzyl disialo sugar chain attached
peptide fragment B1-SR with an alkyl thioester C-terminal (0.60 mg) and an 8-residue
peptide fragment B2-SPh (0.16 mg) were placed in the same recovery flask, dissolved
in a buffer solution at pH 7.2 (0.15 ml) (prepared with 8 M guanidine hydrochloride
solution, 0.2 mM phosphoric acid solution, and 20 mM Tris-carboxyethyl phosphine
solution (TCEP solution)), and reacted at room temperature. After 14.5 hours, the
production of the target substance was confirmed with HPLC and ESI-MS. The
reaction solution was filtered with a membrane filter, and the filtrate portion comprising
the glycopeptide fragment was purified with HPLC [column: SHISEIDO proteonavi
(C4, 5 pum), 020 x 250 mm, flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water,
B: 0.09% TFA/10% water/90% AN, A:B = 78:22 -> 56:44 (22 minutes), isocratic
~elution for 5 min and then linear gradient] to obtain glycosylated peptide fragment
(B1+B2)-SR (Cys body) (27) of interst having a dibenzyl disialo sugar chain and having
the C-terminal alkyl thioesterified (SEQ ID NO. 46) (Figure 48).

[0169]
(8-4  Methylation of Cys)

5.3 mg (1.03 pmol) of the 21-residue peptide alkyl thioester (27) obtained was
placed in an Eppendorf tube, dissolved in a buffer solution at pH 8.6 (1.09 mL)
(prepared with 8 M guanidine hydrochloride solution, 0.25 Tris-hydrochloric acid
solution, and 3.3 mM EDTA solution) and acetonitrile (0.36 mL), and
methyl-4-nitrobenzene sulfonate (5.1 mg) was then added at 25°C. After 30 minutes,
10% TFA solution (0.2 mL) was added to pH 4, and then the reaction solution was
purified with HPLC [column: SHISEIDO proteonavi (C4, 5 pm), 920 x 250 mm, flow
rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B: 0.09% TFA/10% water/90%
AN, A:B = 72:55 -> 55:45 (34 minutes), isocratic elution for 5 min and then linear
gradient] to obtain glycosylated peptide fragment (B1+B2)-SR (Cys body) (28) having a
dibenzyl disialo sugar chain having the sulfur atom of the cysteine residue comprised in
the source material methylated and having the C-terminal alkyl thioesterified (SEQ ID
NO. 47) (Figure 49).
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[0170]
(8-5 Cyanidation of methylated Cys and intramolecular acyl transfer reaction
following cyanidation)

Peptide fragment (28) having dibenzyl disialo sugar chain having the sulfur
atom of the cysteine residue methylated obtained was placed in an Eppendorf tube,
dissolved in 0.1 mM 80% formic acid solution (3.3 mL), and cyanogen bromide 23.2
mg (219 pmol) was then added at 25°C. After the reaction container was protected
from light, reaction was allowed at 37°C, and after 26.5 hours, the reaction solution was
concentrated under reduced pressure.

The residue obtained was dissolved in a buffer solution at pH 8.0 (prepared
with 8 M guanidine hydrochloride solution and 0.2 M phosphoric acid solution) (0.33
mL), and then reacted at 37°C. After 1 hour, 20% piperidine/DMF solution (3.3 pL,
1% v/v) was added, and after confirming the completion of the reaction with HPLC, this
was purified by HPLC [column: SHISEIDO proteonavi (C4, 5 um), ¢20 x 250 mm,
flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B: 0.09% TFA/10%
water/90% AN, A:B = 72:55 -> 55:45 (34 minutes), isocratic elution for 5 min and then
linear gradient] to obtain the reaction intermediate glycosylated peptide fragment
(B1+B2)-SR (29) having a 21-residue dibenzyl disialo sugar chain and having the
C-terminal alkyl thioesterified (SEQ ID NO. 48) (Figure 50). -SR shows an ethyl
sulfonate thioester.

[0171]

Disialo IFN-B can by synthesized similarly to Example 3 by employing the
glycosylated polypeptide obtained in the above 8-5. (29) as the dibenzyl disialo sugar
chain attached peptide fragment B in Example 3.

[0172]

Example 9 Heat treatment method

(9-1.  Heat treatment of
17,31,141Cys(Acm)-80N(dibenzyl-disialooligosaccharide)-IFN-f3)

The glycosylated polypeptide obtained in the above 3-3. (7)
(17,31,141Cys(Acm)-80N(dibenzyl-disialooligosaccharide)-IFN-B) (3.7 mg) was placed
in a 10 mL recovery flask, and 0.2 M phosphate buffer at pH 7.0 (comprising 8§ M
guanidine) (3.3 mL; substrate concentration: 50 mM) was introduced. A glass stopper
was plugged in the recovery flask, and this was then warmed in an oil bath to 60°C.
After 10 hours, this was restored to room temperature, and then HPLC analysis was
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performed. After confirming that there was no degradation by HPLC and ESI-MS
(Figure 36), this was desalted with HPLC [column: SHISEIDO proteonavi (C4, 5 pm),
20 x 250 mm, flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B: 0.09%
TFA/10% water/90% AN, gradient A:B = 50:50 -> 50:50 (5 minutes) -> 20:80 (35

minutes) -> 5:95 (35.5 minutes)], and a heat treatment sample (4.0 mg) was obtained.

[0173] _
(9-2.  Heat treatment of 80N(dibenzyl-disialooligosaccharide)-IFN-)

The glycosylated - polypeptide obtained in the above 3-4. (8)

(80N(dibenzyl-disialooligosaccharide)-IFN-f  (30pg)) was placed in a 0.5 mL
Eppendorf tube, and 0.2 M phosphate buffer at pH 7.0 (comprising 8 M guanidine) (30
pL; substrate concentration: 50 mM) was introduced. This was covered and heated in
an oil bath to 60°C. After 10 hours, this was restored to room temperature and
subjected to HPLC analysis [column: SHISEIDO proteonavi (C4, 5 um), 920 x 250 mm,
flow rate: 7.0 mL/min, eluting solution A: 0.1% TFA water, B: 0.09% TFA/10%
water/90% AN, gradient A:B = 50:50 -> 50:50 (5 minutes) -> 20:80 (35 minutes) ->
5:95 (35.5 minutes), isocratic elution for 5 min and then linear gradient], and the purity
was confirmed by HPLC and ESI-MS (Figure 37).
‘ Comparing the HPLC and ESI-MS data with glycosylated polypeptide (7)
having Cys protected used in the heating test in the above 9-1., the recovery amount of
glycosylated polypeptide (8) having cysteine unprotected was reduced by the heat
treatment.

[0174]
Example 10 Receptor affinity analysis

Receptor affinity analysis of non-heated or heat-treated chemically synthesized
IFN-B against IFN-a/B receptor 2 was performed.

The binding affinity of the non-heated or heat-treated chemically synthesized
IFN-B against IFN-o/B receptor 2 was measured with ProteOn XPR36 (Bio-rad)
employing SPR (Surface Plasmon Resonance technology).

Specifically, 10 pg/ mL of IFN-a/B receptor 2 (10 mM acetic acid buffer, pH
4.5) was fixed to a GLM chip (Bio-rad) according to instructions by employing an
amine coupling kit (Bio-rad) and flowing 0.005% Tween 20/PBS at a flow rate of 30
pL/min. The non-heated disialo sugar chain attached polypeptide (10) prepared in
Example 3, or the heat-treated disialo sugar chain attached polypeptide obtained by
subjecting the disialo sugar chain attached polypeptide heat-treated in the above 9-1. to
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the de-Acm step, the benzyl group deprotection step, and the folding step described in
the above 3-4. - 3-6. were adjusted to 0.31 - 25 nM with 0.1% BSA and 2 mM
EDTA/PBS, and added to the chip at a flow rate 50 of pl/min. The analysis with
glycosylated polypeptide (10) was carried out at each of five concentrations of 0.31 nM,
0.93 nM, 2.8 nM, 8.3 nM, and 25 nM. The binding constant (ka), the dissociation
constant (kd), and the binding dissociation constant (Kd) were analyzed with ProteOn
Manager software. The results thereof are shown in Figure 38, Figure 39, and Table 1.

Figure 38 shows the graph of analyzing the binding affinity of the non-heated
disialo sugar chain attached polypeptide (10) against IFN-o/p receptor 2. Moreover,
Figure 39 shows the graph of analyzing the binding affinity of the heat-treated disialo
sugar chain attached polypeptide against IFN-a/B receptor 2. As shown in Figure 38,
Figure 39, and Table 1, the chemically synthesized glycosylated polypeptide of the
present invention had receptor affinity equivalent to that of a non-heat-treated

glycosylated polypeptide even after heat treatment.

[Table 1]
Non-heat-treated Heat-treated
ka [1/M+ sec] 5.5 x 10° 4.3 x 10°
kd [1/sec] 2.7 x 107 2.3 x 107
IKd [M] 4,9 x 1071 5.3 x 1071
[0175]
Example 11 Pharmacokinetics analysis

An Example of a pharmacokinetics analysis when the glycosylated
polypeptides according to the present invention prepared by the above Examples were

intravenously and subcutaneously administered is shown below.

(11-1. Preparation of administration fluid and reagent)

The asialo glycosylated polypeptide (15) (asialo IFN-f) prepared in Example 2
and the disialo sugar chain attached polypeptide (10) (disialo IFN-B) prepared in
Example 3 were employed as the chemically synthesized IFN-B. BSA and phosphate
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buffer solution were added and lyophilization was performed. An administration fluid
was prepared by dissolving this with 60 pL of milli-Q water immediately before
administration and adjusting to 500,000 TU/mL with Phosphate buffered saline solution
(PBS, Wako Pure Chemical Industries, Ltd.). Moreover, IFNf Mochida for injection
prepared by biosynthesis (Mochida Pharmaceutical Co., Ltd.) was employed as the
control IFN-B. The provided water for injection was employed for dissolving to 12
million IU/mL, and then adjusted to 500,000 IU/mL with PBS. For EDTA-PBS, PBS
was added so that EDTA-2Na (Wako Pure Chemical Industries, Ltd.) will be 2 mM.
The chemically synthesized glycosylated polypeptide employed for the
pharmacokinetics analysis of the present Example was those that were not heat-treated.
Moreover, IFNB Mochida is IFNB-1a derived from human fibroblast that was prepared
by biosynthesis.

[0176]
(11-2.  Administration and blood collection)

Administration was to mice (BALB/c mouse, male, body weight 20.45 -
25.28¢) at a dosage of 2 million IU/kg under food satiation from the orbital vein or
dorsal subcutaneous with an Insulin Syringe Myjector 29 G x 1/2 (Terumo Corporation)
at a volume of 4 mL/kg. 75 uL of blood was collected from the orbital vein with a
heparin treatment Hematocrit Capillary Tube (HIRSHMANN LABORGERATE) before
administration as well as at 2, 10, and 30 minutes and 1, 3, 6, and 8 hours after
administration for intravenous administration, and before administration as well as at 10
and 30 minutes and 1, 2, 4, 6, and 8 hours after administration for subcutaneous
administration. This was promptly mixed with EDTA-PBS of the same volume as the
collected blood and centrifuged (15000 rpm, 4°C, 10 minutes). 90 pL of the
supernatant was taken as the plasma sample. Plasma samples were frozen in storage
until employed for measurement. Tips and tubes used were low absorbent products
from BM Equipment Co., Ltd.

[0177]
(11-3.  Measurement of blood concentration)

Human interferon-B ELISA kit (Kamakura Techno-Science, Inc.) was
employed for the measurement of the blood concentration of the glycosylated
polypeptide (IFN-B). In other words, dilutions of the plasma sample at 360, 120, and
12-folds as necessary were prepared with the diluting solution supplied in the kit as

measurement samples. As a standard for preparing a standard curve, the chemically
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synthesized IFN-B in the same lot as that employed for administration and IFNJ
Mochida for injection were employed to allow preparation at 200, 100, 50, 25, 12.5,
6.25, and 3.125 TU/mL with the diluting solution supplied in the kit. Blank plasma
was added to the standard curve depending on the dilution ratio of the plasma sample so
that the delivered amount will be equal. By multiplying the results obtained and the
dilution ratio, and further multiplying the dilution ratio 2 in EDTA-PBS as the
anticoagulation treatment, the blood concentration was calculated. The plasma IFN-j

concentration transition obtained is shown in Figure 40.

[0178]
(11-4. Calculation of pharmacokinetics parameter)

From the transition of IFN-8 concentration obtained, the area under the plasma
concentration curve (AUC) was calculated by the trapezoidal rule employing the
moment analysis method.  Moreover, the predicted initial concentration was
determined by the extrapolation method for intravenous administration (CO), and the
maximum plasma concentration (Cmax) was determined from the half-life in plasma
(t1/2), the mean residence time (MRT), and the actual value for subcutaneous
administration. The pharmacokinetics parameters obtained are shown in Table 2.

From Figure 40, it is seen that the glycosylated polypeptide prepared by the
chemical synthesis according to the present invention shows an equivalent blood
kinetics compared to IFN-B prepared by biosynthesis.

[Table 2]
Intravenous administration Subcutaneous administration
t],/;z AUC MRT CO t]‘/2 AUC MRT Cmax
IFN@ Mochida 84 |232831| 50 |20723| 121 | 120287 170 | 606
Asialo IFN-B 68 85183 43 6754 | 222 | 39853 . 319 149
2{ T p €.
Disialo IFN-B 96 54544 | 70 115204 | 300 | 97078 | 345 403
(ty2 : min, AUC : min- IU/mL, MRT : min, Co: IUMmL, Cuas : IU/mL)

[0179]
Example 12 Antitumor activity measurement test

(12-1.  Cell culture and preparation of reagent)
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Daudi cells which are human Burkitt's lymphoma were employed for the
antitumor activity test. The medium employed was RPMI 1640 (Invitrogen)
supplemented with 10% of Fetal Bovine Serum (GIBCO) subjected to an inactivating
treatment at 56°C for 30 minutes and penicillin/streptomycin (SIGMA). Non-treat
dish (IWAKI) was employed as the culture plate, culturing was performed at 37°C
under a condition of 5% CO, concentration, and passaged once every 2 - 3 days.

[0180]
(12-2.  Method for preparing tumor-bearing mouse)

The Daudi cells cultured in the above 12-1. were collected in a tube and
centrifuged (1300 rpm, 4°C, 3 minutes). The supernatant was removed with an
aspirator, HBSS (Nacalai) was added, and the cells were suspended. Next, this was
centrifuged again and the supernatant was removed. This cell washing treatment was
performed for a total of three times. The number of cells was counted with a
hemocytometer, and a cell suspension at 2 x 10° cells/mL was prepared with HBSS.
Immediately before Daudi cell inoculation, Matrigel (BD) at the same volume as the
cell suspension was added to make a 2-folds dilution to prepare a cell suspension for
inoculation. The cell suspension for inoculation was stored on ice until immediately
before inoculation. Somnopentyl (Kyoritsuseiyaku Corporation) diluted to 5 mg/mL
with PBS was employed as the anesthetic drug. 250 - 300 uL of the anesthetic drug
was intraperitoneally administered to an SCID mouse (C. B-17/Icr-scid/scid Jcl mouse,
male) (CLEA Japan, Inc.) with an Insulin Syringe Myjector 29 G x 1/2 (Terumo).
After confirming the introduction of anesthesia, hair on the right frank of the mouse was
shaved with an electrical shaver. 100 pL of the cell suspension for inoculation was
subcutaneously inoculated with a 26 G 1/2 injection needle (Terumo) and a 1 mL glass

syringe (Terumo).

[0181]
(12-3.  Methods for measuring antitumor activity and evaluation)

- About 30 days after the cell inoculation treatment of the above 11-3., the major
axis (mm) and the minor axis (mm) of the tumor tissue formed were measured with a
caliper (Mitsutoyo). The tumor volume (mm®) was determined with the values
obtained. The tumor volume was calculated with the formula: tumor volume (mm®) =
major axis (mm) X minor axis (mm) X minor axis (mm) x 0.5. The tumor volume was
calculated over time and plotted on a graph for evaluation as the antitumor activity

power.
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[0182]
(12-4. Methods for preparing administration fluid and administration)

The asialo glycosylated polypeptide (15) synthesized in Example 2 and the
disialo sugar chain attached polypeptide (10) synthesized in Example 3 were prepared at
5 million TU/mL with PBS. IFNB Mochida for injection prepared by biosynthesis
(Mochida Pharmaceutical Co., Ltd.) was employed as the control IFN-B. The provided
water for injection was employed for dissolving to 12 million IU/mL, and then adjusted
to § million IU/mL with PBS. The preparation of the administration fluid was
performed immediately before administration. Tumor-bearing mice were divided into
4 groups employing the tumor volume measured in the above 12-3. (n = 4/group). The
tumor volume at the time of grouping was approximately 800 mm’. Administration
was with the prepared administration fluid to the dorsal subcutaneous at a volume of 4
ml/kg so that the dosage will be 20 million IU/kg, with an Insulin Syringe Myjector 29
G x 1/2. For the vehicle administration group, PBS employed for preparing the
administration fluid was administered at a volume of 4 mL/kg. Grouping and first
administration was set as day 0, and a total of 10 dorsal subcutaneous administrations

were given every day until day 9.

[0183]
(12-5. Evaluation of antitumor activity power)

The tumor volume was calculated on days 3, 6, 8, 10, 13, 15, and 17 with the
method shown in 12-3., and the change of tumor volume over time is shown in Figure
41.

From Figure 41, it is seen that the glycosylated polypeptide prepared by the
chemical synthesis according to the present invention showed equivalent or superior
antitumor activity compared to IFN-B prepared by biosynthesis. In particular, the
glycosylated polypeptide (19) of the present invention wherein the attached disialo
sugar chains are substantially uniform showed superior antitumor activity compared to

IFN-f prepared by biosynthesis.

[0184]
Example 13 Evaluation of cell proliferation suppression ability after heat treatment
Moreover, the cell proliferation suppression ability of the heat-treated disialo

sugar chain attached polypeptide obtained by subjecting the disialo sugar chain attached
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. polypeptide heat-treated in the above 9-1. to the de-Acm step, the benzyl group
deprotection step, and the folding step described in the above 3-4. - 3-6. was evaluated.

Specific evaluation of cell proliferation suppression ability was performed as
follows.

Human Burkitt's lymphoma cell strain, Daudi, was suspended in RPMI 1640
medium containing 10% Fatal Bovine Serum, 100 U/mL penicillin, and 100 pg/mL
streptomycin (10% FCS-RPMI 1640) to 1.25 x 10° cells/mL. 1 x 10%/80 puL/well of
the cell suspension was seeded in a 96-well flat-bottomed plate, 20 uL/well of complete
chemically synthesized IFN-B diluted with 10% FCS-RPMI 1640 was further added,
and cultured in an CO; incubator with CO, concentration adjusted to 5% at 37°C for 3
days. The cell proliferation suppression ability was measured with Cell counting kit-8
(DOJINDO) according to the manual provided in the kit, with mitochondria
dehydrogenase activity at day 3 of culture as the indicator.

Moreover, the non-heat-treated disialo sugar chain attached polypeptide (10)
was used as the control. The results thereof are shown in Figure 42. As shown in
Figure 42, cell proliferaﬁon suppression ability equivalent to a non-heat-treated
glycosylated polypeptide was shown in the glycosylated polypeptide even after heat

treatment.

Sequence Listing
OCKP1104F sequence listing.txt
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Claims

1. A glycosylated polypeptide chain characterized in that said glycosylated
polypeptide is a polypeptide selected from the group consisting of:

(a) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1;

(b) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1 having one or a few amino acids deleted, substituted, or added;

(c) an interferon B analog; and

(d) a polypeptide having 80% or more homology with a polypeptide consisting
of the amino acid sequence represented by SEQ ID NO. 1;
wherein the polypeptide has a sugar chain at the amino acid corresponding to position
80 in interferon B and has interferon B activity, and

said glycosylated polypeptide has substantially uniform sugar chains.

2. A glycosylated polypeptide according to claim 1, characterized in that said
glycosylated polypeptide is prepared by chemical synthesis.

3. A glycosylated polypeptide obtained by a method comprising a step of
synthesizing a glycosylated peptide fragment and at least two peptide fragments and a
step of linking said glycosylated peptide fragment and said at least two peptide
fragments, characterized in that said glycosylated polypeptide is a polypeptide selected
from the group consisting of:

(a) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1;

(b) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1 having one or a few amino acids deleted, substituted, or added;

(c) an interferon P analog; and

(d) a polypeptide having 80% or more homology with a polypeptide consisting
of the amino acid sequence represented by SEQ ID NO. 1;
wherein the polypeptide has a sugar chain at the amino acid corresponding to position
80 in interferon P and has interferon p activity.

4, A glycosylated polypeptide according to claim 3, characterized in that the sugar
chain in said glycosylated polypeptide is an asparagine-linked sugar chain.
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5. A glycosylated polypeptide according to claim 4, characterized in that the sugar
chain in said glycosylated polypeptide is a disialo sugar chain represented by the
following formula (a) or an asialo sugar chain represented by the following formula (b).
[Chemical Formula 1]

HO HOOC o

HO,
HOW\O”EE Q__Ho NHAC
HO : \5‘7\
HO
HO Q
HO

0 Og OH OH
PE=R 0y
HO = HO

HO
oH 9
HO@Q% . NHAC NHAC
HOWO'%O%\A/
AcHN—E71 HO on HO NHAC

(a)

[Chemical Formula 2]

HO _.-OH
'®) HO NHAc

IS
"~ oH HO 0o O
O— OH OH oH
HosxlQ_o~Ea
oH O HE&/O&/

HO
HO 70 NHAG NHAG
HO
Oy 0
HO>" Nop MO NHAC
(b)
6. A glycosylated polypeptide according to any one of claims 3 to 5, characterized

in that Cys corresponding to positions 31 and 141 of interferon 8 forms a disulfide
bond.
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7. A glycosylated polypeptide according to any one of claims 3 to 6, characterized
in that it is heat-treated.

8. A glycosylated polypeptide according to claim 1 or 2, characterized in that it is
90% or more pure.

9. A composition comprising a glycosylated polypeptide according to any one of
claims 1 to 7, characterized in that the glycosylated polypeptides in said composition
are substantially uniform.

10. A composition according to claim 9, characterized in that the glycosylated

polypeptides in said composition are 90% or more uniform.

11. A composition according to claim 9 or 10, characterized in that the

glycosylated polypeptide in said composition is 90% or more pure.

12. A pharmaceutical composition characterized in that it comprises:
() a glycosylated polypeptide according to any one of claims 1 to 7 and/or a
pharmaceutically acceptable salt thereof, and

(II) a pharmaceutically acceptable carrier.

13. A pharmaceutical composition according to claim 12, characterized in that

sugar chains are substantially uniform in said glycosylated polypeptide.

14. A pharmaceutical composition according to claim 13, characterized in that

sugar chains are 90% or more uniform in said glycosylated polypeptide.

15. A pharmaceutical composition according to any one of claims 12 to 14,

characterized in that said glycosylated polypeptide is 90% or more pure.

16. A pharmaceutical composition according to any one of claims 12 to 15,
characterized in that it is employed for treating or preventing an interferon B-related
disease.

17. A pharmaceutical composition according to claim 16, characterized in that said

interferon B-related disease is at least one disease selected from the group consisting of
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a brain tumor including multi-glioblastoma, medulloblastoma, and astrocytoma,
cutaneous malignant melanoma, chronic active hepatitis B, chronic hepatitis C, subacute

sclerosing panencephalitis, compensated cirrhosis C, and multiple sclerosis.

18. A method for treating or preventing an interferon B-related disease,
characterized in administering an effective amount of a glycosylated polypeptide
according to any one of claims 1 to 7.

19. A treatment or prevention method according to claim 18, characterized in that
said interferon PB-related disease is at least one disease selected from the group
consisting of a brain tumor including multi-glioblastoma, medulloblastoma, and
astrocytoma, cutaneous malignant melanoma, chronic active hepatitis B, chronic
hepatitis C, subacute sclerosing panencephalitis, compensated cirrhosis C, and multiple

sclerosis.

20. A glycosylated polypeptide characterized in that said glycosylated polypeptide
is a polypeptide selected from the group consisting of:

(a) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1;

(b) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1 having one or a few amino acids deleted, substituted, or added;

(c) an interferon P analog; and

(d) a polypeptide having 80% or more homology with a polypeptide consisting
of the amino acid sequence represented by SEQ ID NO. 1;
wherein the polypeptide has a sugar chain at the amino acid corresponding to position
80 in interferon B and has Cys corresponding to positions 17, 31, and 141 in interferon

protected by a protecting group.

21. A glycosylated polypeptide according to claim 20, characterized in that said
sugar chain is a disialo sugar chain represented by the following formula (c) or an asialo
sugar chain represented by the following formula (b).
[Chemical Formula 3] |
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(c)

(wherein R represents -COOBn, -COOEt, -COOMe, -COOCH,COPh,
-COOCH,PhOMe, -COOCH,Ph(OMe);, -COOCH,PhNO,, or -COOCH;Ph(NO,),.

Bn indicates a benzyl group, Et indicates an ethyl group, Me indicates a methyl group,
and Ph indicates a phenyl group).

[Chemical Formula 4]

(b)

22. A glycosylated polypeptide according to claim 20 or 21, characterized in that
Cys corresponding to said positions 17, 31, and 141 in interferon B are protected by any

one protecting group selected from the group consisting of an Acm group, an
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alkoxymethyl group, a triphenylmethyl group, a t-butyl group, a benzyl group, and an
ethyl group having the B position substituted.

23. A method for manufacturing a glycosylated polypeptide, characterized in that it
comprises a step of deprotecting Cys corresponding to said positions 17, 31, and 141 in
interferon B protected by a protecting group in the glycosylated polypeptide according
to any one of claims 20 to 22.

24, A method for manufacturing a glycosylated polypeptide according to claim 23,
characterized in that the glycosylated polypeptide is heat-treated before the step of
deprotecting the protecting group of Cys.

25. A glycosylated polypeptide, characterized in that said glycosylated polypeptide
is a polypeptide selected from the group consisting of:

(a) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1;

(b) a polypeptide consisting of the amino acid sequence represented by SEQ ID
NO. 1 having one or a few amino acids deleted, substituted, or added;

(¢) an interferon B analog; and

(d) a glycosylated polypeptide having 80% or more homology with a
polypeptide consisting of the amino acid sequence represented by SEQ ID NO. 1;
wherein the polypeptide has a sugar chain at the amino acid corresponding to position
80 in interferon B, and

said sugar chain is a disialo sugar chain having the carboxy group of the sialic
acid present at the sugar chain non-reducing terminal protected represented by the
following formula (c).
[Chemical Formula 5]
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(©)
(wherein R represents -COOBn, -COOEt, -COOMe, -COOCH,COPh,
-COOCH;PhOMe, -COOCH,Ph(OMe),;, -COOCH,PhNO;, or -COOCH,Ph(NO,),.
Bn indicates a benzyl group, Et indicates an ethyl group, Me indicates a methyl group,

and Ph indicates a phenyl group).

26. A method for manufacturing a glycosylated polypeptide, characterized in that it
comprises a step of deprotecting the protecting group of the carboxy group of the sialic
acid present at the sugar chain non-reducing terminal in the glycosylated polypeptide
according to claim 25.

27. A method for manufacturing a glycosylated polypeptide according to any one
of claims 23, 24, and 26, characterized in that it further comprises a step of folding said
glycosylated polypeptide.



