SPECIFICATION OLIGOSACCHARIDE CHAIN ADDED GLP-1 PEPTIDE TECHNICAL FIELD [0001]
The present invention relates to an oligosaccharide chain added GLP-1 peptide. BACKGROUND ART
[0002] GLP-1 (glucagon-like peptide-1) is a peptide of intestinal origin that is deeply involved in
regulation of glucose homeostasis. GLP-1 is synthesized in intestinal L-cells by the tissue-specific
post-translational processing of preproglucagon which is a glucagon precursor and released into
circulation in response to food intake. These ggggg]g?&?r&/g&gs main mediators of the entero-insular
axis and act through the binding to particular receptors. [0003] GLP-1 has been known to act

mainly on the pareesacrdaNepwteiheinsubdEgiease of 13 geliaiika glucose
concentration-dependent manner. It has also been suggested that GLP-1 is likely to suppress

glucagon secrétioiiNeldy-gastriblemptying, and enhance peripheral glucose disposal. [0004]
[0001]

The present invention relates to an oligosaccharide
chain added GLP-1 peptide.
BACKGROUND ART
[0002]

GLP-1 (glucagon—-like peptide-1) is a peptide of
intestinal origin that is deeply involved in regulation
of glucose homeostasis. GLP-1 is synthesized in
intestinal L-cells by the tissue-specific post-
translational processing of preproglucagon which is a
glucagon precursor and released into circulation in
response to food intake. These peptides serve as main
mediators of the entero-insular axis and act through the
binding to particular receptors.

[0003]

GLP-1 has been known to act mainly on the pancreas
and promote the insulin release of P cells in a glucose
concentration-dependent manner. It has also been
suggested that GLP-1 is likely to suppress glucagon
secretion, delay gastric emptying, and enhance peripheral
glucose disposal.

[0004]

The administration of GLP-1 to patients with non-

insulin-dependent diabetes mellitus can normalize

postprandial glucose levels, suggesting that GLP-1 may be



The administration of GLP-1 to patients with noninsulin-dependent diabetes mellitus can normalize
postprandial glucose levels, suggesting that GLP-1 may be used as a therapeutic drug. GLP-1 also
has the effect of improving glycemic control in patients with insulin-dependent diabetes mellitus. Since
the effect of promoting insulin release by GLP-1 depends on plasma glucose concentrations, GLP-1
mediates reduced insulin release at a low plasma glucose concentration and therefore advantageously

causes no seriﬁjsug prgggl cemia. Thus,d tr(lje gllgpl sa Eealtmaelnst gf}cliiasbet S Ca%'PL%C chieved by

controlling the amount of GL “1in'blood as hec ssary. However, the%alfﬁl 6o in blood is as

extremely shottgs-2 10 6 Migutese presexting the preplem-afdtsdimited possikility;as-a therapeutic
agent. [0005] To solve such a problem, an attempt has been made to modify GLP-1. For example,
Patent Documeap ¢ isoidsebia PEGdated G LRUscompound consprisifea iGlcE-1 compound
conjugated to at least 1 polyethylene glycol (PEG) molecule, wherein each PEG is bound with the

GLP-1 compolRGEP e Eys BF Lyd Bnfifid 8citForat the CarbsXyRE A Aind Hefd, and the
PEGylated GLPr] compound has an elimjnatiop;halfrlifg of at least 1 heur. JOOORL,,; s4ccording to

Patent Document 1, the obtained biologically active peptide has a longer half-life and highly delayed
clearance compared e those0f LnP EGyated pepliteselthasalsa been showndhat the PEGylated
GLP1 compound and composition are useful in the treatment of the health condition such as diabetes,
obesity and irfitsie bewel syhittsimeierwell as teddcifg Bloctesugat JevelPasppressiag gastric and/or

intestinal motility, gastric and/or intestinal emptying, and contrglling food intake (e.g., Non-patent
document 1). l[@éb%] E%ﬁoﬁvé@&ﬁ%%?sea%g%qap%%%a hggisgnlo gnee?tgﬁol?zae% igﬁe\/ivo. Therefore, the

continuous adpinisttatien af the REGylated GLH:L compaundaccymulates PEG dnyivoand might
cause adverse reaction in the living bodies (Non-patent document 1).

necessary. However, the half-life of GLP-1 in blood is

as extremely short as 2 to 6 minutes, presenting the
problem of its limited possibility as a therapeutic agent.
[0005]

To solve such a problem, an attempt has been made to
modify GLP-1. For example, Patent Document 1 discloses a
PEGylated GLP-1 compound comprising a GLP-1 compound
conjugated to at least 1 polyethylene glycol (PEG)
molecule, wherein each PEG is bound with the GLP-1
compound at the Cys or Lys amino acid or at the carboxyl-
terminal amino acid, and the PEGylated GLP-1 compound has
an elimination half-1life of at least 1 hour.

[0006]

According to Patent Document 1, the obtained
biologically active peptide has a longer half-1life and
highly delayed clearance compared to those of unPEGylated
peptides. It has also been shown that the PEGylated GLP-
1 compound and composition are useful in the treatment of

the health condition such as diabetes, obesity and



[0008] Exendin-4 found from the saliva of a lizard (Heloderma) is a compound that is structurally
similar to GLP-1 and has similar activity and high stability in blood (Non-patent Document 2) which has
been placed on the market in U.S.. However, exendin-4 has a nonhuman sequence and might induce
neutralizing antibodies attributed to long-term administration, leading to attenuated efficacy
((Non-patent Documents 3-5). [0009] On the other hand, it has become evident that
oligosaccharide, chains play,varioys toles in vivo, They have been less well studied due to their
complicated and diverse structures, %ﬁ/ougﬁw the importance of the studies’is recognlze(?. An attempt

has been made«aia methed fersehtaning 8 ahicopeptide havingLonstant capposition, (Patent
Document 2). However, this production method is still less than sufficient from the viewpoint of

convenience oydargeiscategroduction antis adt practivanwuethoddpartictlady farriong efigosaccharide
chains existing in vivo. [Patent Document 1] National Publication of International Patent Application

No. 2006-52081% fdteritD8cumBREZPRET 3605088351 fNdR-patent document 1] Toxicological
Science, 42, {fgo 65? (1998) [Non-patent document 2] J Biol Chem. 267, 402-5 (1992) [Non-patent
Document 3] Vascular Health and Risk Management 2, 69-77 (2006) [Non-patent Document 4] JANA.
298, 194-206 (2007)HdeaxpatentRacursent YldndactinetRevews 280 48421842007k d

in vivo. Therefore, the continuous administration of the
PEGylated GLP-1 compound accumulates PEG in vivo and
might cause adverse reaction in the living bodies (Non-
patent document 1).

[0008]

Exendin-4 found from the saliva of a lizard
(Heloderma) is a compound that is structurally similar to
GLP-1 and has similar activity and high stability in
blood (Non-patent Document 2) which has been placed on
the market in U.S.. However, exendin-4 has a nonhuman
sequence and might induce neutralizing antibodies
attributed to long-term administration, leading to
attenuated efficacy ((Non-patent Documents 3-5).

[0009]

On the other hand, it has become evident that
oligosaccharide chains play various roles in vivo. They
have been less well studied due to their complicated and
diverse structures, though the importance of the studies
is recognized. An attempt has been made on a method for
obtaining a glycopeptide having constant composition
(Patent Document 2). However, this production method is

still less than sufficient from the viewpoint of



SUMMARY OF THE INVENTION PROBLEM TO BE SOLVED BY THE INVENTION [0010] An
object of the present invention is to provide an oligosaccharide chain added GLP-1 peptide that has
higher stability in blood than that of GLP-1 and, more preferably, exhibits higher activity of controlling
blood-sugar levels than that of GLP-1. MEANS FOR SOLVING PROBLEM [0011] The present
invention can have the following characteristics to solve the problem. Specifically, the present
invention provides an 9'&005308@3@%% chain agggd GL%—lcp%e%tirgea%?/ein% GIII_OPt-l activity, wherein at

least one amino acid is substituted Wittt an Soﬁ:lgosagc%%rl & chain added amino acid, in (a) GLP-1;

(b) a peptide having-the.aminoracidh spguenca,0i:eLB 1 mith delgtion,1substitition o agslition of one or
several amino acids; or
chains existing in vivo.
[Patent Document 1] National Publication of International
Patent Application No. 2006-520818
[Patent Document 2] WO 2005-095331
[Non—-patent document 1] Toxicological Science, 42, 152-
157 (1998)
[Non—-patent document 2] J Biol Chem. 267, 402-5 (1992)
[Non-patent Document 3] Vascular Health and Risk
Management 2, 69-77 (2006)
[Non-patent Document 4] JAMA. 298, 194-206 (2007)
[Non-patent Document 5] Endocrine Reviews 28, 187-218
(2007)
SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0010]

An object of the present invention is to provide an
oligosaccharide chain added GLP-1 peptide that has higher
stability in blood than that of GLP-1 and, more
preferably, exhibits higher activity of controlling
blood-sugar levels than that of GLP-1.

MEANS FOR SOLVING PROBLEM
[0011]

The present invention can have the following
characteristics to solve the problem.

Specifically, the present invention provides an

oligosaccharide chain added GLP-1 peptide having GLP-1



(c) a GLP-1 analog. [0012] The present invention also provides an oligosaccharide chain added
GLP-1 peptide having GLP-1 activity, wherein at least one amino acid is substituted with an
oligosaccharide chain added amino acid, in (a) GLP-1; or (b) a peptide having the amino acid
sequence of GLP1 with deletion, substitution or addition of one or several amino acids and having

GLP-1 activity. [0013]
1V1iT

The present invention also provides an oligosaccharide chain added GLP-1

a

peptide havingi(C:ELP-l activity, wherein the Iigg%acocggrig%ﬁtﬂgin aq%edigLP-Jb%grt Ici%%ies (a) an

oligosacchari

e chain adde ﬁ_rl??-inpep ide%avmg one or several amiro acids

er added to the C

terminal (positipn-37)-0f GLR 4 yherein-atdeastionerofihe added aming @cids issubstituted with an
oligosaccharide chain added amino acid; or (b) an oligosaccharide chain added GLP-1 peptide

having the amino acitlasedeleice of the oligosaccharide chain added GLP-1 peptide defined in (a) with
deletion, substitution or addition of one or several amino acids except the oligosaccharige ghain added

amino acid(s). [0014]

a peptide having the amino acid sequehce of GLP

1 with deletion, substitution or addition of one or

several amino acids; or

(c)

[0012]

a GLP-1 analog.

The present invention also provides an

oligosaccharide chain added GLP-1 peptide having GLP-1

activity,

wherein at least one amino acid is substituted

with an oligosaccharide chain added amino acid, in

(a)
(b)

GLP-1,; or

a peptide having the amino acid sequence of GLP-

1 with deletion, substitution or addition of one or

several amino acids and having GLP-1 activity.

[0013]

The present invention also provides an

oligosaccharide chain added GLP-1 peptide having GLP-1

activity,

wherein the oligosaccharide chain added GLP-1

peptide is

(a)

an oligosaccharide chain added GLP-1 peptide

having one or several amino acids further added to the C

terminal

(position 37) of GLP-1, wherein at least one of

the added amino acids is substituted with an

oligosaccharide chain added amino acid; or

(b)

an oligosaccharide chain added GLP-1 peptide

having the amino acid sequence of the oligosaccharide



The present invention also provides an oligosaccharide chain added GLP-1 peptide having GLP-1
activity, wherein the oligosaccharide chain added GLP-1 peptide is (a) an oligosaccharide chain
added GLP-1 peptide having one or several amino acids further added to the N terminal (position 7) of
GLP-1, wherein at least one of the added amino acids is substituted with an oligosaccharide chain
added amino acid; or (b) an oligosaccharide chain added GLP-1 peptide having the amino acid

sequence of the oligosacchari hain added GLP-1 peptide. defined in (a) with deletion, substitution
or addition of (():(r?lléa1 (l)%sg\;%g}eelﬁa%?‘n% gcigse %%éjc;pet tﬁSJfohBSé%c%%aﬁéé c‘ﬁéﬁ\%a e%gr%l?r?d acid(s).

[0015]  Thespresentinvestion alsaquovides aproligosacehasidechain agdded GlP-dpeptide having
GLP-1 activity, wherein the oligosaccharide chain added GLP-1 peptide is (a) an oligosaccharide

chain added Gi:R=¢peptide wherginsart ahmino- deiddtat teasidne siteisefected from positions 18, 20,
22, 26, 30, 34 and 36 of GLP-1 is substituted with an oligosaccharide chain added amino acid; or
(b) an oligosac[c%%}iﬁé chain added GLP-1 peptide having the amino acid sequence of the

oligosaccharide chai@}@gdggegle%@ ReRtide definedsip .C(a%)@/gg deletion, substitution or addition of one

or several amino acids except the oligosaccharide chain added amino acid(s). [0016] Moreover,
the present invantipnprovides adcoligosaechaliiedclmEir added &3R4 peptidedaving-GLP-1 activity,
wherein at least two amino acids are substituted with oligosaccharide chain added amino acids, in
(a) GLP-1; a@&)iéfﬁaéﬁtﬂidé“hﬁ\ﬁﬁé@hé]émiﬁdé@@sﬁ%ﬁﬁéﬁéé@? GLPL with défstionl-BuBstitution or
addition of on%gg)ﬁel\éeerali%mino acids; or
(a) an oligosaccharide chain added GLP-1 peptide
having one or several amino acids further added to the N
terminal (position 7) of GLP-1, wherein at least one of
the added amino acids is substituted with an
oligosaccharide chain added amino acid; or
(b) an oligosaccharide chain added GLP-1 peptide
having the amino acid sequence of the oligosaccharide
chain added GLP-1 peptide defined in (a) with deletion,
substitution or addition of one or several amino acids
except the oligosaccharide chain added amino acid(s).
[0015]
The present invention also provides an
oligosaccharide chain added GLP-1 peptide having GLP-1
activity, wherein the oligosaccharide chain added GLP-1
peptide is
(a) an oligosaccharide chain added GLP-1 peptide
wherein an amino acid at at least one site selected from
positions 18, 20, 22, 26, 30, 34 and 36 of GLP-1 is
substituted with an oligosaccharide chain added amino

acid; or



(c) a GLP-1 analog. [0017] The present invention also provides an oligosaccharide chain added
GLP-1 peptide having GLP-1 activity, wherein at least two amino acids are substituted with
oligosaccharide chain added amino acids, in (a) GLP-1; or (b) a peptide having the amino
acid sequence of GLP1 with deletion, substitution or addition of one or several amino acids. [0018]
The present invention also provides an oligosaccharide chain added GLP-1 peptide having GLP-1
Zglt(l]\llsltym wher?;r)\ ?;tl_lg s} two arrhno acids are substituted with ggggs%%cpgiidg %‘Qiin L, added amino

having the amino acid sequence of the oligosaccharide
chain added GLP-1 peptide defined in (a) with deletion,
substitution or addition of one or several amino acids
except the oligosaccharide chain added amino acid(s).
[0016]

Moreover, the present invention provides an
oligosaccharide chain added GLP-1 peptide having GLP-1
activity, wherein at least two amino acids are
substituted with oligosaccharide chain added amino acids,
in

(a) GLP-1;

(b) a peptide having the amino acid sequence of GLP-
1 with deletion, substitution or addition of one or
several amino acids; or

(c) a GLP-1 analog.

[0017]

The present invention also provides an
oligosaccharide chain added GLP-1 peptide having GLP-1
activity, wherein at least two amino acids are
substituted with oligosaccharide chain added amino acids,
in

(a) GLP-1; or

(b) a peptide having the amino acid sequence of GLP-
1 with deletion, substitution or addition of one or
several amino acids.

[0018]



(b) a peptide having the amino acid sequence of GLP1 with deletion, substitution or addition of one or

several amino acids and having GLP-1 activity. [0019] In the present invention, the oligosaccharide
chain added amino acid can be preferably, but not limited to, oligosaccharide chain added Asn or
oligosaccharide chain added Cys, depending on embodiments. [0020] In the present invention, in

the oligosaccharide chain added amino acid, the oligosaccharide chain may be linked to the amino
acid via a linker or W%?‘%Ut a gnléergtPrerfgf%arpM ghe O!Li%%sacchari%ee Sn}:hairrll is linked to the amino acid
without a linker (i.e., wecﬁ)ﬁ, 8epenci'|ng on emBoc%ment?ﬁSéﬁr T the present invention, the

oligosaccharideichain iscaeneraliy. preferablyan oligesacchapide €hain consistingaafdour or more
sugars. However, an oligosaccharide chain consisting of five to eleven sugars may be preferable,

depending on @aibodirnentsy[G022in  atin ke present irvehtion athedstigesaccharide chain may be
preferably, but not limited to, an oligosaccharide chain selected from the Czroup_ consisting of disialo,

monosialo, asfHie WG ICNA afid Bim&ineEe aIigoRatdhisride cding HEpEnding '6n &fmbddiments.

in

(a) GLP-1; or

(b) a peptide having the amino acid sequence of GLP-
1 with deletion, substitution or addition of one or
several amino acids and having GLP-1 activity.

[0019]

In the present invention, the oligosaccharide chain
added amino acid can be preferably, but not limited to,
oligosaccharide chain added Asn or oligosaccharide chain
added Cys, depending on embodiments.

[0020]

In the present invention, in the oligosaccharide
chain added amino acid, the oligosaccharide chain may be
linked to the amino acid via a linker or without a linker.
Preferably, the oligosaccharide chain is linked to the
amino acid without a linker (i.e., directly), depending
on embodiments.

[0021]

In the present invention, the oligosaccharide chain
is generally preferably an oligosaccharide chain
consisting of four or more sugars. However, an
oligosaccharide chain consisting of five to eleven sugars
may be preferable, depending on embodiments.

[0022]



[0023] In the present invention, the oligosaccharide chain may be preferably, but not limited to, an
oligosaccharide chain represented by the following formula, depending on embodiments: [Formula 1]
wherein R2 and R2 are the same or different and each represents [Formula 2]

In the present invention, the oligosaccharide chain
may be preferably, but not limited to, an oligosaccharide
chain selected from the group consisting of disialo,
monosialo, asialo, diGlcNAc and dimannose oligosaccharide
chains, depending on embodiments.

[0023]

In the present invention, the oligosaccharide chain

may be preferably, but not limited to, an oligosaccharide

chain represented by the following formula, depending on

embodiments:

[Formula 1]

R? HAC HAC

wherein
R! and R? are the same or different and each
represents

[Formula 2]



OH M9,-)H HO f40- t10- HeA 1 MO--St-fe, or and Ac represents an acetyl group. [0024]

and

HO. HAG
HOw,;t“!? .
HO—/ aﬂT H
ﬁp ok ,«Q‘ H Q”S‘?Q
HO i HO™X 2O
. HO™ or HO

Ac represents an acetyl group.

[0024]

In the present invention,
is, preferably,
invention, the oligosaccharide
have such a structure.
the present invention, e.g.,
uniformity can be achieved.
[0025]

The oligosaccharide chain
present invention, preferably,
blood than that of GLP-1.

The oligosaccharide chain

present invention can have the

blood-sugar levels preferably at least 5 times,

preferably at least 10 times,

substantially uniform.

at least 90%

the oligosaccharide chain

In the present

chains can be adjusted to

According to the disclosure of

or at least 99%

added GLP-1 peptide of the

has higher stability in

added GLP-1 peptide of the
activity of controlling

more

even more preferably at



In the present invention, the oligosaccharide chain is, preferably, substantially uniform. In the present
invention, the oligosaccharide chains can be adjusted to have such a structure. According to the
disclosure of the present invention, e.g., at least 90% or at least 99% uniformity can be achieved.
[0025] The oligosaccharide chain added GLP-1 peptide of the present invention, preferably, has
higher stability in blood than that of GLP-1. The oligosaccharide chain added GLP-1 peptide of the

present invention can have the activity .of controlling blood- ré vels preferably at least 5 times,
more preferab yeéiltsleasat%'J 1(?C tllrrﬁeeg, l(g\kllé):(ntm%ge %?g‘e?ab][fll :P %(Laig[gt %rt?rzesé?hua%%? LP-1in OGIT (Oral
Glucose Tolerange g5t <[0026} ) . The oligosaccharide chain added GLP-1 peptide of the present
invention can have DPP-1V resistance preferably at least 30 times, more preferably at least 50 times
that of GLP-1.[002%]]  The oligosaccharide chain added GLP-1 peptide of the present invention can
be used as a novel active ingredient in medical application. Such medical apglication encompasses

the treatment or prevehtioRl of #RaSE8 #5506 ith S1$24. SUEn tideakEd Are Bbifidtoy, e.g.,

diabetes'[oozgl:esent invention can have DPP-IV resistance preferably
at least 30 times, more preferably at least 50 times that
of GLP-1.
[0027]

The oligosaccharide chain added GLP-1 peptide of the
present invention can be used as a novel active
ingredient in medical application. Such medical
application encompasses the treatment or prevention of
diseases associated with GLP-1. Such diseases are
typified by, e.g., diabetes.

[0028]

Of course, one or any combination of the
characteristics of the present invention described above
is also incorporated in the oligosaccharide chain added
GLP-1 peptide of the present invention.

EFFECT OF THE INVENTION
[0029]

The oligosaccharide chain added GLP-1 peptide of the
present invention has higher stability in blood than that
of GLP-1. 1In one aspect of the present invention, the
oligosaccharide chain added GLP-1 peptide of the present
invention has higher activity of controlling blood-sugar
levels than that of GLP-1. Accordingly, the

oligosaccharide chain added GLP-1 peptide of the present

- 11 -



Of course, one or any combination of the characteristics of the present invention described above is
also incorporated in the oligosaccharide chain added GLP-1 peptide of the present invention. EFFECT
OF THE INVENTION [0029] The oligosaccharide chain added GLP-1 peptide of the present
invention has higher stability in blood than that of GLP-1. In one aspect of the present invention, the
oligosaccharide chain added GLP-1 peptide of the present invention has higher activity of controlling

blood-sugar levels thgn that of GLP-1. Accor.din%l)f/, the qcligos ccharide chain added GLP-1 peptide of
.1nvention, can, be. administered at 7a LOwer dJdoseE a a
the present invention can be administered at a lower dose and a smalter number 6f doses than those

of GLP-1. [0030Q]a1 1 dhenligesaccharigde £hain tosbe added tQ theseligosaccharide chain added GLP-1
peptide of the present invention is easily degraded in vivo and therefore, does not cause adverse

reaction attributed 3@ its accumulation in the living bodies. [0031] Some or all of the oligosaccharide
chains to be added to the oligosaccharide chain added GLP-1 peptide of the present invention exist in

vivo in mammals inciUdin’HArAane Girde £5€ THES exhitsit Réittist &ide EffedtEhor antigenicity, when
administered to-living-hodies, Therefore sthey dp-notayrgsanthe proplemofiajlergic seagfions or a loss
of efficacy attributed to antibody production. For previous oligosaccharide chains, particularly, Jong
oligosaccharidenchains, @ligosacchafide chainradded peptideso(os proteinsy daving,a apiderm
oligosaccharide chain structure were difficult to obtain in large amounts with constant quality.
However, acca@ing-tothe predaétisn proeess efthetpresenttindetton. #e e6pBuAd b e present
invention, which is %neolﬂqfsiacch%rcl?(lj?y]a chain added peptide, can be supplied stably and conveniently in

large amountslélncf’ls also verrilguse ‘from the viewpoint of pharmaceutical production.

[0031]

Some or all of the oligosaccharide chains to be
added to the oligosaccharide chain added GLP-1 peptide of
the present invention exist in vivo in mammals including
humans, birds, etc. They exhibit neither side effects
nor antigenicity, when administered to living bodies.
Therefore, they do not present the problem of allergic
reactions or a loss of efficacy attributed to antibody
production.

For previous oligosaccharide chains, particularly,
long oligosaccharide chains, oligosaccharide chain added
peptides (or proteins) having a uniform oligosaccharide
chain structure were difficult to obtain in large amounts
with constant quality. However, according to the
production process of the present invention, the compound
of the present invention, which is an oligosaccharide
chain added peptide, can be supplied stably and
conveniently in large amounts and is also very useful
from the viewpoint of pharmaceutical production.

BRIEF DESCRIPTION OF THE DRAWINGS

- 12 -



BRIEF DESCRIPTION OF THE DRAWINGS [0032] FIG. 1 is one example of a HPLC chart in
Example 43 and shows peaks of 18Asn GLP-1-asialo and 18Asn GLP-1- disialo; FIG. 2 is one
example of a HPLC chart in Example 44 and shows peaks of 22Asn GLP-1-asialo and 22Asn GLP-1-
disialo; FIG. 3 is one example of a HPLC chart in Example 45 and shows peaks of 30Asn
GLP-1-asialo and 30Asn GLP-1- disialo; FIG. 4 is one example of a HPLC chart in Example 47
and shows pe 16 g% 6Asn GLP-1-asialo and 36Asn GLP-1- disialo; FIG. 5 is a graph showing
HPLC analysis results of an oligosaccharide chain added GLP-1 peptide of Example 7 in Test

Example 1 (Test of stakility in plasma); exahk.&6 isma graphrshawing HRLC apalysissresylts of GLP-1
of Comparative Example 1 in Test Example 1 (Test of stability in plasma); FIG. 7 is a graph
showing changesiofblood-sugak fevels dftérsadrinistration iof bligesatchatide chairddded GLP-1
peptides of Examples 1 to 5 and a GLP-1 compound of Comparative Example 1 in Test Example 2
(Test of effect Ot ‘Fd\ﬁéTﬂfg blood-sugar levels in db/db mice); FIG. 8 is a graph showing changes of

blood-sugar levels after-administration (gPQélliIg@%cc(g@rigem g@lg&qGH’-%Qgﬁqu%s @f,Example 5
and a GLP-1 of

and shows peaks of 22Asn GLP-l-asialo and 22Asn GLP-1-

disialo;

FIG. 3 is one example of a HPLC chart in Example 45
and shows peaks of 30Asn GLP-l-asialo and 30Asn GLP-1-
disialo;

FIG. 4 is one example of a HPLC chart in Example 47
and shows peaks of 36Asn GLP-l-asialo and 36Asn GLP-1-
disialo;

FIG. 5 is a graph showing HPLC analysis results of
an oligosaccharide chain added GLP-1 peptide of Example 7
in Test Example 1 (Test of stability in plasma);

FIG. 6 is a graph showing HPLC analysis results of
GLP-1 of Comparative Example 1 in Test Example 1 (Test of
stability in plasma);

FIG. 7 is a graph showing changes of blood-sugar
levels after administration of oligosaccharide chain
added GLP-1 peptides of Examples 1 to 5 and a GLP-1
compound of Comparative Example 1 in Test Example 2 (Test
of effect of lowering blood-sugar levels in db/db mice);

FIG. 8 is a graph showing changes of blood-sugar
levels after administration of oligosaccharide chain

added GLP-1 peptides of Example 5 and a GLP-1 of

- 13 -



Comparative Example 1 in Test Example 3 (Test of effect of lowering blood-sugar levels in db/db
mice); FIG. 9 is a graph showing changes of blood-sugar levels after addition of oligosaccharide
chain added GLP1 peptides of Examples and GLP-1 of Comparative Example 1 in Test Example 7-1
which is Oral Glucose Tolerance Test (OGIT) conducted for examining the effect of suppressing rise in
blood-sugar levels by the oligosaccharide chain added GLP-1 peptides; FIG. 10 is a graph

showing changes of blopd-sugar levels after.addition of gligosaccharide chain added GLP1 peptides of
Examples and%égﬂg?f o é?n%%?%? e‘ltlgxa{mﬁfé c#lensr#efs‘zt)i':ag(nfmgle%-lﬂvev%slcth %%?aﬁ%lﬁ%ose Tolerance
Test (OGIT) cepducted farrexamining-the £ffect ef,suppressing yigs im blaogd;sugar levels by the
oligosaccharide chain added GLP-1 peptides; FIG. 11 is a graph showing changes of blood-sugar
levels after addition 6fldligo8adchariderchain abdded Gl Rhpeptidescdt ExXamyples aperGLP-1 of
Comparative Example 1 in Test Example 7-1 which is Oral Glucose Tolerance Test (OGIT) conducted

for examining e’ &fféctt STppAsiling ide MblIBod-20gar Ve K the bligosa ide"¢hain added
GLP-1 peptides; . ,FiGL2 i graphshawing ¢hanges of bloedzsugar levels afteradditian of
oligosaccharide chain added GLP1 peptides of Examples and GLP-1 of Comparative Example 1 in
Test Example 2 whigh B:Qrab Glucose TolerancesTest{OGiTheonducted forexaminmgthe influence
of oligosaccharide chain structures of the peptides on the effect of suppressing rise in blood-sugar
levels by the olige3docharide ¢hiafifadded SLEnl peptdésie e HECL3 o a Hr&ph SRewilg changes of
blood-sugar levels after ition of oligosaccharide chain added GLP1 peptides of Examples and
BLP-1 of Combarane EEARRIE £ 1P ot B s Whech s GFal LB TSR bk Test (OGIT
conducted for gxaayning the influgpeg of oligosaccharide chain structures of the peptides on the effect
of suppressing rise in blood-sugar levels by the oligosaccharide chain added GLP-1 peptides; FIG.
14 is a graph showingichanges of bloog-sygardevels after hdditien of bligdsastharide chain added
GLP1 peptides of Examples and GLP-1 of Comparative Example 1 in Test Example 7-2 which is Oral

Glucose ToleraRve TestOEI)ISNUbLRT B exdrmiffiiTg e miiligfce PRy ceadeRarite chain
structures of the ides.aon ff f suppressing.rise inblood- r level he.oligpsaccharide
chain added C? Lé%%&oﬁ%%s;g}e Eﬁ%%%%' aggnrcai?ph S ofllvin%fgﬁgr%%%go%%ﬁggdﬁ%éﬂﬁleseﬁg after
addition of olignsacehkaride:chain added Gi-Rtpeptides-efiExamplesantbGe Pl ekCoayparative
Example 1 in Test Example 7-3 which is Oral Glucose Tolerance Test (OGIT) conducted for examining
the influence of Ghigdsacthadide tchdirf structtirssiofithe peptides 6adlte effestsisupprassing rise in

blood-sugar levels by the aligosaccharide chain added GLP-1 peptides; . FIG. 16 js a graph showing
changes of blgod-Sugat 1EyelS AP AR B bilgdSaccharits ERATFATIT GLPL pebtides of

Examples and_GLRHl of sompaeafivesexample 1 in Test Example 7-3 which is Oral Glucose Tolerance
Test (OGIT) conducted for examining the influence of oligosaccharide chain structures of the peptides
on the effect of suppressingLrise in blogd:suigar levelisby tiesoligosaccharideochain aadded GLP-1
peptides; FIG. 17 is a graph showing changes of blood-sugar levels after addition of
oligosaccharideccifaht adfed 6P peptidesdf EXaApIRS RGPSl 6Fedmparative Btdmple 1 in
Test Example 7-3 Wi&iclhdis Oral g#uc%selT%Ie%n&eGE%g fOG%T conducted for examining the influence

of doses of thel pgsﬁ) as on the efféct of sﬁppressing fise inb oocci)-%%agr levels byxt?{%po Igosaccharide

chain added GLP-2eptid@Siple 7-1 which is Oral Glucose Tolerance Test
(OGTT) conducted for examining the effect of suppressing
rise in blood-sugar levels by the oligosaccharide chain
added GLP-1 peptides;

FIG. 12 is a graph showing changes of blood-sugar

levels after addition of oligosaccharide chain added GLP-
1 peptides of Examples and GLP-1 of Comparative Example 1
in Test Example 7-2 which is Oral Glucose Tolerance Test

(OGTT) conducted for examining the influence of
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FIG. 18 is a graph showing changes of blood-sugar levels after addition of oligosaccharide chain
added GLP1 peptides of Examples and GLP-1 of Comparative Example 1 in Test Example 7-3 which
is Oral Glucose Tolerance Test (OGIT) conducted for examining the influence of doses of the peptides
on the effect of suppressing rise in blood-sugar levels by the oligosaccharide chain added GLP-1
peptides; FIG. 19 is a graph showing changes of blood-sugar levels after addition of

oligosaccharide.chain added GLP1 peptides of Examples a%%i P-1 of Comparative Example 1 in
Test Example Oili %%?&Cigﬁéfajf(gﬁucgo%s%l‘i)ola%é:n%ftfe%set ?O T%ggnt]f l?é%g& gcl)rsex%?niﬁ?}l% the effect of
suppressing rise i bloodrsugarievels by the-Asa oligosaccharide ghain addedsGLP-1 peptides;

FIG. 20 is a graph showing changes of blood-sugar levels after addition of oligosaccharide chain
added GLP1 peptides of Elxamples ahd GLRddf Comparative BExadgpde 1 in Test Example 7-5 which
is Oral Glucose Tolerance Test (OGIT) conducted for examining the influence of the number of

oligosaccharide chaihd to .bé%dﬁédaoﬁfﬁéllﬁlépﬁ(}féjé” 8&%&31‘?8&@0? S%Bppés%ﬂﬁﬂg_ﬁé@ ﬁ'fft_)lood-sugar
levels by the ofiggsaccharide chain,added, GLP-1 peptides; ., o FI3.2Li%. 2 grapty showing changes of

blood-sugar levels after addition of oligosaccharide chain added GLP1 peptide of Example and GLP-1
of Comparative Exapipledsinciest Exapiple 7, whimbpis Orat GluegserEalerancexkash (QGIT)
conducted for examining the influence of the number of oligosaccharide chains to be added of the
peptides on théeffeet bf SemPressing Tise'ih bidbdisSuGaraévéls byaRe ofigosacthafideé ehain added

GLP-1 peptides; FIG. 22 is.a graph showing changes of blood-sugar levels after addition of
oligosaccharid Oc%?a?ﬁ aaare%ﬁ%ﬁij pegﬁt?geesngrﬁila%%glsg%endl@ Sof (%or%%)arative Example 1 in

Test Example 81conducted for examining the effgetof suppressing.rise inbload-sugar jevels in
diabetes model mice by the oligosaccharide chain added GLP-1 peptides. DETAILED DESCRIPTION

OF THE PREEERRED EMBODIMEBI S (0B83ke 1itGhPoDdisedirereirereptesants glucagon-like
e AN e othar s k1o Tn g GLp T SpApes i amino acid sequence of
FIG. 14 is a graph showing changes of blood-sugar
levels after addition of oligosaccharide chain added GLP-
1 peptides of Examples and GLP-1 of Comparative Example 1
in Test Example 7-2 which is Oral Glucose Tolerance Test
(OGTT) conducted for examining the influence of
oligosaccharide chain structures of the peptides on the
effect of suppressing rise in blood-sugar levels by the
oligosaccharide chain added GLP-1 peptides;
FIG. 15 is a graph showing changes of blood-sugar
levels after addition of oligosaccharide chain added GLP-
1 peptides of Examples and GLP-1 of Comparative Example 1
in Test Example 7-3 which is Oral Glucose Tolerance Test
(OGTT) conducted for examining the influence of
oligosaccharide chain structures of the peptides on the

effect of suppressing rise in blood-sugar levels by the

oligosaccharide chain added GLP-1 peptides;
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His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gin-Ala-Ala-Lys-Glu-Phe-lle-Ala-T
rp-Leu-Val-Lys-Gly-Arg-Gly (SEQ ID NO: 2). [0035] In the present invention, a "GLP-1 analog" is a
peptide structurally similar to GLP-1 and/or a peptide structurally overlapping with GLP-1. Examples of
such peptides include: a peptide having the amino acid sequence of GLP-1 with deletion, substitution
or addition of one or more amino acids; a peptide having the amino acid sequence of GLP-1 with
conservative substittgpél of one.or saevegal mingo%:iqlsg'} m c(zlai];ilecgle GL(E-l'bg cg;ol?:ﬁ_% fragment having
GLP-1 activity; elongated GJL -i%avin% &t -1Sact|V|ty, an exgnéin-fan Its ana}loqg Curr. Opin.
Investig. Drugs 8v842-8(2094).alharmacel: Exp: §het 391a 49049612083 Riabetesd0, 2530-9

(2001), etc.). [0036] The "amino acid" used herein is used in the broadest sense and encompasses
not only naturdl areipbiatids bt dsemphraturalcarfihB-acids schnas aatiny acid:sariahts and
derivatives. Takin%]this broad definition into consideration, those skilled in the art can understand that

examples of the'amiiit-adid U¥Uhefein iHEILEE: Aaturdi ?)jrot%bbgﬁi%e]_-gﬁﬂﬁcf 46id§; Dhino acids;
chemically mOQH@PﬂmE‘&%‘ﬂ@% suchas aggg%%%ygarg%s apd degyatives; natural nonproteogenic

amino acids such as norleucine, 13-alanine and ornithine; and chemically synthesized compounds
having propertigsi gharacteristic O antird acigs knownrie dhe art: Exapyptes akthedrontiatural amino
acids include a-methyl amino acids (a-methylalanine etc.), D-amino acids, histidinelike amino acids
(2-amino-histiifé SBthydroRyRistig el heniohistidine, RlhgstoficthRyl-histithne ahd abfRthyl- histidine,
etc.), amino aci?s havin ?(tra.rgeth(}/kllene in tgg saipeG%}%a_iT ("homq"amino acids) and amino acids
having a carb(?xyﬁ8[(?;1%?1 functional groﬁ‘ﬁ?n fhie"side ¢rain s%es%u]teg with a sulfonic acid group

(cysteic acid etc.). Seme GLRP-1; analogs hauingrGLR rqactivily have beepknownstogantain nonnatural
amino acids. In a preferable aspect, the amino acids contained in the compound of the present

invention conslstwonlys obiataral ameind acidso f0087] g o s brthieaphirdse CHelétiondsidstitition or addition
of one or more amino acids" used herein, the number of amino acids substituted, etc. is not particularly

limited as Jong aBBIEPASEctAity T ATEMtE M et Fhe Mlmbét 'of GrfiRG ZeidsVsSubstitited Sett. is 1 to
about 9, prefetably {0 aboul 8, more Breferably 1 1o abaut 3 pr.ceuesnonds o ilhin 20, preferably
within 10% of the whole length. The amino acids substituted or added may be natural amino acids,
nonnatural amingacigs o amine agidcanalegs and ang preferably natkakaminoRcds, of
the peptides on the effect of suppressing rise in blood-
sugar levels by the oligosaccharide chain added GLP-1
peptides;
FIG. 18 is a graph showing changes of blood-sugar
levels after addition of oligosaccharide chain added GLP-
1 peptides of Examples and GLP-1 of Comparative Example 1
in Test Example 7-3 which is Oral Glucose Tolerance Test
(OGTT) conducted for examining the influence of doses of
the peptides on the effect of suppressing rise in blood-
sugar levels by the oligosaccharide chain added GLP-1
peptides;
FIG. 19 is a graph showing changes of blood-sugar
levels after addition of oligosaccharide chain added GLP-

1 peptides of Examples and GLP-1 of Comparative Example 1

in Test Example 7-4 which is Oral Glucose Tolerance Test
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[0038] The "conservative substitution of one or several amino acids" used herein refers to amino
acid substitution that substitutes the original amino acid with an amino acid having hydrophilicity and/or
hydrophobicity indexes similar thereto and does not produce evident reduction or loss of GLP-1 activity
after the substitution. [0039] The "modified GLP-1" used herein is a compound wherein GLP-1 is
naturally or artificially modified. Examples of such modification include alkylation, acylation (e.g.,

acetylation), amidation, carboxylation_esterification, disulfide b formation, glycosylation, lipidation,
?%%%%ﬁ n&%gL%ﬁaﬁo 1 Llthe e??%é% % s%% T %%i%gl[004m

. Ci) F eX?lIHlH HCSI 8 e
phosphorylatio oxylation an eling of one or several amino acid residues 0

The "GLP-1 fragment having S&L-R-dactivitkised hereimis aypeptide; that has deletiga of one or more
amino acids from the N terminal and/or C terminal of GLP1 and maintains GLP-1 activity. [0041]

The "elongated!GliP-1atldny GLP-1 aetivit!'dsed herein is a peptide that has addition of one or more

FIG. 20 is a graph showing changes of blood-sugar
levels after addition of oligosaccharide chain added GLP-
1 peptides of Examples and GLP-1 of Comparative Example 1
in Test Example 7-5 which is Oral Glucose Tolerance Test
(OGTT) conducted for examining the influence of the
number of oligosaccharide chains to be added of the
peptides on the effect of suppressing rise in blood-sugar
levels by the oligosaccharide chain added GLP-1 peptides;

FIG. 21 is a graph showing changes of blood-sugar
levels after addition of oligosaccharide chain added GLP-
1 peptide of Example and GLP-1 of Comparative Example 1
in Test Example 7-5 which is Oral Glucose Tolerance Test
(OGTT) conducted for examining the influence of the
number of oligosaccharide chains to be added of the
peptides on the effect of suppressing rise in blood-sugar
levels by the oligosaccharide chain added GLP-1 peptides;
and

FIG. 22 is a graph showing changes of blood-sugar
levels after addition of oligosaccharide chain added GLP-
1 peptides of Examples and GLP-1 of Comparative Example 1
in Test Example 8 conducted for examining the effect of
suppressing rise in blood-sugar levels in diabetes model
mice by the oligosaccharide chain added GLP-1 peptides.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033]
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amino acids to the N terminal and/or C terminal of GLP-1 and maintains GLP-1 activity (see e.g.,
Endocrinology, 125, 3109-14 (1989)). [0042] In the phrase "peptide having one or several amino
acids further added to the C terminal (position 37) of GLP-1" used herein, amino acids added to the C
terminal of GLP-1 are sequentially referred to as an amino acid at position 38, an amino acid at
position 39, ... etc. In the "peptide having one or several amino acids further added to the N terminal
(position 7) of GLP-1,, ina,acids added ta the N terminal of GLP-1 are sequentially referred to as an
amino acid at positionGbi,[E);_rr\Hamllh%eé%:i ea%%cl)gltigﬁ %resgtrclzjc lcéxgrkﬁf)?gg of tﬁeieq'%%ptide having one
amino acid furthgsadgedto the C-terminal {positien 37)0f GLP-1" include a peptide having Asn or Cys
added to 37Gly of GLP-1. [0043] The "oligosaccharide chain added GLP-1 peptide (glycosylated
GLP-1 peptidel &tigad chain added GLP-1 peptide)" of the present invention is characterized in that at
least one amino acid is substituted with an oligosaccharide chain added amino acid. The

"oligosaccharide chai5d§&d GLP . peptid8=dséd fiefdiH BRcOmpasSESH PRBhdE vherein at least
one amino acid of G- is sybstiuted yithan gligosageharide ghain added aming acid and a peptide

wherein at least one amino acid of the GLP-1 analog is substituted with an oligosaccharide chain
added amino aecid-Thesespepticies-arednearporated @1 theroligosaechdriderehain @dded GLP-1
peptide, even when they further have deletion, substitution or addition of one or several amino acids
except the olidosaceharide eain addedantifo deids? A-peptide wherein the C terminal of any of these
peptides is am'%?)tgg (e.g., GLP-1(7-36)NH2 having the amino acid sequence of

His-AIa—GIu-GIQ/- hr-ﬁ’he-Thr-Ser-Asp-VaI-Ser-Ser-Tyr-Leu-GIu-GIy-Gin-AIa-AIa-Lys-GIu-Phe-IIe-AIa-T
rp-Leu-Val-Lys-Gly-Arg-NH2 (SEQ IR NO:3)eWwhergin at least pne aming agid issubstituted with an
oligosaccharide chain added amino acid) is also incorporated in the oligosaccharide chain added
GLP-1 peptide: Saitsdf tiseseipeptideslaresalsa incorparatddbinithe mligosacchaede thain added
GLP-1 peptide. [0044] The salts used herein are salts known by those skilled in the art and may be
any of acid adaitfoR dndridse’addifion SRt Ktids GSudifFused fdrf6rtRinG the aciti&ddition salts are

inorganic acid h as hydrochloric. acid, hydrohromic aci oigdic acid, sulfuric acid and
phosphoric ac?élgin:jﬁd1 Cgr(ggsan?crl S%H%r%uc% a%eéito]?l?gnr&%%ﬁ%: géé? , r%gtjhrg%e%tﬁ%énic acid, oxalic acid,
p-bromophenydsuffonic-acid rcarbpxylic.acid, succétic agid, sitric acith,benrzoie acigiand acetic acid.
Examples of the base addition salts include salts derived from ammonium hydroxide or alkali or
alkaline-earth afetalisydroxides andrsailts defived from ripganie baseEs saclyas carkdadrrate and

bicarbonate. Partjcularly,
acid sé&uence of GLP-1 with conservative substitution of

one or several amino acids; modified GLP-1; a GLP-1
fragment having GLP-1 activity; elongated GLP-1 having
GLP-1 activity; and exendin-4 and its analog (Curr. Opin.
Investig. Drugs 8, 842-8 (2007), J. Pharmacol. Exp. Ther.
307, 490-496 (2003), Diabetes 50, 2530-9 (2001), etc.).
[0036]

The "amino acid" used herein is used in the broadest
sense and encompasses not only natural amino acids but
also nonnatural amino acids such as amino acid variants
and derivatives. Taking this broad definition into
consideration, those skilled in the art can understand
that examples of the amino acid used herein include:

natural proteogenic L-amino acids; D-amino acids;
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pharmaceutically acceptable salts are preferable. [0045] The "oligosaccharide chain added amino
acid" used herein is an amino acid linked to an oligosaccharide chain. In this context, the
oligosaccharide chain may be linked to the amino acid via a linker. The site of the oligosaccharide
chain to which the amino acid is linked is not particularly limited. Preferably, the amino acid is linked to
the reducing terminal of the oligosaccharide chain. The type of the amino acid linked to the
oligosaccharidehchain islriot pargc%arl}élimited and bgth natural and_nonnatural gmino acids can be
chemlica m l1rie aminb acids suc as aming. acl
used. From the viewpoint that the ollgosacrcTharlde chain added aminG acid is structurally the same as

or similar to thpse existingdma faem of glycepeptide: talycopratein-a viuay ¢he eligesacsharide chain
added amino acid is preferably oligosaccharide chain added Asn such as an N-linked oligosaccharide

chain or oligosactharide chainsaddedlSercandolifosaceharide ehainaddedtihresuchras an 0-linked
oligosaccharide chain, particularl¥[ Fc})referabl oligosaccharide chain added Asn. [0046] When the

oligpsaccharimﬁfg]ﬁ%eﬂy@ & 3hfif g%walﬁqlﬂﬁ(e?atﬂé%iﬂﬁ%%ﬁma oligosaccharide
chain added aming acidJs preferably: an,aming acidhaving, fyva gr more carboxyl groups.in the

molecule, such as aspartic acid or glutamic acid; an amino acid having two or more amino groups in
the molecule, such as lysing, arginine, histidineser typtopbaman amira-acid having.a hydroxyl group
in the molecule, such as serine, threonine or tyrosine; an amino acid having a thiol group in the
molecule, such asdysteierranlammviacid daving aPamidengrouplid the molédwlensuch as
asparagine or glutamine, from the viewpoint of easy binding with the linker. Part_icul?sréy, aspartic acid,

glutamic acid, e, Ahyinihe Sefifie, F@gﬁiﬁ@f&%‘?&ﬁ&l&seﬁarﬁgi%}éd&ﬁﬁ%éﬂﬁﬁg' preferable from
the viewpoint gfreagtivity; (00471 - i following Test Examplg 7:4. thepligogaeeharide chain added

GLP-1 peptides of the present invention exhibited no large difference in the activity of suppressing rise
in blood-sugartiévels dbetweer bligosaceharide ehaimsaddediAsn éwithautreeliketeard oligosaccharide
chain added Cys (via a linker) as an oligosaccharide chain added amino acid, when they had the same

oligosaccharideiéhain Suctures! tHe BaRfe SHctGred Exeant GRybSALLRATFE hEin STt Fes, the
Zig‘; df"{ggjgf&“@ﬁ?%&?%‘i%ddaecdi%iteéu%%dcﬁhc?nsaaim%P&'W&e{% of pligasageharidg ghains to be
substituted with a sulfonic acid group (cysteic acid
etc.). Some GLP-1 analogs having GLP-1 activity have
been known to contain nonnatural amino acids. In a
preferable aspect, the amino acids contained in the
compound of the present invention consist only of natural
amino acids.
[0037]

In the phrase "deletion, substitution or addition of
one or more amino acids" used herein, the number of amino
acids substituted, etc. is not particularly limited as
long as GLP-1 activity is maintained. The number of
amino acids substituted, etc. is 1 to about 9, preferably
1 to about 5, more preferably 1 to about 3 or corresponds
to within 20%, preferably within 10% of the whole length.

The amino acids substituted or added may be natural amino
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When the oligosaccharide chain is linked to the amino acid via a linker, a wide range of linkers used in
the art can be used. Examples thereof may include -NH(C0)-(OH2)a-CH2-, wherein: "a" represents
an integer, preferably an integer of 0 to 4, but not limited to these numbers unless linker functions of
interest are inhibited; and C1-1 P olymethylene and -OH2-R- wherein R is a group formed by
removing one hydrogen atom from a group selected from the group consisting of alkyl, substituted
alkyl, alkenyl, g%q%{ituted alker]cyl,r%!{fy%,.subsgguit oSI a(l)kynglrh a gyl, subs%ltituted ﬁr)éé a car ocyclic

onng.tu no 1ro acld, analogs
group, a substltutedséargocycahc group, a ﬁeterocyc IC group and a SU%S I'[Ute(iell eterocyclic group.

[0049] Theyeliggsaseharide ¢chain added GkRdopeptidehaving the oligosaccharide chain added

amino acid wherein the oligosaccharide chain is linked to the amino acid without a linker can have
lower antigenidi§Pth@ah that of the oligosaccharide chain added GLP-1 peptide wherein the
oligosaccharide chain is linked to the amino acid via a linker. The oligosaccharide chain added GLP-1

peptide having the offg§sactRARGe ERih Ededahinb Heid WHteiftfie Qligssattharide chain is
linked to the ampino, gcigc\{ﬂggulinggé gan bhaye higher stability in blood than that of the oligosaccharide

chain added GLP-1 peptide wherein the oligosaccharide chain is linked to the amino acid without a
linker. [0050] suBgarocessifon proditcing healigosascharide-ehajn aadedrG k- 1apeptide of the
present invention is not limited by any means by the description (e.qg., the description stating
"oligosaccharitié thaitradded G LPCT Pephide Whebeid aprarhinbcddid iseghstituted with an

oligosaccharide E;Pain dded amino acid). An oligosaccharide chain ad 39 GLP-1 peptide produced by
any of foIIowif}éjy FOC sé)egsl lagrn?é érllsg %c%?posréﬁeﬁiﬁ]ihgﬂgﬁg%ps%cg]%jﬁ e chain %gded GLP-1 peptide

wherein an aming @gickissybstityted-with &-aligosaechayide chain added aming acid”s Moreover, e.g.:
an oligosaccharide chain added GLP-1 peptide wherein an amino acid-unlinked oligosaccharide chain
is linked directhyher walsslinkentd an amino acid in the peptide; an oligosaccharide chain added GLP-1
peptide wherein an oligosaccharide chain already added is further elongated by the addition of a sugar
or oIigosacchamj%3csi1]ain thereto; and an oligosaccharide chain added GLP-1 peptide wherein one or

several amino acids pﬂgnd ﬁv(gtglef@@g andlor, carboxyl graups of the Iigggra&%%%a}lricge chain added
et .

amino acid are further linked to one or several GLP-1 fragments are also incorporated in the
oligosaccharidenchain added GLR-4 peptide0f the present inventian as lengias their. final structures

are in agreement therewith. [0051] The number of substitutions that substitute an amino acid of
GLP-1 with anFelrjasaecharidesciidin mdded ansing aeidimay bécadjustedHpbropriately according to
stability acylation (e.g., acetylation), amidation, carboxylation,
esterification, disulfide bond formation, glycosylation,
lipidation, phosphorylation, hydroxylation and labeling
of one or several amino acid residues of GLP-1.
[0040]
The "GLP-1 fragment having GLP-1 activity" used
herein is a peptide that has deletion of one or more
amino acids from the N terminal and/or C terminal of GLP-
1 and maintains GLP-1 activity.
[0041]
The "elongated GLP-1 having GLP-1 activity" used

herein is a peptide that has addition of one or more

amino acids to the N terminal and/or C terminal of GLP-1
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in blood, biological activities (e.g., the activity of controlling blood-sugar levels), the number of amino
acids existing in the final oligosaccharide chain added GLP-1 peptide, the molecular weights of the
oligosaccharide chain added GLP-1 peptide before and after the addition of oligosaccharide chain, etc.
For example, 1 to 5 substitutions are preferable, and 1 to 3 substitutions are more preferable.
Preferably, one substitution may be selected from the viewpoint of convenience as long as this one
substitution produces the desired activity. In.general, an oligosaccharide chain ac%ded GLP-1 peptide
wherein one aﬁ%}ﬁo heid of élr_]l-s’-l(:?é%su sﬁt%% \}vf” a?nsgllego%agél"laar%]eggﬁarlrl\ ‘added amino acid
exhibits enhanced stability-in bloocband yeduced activity of controlling blood-sugar levels, when one or
more amino acids except the oligosaccharide chain added amino acids are further substituted with an
oligosaccharideOéhairi added amino acid (however, the reduced activity of controlling blood-sugar

levels can be compensated by the enhanced stability in blood). [0052] In the oliggsaccharide chain

added GLP-1 peptidé df IHE prISEAEveRf&H, tHE stibtititof Sfe OF ai AAfihd actd'With an
oligosaccharide chain added aming acid ¢an be adjusted approprigiely according;tp stability in blood

or the activity of controlling blood-sugar levels. [0053] In one aspect of the present invention, the
substitution siterof-an"amiedacid 0 GL P-innittvan oligesacthatide ehaincaddedeamingsacid can be
selected from any sites of GLP-1 according to the desired activity and is, e.g., at least one site
selected from PbsitibAs 8, ;A 25¢8UE9, 2R by 262801348 B6-and 3832 atitlitioh 6fcaf at

oligosaccharide chain added amino acid to an amino acid at position 37) of GLP1, preferably at least
one site selecf‘ge%sf%?)trﬁop%s?t%hsal%, 20,23, f&%,%‘qﬁ 5 % " h

,B8%End'38, e.g., af I'eas%ne' site selected from

positions 26, 30, 34qnd-36,and,particulady at igast ope.site selected fromypositions, 3¢ and 36. [0054]
In one aspect of the present invention, from the viewpoint of the stability of the oligosaccharide chain

added GLP-1 pgptide incblobd, thetsebstitutidon Gite of mahcaminb acid @ith-an' oligosaccharide chain
added amino acid can be selected from an% sites of GLP-1 and is, e.g., at least one site selected from

positions 9, 1001942394 ef6 UB, 402y, 22U 3! 28T 27155, 3782, 52936 Ahd BBIE addition of
an oligosaccharide. chaip added.amino aeid 1o an aming acid.at.nosition 37) of GI,B-1, prgfgrably at
least one site selected from positions 9,
at position 5, ... etc. Examples of the "peptide having
one amino acid further added to the C terminal (position
37) of GLP-1" include a peptide having Asn or Cys added
to 37Gly of GLP-1.
[0043]
The "oligosaccharide chain added GLP-1 peptide
(glycosylated GLP-1 peptide, sugar chain added GLP-1
peptide)" of the present invention is characterized in
that at least one amino acid is substituted with an
oligosaccharide chain added amino acid.
The "oligosaccharide chain added GLP-1 peptide" used
herein encompasses a peptide wherein at least one amino
acid of GLP-1 is substituted with an oligosaccharide
chain added amino acid and a peptide wherein at least one

amino acid of the GLP-1 analog is substituted with an

oligosaccharide chain added amino acid. These peptides
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10, 11, 12, 14 and 28, and particularly preferably at least one site selected from positions 9, 10, 11 and
12. Particularly, substitution of an amino acid at a site close to the N terminal of GLP-1 is also
preferable. Particularly, examples of the substitution sites of two amino acids of GLP-1 with
oligosaccharide chain added amino acids may include substitution of positions 18 and 36 and
substitution of positions 26 and 34 of GLP-1. [0055] In one aspect of the present invention, from

the viewpoint of the effect of controlling blood-sugar levels by the oli sacchagip hain added GLP-1
poptde. the SESHIOT S S Amitb S aat o S aeaich ande T e ot doid i 0.9,

at least one site-sglected feopa POsitIONS L8 20 £22.:26 830h 3¢ 36 &nE 38T, addition of an
oligosaccharide chain added amino acid to an amino acid at position 37) of GLP-1, preferably at least

one site selectedfedr positions 26, 30734 and 36, apdeparticHany atleasnone site sekected from
positions 30 and 36. Particularly, examples of the substjtution sites of two amino acids of GLP-1 with

oligosaccharide* it abi§d AmiAS SeidsiRay el Gde StbStitash 6fpdkTticHs T8 and™36 and
substitution 0?@5@9&‘& 28-and. 34 of GLR-1, from, the vieywpaint of thesffect of controlling blood-sugar

levels by the oligosaccharide chain added GLP-1 peptide. [0056] In one aspect of the present
invention, from theayiewpoit of theyabilityrtp-synthesizacAMPR;wof the Gl -dnactivities Ofithe
oligosaccharide chain added GLP-1 peptide, the substitution site of an amino acid with an
oligosaccharidecchin agded afiifio Akt iS Prefetably &t 1843t ohB site Setdeted HrdhT Pesitions 22, 26,

27, 30, 34, 36.and 38 (= I?dgﬂié)lfuo—f@ gléjglogggfc[gqr% e chain added .r%igggeci_ 0 a_qglm_ino acid at
position 37), and ' more pre?era y at edst one site sélectedfrom positions 22, 26, §O, AP 36 and 38.
[0057]  In one aspect of thedpresantjnyentiorshe sybstfutian sitg:of ap amine acid, with an

one amino acid is substituted with an oligosaccharide

chain added amino acid) 1is also incorporated in the

oligosaccharide chain added GLP-1 peptide. Salts of

these peptides are also incorporated in the

oligosaccharide chain added GLP-1 peptide.

[0044]

The salts used herein are salts known by those

skilled in the art and may be any of acid addition and

base addition salts. Acids usually used for forming the

acid addition salts are inorganic acids such as

hydrochloric acid, hydrobromic acid, hydroiodic acid,

sulfuric acid and phosphoric acid and organic acids such

as p-toluenesulfonic acid, methanesulfonic acid, oxalic

acid, p-bromophenylsulfonic acid, carboxylic acid,

succinic acid, citric acid, benzoic acid and acetic acid.

Examples of the base addition salts include salts derived

from ammonium hydroxide or alkali or alkaline-earth metal

hydroxides and salts derived from inorganic bases such as
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oligosaccharide chain added amino acid is at least one site selected from sites except positions 8, 9
and 12 of GLP-1. In one aspect of the present invention, the substitution site of an amino acid with
an oligosaccharide chain added amino acid is at least one site selected from sites except positions 7,
10, 13, 15, 19, 21, 28 and 29 of GLP-1, and particularly at least one site selected from sites except
positions 7, 10, 15 and 28. [0058] In one aspect of the present invention, the substitution site of an
amino acid with qggolg%qcsgcgpl ride cgq:ig argggg ampaor%cid gfgrble determined from the binding sites
of GLP-1 to a GLP-T receptor.%[lo §9(] Tn'one aspect of the presgl‘lt invention, when two or more

amino acids apg,substituted with oligosaseharide ehajp added amipe acids; the substitution sites of the
amino acids with oligosaccharide chain added amino acids can be selected from, but not limited to,
any of combindtiohs of the sites described above. For example, a combination wherein one site is
selected from the preferable sites and the other sites are selected from any sites of GLP-1, and a

combination wherein'Ofe site i HIE&EH Hoh the Breflrabié Site SaHd the Sther site€are selected
from any sites,of one or.several aming acjds further added toqmeo[% %%ré]%igg&pgg_{igg 37) of GLP-1 are

also incorporated in a preferable aspect of the present invention.
chain. In this context, the oligosaccharide chain may be
linked to the amino acid wvia a linker. The site of the
oligosaccharide chain to which the amino acid is linked
is not particularly limited. Preferably, the amino acid
is linked to the reducing terminal of the oligosaccharide
chain.

The type of the amino acid linked to the
oligosaccharide chain is not particularly limited, and
both natural and nonnatural amino acids can be used.
From the viewpoint that the oligosaccharide chain added
amino acid is structurally the same as or similar to
those existing in a form of glycopeptide (glycoprotein)
in vivo, the oligosaccharide chain added amino acid is
preferably oligosaccharide chain added Asn such as an N-
linked oligosaccharide chain or oligosaccharide chain
added Ser and oligosaccharide chain added Thr such as an
O-linked oligosaccharide chain, particularly preferably
oligosaccharide chain added Asn.

[0046]

When the oligosaccharide chain is linked to the
amino acid via a linker, the amino acid in the
oligosaccharide chain added amino acid is preferably: an

amino acid having two or more carboxyl groups in the
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In one aspect of the present invention, preferable examples of the deletion, substitution or addition of
one or several amino acids except the oligosaccharide chain added amino acid(s) in GLP-1 may
include, but not limited to: substitution of 8Ala with an amino acid selected from the group consisting of
Gly, Ser, lhr, Leu, lle, Val, Glu, Asp and Lys; substitution of 9GIu with an amino acid selected from
the group consisting of Asp and Lys; substitution of 11lhr with an amino acid selected from the

group consistin%f)éAlal,eGlyS;f{g1 Lé%é.l, Q% Val, Glu, Asp,and msubstituti n of 12Phe with an

P Lys;
amino acid selected from’the group con5|§ﬁﬁgéflr8%h% 1Oyrr; gét’l)ls%ﬁutf'o% St L31Ar With Ser,
substitution of J4Ses withian amine geichaslescted from the: group.consisting of ida, Gly, Ihr, Leu, lle,

Val, Glu, Asp and Lys; substitution of 15Asp with Glu; substitution of 16Val with an amino acid

selected from thel groupeconsistingasf Phies e, Glyr Senilhe Leui He 1Tym&lerAsp and Lys;
tryptophan; an amino acid having a hydroxyl group in the
molecule, such as serine, threonine or tyrosine; an amino
acid having a thiol group in the molecule, such as
cysteine; or an amino acid having an amide group in the
molecule, such as asparagine or glutamine, from the
viewpoint of easy binding with the linker. Particularly,
aspartic acid, glutamic acid, lysine, arginine, serine,
threonine, cysteine, asparagine or glutamine is
preferable from the viewpoint of reactivity.
[0047]

In following Test Example 7-4, the oligosaccharide
chain added GLP-1 peptides of the present invention
exhibited no large difference in the activity of
suppressing rise in blood-sugar levels between
oligosaccharide chain added Asn (without a linker) and
oligosaccharide chain added Cys (via a linker) as an
oligosaccharide chain added amino acid, when they had the
same oligosaccharide chain structures, the same
structures except oligosaccharide chain structures, the
same oligosaccharide chain added sites and the same
numbers of oligosaccharide chains to be added.

[0048]
When the oligosaccharide chain is linked to the

amino acid via a linker, a wide range of linkers used in
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substitution of 17Ser with an amino acid selected from the group consisting of Ala, Gly, lhr, Leu, lle,
Val, Glu, Asp and Lys; substitution of 18Ser with an amino acid selected from the group consisting
of Ala, Gly, Ihr, Leu, lle, Val, Glu, Asp and Lys; substitution of 19lyr with an amino acid selected
from the group consisting of Phe, Irp, Glu, Asp and Lys; substitution of 20Leu with an amino acid
selected from the group consisting of Ala, Gly, Ser, Ihr, Leu, lle, Val, Glu, Asp and Lys substitution
of 21qu with an éslma{rrlg_aggr}s%%ctle%g é‘@m tE(;{ groun, (S:o_r%shlsetlrnec%) f@n%)%ag]% (I:_{lslae _%%)Lstltutlon of
22Gly with an amino acid selected from the grouﬁ)consustlng of Ala, Ser, 1hr, Leu, lle, Val, Glu, Asp
and Lys; substitutiom of 23Gin withaa-amino acid selected from the group consisting of Asn, Arg,
Glu, Asp and Lys; substitution of 24Ala with an amino acid selected from the group consisting of
Gly, Ser, lhr, Leu, lle} ¥al, gy ShgrAsp and Lys.egesubstittifion @b 28 Afanwith ecsminofacid selected
from the group consiztingbof Gly, Sei,_lhr_, Leéj, lle, V%I, Giu, As%and Lysisubstiiutiokn of 26Lys with an
anﬂnoaddse%c&% ’ ut not limited to these numbers uUnless linker

functions of interest are inhibited; and

Ci-10 polymethylene and —-CH;—R- wherein R is a group

formed by removing one hydrogen atom from a group

selected from the group consisting of alkyl, substituted

alkyl, alkenyl, substituted alkenyl, alkynyl, substituted

alkynyl, aryl, substituted aryl, a carbocyclic group, a

substituted carbocyclic group, a heterocyclic group and a

substituted heterocyclic group.

[0049]

The oligosaccharide chain added GLP-1 peptide having

the oligosaccharide chain added amino acid wherein the

oligosaccharide chain is linked to the amino acid without

a linker can have lower antigenicity than that of the

oligosaccharide chain added GLP-1 peptide wherein the

oligosaccharide chain is linked to the amino acid via a

linker. The oligosaccharide chain added GLP-1 peptide

having the oligosaccharide chain added amino acid wherein

the oligosaccharide chain is linked to the amino acid via

a linker can have higher stability in blood than that of

the oligosaccharide chain added GLP-1 peptide wherein the

oligosaccharide chain is linked to the amino acid without

a linker.

[0050]
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from the group consisting of Arg, Gin, Giu, Asp and His; substitution of 27Giu with an amino acid
selected from the group consisting of Asp, lle and Lys; substitution of 28Phe with Irp; substitution
of 2911e with an amino acid selected from the group consisting of Leu, Val and Ala; substitution of
30Ala with an amino acid selected from the group consisting of Giy, Ser, lhr, Leu, lle, Val, Giu, Asp
and Lys; substitution of 31Irp with an amino acid selected from the group consisting of Phe, Tyr,
Giu, Asp and Lys; subst(i:tggon P(f3 §2L%% Liltgiann artnkilno %ﬁid select%%frgrindtgle - group consisting of
Gly, Ala, Ser, Ihr, Ilef\/gfgslu, &sp and ]iys; substitltion of 33Val with 'an amino acid selected from

the group consigtiRg otGiy, Ala.Ser HY, beuls, GideAspanddysht i osulstitution of 34Lys with an
amino acid selected from the group consisting of Arg, Giu, Asp and His; substitution of 35Gly with
an amino acidlsetdcted! from thevgmeaproconsisting o©f A= Serpthrobed dleg Val,tBii, Asp and Lys;
description stating "oligosaccharide chain added GLP-1
peptide wherein an amino acid is substituted with an
oligosaccharide chain added amino acid). An
oligosaccharide chain added GLP-1 peptide produced by any
of following Processes A and B is incorporated in the
"oligosaccharide chain added GLP-1 peptide wherein an
amino acid is substituted with a oligosaccharide chain
added amino acid". Moreover, e.g.: an oligosaccharide
chain added GLP-1 peptide wherein an amino acid-unlinked
oligosaccharide chain is linked directly or via a linker
to an amino acid in the peptide; an oligosaccharide chain
added GLP-1 peptide wherein an oligosaccharide chain
already added is further elongated by the addition of a
sugar or oligosaccharide chain thereto; and an
oligosaccharide chain added GLP-1 peptide wherein one or
several amino acids bound with amino and/or carboxyl
groups of the oligosaccharide chain added amino acid are
further linked to one or several GLP-1 fragments are also
incorporated in the oligosaccharide chain added GLP-1
peptide of the present invention as long as their final
structures are in agreement therewith.
[0051]
The number of substitutions that substitute an amino
acid of GLP-1 with an oligosaccharide chain added amino

acid may be adjusted appropriately according to stability



substitution of 36Arg with an amino acid selected from the group consisting of Lys, Glu, Asp and His;
and/or substitution of 37Gly with an amino acid selected from the group consisting of Ala, Ser, Thr,
Leu, lle, Val, Glu, Asp and Lys. [0061] In one aspect of the present invention, a site of the deletion,
substitution or addition of amino acids except the oligosaccharide chain added amino acids is
preferably at least one site selected from sites except positions 7, 10, 13, 15, 19, 21, 28 and 29 of

GLP-1, e.g., at least one site selected from sites except positions 7, 10, 15 and 28, (Structure-Activity
Stiios of Gt o B D DGO OE IOt OICAT RHEINSTEF Vi 260, No. 6
Issue of March4npR.H276:16278.ck29491[9962] e v XxamplesOf thenpligosaeccharide chain added

GLP-1 peptide of the present invention include an oligosaccharide chain added GLP-1 peptide
represented by thielgererab formula (1)the final oligosaccharide chain added
His-AIa—GIu-GIe‘/;:}ihr-Phe-Th_r-Ser-Asp-VaI-Ser-XaaIe-Xaan-Leu-GIu-Xaa-Gin-AIa—AIa—Xaa86-GIu-Phe-II
e-Ala-Trp-LeuNHI-LYsEER S 4836-XR537Q) Witerain: S %841 rdprddints Ser, oligosaccharide chain

addajCysor8@¥§g§ggg@y%gg@négggﬁL%gged GLP-1 peptide before and

after the addition of oligosaccharide chain, etc. For
example, 1 to 5 substitutions are preferable, and 1 to 3
substitutions are more preferable. Preferably, one
substitution may be selected from the viewpoint of
convenience as long as this one substitution produces the
desired activity. 1In general, an oligosaccharide chain
added GLP-1 peptide wherein one amino acid of GLP-1 is
substituted with an oligosaccharide chain added amino
acid exhibits enhanced stability in blood and reduced
activity of controlling blood-sugar levels, when one or
more amino acids except the oligosaccharide chain added
amino acids are further substituted with an
oligosaccharide chain added amino acid (however, the
reduced activity of controlling blood-sugar levels can be
compensated by the enhanced stability in blood).

[0052]

In the oligosaccharide chain added GLP-1 peptide of
the present invention, the substitution site of an amino
acid with an oligosaccharide chain added amino acid can
be adjusted appropriately according to stability in blood
or the activity of controlling blood-sugar levels.

[0053]
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or Xa.a.29 represents Tyr,oligosaccharide oligosaccharide chain added Asn; chain added Cys or
Xaa.22 represents Gly,oligosaccharide oligosaccharide chain added Asn; chain added

In one aspect of the present invention, the
substitution site of an amino acid of GLP-1 with an
oligosaccharide chain added amino acid can be selected
from any sites of GLP-1 according to the desired activity
and is, e.g., at least one site selected from positions 8§,
9, 12, 18, 19, 20, 22, 26, 30, 34, 36 and 38 (= addition
of an oligosaccharide chain added amino acid to an amino
acid at position 37) of GLP1l, preferably at least one
site selected from positions 18, 20, 22, 26, 30, 34, 36
and 38, e.g., at least one site selected from positions
26, 30, 34 and 36, and particularly at least one site
selected from positions 30 and 36.

[0054]

In one aspect of the present invention, from the
viewpoint of the stability of the oligosaccharide chain
added GLP-1 peptide in blood, the substitution site of an
amino acid with an oligosaccharide chain added amino acid
can be selected from any sites of GLP-1 and is, e.g., at
least one site selected from positions 9, 10, 11, 12, 14,
16, 18, 19, 20, 22, 24, 25, 26, 27, 28, 30, 32, 34, 36
and 38 (= addition of an oligosaccharide chain added
amino acid to an amino acid at position 37) of GLP-1,
preferably at least one site selected from positions 9,
10, 11, 12, 14 and 28, and particularly preferably at
least one site selected from positions 9, 10, 11 and 12.
Particularly, substitution of an amino acid at a site
close to the N terminal of GLP-1 is also preferable.

Particularly, examples of the substitution sites of two
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Cys or Xaa.26 represents Lys,oligosaccharide oligosaccharide chain added Asn; chain added Cys or
Xaa.26 represents Arg,oligosaccharide oligosaccharide chain added Asn, chain

amino acids of GLP-1 with oligosaccharide chain added
amino acids may include substitution of positions 18 and
36 and substitution of positions 26 and 34 of GLP-1.
[0055]

In one aspect of the present invention, from the
viewpoint of the effect of controlling blood-sugar levels
by the oligosaccharide chain added GLP-1 peptide, the
substitution site of an amino acid with an
oligosaccharide chain added amino acid is, e.g., at least
one site selected from positions 18, 20, 22, 26, 30, 34,
36 and 38 (= addition of an oligosaccharide chain added
amino acid to an amino acid at position 37) of GLP-1,
preferably at least one site selected from positions 26,
30, 34 and 36, and particularly at least one site
selected from positions 30 and 36. Particularly,
examples of the substitution sites of two amino acids of
GLP-1 with oligosaccharide chain added amino acids may
include substitution of positions 18 and 36 and
substitution of positions 26 and 34 of GLP-1, from the
viewpoint of the effect of controlling blood-sugar levels
by the oligosaccharide chain added GLP-1 peptide.

[0056]

In one aspect of the present invention, from the
viewpoint of the ability to synthesize cAMP, of the GLP-1
activities of the oligosaccharide chain added GLP-1
peptide, the substitution site of an amino acid with an
oligosaccharide chain added amino acid is preferably at

least one site selected from positions 22, 26, 27, 30, 34,
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added Cys Xaa.22 represents Gly, NH2, Gly-oligosaccharide chain added Cys or
Gly-oligosaccharide chain added Asn, and when Xaa.22 is Ser, Xa.a.29 is Tyr, Xaa22 is Gly,
Xaaz26 is Lys, and Xaa.26 is Arg, then Xaa.22 represents Glyoligosaccharide chain added Cys or
Gly-oligosaccharide chain added Asn. The peptide represented by the general formula (1) is
represented by SEQ ID NO: 1 herein. [0063] Specific examples of the oligosaccharide chain added

GLP-1 peptide,of the present invention.may include: .é‘al a tide represented by.the general
formula (1) W%e%rei%%g g%z §epr%é§rl1tt§lo?féog%%§%r%lel %%’r? 808 ed tO)Y/% )%1%159 ?g%r(eegents Tyr,

Xaa22 represems ly «%aal e reprasents hy's s Xaa. 260 eprasents Argand Xaal repsesents Gly (SEQ
ID NO:4); (a2) a peptide represented by the general formula (1) wherein Xaa.22 represents Ser,

Xa.a.29 represeris 9ya¥aazt represents oligosdceharde chaih ddded Cps Xaa26srepresents Lys,
Xaa.26 represents Arg and Xaa.22 represents Gly (SEQ ID NO:5); (a3) a peptide represented by
the general foﬁﬁula?)( )Wﬁéreir?ié(a‘%ﬂ% rééresents Ser, Xaa.179 represents Tyr, Xaa.88 represents
Gly, Xaa.86 repiesents oligosaccharide chain added Cys, Xaa.36 represents Arg and Xaa.37
represents Gly (SEQ ID NO:6);

In one aspect of the present invention, the
substitution site of an amino acid with an
oligosaccharide chain added amino acid is at least one
site selected from sites except positions 8, 9 and 12 of
GLP-1.

In one aspect of the present invention, the
substitution site of an amino acid with an
oligosaccharide chain added amino acid is at least one
site selected from sites except positions 7, 10, 13, 15,
19, 21, 28 and 29 of GLP-1, and particularly at least one
site selected from sites except positions 7, 10, 15 and
28.

[0058]

In one aspect of the present invention, the
substitution site of an amino acid with an
oligosaccharide chain added amino acid can be determined
from the binding sites of GLP-1 to a GLP-1 receptor.
[0059]

In one aspect of the present invention, when two or
more amino acids are substituted with oligosaccharide
chain added amino acids, the substitution sites of the
amino acids with oligosaccharide chain added amino acids

can be selected from, but not limited to, any of
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(a4) a peptide represented by the general formula (1) wherein Xaal9 represents Ser, Xaa.179
represents Tyr, Xaa.88 represents Gly, Xaa.86 represents Lys, Xaa.36 represents oligosaccharide
chain added Cys, and Xaa.37 represents Gly (SEQ ID NO:7); (ab) a peptide represented by the
general formula (1) wherein Xaal9 represents Ser, Xaa.179 represents Tyr, Xaa.88 represents Gly,
Xaa.86 represents Lys, Xaa.36 represents Arg and Xaa.37 represents oligosaccharide chain added

Cys (SEQ ID NO:8); ab) a peptide represented by th neral formulg 1) wherein Xaale
represents Seﬁ%??& art(ép(r)é]?ssengs(E o%%gsa{lcﬁgrsldg %ﬁglrnla%d%%da %f,e)(aa. %gre;e)%easné%tfseGly, Xaa.26

represents Lys, Xaa86 fepresantsrirgaand Xaa.3Jirepresents GAC(SEQAPNOR:  (a7) a peptide
represented by the general formula (1) wherein Xaale oligosaccharide chain added Asn, Xaal0

represents Tyk Xae88 kesresents GlgnXaal8s representsibyss Xazxe36 eépresentsiArgrand Xaa.37

represents Gly (SEQ ID NO:10); a8) a peptide represented by the general formula (1) wherein
Xaale represeﬁ&yséﬁ%%ﬁ@eﬁ%é ts TP xR B8 Feasert olif6sacthanité chairadded Asn,

Xaa.86 represents Lys Xaa-gf repesgpis-ang,and Xaazarepresents Gly {(SEQJIRNO:11),  (a9)

a peptide represented by the general formula (1) wherein Xaa.22 represents Ser, Xaan represents Tyr,
Xaa22 represeiiis Gly, 1 éaa.28 repraseats,oligosascharidenehain agddedAsh, Xaan2b eepresents Arg
and Xaa.22 represents Gly (SEQ ID NO:12); (a10) a peptide represented by the general formula
(1) wherein Xda122 repre36ARSEr XBAA replesefifs Ryr, Xaa2 répreserits Gy, XaB:26 represents
Lys, Xaa.26 re rr%serltg oli osaccharld% chain added A%n ang aa.22 r%pcre(s)%ntg Gly (SEQ ID NO:13);

(all) a peptide repre%ent%d nyct(lzlr goernaergldforlrﬂul% (Eiﬁv eréin Xaa 22 ?epresents er, Xaan represents

Tyr, Xaa22 repyesents:Gly, ¥aa2brepresents Lys, Xaa.26 represents Arg and Xaa.22 represents
oligosaccharide chain added Asn (SEQ ID NO:14); (a12) a peptide represented by the general
formula (1) wheveiiKaa.22 represents Ser, Xaan represents oligosaccharide chain added Asn, Xaa22
represents Gly, Xaa.26 represents Lys, Xaa.26 represents Arg and Xaa.22 represents Gly (SEQ ID
NO:15); In one aspect of the present invention, preferable
examples of the deletion, substitution or addition of one
or several amino acids except the oligosaccharide chain
added amino acid(s) in GLP-1 may include, but not limited
to:
substitution of 8Ala with an amino acid selected
from the group consisting of Gly, Ser, Thr, Leu, Ile, Val,
Glu, Asp and Lys;
substitution of 9Glu with an amino acid selected
from the group consisting of Asp and Lys;
substitution of 11Thr with an amino acid selected
from the group consisting of Ala, Gly, Ser, Leu, Ile, Val,
Glu, Asp and Lys;
substitution of 12Phe with an amino acid selected

from the group consisting of Trp and Tyr;

substitution of 13Thr with Ser;
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(a13) a peptide represented by the general formula (1) wherein Xaa.22 represents oligosaccharide
chain added Cys, Xaa.29 represents Tyr, Xaa22 represents Gly, Xaa.26 represents Lys, Xaa.26
represents Arg and Xaa.22 represents NH2 (SEQ ID NO:16); (al4) a peptide represented by the
general formula (1) wherein Xaan represents Ser, Xaan represents Tyr, Xaan represents
oligosaccharide chain added Cys, Xaa.86 represents Lys, Xaa.86 represents Arg and Xaa.88
represents NH8 (SEggI(QSy(l)t:%7t)_;Lorl (gjarlfl) g%ptviqollecF}epa{(f:;sent(%g1 by athe Cgei[jl(gﬁael (ggren%ula (1) whe_rein
Xaan represents Ser, Xaan represents Tyr, Xaan represents élﬁ/, 2a.86 represents oligosaccharide

chain added GysoxXaaid6 repirsents Al and %aa:.88 represents NH8 (SEQLD, NO118); va1 (al6) a
peptide represented by the general formula (1) wherein Xaan represents Ser, Xaan represents Tyr,
Xaan represerti$ Gly AXaa 86depresents Lys, Xaa.86 represents oligosaccharide chain added Cys and

Xaay? represents NH8 (SEQ ID NO:19); (al7) a peptide represented by the general formula (1)
wherein Xaan represents 8&F, 3ddt repredetits BligdddtchidHde chain added Cys, Xaan represents

Gly, Xaa.86 represenig,lLys, Xga S represents Arg and Xaay2epresenty NS (SEQ P NO:20);

(al8) a peptide represented by the general formula (1) wherein Xaan represents oligosaccharide chain
added Asn, Xaarorepresenis dyp Xam88 sepresents Glye Xaald6, repiesents Lys,7xag.86 sepresents
Arg and Xaa.88 represents NH8 (SEQ ID NO:21); (al19) a peptide represented by the general
formula (1) whet€in Xaah répréserits SerRaary Fepresents Tyr, Xaan represents oligosaccharide
chain added Asn, Xaa.%%g;gregfn}ls L)és, B(;aga.% repcrﬁsents AI\{&] and Xa%?)g rigresents NH2 (SEQ

ID NO:22); (a20)°'3 pep & reﬁresgnted byeﬁ]ewglenerglnfo?mu%o(ﬁ(\?vjherei(re] a?aﬁée?epresents Ser,

Xaan represents Jiyr.-%aa22-rapresents Gly.1 Xaazireprasents pligesaccharde chain added Asn,
Xaa.36 represents Arg and Xaay) represents NH2 (SEQ ID NO:23);
Glu, Asp and Lys;
substitution of 18Ser with an amino acid selected
from the group consisting of Ala, Gly, Thr, Leu, Ile, Val,
Glu, Asp and Lys;
substitution of 19Tyr with an amino acid selected
from the group consisting of Phe, Trp, Glu, Asp and Lys;
substitution of 20Leu with an amino acid selected
from the group consisting of Ala, Gly, Ser, Thr, Leu, Ile,
Val, Glu, Asp and Lys
substitution of 21Glu with an amino acid selected
from the group consisting of Asp and Lys;
substitution of 22Gly with an amino acid selected
from the group consisting of Ala, Ser, Thr, Leu, Ile, Val,
Glu, Asp and Lys;
substitution of 23Gln with an amino acid selected
from the group consisting of Asn, Arg, Glu, Asp and Lys;
substitution of 24Ala with an amino acid selected

from the group consisting of Gly, Ser, Thr, Leu, Ile, Val,

Arg, Glu, Asp and Lys;
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(a21) a peptide represented by the general formula (1) wherein Xaale represents Ser, Xaan represents
Tyr, Xaa22 represents Gly, Xaa26 represents Lys, Xaa.36 represents oligosaccharide chain added
Asn and Xaay) represents NH2 (SEQ ID NO:24); (a22) a peptide represented by the general
formula (1) wherein Xaale represents Ser, Xaan represents oligosaccharide chain added Asn, Xaa22
represents Gly, Xaa26 represents Lys, Xaa.36 represents Arg and Xaa.37 represents NH2 (SEQ ID

NO2B)  (a23) a pepiide sopresgnted by the general formula (1) whetejn Xaple fepresents
ed Cys,

. . n 1 . .
oligosaccharide chain a aan represents Tyr, Xaaz? represents oligosaccharide chain

added Cys, Xaa2frepresents Lys.c%aa, 36 feppsentscArg, andt Xaadyrepresents Glyoliggsaccharide
chain added Cys (SEQ ID NO:26); (a24) a peptide represented by the general formula (1) wherein
Xaal9 represénts oligesaccharide €hain added Cys, Xaan represents Tyr, Xaa22 represents
oligosaccharide chain added Cys, Xaa26 represents oligosaccharide chain added Cys, Xaa.26

represents Arg and X&255 1&pieb8hts Bl IING-27). 2257 GlskptiteFepfesented by the
general formula (1) wherein Xag,22 represents Sefs Xaa 20 represents, Tyk Xaa 22 represents Gly,

Xaa.26 represents oligosaccharide chain added Asn, Xaa 26 represents oligosaccharide chain added
Asn and Xaa.22 represestsiGlytdligosacctericiechain addad AshNr(SELQ: 1 N:28); tandl (a26) a
peptide represented by the general formula (1) wherein Xaa.22 represents oligosaccharide chain
added Asn, X&&.29 répresersUFyreXaa 22trepresthts igosatehafide El&in added Asn, Xaa.26
Eg%r(egsgtl\sl C())!g]g;)faccg%g% lc@ggcni%%deodearé,P)k(l%a.%gi tr%prlersgyts Arg and Xaa.22 represents NH2

substitution of 29Tle with an amino acid selected
from the group consisting of Leu, Val and Ala;

substitution of 30Ala with an amino acid selected
from the group consisting of Gly, Ser, Thr, Leu, Ile, Val,
Glu, Asp and Lys;

substitution of 31Trp with an amino acid selected
from the group consisting of Phe, Tyr, Glu, Asp and Lys;

substitution of 32Leu with an amino acid selected
from the group consisting of Gly, Ala, Ser, Thr, Ile, Val,
Glu, Asp and Lys;

substitution of 33Val with an amino acid selected
from the group consisting of Gly, Ala, Ser, Thr, Leu, Ile,
Glu, Asp and Lys;

substitution of 34Lys with an amino acid selected
from the group consisting of Arg, Glu, Asp and His;

substitution of 35Gly with an amino acid selected
from the group consisting of Ala, Ser, Thr, Leu, Ile, Val,

Glu, Asp and Lys;
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[0064] The "oligosaccharide chain" used herein refers to a compound composed of at least one
sugar unit (monosaccharide and/or its derivative). When two or more sugar units are linked, these
sugar units are bound by dehydrating condensation through a glycosidic linkage between them.
Examples of such a oligosaccharide chain include, but not limited to, monosaccharides and
polysaccharides (glucose, galactose, mannose, fucose, xylose, N-acetylglucosamine,
N-acetylgalactosamigebsi%lil(;c%%id oarrlldot]t:]eg e}c&%leﬁe&argl de%va}ltg/eg&%ntgie éjci{—:'e!i ing bodies as
well as a wide range ot o‘ﬁgosaccharlde chains such as degra%eé] polysaccharides and those degraded
or derived from complex biglegigal cmelecies,suchras glycoproteing sproterglycans,
glycosaminoglycans and glycolipids. The oligosaccharide chain may be linear or branched. [0065]

The "oligosaceiratiterchain” used herein also encompasses oligosaccharide chain derivatives.

Examples of the oligosaccharide chain derivatives include, but not limited to, oligosaccharide chains

composed of a sugaPHaihg B¢arBBxyl grodf§ e g" Hidoril adiliWhich fe Sarbok§iid &€id formed by
oxidation at C+L pgsition. (&,9., Rsglucpuicacid formediby, thespxidatign of D-glucose) ang tironic acid
wherein the terminal carbon atom has been oxidized to a carboxyl group (D-glucuronic acid formed by
the oxidation af RrglucesepPna sugar. having an amino group or amino group derivative (e.g.,
acetylated amino group) (e.g., N-acetyl-D-glucosamine and N-acetyl-Dgalactosamine); a sugar having
both amino an8%HrBadxyl groups (e.g., N-acetylneuraminic acid (sialic acid) and N-acetylmuramic
acid); a deoxy sugar (e.g., 2-deoxy-Dribo$1e ,a sulfated sugar cont%ininrg a sulfur{c aci(Ij group; and a
phosphorylated sugarré:o%lflaelni"?llapzie Shosop ofic adid SF’oeurb. [dﬁbvéi " l’heaprsééer(?t invention,

preferable oligogaceharide;chainsephance stability,in blaed and more prefarably, desnot delete the
activity of controlling blood-sugar levels, when added to GLP-1 (i.e., when an amino acid of GLP-1 is

substituted with-arepligdsaecharideo chaintagdede aniiro acidildrdneraspectofithe present invention,
preferable oligosaccharide chains enhance the activity of controllirr%g blood-sugar levels, when added
ol

to GLP-1 (i.e. RAFETAAAMING AcikPOFGLPREIsSSUbR it Red Wit hnt SIRjbsaeERaride CiFaih added amino
acid). [0067] o cirions 7, 10, 13, 15, 19, 21, 28 and 29 of GLP-1, e.g.,

at least one site selected from sites except positions 7,
10, 15 and 28, (Structure-Activity Studies of Glucagon-
like Peptide-1, THE JOURNAL OF BIOLOGICAL CHEMISTRY Vol.
269, No. 9, Issue of March 4, pp. 6276-6278. 1994).
[0062]

Examples of the oligosaccharide chain added GLP-1
peptide of the present invention include an
oligosaccharide chain added GLP-1 peptide represented by
the general formula (1):

His-Ala-Glu-Gly-Thr—-Phe-Thr-Ser-Asp-Val-Ser—-Xaaig—
Xaajg—Leu-Glu-Xaay,—-Gln-Ala-Ala-Xaazs—Glu-Phe-TIle-Ala-Trp-
Leu-Val-Lys-Gly—-Xaass—Xaasy (1)
wherein:

Xaaig represents Ser, oligosaccharide chain added Cys

or oligosaccharide chain added Asn;
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From the viewpoint that the oligosaccharide chain added GLP-1 peptide of the present invention is
administered to living bodies, the oligosaccharide chain in the oligosaccharide chain added GLP-1
peptide of the present invention exists in vivo in a form of complex carbohydrate (glycopeptide (or
glycoprotein), proteoglycan, glycolipid, etc.) and is preferably an N-linked oligosaccharide chain, an
0-linked oligosaccharide chain, etc., which is bound in vivo to a peptide (or protein) to form a
glycopeptide (or glycoprotein). [0068 Preferably, the aligosaccharide chain used in the present
invention is an N-Iin%g%aéﬁggglc%%%%% Séhg%r. ’Ex%¥nlpqgss %fg t I§eaﬁ-JlinEege% |583§c%:%%(r{|1d§%ﬁain may

include a highgpagnaose-typeca somplextyperancia bybrd type. The complex type is particularly
preferable. [0069] In one aspect of the present invention, the oligosaccharide chain in the

oligosaccharide chailzdded G153 peptide bf the present invieationlds prleferabhdaledligosaccharide
chain consisting of four or more sugars, e.g., five or more, seven or more, nine or more or eleven or

more sugars. [0D761 L IR pRAEEDRe G556t of 49 Breseht invention, the oligosaccharide chain in
the oligosaccharide 9&%@63‘}%‘&@%&% 9999(3,‘? og&r&egg@%%igygago%ﬁgq%stgcgggigeég gleven, nine
71]

to eleven or eleven sugars. [0071

or oligosaccharide chain added Asn;

Xaase represents Arg, oligosaccharide chain added Cys
or oligosaccharide chain added Asn,

Xaaszy represents Gly, NH,, Gly-oligosaccharide chain
added Cys or Gly-oligosaccharide chain added Asn, and

when Xaaig 1s Ser, Xaais 1s Tyr, Xaap, is Gly, Xaaps 1is
Lys, and Xaass is Arg, then Xaas; represents Gly-
oligosaccharide chain added Cys or Gly-oligosaccharide
chain added Asn. The peptide represented by the general
formula (1) is represented by SEQ ID NO: 1 herein.
[0063]

Specific examples of the oligosaccharide chain added
GLP-1 peptide of the present invention may include:

(al) a peptide represented by the general formula
(1) wherein Xaaig represents oligosaccharide chain added
Cys, Xaaig represents Tyr, Xaaj, represents Gly, Xaajg
represents Lys, Xaass represents Arg and Xaas; represents
Gly (SEQ ID NO:4);

(a2) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaais represents Tyr,
Xaay, represents oligosaccharide chain added Cys, Xaage
represents Lys, Xaass represents Arg and Xaas; represents

Gly (SEQ ID NO:5);
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In a preferable aspect of the present invention, the oligosaccharide chain in the oligosaccharide chain
added GLP-1 peptide of the present invention is an oligosaccharide chain selected from the group
consisting of disialo, monosialo, asialo (digalactose), diGicNAc (diN-acetylglucosamine) and
dimannose oligosaccharide chains and is more preferably a disialo oligosaccharide chain. [0072]
Examples of preferable oligosaccharide chains usable in the present invention include an

a‘g_"fgcgg‘:g_e Ijzi‘i@éiﬁ(’:reéegéepdt%éherfgﬂg‘éyéngn%%ré? g formula [Formula 31, Rl HZ-OHOH el

(1) wherein Xaaig represents Ser, Xaaiy represents Tyr,
Xaay, represents Gly, Xaays represents oligosaccharide
chain added Cys, Xaaszs represents Arg and Xaas; represents
Gly (SEQ ID NO:6);

(ad4) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaaiy represents Tyr,
Xaajyy, represents Gly, Xaays represents Lys, Xaasg
represents oligosaccharide chain added Cys, and Xaasy
represents Gly (SEQ ID NO:7);

(ab5) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaaiy represents Tyr,
Xaajyy, represents Gly, Xaays represents Lys, Xaasg
represents Arg and Xaasy; represents oligosaccharide chain
added Cys (SEQ ID NO:8);

(ab) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaais represents
oligosaccharide chain added Cys, Xaa;, represents Gly,
Xaays represents Lys, Xaass represents Arg and Xaasy
represents Gly (SEQ ID NO:9);

(a7) a peptide represented by the general formula
(1) wherein Xaaig oligosaccharide chain added Asn, Xaais
represents Tyr, Xaajy, represents Gly, Xaays represents Lys,
Xaajs represents Arg and Xaasz; represents Gly (SEQ ID
NO:10);

(a8) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaais represents Tyr,

Xaay, represents oligosaccharide chain added Asn, Xaajge



wherein R2 and R2 are the same or different and each represents [Formula 4] 40 and

represents Lys, Xaass represents Arg and Xaas; represents
Gly (SEQ ID NO:11);

(a9) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaaiy represents Tyr,
Xaay, represents Gly, Xaays represents oligosaccharide
chain added Asn, Xaass represents Arg and Xaas; represents
Gly (SEQ ID NO:12);

(al0) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaaiy represents Tyr,
Xaajyy, represents Gly, Xaays represents Lys, Xaasg
represents oligosaccharide chain added Asn and Xaasy
represents Gly (SEQ ID NO:13);

(all) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaaiy represents Tyr,
Xaajyy, represents Gly, Xaazs represents Lys, Xaasg
represents Arg and Xaasy; represents oligosaccharide chain
added Asn (SEQ ID NO:14);

(al2) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaai;y represents
oligosaccharide chain added Asn, Xaa,, represents Gly,
Xaays represents Lys, Xaass represents Arg and Xaasy
represents Gly (SEQ ID NO:15);

(al3) a peptide represented by the general formula
(1) wherein Xaaig represents oligosaccharide chain added
Cys, Xaaig represents Tyr, Xaa,; represents Gly, Xaags
represents Lys, Xaaszs represents Arg and Xaajs; represents

NH, (SEQ ID NO:16);



Ac represents an acetyl group. [0073]  In the present invention, examples of preferable
oligosaccharide chain may include oligosaccharide chain structurally the same as (oligosaccharide
chains having the same types of constituent sugars and the same patterns of linkages of the sugars)
oligosaccharide chain which is bound to a protein to form a glycoprotein in human bodies (e.g.,
oligosaccharide chains described in "FEBS LETTERS Vol. 50, No. 3, Feb. 1975"), and oligosaccharide

f:i"l‘)('a";‘gv‘j”[% 8?2] C[’; gg‘r@ﬁ' ét‘c%%réf form the nonreducing end thereof, which arg described in Tables 1
(1) wherein Xaaig represents Ser, Xaaiy represents Tyr,
Xaay, represents oligosaccharide chain added Cys, Xaagze
represents Lys, Xaaszs represents Arg and Xaajs; represents
NH, (SEQ ID NO:17);

(al5) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaaiy represents Tyr,
Xaay, represents Gly, Xaays represents oligosaccharide
chain added Cys, Xaaszs represents Arg and Xaas; represents
NH, (SEQ ID NO:18);

(al6) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaaiy represents Tyr,
Xaajyy, represents Gly, Xaays represents Lys, Xaasg
represents oligosaccharide chain added Cys and Xaasy
represents NH; (SEQ ID NO:19);

(al7) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaais represents
oligosaccharide chain added Cys, Xaa;, represents Gly,
Xaays represents Lys, Xaass represents Arg and Xaasy
represents NH; (SEQ ID NO:20);

(al8) a peptide represented by the general formula
(1) wherein Xaaig represents oligosaccharide chain added
Asn, Xaaiy represents Tyr, Xaa,; represents Gly, Xaagg
represents Lys, Xaaszs represents Arg and Xaajs; represents
NH, (SEQ ID NO:21);

(al9) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaais represents Tyr,

Xaay, represents oligosaccharide chain added Asn, Xaajge



[Table 2] [0076] [Table 3] In a preferable aspect of the present invention, the oligosaccharide
chain added GLP-1 peptide of the present invention has a uniform oligosaccharide chain structure.
The uniform oligosaccharide chain structure used herein refers to the same type of each constituent
sugar in the oligosaccharide chain, the same order wherein the sugars are linked, and the same
pattern of linkages between the sugars and means that at least 90%, preferably at least 95%, more
preferably at Ieaest r969‘83/% Ic}n‘ﬁgligpsacc %gde g:heair} 899%%9'7@'1 pa%pé;d%g havq: a urrggérrq ts
oligosaccharidre ¢hain structure. “The ohd@sacawarlde chainaddéed GL’ -.aL3[3ept|(§)es having a uniform
oligosaccharidexchainsiructurgdhaye constant quality and are particularly preferable in the field such
as pharmaceutical production. [0079] In the present invention, examples of preferable
oligosaccharide chaitiaddiedsG bRt pelstidecay secltdel oligoddreharde chdinfaddedlGLP-1 peptides

(SEQ ID NOs:103 to 151) produced in following Examples 1 to 49. , Namely, oligosaccharide chain
added GLP-1 péptidesfiavifi e sequeRte of Mis7-ArBs-Glis eIy 0P fiT i B PHe 12¢ Thr13-

S,er14'ASp15'y§Q'%'Steé ?'e%%i‘l%'sTyé%%','-e%Q'G' 'Qé%ts oligosaccharide
G|n23-AIa24-AIa2§-Lys 6-Glu27-Phe28-1le29-Ala30- rp31- Leu32-V§33-Ly334-GIy35-Arg36-GIy37
(SEQ ID NO: 2o kd i 1pwheteinisn, Xaass represents Arg and Xaas; represents
NH, (SEQ ID NO:23);
(a2l) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaaiy represents Tyr,
Xaajyy, represents Gly, Xaays represents Lys, Xaasg
represents oligosaccharide chain added Asn and Xaasy
represents NH; (SEQ ID NO:24);
(a22) a peptide represented by the general formula
(1) wherein Xaaig represents Ser, Xaai;y represents
oligosaccharide chain added Asn, Xaa,, represents Gly,
Xaays represents Lys, Xaass represents Arg and Xaasy
represents NH; (SEQ ID NO:25);
(a23) a peptide represented by the general formula
(1) wherein Xaaig represents oligosaccharide chain added
Cys, Xaaig9 represents Tyr, Xaaj; represents
oligosaccharide chain added Cys, Xaajys represents Lys,
Xaase represents Arg and Xaas; represents Gly-
oligosaccharide chain added Cys (SEQ ID NO:26);
(a24) a peptide represented by the general formula
(1) wherein Xaaig represents oligosaccharide chain added
Cys, Xaaig represents Tyr, Xaaj; represents

oligosaccharide chain added Cys, Xaajs represents
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(bl) 18Ser is substituted by disialo oligosaccharide chain added Cys (Example 1)(SEQ ID NO:103);
(b2) 22Gly is substituted by disialc cligcsaccharide chain added Cys (Example 2) (SEQ ID NO:104);
(b3) 26Lys is substituted by disialc cligcsaccharide chain added Cys (Example 3) (SEQ ID NO:105);
(b4) 36Arg is substituted by disialc cligcsaccharide chain added Cys (Example 4) (SEQ ID NO:106);
(b5) 37Gly is substituted by disialc cligcsaccharide chain added Cys (Example 5) (SEQ ID NO:107);
(b6) 37Gly is souf)istigged QX aarSiaé% clic%cgggcg%rédeedc ig a«iiggd Asg E>r<%rsn II1 6) éSEQ ID NO:108);
(b7) 19lyr is substi?utea%y asialc cligcsaccharide chain ddded Asn Xamp e%ﬁ ( E% D' 0:109);
(b8) 7His is substituted-by-disiale gligesacehariderehain agided Cys (Example 8) (SEQ ID NO:110);

(b9) 8Ala is substituted by disialc cligcsaccharide chain added Cys (Example 9) (SEQ ID NO:111);
(b10) 9Glu is substituted by disiafrdligtsaccharicecchain abdded 1By sqExample 10X (8EG ID NO:112);
(b11) 10GlyIs substiuted by distaic cligesacharide ghain agded Cys (Exampe, 11, BEQID

Xaay, represents Gly, Xaays represents oligosaccharide

chain added Asn, Xaasg represents oligosaccharide chain

added Asn and Xaas; represents Gly-oligosaccharide chain

added Asn (SEQ ID NO:28); and

(a26) a peptide represented by the general formula
(1) wherein Xaaig represents oligosaccharide chain added
Asn, Xaais represents Tyr, Xaaj, represents
oligosaccharide chain added Asn, Xaays represents
oligosaccharide chain added Asn, Xaass represents Arg and
Xaasz; represents NH; (SEQ ID NO:29).

[0064]

The "oligosaccharide chain" used herein refers to a
compound composed of at least one sugar unit
(monosaccharide and/or its derivative). When two or more
sugar units are linked, these sugar units are bound by
dehydrating condensation through a glycosidic linkage
between them. Examples of such a oligosaccharide chain
include, but not limited to, monosaccharides and
polysaccharides (glucose, galactose, mannose, fucose,
xylose, N-acetylglucosamine, N-acetylgalactosamine,
sialic acid and their complexes and derivatives)
contained in living bodies as well as a wide range of

oligosaccharide chains such as degraded polysaccharides

and those degraded or derived from complex biological
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NO:113); (b12) 11Ihr is substituted by disialc cligcsaccharide chain added Cys (Example 12)
(SEQ ID NO:114); (b13) 12Phe is substituted by disialc cligcsaccharide chain added Cys
(Example 13) (SEQ ID NO:115); (b14) 14Ser is substituted by disialc cligcsaccharide chain added
Cys (Example 14) (SEQ ID NO:116); (b15) 16Val is substituted by disialc cligcsaccharide chain
added Cys (Example 15) (SEQ ID NO:117); (b16) 20Leu is substituted by disialc cligcsaccharide
chain added CrXél(eE%(%'i”@ée %‘g)cgls% Iglycoproteins, proteoglycans,
glycosaminoglycans and glycolipids. The oligosaccharide
chain may be linear or branched.

[0065]

The "oligosaccharide chain" used herein also
encompasses oligosaccharide chain derivatives. Examples
of the oligosaccharide chain derivatives include, but not
limited to, oligosaccharide chains composed of a sugar
having a carboxyl group (e.g., aldonic acid which is
carboxylic acid formed by oxidation at C-1 position (e.g.,
D—gluconic acid formed by the oxidation of D-glucose) and
uronic acid wherein the terminal carbon atom has been
oxidized to a carboxyl group (D—-glucuronic acid formed by
the oxidation of D-glucose)); a sugar having an amino
group or amino group derivative (e.g., acetylated amino
group) (e.g., N-acetyl-D-glucosamine and N-acetyl-D-
galactosamine); a sugar having both amino and carboxyl
groups (e.g., N-acetylneuraminic acid (sialic acid) and
N-acetylmuramic acid); a deoxy sugar (e.g., 2-deoxy-D-
ribose); a sulfated sugar containing a sulfuric acid
group; and a phosphorylated sugar containing a phosphoric
acid group.

[0066]

In the present invention, preferable oligosaccharide
chains enhance stability in blood and, more preferably,
do not delete the activity of controlling blood-sugar

levels, when added to GLP-1 (i.e., when an amino acid of

GLP-1 is substituted with an oligosaccharide chain added
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NO:118); (b17) 24Ala is substituted by disialc cligcsaccharide chain added Cys (Example 17)
(SEQ ID NO:119); (b18) 25Ala is substituted by disialc cligcsaccharide chain added Cys (Example
18) (SEQ ID NO:120); (b19) 27Glu is substituted by disialc cligcsaccharide chain added Cys
(Example 19) (SEQ ID NO:121); (b20) 28Phe is substituted by disialc cligcsaccharide chain added
Cys (Example 20) (SEQ ID NO:122); (b21) 30Ala is substituted by disialc cligcsaccharide chain
added Cys (E)éar'nrgglg 2a13i(§F.Q Irl)nN%illezsg;spect of the present invention,
preferable oligosaccharide chains enhance the activity of
controlling blood-sugar levels, when added to GLP-1 (i.e.,
when an amino acid of GLP-1 is substituted with an
oligosaccharide chain added amino acid).
[0067]
From the viewpoint that the oligosaccharide chain
added GLP-1 peptide of the present invention is
administered to living bodies, the oligosaccharide chain
in the oligosaccharide chain added GLP-1 peptide of the
present invention exists in vivo in a form of complex
carbohydrate (glycopeptide (or glycoprotein),
proteoglycan, glycolipid, etc.) and is preferably an N-
linked oligosaccharide chain, an O-linked oligosaccharide
chain, etc., which is bound in vivo to a peptide (or
protein) to form a glycopeptide (or glycoprotein).
[0068]
Preferably, the oligosaccharide chain used in the
present invention is an N-linked oligosaccharide chain.
Examples of the N-linked oligosaccharide chain may
include a high-mannose type, a complex type and a hybrid
type. The complex type is particularly preferable.
[0069]
In one aspect of the present invention, the
oligosaccharide chain in the oligosaccharide chain added

GLP-1 peptide of the present invention is preferably an

oligosaccharide chain consisting of four or more sugars,
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(b22) 32Leu is substituted by disialc cligcsaccharide chain added Cys (Example 22) (SEQ ID NO:124),

(b23) 34Lys is substituted by disialc cligcsaccharide chain added Cys (Example 23) (SEQ ID NO:125);

(b24) 22Gly is substituted by asialc cligcsaccharide chain added Cys (Example 24) (SEQ ID NO:126);

(b25) 26Lys is substituted by asialc cligcsaccharide chain added Cys (Example 25) (SEQ ID NO:127);

(b26) 30Ala is substituted by asialc cligcsaccharide chain added Cys (Example 26) (SEQ ID NO:128);

(b27) 34Lys is substitu%eld by asialc clégcsggcharide chain added I%ysoérExam le 27) %gEgelD NO:129);
ys E

(b28) 36Arg issubstituted %y%rsiar?é) Elldcsacgﬁélrié)ercﬁlé)lﬁea’ddré%] x%?nﬁe %3) D NO:130);

(b29) 22Gly issubstituted; QY giGIUCNAC cligecsaccharide chain added Cys (Example 29) (SEQ ID
[0070]

In a preferable aspect of the present invention, the
oligosaccharide chain in the oligosaccharide chain added
GLP-1 peptide of the present invention consists of five
to eleven, nine to eleven or eleven sugars.

[0071]

In a preferable aspect of the present invention, the
oligosaccharide chain in the oligosaccharide chain added
GLP-1 peptide of the present invention is an
oligosaccharide chain selected from the group consisting
of disialo, monosialo, asialo (digalactose), diGlcNAc
(diN-acetylglucosamine) and dimannose oligosaccharide
chains and is more preferably a disialo oligosaccharide
chain.

[0072]

Examples of preferable oligosaccharide chains usable
in the present invention include an oligosaccharide chain
represented by the following general formula:

[Formula 3]
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NO:131); (b30) 30Ala is substituted by diGlucNAc cligcsaccharide chain added Cys (Example 30)
(SEQ ID NO:132); (b31) 34Lys is substituted by diGlucNAc cligcsaccharide chain added Cys
(Example 31) (SEQ ID NO:133); (b32) 22Gly is substituted by dimanncse cligcsaccharide chain
added Cys (Example 32) (SEQ ID NO:134); (b33) 30Ala is substituted by dimanncse

cligcsaccharide chain added Cys (Example 33) (SEQ ID NO:135); (b34) 34Lys is substituted by
dimanncse cligcsaccharide chain added Cys (Example 34) (SEQ ID NO:136);

R1
HO

0\\ " oH

0_,_

R'z HAC

wherein
R!' and R? are the same or different and each
represents

[Formula 4]

y HOOC Hooe  HO
HO 1 T
m\wj p ]—»»GH? HO 3 4 L0 HO.  NHAc
HO—*7] Kl Q HO.  NHAc Ho— 2O Ol T
ACHN’M, Hé HO— ‘"‘Omwj_;lf'f’ . AQHM‘/ HO oH HO HDM_ 0
on o 5 1o\
HO N> HO~ ”““j
HO™™
HO
HO-
\L¥ Q  HO._  NHAc HO.. HAG
Tl el e
oH “O“ﬁgi )i = HEI bi OH
”Dw”3ﬁ3§£ Hof*ggf“% x&ﬂ%,iﬁ

WO ; W) or

and
Ac represents an acetyl group.
[0073]
In the present invention, examples of preferable

oligosaccharide chain may include oligosaccharide chain
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(b35) 12Phe is substituted by asialc cligcsaccharide chain added Asn (Example 35) (SEQ ID N0:137);
(b36) 18Ser is substituted by asialc cligcsaccharide chain added Asn (Example 36) (SEQ ID N0:138);
(b37) 22Gly is substituted by asialc cligcsaccharide chain added Asn (Example 37) (SEQ ID N0:139);
(b38) 26Lys is substituted by asialc cligcsaccharide chain added Asn (Example 38) (SEQ ID N0:140);
(b39) 27Glu is substituted by asialc cligcsaccharide chain added Asn (Example 39) (SEQ ID NO:141);
(b40) 28Phe isS %ubst'gutedéw asci Ig céig%séaccgaridﬁ chain adqled Ai\éré (%)ﬁ%rri\ ISe %%2 z;SEQ ID NO:142);

(b41) 30Ala is substitutec y asialc cllgcsacc?hari e chain added Asn (Example 4 §€8 ID NO:143);

(b42) 36Arg istgubstituted by asiale eligesaseharida,ehain agded Asn (Bxampled?2) (SEQ ID NO:144);
(b43) 18Ser is substituted by disialc cligcsaccharide chain added Asn (Example 43) (SEQ ID NO:145);

patterns of linkages of the sugars) oligosaccharide chain

which is bound to a protein to form a glycoprotein in

human bodies (e.g., oligosaccharide chains described in

"FEBS LETTERS Vol. 50, No. 3, Feb. 1975"), and

oligosaccharide chain lacking one or several sugars from

the nonreducing end thereof, which are described in

Tables 1 to 4 below.

[0074]

[Table 1]
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(b44) 22Gly is substituted by disialc cligcsaccharide chain added Asn (Example 44) (SEQ ID NO:146);
(b45) 30Ala is substituted by disialc cligcsaccharide chain added Asn (Example 45) (SEQ ID NO:147);
(b46) 30Ala is substituted by disialo oligosaccharide chain added Asn (Example 46) (SEQ ID NO:148);

(b47) 36Arg is substituted by disialo

€ ON6-NOTST

2WH IYH
Juj

[0075]

[Table 2]
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oligosaccharide chain added Asn (Example 47) (SEQ ID NO:149); (b48) 26Lys and 34Lys are
each substituted by disialo oligosaccharide chain added Cys (Example 48) (SEQ ID NO:150);and
(b49) 18Ser and 36Arg are each substituted by disialo oligosaccharide chain added Cys (Example 49)
(SEQ ID NO:151). [0080] The oligosaccharide chain added GLP-1 peptide of the present invention
can be produced by incorporating an oligosaccharide chain addition step (glycosylation step) to a
peptide synthesis method known by those skilled in the art. For oligosaccharide chain addition, a
method using reverse reactlon of an enzymae typified by transglutaminase is also usable. However, this
method presents problems—such as a Iarg amount of necessary oligosaccharide chains to be added,
g i gllmlted sites=to which oligosaccharide chain is added, and
i h@de chalnstpcan be dded. Therefore, the method is not practical for
1 SUchyias pharmé Lﬁcal prod pt@n though it may be used in synthesis in small
2y, USe [0081] ,',' sifor Eonvenlently Ffroducmg the oligosaccharide
€ tlde of the pr Sgnt nvgntio xand for sta : prgducmg oligosaccharide chain
( "‘ A ptigosSacch tuctlire is specifically exemplified
below by a proce S0 ph ducmg an ollgos harfc -?’-‘ ain add&gH 1 peptide by using
Fiin added Asn as an ollaccha’rrde chain agded-amino acid and utilizing a peptide
_,',_ rL|qU|d phase synthesis (Process
A) and a process for producing an ollgosa&,harlde chain ad o", ip-1 peptide which comprises
producing a peptide whei efd any amineé acuﬂ of GLP lis substitufed with Cys, according to a peptide
synthe5|s method knot "‘, m(iihe art ’ : accharide chain to the Cys through chemical
he%rt can n,ocmce various oligosaccharide chain added
GLP-1 peptides with ?a" refce to the prd_gtuctlo m“ oeesses The oligosaccharide chain added

1 S '=‘ seS thereof are Very useful partlcularly in the field

ayuise, tﬁe : ;,H--; i ayzalso be combined W|th
Jtalyzed™ BynsferaxaT Processes A an B can be
353330 and WO 2005/ w.l respectlvely Ollgosaccharlde
chains used in each proc can be referred to WO 03808431 &

WO 2004/070046, W£ /011055 etg I?nese documEnts afelin:
)
0 In ')

IM-4NC,

1GN-5NC, 14

[0076]

[Table 3]
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[0082] Process for producing oligosaccharide chain added GLP-1 peptide (Process A) First, (1) a
hydroxyl group of a resin having the hydroxyl group and a carboxyl group of an amino acid having
amino group nitrogen protected with a fat-soluble protective group are subjected to an esterifying
reaction. Since the amino group nitrogen of the amino acid is protected with a fat-soluble protective
group, the hydroxyl group of the resin is reacted with the carboxyl group of the amino acid, with
self-condensation of the amino acid prevented. Next, (2) the fat-soluble protective group is
removed from the resulting ester to form a free amino group, (3) the free amino group is amidated
with a carboxyl group of a dasired amino acid having &mino group nitrogen-protected with a fat-soluble
protective group, (4) the gat-soluble protec e growp is removeq to forffi a free amino group, and
il pepﬁde having a desired

3ed to gne end thereof and a free
Ald dated With a carboxyl group of the
2 charide chain added asparagine)

1S(3)-7NC, 29 |

1S(3)2M-8NC, 28



(7) the fat-soluble protective group is removed to form a free amino group, (8) the free amino
group is amidated with a carboxyl group of a desired amino acid having amino group nitrogen
protected with a fat-soluble protective group, (9) the steps (7) and (8) are repeated at least once,
and (10) the fat-soluble protective group is removed to form a free amino group and thereby
obtain a glycopeptide having a desired number of desired amino acids as linked and having the resin
attached to one end thereof, a free amino group at the other end thereof and an oligosaccharide chain
added asparagine at an intefmediate position. (11) The resin is cut off with an acid, whereby a
glycopeptide can be prepagedavhich has an oligosaccharide chain added asparagine at a desired
Xhereof. [0083] Furthermore, a glycopeptide having at least two
gsparagines at a desired position of the peptide chain thereof can be

[0078]
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[0085] The resin having a hydroxyl group may usually be a resin having hydroxyl useful for
solid-phase synthesis. Examples of resins usable are Amino-PEGA resin (product of Merck), Wang
resin (product of Merck), HMPA-PEGA resin (product of Merck), etc. [0086] Ail amino acids are
usable as such. Examples of amino acids usable are natural amino acids such as serine (Ser),
asparagine (Asn), valine (Val), ieucine (Leu), isoieucine (lle), aianine (Ala), tyrosine (Tyr), giycine

(Giy), iysine (Lys), arginine (Arg), histidine (His), aspartic acid (Asp), giutamic acid (Giu),,glutamine
(Gin), threonine (Thg,n cf?lst ine (%ﬁ/as%qrﬁet%%on%r?g (I\%agt),%gﬁeﬁy glg%lrrg% (Hﬁé??rglf)%bha)ldn rp) and

proline (Pro). [0084L s a &exarmples of fatisolubleduotective graypsiare % fluorenylmethaxycarbonyl
(Fmoc) group, tertbutyloxycarbonyl (Boo) group, benzyl group, allyl group, allyloxycarbonyl group,

acetyl group ahditketikenwhigh are eaidonate-tipedorsamidestypeprotettive groups: The fat-soluble
protective group, e.g., Fmoc group, can be introduced by adding 9-f|uorenylmethglb%N-s_uccinimidyl

carbonate and Sl HydrBgEHcHESAALE 16 THE Gotefplatet et mydund fof e d&on 1t is preferable
to conduct the,reaction a0 t¢, 20 DEG G preferably atfoom temperature, forabout 1 {g,about 5

hours. [0088] The above amino acid can be protected with a fat-soluble protective group by the
method described aboxechbe abeve psaiactedraminonacid can bewhese avaitable easumrercially.
Examples are Fmoc-Ser, Fmoc-Asn, Fmoc-Val, Fmoc-Leu, Fmoc-lle, Fmoc-Ala, Fmoc-Tyr, Fmoc-Gly,
FmocLys, Fméé&Ard, Fihee-His EmbeASp MR GhE Fmed-Gla Emee-T P SEMPerCy< Fmoc-Met,

FnKx>Phe'Fn§§§£¥%ag%gn%gggglthat at least 90%, preferably at least

95%, more preferably at least 99% of oligosaccharide
chain added GLP-1 peptides have a uniform oligosaccharide
chain structure. The oligosaccharide chain added GLP-1
peptides having a uniform oligosaccharide chain structure
have constant quality and are particularly preferable in
the field such as pharmaceutical production.

[0079]

In the present invention, examples of preferable
oligosaccharide chain added GLP-1 peptide may include
oligosaccharide chain added GLP-1 peptides (SEQ ID
NOs:103 to 151) produced in following Examples 1 to 49. ,
Namely, oligosaccharide chain added GLP-1 peptides having
the sequence of His7-Ala8-Glu9-Glyl0-Thrl1ll-Phel2-Thrl3-
Serl4-Aspl5-Valle-Serl7-Serl8-Tyrl9-Leu20-Glu2l-Gly22-
Gln23-Ala24-Ala25-Lys26-Glu27-Phe28-I11e29-A1a30-Trp31-
Leu32-Val33-Lys34-Gly35-Arg36-Gly37 (SEQ ID NO:2, GLP-1)
wherein:

(bl) 18Ser is substituted by disialo oligosaccharide

chain added Cys (Example 1) (SEQ ID NO:103);
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[0089] Usable as esterifying catalysts are dehydrating condensation agents such as
1-mesitylenesulfony1-3-nitrol,2,4-triazole (MSNT), dicyclohexylcarbodiimide (DCC) and
diisopropylcarbodiimide (DIPCDI). The dehydrating condensation agent is used in an amount of 1 to
10 wt%, preferably 2 to 5 wt%, based on Iwt% of an amino acid. [0090] The esterifying reaction is
conducted preferably by placing a resin, for example, into a solid-phase column, washing the resin

with a solvent and th ft ing.a solution of amino.acid.in a sqlvent.to the resin. Examples of
solvents for washing%%%a)dier%net £;/ﬁ‘()qurrsiarsﬁllj eSFdﬁE ,ezappoypa%%)ﬁ lrﬁgt%y%lnlegcﬁgr?cfeg%Ecl.%lzsxamples of

solvents for dissQlving amieg acids ane.dimethyl sulfexide (PYSQ), M-, methylene chloride, etc. The
reaction is conducted at 0 to 50 DEG C, preferably at room temperature, for about 10 to about 30

hours, preferably abdiit315 Rfiutes ic abois24i hotsd [009 1] Psefetably ltheamreadted hydroxyl group

remaining on the solid phase at this time is acet%lated for example, with acetic anhydride for capping.
[0092] chain added Cys (Example 3) (5EQ ID NO:105);

(b4) 36Arg is substituted by disialo oligosaccharide
chain added Cys (Example 4) (SEQ ID NO:106);

(b5) 37Gly is substituted by disialo oligosaccharide
chain added Cys (Example 5) (SEQ ID NO:107);

(b6) 37Gly is substituted by asialo oligosaccharide
chain added Asn (Example 6) (SEQ ID NO:108);

(b7) 19Tyr is substituted by asialo oligosaccharide
chain added Asn (Example 7) (SEQ ID NO:109);

(b8) 7His is substituted by disialo oligosaccharide
chain added Cys (Example 8) (SEQ ID NO:110);

(b9) 8Ala is substituted by disialo oligosaccharide
chain added Cys (Example 9) (SEQ ID NO:111);

(b10) 9Glu is substituted by disialo oligosaccharide
chain added Cys (Example 10) (SEQ ID NO:112);

(b11) 10Gly is substituted by disialo
oligosaccharide chain added Cys (Example 11) (SEQ ID
NO:113);

(b12) 11Thr is substituted by disialo
oligosaccharide chain added Cys (Example 12) (SEQ ID
NO:114);

(b13) 12Phe is substituted by disialo
oligosaccharide chain added Cys (Example 13) (SEQ ID

NO:115);
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The fat-soluble protective group can be removed, for example, by a treatment with a base. Examples
of bases to be used are piperidine, morpholine, etc. This treatment is conducted preferably in the
presence of a solvent. Examples of solvents usable are DMSO, DMF, methanol, etc. [0093] The
reaction of amidating the free amino group with a carboxyl group of a desired amino acid having amino
group nitrogen protected with the fat-soluble group is conducted, preferably in the presence of an
activator and a solvent..[0094] Examples of useful activatars are dicyclohexylcarbodiimide (DCC),
1-ethy1-3-(3- dimethy a%nglﬁl)ogré(l)%?/ficalr%oa}llr%r)lisd{el/§~ ﬁlytderochﬁri e ?\?\FS]C?/HCD, diphenylphosphorylazide
(DPPA), carbanyldiimidazole {CEY), diethylcyanpephasphonateBERC) 4) (SEQ 1D
benzotriazole-I-yloxy-trispyrrolidinophosphonium (DIPCI),
benzotriazole-Nyloky4rispyrrolidinophosphonium hexafluorophosphate (PyBOP),
1-hydroxybenzotriazole (HOBt% hydroxysuccinimide (HOSu), dimethylaminopyridine (DMAP),

1-hydroxy-7-azabenZdtfiaZolé M@At}%yﬁ?@%ﬁ%ﬁﬂd@YH%ﬁﬁf @ntafluorophenol (Pfp-OH),
2-(LH-benzotriazole-1-y )13 A-teliameihylyranium, hexalluargphospiate (HET U

0-(7-azabenzotriazole-1-y1)- 1,1,3,3-tetramethyluronium hexafluorophosphonate (HATU),
0-benzotriazohesl:-y1-1)%,3,3-tetramethyluronium tetrafluoroborate (IBIU),
3,4-dihydro-3-hydrodi-4-oxal,2,3-benzotriazine (Dhbt). [0095] The activator is used in an amount
of 1 to 20 equivalents preferaBlyelitol 0 eglivalents, SforeypréieraBliCl to 5 equivalents, based on an

amino acid haying aming group hitragen; protected with a fat-solubje profeetive;groyp.
NO:118);

(b17) 24Ala is substituted by disialo
oligosaccharide chain added Cys (Example 17) (SEQ ID
NO:119);

(b18) 25Ala is substituted by disialo
oligosaccharide chain added Cys (Example 18) (SEQ ID
NO:120);

(b19) 27Glu is substituted by disialo
oligosaccharide chain added Cys (Example 19) (SEQ ID
NO:121);

(b20) 28Phe is substituted by disialo
oligosaccharide chain added Cys (Example 20) (SEQ ID
NO:122);

(b21) 30Ala is substituted by disialo
oligosaccharide chain added Cys (Example 21) (SEQ ID
NO:123);

(b22) 32Leu is substituted by disialo
oligosaccharide chain added Cys (Example 22) (SEQ ID

NO:124);
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[0096] Examples of useful solvents are DMSO, DMF, methylene chloride, etc. It is desired that the
reaction be conducted at 0 to 50 DEG C, preferably at room temperature, for about 10 to about 30
hours, preferably about 15 minutes to about 24 hours. The fat-soluble protective group can be
removed in the same manner as described above. [0097] The peptide chain is cut off from the
resin, preferably by a treatment with an acid. Examples of acids to be used are trifluoroacetic acid

(TFA), hydrogen fluori F),etc. [0098 h cqopeptide having at least two oligosaccharide
chain added asparag?rggé Zt g d?églsfe& Sbolgiltll%ﬁ];oﬁk?g Sgpt%l)g]e chain t greof can be prepared by suitably

additionally pesformingathersieps £6)-of amidating the-free aminagreupand agasbaxy! group of the
asparagine portion of an oligosaccharide chain added asparagine having amino group nitrogen
protected withNPfat-soluble protective group, and (7) of removing the fat-soluble protective group to
form a free amino group. [0099 Further, a glycopeptide having at least one oligosaccharide chain

added asparagine at(éjaégirgoz]ﬁ&éflti(}ﬁ o?ﬁ%ésﬁelﬁﬂﬂ SEha tHsteor CarPbe prepared by setforming as
final steps the gﬁ%qsn(@@(gggﬂg@@g(%gaf&%q@n@% gr%%aqcbtn@oqairggwl group of the asparagine

portion of an oligosaccharide chain added asparagine having amino group nitrogen protected with a
fat-soluble protective(grosip, and (&) afyemaving thetfattseliblesprotective igrodp ée formiadree amino
grotp. chain added Cys (Example 25) (SEQ ID NO:127);
(b26) 30Ala is substituted by asialo oligosaccharide
chain added Cys (Example 26) (SEQ ID NO:128);
(b27) 34Lys 1s substituted by asialo oligosaccharide
chain added Cys (Example 27) (SEQ ID NO:129);
(b28) 36Arg is substituted by asialo oligosaccharide
chain added Cys (Example 28) (SEQ ID NO:130);
(b29) 22Gly is substituted by diGlucNAc
oligosaccharide chain added Cys (Example 29) (SEQ ID
NO:131);
(b30) 30Ala is substituted by diGlucNAc
oligosaccharide chain added Cys (Example 30) (SEQ ID
NO:132);
(b31) 34Lys 1s substituted by diGlucNAc
oligosaccharide chain added Cys (Example 31) (SEQ ID
NO:133);
(b32) 22Gly is substituted by dimannose
oligosaccharide chain added Cys (Example 32) (SEQ ID
NO:134);
(b33) 30Ala is substituted by dimannose

oligosaccharide chain added Cys (Example 33) (SEQ ID

NO:135);

- 53 —



[0100] Further, a glycopeptide having an oligosaccharide chain added asparagine at an end
portion can be prepared by performing the step (1) of esterifying a hydroxyl group of a resin having the
hydroxyl group and a carboxyl group of an amino acid having amino group nitrogen protected with a
fat-soluble protective group, in place of the step (6) or in addition to the step (6). [0101] In this way,
an oligosaccharide chain added GLP-1 peptide substituted with oligosaccharide chain added Asn can

be obtained. [0102] Process for producing oligosaccharide chain added GLP-1 peptide (Process B)
First, a peptide contaﬁ%igg%és{%ypsioéﬁcgd%g %lr%gct%% s%?éhgalsméaorh%(?psﬁease synthesis, liquid-phase

synthesis, celliasgdssynthesis aad sgparatignand extraction ofghesesexisting:paturally. [0103]
Next, a haloacetamide complex-type oligosaccharide chain derivative is allowed to react with the
thus-obtained Jepfidé tontaining Cys for production. The reaction may be conducted usually at 0 to
80C, preferably 10 to 60C, mare preferably 15 to 35C. The reaction time is usually preferably about

30 minutes to about 5Fouts. Kidtthé Tofpistion s eactioh, Afid e&ctioh FOaactihay téSurified
appropriately by a methgd known, in g@gi%f@.glgigh-@@r%nﬁ@ !iggigzl)golumn chromatography

(HPLC)].

(b36) 18Ser is substituted by asialo oligosaccharide
chain added Asn (Example 36) (SEQ ID NO:138);

(b37) 22Gly is substituted by asialo oligosaccharide
chain added Asn (Example 37) (SEQ ID NO:139);

(b38) 26Lys 1s substituted by asialo oligosaccharide
chain added Asn (Example 38) (SEQ ID NO:140);

(b39) 27Glu is substituted by asialo oligosaccharide
chain added Asn (Example 39) (SEQ ID NO:141);

(b40) 28Phe is substituted by asialo oligosaccharide
chain added Asn (Example 40) (SEQ ID NO:142);

(b41) 30Ala is substituted by asialo oligosaccharide
chain added Asn (Example 41) (SEQ ID NO:143);

(b42) 36Arg is substituted by asialo oligosaccharide
chain added Asn (Example 42) (SEQ ID NO:144);

(b43) 18Ser is substituted by disialo
oligosaccharide chain added Asn (Example 43) (SEQ ID
NO:145);

(b44) 22Gly is substituted by disialo
oligosaccharide chain added Asn (Example 44) (SEQ ID
NO:1406);

(b45) 30Ala is substituted by disialo
oligosaccharide chain added Asn (Example 45) (SEQ ID

NO:147);
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[0104] The haloacetamide complex-type oligosaccharide chain derivative is, e.g., a compound
wherein a hydroxyl group bound to carbon at position 1 of a complex-type asparagine-linked
oligosaccharide chain is substituted with -NH-(C0)-(CH2)a-CH2X, wherein X represents a halogen
atom, and a represents an integer, preferably an integer of 0 to 4, but not limited to these numbers
unless linker functions of interest are inhibited. [0105] Specifically, the haloacetamide
complex-type oligosacc g\tgidg &inn q%rivalg%/e tisi Q{Il%vé’%d o rt—:‘@cé ]\{Véti‘l othe peptide containing Cys in a
phosphate buffer at room empera?ure. After the completioﬁ/ of reaction, an oligosaccharide chain
added GLP-1 peptide; substiutedavithaligosasgbarides ehain agddedLCysgan be @btained by HPLC
purification. [0106] The oligosaccharide chain added GLP-1 peptide of the present invention has
GLP-1 activityNO : 1Rige GLP-1 activity" used herein refers to some or all of biological activities known
in the art as to GLP-1. GLP-1 has been known to have, in addition to the effect of controlling

blood-sugar levels, e'§. insufi AB8retion LB Eratath fith RAMS SyAthdsis induction, pancreatic islet
protection (apgqt%igss&lp(%%%siq@ ad}ga@%nggag%isﬁtrgr(?\g%gl fgeg@ )on(%]g)éngrﬁatic islet as well

as appetite suppression, gastrointestinal motility suppression, calcitonin secretion promotion and
cardioprotectiveoadtion) during ischemia as extra-pancreatic effects. Thus, the GLP-1 activity refers to

all or some of biological activities associated with these effects, and these activities can be measured
respectively using ant&pproa¢hkndwitsy thbse skiled if e afufeabTF utegf Bie GLP-1 activities,

e.g., the activity.of .controlling blood-sugar. levels can be measured usipng the measyurement of the
effect of Iower%bsﬁ%ga-sﬂggg%% Sclﬁg(‘ﬁa geete(s: mice (gbglqa%%i%g)sor(%%a% a%urg#;en% o@bne effect of
suppressing risg ingblopdesugar devels in Oral Glucose Tolerance Test (OGIT). The phrase "controlling
blood-sugar levels" used herein encompasses both concepts of suppressing rise in blood-sugar levels
and lowering blood-sUgé? levetss Rartculaiyp Ahg effect efecontraliimgtblood-sagarlevels in db/db mice
is also referred to herein as the "effect of lowering blood-sugar levels", and the effect of controlling

blood-sugar leVeRlAIG PR 5ISE réfefred 46 hehdinastfeeiéctdr Stppressigtride iPbiBod-sugar

levels”. ID NO:151).

[0080]

The oligosaccharide chain added GLP-1 peptide of the
present invention can be produced by incorporating an
oligosaccharide chain addition step (glycosylation step)
to a peptide synthesis method known by those skilled in
the art. For oligosaccharide chain addition, a method
using reverse reaction of an enzyme typified by
transglutaminase is also usable. However, this method
presents problems such as a large amount of necessary
oligosaccharide chains to be added, complicated
purification after the final step, limited sites to which
oligosaccharide chain is added, and limited types of
oligosaccharide chains that can be added. Therefore, the
method is not practical for large-scale production such
as pharmaceutical production, though it may be used in

synthesis in small amounts, e.g., for assay use.
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[0108] The activity of controlling blood-sugar levels in OGIT can be determined by measuring
suppression of rise in blood-sugar levels in mice forced to drink sugar. When, e.g., an approach of
following Test Example 7 is used, a test compound is first administered to mice fasted overnight. 30
minutes after the administration, a glucose solution is orally administered to the mice. Mouse
blood-sugar levels increase due to the glucose administration, reach the maximum about 30 minutes
after the admirﬂgggdiﬁn, and gradually decrease. The blood-sugar levels can be measured 30 minutes
after the glucose administration and compared with those obtained by GLP-1 administration to thereby
measure the effect of cgriselling blood-sugardevels by $he pligesaceharide chain added GLP-1
peptide. When the blood-sugar levels measured 30 minutes thereafter are compared with those
obtained by GbPibadmiristaticls tied aligosatdhdrité EhainceddetdGLPLL péptide-efsthetpresent
invention exhibits preferably 80% or lower, more preferably 60% or lower, even more preferably 40%

or lower, particdl¥fiy bret8rabiy 260 orTbRRI 5f FICChHtrot Blovu St FEds. e Shéndth of the
activity of controlling blogd-sugar levels by ghe eligosaccharide chain;added GILE;1, peptide of the
present invention can be determined by comparing doses confirmed in OGIT to bring about equivalent
effects of suppressing sisedr blood-sugardevals.i\Whebhy e gxchip dasesaf GePslvapg 1adose of the
oligosaccharide chain added GLP-1 peptide produce the same effects of controlling blood-sugar
levels, the activity 8 E6ntrSIing bisBECSUtfar dévels by Hie Bligesacehafde eRaincktRied“GEP-1 peptide
is 10 times that of the GLP-1. The olll%)s charide cplam a degh%liP-1ag%%tégeA%fnthgﬁpresent invention

has the activity of Ebntro ﬁng Blood-stgar tevels %Fe%eﬁa]f)}y at 18ast'5 times, more pre eréabr}y at least 10

times, even mgte; preferablysatilgast2imes gparticulatly preferaply atleast 90 fimes that of GLP-1.
[0109] The activity of controlling blood-sugar levels in db/db mice can be determined by measuring
blood-sugar levelstindialzetes nsce aftecadmihistration dfra tdst cemposmdh\WArens elg.dan approach
described in following Test Example 8 is used, blood-sugar levels after test compound administration

are measured VRF GimeY FheStett OF loWetingbIB6d-Stgar RVERTan HE Efited: If Ki86d-sugar
levels measurgdp%.gc elgg rPiOnIut%% fé%rcthg gad inios#ra i8rsl ﬁé%ﬁ%v%§r%

NE _ t%ag g(}%e m&ggared at the time
of administration. Alternatively, the urabljﬁty of the effect of lowering blood-sugar levels can be

determined bygneasurirg-blogd-sugar levelsse-d.s 300 pribdiesiafter the agmiaistratierdVhen
blood-sugar levels measured 120 minutes after the administration are compared with those obtained
by GLP-1 adnWmigtraticmasiag e appfdathlofiellswihg st Exanipld B, fhigsoligosaccharide chain

added GLP-1 peptide of the present invention exhibits preferably 80% or lower, more preferably 70%
or lower, partigﬁgﬁﬁ drateraby 80955 bWer Byfh%%ceosrﬁrsolrB?oto%Q&Jdﬁ}?@’\?elénAlf RafiVely, when

blood-sugar leygls measured a0 minuies after-ihe.adminisiration.are compayed withdhgge measured

at the time of administration, the oligosaccharide chain added GLP-1 peptide of the present invention
exhibits preferablymiQ% lor dgwet endre pretesakly 609 or laWwer asticillaryd preferaldy 5@% or lower
(e.g., 45% or lower) of the control blood-sugar levels. When blood-sugar levels measured 300 minutes
after the admifidfrafiér? aHE BomMparethwith ﬁ%&%@@tﬁ%ﬁi&s&ﬁeﬁb@%amgﬁaﬁ&rﬁﬁe
oligosaccharideec%air& gdd%q &LP'% fpee}ptige of %%e gﬁeessent invoentiortl lexp}ibits Cpcr%fser%bsly 70% or lower,
more preferab?y 509% or lower of the con?ro(f%Iood-sugar?e\yeﬁs.%ﬁen%Ioc%—sugarﬁevéls measured

300 minutes aftgethe adpinistrationiate compared yithithose measiped at the-time of administration,
the oligosaccharide chain added GLP-1 peptide of the present invention exhibits preferably 70% or

lower, more prefférablyes0%rof lpweroictheworirobblosdesugandeveds, are very useful

particularly in the field of pharmaceutical production.
These Processes A and B may be performed in combination.
For synthesis in small amounts, e.g., for assay use,
these processes may also be combined with oligosaccharide
chain extension reaction catalyzed by transferase. The
Processes A an B can be referred to the descriptions of

WO 2004/005330 and WO 2005/010053, respectively.
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[0110] Even if the activity of controlling blood-sugar levels by the oligosaccharide chain added
GLP-1 peptide of the present invention is lower than that of GLP-1, this low activity can be
compensated by enhanced stability in blood. [0111] Of the GLP-1 activities, e.g., insulin secretion
activity can be measured using an in-vitro test of the ability to synthesize cAMP. GLP-1 increases
intracellular cAMP concentrations through the binding to its receptor and promotes insulin secretion.
Thus, e.g., mouse GLP-1 receptor-e ressinqlgle—g)-Kl cells are stimulated witl‘bthe oligosaccharide

chain added G -(iopseap(t:la}éaand tﬁeﬁ, fhe amount oflc%hﬁﬁ%@n%re%?zee%%n%ﬁg cells is measured. Its

EC50 value can:be coapared withdhabaekianed oG PoL o thesehy measpetheopsylinisecretion
activity of the oligosaccharide chain added GLP-1 peptide. [0112] The oligosaccharide chain
added GLP-1 peptde éf theQsrésentiaveritiony/ s, Righer stability Tl blvodthanttkattof GER-1. The
stability in blood can be measured using an approach known by those skilled in the art and can be
determined by REISRTHG &4, BRIOAILY inPElasmaCarTeSktance to DPP-IV (dipeptidyl peptidase IV)
and using a ha[IBBfng\UC (area under the blood concentration time curve), etc., as an index.

Increased renal clearance also contributes to enhancement in stability in blood. [0113] The stability
in plasma canthecdetesnined ysingle:d.nanappseachcdescribed infeliowing dest Example 1. The
oligosaccharide chain added GLP-1 peptide of the present invention has higher stability in plasma than
that of GLP-1.PgHaifle (Process A)

First, (1) a hydroxyl group of a resin having the
hydroxyl group and a carboxyl group of an amino acid
having amino group nitrogen protected with a fat-soluble
protective group are subjected to an esterifying reaction.
Since the amino group nitrogen of the amino acid is
protected with a fat-soluble protective group, the
hydroxyl group of the resin is reacted with the carboxyl
group of the amino acid, with self-condensation of the
amino acid prevented.

Next, (2) the fat-soluble protective group is
removed from the resulting ester to form a free amino
group,

(3) the free amino group is amidated with a carboxyl
group of a desired amino acid having amino group nitrogen
protected with a fat-soluble protective group,

(4) the fat-soluble protective group is removed to
form a free amino group, and

(5) the steps (3) and (4) are repeated at least once
to thereby obtain a peptide having a desired number of

desired amino acids as linked and having the resin
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The resistance to DPP-IV can be determined by measuring a half-life in a DPP-IV solution, as shown
in, e.g., following Test Example 4. The oligosaccharide chain added GLP-1 peptide of the present
invention has higher resistance to DPP-IV than that of GLP-1 and has a half-life at least 1.2 times
(e.g., at least 2 times), preferably at least 5 times, more preferably at least 10 times, particularly
preferably at least 20 times higher than that of GLP-1, when resistance to DPP-IV is measured using,
e.g., the approach of following Test Ex le 4. [0115 The oligosaccharide chain a d?ed GLP-1
obiids of the EyaSart Setof Srsc h s LSEIS of Brorirets & BSt & ndur hof prefirably ot
least 3, 5, 7, 19+ 45 and 20 hoursceyen more preferably at least 24 hours, in blood. [0116] Next, a
pharmaceutical composition comprising the oligosaccharide chain added GLP-1 peptide of the present
invention as an active (ihgredierit wilt be deserbediino Theoptrariraceutidaltcomnpositiorecomprising the
oligosaccharide chain added GLP-1 peptide of the present invention as an active ingredient is effective

for the treatmérft'or Préverition Bt didedses £5SBREH With RAP-1°GLP:1 Has been known to have
various effects, as described abgye.and these effects are.associated with,varioys diseases. It has

been found that, e.g., GLP-1 stimulates insulin release and thereby causes cellular uptake of glucose
and reduction #ubleadssugar deyels: It has alse baeenfound shat GLRdosuppresses-gasitc and/or
intestinal motility, gastric and/or intestinal emptying, and food ingestion. Thus, the diseases associated
with GLP-1 enédfipads fé g, sokinsalimieperdeht iapesmellitus (NIDDM), insulin-dependent

diabetes mellitus, str (see WO 00/16797_by Efendic), myocardial infarction (?sjee 0O 98/08531 by
Efendic), obesity (seg O%gf/lg@ﬁg %?/%é’fgbr% icf%ﬁrrlgc %Cn%l 8ygﬁfeopus]?a,Jirfsfit:ll:t)ﬁlé1 %%véel\lltsflndrome (see
WO 99/64060 . fendie) apd pancreaticdsist transplantation. The pharmaceutical composition
comprising the oligosaccharide chain added GLP-1 peptide of the present invention as an active
ingredient is effectivel particotarlyferthertieatnment op preventionaf eiabetés, rmoregpeciiically, for the
prevention of type 1 diabetes and the treatment of type 2 diabetes. [0117] The pharmaceutical

composition Ny Bt utated 18 HSuAT PR NTECEUtIRANM PGS foRPUSing HiGERE br
excipients sucg s fillers, extenders, hinders, yetting %g%r%tgbg@i\pée%@gﬁsp ,surfactants and lubricants
usually used.
(9) the steps (7) and (8) are repeated at least once,
and

(10) the fat-soluble protective group is removed to
form a free amino group and thereby obtain a glycopeptide
having a desired number of desired amino acids as linked
and having the resin attached to one end thereof, a free
amino group at the other end thereof and an
oligosaccharide chain added asparagine at an intermediate
position.

(11) The resin is cut off with an acid, whereby a
glycopeptide can be prepared which has an oligosaccharide
chain added asparagine at a desired position of the
peptide chain thereof.

[0083]

Furthermore, a glycopeptide having at least two

oligosaccharide chain added asparagines at a desired
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Examples of such a pharmaceutical composition include tablets, pills, powders, liquid formulations,
suspensions, emulsions, granules, capsules, suppositories and injections. [0118] The amount of
the oligosaccharide chain added GLP-1 peptide of the present invention contained in the
pharmaceutical composition is not particularly limited and can be selected appropriately from within a
wide range. The oligosaccharide chain added GLP-1 peptide of the present invention is usually
contained in an gsrqgulrg)tnof <9£ef€£aeb|§] At FQeWE?/ﬁA”l }lhecﬁhq:rén eggicalk)(:eomp%sigq:%JOJblg] The
pharmaceuticgﬁ composition compri |n8 he oligosaccharide chain added GEﬁ-fpeptlde Sf the present
invention as agactive ingredient mayrfurtbecgontain yradditigaaliaciiverirgredient gnmay also be
used in combination with a pharmaceutical composition containing an additional active ingredient.
Moreover, the phavmnagedtical cempositibnasomyrisiig thecoligrasacelydride civain aelded IGLP-1 peptide
of the present invention as an active ingredient may further comprise at least one different

oligosaccharid&’cifaint 20586 BLP-1¥5eptida ot the Prebent ivention as i adtivedRgridient or may
also be used iBPQH}PiWi%‘%%P maceytical compasifion.compyising at least epe different

oligosaccharide chain added GLP-1 peptide of the present invention as an active ingredient. [0120]

An administratieromethod of the phamraceudicall garopesition aceerdingstodbe prasentdmeention is not
particularly limited. The pharmaceutical composition according to the present invention is administered
by a method skitable fef variduEcdosugebnds, thecdde andisex aPRPatient #fe 3éverity of a disease

and othgr con%iéi(s)n%e%(angglg Pégdng’nighrgtione n]ieltg*%dsc gtfblgg%?q_jllsd%iqggjnfq{)rgulations,
suspensions, emulsions, granules and capsule% ifclude oral administration. Injections can be
administered iptrayeneusly, jntramuscuylady, drtcadermally; suhcitanequsiy orintrapertoneally either
alone or as a mixture with a usual glucose or amino acid infusion. Suppositories are administered
rectally. [0121kspathe dose of the pharmaceutical composition may be selected appropriately
according to use, the age and sex of a patient, the severity of a disease and other conditions. The
pharmaceuticeﬂ%%%osition is usually administered at a dose of 0.1 to 900 nmol, preferably 1 to 90

nmol, in terms of ther£i98§ﬂ%%hqgigE haTi:n gd%ﬁqé%_ga-%&?dgyggtﬁf é@leagaesgggiggention per kg of
ec 0

body weight. The oligosacchari in added GLP-1 peptide e present invention has much

higher stabilitysigdileed than that ob6LPnLdpone=aspest.dha wligasageharide chain added GLP-1
peptide of the present invention has much higher activity of controlling blood-sugar levels than that of
GLP-1. Therefees itsddoseheaimbe decreased advantageously. [0122]

[0085]

The resin having a hydroxyl group may usually be a
resin having hydroxyl useful for solid-phase synthesis.
Examples of resins usable are Amino-PEGA resin (product
of Merck), Wang resin (product of Merck), HMPA-PEGA resin
(product of Merck), etc.

[0086]

All amino acids are usable as such. Examples of
amino acids usable are natural amino acids such as 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),
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The number of doses of the pharmaceutical composition may be selected appropriately according to
use, the age and sex of a patient, the severity of a disease and other conditions and is, e.g., 3
doses/day, 2 doses/day or 1 dose/day. Alternatively, the pharmaceutical composition may be
administered with less frequency (e.g., 1 dose/week, or 1 dose/month) according to its stability in
blood. The number of doses of the pharmaceutical composition is preferably 1 dose or less/day. The
oligosaccharide chain added GLP-1 peptide of the present invention has higher stability in blood
than that of Gl ﬁ?%é?gfo?eﬁ%ﬁé huﬁ%gse?%%%se(se da belrT1(1Set—ie:]ﬂ-:-la(1)srleldngdr\‘r/]ff%C iz]atcg)éously. [0123] The
oligosaccharidsrchain added te theraligosaechariga,chain added GlPJReptice afithe present

invention is easily degraded in a metabolic system in vivo. In one aspect of the present invention, the
oligosaccharide0¢Hain has a structure that is bound in a form of glycopeptide (or glycoprotein) in vivo.
Thus, the oligosaccharide chain added GLP-1 peptide of the present invention and the pharmaceutical

composition comprisii iR Féptitfe 48 hn SREVE ifyrBdishEexHiBits AEithE sidé &ffécts nor
antigenicity, eyvan when ig}%g@g a{gﬂjgwlbogg% c'I' he gfgﬁ%lthgggg\_/antageously produce neither

allergic reactions nor a loss of efficacy attributed to antibody production. [0124]  Furthermore, the

oligosaccharidechain added &:1:R-1 peptide of the:presest inventen ean belsupplied stably and
conveniently in large amounts and is also very useful from the viewpoint of providing a high-quality
drug having stablevggatifye 2 r PThelpresentinvertryalse providesia méthod foetreatiig8r preventing

a disease associated Wi%h GL,?P-;tcomprising admigisterinlgﬁjaﬁ effective amount of the oligosaccharide
chain added (ﬁ_%?-lcpaerp ide of the %Peese%finv%ﬁﬁgn.télﬁﬁ ?:if(ﬁ Te IHeréinafter, the present
invention will be,described specifically. withdeferenee ta-Examples, Eoyweyes, the present invention is
not intended to be limited to them by any means. In FIGS. 7 to 22, e.g., "220ys GLP-1- disialo" which
is an oligosacchdridecchaial added Gl peptide avirergimart amindl acidcat positiony22 of GLP-1 is
substituted by disialo oligosaccharide chain added Cys is also referred to as "220ys-disialoGLP-1",

"022" or "022- AGAR™ A FiTe EAMeSPPEE t& BtHer Bhg68ataTite chaindEnd amino acid sites. [0126]

Example 1 contemplated compound for reaction. It is preferable to

conduct the reaction at 0 to 50 DEG C, preferably at room
temperature, for about 1 to about 5 hours.
[0088]

The above amino acid can be protected with a fat-
soluble protective group by the method described above.
The above protected amino acid can be those available
commercially. Examples are Fmoc-Ser, Fmoc—-Asn, Fmoc-Val,
Fmoc-Leu, Fmoc-Ile, Fmoc-Ala, Fmoc-Tyr, Fmoc-Gly, Fmoc-—
Lys, Fmoc—-Arg, Fmoc—-His, Fmoc—-Asp, Fmoc-Glu, Fmoc-Gln,
Fmoc-Thr, Fmoc-Cys, Fmoc-Met, Fmoc-Phe, Fmoc-Trp and
Fmoc—-Pro.

[0089]

Usable as esterifying catalysts are dehydrating
condensation agents such as l-mesitylenesulfonyl-3-nitro-
1,2,4-triazole (MSNT), dicyclohexylcarbodiimide (DCC) and

diisopropylcarbodiimide (DIPCDI). The dehydrating

- 60 -



Synthesis of 18Cys-disialo oligosaccharide chain added GLP-1 peptide A solid-phase synthesis
column was charged with Amino-PEGA resin (100 limol) (product of Merck), washed thoroughly with
dichloromethane (DON) and DMF and the resin was thoroughly swollen with DMF.
4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room tempera}':uorgéce)r 4 Qﬁ s. The reginiwas wa h%g thorou%hl nV)éitthl\/iF ’E\nd %?N tg obtain

ur
HMPB-PEGA resin, which was Used as assolﬁaep ase for soll <-Dp ase syntheé)ls %]C” Fmoc-Gly

(0.50 mmol), MSNFB20 pmol} and Nethylimidaz ol (01345 mirol) wese dissolveddn DON (2 ml),

loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed withdBON and DMF. Fmoc group was removed by using 20% piperidine/DMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance

with the method showRbefolt T8 tkehdh pEptide Chain S[01281 2 “fie BAfii§ &id havig an amino
group protectf%\ggqllf@%c group.was-dissalyed in N-methylpyrralidong (NMR).(1ml),, After addition of

0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting mixture was loaded to a solid-phase synthesis
column. Subseguenityg0:nM RPEANMPR (0.8 mehanas added he thessalis-phasei synthesis column.
After stirring at room temperature for 20 minutes, the resin was washed with DON and DMF, and
Fmoc group waslimeved By 88ihga 20% piperidineMMEXolitnt@2mp 615 minutes. This

operation WaseDesIpdl peToImEdURing D.AMN0, AT PIOteClod Wi EMES, rouR (9.5 mmD to
(DMF), 2-propanol, methylene chloride, etc. Examples of
solvents for dissolving amino acids are dimethyl
sulfoxide (DMSO), DMF, methylene chloride, etc. The
reaction is conducted at 0 to 50 DEG C, preferably at
room temperature, for about 10 to about 30 hours,
preferably about 15 minutes to about 24 hours.
[0091]

Preferably, the unreacted hydroxyl group remaining
on the solid phase at this time is acetylated, for
example, with acetic anhydride for capping.

[0092]

The fat-soluble protective group can be removed, for
example, by a treatment with a base. Examples of bases to
be used are piperidine, morpholine, etc. This treatment
is conducted preferably in the presence of a solvent.
Examples of solvents usable are DMSO, DMF, methanol, etc.
[0093]

The reaction of amidating the free amino group with
a carboxyl group of a desired amino acid having amino

group nitrogen protected with the fat-soluble group is
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[0129] Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val, Fmoc-Leu,
Fmoc-Irp(Boc), Fmoc-Ala, Fmoc-lle, Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala,
FmocAla, Fmoc-Gin(Irt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu, Fmoc-Tyr(tBu), Fmoc-Cys(Irt)-0H,
Fmoc-Ser(tBu), Fmoc-Val, Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe,
Fmoc-Thr(tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and Fmoc-His(Irt) were used as the amino
acids protected to obta a 3l-re due e tide of

Gly-Arg(Pbf)- Cgly% % Leu Irrpz%l&/c) Ar\]a u&gt%u?{ysfhocg Af]a%nglﬁmt)-Gly-Glu(
OtBu)-Leu-Tyr{tBin1Gys{Ert)-Ser(tBu)-Val- Asp(OtBu) Ser(tBu)
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Trt) (SEQ ID NO:30) on a solid-phase resin. According
to the principal[@ﬂﬂhé Fmoc method, the sequence is described to start from the C terminal with the
direction of 37 -4 7. [0130] After washing with DON and DMF, the resin equivalent to 5 limol of the
31 residue peptide WasIFAHSTErEd t6'8F Eppendbrf fater S *fHe obtained resin having a peptide

formed thereop VE%E%W&%%%%&%%EB@SG( §}g&tpe3|§ C&W@ Jr n(lgoroacetlc acid: water: TIPS

(= 95: 2.5: 2.5) was added such that the resin was thoroughly soaked and stirred at room temperature
for 3 hours. Thei restmwasriemoyed by fillsatioroand thelreacting solutionavasieoncentrated under
reduced pressure. The resulting residue was purified by HPLC [column: SHISEIDO UG-120 (018 5
gm), 0 20 X 250'f{ Hgradient 1R 38ItI6ANO: qp/equlwatﬁe@ee sbktdhr 0.09% TFA/10% water/90% AN

8.0 ml/min; 35 -4 60%B Omln near g to (%Ptal tlde Wherel 188er of

substituted byCC?ys (fdif/éll i rc‘?‘rﬁ((%c%lcetg&%:i[t I’d|S|an Pé céhoéo |d%S E(%proauc gFL?CS“%&IUKA

Chemical Co. ddd )43 m@)f5ommulasS]oxy—trispyrrolidinophosphonium (DIPCI)
benzotriazole-l-yloxy—-trispyrrolidinophosphonium
hexafluorophosphate (PyBOP), 1-hydroxybenzotriazole
(HOBt), hydroxysuccinimide (HOSu), dimethylaminopyridine
(DMAP), l-hydroxy-T7-azabenzotriazole (HOAt),
hydroxyphthalimide (HOPht), pentafluorophenol (Pfp-OH),
2-(1H-benzotriazole-1-y1)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU), O-(7-azabenzotriazole-1-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphonate (HATU),
O-benzotriazole-1-y1-1,1,3,3-tetramethyluronium
tetrafluoroborate (TBTU), 3,4-dihydro-3-hydrodi-4-oxa-
1,2,3-benzotriazine (Dhbt).
[0095]

The activator is used in an amount of 1 to 20
equivalents, preferably 1 to 10 equivalents, more
preferably 1 to 5 equivalents, based on an amino acid
having amino group nitrogen protected with a fat-soluble
protective group.

[0096]
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(a) and the peptide chain synthesized above (1 mg) were dissolved in 100 mM phosphate buffer (pH
7.5, 170 Ill) and allowed to react at 37C for 4 hours. After complete consumption of raw materials
were confirmed by HPLC, the reaction solution was directly subjected to purification by HPLC [column:
SHISEIDO UG-120 (018, 5 gm), 0 4.6 X 250 mm, gradient: A solution: 0.1% TEA water, B solution:
0.09% TEA/10% water/90% AN 0.7 ml/min; 35 -4 60%B, 20 min linear gradient] to obtain 1 mg of

oligosaccharide chaip added GLP-1 peptide, (1) wherei 188ero[é£%ld:>-l' ubstituted b
oligosaccharide chaigXa%f&%geéysoéS%)%%EP%f\é\(ﬁi%lea?g? [6‘1%92] xan{pledsﬁ g’toqole%lglne¥1 ©

oligosacchariderghain added GLP-1peptided2) wherein 22Gly, of GLP-1 was sitbstituted with
oligosaccharide chain added Cys (220ys GLP-1-disialo), an oligosaccharide chain added GLP-1

peptide (3) wheeeif 26Lys of GLP-1 avad)sulbstituted withteligosagcldrideockmain added Cys (260ys
GLP-1-disialo), an oligosaccharide chain added GLP-1 peptide 4}é\(herein 36Arg of GLP-1 was
substituted with"31igo5aEHade Hairt BaHEd £/s1366YSBLP2L-diSiHbS rartF & ofigésatcharide chain

added GLP-1 pepfide (&) wheyginqligosagehayide,chain added Gys was further,added to 37Gly of
GLP-1 (380ys GLP-1-disialo) were obtained in the same way as in Example 1 except that the order

wherein amingacits stere cogdenged-wasichanged- Ede tesulisare shownadndable:s. [0133]
Comparative Example 1

described above.

[0097]

The peptide chain is cut off from the resin,
preferably by a treatment with an acid. Examples of acids
to be used are trifluorocacetic acid (TFA), hydrogen
fluoride (HF), etc.

[0098]

The glycopeptide having at least two oligosaccharide
chain added asparagines at a desired position of the
peptide chain thereof can be prepared by suitably
additionally performing the steps (6) of amidating the
free amino group and a carboxyl group of the asparagine
portion of an oligosaccharide chain added asparagine
having amino group nitrogen protected with a fat-soluble
protective group, and (7) of removing the fat-soluble
protective group to form a free amino group.

[0099]

Further, a glycopeptide having at least one
oligosaccharide chain added asparagine at a desired
position of the peptide chain thereof can be prepared by
performing as final steps the steps (6) of amidating the

free amino group and the carboxyl group of the asparagine
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A solid-phase synthesis column was charged with Amino-PEGA resin (100 limol), washed thoroughly
with DON and DMF, and thoroughly swollen with DMF. 4- hydroxymethy1-3-methoxyphenoxybutyric
acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and N-ethylmorpholine (0.25 mmol) were dissolved in
DMF (2 ml), loaded to the column, and stirred at room temperature for 4 hours. The resin was washed
thoroughly with DMF and DON to obtain HMPB-PEGA resin, which was used as a solid phase for
solid-phase synthesis. [0134] Fmaoc-Gl % .50 mmol), MSNT (0,50 mmol) and.Nmethylimidazole
(0,375 mmon MEre SESoR B GO 3 1A THadeito 2 S5 R See S e, and stired
25C for 3 hoursav i ndfterstitingbegesinwaswasped with-REON,ard, DME.Frmge groupwas
removed by using 20% piperidine/DMF solution (2 ml) for 15 minutes. After washing with DMF, amino
acids were segueritiaily toadensebin accdrdanceowith e mietidod skown hefow tdoéxtend a peptide
chain. [0135] The amino acid having an amino group protected with Fmoc group was dissolved in
NMP (1 ml). AfEP5G6itioN Of 848 HEIGABBTINME t0.2MoI) 2t Rsulting mixture was loaded to
a solid-phase %q_t[g@?is column. Subsequently, 0.9 M DIPEA/NMP (0.8 mmol) was added to the
solid-phase synthesis column. After the mixture was stirred at room temperature for 20 minutes, the
resin was washed withRQbk-gnd DR aneibmoe group wes remoyeddrysusing 20%aipiperidine/DMF
solution (2 ml) for 15 minutes. This operation was repeatedly performed using an amino acid protected

with Fmoc grotp30s rfssiftcesatfiertiale coidetisecafiinecacid0E36] Pe prepared
by performing the step (1) of esterifying a hydroxyl

group of a resin having the hydroxyl group and a carboxyl
group of an amino acid having amino group nitrogen
protected with a fat-soluble protective group, in place
of the step (6) or in addition to the step (6).

[0101]

In this way, an oligosaccharide chain added GLP-1
peptide substituted with oligosaccharide chain added Asn
can be obtained.

[0102]

Process for producing oligosaccharide chain added GLP-1

peptide (Process B)

First, a peptide containing Cys is produced by a
method such as solid-phase synthesis, liquid-phase
synthesis, cell-based synthesis and separation and
extraction of those existing naturally.

[0103]

Next, a haloacetamide complex—-type oligosaccharide
chain derivative is allowed to react with the thus-
obtained peptide containing Cys for production. The

reaction may be conducted usually at 0 to 80°C,
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Fmoc-Gly, Fmoc-Arg (Pbf), Fmoc-Gly, Fmoc-Lys (Boc), Fmoc-Val, Fmoc-Leu, Fmoc-Trp (Boc),
Fmoc-Ala, Fmoc-lle, Fmoc-Phe, Fmoc-Glu (OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-Ala, Fmoc-Glin
(Trt), Fmoc-Gly, Fmoc-Glu (OtBu), Fmoc-Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu),
Fmoc-Val, Fmoc-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-Phe, Fmoc-Thr (tBu), Fmoc-Gly,
Fmoc-Glu (OtBu), Fmoc-Ala and Fmoc-His (Trt) were used as the amino acids protected with Fmoc
group to obtain a 31-residue peptide of o

GIy-Arg(be)-@Iﬁ.y%f igc YVaI(@LetuQIr%Ei_%gé)-,&ll%?l?eﬂ:ee-Ethr(‘?ﬁéﬁ)-E?/s(%%cf’-i\lg-'Ala?&?n(Irt)-GIy-GIu(O

tBu)- Leu-Tyr(tBuy)-serétB - (1BY)-YalrAsp(OBWRerdByu)y about 30 minutes to
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO: 31) on a solid-phase resin. [0137]

After washing #ithuDON aedi DMF, thetresintéguivalent ©ts imob of thead1-fesidue peptide was
transferred to an Eppendorf tube. The obtained resin having a peptide formed thereon was partly

taken in a solid-phake SynPEREEHIumAY THAUSIOREEIE ScidPRA TS (2 982 5:2 5) was added
such that the resin was thoroughly soaked and [gtiréqq ahrﬂ#%{ﬂ %)eerp@%%lérﬁcfgr 3 ﬂ%&l{% The resin was
rat

removed by filtration, and the reaction solution was concentrated under reduced pressure. The
resulting residue washpuifieshizy: HEPEL(Gademnzaxojumn C18 100 X 10 mm, developing solvent A:
0.1% aqueous TEA solution, B: 0.1% TEA acetonitrile: water = 90:10, gradient A:B = 95:5 -4 5:95, 15
min, flow rate: @8 ¢fi/min) to obtain GLP-1. The results are shown in Table 5. [0138] [Table 5]

The haloacetamide complex—-type oligosaccharide chain
derivative is, e.g., a compound wherein a hydroxyl group
bound to carbon at position 1 of a complex-type
asparagine—-linked oligosaccharide chain is substituted
with —-NH-(CO)-(CH;),—CH;X, wherein X represents a halogen
atom, and a represents an integer, preferably an integer
of 0 to 4, but not limited to these numbers unless linker
functions of interest are inhibited.

[0105]

Specifically, the haloacetamide complex-type
oligosaccharide chain derivative is allowed to react with
the peptide containing Cys in a phosphate buffer at room
temperature. After the completion of reaction, an
oligosaccharide chain added GLP-1 peptide substituted
with oligosaccharide chain added Cys can be obtained by
HPLC purification.

[0106]

The oligosaccharide chain added GLP-1 peptide of the
present invention has GLP-1 activity.

The "GLP-1 activity" used herein refers to some or

all of biological activities known in the art as to GLP-1.
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-17 5631. 47:' 56F-1 Example 1 Example2 JCyGLP -1-d s al y., GLP.-diSt a | wthill-1. ff,
Lg4SSwhik,G.3

GLP-1 has been known to have, in addition to the effect
of controlling blood-sugar levels, e.g., insulin
secretion associated with cAMP synthesis induction,
pancreatic islet protection (apoptosis suppression) and
pancreatic islet growth as effects on a pancreatic islet
as well as appetite suppression, gastrointestinal
motility suppression, calcitonin secretion promotion and
cardioprotective action during ischemia as extra-
pancreatic effects. Thus, the GLP-1 activity refers to
all or some of biological activities associated with
these effects, and these activities can be measured
respectively using an approach known by those skilled in
the art.

[0107]

Of the GLP-1 activities, e.g., the activity of
controlling blood-sugar levels can be measured using the
measurement of the effect of lowering blood-sugar levels
in diabetes mice (db/db mice) or the measurement of the
effect of suppressing rise in blood-sugar levels in Oral
Glucose Tolerance Test (OGTT). The phrase "controlling
blood-sugar levels" used herein encompasses both concepts
of suppressing rise in blood-sugar levels and lowering
blood-sugar levels. Particularly, the effect of
controlling blood-sugar levels in db/db mice is also
referred to herein as the "effect of lowering blood-sugar
levels", and the effect of controlling blood-sugar levels
in OGTT is also referred to herein as the "effect of

suppressing rise in blood-sugar levels".
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[0108]

The activity of controlling blood-sugar levels in
OGTT can be determined by measuring suppression of rise
in blood-sugar levels in mice forced to drink sugar.
When, e.g., an approach of following Test Example 7 is
used, a test compound is first administered to mice
fasted overnight. 30 minutes after the administration, a
glucose solution is orally administered to the mice.
Mouse blood-sugar levels increase due to the glucose
administration, reach the maximum about 30 minutes after
the administration, and gradually decrease. The blood-
sugar levels can be measured 30 minutes after the glucose
administration and compared with those obtained by GLP-1
administration to thereby measure the effect of
controlling blood-sugar levels by the oligosaccharide
chain added GLP-1 peptide. When the blood-sugar levels
measured 30 minutes thereafter are compared with those
obtained by GLP-1 administration, the oligosaccharide
chain added GLP-1 peptide of the present invention
exhibits preferably 80% or lower, more preferably 60% or
lower, even more preferably 40% or lower, particularly
preferably 20% or lower of the control blood sugar levels.
The strength of the activity of controlling blood-sugar
levels by the oligosaccharide chain added GLP-1 peptide
of the present invention can be determined by comparing
doses confirmed in OGTT to bring about equivalent effects
of suppressing rise in blood-sugar levels. When, e.g.,

10 doses of GLP-1 and 1 dose of the oligosaccharide chain
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added GLP-1 peptide produce the same effects of
controlling blood-sugar levels, the activity of
controlling blood-sugar levels by the oligosaccharide
chain added GLP-1 peptide is 10 times that of the GLP-1.
The oligosaccharide chain added GLP-1 peptide of the
present invention has the activity of controlling blood-
sugar levels preferably at least 5 times, more preferably
at least 10 times, even more preferably at least 20 times,
particularly preferably at least 50 times that of GLP-1.
[0109]

The activity of controlling blood-sugar levels in
db/db mice can be determined by measuring blood-sugar
levels in diabetes mice after administration of a test
compound. When, e.g., an approach described in following
Test Example 8 is used, blood-sugar levels after test
compound administration are measured over time. The
effect of lowering blood-sugar levels can be confirmed,
if blood-sugar levels measured, e.g., 120 minutes after
the administration are lower than those measured at the
time of administration. Alternatively, the durability of
the effect of lowering blood-sugar levels can be
determined by measuring blood-sugar levels, e.g., 300
minutes after the administration. When blood-sugar
levels measured 120 minutes after the administration are
compared with those obtained by GLP-1 administration
using the approach of following Test Example 8, the
oligosaccharide chain added GLP-1 peptide of the present

invention exhibits preferably 80% or lower, more
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preferably 70% or lower, particularly preferably 60% or
lower of the control blood-sugar levels. Alternatively,
when blood-sugar levels measured 120 minutes after the
administration are compared with those measured at the
time of administration, the oligosaccharide chain added
GLP-1 peptide of the present invention exhibits
preferably 70% or lower, more preferably 60% or lower,
particularly preferably 50% or lower (e.g., 45% or lower)
of the control blood-sugar levels. When blood-sugar
levels measured 300 minutes after the administration are
compared with those obtained by GLP-1 administration, the
oligosaccharide chain added GLP-1 peptide of the present
invention exhibits preferably 70% or lower, more
preferably 50% or lower of the control blood-sugar levels.
When blood-sugar levels measured 300 minutes after the
administration are compared with those measured at the
time of administration, the oligosaccharide chain added
GLP-1 peptide of the present invention exhibits
preferably 70% or lower, more preferably 50% or lower of
the control blood-sugar levels.

[0110]

Even if the activity of controlling blood-sugar
levels by the oligosaccharide chain added GLP-1 peptide
of the present invention is lower than that of GLP-1,
this low activity can be compensated by enhanced
stability in blood.

[0111]
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[0139]

Of the GLP-1 activities, e.g., insulin secretion
activity can be measured using an in-vitro test of the
ability to synthesize cAMP. GLP-1 increases
intracellular cAMP concentrations through the binding to
its receptor and promotes insulin secretion. Thus, e.g.,
mouse GLP-1 receptor—-expressing CHO-K1 cells are
stimulated with the oligosaccharide chain added GLP-1
peptide and then, the amount of cAMP synthesized in the
cells is measured. Its EC50 value can be compared with
that obtained by GLP-1 to thereby measure the insulin
secretion activity of the oligosaccharide chain added
GLP-1 peptide.

[0112]

The oligosaccharide chain added GLP-1 peptide of the
present invention has higher stability in blood than that
of GLP-1. The stability in blood can be measured using
an approach known by those skilled in the art and can be
determined by measuring, e.g., stability in plasma or
resistance to DPP-IV (dipeptidyl peptidase IV) and using
a half-life, AUC (area under the blood concentration time
curve), etc., as an index. Increased renal clearance
also contributes to enhancement in stability in blood.
[0113]

The stability in plasma can be determined using,
e.g., an approach described in following Test Example 1.
The oligosaccharide chain added GLP-1 peptide of the
present invention has higher stability in plasma than

that of GLP-1.



Example 6 Synthesis of 38Asn-asialo oligosaccharide added GLP-1 peptide chain A solid-phase
synthesis column was charged with

[0114]

The resistance to DPP-IV can be determined by
measuring a half-life in a DPP-IV solution, as shown in,
e.g., following Test Example 4. The oligosaccharide
chain added GLP-1 peptide of the present invention has
higher resistance to DPP-IV than that of GLP-1 and has a
half-1life at least 1.2 times (e.g., at least 2 times),
preferably at least 5 times, more preferably at least 10
times, particularly preferably at least 20 times higher
than that of GLP-1, when resistance to DPP-IV is measured
using, e.g., the approach of following Test Example 4.
[0115]

The oligosaccharide chain added GLP-1 peptide of the
present invention also has a half-life of preferably at
least 1 hour, more preferably at least 3, 5, 7, 10, 15
and 20 hours, even more preferably at least 24 hours, in
blood.

[0116]

Next, a pharmaceutical composition comprising the
oligosaccharide chain added GLP-1 peptide of the present
invention as an active ingredient will be described.

The pharmaceutical composition comprising the
oligosaccharide chain added GLP-1 peptide of the present
invention as an active ingredient is effective for the
treatment or prevention of diseases associated with GLP-1.
GLP-1 has been known to have various effects, as
described above, and these effects are associated with

various diseases. It has been found that, e.g., GLP-1



Amino-PEGA resin (100 limol), washed thoroughly with DCM and DMF, and thoroughly swollen with
DMF. 4- hydroxymethy1-3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room temperature for 4 hours. The resin was washed thoroughly with DMF and DON to obtain
HMPB-PEGA resin, which was used as a solid phase for solid-phase synthesis. [0140] Fmoc-Gly
(0.50 mmal), MSNT (0,50, ol gnd Nmethylimidagole (0375 mmal) wer cisspiverin DON (2 mi)
loaded to a soli -prﬁase synthesis cojlumn, and stirred at 25C for 3 hours, After stirring, the resin

was washed with-QEN ard PMkJ=mog grouwastemeoved byusing 20%xpipeddineDMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance

with the methdd:stiewen bélow teexteid anpeptidetcHaiR, {0141jprr Sheeamiosacid having an amino
group protected w?h Fmoc group was dissolved in NMP (1 ml). After addition of 0.45 M

HCIUHOBT/NMB (024 mimbhjStheesufing niikfufe Wi IbadEd 20 4/sdfid Phase siithesis column.
Subsequently,eqlgg\gQJE,EAANMP,EQDQ ”1@3'8@ é/\éqsoz?lq.deq,}rlqlgw,e $qlid-phase synthesis column. After

the mixture was stirred at room temperature for 20 minutes, the resin was washed with DON and DMF,
and Fmoc group sasiremayesinnhusing 20% pipetidinei) ME. salytion (2 im)sfor 15-minutes. This
operation was repeatedly performed using an amino
dependent diabetes mellitus (NIDDM), insulin-dependent
diabetes mellitus, stroke (see WO 00/16797 by Efendic),
myocardial infarction (see WO 98/08531 by Efendic),
obesity (see WO 98/19698 by Efendic), functional
dyspepsia, irritable bowel syndrome (see WO 99/64060 by
Efendic) and pancreatic islet transplantation. The
pharmaceutical composition comprising the oligosaccharide
chain added GLP-1 peptide of the present invention as an
active ingredient is effective particularly for the
treatment or prevention of diabetes, more specifically,
for the prevention of type 1 diabetes and the treatment
of type 2 diabetes.
[0117]
The pharmaceutical composition may be formulated in
a usual pharmaceutical composition form using diluents or
excipients such as fillers, extenders, binders, wetting
agents, disintegrants, surfactants and lubricants usually
used.
Examples of such a pharmaceutical composition
include tablets, pills, powders, liquid formulations,
suspensions, emulsions, granules, capsules, suppositories

and injections.
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acid protected with Fmoc group (0.5 mmol) to sequentially condense amino acids. (Boc-His(Irt)-OH
was used for the final amino acid and used for condensation in the same way as in FmocHis(Irt)-OH.)
[0142] Fmoc-Gly, Fmoc-Arg (Pbf), Fmoc-Gly, Fmoc-Lys (Boc), Fmoc-Val, Fmoc-Leu, Fmoc-Trp
(Boc), Fmoc-Ala, Fmoc-Ille, Fmoc-Phe, Fmoc-Glu (OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-Ala,
Fmoc-GlIn (Trt), Fmoc-Gly, Fmoc-Glu (OtBu), Fmoc-Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser
(tBu), Fmoc-VilO @gﬂc-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-Phe, Fmoc-Thr (tBu),
Fmoc-Gly, Fmoc-Glu (OtBu), Fmoc-Ala and Fmoc-His (Trt) were used as the amino acids protected
with Fmoc group andrBeciis(t)-Oktwas sised asdhe amine agid protected withsBeg graup to obtain a
31- residue peptide of
Gly-Arg(Pbf)-GlyrysfBoc)LValHee bt Boo)-AlarNe-PhecB | ufoBWilys{Boo)-AlaeAla-Gin(Trt)-
GIy-GIu(OtBu)-Leu-Tyr(tBu)-_Ser{tBu)-Ser(tBu)-VaIAsp(OtBu)-Ser(t_Bu)-ThritBu -Phe-Thr(tBu)-Gly-Glu(
OtBu)- Ala-His{T} (SEQUD NG 355 B8R & ddiitPhase rain. ford3) ©UL AfteY washingiWith DON and
DMF, a solutian,mixture efdrifluaroethanol and acetic acid (1:1) was,added, sych, that the resin was
thoroughly soaked and stirred at room temperature for 18 hours. The resin was removed by filtration,
and the reactier salutionwas conceiitatec andeeredhsed paesside GTire obtadned mesidie was
concentrated to obtain a protected peptide of
Gly-Arg(Pbf)-GHayRIBEONal e b (But) MalielPAe-GIG@Bu- L3 (Bdt) AlaaaiaIh(Irt)-Gly-Glu(

OtBu)-Leu-Ty%gt %Se%tB%— er(tBu)-V b—:s (OtBu)-Ser(tBu)- .

Thr(tBu)-Phe- FE;( u%- I§/ ﬁ{’o u‘y‘)(-)AIZ- IS ﬁ)-é%ct( %qggégem RI%.egg)l. cIfhle 31-residue protected
peptide (equivalent o, 24imal), was transferred to an eggplant flask and dissolved in DMF (0.03 ml). In
an Eppendorf tube separately prepared, asialo oligosaccharide chain added asparagine (amine-free)
(4.9 mg, 1 limdly,IRy¥BOP (1 mg, 1.9 limol) and HOBt (0.3 mg, 2 limol) dissolved in DMF (0.04 ml) were

placed, and DIPEA (0.00052 ml, 3 limol) was finally added thereto. The solution mixture in this
Eppendorf tube was piEcediAthE egyprant fiasieprepared ifadiieeahtd stirfdt at room temperature

for 2.5 hours. é@%@%%@@'&%@? P%éhecﬁ%aicﬁio%dﬁ‘eeé%g@%wg%ﬁ E‘ggnté%teghlﬁq&% esidue,

trifluoroacetic acid: water: TIPS (= 95:2.5:2.5) was added an rred at room temperature. After 2

hours, the solutionewas agdded te diethyl etheri([150481) separaiely prepared te ®btaina erystal. The
solution portion was removed by a membrane filter to obtain a residue containing the oligosaccharide
chain added GidRi1 tpeptidé of fiterest 1Tl obtaimad residirywas parified by44PLEO [column:
SHISEIDO UG-120 (018 5 m&i 020 X 250 mm,z?radient: A solution: 0.1% TFA water, B solution:

0.08% TFA/LGY WAIGHB0% AK 8.0 /iR 5524 809 BSol(iEH, 20 hin et Yradihti fo obtain a
oligosaccharidg chain added GLP;1peptide gin. positiqn38 gf,GLP-1 was substituted with

oligosaccharide chain added Asn (38Asn-GLP-1-asialo). ESI-MS: Calcd for 088751336N46094:

[M+3H]2 16978\ doumd.c1697c3.1 composition comprising the oligosaccharide
chain added GLP-1 peptide of the present invention as an
active ingredient may further comprise at least one
different oligosaccharide chain added GLP-1 peptide of
the present invention as an active ingredient or may also
be used in combination with a pharmaceutical composition
comprising at least one different oligosaccharide chain
added GLP-1 peptide of the present invention as an active
ingredient.
[0120]

An administration method of the pharmaceutical

composition according to the present invention is not
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[0144] Example 7 Synthesis of 19Asn-asialo oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (100 limol), washed thoroughly
with DON and DMF and the resin was thoroughly swollen with DMF.
4-hydroxymethy1-3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at

room temperaturegor 4T .witii DME and.DON to obtain
1 Ca

ar C. Ogﬁ.s' TPJ?H{’e%iendV\.laS#aShefq thr?lgocu h{y CO OoS1 O,
HMPB-PEGA ]roesm, which was used as a ‘soli ghfseaﬁ)r soli -pﬁase syntrﬂ%sis. 4%] Fmoc-Gly

(0.50 mmol), MENJIH9:5Q;mweol} and Nraethylimidazele (05375 mmeh were disselveghin DON (2 ml),

loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed withtDON and DME sFrhot gveup was rémoved biyausig 20%spipetidimesDME=solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance

with the methdt sRoWi befoi to Extend & Feptide éhairt 18]S TRE anfiRG hcid having an amino
group protected.with Fmac.group was dissolved.in, NMP(2,mb ; After addition of0.45 M

HCIU-510BI/NMP (0.4 mmol), the resulting mixture was loaded to a solid-phase synthesis column.
tablets, pills, liquid formulations, suspensions,

emulsions, granules and capsules include oral
administration. Injections can be administered
intravenously, intramuscularly, intradermally,
subcutaneously or intraperitoneally either alone or as a
mixture with a usual glucose or amino acid infusion.
Suppositories are administered rectally.

[0121]

The dose of the pharmaceutical composition may be
selected appropriately according to use, the age and sex
of a patient, the severity of a disease and other
conditions. The pharmaceutical composition is usually
administered at a dose of 0.1 to 900 nmol, preferably 1
to 90 nmol, in terms of the oligosaccharide chain added
GLP-1 peptide of the present invention per kg of body
weight. The oligosaccharide chain added GLP-1 peptide of
the present invention has much higher stability in blood
than that of GLP-1. 1In one aspect, the oligosaccharide
chain added GLP-1 peptide of the present invention has
much higher activity of controlling blood-sugar levels
than that of GLP-1. Therefore, its dose can be decreased
advantageously.

[0122]



Subsequently, 0.9 M DIPEA/NMP (0.8 mmol) was added to the solid-phase synthesis column. After
stirring at room temperature for 20 minutes, the resin was washed with DON and DMF, and Fmoc
group was removed by using a 20% piperidine/DMF solution (2 ml) for 15 minutes. This operation was
repeatedly performed using an amino acid protected with Fmoc group (0.5 mmol) to sequentially
condense amino acids. [0147] Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val,
Fmoc-Leu, Fmoc-lrp&&)oc)thlgciAla Fgloc-lle, an%%Phe Fmoc-Gl OtBa ), Fmoc-Lys(Boc),

Fmoc-Ala, FmocAla, moc-Gin rt),?:fmocq&?ﬁ moc ﬁu?&%ﬂyafneél mocLeu were used as the

amino acids prategted byilmog grou tosehtain a d 8xesiduepeptidewfaccording to
Gly-Arg(Pbf)-GlyLys(Boc)-Val-Leu-Irp(Boc)-Ala-lle-Phe-Glu(OtBu)-Lys(Boc)-
Ala-Ala-Gin(Trts€ly-GhiOtBe)-ked (SERQ IDENO:B4)tarratsolitiphasevesint j0148] a  After washing
with DON and DMF, the resin equivalent to 5 limol of the 18 residue peptide was transferred to an

Eppendorf tubg’ 52 HligdlacéHdtte Gt a8ded aspafhgine (55 (3 produd BF STSURA Chemical
Cow'id)(18!ﬂ95529@89[EQ”Hmééﬁe/§Ay. Alternatively, the

pharmaceutical composition may be administered with less
frequency (e.g., 1 dose/week, or 1 dose/month) according
to its stability in blood. The number of doses of the
pharmaceutical composition is preferably 1 dose or
less/day. The oligosaccharide chain added GLP-1 peptide
of the present invention has much higher stability in
blood than that of GLP-1. Therefore, the number of doses
can be decreased advantageously.

[0123]

The oligosaccharide chain added to the
oligosaccharide chain added GLP-1 peptide of the present
invention is easily degraded in a metabolic system in
vivo. In one aspect of the present invention, the
oligosaccharide chain has a structure that is bound in a
form of glycopeptide (or glycoprotein) in vivo. Thus,
the oligosaccharide chain added GLP-1 peptide of the
present invention and the pharmaceutical composition
comprising this peptide as an active ingredient exhibits
neither side effects nor antigenicity, even when
administered to living bodies. Therefore, they
advantageously produce neither allergic reactions nor a
loss of efficacy attributed to antibody production.

[0124]



and DEPBT(4.5 mg,15 pmol)were dissolved in DMF(0.34 mi), and placed in Eppendorf tube. DIPEA
(2.6 pi, 15pmol) was added and the mixture was stirred at room temperature for 24 hours. After
washing with DMF and DCM, oligosaccharide chain added 19-residue peptide of
Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Irp(Boc)-Ala-1le-Phe-Giu(OtBu)-Lys(Boc)-Ala-Ala-Gin(Irt)-Gly-Giu(
OtBu)-Leu-Asn(Oligosaccharide chain) (SEQ ID NO:35) was obtained on a solid phase.The amino
acid having an amin rotected ith F as then condense Lusing t (3.4 mg,
0.025 mmol), DIPCI(}(}’Qg 835 rﬁm(\)I}()‘ and 12 Cflj ﬁa) togoebtall% o]llgosé.gccﬁwdan e ch§am added

31l-residue pe@@q&&%@Iyoérg{H@f);@Wsléf%BQ@v\éakLl@hlr@é&pcﬁe supplied stably
Ala-lle-Phe-Giu(OtBu)-Lys(Boc)-Ala-Ala-Gin(Irt)-Gly- Glu(OtBu)-Leu-Asn(Oligosaccharide
chain)-Ser(tBl)nSer(tBw)eVialeAsp(DtBO)-SertBu B Tm{BL) - Rhel ThHtBU)s Gly-6iy(OtBaF-Ala-His(Irt)
(SEQ ID NO:36) on a solid phase. [0149] The obtained resin having anoligosaccharide chain

added peptideforfed MertbR s art§ takdrP i & 58fd-phAdd Sy hadis ColGhH ITrifluoroacetic acid:
water: TIPS (—h%@l%g 2.5) was qﬂgﬁj h that the resin was thoroughly soaked and stirred at room
temperature for 3 hours. The resin was removed by filtration and the reaction solution was
concentrated under regeced pgesstre nbhe resuiingl residiecvas paritiechby iRl G feolumn:
SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TEA water, B solution:
0.09% TEA/10% S¢téff90%rANTEY PRlfraing 38 -4 60968 2 e finéarcgradient] teldbtain

ollgosaccharlde chain added |5[1)§ t|de Wherelrﬁ)osmon of GLP-1is su tlt% % oligosaccharide
chain added Asn ?L5Asnré’jL “trasia ofel':rél > Calc For 2145133 +3H]3+ 1668.8,

found. 1668.10 {Q1p0] [Taklg:Slde chain added GLP-1 peptide of the present
invention.
EXAMPLE
[0125]

Hereinafter, the present invention will be described
specifically with reference to Examples. However, the
present invention is not intended to be limited to them
by any means. In FIGS. 7 to 22, e.g., "22Cys GLP-1-
disialo" which is an oligosaccharide chain added GLP-1
peptide wherein an amino acid at position 22 of GLP-1 is
substituted by disialo oligosaccharide chain added Cys 1is
also referred to as "22Cys-disialoGLP-1", "C22" or "C22-
disialo". The same applies to other oligosaccharide
chains and amino acid sites.

[0126]
Example 1

Synthesis of 18Cys-disialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with

Amino-PEGA resin (100 umol) (product of Merck), washed
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thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TRBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0127]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0128]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the

resin was washed with DCM and DMF, and Fmoc group was



Example 7 19Asn GLP-1-asialo Cal oulatedfor C2iaiRis092[Mt.:M]' 1668. 1 1668. 8, found. [0151]
Example 8 Synthesis of 6Cys-disialo oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly with dichloromethane (DON) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and

N-ethylmorphc%lienrg @é 25 gxm%l were g_isggl;yed iin DME 1(% em)bgl a%t_adlt thencocg n gmdf sg_jrr_ed at
room temperature?or hours. e%esm was @/&%ﬁeét oroug E/ng[)h B an l%naﬁ to o%taln
HMPB-PEGA resin,iwhich yvas tsed as@eselidiphasesfor selid-phase syptbesisrmed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.
[0129]
Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,
Fmoc-Tyr (tBu), Fmoc-Cys(Trt)-OH, Fmoc-Ser (tBu), Fmoc-Val,
Fmoc—-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-Phe,
Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and
Fmoc—-His (Trt) were used as the amino acids protected by
Fmoc group to obtain a 3l-residue peptide of Gly-
Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Ile-Phe-
Glu (OtBu)-Lys (Boc)-Ala-Ala-GIln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) -Cys (Trt)—-Ser (tBu)-Val-Asp (OtBu)-Ser (tBu) -
Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -Ala-His (Trt) (SEQ ID
NO:30) on a solid-phase resin. According to the
principal of the Fmoc method, the sequence is described
to start from the C terminal with the direction of 37 —
7.
[0130]
After washing with DCM and DMF, the resin equivalent
to 5 Uumol of the 31 residue peptide was transferred to an
Eppendorf tube.
The obtained resin having a peptide formed thereon

was partly taken in a solid-phase synthesis column.



[0152] Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were
dissolved in DON (2 ml), loaded to a solid-phase synthesis column and stirred at 25C for 3 hours.
After stirring, the resin was washed with DON and DMF. Fmoc group was removed by using 20%
piperidine/DMF solution (2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially
condensed in accordance with the method shown below to extend a peptide chain. [0153] The
amino acid haying.an amino group protected with Fm up was dissolvedjn N-methylpyrrolidone
(NMP) (1 m1)¥ ?t]éﬁ%gaaﬁi%ﬁ%o%b%f M CIﬁﬁ&S@T/I&%%gZOPAT mgrﬁdl),sfthlg 'reszlu'ltl gvrvﬁa}fture was
loaded to a solid-phase synthesis-calumn: Subsequentyy 0: MM IREANMR {0 8-mmol) was added to
the solid-phase synthesis column. After stirring at room temperature for 20 minutes, the resin was
washed with DON=anellDRIF, apdiFrhecigeolgiwas rémoved hywsing aT26% pipearidime/®MF solution
(2 ml) for 15 minutes. This operation was repeatedly performed using an amino acid protected with

Fmoc group (G.5MAM5H 5 %efudhtaly cohdenge Bifing aRfdst {31527 LU EMOCYGR), Fmoc-Arg(Pbf),
Fmoc-Gly, Fmog:|ys(Bec), Emacual, Fmacsiew Faclip(Boc), Fmog-Alz, Fmog:lle, Fmoc-Phe,
Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-Gin(Irt), Fmoc-Gly, Fmoc-Glu(OtBu),
Fmoc-Leu, FmaesTwBuyasmea:Ser{tBa) dymaeiSer(tBu), dnmac-Mat, FFrmoc- Asp(QiBu),
Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala,
FmocHis(Irt) ah@FEmoci@ys(Ir) wete>usedllasithe ammdliavids plotected biyFmod giduprihobtain a
32-residue pe téd{'e?f B tion: 0. Q9% 105w 0%/ AN, 8,0l /mips
Gly-Arg(Pbf)-Gly- ys(Boc)§\96]119Leu-f}p(é)o'cg-AclaﬁFe%l-/’he-GIu(%t%ﬂf-?.yé(BAoc)-AIa-AIIla-Cg}nflr'rt)-GIy-GIu(
OtBu)-Leu-Tyrﬁt@u_);S@rdt%%{)-%(gﬁﬂ)l—vlai-fggﬁO@Qa%%r& )to obtain a peptide .
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Trt)-Cys(Trt) (SEQ ID NO:37) on a solid-phase resin.
[0155] Thevbltaimed resielmaving @lpgeptidefornéd therevr dvdsypartly taken in a solid-phase
synthesis colur[non.

131]
Bromoacetamidyl disialo oligosaccharide (a) (a

product of OTSUKA Chemical Co., Ltd.) (3 mg)

[Formula 5]

0.
\\c /OH
HO HO CHa
HO, o 0 Qn{
HOtr HO 2 Ho KH
HN —0
o HO OH Mi%;:%?\o

=<CH HO
8 HO 0,
Ho 5
[») r
N i ’ﬁ“:g/“
N
wo o Ro Yo -
OH NH M
RN Ho_Z0 o-d 0= o
oo € hHo HO CH M
HO, HO%%/D )
~ C (o]
e 2 o HO NH
OH
HO
o o=
z:M(:Cl‘ig CH3

CHy

(a)

and the peptide chain synthesized above (1 mg) were
dissolved in 100 mM phosphate buffer (pH 7.5, 170 ul)

and allowed to react at 37°C for 4 hours. After complete

- 79 -



Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly soaked
and stirred at room temperature for 3 hours. The resin was removed by filtration and the reaction
solution was concentrated under reduced pressure. The resulting residue was purified by HPLC
[column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B
solution: 0.09% TFA/10% water/90% AN 8.0 ml/min; 35 -4 60% 20 min linear gradient] to obtain
peptide having Cys on 6 pasition of GLP-1. [0156 Bromoacetamidyl. disialg gligosaccharide (a) (a
product of OT &X(SAuE %r%?élal o.,r I?tvé.)n@%rﬁg af]alnsd t eergep():t? e%wra{?r% %yr&f e%llg}é ’ag%q?/g (9.6 mg)

were dissolved i 10Q ;M phosphate huffer {pH:%.11 mi),and allewed &o feact at 3Z€ifen4 hours.

After complete consumption of raw materials were confirmed by HPLC, the reaction solution was
directly subjected toepurificationroy :HBECIEalDMI SHISEIDOIYG-F2@(018, ® gmy, k2050250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min; 35 -4
60%B, 20 min"TReaP GAAUIERT to Gbtai 8. 8'Mg of bligdsadchakias Thaifadfed 6P peptide wherein

an oligosaccharide, chai prp d Cys was added on.position, 6 of GLR-1 (6Cys.GLP-l-disialo). [0157]
Example 9 ® &/e%ﬁ}i?ﬁ) éyg-%slﬁs?az 0 iéogé?:c é?ﬁsdréac A ddded éL%@;%e’pti%l]te) A
solid-phase synihesis cotuai was chargesbwih AminadP? BGAdesic(d0dimal) (productiaf Merck),
washed thoroughly with dichloromethane (DON) and DMF and the resin was thoroughly swollen with

DMF. 4-hydroRyifiethy3-eth@§phéfexybutyrit &gt {AMPB 0. 25 nirkély, UBIY (0.25 mmol) and

N-ethylmorphollllr!k? 0.l 5 r@en&ol were glsggg/ggﬂg Di F (% }rlréllq Io%%eﬂ;ﬂj'eg ’\%g,ascocgtjégg, and stlrred at
room temperatsure?or ours. Theresinwas washe ?horougﬂly Wi an N %o obtain

HMPB-PEGA gsin,\which was-ysed as a solid phase for solid-phase synthesis. [0158] Fmoc-Gly
(0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were dissolved in DON (2 ml),
loaded to a soli@-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed with DON and DMF. Fmoc group was removed by using 20% piperidine/DMF solution (2
ml) for 15 min&te’MRABFwAshifgwith DMF, amino acids were sequentially condensed in accordance

with the method shown boeva|¥I o} gétgg%f ziB%pt%eagr&aigdﬁ)égg&%ﬁaéﬁggp?@%%%dg aving an amino

group protected with Fmoc group was dissolved in N-methylpyrr 1 ml). After addition of
0.45 M HCIUHQBTANMP A0 simadl), dhe resulting mixure wasdeadedto a solid-phase

oligosaccharide chain added Cys (22Cys GLP-1-disialo), an
oligosaccharide chain added GLP-1 peptide (3) wherein
26Lys of GLP-1 was substituted with oligosaccharide chain
added Cys (26Cys GLP-1-disialo), an oligosaccharide chain
added GLP-1 peptide (4) wherein 36Arg of GLP-1 was
substituted with oligosaccharide chain added Cys (36Cys
GLP-1-disialo), and an oligosaccharide chain added GLP-1
peptide (5) wherein oligosaccharide chain added Cys was
further added to 37Gly of GLP-1 (38Cys GLP-1-disialo)
were obtained in the same way as in Example 1 except that
the order wherein amino acids were condensed was changed.
The results are shown in Table 5.

[0133]

Comparative Example 1
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synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8 mmol) was added to the solid-phase
synthesis column. After stirring at room temperature for 20 minutes, the resin was washed with DON
and DMF, and Fmoc group was removed by using a 20% piperidine/DMF solution (2 ml) for 15
minutes. This operation was repeatedly performed using an amino acid protected with Fmoc group
(0.5 mmol) to sequentially condense amino acids. [0160] Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly,
Fmoc-Lys(Boc), Fmac-Val, Fmac-Leu, Fmoc-Irp(Bac), Fmoc-Ala, Fmoc-lle, EFmaoc-Phe,

Fmoc GI(OMBU), Frioc Ea(Bo8) Ermn R e S RS R g i oot Glu(OBu)

Fmoc-Leu, Fmoe: Ty (Bt aFmog-Ser(tBy), fmee-Ser(fBuhfmeeyal fnec-AsplQBiom
Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Cys(Irt)

and Fmoc-Hisg@irty welé' used astthe apvinb bgidsvprotected by FnidE grodp-to obtain a 31-residue
peptide of

Gly-Arg(Pbf)-CY Ly B8O N eli- B (BUE ARSI BRI M OB UT-L yEBIE AA-AI3-GIR(I)-Gly-Glu(

OtBu)-Leu-Ty%mjsler@g%—S (@g)ﬁ{ﬁgﬁ?p&@%&%ﬁ@[ﬂkor holine (0.25 mmol).
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Cys(Irt)-His(Irt) (SEQ ID NO:38) on a solid-phase resin. [0161]

The obtained resirchavipg @ipeptiderformed tireredn wasopardly takertinea solid:phase synthesis
column. Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly
soaked and sfifréd &efocth tEMPRratarRF Bhoits fPie feshe Was reméved By filtrati®f and the

reaction solution was caoncentrated under red ress The resulting residue purified by
HPLC [columnv:v%%%lg%lB%Oﬁggf%%t%lof@%%m%?%d%@g@m% g(%g(ﬁgﬁ : Aﬁs&olgl]%tion: .1% TFA water,
B solution: 0.09% TFA/10% watgH/90%:AN 8,9 ral/min; 35 -4rB0% 20 pindineas gradisat] to obtain
peptide wherein 8Ala of GLP-1 is substituted by Cys. [0162] Bromoacetamidyl disialo
oligosaccharidey(@) i@ picduct of OTSUKA Chemical Co., Ltd.) (25 mg) and the peptide chain

synthesized above (7.3 mg) were dissolved in 100 mM phosphate buffer (pH 7.5, 730 pl) and allowed
to react at 37C for ¥ Rours. After complete consumption of raw materials were confirmed by HPLC, the

reaction solution wag.directly,subjected tg purification by HPLC [column: SHISEIDO UG-120 (018, 5
gm), 0 20 X 250 mm, gradiené/uA !solution: 0.102)'TFA wate(r, B solut%%n:qo.og%/o TFA/10% water/90% AN

8 ml/min; 35 -460%B, 120i Ay near gradient] e ebiain &3 myi efseligesaccharistevchain adged GLP-1
peptide wherein 8Ala of GLP-1 is substituted by oligosaccharide chain added Cys (8Cys
GLP-1-disialo) {6163] BExanplé abid-phase synthesis column, and stirred at
25°C for 3 hours.
After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0135]
The amino acid having an amino group protected with
Fmoc group was dissolved in NMP (1 ml). After addition
of 0.45 M HCTU-HOBT/NMP (0.4 mmol), the resulting mixture
was loaded to a solid-phase synthesis column.
Subsequently, 0.9 M DIPEA/NMP (0.8 mmol) was added to the

solid-phase synthesis column. After the mixture was

stirred at room temperature for 20 minutes, the resin was
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Synthesis of 9Cys-disialo oligosaccharide chain added GLP-1 peptide A solid-phase synthesis
column was charged with Amino-PEGA resin (100 limol) (product of Merck), washed thoroughly with
dichloromethane (DON) and DMF and the resin was thoroughly swollen with DMF.
4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at

room temperafure far 4 ho%s. ﬂ-@ﬁ rersliorll w wasggd El;pnc())rgu%ﬁllé/uwith DMFE and DQON.to obtain

HMPB-PEGA reS|r}11,ev<3hivéﬁ was used as a solid p%ase for soli phgsewgysntﬁeeé?(s).v[% 62]y Fmoc-Gly

(0.50 mmol), MENTA0E0:mmel) and Niaethylimidazele: (0,37 mmol) were disselvedda HDON (2 ml),
loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed withiDOdbamd DME, Fraec geows vas renteved bynssing 20%piperidine/DMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance

with the methGtFSiown BERW i extehd o Peptideéhdin. (51685 Phe-amitio&&H hhvingYan amino

group protected.with Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1 ml). After addition of
0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting mixture was loaded to a solid-phase synthesis

column. Subsgquedly, 0.9 M DIPEA/NMP (0.8 mmol) was added to the solid-phase synthesis column.

After stirring at room temperature for 20 minutes, the resin was washed with DON and DMF, and
Fmoc group was remBeed By usingra 2084 Biperiine/DNIFCSolttion (2" Mok 15 nikates. This

operation wasepsalodl peormec ysing 8D AMIE A pretepied vl Emag, group (9.5 mmD to
Fmoc-Phe, Fmoc-Glu (OtBu), Fmoc-Lys (Boc), Fmoc-Ala,
Fmoc-Ala, Fmoc-Gln (Trt), Fmoc-Gly, Fmoc-Glu (OtBu),
Fmoc-Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu),
Fmoc-Val, Fmoc-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu),
Fmoc-Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu (OtBu),
Fmoc-Ala and Fmoc-His (Trt) were used as the amino acids
protected with Fmoc group to obtain a 31l-residue peptide
of Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Trp(Boc)-Ala-Tle-
Phe-Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu) -
Leu-Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —
Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt) (SEQ ID
NO: 31) on a solid-phase resin.
[0137]

After washing with DCM and DMF, the resin equivalent
to 5 umol of the 3l-residue peptide was transferred to an
Eppendorf tube.

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95:2.5:2.5) was

added such that the resin was thoroughly soaked and
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[0166] Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val, Fmoc-Leu,
Fmoc-Irp(Boc), Fmoc-Ala, Fmoc-lle, Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala,
FmocAla, Fmoc-GIn(Irt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu, Fmoc-Tyr(tBu), Fmoc-Ser(tBu),
Fmoc-Ser(tBu), Fmoc-Val, Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe,
Fmoc-Thr(tBu), Fmoc-Gly, Fmoc-Cys(Irt), Fmoc-Ala and Fmoc-His(Irt) were used as the amino acids
protected by Fn%oq: group_t orb(g%irp1 acél-r%sidgl% feep '%‘?_» c();% . e resin w
GIy-Arg(be)-CfIy-JLys? oéa)- aI-Leu-Irp%}ocS?A a-lle-Phe- EBt%u?—Lys%&oc)-&l%—Rla—éIsn(lrt)-GIy-GIu(
OtBu)-Leu-Tyr{tBr)«2el (tBy)-SeritBu)-YahAsp(RIBuSeréBe)ion solution was
Thr(tBu)-Phe-Thr(tBu)-Gly-Cys(Irt)-Ala-His(Irt) (SEQ ID NO:39) on a solid-phase resin. [0167] The
obtained resindvavirg & peptide fodised thedeore waspasthy taken ihhe sokitsphasergynthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly soaked
and stirred at Fooir (RtRp&ratuRY6E 3 Hetir& T HEFfe'sin(vas termdved by titration aiiPthe reaction
solution was capeeritaied yodes reducedreasurs. The Jegling regidus yagprilfied by HPLC
[column: SHISEIDO UG-120 (0185 gm), 0 20 X 250 mm, gradient; A solution: 0.1% IFA water, B
solution: 0.09% |EA/1G% waier/90%cAN 180 midak; 35 -4 609268, 2Q-aun dneargmadient]stosobtain
peptide wherein 9Glu of GLP-1 is substituted by Cys. [0168] Bromoacetamidyl disialo
oligosaccharide’ (8)¢& prodiet of OISOKAWCHerhical €00, Intd Jn(50 md@)carmbtheipeptide-chain
synthesized a %ve496.4 ﬂ% were di?lsolved in ;ITOCB3 M ghosphate buffer (pH 7.5, 1.7 ml) and allowed
to react at 37C for 4 foUrs. ftaélF:c?or%pPe"f’é1 céﬁsurﬁp iGn of raw materials were confirmed by HPLC, the
reaction solutign wasdirectly subjected to purification by HPLC [column: SHISEIDO UG-120 (018, 5
gm), 0 20 X 250 mm, gradient: A solution: 0.1% IFA water, B solution: 0.09% IFA/10% water/90% AN
8 ml/min; 35 -4 88%B; 20] min linear gradient] to obtain 7.3 mg of oligosaccharide chain added GLP-1
peptide wherein 9Glu of GLP-1 is substituted by oligosaccharide chain added Cys (9Cys
GLP-1-disialo). [0169]} Example 11

MALDI-TOF mass (Bluker Daltonics, AutoFLEX)

Example 1 | 18Cys GLP-1-disialo | Calculated for CoHuwNiOisS [MHH] 5631, 47,

found. 5632.0

Example 2 | 22Cys GLP-1-disialo | Calculated for CoyHyeNi:0,00S [M+H] °  5661. 44,
found. 5662.1

Example 3 | 26Cys GLP-1-disialo | Calculated for CuHuoNisOeS [M+H] ' 5590. 38,
found. 5591.7

Example 4 | 36Cys GLP-1-disialo | Calculated for CuHuNi0,0S [MHH] 7 5562.37,

found. 5562.9

Example 5 | 38Cys GLP-1-disialo | Calculated for CouHyNis0, oS Il 0 5718 47,
found. 5719.1

Comparative| GLP-1
Example 1

[0139]
Example 6

Synthesis of 38Asn-asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with

Amino-PEGA resin (100 Mumol), washed thoroughly with DCM

and DMF, and thoroughly swollen with DMF. 4-
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Synthesis of 10Cys-disialo oligosaccharide chain added GLP-1 peptide A solid-phase synthesis
column was charged with Amino-PEGA resin (100 limol) (product of Merck), washed thoroughly with
dichloromethane (DCM) and DMF and the resin was thoroughly swollen with DMF.
4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at

room temperature for 4 hours. The resin was washed thoroughly with DM tg obtain
HMPB-PEGA rgsglﬁ,ofv{ﬁfgﬁ%gslusg;én aeg’ aosﬁﬁlkb%%%é}f%ru st&%%égs%lg/n@eﬂs%g)?(ﬁymag Fmoc-Gly

(0.50 mmol), M&NT)(0.5&mmal) and Nipethylimidazele-(0.3 715 pwpeld were dissovedin AN (2 ml),
loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed withrBOMLascd DiE. EmobNroup was rembveddsy using 26%spiperidinefDMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance

with the methdth S bafow & BxtERERSIERtYeCHERT. [0178°T S The Bmidd 84 A%Ving an amino
group protected with Fmec groupwas dissalivedin Nsmetiydpyrrolidone (NMELEL i) After addition of

0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting mixture was loaded to a solid-phase synthesis
column. Subsegueintly, G195 MIDIPEAMNMR (6.8 mmot)was added ta the selidiphasessynthesis column.
After stirring at room temperature for 20 minutes, the resin was washed with DON and DMF, and
Fmoc group waseRvéd by using a 20% piperidine/DMF solution (2 ml) for 15 minutes. This
operation Waso[rsg% dly performed using an amino acid protected with Fmoc group (0.5 mmol) to
sequentially condense amino acids. [0172]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column, and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0141]

The amino acid having an amino group protected with
Fmoc group was dissolved in NMP (1 ml). After addition
of 0.45 M HCTU-HOBT/NMP (0.4 mmol), the resulting mixture
was loaded to a solid-phase synthesis column.
Subsequently, 0.9 M DIPEA/NMP (0.8 mmol) was added to the
solid-phase synthesis column. After the mixture was
stirred at room temperature for 20 minutes, the resin was
washed with DCM and DMF, and Fmoc group was removed by
using 20% piperidine/DMF solution (2 ml) for 15 minutes.

This operation was repeatedly performed using an amino
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Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val, Fmoc-Leu, Fmoc-Irp(Boc),
Fmoc-Ala, Fmoc-lle, Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-Gin(irt),
Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu, Fmoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu), Fmoc-Val,
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Cys(lIrt),
Fmoc-Glu(OtBu), Fmoc-Ala and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group

to obtain a 31-residue peptide of, . .
Gly-Arg(Pbi)-Gly-Lys B0 VAL bt (Bdd Hia T BRe-Bla oMl Lys o KIS EhH)-Gly-Glu(
OtBu)-Leu-Tyr{tBi)SeréBinr-Ses(tBu)-¥al-Asp(OtBu)-Ser(tBu)-
Thr(tBu)-Phe-Thr(tBu)-Cys(Irt)-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:40) on a solid-phase resin. [0173]
The obtained resin habing-dipegtide forédthereoranas partlyitakén irpad selidphase synthesis
column. Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly

soaked and st &500nT BmESRHFEI63 ABure? THeS el \vad Pémaved By fiftrition and the

reaction solutign was, nc(gg'grglted under reduced pressure. The resulting residue was purified by

HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,
B solution: 0.0984 7FA/10% water/90% AN 8.0 ml/min; 35 -4 60%B, 20 min linear gradient] to obtain
peptide wherein 10Gly of GLP-1 is substituted by Cys. [0174] Bromoacetamidyl disialo
oligosaccharide (a) (B'pr6dctdof GTSUKATChemichl Coinag)¢16.8 mgpand e péptide chain

synthesized above (5,6 mg) were dissolved in 100 mM phosphate buffer (pH 7.5, 5¢ I%and allowed to
act ot 37C 100 ROV, MEF Sorite CoRGimplen i, matLHAl wete CORRimad By HPLC, i

reaction solutiep ywascgjeectlysybjected topurification Hy HPLC (gelumn: SiYSEARY UG-120 (C18, 5
gm), 0 4.6 X 250 mm,
Fmoc-Ala, Fmoc-Gln (Trt), Fmoc-Gly, Fmoc-Glu (OtBu),

Fmoc-Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu),
Fmoc-Val, Fmoc-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu),
Fmoc-Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu (OtBu),
Fmoc-Ala and Fmoc-His (Trt) were used as the amino acids
protected with Fmoc group and Boc-His (Trt)-OH was used as
the amino acid protected with Boc group to obtain a 31-
residue peptide of Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-
Trp(Boc)-Ala-Ile-Phe-Glu(OtBu)-Lys(Boc)—-Ala-Ala-Gln(Trt) -
Gly-Glu (OtBu)-Leu-Tyr (tBu)-Ser (tBu) -Ser (tBu) -Val-

Asp (OtBu) -Ser (tBu) -Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -
Ala-His(Trt) (SEQ ID NO: 32) on a solid-phase resin.
[0143]

After washing with DCM and DMF, a solution mixture
of trifluoroethanol and acetic acid (1:1) was added such
that the resin was thoroughly soaked and stirred at room
temperature for 18 hours. The resin was removed by
filtration, and the reaction solution was concentrated

under reduced pressure. The obtained residue was
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gradient: A solution: 0.1% TFA water, B solution: 0.09% TFA/10% water/90% AN 0.7 ml/min; 35 -4
60%B, 20 min linear gradient] to obtain 3.0 mg of oligosaccharide chain added GLP-1 peptide wherein
10Gly of GLP-1 is substituted by oligosaccharide chain added Cys (10Cys GLP-1-disialo). [0175]
Example 12 Synthesis of 11Cys-disialo oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),

washed thoroughly with dichlagromethane (DCM) and DMF and the resin was thoroughly swollen with
TRyl eThony P e SybUGHe Ao TANFDB) (0135 ol 1810

DMF. 4-hydroxymet?f§/ -methoxyphenoxybutyri (0.25 mmol) and
N-ethylmorphaling (825 nmumnal) weee dissolvedin RME £2 ;i deaded to thecabwan, and stirred at

room temperature for 4 hours. The resin was washed thoroughly with DMF and DCM to obtain
HMPB-PEGA Gésifowhich-wis (sed as?al solfdl phasenfof solid-phase syrithiesis) {0176} Fmoc-Gly

(0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were dissolved in DON (2 ml),
loaded to a solid“phEEE syrftes éﬁlﬁr%%ra(r#é’t?ﬁéfdaét" OB ROURE AP Yiring, the resin was

washed yvith DQN %@Nﬁlg_rqq& r@g@)wggﬁg,e_re%%@)éwm;gl%o%ipér{%fidé@e_/Q%F solution (2 ml)

for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance
(Sequence No. 33). The 3l-residue protected peptide
(equivalent to 2 umol) was transferred to an eggplant
flask and dissolved in DMF (0.03 ml). In an Eppendorf
tube separately prepared, asialo oligosaccharide chain
added asparagine (amine-free) (4.9 mg, 1 umol), PyBOP (1
mg, 1.9 umol) and HOBt (0.3 mg, 2 MUmol) dissolved in DMF
(0.04 ml) were placed, and DIPEA (0.00052 ml, 3 Mmol) was
finally added thereto. The solution mixture in this
Eppendorf tube was placed in the eggplant flask prepared
in advance and stirred at room temperature for 2.5 hours.
After completion of the reaction, the solution was
concentrated. To the residue, trifluorocacetic acid:
water: TIPS (= 95:2.5:2.5) was added and stirred at room
temperature. After 2 hours, the solution was added to
diethyl ether (150 ml) separately prepared to obtain a
crystal. The solution portion was removed by a membrane
filter to obtain a residue containing the oligosaccharide
chain added GLP-1 peptide of interest. The obtained
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), 020 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 =5 60% B solution, 20 min linear gradient] to obtain a

oligosaccharide chain added GLP-1 peptide wherein
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with the method shown below to extend a peptide chain. [0177] The amino acid having an amino
group protected with Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1 m1). After addition of
0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting mixture was loaded to a solid-phase synthesis
column. Subsequently, 0.9 M DIPEA/NMP (0.8 mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the resin was washed with DCN and DMF, and Fmoc

group was removed by using a 20%.piperidine/DME solutio ml) for 15 minutes. This operation was
repeatedly peﬁgrsrﬁetdl Séllng ganogmﬁl%@agd Vﬁ?gteg'ﬁe%svﬁ%}i?ne(% g‘jvr%tl—]% (8551%?71803)0%1;€gq1u<gentially

condense aming ACiSs 48] A s n FeaGly, Enrocr A PRf)s Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val,
Fmoc-Leu, Fmoc-Irp(Boc), Fmoc-Ala, Fmoc-lle,
ESI-MS: Calcd for Cj17H336N46094: [M+3H]%'1697.8, found.
1697.9.
[0144]
Example 7

Synthesis of 19Asn-asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 Mmol), washed thoroughly with DCM
and DMF and the resin was thoroughly swollen with DMF.
4-hydroxymethyl-3-methoxyphenoxybutyric acid (HMPB) (0.25
mmol), TBTU (0.25 mmol) and N-ethylmorpholine (0.25 mmol)
were dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0145]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance

with the method shown below to extend a peptide chain.
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Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-GIn(Irt), Fmoc-Gly,
Fmoc-Glu(OtBu), Fmoc-Leu, Fmoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu), Fmoc-Val,
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Cys(Irt), Fmoc-Gly,
Fmoc-Glu(OtBu), Fmoc-Ala and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group
to obtain a 31-residue peptide of

Gly-Arg(Pbf)- I@L S Boc)-Val-Leu-Irp(Boc)-Ala-lle-Phe-Glu(OtBu)-Lys(Boc)-Ala-Ala-GIn(Irt)-Gly-Glu(
OtBu)-Leu-Tyr(t u%/- er(tBu)-Ser(tBu)-Val-Asp(OtBu)-Ser(tBu)-
Thr(tBu)-Phe-Cyc(Irt)&ly-6iu (1 Ba-Adatis(it(SEQ 4R NR:4d) en@ selidk-phaseiresin.{0179]

The obtained resin having a peptide formed thereon was partly taken in a solid-phase synthesis
column. Trifludioacetiracid: waterdTiR® (v98: 2.5: RIF) wds added stiEh #ratahd résinwas thoroughly
soaked and stirred at room temperature for 3 hours. The resin was removed by filtration and the

reaction solutiBfh wascornéeRtratsd WrbENEducRahrB8sure: ThE fesfing Fediduéhvas Bifified by
HPLC [column; SHISEIROUGS120 g%lﬁggég})agezos%sgggerg% gradignt; A solution: 0.1% TFA water,
.0 [

B solution: 0.09% TFA/10% water/90% AN ml/min; 35 -4 60%B, 20 min linear gradient] to obtain
peptide wheregubkEhfueifGLR-1 is substituted by 1@ys. [QL80] mmoBromaacetamidyl disialbe
oligosaccharide (a) (a product of OTSUKA Chemical Co., Ltd.) (41 mg) and the peptide chain
synthesized a6Vel (LR8 a%y) \weretdissohved 100 mM gHosphatel Bufér{pft7 5228 ml) and allowed

to react at 37C;Cfor 4 houcrs. Aft%r cor%\BIete consumpl;ci n of raw materials were confir e%ﬁ HPLC, the
S
it SHSEIB0 VG130

reaction solution v?aesrc?lreuc]flfl su%jrec %lf)lffrtmec%‘tion ?/ I—rlIgIff(]ZIIC(V)VI‘arSnnV:v S |E§bt (018, 5

gm), 0 20 X 250, mmygradignt Agglutign 04 % IEAWARLSr B selution; QH9Y6 TiA/10% water/90% AN
8.0 ml/min; 35 -4 60%B, 20 min linear gradient] to obtain 11.9 mg of oligosaccharide chain added
GLP-1 peptideowhereinl 14FhpUE GE P11 fsisubstituted byfaligosacahiarideschain Bdded Cys (11Cys
GLP-1-disialo). [0181] Example 13 _ _ _
operation was repeatedly performed using an amino acid
protected with Fmoc group (0.5 mmol) to sequentially
condense amino acids.
[0147]
Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), and Fmoc-
Leu were used as the amino acids protected by Fmoc group
to obtain a 18-residue peptide of Gly-Arg(Pbf)-Gly-
Lys (Boc)-Val-Leu-Trp(Boc)—-Ala-Ile-Phe-Glu(OtBu)-Lys (Boc) -
Ala-Ala-Gln(Trt)-Gly-Glu(OtBu)-Leu (SEQ ID NO:34) on a
solid-phase resin.
[0148]
After washing with DCM and DMF, the resin equivalent

to 5 umol of the 18 residue peptide was transferred to an

Eppendorf tube.
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Synthesis of 12Cys- disialo oligosaccharide chain added GLP-1 peptide A solid-phase synthesis
column was charged with Amino-PEGA resin (100 limol) (product of Merck), washed thoroughly with
dichloromethane (DCM) and DMF and the resin was thoroughly swollen with DMF.
4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room temperature fo64ihog£s§c'léi}learelsgﬂewgﬁ ﬂashgg Otf(kelgroau hé)/ \é\l/itril r?eMFQEd PCM to obtain
HMPB-PEGA resin, w ich-was used as a solid p%ase or soli -pﬁage syntl%e IS. [30182] Fmoc-Gly
(0.50 mmol), MSNJ(9:50:mmal}x ard Nrethylimidazele (0.3745 mmal} wege dissaived)in DON (2 ml),
loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed withcD@NLand DMF. Fmoc group was removed by using 20% piperidine/DMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain. [0183] The amino acid having an amino

group protected with Fmoc group was dissolved in N-methylpyrrolidone (NMP)£ . Afteraddition of
S ESiS
s column.

0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting mixture was loaded to a
column. Subsequently, 0.9HA DIPEA/NMP (0.8 mmol) was added to the solid 14
After stirring at room teh@ieRatuge for 20 minytes, the resin was washed with DON and

DMF, and
Fmoc group was removed b Iperidine/DMF solution (2 ml) for 15 mingtes. This
. OH . : . .
operation was repeatedly perform 2amino acid protected with Fmoc group(0.5 mmol) to
sequentially condense amino acids. [ moc-Gly, Fmoc-Arg(Pbf), Fmog;Glys Fmoc-Lys(Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Irp(Boc), Fmoc- fmoc- moc- , Fmoc-GIu(\T)‘yﬁ;u),
Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, F 3 t Iygo -QIH(OtBuY), F -Leu,
Fmoc-Tyr(tBu), Fmoc-ier(tBu), F}rpoq\f-z‘}ggBu), FmHE—ValNHAC NHAc | o
0 HO
HO 0 o

HO,W HO

HO o NHAc

{(b)

and DEPBT (4.5 mg,15 umol)were dissolved in DMF (0.34 ml),
and placed in Eppendorf tube. DIPEA (2.6 upl, 15umol) was
added and the mixture was stirred at room temperature for
24 hours. After washing with DMF and DCM,
oligosaccharide chain added 19-residue peptide of Gly-
Arg(Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Ile-Phe-

Glu (OtBu)-Lys (Boc)-Ala-Ala-GIln(Trt)-Gly-Glu (OtBu)-Leu-
Asn (Oligosaccharide chain) (SEQ ID NO:35) was obtained on
a solid phase. The amino acid having an amino group
protected with Fmoc group was then condensed using HOBt
(3.4 mg, 0.025 mmol), DIPCI (3.8 pl, 0.025 mmol) and DMF
(0.1 ml) to obtain oligosaccharide chain added 31-residue
peptide of Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Trp (Boc) -

Ala-Ile-Phe-Glu (OtBu)-Lys(Boc)-Ala-Ala-Gln(Trt)-Gly-
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Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), FmocCys(Irt), Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBu), FmocAla and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group
to obtain a 31-residue peptide of
Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Irp(Boc)-Ala-1le-Phe-Glu(OtBu)-Lys(Boc)-Ala-Ala-Gin(Irt)-Gly-Glu(
OtBu)-Leu-Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val-Asp(OtBu)-Ser(tBu)-
Thr(tBu)-Cyc(lr)-Thr(tBu)-Gly-Gly(OtBu)-Ala-His(Irt) (SEQ ID NQ:42) gn a salid-phase resin. [0185]
The obtained réeis}lln %\%Hé %gélp_t%% i%ég ?ﬁ&égﬁ%zfs%arﬁ??alﬁle%%eg s(% id-phase synthesis
column. Triflugreacetis.acidawaies, (RS (5 9825t 2.5) was-added suchthat the-rasjn-was thoroughly
soaked and stirred at room temperature for 3 hours. The resin was removed by filtration and the
reaction solution wasleotizeRtratedlanderseéduced pressuie) THe: resulting residaéwas purified by
HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,
B solution: 0.0998 #A/10% water/90% AN 8.0 ml/min; 35 -4 60%B, 20 min linear gradient] to obtain
peptide Wherei[rb%%@ e of GLP-1 is substituted by Cys. [0186] Bromoacetamidyl disialo
oligosaccharide (a) (a product of OTSUKA Chemical Co., Ltd.) (33 mg) and the peptide chain
synthesized above (2hangpwetedisselvedin A00 1M phasphateshufferspiHic Schanly and allowed to
react at 37C for 4 hours. After complete consumption of raw materials were confirmed by HPLC, the
reaction soluti6A %@ difEtHYSRUbfeti@F b PheicatiBn by HPRCTEsIuR SHISEIBOSYE1T20 (018, 5
gm), 0 20 X 250 mm, rad'er%: A soléj(t)i?lq: 0.1% TFl%;(vater B solution: 0.09% TFA/10% water/90% AN
obta

8.0 ml/min; 357-460%BY 20 min tinear grancli?e'nt] % iy ESi)Cr%télocf oﬁﬁ&ésacc%%%%é chain added

GLP-1 peptiderwherejn. 12Bhe of £LP-145 syhstitytedby oligosacsharide ehaip added Gys (12Cys

GLP-1-disialo). [0187] Example 14
thoroughly soaked and stirred at room temperature for 3
hours. The resin was removed by filtration and the
reaction solution was concentrated under reduced pressure.
The resulting residue was purified by HPLC [column:
SHISEIDO UG-120 (C18 5 upm), ¢ 20 X 250 mm, gradient: A
solution: 0.1% TFA water, B solution: 0.09% TFA/10%
water/90% AN 7.0 ml/min; 35 — 60%B, 20 min linear
gradient] to obtain oligosaccharide chain added peptide
wherein position 19 of GLP-1 is substituted by
oligosaccharide chain added Asn (19Asn GLP-l-asialo).
ESI-MS: Calcd for Cyi4H331N4sOgp: [M+3H]®' 1668.8,
found.1668.1,

[0150]

[Table 6]

EMI-MS

Example 6 | 38Asn GLP-l-asialo Calculated for C,;HseNi0os [M+3H]® 1697.8, found.
1697.9

Example 7 | 19Asn GLP-1-asialo Calculated for C,HsyNi;s0g [M+3H]* 1668.8, found.
1668. 1
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Synthesis of 14Cys disialo oligosaccharide chain added GLP-1 peptide A solid-phase synthesis
column was charged with Amino-PEGA resin (100 limol) (product of Merck), washed thoroughly with
dichloromethane (DON) and DMF and the resin was thoroughly swollen with DMF.
4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room temperat[ud? gqr 4 hours. The resin was washed thoroughly with DMF and DON to obtain
HMPB-PEGA resin, v%/hich was used as a solid phase for solid-phase synthesis. [0188] Fmoc-Gly
(0.50 mmol), MSAHHDHSEBmmol) and Nmethylimidazole (0.375 mmol) were dissolved in DON (2 ml),
loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed with DCGIYahd<BVIF. Finoctreup waissremovetdnsasing 2096 piperidine/DMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance
with the methdf 6wt bieloty 15 E%teHE a peptide chain. [0189]  The amino acid having an amino

group protected withFmag groun was d'ﬁ?ﬁ{\‘r?éjsiﬁ g\l-gg)qjgwqug@d%g\%g) {1 ml). After addition of
0.45 M HCIU-510BI/NMP (0.4 mmol), the resulting mixture was loaded to a solid-phase synthesis

column. Subseguenilyr8MRIPEA/NMP (Q:8dnmolpwas added to the-salid-phasasynthesis column.
After stirring at room temperature for 20 minutes, the resin was washed with DON and DMF, and

Fmoc group walerieved by'isitg 8 20% pliserriiie’DMA B6tion 12 miYfor a5 miritdes. This

operation was repeatedly performed using an amino acid protected i_tlp%lfzmoc roup, (0.5 mmol) to
sequentially cgr?(?elnrlsewéa}r/ﬁir?%hfcrlgsu.gf%?éb]sWoaﬁrﬁélc-%}%ﬁ:rog(g@mg b ,dﬁr%%%ﬁg,h r%]oc-Lys(Boc),

Fmoc-Val, Fmecileu, FmasmtpBas) rmeeAlackmoeies EmogPhe, Fmoc,Glu(@By),
Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-Gin(Irt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,

Fmoc-Tyr(tBu){ Fnedc-Sec(tBu kg Fandt-Seir(iBu)e FniociVale Fiitbc2Asp@iBu), Wwemec-Cys(Irt),

Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-ThrStBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.
[0152]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0153]

The amino acid having an amino group protected with

Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
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Fmoc-His(Irt) were used as the amino acids protected by Fmoc group to obtain a 31-residue peptide of
Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Irp(Boc)-Ala-lle-Phe-Glu(OtBu)-Lys(Boc)-Ala-Ala-Gin(Irt)-Gly-Glu(
OtBu)-Leu-Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val-Asp(OtBu)-Cys(Irt)-
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:43) on a solid-phase resin. [0191]

The obtained resin having a peptide formed thereon was partly taken in a solid-phase synthesis

column. Trifluoroacetic acid: water; TIPS (= 95, 2.5: 2.5) was adde h that the resin was thoroughly
soaked and stfrrl?e%'at (‘rio%tn% ?er%égrlatiﬁr%nfo? hoou%%. eHrC(;%s%i]n%vgaBs @rlﬁ?%véog b)E/p fiﬁ%?i% ‘and the

reaction solutipn wascancentigtegh underdequeed prassyre:J he resultinggasidue was purified by
HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,

B solution: 0.0996 TFASLIG)0wwdter/90% AN8 Gamimin;y35 A. §0%BD PBEAIMNIfreart grddient] to obtain
peptide wherein 14Ser of GLP-1 is substituted b _Cg/sé 0192] Bromoacetamidy! disialo
ital

oligosaccharid8"(@j {a Prou it SF B TSUKRTHE 29505 Y35 hig§ Ahdihe Paptide chain
synthesized abgve. (8.8 mg),were dissolyed in 100 mM phosphate buifer (pH 7.2, 1 pl.and allowed to

react at 37C for 4 hours. After complete consumption of raw materials were confirmed by HPLC, the
reaction solutier sas dieactly ssibjected thpurificatina yMaPLEnJcelusn: SHISEIROUG-120 (018, 5
gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B solution: 0.09% TFA/10% water/90% AN
8.0 ml/min; 35-4"60%B, 20 niifi lingargratiferitftocebiain'® AMMg of eligésateharidé Ehaihcadded
GLP-1 peptide1 herein 14Ser of GLP-1 is sufgstituted %/ oligbosaﬁ:cgﬁride che%in add%d Cys (14Cys
GLP-1-disialo). Of@ll-ﬁ x%sfﬁple ﬂ%ls Ogy?ﬁ:tﬁeslig%f"i% yg-e iSialo 0 |93658ce:5haorfdréec ain added GLP-1
peptide A salid:phase synthesig colump waschaiged withAmINoREGA resins (1QRimol) (product
of Merck), washed thoroughly with dichloromethane (DON) and DMF and the resin was thoroughly
swollen with DiMF.s&hyeroxymetlyy|8anethoxyphenoxybatyiid acid (HMPB) (0.25 mmol), IBIU (0.25
mmol) and N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and
stirred at rooml rature for 4 hours. The resin was washed thoroughly with DMF and DON to

obtain HMPB-PEGAgsin. whieh was used 834,591d Rhase-for §olid-Rhase sutbesis,
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,
Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-Val,
Fmoc—-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-Phe,
Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala, Fmoc-
His (Trt) and Fmoc-Cys(Trt) were used as the amino acids
protected by Fmoc group to obtain a 32-residue peptide of
Gly-Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Tle-Phe-
Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) —-Ser (tBu) —
Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt)-Cys (Trt)
(SEQ ID NO:37) on a solid-phase resin.
[0155]

The obtained resin having a peptide formed thereon

was partly taken in a solid-phase synthesis column.

~ 92 _—



[0194] Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were
dissolved in DON (2 ml), loaded to a solid-phase synthesis column and stirred at 25C for 3 hours.
After stirring, the resin was washed with DON and DMF. Fmoc group was removed by using 20%
piperidine/DMF solution (2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially
condensed in accordance with the method shown below to extend a peptide chain. [0195] The

amino acid haying.an amino group protected with Fm up was dissolved.jn N-methylpyrrolidone
(NMP) (1 m1). A té:?l éld)drlt?éanc%F 6(258@ ILW?IB%T/N%IE%%E mrgn%ol),sé'eg/r'es%[tlér\lgg mixture was loaded
to a solid-phasgssythesiscotuian. Sulseapiently 8 MEIPEANMP (8 mamol wvas added to the

solid-phase synthesis column. After stirring at room temperature for 20 minutes, the resin was washed
with DON and<BMFr add #Fmawgroupanas removed by usihghe 20%. piperidine?BMF selation (2 ml) for
15 minutes. This operation was repeatedly performed using an amino acid protected with Fmoc group

(0.5 mmol) to SEFEHERAIY Cohdends amitib adids 0T 98F 2 Bty JEmBR-AREPbf), Fmoc-Gly,

Fmoc-Lys(Boc) EmogzVal, Emaczkgy. Fmoc:rp(Bog). Emoc:Ala, imoc:lle, fmog:Phe,
Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-Gin(Irt), Fmoc-Gly, Fmoc-Glu(OtBu),

Fmoc-Leu, Fmaes TwiB uyasmpa+Ser(tBa) dymaeiSer (tBu), immecCys(Bt) I BonacsAsp(OtBuU),
Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly, Fmoc-Glu(OtBu), FmocAla and
Fmoc-His(Irt) weteSusedias th® adiing adits protected By Emtoc grospltotobrain 03 1-vediflde peptide of

Sl Ay S REN) VaH s Gee e P LU SR A A Rl oY
Thr(tBu)-Phe-Tar(tBu); Gly-Gh(QiBu)-AlasHis(5) {SEQ. 1D NQ;44),0n & salidahage resin. [0197]
having Cys on 6 position of GLP-1.
[0156]
Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (34 mg) and the
peptide chain synthesized above (9.6 mg) were dissolved
in 100 mM phosphate buffer (pH 7.5, 1 ml) and allowed to
react at 37°C for 4 hours. After complete consumption of
raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 pm), ¢ 20 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 8.0 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 9.9 mg of oligosaccharide
chain added GLP-1 peptide wherein an oligosaccharide
chain added Cys was added on position 6 of GLP-1 (6Cys
GLP-1-disialo).
[0157]

Example 9
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The obtained resin having a peptide formed thereon was partly taken in a solid-phase synthesis
column. Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly
soaked and stirred at room temperature for 3 hours. The resin was removed by filtration and the
reaction solution was concentrated under reduced pressure. The resulting residue was purified by
HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,

B solution: 0.09% T\I;SA/%LI?%) water/90% AN 8.0.ml/min; 35 -4 60%B, 20 min lingar gradient] to obtain
peptide wherein 16 al of GLP-T is substitute bejt?ys. [851]583 romoacetamlgy disialo
oligosaccharideq@ §a preduct gf T-SUKA Chemical Co., Ltd.) (36 mg) and the peptide chain
synthesized above (12 mg) were dissolved in 100 mM phosphate buffer (pH 7.5, 1.2 ml) and allowed
to react at 37C for 4 hoarsl Kteplcompleterconsamption biravwmateriblsnger@ confirmed by HPLC, the
reaction solution was directly subjected to purification by HPLC [column: SHISEIDO UG-120 (018, 5
gm), 0 20 X 256 AitR, gradfent:SA $B81utibRP0 M98 TEARaRT UB SoRftioc=o 8o TRAADY% water/90%

AN 8.0 mi/ minﬁﬁéféégﬁi@ 20 min JJ@%%%@QH?@EM&P&WBM mg, gf efigosacgharide chain added
GLP-1 peptide wherein 16Val of GLP-1 is substituted by oligosaccharide chain added Cys (16Cys

GLP-1-disialo) ¢3199] v=xample A6ugh Synthesis eh20Qys:disiaia oligosgethakide«ctiain added GLP-1
peptide A solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product

of Merck), washetrthbroughhe with tcHiotohtethane (DB and OV amiehe) resirPWds thoroughly
swollen with DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25
|2% X{ olf edigy%—e% ﬁ%%roﬁass% 113% ?@M% m P?

mmol) and N-ethylmorpholine (0.25 mmo \vere ved'in 2m “loadé&d o the column, and

stirred at roomytemperatige for 4hpurs; Theresingyas washed thoreyghlywith DMF and DON to
obtain HMPB-PEGA resin, which was used as a solid phase for solid-phase synthesis.

stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0158]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0159]

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

the resulting mixture was loaded to a solid-phase
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[0200] Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were
dissolved in DON (2 ml), loaded to a solid-phase synthesis column and stirred at 25C for 3 hours.
After stirring, the resin was washed with DON and DMF. Fmoc group was removed by using 20%
piperidine/DMF solution (2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially
condensed in accordance with the method shown below to extend a peptide chain. [0201] The

amino acid havin tehneaminocg%ljfgi ?,D'R(n)t % d?\/_v%lglfﬁm Fg)]r(%uz% was | %ﬁ%p I\J-de%thylpyrrolidone

(NMP) (1 ml).S/}( ter addition 0 mmo e resulting mixture was loaded

to a solid-phasgmsyinthesis columan. Subseguestly,iGi9M DIBREANMP .8 mypol)was added to the
solid-phase synthesis column. After stirring at room temperature for 20 minutes, the resin was washed

with DON andIMET and Frvcdagrodp wastermevect by usireg & 209 Pipetidimet3MFtsotution (2 ml) for
15 minutes. This operation was repeatet%rlﬁ)performed using an amino acid protected with Fmoc group

(0.5 mmol) to SEGUShtIARY cBAGSRSE Hrmirb Aéits 02021 FRBcEI) FMBR%AT gL, Fmoc-Gly,

Fmoc-Lys(Boc) .EmocaVal, FIogeu, Fi@‘%c'.llg%%‘}%?dlfﬂ‘é’?ﬁﬂﬁ’ Emogelle, Fmackhe, £
Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-Gin(Irt), Fmoc-Gly, Fmoc-Glu(OtBu),

FmocCys(Irt), Fmecthyr{tBu), Fnmacs Ser(tBu): FerocsSer(iBih) cEmegivalp EmosrAsp(OtBu),
Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly, Fmoc-Glu(OtBu), FmocAla and
Fmoc-His(Irt) Weiedséd as e antisd deitls Preteefd by Fmdcireugte ebtaif a3 1usidue peptide of

Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Irp(Boc)-Ala-lle-PheGlu(QtBu)-Lys(Boc)-Ala-Ala-Gin(Trt)-Gly-Glu(
Ot sty VB Set db0y SERBL o AT EABaF o

Ser(tBu)-Thr(tl@gk@@ga-Thr(tBu)-GIy-GIu(OtBu)-AIa-His(Irt) (SEQ ID NO:45) on a solid-phase resin.
Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,
Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-Val,
Fmoc—-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-Phe,
Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Cys(Trt)
and Fmoc-His (Trt) were used as the amino acids protected
by Fmoc group to obtain a 3l-residue peptide of Gly-
Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Tle-Phe-
Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) —-Ser (tBu) —
Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -Cys (Trt)-His (Trt)
(SEQ ID NO:38) on a solid-phase resin.
[0161]
The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was

added such that the resin was thoroughly socaked and
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[0203] The obtained resin having a peptide formed thereon was partly taken in a solid-phase
synthesis column. Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was
thoroughly soaked and stirred at room temperature for 3 hours. The resin was removed by filtration
and the reaction solution was concentrated under reduced pressure. The resulting residue was purified
by HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solutiog:iglg)g% TEA%lO% ater/90°/qCAN 8.0 ml/ inr'ﬁ 35 -4 60%B, 20 min linear gradient] to

1L resin,was

obtain peptideswhereln 20Leu of GLP-TTs substitute %§/ ys.%lf&] romoacetamidyl disialo
oligosaccharide~a) (2 graduct of OTSUKA GhemicakCoe 4td.) (36.2 ma)anshthepeptide chain
synthesized above (12.3 mg) were dissolved in 100 mM phosphate buffer (pH 7.5, 1.5 ml) and allowed
to react at 37C forzehourst Aflenooaplete donsumptiers ofirawv matesialsawerketéordirmed by HPLC, the

reaction solution was directly subjected to %urification by HPLC [column: SHISEIDO UG-120 (018, 5
gm), 0 20 X 256 fif \GralihtPA SbILtGR: 6Moh TEA watet "B Solutioh™ 6089 TEAIZ0% water/90% AN

8.0 ml/min; 35 -~ %B, .20 mip i arg jent] to aobtain 13.4.mg of oligosaccharide chain added
GLP-1 peptide(vé\l/}%)regin %%?éu%f%gLP-l%qjsu I]%'titlﬂgg %%/eorfiiébsgcc %rigd%lc%%in gd ed %%/}% (200ys
GLP-1-disialo)w§@205) Exagaplel¥on : Synthesis ph240ys-distate pbgasaacharide ehamiadded GLP-1
peptide

35 = 60% 20 min linear gradient] to obtain peptide

wherein 8Ala of GLP-1 is substituted by Cys.

[0162]
Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (25 mg) and the

peptide chain synthesized above (7.3 mg) were dissolved
in 100 mM phosphate buffer (pH 7.5, 730 pl) and allowed
to react at 37°C for 4 hours. After complete consumption
of raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 pum), ¢ 20 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 8 ml/min; 35 — 60%B, 20 min linear
gradient] to obtain 9.3 mg of oligosaccharide chain added
GLP-1 peptide wherein 8Ala of GLP-1 is substituted by
oligosaccharide chain added Cys (8Cys GLP-l-disialo).
[0163]
Example 10

Synthesis of 9Cys-disialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with

Amino-PEGA resin (100 umol) (product of Merck), washed
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A solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly with dichloromethane (DON) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room temperature for 4 hours. The resin was washed thoroughly with DMF and DON to obtain

HMPB-PEGA sélr#oveé% %v% %%edg?\?: ﬁel?%o%jﬁ ﬁ%aﬁg far s@ - h%s(,ﬁ 3is;m&l]‘;tesé{:;‘,l. O{Oggg] Fmoc-Gly

(0.50 mmol), ) and Nm azo?ee(o. were dissolved in DON (2 ml),
loaded to a solid-phase synthesisseriump angbstireed ati 25C 13 howrs,y 4 r AMigrstirring. the resin
was washed with DON and DMF. Fmoc group was removed by using 20% piperidine/DMF solution (2
ml) for 15 mingtescAftexwasking:with: DXMFE, @minddcid8wWBle séquentiaty tonddisEd in accordance
with the method shown below to extend a peptide chain. [028392 The amino acid having an amino

group protectetPwith FRSE-grotpwas 8isS8Ba TR RRMetSy Py rSiidABINMEFESm1). After addition of

0.45 M HCIU-HOBT/NMP, (0.4 rgmlpl),(gﬁ%rf yltipg&aggjrgw%@agggLt(glﬁlsogligéphase synthesis
column. Subsequently, 0.9 M DIPEA/NMP (0.8 mmol) was added to the solid-phase synthesis column.

After stirring akroon éemperatarendot 2Rpaingtasy gher rasint waswashed with RQNrangkBMF, and
Fmoc group was removed by using a 20% piperidine/DMF solution (2 ml) for 15 minutes. This

operation was'fepégtediserforeiebusing antafhineratid ptotétedRbith- Fnidégtolp €8.5 mmol) to
sequentially condense amino, acids. [0208 Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc),
Foro vl bR, P o5 o Ha ot s, FIRGePRG PG R0
Fmoc-Lys(Bog), EmeszAla, FmocCys(Irt), Fmoc-Gin(Irt), Fmoc-Gly, Fmoc-Glu(OtBu), FmocLeu,
Fmoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu), FmocVal, Fmoc-Asp(OtBu), Fmoc-Ser(tBu),
Fmoc-Thr(tBu), FmddPhe, Fmoc-Thr(tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and Fmoc-His(Irt)
were used as the amino acids protected by Fmoc rouE to obtain a 31-residue peptide of

Gly-Arg(Pbf)-Gly-Lys(BBE)- AL -1p{BBE A& PHE-GR(SB IS/ S(BEACAR-Cys(Trt)-Gin(Trt)-Gly-
‘CI'SrI::((t(IDBtL?)UI)Dh:e'%ﬁ-gi%é{%yé?%% (%)té gig;%eﬁ}g?%i%g&g%%i%ﬁ%%?%F\]eadso irclzl|g)D hcebt?s,e(rzes?}\l. \[0209]
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.
After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0165]
The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.

After stirring at room temperature for 20 minutes, the

resin was washed with DCM and DMF, and Fmoc group was
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The obtained resin having a peptide formed thereon was partly taken in a solid-phase synthesis
column. Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly
soaked and stirred at room temperature for 3 hours. The resin was removed by filtration and the
reaction solution was concentrated under reduced pressure. The resulting residue was purified by
HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,

B solution: 0.09% TFA/10% water/90% AN.8.0 ml/min; 35 -4 °oBb%(1)l{nligrllin?§r %r dieﬁn(g]rto obtain
peptide wherein D42 of GLP-1'is Subsfitufed” 6%/) %:rys. forﬁo §romoacetam|dy sialo

oligosaccharides(ah (& prediict offQESUKA-Ghemical £8. lddd {6 £&img) pad the peptide chain
synthesized above (2.2 mg) were dissolved in 100 mM phosphate buffer (pH 7.5, 250 pl) and allowed

to react at 37CGiforpheursaAftercerpléte cotsurhption of Favw matedals wrere ¢obfinmed by HPLC, the

reaction solution was directly subjected to purification by HPLC [column: SHISEIDO UG-120 (018, 5
gm), 0 4.6 X 256 mMimIgratient: AYsiGict: B R A Watsr Bsolution: 0.09% TFA/10% water/90%
AN 0.7 ml/min; 8% -4 £0%B, 20 min linear gradient] to obtain 1.8 mg of oligosaccharide chain added
GLP-1 peptide wherein 24Ala of GLP-1 is substituted by oligosaccharide chain added Cys (240ys
GLP-1-disialo). [021fmExample 18moc Synthesiscof, 250ysdisialp, oligasactharide-chagin added GLP-1
peptide A solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product
of Merck), washeecthBrdug iy @fthleichlofonrsthan® (Bem) ardDMFaRd thefesi was thoroughly
swollen with DMF. 4-hydro meth)g -methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25
mmol) and N-e%\t{lﬁflﬁn_opr%ﬁblﬁem 02 :iﬁlr&% %\I/J ré gﬁlnéns%%/_eﬂd%%(%lgalﬁg)& %}‘O |%>a%ef8 to %ne()galumn, and
stirred at roomptempergiire dand hours; Thedesiowas washed thoreughly with,BMF and DCM to
obtain HMPB-PEGA resin, which was used as a solid phase for solid-phase synthesis. [0212]
Fmoc-Gly (0.50mmel)y MSHET 0. 50mmebeand Rmethylimidazete (0FY5, minsbwEeel dissolved in
DCM (2 ml), loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring,

the resin was WaShEd WRhBEN and BRMF F5hoE Grdup WaS Teiotéd By usifg 2694 piperidine/DMF
A TSt A e s W syl condensed

Fmoc—-His (Trt) were used as the amino acids protected by

Fmoc group to obtain a 3l-residue peptide of Gly-

Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Ile-Phe-

Glu (OtBu)-Lys (Boc)-Ala-Ala-GIln(Trt)-Gly-Glu (OtBu)-Leu-

Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Cys (Trt)-Ala-His (Trt) (SEQ ID

NO:39) on a solid-phase resin.

[0167]

The obtained resin having a peptide formed thereon

was partly taken in a solid-phase synthesis column.

Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was

added such that the resin was thoroughly socaked and

stirred at room temperature for 3 hours. The resin was

removed by filtration and the reaction solution was

concentrated under reduced pressure. The resulting

residue was purified by HPLC [column: SHISEIDO UG-120
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The amino acid having an amino group protected with Fmoc group was dissolved in
N-methylpyrrolidone (NMP) (1 ml). After addition of 0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting
mixture was loaded to a solid-phase synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8 mmol)
was added to the solid-phase synthesis column. After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was removed by using a 20% piperidine/DMF
solution (2 ml) for 15 minutes. This operation was repeatedly performed using an. amjno _acid protected
with Fmoc groﬁgj(%. mit Y to¢s<aé(q[)u§<nt§ft]§ c%lﬁdeﬁspeagrln(ieﬁ% aci s.s[?) Tﬁfog:Fr%O?-tlg,%%
Fmoc-Arg(Pbf) maec-Gly onge-lys(Bac) obmoerval] Bmagaley; Fanac-ip(Bog), kmog:Ala, Fmoc-lle,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Cys(Irt), Fmoc-Ala, Fmoc-GIn(Irt), Fmoc-Gly,
Fmoc-Glu(OtBif), Fmaoles, Fafboslyr(tBinckemog:Set(tBu), IFrhoc-Ser@Bu), FapacVal,
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), FmocPhe, Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBUY SEMbRE- A5 Bhd EmGE ISt wekPased BE Btk Sifd Scids protected by Fmoc group
to obtain a 31-r%q_iglg peptide of
Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Irp(Boc)-Ala-lle-Phe-Glu(OtBu)-Lys(Boc)-Cys(Irt)-Ala-GIn(Irt)-Gly-
Glu(OtBu)- Leu-Tyr(tBtraerdBukxbeniBurVakAsp(UBuySes@Blzride (a) (a
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:47) on a solid-phase resin. [0215]

The obtained R&RTH&¥Ng & FEptideformen tseréoh vas padly takerim& solfdiBh&se synthesis
column. Trifluoroaagei*técea((::iﬂ: water: TIPS (= 95: 2.5k:32.5g w s6a}qlded §uch that the resiqf\évgs thoroughly

soaked and stitréd at room F‘elrrr]lpesr%{]utr}el?orl 3 %%uras.(ﬁ}e resin‘'was rémoved by fiitration and the

reaction solution wasecqoneeptiatgshunderggduced prassyre; The resyltingsgsidye was-purified by
HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,

B solution: 0.09¢6 &A1 0% wate?/9080 ANI8 omi/gin; 3% 4 60&%aBy20=min lineangradieot] to obtain
peptide wherein 25Ala of GLP-1 is substituted by Cys. [0216] Bromoacetamidyl disialo

oligosaccharide™(ay & pfoduet bF 6T SRR CIEmitalres., bYd Y26 mg) andtRé peptile chain
synthesized a%%‘i%%%%ﬂ“%)a ereidissalved 1,109 mM ph 8%%%%@5%%&8%7-%3,8%&83 and allowed
e

to react at 37C for 4 hours. After complete consumption of raw materials were confirmed by HPLC, the

reaction solutigp wasgirectly ssbjested;topyrification bysHREE [calupn:,SHEREIRE, UG-120 (018, 5
gm), 0 4.6 X 250 mm, gradient: A solution: 0.1% TFA water, B solution: 0.09% TFA/10% water/90%
AN 8.0 ml/ming88d4 §0%B 2206 mimlinear:gradient[ibrobtains:6 nfy epaligosacehdride dGhain added
GLP-1 peptide wherein 25Ala of GLP-1 is substituted by oligosaccharide chain added Cys (250ys
GLPJ:mQabﬁﬁéifﬁﬁ water/90% AN 8 ml/min; 35 — 60%B, 20 min linear
gradient] to obtain 7.3 mg of oligosaccharide chain added
GLP-1 peptide wherein 9Glu of GLP-1 is substituted by
oligosaccharide chain added Cys (9Cys GLP-l-disialo).
[0169]
Example 11
Synthesis of 10Cys—-disialo oligosaccharide chain
added GLP-1 peptide
A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-

3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TRBTU

(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were

- 99 —



Example 19 Synthesis of 270ys-disialo oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly with dichloromethane (DCM) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room temperafyre é‘%rl4 Qﬁurisr.1 Tgﬁﬁe%iﬁl was wa Qgg tf&orgugte with DMFE and DCM to obtain

was

HMPB-PEGA resin, Whic used as a'solid phase for solid-p easceosy}lnrltlﬁlésig.n[ 218] Fmoc-Gly

(0.50 mmol), MSNF{O:5Qmme))and Nipethylimidazele (4375 waql) were dissolyed;isDCM (2 ml),

loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed withsDEM ahd DMEhEmoe groupMrasarhaoved bycusiitg 209 pigerdineHBMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance

with the methddSHdwn BRIGW td"ExteHd S péptide difait-F0P181Pe e &Mind adid #idGing an amino
group protected with Emac group was dissolved in N-methylpyrrolidone (NMP) (1 ml). After addition of

0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting mixture was loaded to a solid-phase synthesis
column. Subsgquently, 0.9 M DIPEA/NMP (0.8 mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the resin was washed with DCM and DMF, and

Fmoc group was remicvee 15/ tising e>209psiperidifeiMFE SoRftioRr 2 i) #6x1 9 minutes. This

operation was peatedly performed,ysigg an aminp acid profedted with Fmoc,grgun (0.8 ymol) o

sequentially con ense ammo acids.
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0171]
The amino acid having an amino group protected with

Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)

to sequentially condense amino acids.
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[0220] Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val, Fmoc-Leu,
Fmoc-Irp(Boc), Fmoc-Ala, Fmoc-lle, Fmoc-Phe, Fmoc-Cys(Irt), Fmoc-Lys(Boc), Fmoc-Ala, FmocAla,
Fmoc-GIn(Irt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu, Fmoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu),
Fmoc-Val, Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBu), Fmoc-Ala and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group

to obtain a 31- %ﬁli_% peptide of
Gly-Arg(Pbf)-Gly- ys‘?Boc)-VaI-Leu-Irp(Boc)-AIa—IIe-Phe-Cys(Irt)-Lys(Boc)-AIa—AIa—GIn(Irt)-GIy-GIu(OtB

u)-Leu-Tyr(tBu)-Ser(tBi)Ser(tBu) Val-AspfQiBWrSer(tBwe-c1y, Fmoc-Lys (Boc),
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:48) on a solid-phase resin. [0221]

The obtained sirrhaving afpaptidesformed teeréon (escpartlijntakerihca solid>phase synthesis
column. Triflugroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly

soaked and sty at7oom ferseratute $6F8 houf< I he régiRad rehBY&d by Fittrdtibnand the

reaction solutign was;gconcentrated u de%ﬁﬁ?&ﬁé%feﬁ%‘é-—&% Fesuiting residye was purified by
HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,

B solution: 0.08%b & FAJX006BNater/OR%cANSS: Q talimin; Bbc4-60%R £ 20 min finear-gradjent] to obtain
peptide wherein 27Glu of GLP-1 is substituted by Cys. [0222] Bromoacetamidyl disialo
oligosaccharide"@J (& prodtict 6f O TISWKA ThHemhigdl) CoE et ) (34 gl 'ahd thepeptidé chain

synthesized above (10.8 m ere_dissolyed in 100 mM phosphat er (pH 7.5, 1.1 ml) and allowed
Oc_lﬂlré%ﬁlr‘ Yiersle r{H-rQC Vi C_%qu(icptﬁg{/\ierg%%ﬁﬁ]ﬁn}@d by HPLC, the

to react at 37C for 4 hour coﬁq(ﬁ%te EBnsdumption Of raw’ materi

reaction solutign ywas.djrectly subjecied;to-purification byHHRLEHcolymi: SHISEIROWE:120 (018, 5
gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B solution: 0.09% TFA/10% water/90% AN

8 ml/min; 35 -»60%8),2mminitinear gradient] te obtainSsZ tgeofaligosaechdridelchain added GLP-1

peptide wherein 27Glu of GLP-1 is substituted by oligosaccharide chain added Cys (270ys
GLP-1-disialo)* {6233 Exaiiple 265 (B&yhinssis bE2sdyR disialb dligosacshidride chain added GLP-1

peptide Glu (OtBu)-Lys (Boc)-Ala-Ala—-Gln (Trt)-Gly—-Glu (OtBu)-Leu-
Tyr (tBu) -Ser (tBu)-Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —
Thr (tBu) -Phe-Thr (tBu) -Cys (Trt) -Glu (OtBu) -Ala-His (Trt)
(SEQ ID NO:40) on a solid-phase resin.
[0173]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;

35 = 60%B, 20 min linear gradient] to obtain peptide

wherein 10Gly of GLP-1 is substituted by Cys.
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A solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly with dichloromethane (DCM) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl- 3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room temperature for 4 hours. The resin was washed thoroughly with DMF and DCM to obtain
HMPB-PEGA resj 2 hich was used as a solid phase for solid-phase synthesis. [0224] Fmoc-Gly
(0.50 mmol), I\@T\ﬁ (0.50 mmol) and Nmethylimidazole (0.375 mmol) were dissolved in DCM (2 ml),

loaded to a solid-phase-ssyithesis golinn and stired at 256Jar3thouisic  (Afte stirring, the resin
was washed with DCM and DMF. Fmoc group was removed by using 20% piperidine/DMF solution (2

ml) for 15 mingtesdAfter washiRgUtith DM -amaihoGeids Were. sequientidliggondensedhia accordance
with the method shown below to extend a peptide chain. [0225 The amino acid having an amino

group protectédf Wit Fmdd grotipwad 8izssred iﬁ}RﬁFﬁ%tHﬁpﬁgr&ﬁibn‘ée(ﬁﬁ\/l B @SPLY SAfter addition of
0.45M HCIUWQBIWBMOI&%@%%A%@ fesuiting 'ﬂ%ﬁu'tﬁ. was doaded tp a sglid:phasg synthesis
ol) was added to th

column. Subsequently, 0.9 M DIPEA/NMP (0.8 mm e solid-phase synthesis column.

After stirring at rpora ferpperatarector 20-minutes:the resincwas wasped withddeMiapd DIMF, and
Fmoc group was removed by using a 20% piperidine/DMF solution (2 ml) for 15 minutes. This

operation wasYépé&afédiAseforiied] IRy &P amird aeidprotéttéd with Fri6e gfoup(0.5 mmol) to

Sequenua“yC%Eﬂ%ﬂ?féﬁ“%@é“&%% 8%%glsubjected to purification by HPLC

[column: SHISEIDO UG-120 (C18, 5 pum), ¢ 4.6 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 3.0 mg of oligosaccharide
chain added GLP-1 peptide wherein 10Gly of GLP-1 is
substituted by oligosaccharide chain added Cys (10Cys
GLP-1-disialo).
[0175]
Example 12

Synthesis of 11Cys-disialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was

washed thoroughly with DMF and DCM to obtain HMPB-PEGA
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Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val, Fmoc-Leu, Fmoc-Irp(Boc),
Fmoc-Ala, Fmoc-lle, Fmoc-Cys(Irt), Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-Ala,
Fmoc-GIn(Irt), Fmoc-Gly, Fmoc-Glu(OtBu), FmocLeu, Fmoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu),
FmocVal, Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), FmocPhe, Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBu), Fmoc-Ala and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group

to obtain a 31-residue peptide of GlyArg(Pbf)-Gly-Lys(Boc)-Val-Leu:Irp(Boc)-Ala-lle-Cys(Irt)-
GI(OBU)-Ly o0 A R B, A B oo B ok By Bt U AsplOtBu)-Ser(
tBu)- Thr(tBu)-Rhe-FBKtBY)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:49) on a solid-phase resin. [0227]
The obtained resin having a peptide formed thereon was partly taken in a solid-phase synthesis

column. Trifludreadétic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly
soaked and stirred at room temperature for 3 hours. The resin was removed by filtration and the

reaction solution was €afcentratedd anferatbited Prédsufd. Pie PR UlingFedidlie was purified by
HPLC [cou SHISEIBOUIGE120 (016 9 20 X250 T QIR Al 010 A water,

B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min; 35 -4 60%B, 20 min linear gradient] to obtain
peptide whereirno28kRhBe 06 G4.Ps1 is substidutedhynCys {02280 1 unBromoacetamigdybdisialo
oligosaccharide (a) (a product of OTSUKA Chemical Co., Ltd.) (30.6 mg) and the peptide chain
synthesized aB&vE (£02 mMghwersdissolved in 100 mM phosphate buffer (pH 7.5, 1.2 ml) and allowed
to react at 37C for 4 rs. After complete consumption of raw materjals were_cqonfirmed by HPLC, the
reaction solution Wasl‘& giluféecﬁlysécujbﬁé:c ed to é&ﬁﬁé‘aﬁ%ﬁ%&” ﬁ?’L‘@[%%Fuénr@%ﬁlS@%& UG-120 (C18,5

gm), 0 20 X 25Q,m, gradient;-A.s0lufion: D% JERA water, Brsolution: 0:09%-TRA/10%water/90% AN
8 ml/min; 35 -4 60%B, 20 min linear gradient] to obtain 10.3 mg of oligosaccharide chain added GLP-1
peptide whereap28Rheof GLRr1 is substitvted byudlgwsactharde vhainiaddediCys R8Cys
GLP-1-disialo). [0229] Example 21 Synthesis of 30Cys-disialo oligosaccharide chain added GLP-1
peptide A 88lidphase-SynthESiE cofitT WasthaYge® Wit SR otPEBACRISHR PO limol) (product

of Merck) . wa%hleghth EOUQP&W!;B d'%hol%rﬁnﬂ)eetmggqe ,Qgcg@t%nrgdl_DMF %%cg eregfllrg\ivgs thoroughly
swollen with DMF. 4- ygroxymethylé-met oxyphenoxybutyric amda(lfM B%%.ZS mmol), IBIU (0.25
mmol) and N-ethymmrpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
The amino acid having an amino group protected with

Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1

ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),

the resulting mixture was loaded to a solid-phase

synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8

mmol) was added to the solid-phase synthesis column.

After stirring at room temperature for 20 minutes, the

resin was washed with DCM and DMF, and Fmoc group was

removed by using a 20% piperidine/DMF solution (2 ml) for

15 minutes. This operation was repeatedly performed

using an amino acid protected with Fmoc group (0.5 mmol)

to sequentially condense amino acids.

[0178]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),

Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
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washed thoroughly with DMF and DON to obtain HMPB-PEGA resin, which was used as a solid phase
for solid-phase synthesis. [0230] Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole
(0.375 mmol) were dissolved in DON (2 ml), loaded to a solid-phase synthesis column and stirred at
25C for 3 hours. After stirring, the resin was washed with DON and DMF. Fmoc group was
removed by using 20% piperidine/DMF solution (2 ml) for 15 minutes. After washing with DMF, amino
acids were sequentially condensed.i dance_with the method shaown below to extend a peptide
chain. [0231] gm%_zﬂjlgr%fnogéncola #é\i/]}ﬁ %S;t%ég?n’in%g%%b& r%tiéc?gj i nErﬁ(;éoﬁ?dupE\r}lvggaissolved in
N-methylpyrrofidene iINMP) €1 mIrAfter agdition of 0.45.MHEIUHOBIINMR-{Q,4 mgl), the resulting
mixture was loaded to a solid-phase synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8 mmol)
was added to theosolitlypHasausynthesis cokrmmrt.FAfler stindrg-atroob® tempéimture\ferd 20 minutes, the
resin was washed with DON and DMF, and Fmoc group was removed by using a 20% piperidine/DMF

solution (2 mI) 8P E5 MTRUESS Hhis Sp&taics WasTepeattdn pertoriiddUsing AR amino acid protected

with Fmoc grogp (0.5 E“Pﬂ)r‘@)S,e%?@gé‘@ig”‘%%&%‘ﬂﬁ‘?&%%- [023R)— » FNQG: Gy,
Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val, Fmoc-Leu, Fmoc-Irp(Boc), Fmoc-Cys(Irt),

Fmoclle, FmoesRhe; FmocrGt)OtBu) FmeeiLys(Boey Rmoerd\la,HmecidadaneedsIpt), Fmoc-Gly,
Fmoc-Glu(OtBu), FmocLeu, Fmoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu), FmocVal,
Fmoc-Asp(OtBH? FntBeeSer (IBU) PREIT 1y (tBU) EmeePRe PERBESFhr@Buf Bmoc-Gly,
Fmoc-Glu(OtBu), Fmoc-Ala and Fmogc-His(Iit) were used as the amjno acids protected by Fmoc group
to obtain a 31-‘?‘%&(&%%@%&% g%ys?%ocﬁ @a\f\Ll Eeu e[q:ps(]goc?mgla %96 %%e

Gly-Arg(Pbf)-Gly- y5(Beg)-Yal @uskp(B0Q)-Gyslrd-lierRhe-Gla(QiRy) | ysBr0)-Alawhla-Gin(Irt)-Gly-
Glu(OtBu)-Leu-Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val-Asp(OtBu)-Ser(tBu)-

Thr(tBu)-Phe-Thr{tBih+G lySGhu(OBu)-AlaxHisirt) (SEQ-1DsNOBHwWN-& solidphase resin. [0233]

The obtained resin having a peptide formed thereon Waswgggly taken in a solid-phase s‘y}\rfghesis

column. Trifludrdadéfiacil watefCFiPS (= 65Y2518 6 addeét Sdch(that thel résth Was thoroughly

soaked and st%e:dﬁt)rogrrp tégné%el?gj_r(?ﬁgrs% hours, The resin was removed by filtration and the
reaction solution was concentrated under re ucedspressure. The resulting residue was purified by
HPLC [column; SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,
B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min; 35 -4 60%B, 20 min linear gradient] to obtain
peptide wherein 30Al&6f GbPaL ikesuibstitited by'Gysy a peptide formed thereon

was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly soaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain peptide

wherein 11Thr of GLP-1 is substituted by Cys.

[0180]
Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (41 mg) and the
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[0234] Bromoacetamidyl disialo oligosaccharide (a) (a product of OTSUKA Chemical Co., Ltd.)
(21.3 mg) and the peptide chain synthesized above (7.1 mg) were dissolved in 100 mM phosphate
buffer (pH 7.5, 0.7 ml) and allowed to react at 37C for 4 hours. After complete consumption of raw
materials were confirmed by HPLC, the reaction solution was directly subjected to purification by
HPLC [column: SHISEIDO UG-120 (C18, 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution; ng/o ;:I' aA{lO(’/So Vx%tﬁre/%%)e N %gvrrelllna' : 3? r% (‘20%8 %0 min Iigﬁg}re%radient] to
obtain 6.6 mg ofo Igosacc aride chain added GLP-1 peptide where 3‘63% ofjéﬁf’ is substituted by
oligosaccharidgrchain ageed Gys{(89€ys 1614 -disiglo) 7[0235] Example 234 2 Bysthesis of

32Cys-disialo oligosaccharide chain added GLP-1 peptide A solid-phase synthesis column was
charged with Aminoc=REGAuresivV{TOG timof) (praduct of Merek), wvagheelthoroughilynwith on
dichloromethane (DCM) and DMF and the resin was thaorqughly swollen with DMF.

4-hydroxymetfi3TASthBRHerfoxS bl FiE aSfiHMBES (625Thivor), IB1B @25 MM&l) and
N-ethylmorphaling, (0,25 mmal) were dissglvediin DME £2 ml). loaded to.the colymnand stirred at

room temperature for 4 hours. The resin was washed thoroughly with DMF and DCM to obtain

HMPB-PEGA resinamhictcwas wised as@-30lig phass, fos sehid-phase synthesis.f@936]  Fmoc-Gly
(0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a sofidPhbsSE synthesislevldmn -arft: stirrdd’ at 25¢ $&r 3 Rogslution: 0.09%

TFA/10% water/90% AN 8.0 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 11.9 mg of oligosaccharide
chain added GLP-1 peptide wherein 11Thr of GLP-1 is
substituted by oligosaccharide chain added Cys (11Cys
GLP-1-disialo).
[0181]
Example 13

Synthesis of 12Cys- disialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0182]
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After stirring, the resin was washed with DCM and DMF. Fmoc group was removed by using 20%
piperidine/DMF solution (2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially
condensed in accordance with the method shown below to extend a peptide chain. [0237] The
amino acid having an amino group protected with Fmoc group was dissolved in N-methylpyrrolidone
(NMP) (1 m1). After addition of 0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting mixture was loaded

toa solid-phase syn_tpggis_c(glg/mrgOsg_last%%o%fly, Q. D(Ig.ESOgNI\gnP é .Sarplanoll)_was ac_ided to the
solid-phase synthesis cofumn. After stirring at room temperature for 2 minutes, the resin was washed

with DCM and-RMir, angl fmes geoupowas semaved by asingsa 20% piperidinefloMF golution, (2 ml) for
15 minutes. This operation was repeatedly performed using an amino acid protected with Fmoc group
(0.5 mmol) to sequitially condenselamisacids[0R88lis column and stirred at
25°C for 3 hours.
After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0183]
The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.
[0184]
Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,

Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-Val,
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Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val, Fmoc-Cys(Irt), Fmoc-Irp(Boc),
Fmoc-Ala, Fmoc- lle, Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-Ala,
Fmoc-GIn(Irt), Fmoc-Gly, Fmoc-Glu(OtBu), FmocLeu, Fmoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu),
FmocVal, Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), FmocPhe, Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBu), Fmoc-Ala and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group
to obtain a 31- eS|du

Gly-Arg(Pbf)- Imﬁ_y %é) c%g\g%l éys(ﬁt Irp(%oc) ﬁa—flé Phe O&IUT(%tét)BEyé(Bocfila Ala-GIn(Irt)-Gly-G
lu(OtBu)-Leu-EyrétBry-Ser(tBrySetitBu)-¥alyAspie3BulSe(tBbc-G1lu (0tBu) , Fmoc-
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:51) on a solid-phase resin. [0239]

The obtained Rekin havingracpeptide férrhed tisereon svab partliyyhakenminre selid-ghase synthesis
column. Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly

soaked and stitfed&Todth Fé%ﬁé[}%ﬁjrg%ﬁlﬁ’ hBBrsOlgﬁu%%%s% was TEMOTET by Tiltfation &id the

reaction solutign n_g}gfl fra ggggedvgﬁesjg,g{g IT]H(; r&ggl)tlnglrgs@yg wag.purified by
HPLC [column: Syli/HSE DO UG-12 (O érgm) 0 20 X 250 mm, gradlent A solution: 0.1% TFA water,

B solution: 0.09%x TEAELO%IwaieH90%6-AN=8.AQ ral/min: 85r-4)6094B-20 min tiBear-gradient] to obtain

peptide wherein 32Leu of GLP-1 is substituted by Cys. [0240] Bromoacetamidyl disialo
oIigosaccharid’éY(Jéj B prodir 6F OTSUKRA CrighicdPCol $d. Y 20 g andihe ) peptide chain

synthesized a Q%G l}m%)}& ere (%j] ?ﬂ}%edéjcr]glsmgpM SQ%maL;[IZ er 6gplﬁ 7.5 I?)]pl) and allowed

to react at 37 r co ons raw rials were c ed by HPLC, the

reaction soluthtgg@s@rq@y@pje&ﬁegtosgqqf@aﬁgg_Qy HBLE [column: SHISEIDO UG-120 (018, 5
gm), 0 4.6 X 250 mm, gradient: A solution: 0.1% TFA water, B solution: 0.09% TFA/10% water/90%

AN 0.7 ml/min{ 8584 60%B, 20 min linear gradient] to obtain 3.5 mg of oligosaccharide chain added
GLP-1 peptide wherein 32Leu of GLP-1 is substituted by oligosaccharide chain added Cys (320ys
GLP-1-disialo). The obtained resin having a peptide formed thereon

was partly taken in a solid-phase synthesis column.

Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was

added such that the resin was thoroughly socaked and

stirred at room temperature for 3 hours. The resin was

removed by filtration and the reaction solution was

concentrated under reduced pressure. The resulting

residue was purified by HPLC [column: SHISEIDO UG-120

(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA

water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;

35 = 60%B, 20 min linear gradient] to obtain peptide

wherein 12Phe of GLP-1 is substituted by Cys.

[0186]

Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (33 mg) and the
peptide chain synthesized above (9.5 mg) were dissolved

in 100 mM phosphate buffer (pH 7.5, 1 ml) and allowed to

react at 37°C for 4 hours. After complete consumption of
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[0241] Example 23 Synthesis of 340ys-disialo oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly with dichloromethane (DCM) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at

room temperature fg)nra Aﬁgo%sl ;I'hvt?eregincv(\)/ffl1 wrasggd thorﬁ)ﬂgtaly V)éiﬁhe DMFE QQQ DCMto obtain
HMPB-PEGA resin, which was used as a solid prﬁasek?gr solid-phase syntﬁess. [6242] Fmoc-Gly

(0.50 mmol), MENT(020 murol) and Nmethylimidazele;(0:37%mmel) were gisselvegdinOCM (2 ml),

loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed wittoDGivhand IDMEIP®Mot @raap wasIrémavednby, using 20% piperidine/DMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance

with the methdt SRoWA bélow &Pextena i pdbtide cHain 10223 B 1He & 4cid hAvihg an amino
group protect&%\gﬁ\ﬁ;n%%greoy%v&aés g'ﬁsglyﬁdniﬁ }\Irﬁ@gth)él%yrgli%qﬁ%(m\gg) 1 rrlnl). After addition of
e

0.45 M HCIU MP (0.4 mmol), the resulting mixtufe was loaded td a ‘solid-phase synthesis
column. Subsedquenily, 6:5:MiRIREA/MNMPRKR.8immod). wasmadded & thes-selit=plaseisynthesis column.
After stirring at room temperature for 20 minutes, the resin was washed with DCM and DMF, and
Fmoc group wadémovedsy (Sifrg & 2098 piptRidife/DRMM sdldtios (2 iFfdr 15 mmhutes. This

o SR e 20 YU SRR Ee g 05 mmon o

GLP-1-disialo).
[0187]
Example 14

Synthesis of 14Cys disialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 Mmol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.
[0188]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-

methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
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Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Cys(Irt), Fmoc-Val, Fmoc-Leu, Fmoc-Irp(Boc), Fmoc-Ala,
Fmoc-lle, Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-Glin(Irt), Fmoc-Gly,
Fmoc-Glu(OtBu), Fmoc-Leu, Fmoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu), Fmoc-Val,
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBu), Fmoc-Ala and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group

to obtain a 31-residue peptide of . . . . .
Gly-Arg(Pbf)- |‘§/?§fs Irt %Q-Lse%%ﬁ&éoo%ﬁ?aﬁ%- SIS SBUTY s B50) A1a- s IR -Gly-Glu(ot

Bu)-Leu-Tyr(tBueSertBu);SertBw-Val-Asp(OtBu)-Ser(tBu)-
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:52) on a solid-phase resin. [0245]

The obtained resin havibgra pé&ptidel formetthereoniway partlyataken inva solidphase dynthesis
column. Trifluoroacetic acid: water: TIPS (= 95: 2.5; 2.5) was added such that the resjn was thoroughly

soaked and stifféd- at FOUHT tEhBERAtiIRESTof SHORS. e st WasYamolBa by Fittaddt and the
reaction solutign Wi%qpcggtrﬁ%d ynderyredyced pressure.cThe. rq%tm%ée%u@nwgﬁﬁurified by
HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,
B solution: 0.09046 1&A Q% vate/90%=ANS 0 nallmin; 35ndH0%B, 20 min dineasgradient] to obtain
peptide wherein 34Lys of GLP-1 is substituted by Cys. [0246] Bromoacetamidyl disialo
oligosaccharidél(gl) (& prodit BPOTSUKA ClerfidalCo S Ti¢ ) B3nkffRhddRe peplide chain
synthesized act:‘]x(p\zle8 0.0 mg) were dissolved in 100 mM phosphate buffer (pH 7.5, 1 ml) and allowed
to react at 37C for 4 hours. After complete consumption of raw materials were confirmed by HPLC,

the reaction solution was directly subjected to; pyrification By HELC Jsolypyy: SRISEIRO-WG-120 (018,
5gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B solution: 0.09% TFA/10% water/90%
AN 8.0 ml/minf'85c4 $086B, 2 minliinearlgradient)] t-obtdainy7. 9 yag ofl okigosacchaiide ¢hain added
GLP-1 peptide wherein 34Lys of GLP-1 is substituted by oligosaccharide chain added Cys (340ys
GthliﬁQabﬁq0247ﬁfter addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),

the resulting mixture was loaded to a solid-phase

synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8

mmol) was added to the solid-phase synthesis column.

After stirring at room temperature for 20 minutes, the

resin was washed with DCM and DMF, and Fmoc group was

removed by using a 20% piperidine/DMF solution (2 ml) for

15 minutes. This operation was repeatedly performed

using an amino acid protected with Fmoc group (0.5 mmol)

to sequentially condense amino acids.

[0190]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),

Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,

Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-

Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,

Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-Val,

Fmoc—-Asp (OtBu), Fmoc-Cys(Trt), Fmoc-Thr (tBu), Fmoc-Phe,

Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and
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Example 24 Synthesis of 220ys-asialo oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly with dichloromethane (DCM) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room temperature for.4 hours. The resin was washed tharoughly with. DMF and DCM to obtain
MPB.PEGA IS ot e LSS o 4l Lot for Sl Ep e Sy e S (0BAaY  Fmoc-Gly
(0.50 mmol), MENT (9:2Q:pme)) and Nimethylimidazeley (-3 F2 prmalk were disgolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed withoDEM an¢ DME yEMde grole wasaemove disycusing 20%. piperidine/DMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentia%condensed in accordance

with the methSH-SHEWR BEEW B EENd Al Feptice Chain. T65491° 1Y The dMind dcid Hiaving an amino

group protect ith Emaoc.gr. s di inN-me. jdon, (L_m1). After addition of
0.45 M HCIU-5 gl?fl%:l\r/lnP %Ogdlfo rﬁprﬁgl , t%gﬁglgﬁgr)]g ?n%?tu%%gﬁ%gfed@ %éyall\&sl?f))lcic)ll-phase synthesis

column. Subsegiienityy, Q- PMDIREARNBIR {C.8ymonl) wasadded io-thiessdlidephassEsynibesis column.
After stirring at room temperature for 20 minutes, the resin was washed with DCM and DMF, and
Fmoc group WS rémbved by isig 8 20% piperriiie/DMF solution (2 ml) for 15 minutes. This
operation Waso[rsggzi dly performed using an amino acid protected with Fmoc group (0.5 mmol) to
sequentially condense amino acids. [0250] Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc),

Fmoc-Val, Fmoc-Leu; zmegsirp(Bee), Fmocr-Ala, Fmes-le. fzpes-fher EMQcGIU OB W),
Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-Gin(Irt), Fmoc-Cys(Irt), Fmoc-Glu(OtBu), FmocLeu,

Fmoc-Tyr(tBuyydFnec:Set(iBuy FarociSeHtBw) | EhageVat -mec-AsptOtBu)p Emac-Ser(tBu),

Mo B O 4 0o T MMUBY; AT o e ElQIBU) FMOSA s
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;

35 = 60%B, 20 min linear gradient] to obtain peptide

wherein 14Ser of GLP-1 is substituted by Cys.

[0192]
Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (32 mg) and the

peptide chain synthesized above (8.8 mg) were dissolved
in 100 mM phosphate buffer (pH 7.5, 1 ml) and allowed to
react at 37°C for 4 hours. After complete consumption of
raw materials were confirmed by HPLC, the reaction

solution was directly subjected to purification by HPLC
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and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group to obtain a 31-residue
peptide of
Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Irp(Boc)-Ala-lle-Phe-Glu(OtBu)-Lys(Boc)-Ala-Ala-GIn(Irt)-Cys(Irt)-
Glu(OtBu)- Leu-Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val-Asp(OtBu)-Ser(tBu)-

Thr(tBu)-Phe-Thr(tBu)-Gly- GIu(OtBu) -Ala-His(Irt) (SEQ ID NO:53) on a solid-phase resin. [0251]

The obtain_ed O[(rasqhavmg § € ‘Pfﬁ:{g?q éléerggl as5part ta er}%p a 58% phase synthesis

column. Trifluoroacetic ‘aci 5) was dd d §UCh that thE Fesin was thoroughly

soaked and stifrediatdioom Izen&@qraweﬁer 3 hoyrsrTheysesitrwas reypovied by filtratiomsand the
reaction solution was concentrated under reduced pressure. The resulting residue was purified by

HPLC [columrT ISHISEID @ &1 20 (0 185 gnt), 0 20X 2503him=gradieni: A 8otution: 0.1% TFA water,
B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min; 35 -4 60%B, 20 min linear gradient] to obtain

peptide wherein256fy FGLP A subgtiftltsd by @54 mgBFbﬁné’&dquﬁ?o%ﬁ]a?d%ﬂ ose
oligosaccharide,(c) ( peafiet of OTSUKA Chemigal.Ca. fid ), 65 mg) [Fermua 7). (C) and the

peptide chain synthesized above (3.4 mg) were dissolved in 100 mM phosphate buffer (pH 7.5, 340 pl)
and allowed tasrgast at 3t dod houtsy Adtet eomplete consumpiioaad raw snatedalsswere confirmed
by HPLC, the reaction solution was directly subjected to purification by HPLC [column: SHISEIDO

UG-120 (018, Blgin), 074.82% 250 -
[0193]

Example 15

Synthesis of 16Cys-disialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.
[0194]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at

25°C for 3 hours.
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mm, gradient: A solution: 0.1% IFA water, B solution: 0.09% IFA/10% water/90% AN 0.7 ml/min; 35 -4
60%B, 20 min linear gradient] to obtain 0.7 mg of oligosaccharide chain added GLP-1 peptide wherein
22Gly of GLP-1 is substituted by oligosaccharide chain added Cys (220ys GLP-1-asialo). [0252]
Example 25 Synthesis of 260ys-asialo oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly \AI' héjirchl%rgme.thane Qng) and DMF and tl‘ée resin. FBLthL&JOW{SU ly swollen with

DMF. 4-hydroxymethy §-metﬁoxfpﬁ11erﬁ%kybutyrlc %ﬁﬁ(ﬁﬁﬁsﬁ”?& 5mmo mmol) and

N-ethylmorphaline (0.25 samgh yvase wissolvethinddMb (208l nigaded tg the-galumns apdsstirred at
room temperature for 4 hours. The resin was washed thoroughly with DMF and DCM to obtain
HMPB-PEGA seslin,bwhich (vasidsedfas alsolit phiase for sélid-phave symithesisl [0253}F, Fmoc-Gly
(0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a sofif-phas8 Syfthe&is ColGMA T Stitted af 25E 555 Hours. 2 CCRREREfitTing, the resin

was washed with- RCM, and DME Froos aroup. was remaved hy using 20% pipepdine/DMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance
with the methohsk@yn below to extend a peptide chain. [0254] The amino acid having an amino
group protected with Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1 ml). After addition of
0.45 M HCIUHOBT/NRP (@4 ptmelyid having an amino group protected with

Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0196]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,
Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-
Cys(Trt), Fmoc-Asp(OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu),
Fmoc-Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-
Ala and Fmoc-His(Trt) were used as the amino acids

protected by Fmoc group to obtain a 31l-residue peptide of
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the resulting mixture was loaded to a solid-phase synthesis column. Subsequently, 0.9 M DIPEA/NMP
(0.8 mmol) was added to the solid-phase synthesis column. After stirring at room temperature for 20
minutes, the resin was washed with DCM and DMF, and Fmoc group was removed by using a 20%
piperidine/DMF solution (2 ml) for 15 minutes. This operation was repeatedly performed using an
amino acid protected with Fmoc group (0.5 mmol) to sequentially condense amino acids. [0255]

Fmoc-Gly, Fmog-Arg(Phf), Emog-Gly, Fmog-L , -Val -Leu, Fmac-lrp(Boc),
moc-651y m(?fy—rg%ﬁ?%’bégg’&'} YL@E%%%%%%@—EQ‘;—ZI&% }Eénc%c—k]el%—f‘ﬂg‘i%gﬁ,’ BoC)

Fmoc-Ala, Fmoc-lle, Fmoc- ocC moc- moc-Ala, FmocA moc-GIn(Irt),

Fmoc-Gly, FmoetGl{@tBu)r.Emoedau, £raoe:Tyr(tBu)( Fmoc-GertBi)ukmoesSer(tBu), Fmoc-Val,
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly,

Fmoc-Glu(OtBuy rF e Ala eantFvoc=His(I ) Bvere Uised astthefernino tddids-protedt8d by Fmoc group
to obtain a 31-residue peptide of

Gly-Arg(Pbf)-GIyALYsiBdc) RS I iBOC) METRIBHE EuoBts -kt i aid-alatin dR)-Gly-Glu(ot
Bu)-Leu-Tyr(t%;%qr)(tB&g-%erggﬂ?y_ ;Asp(OtBU)-Ser(tBu)-

Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:54) on a solid-phase resin. [0256]
The obtained resirphaving a peptide formed thereon was partly taken in a solid-phase synthesis
column. Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly
soaked and stirred af Fsore férmperturestdl 3 Hutire.Tthetrégirivhs Tefoved byiratsinand the

reaction solution was con&(;(;:-n rg%ed under redu%e%grgssure. The resulting reildue was purified by

HPLC [column’ SHIREIDO'UGTZ0 (01875 GM); 2505 gradiSnt ATSBitition: 0.1% IFA water,

B solution: 0.09% RA/10%:water/90% AN 8,0.mi/min; 354 §Q%8; 20,min.lineas gradignt] to obtain
peptide wherein 26Lys of GLP-1 is substituted by Cys. [0257] Bromoacetamidyl digalactose

oligosaccharided@}¢a product bEOISUKAr€kemicah €ot,HadJ (3B hyg)sarekthe peptide chain
synthesized above (3.9 mg) were dissolved in 100 mM phosghate buffer (pH 7.5, 400 L and allowed to
react at 37C for4-ho6fS. AfteF EOMpIEBRBR&GMPRof©r 3 hours. The resin was

removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain peptide
wherein 16Val of GLP-1 is substituted by Cys.

[0198]

Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (36 mg) and the
peptide chain synthesized above (12 mg) were dissolved in
100 mM phosphate buffer (pH 7.5, 1.2 ml) and allowed to
react at 37°C for 4 hours. After complete consumption of
raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 Mm), ¢ 20 X 250 mm,

gradient: A solution: 0.1% TFA water, B solution: 0.09%
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of raw materials were confirmed by HPLC, the reaction solution was directly subjected to purification
by HPLC [column: SHISEIDO UG-120 (018, 5 gm), 0 4.6 X 250 mm, gradient: A solution: 0.1% IFA
water, B solution: 0.09% IFA/10% water/90% AN 0.7 ml/min; 35 -4 60%B, 20 min linear gradient] to
obtain 1.0 mg of oligosaccharide chain added GLP-1 peptide wherein 26Lys of GLP-1 is substituted by
oligosaccharide chain added Cys (260ys GLP-1-asialo). [0258] Example 26 Synthesis of

300ys-asialo qli charide chajn added GLP-1 peptide  _A solid-phase synthesis column was
charged with Er%gr?o%%EGWrteesﬂ{a %%b‘b %r%]olg(pro%gg 6fr]|\’/le§c?<),_v>va%dﬂé§ thgrt:j)u%lrf/ with

dichloromethane {DGM);and DM and dhe resin was thoreughly swellenswithiDMEde
4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and

N-ethylmorphalirei(@. 25 fmdolFhiere dissplveddn DME €2 ml),dvaded o thefcoluma, and stirred at
room temperature for 4 hours. The resin was washed thoroughly with DMF and DON to obtain

HMPB-PEGA &, Wifich Sh st 48 3 Khia HHase For SaidPpRasE sy ritiesid 10286]  Fmoc-Gly
(0.50 mmol), '\‘l%Ml@d%Osm@) and Nmethylimidazole (0.375 mmol) were dissolved in DON (2 ml),
loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed withiDON and DMF. Fmoc group was removed by using 20% piperidine/DMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance
with the methda:siaE béfow to extend a peptide chain. [0260]

Synthesis of 20Cys-disialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0200]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF

solution (2 ml) for 15 minutes. After washing with DMF,
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The amino acid having an amino group protected with Fmoc group was dissolved in
N-methylpyrrolidone (NMP) (1 m1). After addition of 0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting
mixture was loaded to a solid-phase synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8 mmol)
was added to the solid-phase synthesis column. After stirring at room temperature for 20 minutes, the
resin was washed with DON and DMF, and Fmoc group was removed by using a 20% piperidine/DMF
solution (2 ml) fori Illg rréllig%es. ng_fseoperag%rg1 ¥V§§f$ eactgdg/e%esrg%'n}erg gg!:n %g ameino acid
protected withFmoc group (%%I mmoﬁ?gsequentla @ condense amino acids.%o %&f Fmoc-Gly,

Fmoc-Arg(Pbf); ikmoeKaly nfeae-d ys(Bae), beswaloFmeeskeu, £mpegHpRBoanEmoc-Cys(Irt),
Fmoclle, Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-Ala, Fmoc-GlIn(Irt), Fmoc-Gly,

Fmoc-Glu(OtBW) ZPmbclLeu, Fmoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu), FmocVal,
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), FmocPhe, Fmoc-Thr(tBu), Fmoc-Gly

Fmoc-Glu(OtBu), FTOtEARH FAHOESHIR AN Weéré Uis8l he3he EWHO%E%%G&B?&@&W Fmoc group

tOObEm1a31f%%gu PSBEd%QE dissolved in N-methylpyrrolidone (NMP) (1
Gly-Arg(Pbf)-Gly-Lys Boc)-VaI-Leu-Irp(Boc)-Cys(Irt)-IIe-Phe-}éIu{OtBu)-Lys(Boc)-AIa—AIa—GIn(Irt)-GIy-

Glu(OtBu)-LeunTyr(tBr)Sek!BuSer Bu) MalAsp{OtBu:Ser(tBu)/NMp (0.4 mmol),
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:55) on a solid-phase resin. [0262]
The obtained festh K&vig alpeptiieToried fiverebAareRsTpartly akenitda Bblidiphase synthesis

column. Trifluoroaag%técsacid: \(/)v%enrl: TIP% T 95: 2.55‘%1? was Qdﬂegfﬁ'ﬁﬂ}?ﬁ@h? 6e%'n was thoroughly
€ resi filtra

sSyn 1S n. ue .
soaked and stirted at room tcemperature or 3hours. resin was removed by filtration and the

reaction solutigp was Goncentrated ynderyeducad pressyte. Theresuliing residugwas purified by
HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,

B solution: 0.09%% FA#T0%water/90% ANB.0aniiraim t35 4 60%B; Q0miruliresar gradient] to obtain

peptide Wherejlfnezgﬁlaw(gseI\_Nz-slhlgdsuvkv)isgcltl}ljte[)dcgly gr%/g OD%F6,3] and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.
[0202]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),

Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-
Cys(Trt), Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu),
Fmoc-Val, Fmoc-Asp(OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu),
Fmoc-Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-
Ala and Fmoc-His (Trt) were used as the amino acids
protected by Fmoc group to obtain a 3l-residue peptide of
Gly-Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Tle-Phe-
Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu) -

Cys(Trt)-Tyr (tBu)-Ser (tBu)-Ser (tBu) -Val-Asp (OtBu) -
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Bromoacetamidyl digalactose oligosaccharide (c) (a product of OISUKA Chemical Co., Ltd.) (9.0 mg)
and the peptide chain synthesized above (4.1 mg) were dissolved in 100 mM phosphate buffer (pH
7.5, 410 pl) and allowed to react at 37C for 4 hours. After complete consumption of raw materials were
confirmed by HPLC, the reaction solution was directly subjected to purification by HPLC [column:
SHISEIDO UG-120 (C18, 5 gm), 0 4.6 X 250 mm, gradient: A solution: 0.1% IFA water, B solution:
0.09% IFA/10% w 90%. AN I/'min; 35 -4 6Q0%B, 20 min_lin radient] tq,ohtain 2.4 mg of
oligosacchari ee&?;c?rgggaoefg %ﬁ?é&mp_ggﬁ%é%@vﬁeﬁ%%lu délgyo_f L]P?qﬁg 5 E%Et%t_g{dl by 0 |g%o)saccharide
chain added CysHg30€ys §z)-Prdasialo), [Q264]E@ample 27 s i nSynthesis of 34Cys- asialo
oligosaccharide chain added GLP-1 peptide A solid-phase synthesis column was charged with
Amino-PEGA 1iési 100 limol) (product of Merck), washed thoroughly with dichloromethane (DCM)

and DMF and the resin was thoroughly swollen with DMF. 4-hydroxymethyl3-methoxyphenoxybutyric
acid (HMPB) (0.25 mim&1) ABTG (83 rhitioh ald K&ty indtpROMTE (J-25 Hiroly Weré Wissolved in

DMF (2 ml), '%diégy%qgo@mﬁnﬁnsg”%%?EBO—SEBM%PEE%%?JQEé hoyI$the resin was washed
thoroughly with DMF and DON to obtain HMPB-PEGA resin, which was used as a solid phase for
solid-phase synthesisid026%)e t i Fred-Gly (.58 mmol)pBISNT (G50 mmel) 2ans) Nmethylimidazole
(0.375 mmol) were dissolved in DON (2 ml), loaded to a solid-phase synthesis column and stirred at
25C for 3 houdddedafecstiriing fthelfesindfas washed MatheDONLENG PVIEFmBE group was
removed by usigq ZO(V?jpiggridine/D[é/IF solution gz m%) for }Shminutes. Al\]‘itler washing with DMF, amino
acids were se&uenrtFale condensed In accordarice with the method shown below 1o exiend a peptide

chain. [0266] e fheamine acid hayingan aming geouppretected with kmag greup was dissolved in
N-methylpyrrolidone (NMP) (1 m1). After addition of 0.45 M HCIUHOBT/NMP (0.4 mmol),

concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;

35 = 60%B, 20 min linear gradient] to obtain peptide

wherein 20Leu of GLP-1 is substituted by Cys.

[0204]
Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (36.9 mg) and the

peptide chain synthesized above (12.3 mg) were dissolved
in 100 mM phosphate buffer (pH 7.5, 1.5 ml) and allowed
to react at 37°C for 4 hours. After complete consumption
of raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 pm), ¢ 20 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 8.0 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 13.4 mg of oligosaccharide

chain added GLP-1 peptide wherein 20Leu of GLP-1 is
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the resulting mixture was loaded to a solid-phase synthesis column. Subsequently, 0.9 M DIPEA/NMP
(0.8 mmol) was added to the solid-phase synthesis column. After stirring at room temperature for 20
minutes, the resin was washed with DON and DMF, and Fmoc group was removed by using a 20%
piperidine/DMF solution (2 ml) for 15 minutes. This operation was repeatedly performed using an
amino acid protected with Fmoc group (0.5 mmol) to sequentially condense amino acids. [0267]
Fmoc-Gly, Fmoc:Ar ggb , Fmoc-Gly,.Fmoc-Cys Irg Fmoc-Val, Fmoc-L F -Irp(Boc), Fmoc-Ala,
Fmoc-lle, Fmoscl-llgﬁeg rlﬁ%gdg]ﬁgoﬁytﬁgﬁr%%%%éf gg), @rqnaolcr}A%?é)%doc%as, r%%cgz’ n(Irt), Fmoc-Gly,
Fmoc-Glu(OtBiy)pEmog-lets Fanoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu), Fmoc-Val,
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBU) 2ZPmbc-Ala and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group
to obtain a 31-residue peptide of

GIy-Arg(be)-Cglﬁ?éWs](ﬁt)- al-Leu-Irp(Boc)-Ala-lle-Phe-Glu(OtBu)-Lys(Boc)-Ala-Ala-Gin(Irt)-Gly-Glu(Ot
Bu)'Leu'Tyr(tBu)'SeE(%LDFl%%rﬁEBLBfV%' gQ&%@i§?'&(t%‘ﬁ)i osaccharide chain |,
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:56) on a solid-phase resin. [0268]

The obtained eesitehavdng alpeptideifoemed thereon was partly taken in a solid-phase synthesis
column. Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly
soaked and stirred afrotid i€mpertaresion Blotts. Tie i’ Was rehmved by iltdtion and the
reaction solution was concentrated under reduced pressure. The resulting residue was purified by

HPLC [columi*SHISEIBE UESE20 (0185 ¢i° 6'20'R 2881, Fradieht ' solifsi 619 TFA water,
B solution: 0.09%6 TEAL10% water/90%-ANB-Q-ralimin; 35 -A&9P0B 20 mi lipgar gradient] to obtain
peptide wherein 34Lys of GLP-1 is substituted by Cys. [0269] Bromoacetamidyl digalactose
oligosaccharides(g} (a peaduch of OTSUKA Shehlieal @a.; htd)M{L0 mig)rantirtheypeptide lchain

synthesized above %3.5 mg) were dissolved in 100 mMﬁghosphate buffer (pH 7.5, 350 pl) and allowed

to react at 37C fOFA-REGTEPARBP &IAPIete t6nSumhptidA dF R dfatériaBiiere coRfirred by HPLC, the
reaction soluti directly subjected tq pyrification by HPLE [eelumn: SHISEIRO UG-120 (C18, 5
gm), 0 4.6 X 2 %Vr\r%i gra gnt%‘lAonmgec)%n:%ﬁ% FA Wart%r, ngéc%%tion:oo%g%%gAllo% water/90%
AN 0.7 ml/ming 35 s4 60%6B,120 mir lineangragdient|aabtain 2.2 g ef oligosageharide chain added
GLP-1 peptide wherein 34Lys of GLP-1 is substituted by oligosaccharide chain added Cys (34Cys
GLP{bagakﬂSKEWOFEXQMpR?QQ temperature for 4 hours. The resin was

washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0206]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.

[0207]
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Synthesis of 36Cys-asialo oligosaccharide chain added GLP-1 peptide A solid-phase synthesis
column was charged with Amino-PEGA resin (100 limol) (product of Merck), washed thoroughly with
dichloromethane (DCM) and DMF and the resin was thoroughly swollen with DMF.
4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at

room temperature forr4 hours.n'l(;hearcels(ijp was washed thorou hl% with DMF and II%(éM to %btain
Id-

HMPB-PEGA resin, whi%cﬁl\?vlas used as a solid %hgge for solid-phase S%ﬂ%tees% ij]f]t Fmoc-Gly

(0.50 mmol), MENJ (@20 mmel):and Nipethylimidazelen0:375 pyrel) wese dissolued)in DON (2 ml),
loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin was
washed with DQN and DM, Eridd giaup was temdviEd By USROS Nperitide /DME splution (2 ml)
for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance with

the method sholWh BEGW 5 Exterd-& pepfidd 2Rain°f6572] t° Thé amifoRtfRaving an amino group

protected with Fmee¢ group \gg§g&§§olv%qlg18lggggmﬂyrrogdgn§4(IBM_EQ Amd). {\gteé addition of 0.45
M HCIUHOBT/I{{E/IP (0.4 mmol), the resulting mixture was loaded to a solid-phase

mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0208]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-
Cys(Trt), Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-
Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-
Val, Fmoc-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-
Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala
and Fmoc-His (Trt) were used as the amino acids protected
by Fmoc group to obtain a 3l-residue peptide of Gly-

Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp (Boc)-Ala-TIle-Phe-

Glu (OtBu)-Lys (Boc)-Ala-Cys(Trt)-Gln(Trt)-Gly-Glu (OtBu) -
Leu-Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —
Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt) (SEQ ID
NO:46) on a solid-phase resin.

[0209]
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synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8 mmol) was added to the solid-phase
synthesis column. After stirring at room temperature for 20 minutes, the resin was washed with DON
and DMF, and Fmoc group was removed by using a 20% piperidine/DMF solution (2 ml) for 15
minutes. This operation was repeatedly performed using an amino acid protected with Fmoc group
(0.5 mmol) to sequentially condense amino acids. [0273] Fmoc-Gly, Fmoc-Cys(Irt), Fmoc-Gly,

Fmoc-Lys(Boc), Fmag-Val, Fmac-Leu, Fmoc-Irp(Bocg), Fmaoc-Ala, Fmac-lle, Fmac-Phe
Fmoc-CIu(OtB0), gLy ABe S A FAGOA, Fretin e by Erec biu(otsy),
Fmoc-Leu, FmaesTy{tBu) yFegSer(tBu), Fpec-SestBy) Fmeeak meeAspiOtBu),
Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and
Fmoc-His(Irt) Weref ised as tve amira adids protectedBy Fmoe grbup 2o bbtain a)31+#essidue peptide of
Gly-Cys(Irt)-Gly-Lys(Boc)-Val-Leu-Irp(Boc)-Ala-lle-Phe-Glu(OtBu)-Lys(Boc)-Ala-Ala-Gin(Irt)-Gly-Glu(Ot
Bu)-Leu-Tyr(té‘L?Sgé (Bl serfiBh)-Vaf-AspioiBujSertigeyouglily soaked and

Thi(tBu)-Phe- Thr(tBL) Gly;Glu(QiBW)-AlaHis(In). (SEQ.IDNQ:B7).0n asglidphase resin. [0274]

The obtained resin having a peptide formed thereon was partly taken in a solid-phase synthesis
column. Trifluareaceticiacid: water r 8PS (= 9bd2.6h2.5) avascaddedssueht that theakesin was thoroughly
soaked and stirred at room temperature for 3 hours. The resin was removed by filtration and the
reaction soluti6f W ¢oTRERfFatEtPGRderTedGee PrssaFE The féstltirpiesidudwas purified by
HPLC [column: SHISEIDO UG-120 (018 5 m)HB

25 , ient: tiqn; 0.1% TFA water,
B solution: 0.09% TFA710% Wwater/d %eg{N .0 ml}”zré)irﬁ%% ﬂn%rgfﬁé%?g %tﬁn |Sn(?eJ<t;1§rl %rr%%ient] to ob\':\;?ner
peptide Wherei&%%ArEQ ‘ﬂfmcﬁlrpibl Lsosgbsj'élﬁeﬁlrpy %Xsddient : A solution: 0.1% TFA

water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;

35 = 60%B, 20 min linear gradient] to obtain peptide

wherein 24Ala of GLP-1 is substituted by Cys.

[0210]
Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (6.6 mg) and the

peptide chain synthesized above (2.2 mg) were dissolved
in 100 mM phosphate buffer (pH 7.5, 250 pl) and allowed
to react at 37°C for 4 hours. After complete consumption
of raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 pum), ¢ 4.6 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 1.8 mg of oligosaccharide
chain added GLP-1 peptide wherein 24Ala of GLP-1 is
substituted by oligosaccharide chain added Cys (24Cys
GLP-1-disialo).

[0211]
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[0275] Bromoacetamidyl digalactose oligosaccharide (c) (a product of OTSUKA Chemical Co.,
Ltd.) (3.0 mg) and the peptide chain synthesized above (0.5 mg) were dissolved in 100 mM
phosphate buffer (pH 7.5, 100 pl) and allowed to react at 37C for 4 hours. After complete consumption
of raw materials were confirmed by HPLC, the reaction solution was directly subjected to purification
by HPLC [column' SHISEIDO UG-120 (018, 5 gm), 0 4.6 X 250 mm, gradient: A solution: 0.1% TFA
water, B solutl ?% I A/10% water/90% AN 0.7 ml/min; 35 -4 60%B, 20 min linear gradient] to
obtain 0.2 mg o%{ofné)osacc aride chain added GLP-1 peptide wherein 36Arg of GLP-1 is substituted by

oligosaccharide chaipadded Gys 360ys &lP-d1asialo), [0276]d=xample2de pythesis of
220ys-diGIcNAc oligosaccharide chain added GLP-1 peptide A solid-phase synthesis column was

charged with AP EGA-fesire Pt00mol) (product of Merck), washed thoroughly with
dichloromethane (DON) and DMF and the resin was thoroughly swollen with DMF.

4-hydroxymethyl3-methdXypherosy byt adiq fHﬁIF“Eﬁl(B% ol B RY 5l28 thtol) and
N- ethylmorph%lne ((()) ﬁl@&nolgrwere (f'?éel d dn ﬁ)hg ﬁ(zwé Ioa to t £ column ar&d stirred at
tho andvbéﬁ t

room temperature?or ours e resin Wa WaS oroug y Wlth 0 obtain

HMPB-PEGA tesifronbich ywasi isedias alsotidrphaseder 3oﬂuiwphasejsmlﬁreﬁao[02m]
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.
[0212]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0213]

The amino acid having an amino group protected with

Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1

ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
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Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were dissolved in
DON (2 ml), loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring,
the resin was washed with DON and DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in
accordance with the method shown below to extend a peptide chain. [0278] The amino acid having
an amino grou%rotecte with Fmoc group was d's(;sg(ljvee iQON-arlneStgxl%r_rop%onee (NMP) (1 m1). After
addition of 0.4 HCl 6%5%1&%]5 ( 4 mmgli the resulting mixture wasoaded to a solid-phase

synthesis colugym Subseguenty: 9 M QIBEANMR (0,8 namol)wasraddedito-thesadid-phase
synthesis column. After stirring at room temperature for 20 minutes, the resin was washed with DON
and DMF, andPmob¢ greup addaemovet by usiig a-20% pipetiding/DdF solatiomi(2 ml) for 15
minutes. This operation was repeatedly performed using an amino acid protected with Fmoc group

(0.5 mmol) to SeduiEntially tondEnsE amitS a&igei 05761 € Fiibe-Gly "TEMBESAT 9 (PHYT, Fmoc-Gly,

Fmoc-Lys(Boc) Emoc;Val, Emocl-ey, FmogsHR(Bog), bmec-Ala, Fmog:lle, Fmac-Phe,
Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-GIn(Irt), Fmoc-Cys(Irt), Fmoc-Glu(OtBu),

FmoclLeu, Fmeeryt(EBulk moc-Ser(tBw)o EmocsSer(tBi) e Fonoe- dalukEmee-ASp(@iBu),or
Fmoc-Ser(tBu), Fmoc-Thr(tBu), FmocPhe, Fmoc-Thr(tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and
Fmoc-His(Irt) werédided & the Hidifo @eRIsAprofetted by FrR6E §Rsiprorsbitainta s -residue peptide of

Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Irp(Boc)-Ala-lle-Phe-Glu(QtBu)-Lys(Boc)-Ala-Ala-Gln(Irt)-Cys(Irt)-
L e e S A R e L

Thr(tBu)-Phe-Thr(tBu): Gl G{QBWAlaisdril {3EQ IPINGQ:58) on a solid-phase resin. [0280]
The obtained resin having a peptide formed thereon was partly taken in a solid-phase synthesis
column. Trifludroaédtic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly
soaked and stirred at room temperature for 3 hours. The resin was removed by filtration and the

reaction solution was Boicentrated URGE et (RRE breddire e rediititfy febialéAvas purified by
L ok SSoS SIS S DA T g A £ 1% T v
peptide whereinn22Ghyhef, GERdcissubstittited by GySe-1Lys (Boc), Fmoc-Cys (Trt),

Fmoc-Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-

Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-

Val, Fmoc-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-

Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala

and Fmoc-His (Trt) were used as the amino acids protected

by Fmoc group to obtain a 31-residue peptide of Gly-

Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Ile-Phe-

Glu (OtBu)-Lys (Boc)-Cys (Trt)-Ala-Gln(Trt)-Gly-Glu (OtBu) -

Leu-Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt) (SEQ ID

NO:47) on a solid-phase resin.

[0215]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.

Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
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Bromoacetamidyl diN-acetylglucosamine oligosaccharide (d) (a product of OTSUKA Chemical Co.,
Ltd.) (8.4 mg) [Formula 8] (d) and the peptide chain synthesized above (3.4 mg) were dissolved in
100 mM phosphate buffer (pH 7.5, 340 pl) and allowed to react at 37C for 4 hours. After complete
consumption of raw materials were confirmed by HPLC, the reaction solution was directly subjected to
purification by HPLC [column: SHISEIDO UG-120 (018, 5 gm), 0 4.6 X 250 mm, gradient: A solution:
0.1% IFA Wateardg S<§’Iust1i9cnr:10 %96%) Ilgﬁ\/em% water/90%, AN 0.7 r@llllminéSSEégog/% ., 20 min linear

gradient] to obtain 2.2 mg of g |gosaccharfcfesclﬁlaiﬁaé%dtegoél?ﬁgt pé/ptld%awhereln 2Gly of GLP-1is

substituted by pligesaccharide shainadged Sys £220ys-GE PrldiGIcNAG < [0281] Example 30

removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain peptide
wherein 25Ala of GLP-1 is substituted by Cys.

[0216]

Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (28 mg) and the
peptide chain synthesized above (8.3 mg) were dissolved
in 100 mM phosphate buffer (pH 7.5, 830 pl) and allowed
to react at 37°C for 4 hours. After complete consumption
of raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 pum), ¢ 4.6 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 8.0 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 5.6 mg of oligosaccharide
chain added GLP-1 peptide wherein 25Ala of GLP-1 is
substituted by oligosaccharide chain added Cys (25Cys
GLP-1-disialo).

[0217]
Example 19
Synthesis of 27Cys-disialo oligosaccharide chain

added GLP-1 peptide
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Synthesis of 300ys-diGIcNAc oligosaccharide chain added GLP-1 peptide A solid-phase synthesis
column was charged with Amino-PEGA resin (100 limol) (product of Merck), washed thoroughly with
dichloromethane (DON) and DMF and the resin was thoroughly swollen with DMF.
4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at

room temperature for 4 hours, The resin was,washed thoro mIIghvlyﬁv&l)/ith DME and DON to obtain

u
HMPB-PEGA resin, which was Used as &s0 %e&léssecf%r solid-p ase s?ﬁtﬂ%%stO%%Z] Fmoc-Gly

(0.50 mmol), MANT{O20Q;mmal) and Nethylimidazels Qi3 7% myrobere dissplvedin DON (2 ml),

loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed withoDOhadd DMENFroc lgtoupnasiremoved BY)usimg 20% piperdinetDMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance

with the methddSHOWH BRlow f Ext8Rd A paftiteChait. (6285 - Thé &mins B8 HRing an amino

group protected with = g@q@g@%%ggﬁglgeg an &I-r{%)ggyrrf@igj@gewﬁ)l (1mb.;After addition of
0.45 M HCIUHOBT/NMP (0.4 mmal), thé resulting mixture was loaded to a solid-phase synthesis

column. SubsequertlymR o1y RIREANMP (0.80nptod)was added to #he-solidsphase synthesis column.
After stirring at room temperature for 20 minutes, the resin was washed with DON and DMF, and
Fmoc group wasTembved byrudiy a C0% piperithfe! DM Solttien €2 Milfor 13 inutes. This
operation was Jebeatedl perlormed using a0 amineagid projgeled Wit Emesipyp, (95 mmol) to

washed thoroughly with DMF and DCM to obtain HMPB-PEGA

resin, which was used as a solid phase for solid-phase

synthesis.

[0218]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.

[0219]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase

synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8

mmol) was added to the solid-phase synthesis column.
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Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val, Fmoc-Leu, Fmoc-Irp(Boc),
Fmoc-Cys(Irt), Fmoclle, Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-Ala,
Fmoc-GIn(Irt), Fmoc-Gly, Fmoc-Glu(OtBu), FmocLeu, Fmoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu),
FmocVal, Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), FmocPhe, Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBu), Fmoc-Ala and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group

to obtain a 31-residue tide of :
Gly Arg(PON- O LB B Al e o S IS TR RS diclo ) TV AEES A Kia-GIn(r)-Gly-

Glu(OtBu)-Leu-d yr(tBu)=SertBiner({ B ViabAsp(QtBSer@BY) Fmoc group was
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:59) on a solid-phase resin. [0285]

The obtained resirriading v peptide forréd tereen whsparthfakenlinta solidcphase syrthesis
column. Triflugroacetic acid: water; TIPS (= 95; 2.5: 2.5) was added such that the resin was thoroughly

soaked and stirred &t PObT tempBratufeor 3tHouls "ive FEEiT FaSFemdved by fifation and the

reaction solutign ggngﬁm@eggggegﬁg&gggﬁeﬁqﬁ. Fhe resultin regs(i)q% Wwas pyrified by
HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,

B solution: 0.09¢0 $EALEG0 Wwater/90%nANNS:0 nabthing 3ac4£60%B, 20 min linear gradient] to obtain
peptide wherein 30Ala of GLP-1 is substituted by Cys. [0286] Bromoacetamidyl diN-acetylglucosamine
oligosaccharide®@¥ ¢d product of OTSUKA Chemical Co., Ltd.) (9.3 mg) and the peptide chain

synthesized above (4.1 mg) were dissolved in mM_phosphate buffer (pH 7.5, 410 pl) and allowed
to react at 37C for 4%%8%.é$%f c%%%?etgrc%ﬂégr%bﬁoﬁ%? ?av%%éteﬁgf%cwg%sc%%?i? ed by HPLC, the

reaction solutiep yasdirectlysybjected ta-pyrification iy HPLE[selumin SHIREIDO1WG120 (018, 5
gm), 0 4.6 X 250 mm, gradient: A solution: 0.1% TFA water, B solution: 0.09% TFA/10% water/90%

AN 0.7 ml/ming'85 c4 B086B F20 mit linddirgradient|to-dhtainze2 mg Bioligoshechamdecehain added
GLP-1 peptide wherein 30£\Ia of GLP-1is subsEituted bg oIiggsaccharide chain adtied Cys (300ys
GLP{bdKHCN%&f{OQ@ﬂC Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,
Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-Val,
Fmoc—-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-Phe,
Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and
Fmoc—-His (Trt) were used as the amino acids protected by
Fmoc group to obtain a 3l-residue peptide of Gly-
Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Ile-Phe-
Cys(Trt)-Lys(Boc)—-Ala-Ala-Gln(Trt)-Gly-Glu(OtBu)-Leu-
Tyr (tBu) —-Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) —-Ser (tBu) —
Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -Ala-His (Trt) (SEQ ID
NO:48) on a solid-phase resin.
[0221]
The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and

stirred at room temperature for 3 hours. The resin was

removed by filtration and the reaction solution was
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Example 31 Synthesis of 340ys-diGIcNAc oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly with dichloromethane (DCM) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl- 3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at

room tempera}':uorggor 4 ho;éreso.l ngo{esinrvg%s washed thoroughly \?/HQ DME afgiDON to obtain

HMPB-PEGA resm,evrvlhljéﬁ was used as a sollllaep a]gg?grsgﬁldlphase s;r/r?tﬁléss. [b%88] Fmoc-Gly
(0.50 mmol), MENTHRL5Q,8une)) and Nipethylimidazole-(0: 3745 mnal) were dissolveddin DON (2 ml),

loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin

was washed With1DON gnd DMF 2Bntocgrouprwascreacovedtly asing 2086 piperidine¥DWVHASsolution (2

ml) for 15 minutes. After washing with DMF aminoéa{cids were sequenotia%condense in accordance
a

with the methd8&dwin Befs th-extend %‘[Sjegp%tidEF i 70986/ he aMlind- &cif-haliyian amino

group protects%w@ Foc, groyp was dissolved in N-(ﬁneth}{l y roIid% e (.LNMP%éjt mdlg After addition of
0.45 M HCIU BT/NIé\)!AI}i-’ %UA mmISIJ),nthelrrelgﬁlf‘tfinajfr%xtluefé1 W%S oa e%%o a soli -pjhase synthesis
column. Subsedqsentlyn0O7M1RIREA/SIME (0.8smmat)swas addead by theysalid-phase synthesis column.
After stirring at room temperature for 20 minutes, the resin was washed with DON and DMF, and

Fmoc group waS4émbved by using a 20% piperidine/DMF solution (2 ml) for

Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (34 mg) and the
peptide chain synthesized above (10.8 mg) were dissolved
in 100 mM phosphate buffer (pH 7.5, 1.1 ml) and allowed
to react at 37°C for 4 hours. After complete consumption
of raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 pum), ¢ 20 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 8 ml/min; 35 — 60%B, 20 min linear
gradient] to obtain 8.7 mg of oligosaccharide chain added
GLP-1 peptide wherein 27Glu of GLP-1 is substituted by
oligosaccharide chain added Cys (27Cys GLP-1-disialo).
[0223]

Example 20

Synthesis of 28Cys- disialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the

resin was thoroughly swollen with DMF. 4-hydroxymethyl-

- 125 -



15 minutes. This operation was repeatedly performed using an amino acid protected with Fmoc group
(0.5 mmol) to sequentially condense amino acids. [0290] Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly,
Fmoc-Cys(Irt), Fmoc-Val, Fmoc-Leu, Fmoc-Irp(Boc), Fmoc-Ala, Fmoc-lle, Fmoc-Phe,
Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-GIn(Irt), Fmoc-Gly, Fmoc-Glu(OtBu),
Fmoc-Leu, Fmoc-Tyr(tBu), Fmoc-Ser(tBu), Fmoc-Ser(tBu), Fmoc-Val, Fmoc-Asp(OtBu),

Fmoc-Ser(tBu), Fm -Thr% u), Fmoc-Phe, Fmoc-T rtﬁgl% mog-Gly, Fmoc-Glu ), Fmoc-Ala and
Fmoc-His(Irt) V)J\”/e?neegglé)cf 48 the amino' ggiﬁ%%rgt%égd%y qunF)oc?gBr(%é tén%%tfa)ir’] a%%ﬁtzsidue peptide of

Gly-Arg(Pbf)-Gly-Cys (FhMal-Lewsirp(Boch-Aadledthe-Gle(OtBu-tys(Ror)-Ala-Ada-Gin(Irt)-Gly-Glu(Ot
Bu)-Leu-Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val-Asp(OtBu)-Ser(tBu)-
Thr(tBu)-Phe-ThitBu) vGly-Ghu(OMBL) {AlarHis (It} (SE©ADENOMBE) orrad sotid-phasge resin. [0291]

The obtained resin having a peptide formed thereon was partly taken in a solid-phase synthesis

column. Trifludtoateficacili: Walh: TS 8512 8: %) wad'@ddet sulh thdtthe Pedii vas thoroughly
soaked and stifred. atyoom, iemperature for3 haurs, T hegegin was remoyed: Ry filteation and the

reaction solution was concentrated under reduced pressure. The resulting residue was purified by
HPLC [column: SHISEIRDi UG-120; (Ql8:0 gay), 8 20X 250umas gradients Alselution £:1% TFA water,
B solution: 0.09% IFA/10% water/90% AN 8.0 ml/min; 35 -4 60%B, 20 min linear gradient] to obtain
peptide wherefi¥ BADaSafSGLP-1 is substituted by Cys. [0292] Bromoacetamidyl diN-acetylglucosamine
oligosaccharidtfo(ﬁj% product of OISUKA Chemical Co., Ltd.) (12 mg) and the peptide chain
synthesized above (3.9 mg) were dissolved in 100 mM phosphate buffer (pH 7.5, 390 pl) and allowed

to react at 37C for 4 hgurs. After completeconsumplinn of saw matgrals were genfirmed by HPLC, the
reaction solution was directly subjected to purification by HPLC [column: SHISEIDO UG120 (C18, 5
gm), 0 4.6 X 266trhm] gradiento Acssolltichi> mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.
After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0225]
The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was

removed by using a 20% piperidine/DMF solution (2 ml) for

15 minutes. This operation was repeatedly performed
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0.1% IFA water, B solution: 0.09% IFA/10% water/90% AN 0.7 ml/min; 35 -4 60%B, 20 min linear
gradient] to obtain 1.5 mg of oligosaccharide chain added GLP-1 peptide wherein 34Lys of GLP-1 is
substituted by oligosaccharide chain added Cys (34Cys GLP-1-diGIcNAc). [0293] Example 32
Synthesis of 22Cys-dimannose oligosaccharide chain added GLP-1 peptide having A solid-phase
synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck), washed

thoroughly with dichloromethane (DCM) and DMF_and the resin was thoroughl ollen,with DMF.
& hycroey Moty ot RGBSRt (e (655 R TG0 55 iy hhd
N-ethylmorphalinesQ25mimel) were dissolved b DME i1 sloaded to the column, and stirred at

room temperature for 4 hours. The resin was washed thoroughly with DMF and DON to obtain
HMPB-PEGA fésir,awhich was used as a solid phase for solid-phase synthesis. [0294] Fmoc-Gly
(0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mm%%?v%/}ere dissolved in DON (2 ml),
loaded to a solid-phasE&ynthesis EBRImI add Shifréd at 28E 1613 hdufs © L ter Lfirring, the resin

was washed with DON.and DMF. Fmac grgun. was removed by tising 20% piperiding/DMF solution (2

ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in accordance
with the methadnshowry betowt §o, extend -aqaeptoterahiain. HR295]Ly s (Hecaminamaeid Aaxing an amino
group protected with Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1 m1). After addition of
Q45hﬂFKHUFRWBT#@@P(O@W@@ﬂQ%“(Trt)r Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-—

Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-
Val, Fmoc-Asp(OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-
Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala
and Fmoc-His (Trt) were used as the amino acids protected
by Fmoc group to obtain a 31-residue peptide of Gly-
Arg(Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Ile-Cys(Trt) -
Glu (OtBu)-Lys (Boc)-Ala-Ala-GIln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) -Ser (tBu)-Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt) (SEQ ID
NO:49) on a solid-phase resin.

[0227]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120

(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA

water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
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the resulting mixture was loaded to a solid-phase synthesis column. Subsequently, 0.9 M DIPEA/NMP
(0.8 mmol) was added to the solid-phase synthesis column. After stirring at room temperature for 20
minutes, the resin was washed with DON and DMF, and Fmoc group was removed by using a 20%
piperidine/DMF solution (2 ml) for 15 minutes. This operation was repeatedly performed using an
amino acid protected with Fmoc group (0.5 mmol) to sequentially condense amino acids. [0296]

Fmoc-Gly, Fmgc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val, Fmoc-Leu, Fmoc-]Jrp(Boc),
S PR Py s R R L) T GE AL Fhas, Fraoc-GIn(ry,

Fmoc-Ala, Fmoc-lle, Fmoc-Phe, Fmoc moc- (B%?:), m

Fmoc-Cys(Irt)hrpeGlut@iBl, EmockeuiFmecsiypdBu) iaacSertBu), Fmoc-Ser(tBu), FmocVal,
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), FmocPhe, Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBU) ZBMbc-Ala and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group
to obtain a 31-residue peptide of

Gly-Arg(Pbf)-Gly-LyS(BBERVEREETBo Aikate phe GRS AL SBod?AlalAla-GIn(Ir)-Cys(irt)-
Glu(OtBuy)- Le ﬂy&(}@y)@gr%%%%ﬁf@@fn\{%aﬂsr&QtBU)m?af.(éB%o.6 m

Thr(tBu)-Phe-Thr{tBU)-GIy-Glu(OBL)-Ala-His(ir) (SEQ'ID NO'E1) on & 2old-phase résin. [0297]
The obtained respt hawing legpeptiseforreed thereapavas partly taker) ina selidipbasa swathesis
column. Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly
soaked and stirfedl8troBth Rimseradire 1613 hotrs(The tesin Wwag rérhoved By dillaiéncand the

reaction solution was concentrated under reduced pressure. The resulting residue was purified by

HPLC [column: SHISEIDTUG2126 (628 59§ 6720 X 256 Fim Graiéit- ASORSAY 1128 TFA water,
B solution: 0.09% TEA/MQ%ater90%AN 80 miimin: 3554 6%, 20 min fisgar gradient] to obtain

peptide wherein 22Gly of GLP-1 is substituted by Cys. [0298] Bromoacetamidyl dimannose
oligosaccharideo(e) {a producs ofl OtSUKAYChemicat God, Ittd. )W 12img) fEaromuld 9] He).C
[column: SHISEIDO UG-120 (C18, 5 pm), ¢ 20 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 8 ml/min; 35 — 60%B, 20 min linear
gradient] to obtain 10.3 mg of oligosaccharide chain
added GLP-1 peptide wherein 28Phe of GLP-1 is substituted
by oligosaccharide chain added Cys (28Cys GLP-1-disialo).
[0229]
Example 21
Synthesis of 30Cys—-disialo oligosaccharide chain
added GLP-1 peptide
A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and

stirred at room temperature for 4 hours. The resin was
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and the peptide chain synthesized above (3.4 mg) were dissolved in 100 mM phosphate buffer (pH
7.5, 340 pl) and allowed to react at 37C for 4 hours. After complete consumption of raw materials were
confirmed by HPLC, the reaction solution was directly subjected to purification by HPLC [column:
SHISEIDO UG-120 (C18, 5 gm), 0 4.6 X 250 mm, gradient: A solution: 0.1% IFA water, B solution:
0.09% IFA/10% water/90% AN 0.7 ml/min; 35 -4 60%B, 20 min linear gradient] to obtain 1.6 mg of

oligosaccharide_chain added GLP-1 pepti ein f.GLP-1 is substitute ligosaccharide
chain added CvilaslS E%yg%ﬁ-igﬁégnnéggw&ﬁﬁgmy&ts% Obtg)l/ﬁlth%{\s/%éo?dp%%&-dimannose
oligosaccharideGhain agdediGLP peptideas A solidiphasessyntiresis selumn wias £harged with
Amino-PEGA resin (100 limol) (product of Merck), washed thoroughly with dichloromethane (DON)
and DMF and shentdsirs was thoroughly swollen with DMF. 4-hydroxymethyl3-methoxyphenoxybutyric
acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and N-ethylmorpholine (0.25 mmol) were dissolved in
DMF (2 ml), lohdéd 98 the column, and stirred at room temperature for 4 hours. The resin was washed

thoroughly with DMFEﬂ{%dCD&Igto(@pW }ﬁlMﬁl.}P%ﬁf@i@,. %’b‘i%‘é{% used ag a solid phase for
solid-phase synthesis. [0300] Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole

(0.375 mmol) weterdissalved o DON (2 3}, leadad tova selidtphase syathesismcaiunp and)stirred at
25C for 3 hours. After stirring, the resin was washed with DON and DMF. Fmoc group was
removed by usiRg28% pipetidie!DMEPSGIEorf 2 FiDSE 15FRdRES. Afer Washiirfwithk DMF, amino
acids were se%ugntially condensed in accordance with the method shown below to extend a peptide
chain. [0301] 5°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0231]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0232]
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The amino acid having an amino group protected with Fmoc group was dissolved in
N-methylpyrrolidone (NMP) (1 ml). After addition of 0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting
mixture was loaded to a solid-phase synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8 mmol)
was added to the solid-phase synthesis column. After stirring at room temperature for 20 minutes, the
resin was washed with DON and DMF, and Fmoc group was removed by using a 20% piperidine/DMF

solution (2 ml) for 15_minutes. This.operajfion was repeated| rformed using an.amino acid protected
with Fmoc group (0.5 mmol) to’ ée%ﬁgn%ig%§%gﬁ%gr%ée g%?r% ggiéé.%@BEfT% mgg-iGly,
Fmoc-Arg(Pbf}kypoe-Gly, Fmee-Lys(Boa)mbmoerYalgbmpc-lrews &meespBac), Frmee-Cys(Irt),
Fmoclle, Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-Ala, Fmoc-GlIn(Irt), Fmoc-Gly,
Fmoc-Glu(OtBW) sFmidcbeu FRmocTyeEBGY, FRod Ser(tBu), Fmats $Br(tBu), Friocval,a,
Fmoc-Asp(OtBu), Fmoc-SerE(tBu), Fmoc-Thr(tBu), FmocPhe, Fmoc-Thr(tBu%, Fmoc-Gly,
Fmoc-Glu(OtBU) EmotaaladhaFhioe-His(iny weke Gséd ¥s thdamifto- 4dids Protectddsy Fmoc group
u ?OC—

to obtain a 31yesidue peptide Of gy & Ser (rBu), Emoc_Ser(tBu), Emoc-
Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Irp(Boc)-Cys(Irt)-lle-Phe-Glu(OtBu)-Lys(Boc)-Ala-Ala-GIn(Irt)-Gly-
Glu(OtBu)-Leurd yr(tBu)cseriBu) S (1Bu)-Mab-AsptBinSer(tBuyc—Thr (tBu), Fmoc-—
Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:62) on a solid-phase resin. [0303]

The obtained Fsf hAVIAG alpeptide formEa dreredl wasTparty 1aké - fd sofidipRade Synthesis
column. Trifluorrcl)gc?tic %gig:. Wri T IPS (= 95: Z.g.: 2.5)tv¥1as added such. that the resir]c\évgs thoroughly

o S were Se e .amino aclas rakLe
soaked and sfifred at room t6 perdture for 3 ours The resif was removed tﬁl filtrafion and the

reaction solutigly wasconceptigtedungarJeduced pressyre; JdheJesulting residueyas purified by
HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water,
B solution: 0.0924 TFAF10% water/90BoAN-8/8 Imlimin; BEp45609%B 26 mMin tinear graelient] to obtain
peptide wherein 30Ala of GLP-1 is substituted by Cys. [0304 Bromoacetamidyl dimannose

oligosaccharidé'(é} (& Produet of BASURA THemical & T .y £10/2 frig) GidPthe péitide chain
synthesized at%?/\]/fe( (cdﬁmll {n_@ ev&r&%@s?g%d( jcrh%qq mal\ﬂ pﬁg&%@g&uj@e& JgRIEIgug;,_MO pl) and allowed

to react at 37C for 4 hours. After complete consumption of raw materials were confirmed by HPLC, the
reaction solution wasedineathy subjectedto parification bydsRh.CAcalumns SHISEIROHIGFH20 (018, 5
gm), 0 4.6 X 250 mm, gradient: A solution: 0.1% TFA water, B solution: 0.09% TFA/10% water/90%
AN 0.7 ml/mink85 24 60968 226 mirt finedregradient]ito obtain 2.4 mg of oligosaccharide chain added
GLP-1 peptide wherein 30Ala of GLP-1 is substituted by oligosaccharide chain added Cys (300ys
GLP-l-dimann[oos% 3]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain peptide
wherein 30Ala of GLP-1 is substituted by Cys.

[0234]
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[0305] Example 34 Synthesis of 340ys-dimannose oligosaccharide chain added GLP-1 peptide
A solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly with dichloromethane (DON) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at

room temperature fOJé4 hour%eﬁhaemr.eélrhwgs wa gd t oro(yghlcy \ngrlpd\éF 5‘_9 II%%)N to obtain

HMPB-PEGA resin, which was used ada sd]i%:ilbahaseo o%gollda-pﬁase synthesis. Fmoc-Gly (0.50

mmol), MSNT({0 &unmal)rans Nimethyliaidazale (05375 mipo)) wete disselyeddm HQAN 42 ml), loaded
to a solid-phase synthesis column and stirred at 25C for 3 hours. [0306] After stirring, the resin was

washed with DN tarndeD MR Emoy groupsias rferabvett byt Usihg 0% vpiperidine/DMF sdlution (2 ml)
for 15 minutes, After washing with DMF, amino acids were sequentially condensed in accordance with

the method shbivnB&loW fofexesid a pephld £Rain(PH he anfind dBin)hg\ﬂﬁg AhEMRG group
M HOIOHOBTIIVE (0 Rinof, the Tesbling RIS Wit Toaded 153 Bbict pHSD Syathobe colum
Subsequently & 9M D IREANMEPL (0.& erraol) avasi attded toythemsolid-phasersyathesisicolumn. After
stirring at room temperature for 20 minutes, the

solution was directly subjected to purification by HPLC

[column: SHISEIDO UG-120 (C18, 5 pum), ¢ 20 X 250 mm,

gradient: A solution: 0.1% TFA water, B solution: 0.09%

TFA/10% water/90% AN 8.0 ml/min; 35 — 60%B, 20 min

linear gradient] to obtain 6.6 mg of oligosaccharide

chain added GLP-1 peptide wherein 30Ala of GLP-1 is

substituted by oligosaccharide chain added Cys (30Cys

GLP-1-disialo).

[0235]

Example 22

Synthesis of 32Cys-disialo oligosaccharide chain
added GLP-1 peptide
A solid-phase synthesis column was charged with

Amino-PEGA resin (100 umol) (product of Merck), washed

thoroughly with dichloromethane (DCM) and DMF and the

resin was thoroughly swollen with DMF. 4-hydroxymethyl-

3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU

(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were

dissolved in DMF (2 ml), loaded to the column, and

stirred at room temperature for 4 hours. The resin was

washed thoroughly with DMF and DCM to obtain HMPB-PEGA
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resin was washed with DON and DMF, and Fmoc group was removed by using a 20% piperidine/DMF
solution (2 ml) for 15 minutes. This operation was repeatedly performed using an amino acid protected
with Fmoc group (0.5 mmol) to sequentially condense amino acids. [0307] Fmoc-Gly,
Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Cys(Irt), Fmoc-Val, Fmoc-Leu, Fmoc-Irp(Boc), Fmoc-Ala, Fmoc-lle,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-GIn(Irt), Fmoc-Gly,
Fmoc-Glu(OtBu ,SFmocngEeiJ Fm%c-TxrétB ) Fmoc-%eir{t%# Fmgc-fSer(tBui),iFépo%-g/al,
Fmoc-Asp(Ot§u , Frfoc-Sert 1}5 Emoc- r?t%u?, Frioc- e, moc-?ﬁr(ﬁé)u , n?oc-é?y,
Fmoc-Glu(OtBu) nkmes-+Aja and Fmoc-His(Irt) were used as the amino acids protected by Fmoc group
to obtain a 31-residue peptide of
Gly-Arg(Pbf)-Gl§y<Cys(Irt)-Val-Leu-Irp(Boc)-Ala-lle-Phe-Glu(OtBu)-Lys(Boc)-Ala-Ala-GIn(Irt)-Gly-Glu(Ot
Bu)-Leu-Tyr(tBu)-Ser(tBu)-Ser(tBug-Val-Asp(OtBu -Ser tBqul-
Thr(tBu)-Phe-Thr(tBH:&fy-Glu(otBuyRAId Hi’stH) (SEG' 1D No83)781 &'sofilHise resin. [0308]

The obtained resin,having 2-peptide formed thereon was partly taken,in 2 solidsphase synthesis
column. Trifluoroaceétic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly
soaked and stirretbatroom temparatirgtiarsad hovrs: Hheiresiovas rermaved by filteationtand the
reaction solution was concentrated under reduced pressure. The resulting residue was purified by
HPLC [columrg SHISEIDG UBx126 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% IFA water,
B solution: 0.09% IFA/&CO% Wa,ger/90% AN 8.0 ml/min; 35 -4 60%%‘,36209 Wintgn%%rg;radignt] to obtain

peptide wherein 34L)Z>s of GLP-1 |rsrslt?§§titutte8 b%/eéﬁsr? [H@(?Q]Was romoacetami ylaéfmannose

oligosaccharidge) (amredud)f QI SHA Ehemjeal &g, Lihhd0omg) grddhe geptideciain
synthesized above (3.9 mg) were dissolved in 100 mM phosphate buffer (pH 7.5, 390 pl) and allowed
to react at 37G forthours (Afted ¢completé comsumptien of dwamatesalsiwerewcarifirmigtl by HPLC, the
reaction solution was directly subjected to purification by HPLC [column: SHISEIDO UG-120 (018, 5
gm), 0 4.6 X 2801HM, Gradient” ArSol o DA EAWARTF IS BB RAion"0 996 LA 65 water/90% AN

GLPLL peptide wherein 34158 of GLPLL & subattiied by lisbsacchand akaim added Cys (340ys
GLP-1-dimannasge}.10310]
The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.
[0238]
Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),

Fmoc-Val, Fmoc-Cys(Trt), Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-
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Example 35 Synthesis of 12Asn-asialo oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly with dichloromethane (DCM) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl- 3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at

room temperature for 4 hours. The resin was ed tharou Dl}\_ﬁ,Wi DMF and DON to obtain
HMPB-PEGA Eeﬂ’selr’], which W£§ralseL’JseErdn as a\gs%olﬁg/p Ealéz ’fo(r%rén&%-p asst((leﬁé)ygr/}tﬁes%rsn.o[(é?;ﬁ]a’ Fmoc-Ala

(0.50 mmol), MENJ-(0150 mme)}and Nnethylimidazeles(0,375% pwacly were dissplvedis BON (2 ml),
loaded to a solid-phase synthesis column and stirred at 25C for 4 hours. After stirring, the resin
was washed withuD ONnand DMR.tEmoe grovgwasténoved bymesing 20%-piperidine/BMF solution (2
ml) for 15 minutes. After washing with DMF, aming acids were sequentially condensed in accordance

with the methodStowH BEOW o &XEHd a Eé‘ﬁﬁil_eséfﬁfﬁ%éﬂfmoGI'@&n‘mﬁ%ue)tcid HA9fMg an amino

group protected with Fmoc groupwas dissplyeddn N-methylpyrtolidong (NMB) (J.md). After addition of
0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting mixture was loaded to'a solid-phase synthesis

column. SubsegidenthyoQ-HVDIPEA/NMP £0.8s8mal)swas added o the-saelid-phase-synihesis column.
After stirring at room temperature for 20 minutes, the resin was washed with DON and DMF, and
Fmoc group Was rERpved byUsiie a 208 bipetidine/ DM Solatior 2 rilpfo? A5 hifutes. This

Openﬂ“”]Wa$g§8%@%gpugT§¥E¥§hBoc)—Val—Cys(Trt)—Trp(Boc)—Ala—Ile—Phe—

Glu (OtBu)-Lys (Boc)-Ala-Ala-GIln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt) (SEQ ID
NO:51) on a solid-phase resin.

[0239]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly soaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain peptide
wherein 32Leu of GLP-1 is substituted by Cys.

[0240]
Bromoacetamidyl disialo oligosaccharide (a) (a

product of OTSUKA Chemical Co., Ltd.) (20 mg) and the
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using an amino acid protected with Fmoc group (0.5 mmol) to sequentially condense amino acids.
[0313] Fmoc-Ala, Fmoc-GIn(Irt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu, Fmoc-Tyr(tBu),
Fmoc-Ser(tBu), Fmoc-Ser(tBu), Fmoc-Val, Fmoc-Asp(OtBu), Fmoc-Ser(tBu and Fmoc-Thr(tBu) were
used as the amino acids protected by Fmoc group to obtain a 12-residue peptide of
Ala-GIn(Irt)-GlyGlu(OtBu)-Leu-Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val-Asp(OtBu)- Ser(tBu)-Thr(tBu) (SEQ ID
NO:64) on a solid-gggge r%%ghThe %%hresiggg(g)egktyig%eq%iv%lergt l')o Zv.grliem%wgglt(]aen ferred to a
separate solidpp%%se synﬁ1e3|s coslﬁmn, Emoc group was removed by using % piperidine/DMF

solution (1 ml)ifar 15 anintitesn, and washedwithe DM HT 078 separate gentrifuge tibesasialo
oligosaccharide chain added asparagine (b) (a product of OTSUKA Chemical Co., Ltd.) 27.7 mg (14.0
limol) and DERBT 6e3.mig €21. B liftol ¥ weret dissolved inAIMEDMSH [ Zemixtureusgiutiom 0.35 ml)
and loaded to the solid-phase synthesis column. After addition of DIPEA 2.4 1ll (14,1 limol), the mixture

was stirred at Fdorh IEmPaFatarefor 18Hours ArterWisshing with MY BEM toligdsaccharide

Cha"]addedlgbﬁﬁ%ygip%ggkaggectly subjected to purification by HPLC
AIa-GIn(Irt)-GIy-GIu(OtBu)-LeuTyr(tBu)-Ser(tBu)-Ser(tBu)-VaI-Asp(OtBu)-Ser(tBu{-

Thr(tBu)-Asn(Qligasasehatide shaind (SEQIIPONQ:6%), was phtained ona solighphase, [0314] The
amino acid having an amino group protected with Fmoc group and HOBt (4.7 mg, 0.03 mmol), and
DIPCI (5.4 Ill, 9108 madoh): weresgisséived in DME (G875 walf.SAfterfactiaticn fot 1Pmitltes, the

mixture was IoadeZ to a solid-phase synthesis column. After stirrin% at room temperature for one hour,

Fmoc group was’témbvet By Using a 2% piperitindIdMF Solufiond Thh 6’28 Hinutes. This

operation wasrepeatedly-perfermed toseqyentially;cendenseraminoacids. fmea-dbr(tBu), Fmoc-Gly,
FmocGlu(OtBu) and Fmoc-Ala were used as amino acids protected with Fmoc group, and Boc-His(lIrt)

was used as amhiao racidsiprotedied WitheBac grouphterabiain F okgosacckharidel chan added 18-residue
peptide of Ala-GIn(Irt)-GlyGlu(OtBu)-Leu-Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val-Asp(OtBu)-
Ser(tBu)-Thr(tBURASh OIS atEh aridE Er A AR FARISE - Ek-Elu B AR-HiIFH(SEQ ID NO:66) on
a solid phase fesin. [Q%lji%]i éb)fter washing with DON and DMF, mixture solution of trifluoroethanol
and acetic aci%?lg{] 1} was adadled such that the resin was thoroughly soaked and stirred at room
temperature forg8shqurs. The resin was removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting residue was concentrated to obtain
oligosaccharidéxgheid added protected peptide of

Ala-Gln(irt)-Gly-Glu( QB e Tyr(IBu) R B, e ) A e R 8 B s

added GLP-1 peptide
A solid-phase synthesis column was charged with

Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase

synthesis.

[0242]
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Thr(tBu)-Asn(Oligosaccharide chain)-Thr(tBu)-GlyGlu(OtBu)-Ala-His(Irt)-NH-Boc (SEQ ID NO:67).
[0316] The oligosaccharide chain added 18-residue protected peptide (equivalent to 2.45 limol)
was transferred to an eggplant flask, dissolved in DMF (0.1 ml) and cooled to - 15 to -20C under an
argon atmosphere. To this, benzylthiol (8.7 1ll, 73.6 hmol) was added and separately prepared DMF
solution (0.231 ml) of PyBOP (6.4 mg, 12.3 limol) was added, and subsequently, DIPEA 2.1 Il (12.3

limol) was added. The mixture was, stirred at -15 tq - for 2.hours and added to cool diethyl ether
n:e l(’ﬂ?)ée %] %(5 mmol])ehtfﬁthgégg ?@&Pmmo[‘&j ang%

(150 ml). After precipit%?i%n 0 tide compon solution portion was removed by a membrane
filter. To the regidus, trifiioraacatic acid:waternbPS (9% 21552.6) Was addedand stirrgd at room
temperature. After 2 hours, the solution was once again added to separately prepared diethyl ether
(150 ml) to obtair dgtetipitates Thereafter sthe Solutionsportion WwasrearoVestbyra egerabrane filter to
obtain a residue containing a desired peptide thioester compound. This residue was purified by HPLC
[column: SHISEIO t%-1 0}(@1]855' gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B

solution: 0.09% TFAFLO% water/90% AN 7.0, milnin; 25 -4 4598 (15 min)-4 6094B (10min) -4 95%8
(10 min), linear gradient] to obtain 2.1 mg of peptide having benzyl thioester at C terminal:
PhS-Ala-GIn-GlyrGlu-Eeuwd yiSanSera\balrAspSet Th Asni(Rdigesacehasideidine /DMF
chain)-Thr-Gly-Glu-Ala-His (SEQ ID NO:68). [0317] On the other hand, a solid-phase synthesis
column was cl&get ith Armifd-PEGA résin{pidduetof Merél)(100 $itidly washedH8roughly with

mCNORﬂneﬂmggfggﬂg%?g% were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0243]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0244]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Cys(Trt),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,

Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-Val,
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DMF and thoroughly swollen with DMF. 4-hydroxymethy1-3- methoxyphenoxybutyric acid (HMPB)
(0.25 mmol), IBIU (0.25 mmol) and N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml),
loaded to the column, and stirred at room temperature for 4 hours. The resin was washed thoroughly
with DMF and DON to obtain HMPB-PEGA resin, which was used as a solid phase for solid-phase
synthesis. [0318] Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol)

were dissolve(}ri{loD%\lag( B}CI)BlllgadeEd to Cth%v elséﬁlgggﬁgésr? %%e%lsrc&lgrg and stirred at 25C for 4

hours. After stlrrlné:, resin was washed moc grodp was removéd by using a

20% piperiding/RME salution (2 My ferdlosminutes.Afterwashing witheRME, aming agids were
sequentially condensed in accordance with the method shown below to extend a peptide chain.

The amino acidnvavirtian @niino geowp protected witteFaot mroaps was dissolverttind by
N-methylpyrrolidone (NMP) (1 ml). After addition of 0.45 M HCIUHOBT/NMP (0.4 mmol), the resulting
mixture was I0a82d t82°88lid5sha¥Rt& Mthésis Lofufii SlibsRGRERY 76 MFDYPEA/NMP (0.8 mmol)

was added to %}egg@yf%%@gg%g&%@gﬁ_qr,gq_@gq_sfiy%grcrp% ge_@@%rgpﬁg for 20 minutes, the

resin was washed with n F, and Fmoc group was removed by using a 20% piperidine/DMF
solution (2 ml)don 15 renutesy § hiscoperation was-repeatedty) perforameicusing an-arsine acid protected
with Fmoc group (0.5 mmol) to sequentially condense amino acids. [0319] Fmoc-Gly,

Fmoc-Arg(Pbf},Yrmé&@ly SEmoeERys (B, ERot-Val L g (8B PmeehpBdo), Fmoc-Ala, Fmoc-lle,

Fmoc-Phe, F%%%V %%&QL%H%eF_@%%%gﬁ@)o%&gvg{egcﬁgg%% e in% aci&s Ipcr)me%%%b%fmoc group

and Boc-Cys(Ir as an amino aci c_gro%f) o ‘obtain 13 résidue peptide of
Gly-Arg(Pbf)-Gly-Lys(Beg)-Valdeulp(BagkAala-Ue-Phe-Glu(OtBu)-Lys(Boc)-Cys(Irt) (SEQ ID NO:69)
on a solid-phase resin. To this, trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added and stirred
at room temper@4é for 3.5 hours. The mixture was then added to separately prepared diethyl ether
(150 ml) to obtain a precipitate. Thereafter, the solution portion was removed by a membrane filter to

obtain a residue contaifing A dedied peptite tRROESRS comSBUntE T hi<rekitfiewas pafified by HPLC

[column: SHISEIDO UG-120 (018 5 gm), 9 20 X 250 mm, gradient: A salution: 9,1% TFA water, B
solution: o.og%aEF/i’/%%% \yvaTt%r@eO% AN g.osr% /?nc?n iy i%%&s%ﬁ%ﬁn)g-% 60%E (10min) -4 95%B

(10 min), linear gigdient} &2 ebtairdesitert peplida: : TIPS (= 95: 2.5: 2.5) was
Gly-Arg-GlyLys-Val-Leu-Irp-Ala-lle-Phe-Glu-Lys-Cys (SEQ ID NO:70). [0320]
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain peptide
wherein 34Lys of GLP-1 is substituted by Cys.
[0246]
Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (33 mg) and the
peptide chain synthesized above (10.0 mg) were dissolved

in 100 mM phosphate buffer (pH 7.5, 1 ml) and allowed to

react at 37°C for 4 hours. After complete consumption of
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The two types of peptides thus prepared: the 18- residue peptide having benzylthio ester at C terminal
(2.1 mg) and the 13-residue peptide (2.6 mg) were placed in a same centrifuge tube and dissolved in a
buffer solution (pH 6.8, 0.58 ml) (prepared with 6 M guanidine hydrochloride solution and 0.2 mM
phosphoric acid solution). Thiophenol (2.9 Ill) was then added at room temperature and a reaction was
performed at room temperature. After 24 hours, the reaction solution was purified by HPLC [column:
SHISEIDO UG-l%OI\(g 8 5.%@% 0 ZQ:X ZCSOOngrQJZ%r%d}gnt: Egluti%ﬂ: 0.10/%1T f\ovrxllater, B solution:
0.09% TEA/10% water/90% 70 rr%/min; 5-44 Oog( min) - 0%8 (i min) -4 95%B (10 min),
linear gradient} ¢ gbtain Lyamg af eligaspgcharide ehaip addeg31rresidue pepticle. np1.dhe obtained
oligosaccharide chain added peptide was placed in a centrifuge tube and dissolved in a buffer solution
(pH 7.0, prepared framm 35 $SHEVISECEP Sofutioh 6 (v gaianidipen hydiwchioride2sdlution and 0.2 mM
phosphoric acid solution). To the reaction solution, activated Raney Nickel was added at room

temperature. ARG PERGUrs" cSMPIELLARTLT the feaction Wad Ednfirfhed oy BPLE: Theleatter, the
reaction soluti filtrated b 1iembrane filter and the filtrat tion cgptaining desired
oligosaccharidqe@é\:glfr? added eG{/I?-ﬁr%pre%%dag] wag. s{lﬁrﬁégt'ed% pﬁif@ﬁ%ﬁ b)g/ PLC [column:
SHISEIDO UG120:(01845 g <0 20 X 256 mmm; gradientnd sefution: §ckacTRAMWater, B solution:
0.09% TFA/10% water/90% AN 7.0 ml/min; 25 -4 45%B (15 min) -4 60%B (10 min) -4 95%B (10 min),
linear gradient} i &btai? 0BinF bF désiRaPsligtsacerarrde cRdihaeldedl GLP-11pdptide wherein 12Phe
of GLP-1 is substituted by asialo oligosaccharide chain added Asn (12Asn GLP-1-asialo). [0321]
Example 36 S B hGSE 5 TERTAE TR R e e i B Sltce A
solid-phase sygithesis golymmwas charged with Amino-PEGA resin (50 limol) (product of Merck),
washed thoroughly with dichloromethane (DCM) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxXyraéthyl3-methoxyphenoxybutyric acid (HMPB) (0.125 mmol), IBIU (0.125 mmol) and
N-ethylmorpholine (0.125 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room temperaﬁif@%’rlﬁ3 hédrs. The resin was washed thoroughly with DMF and DCM to obtain

MMPB-PECA resin, whletuas used as 4 salidanase fop solidhphass synihesis,D3gal _ Fimoc-Gly
(0.25 mmol), MSNT 0'25 mmol) and Nme hyllmlcjfazo e (0.175 mmol) were dissolved in DCM (2 ml),
loaded to a solidphasesynthesissealumn and stirred at 25C for 3 hours.  After stirring, the resin
was washed with DCM and DMF. Fmoc group was removed by using 20% piperidine/DMF
A solid-phase synthesis column was charged with

Amino-PEGA resin (100 Mmol) (product of Merck), washed

thoroughly with dichloromethane (DCM) and DMF and the

resin was thoroughly swollen with DMF. 4-hydroxymethyl-

3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU

(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were

dissolved in DMF (2 ml), loaded to the column, and

stirred at room temperature for 4 hours. The resin was

washed thoroughly with DMF and DCM to obtain HMPB-PEGA

resin, which was used as a solid phase for solid-phase

synthesis.

[0248]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-

methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
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solution (2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in
accordance with the method shown below to extend a peptide chain. [0323] The amino acid having
an amino group protected with Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1 m1). After
addition of 0.45 M HCIU-510BI/NMP (0.25 mmol), the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.25 mmol) was added to the solid-phase
synthesis column. After stirring at room emperature for 20 mcigﬂt&% the r Sisnt"i’%% washed with DCM
and DMF, and Fmoc group was remove %y usan alb%%/é piperidine/D SO|U'[IOI‘]? mal) for 15
minutes. This epefationwas repgatedly performed using an amino acid protected with Fmoc group
(0.25 mmol) to sequentially condense amino acids. [0324] Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly,
Fmoc-Lys(Boc), FmdetValk Fatoc-kendrmbbarp(Bec)) Fnecc-Akes e ov il hFio- Rhed
Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, FmocAla, Fmoc-Gin(lrt), Fmoc-Gly, Fmoc-Glu(OtBu),
Fmoc-Leu andjrh—é%ocﬁWFBLﬁWéJrE J&0 SR NG Yadids prot &éd%ﬁﬁﬁbéb gt obtain a
194e$duepe@%¥%@ﬁon (& ml) for 15 minutes. After washing with DMF,
Gly-Arg(Pbf)-Gly-Lys(Boc)- aI-Leu-Irp(Boc)-AIa—IIe-Phe-GIu(OtBu)-Lys(Bo%-AIa-AIa—Gm(Trt)-GIy-GIu(
OtBu)-Leu-Tyr{tiBin {SEE) i N ¥2) el qusalidiptiase resindfd325] in Asialoxaligasaccharide chain
added asparagine (b) (a product of OTSUKA Chemical Co., Ltd.) 198 mg (100 limol) and DEPBT 30.0
mg (100 limol)"#é&fe dissSolved P RMPYDISOS (21/0t6 nfiafd toatl el iR Sofid-phase synthesis
column. After zg(y% of DIPEA 26 Il (150 limol), the mixture was stirred at room temperature for 24
hours. After washing with DMF and DCM, oligosaccharide chain added 20-residue peptide of

Gly-Arg(Pbf)-Gly-Lys{BeC)smino acid having an amino group protected with
Val-Leu-Irp(Boc)-Ala-lle-Phe-Glu(OtBu)-Lys(Boc)-Ala-AlaGIn(Irt)-Gly-Glu(OtBu)-Leu-Tyr(tBu)-Asn(Olig
osaccharide chain} (SEQUD N&®s72)iwas dbtainechoi-amsalidyphaser SubsequentlyMihe dmino acid
having an amino group protected with Fmoc group was condenced by HOBt 34 mg (0.25 mmol),

DIPCI 38 IIl (025 mmé&f ‘and BRI iRl 16 forfr SiigdéadeRErideichaitBdddd 4108siHue peptide of

Gly-Arg(Pbf)- IM-eLyi,sQ% Cl)-\{%|-L(?H-|>E I%foec)wﬁé!g-lIfégg%-ésl%gOtgugg_}/%B_%cg-éAélg-Ala-GIn(Irt)-GIy-GIu(
OtBu)-Leu-Ty%tBu)-Asr%Oﬁgogacc aride

chain)-Ser(tBuyWalAsp(QiBuy-BeniBu) FhwEBu):Phe ikhr(tBuY-Gly Sle@tBuyrAlasHis(Irt) (SEQ ID
NO:73). [0326]
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.
[0250]
Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Cys(Trt), Fmoc-Glu(OtBu), Fmoc-
Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-
Val, Fmoc-Asp(OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-

Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala
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To the obtained resin having an oligosaccharide chain added peptide formed thereon, trifluoroacetic
acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly soaked and stirred at
room temperature for 3 hours. The resin was removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting residue was purified by HPLC [column:
SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B solution:

0.09% TFA/10% water/90%.A %QI I/min; 35 -4 60%B,, 20 min linear_gradient] to.obtain 8.2 mg of
PR Ay ch e oot R ek PSR o B Gl o Sl el

oligosaccharidg,chaip added Asn{d 845k SLP-1-asiale). {0324 Bxaraple3r Synthesis of
22Asn-asialo oligosaccharide chain added GLP-1 peptide A solid-phase synthesis column was
charged with AmnGRRE GA-resint-{50(kmol) {probubtof-Verci) owastdd thbkreudiily with
dichloromethane (DCM) and DMF and the resin was_thoroughly swollen with DMF.

4-hydroxymetfii3-HieRoxyprehtX§bdiyhic Aciit GvPB) 16,125 Wimboh: iBIT b 2E-fimal) and
N-ethylmorphqjglg_(pylrz&@urqcﬂ)sgg@tgiﬁglggg é[tl,QLME\(Z% imkggqqﬁ%ﬁggﬁggﬂﬁg) and stirred at

room temperature for 4 hours. The resin was washed thoroughly with D CM to obtain
HMPB-PEGA mesintwhichrvas-used asa)sotid phase {orsalid-phasessynthiesis. [0S28] 1D Fmoc-Gly
(0.25 mmol), MSNT (0.25 mmol) and Nmethylimidazole (0.175 mmol) were dissolved in DCM (2 ml),
loaded to a sol@-phase Ynthesislslumpadfl $tifdd at 25C for 3 hours.  After stirring, the resin
was washed Wt&%ﬂ}ﬂ and DMF. Fmoc group was removed by using 20% piperidine/DMF solution (2
ml) for 15 minutes.” After washing with DMF, amino acids were sequentially condensed in accordance

with the method shownbelew 1q gxtendapeptide,shaina[0328t ide formed thereon

was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain peptide
wherein 22Gly of GLP-1 is substituted by Cys.

Bromoacetamidyl digalactose oligosaccharide (c) (a
product of OTSUKA Chemical Co., Ltd.) (15 mg)

[Formula 7]
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The amino acid having an amino group protected with Fmoc group was dissolved in
N-methylpyrrolidone (NMP) (1 m1). After addition of 0.45 M HCIUHOBT/NMP (0.25 mmol), the
resulting mixture was loaded to a solid-phase synthesis column. Subsequently, 0.9 M DIPEA/NMP
(0.25 mmol) was added to the solid-phase synthesis column. After stirring at room temperature for 20
minutes, the resin was washed with DCM and DMF, and Fmoc group was removed by using a 20%
piperidine/DMF solution (2 ml) for 15 minutes. This operation was repeatedly performed using an
amino acid protected with Fmoc group {{, ¥8 mmol) to sequentially condense amino acids. [0330]
Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Emottys(Rec), YHA¢-Val, Fmoc-Leu, Fmoc-Irp(Boc),
Fmoc-Ala, Fmoc-lle, Fmoc-Phe, Fmoc-Glu(Ofg #mod ys(Boc), Fmoc-Ala, FmocAla and
Fmoc-GIn(Irt) were used as the amino acids prote : GyAEmoc group to obtain a 15-residue peptide
of Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Irp(Boc)-Ala-ligzghe L (gEBu)-Lys [c)-AIa a-Glin(Irt) (SEQ
ID NO:74) on a solid-phase resin. [0331]  Asialo oligosagehatide chal agded aspardpine (b) (a
product of OTSUKA Chemical Co., Ltd.) 198 mg (10& mol) SN ":';“7" “r'cf"'c‘? imoj) wére
dissolved in NMP/DMSO (2.4/0.6 ml) and loaded to He€p@F-phase synthédisteoluMAAAEr addition of
DIPEA (26 1ll, 150 limol), the mixture was i ed at roo ". perature for 24 hours. After washing with
DMF and DCM, oligosaccharide chain -....z-. ..-5"’-?3.--5\ péptide of Gly-Arg(Pbf)-Gly-Lys(Boc)-
Val-Leu-Irp(Boc)-Ala-lle-Phe-Glu(OtBu)-,yS{Bat) #da-AlBar(Irt)-Asn(Oligosaccharide chain) (SEQ ID
NO:75) was obtained on a solid phase. Subsed&gntly, the amino acid having an amino group
protected with Fmoc group was condenced by HOBt 34 mg (0.25 mmol), DIPCI 38 Il (0.25 mmol) and
DMF (1 ml) to form oligosaccharide chain added 31-residue peptide of
Gly-Arg(Pbf)-Gly-Lys(@pc)-Val-Leulrp(Boc)-Ala-lle-Phe-Glu(OtBu)-Lys(Boc)-Ala-Ala-GIn(Irt)-
Asn(Oligosaccharide chain)-Glu(OtBu)-Leu-Tyr(tBu)-
Ser(tBu)-Ser(tBu)-Val-Asp(OtBu)-Ser(tBu)-Thr(tBu)-PheThr(tBu)-Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID
NO:76). [0332F F8™eé 6B fEsin Raing ErcoligpRacafatite chirt added Pepfide formed
thereon, trifluo&g%gbegf v%c&d:i‘%atfﬁ:oﬂﬁ% %zh%S: p%igzt%.%l\ﬂvgfq _ea}fddggﬂsup%tba%tjp(? rgfi)n vg%%lthoroughly
soaked and stirred at room temperature for 3 hours. The resin was removéd y filtration and the
reaction solutign wasepncentrated-underyeetced pressure Ehe resulting residue was purified by
HPLC [column: SHISEIDO UG-120 (C18 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solutiofng @996 FFA/20%eneate00%+ ANLZ Owalifin: 355418098 P20 Mk fineahgradient] to
obtain 12.2 mg of oligosaccharide chain added GLP-1 peptide wherein 22Gly of GLP-1, is substituted
With asialo o GRACER R ENh Sl Hor (CAChIEL B aSalgS To PUrLticaticn

by HPLC [column: SHISEIDO UG-120 (C18, 5 um), ¢ 4.6 X 250

mm, gradient: A solution: 0.1% TFA water, B solution:
0.09% TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 0.7 mg of oligosaccharide
chain added GLP-1 peptide wherein 22Gly of GLP-1 is
substituted by oligosaccharide chain added Cys (22Cys
GLP-1l-asialo).
[0252]
Example 25

Synthesis of 26Cys—-asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with

Amino-PEGA resin (100 umol) (product of Merck), washed
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[0333] Example 38 Synthesis of 26Asn-asialo oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly with dichloromethane (DON) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at

room temperafyre for 4 hours. T@ﬁar sinh\yas was}eﬁd thor %QI with\jD and %lgl to obtain
HMPB-PEGA res?ﬁ,oﬁ |lé as used as a s?ﬁiaﬂﬁ)%asae1 or s?cf;fi -glhéasne synt esis. [0 2] Fmoc-Gly

(0.50 mmol), MENTH0,R0:mmel) and Nmethylimidazole: (0.3 Bummol)- were.dissaived,imDON (2 ml),
loaded to a solid-phase synthesis column and stirred at 25C for 4 hours. After stirring, the resin
was washed withtB OiNoaye DM ot yroup wasderioVed by (ising 20%giperidiné/DMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids were se uentia%condensed in accordance

with the method’sHowA'Below f Extng & peptiendiain. 16335)" 2> THE amint"&&d having an amino

group protected. with Fmoc grougwas giqﬁglygd in %g@t@gpygﬂgidggfwmagdml). After addition of
0.45 M HCIU-HOBT/NMP (0.4 mmol), the resulting mixture was loaded to a solid-phase synthesis

column. Subsegientlyd 0 D-MAIRIEA/RMR (Q.8unmot)oras added ta theselid-pbase syrthesis column.
After stirring at room temperature for 20 minutes, the resin was washed with DON and DMF, and
Fmoc group W&a TefRfbvel biysiiig & 20% pipetidirrs’B MIE ¥olufior P2 il fdiMBEmitkieds. This
operation was gpeatedly performed using an aming acid prgtected with Empe group (95 mmol) to
sequentially condense amino acids,

synthesis.

[0253]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0254]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the

resin was washed with DCM and DMF, and Fmoc group was
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[0336] Fmoc-Ala,Fmoc-Gin(Irt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu, Fmoc-Tyr(tBu),
Fmoc-Ser(tBu), Fmoc-Ser(tBu), Fmoc-Val, Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu),
Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly, Fmoc-Glu(OtBu) and Fmoc-Ala were used as the amino acids
protected by Fmoc group and Boc-His(Irt) was used as the amino acid protected by Boc group to
obtain a 18-residue peptide of Ala-Gin(Irt)-Gly-Glu(OtBu)-Leu-Tyr(tBu)-Ser(tBu)-
Ser(tBu)-Val-Asp(OtBu)-Ser(tBu)-Thr(tBu)-Phe-Thr(tBu)- Gly-Glu(OtBu)-Ala-His(Trt) (SEQ ID NO:77)
ona solid-phaggn&ggi%??[o 7f82nlgfté(jr v%gsc’hiﬁgl%t%%gg)%ehﬂygnéu Dﬁﬁ,uéc rln(ff(ltur(zéséq)llkiolsfl%ﬁF
trifluoroethanol angl agetie acid {1;1xwas added stichihatthgdgsinavas thoreughly soaked and stirred
at room temperature for 18 hours. The resin was removed by filtration and the reaction solution was
concentrated widergeducedipressare. Thenesaltingdesidue wasocorwertated tocobtaimlprotected
peptide of Ala-GIn(Irt)- _ _ _
Gly-Glu(OtBu):Ce-TFHEBL) SertiB U SEI BT VAR OB U8 er(tBu)-Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(
OtBu)- AIa—HisggQBIgWBoc (SEQ ID NO:78). [0338] The 18-residue protected peptide (equivalent to
35 limol) was transferred to an eggplant flask, dissolved in DMF (3.7 ml) and cooled to -15 to -20C
under an argon atmaspberes Tho, thissbenzylthield.25 1inkb 06 enmpl) mas-added and separately
prepared DMF solution (1.0 ml) of PyBOP (94.7 mg, 182 limol) was added, and subsequently, DIPEA
(29.8 1ll, 175 likfehwds hddEBCThe fiixtuFe®@s ShRreaE L 15 16:020¢ {62 RBGs dnkBadded to cool
diethyl ether (150 ml). After precipitation of peptide component, the solution partion was removed by a
membrane filtéﬁrlrf1 ot g?ésigﬂg,ct?i uor %?éé)ﬁep ac%?%%feﬁ sFI{ILD% Ef 95 357, av(/asﬁN 4dded and stirred
at room tempetature ppfter Zhaurs, the selytion wes oncergain added g separately prepared diethyl
ether (150 ml) to obtain a precipitate. Thereafter, the solution portion was removed by a membrane
filter to obtain Brresidligrcaritaining' acesiked peptide thinestet eormipbund. FhisceSidlie was purified
by HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solutiofC6.098% TRRFH0% Water065F ANEEO milffe: 2504 45988 (15iR) F4'60%B (10min)
-4 95%B (10 min), linear ient] tain 18-residue tj aying yl thioester at C terminal:
PhS-AIa—GIn-rGE y?jcflSﬁ%u%ﬁugér-s%%\%ﬁ%’ﬁ-s@gr r%%{ge@eﬁﬂgé\( ﬁ?ﬁé-h%(sm ID NO:79).

[0339] andFmoc-His (Trt) were used as the amino acids protected

by Fmoc group to obtain a 31-residue peptide of Gly-
Arg(Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Ile-Phe-
Glu(OtBu)-Cys (Trt)-Ala-Ala-GIn(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) -Ser (tBu)-Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -Ala-His (Trt) (SEQ ID
NO:54) on a solid-phase resin.

[0256]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting

residue was purified by HPLC [column: SHISEIDO UG-120
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On the other hand, a solid-phase synthesis column was charged with Amino-PEGA resin (product of
Merck) (100 limol), washed thoroughly with dichloromethane (DCM) and DMF and the resin was
thoroughly swollen with DMF. 4- hydroxymethy1-3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol),
IBIU (0.25 mmol) and N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the
column, and stirred at room temperature for 4 hours. The resin was washed thoroughly with DMF and

DCM to obtain %MéDB?;Pl&EéA r SI%Q)WhIC \)/[s{as used as a solid phase f;)fr)ﬁgol|d-|ph<("-jls.(?L g,yr%thbgss. [0340]

Fmoc-Gly (0.56 r%mo NT{O: r>ﬁm05I aﬁ&lNrgé:t%%r%Pdta:zo% (?)O %norﬁldl) were dissolved in

DCM (2 ml), loagied:tp the selidrphase synthesiseolymo angstikredoat? 56 far HhaursaAfter stirring,
the resin was washed with DCM and DMF. Fmoc group was removed by using a 20% piperidine/DMF
solution (2 ml)J6r 5 miies. AfteniwashingavitriyDME, amihotacidsowersnseguentiddly condensed in
accordance with the method shown below to extend a peptide chain. [0341] The amino acid having

an amino groupsrofedted WithSFribe GHouprand HOBYS(67 6 iy 050 mhTal) and DIPCI (77.0 11I, 63.1

mg, 0.50 mmo})were, dissolved in DMF (2 ml). After activation for 15 minutes, the resulting mixture
was loaded to a solid-phase synthesis column. After stirring at room temperature for one hour, Fmoc
group was removed By tisihgoa 200 giperiding D MEtsodation (omyferRa miagtesc Thiszoperation was
repeatedly performed using an amino acid protected with Fmoc group (0.5 mmol) to sequentially

condense amiR® At [034 23T SUEMJEe Fato-Rrg(PBHIFmotl8lynFimaeBys(Bdc), Fmoc-Val,
Fmoc-Leu, Fmoc-Irp(Boc Fmoc-AIa,tFmoc-IIed Fmboc-Phe( ?”Q Fm c-GIu%Otgug were uged as the
amino acids pipo%g&é eby moc g?gl?p Poegﬁtélen 11-78sidue p'eptialg frer TESOLVe
Fmoc-Gly-Arg(Rb)-Gly-kys(Bes)Valleurm(Bog)-flarllePhe-Gly(OtBL) (SEQ D NG;80) on a
solid-phase resin. The 11-residue peptide (equivalent to 10 limol) was

to react at 37°C for 4 hours. After complete consumption

of raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 um), ¢ 4.6 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 1.0 mg of oligosaccharide
chain added GLP-1 peptide wherein 26Lys of GLP-1 is
substituted by oligosaccharide chain added Cys (26Cys
GLP-l-asialo).
[0258]
Example 26

Synthesis of 30Cys-asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-

3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
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transferred to a separately prepared solid-phase synthesis column, Fmoc group was removed using
20% piperidine/DMF solution (2 ml) for 15 minutes, and washed with DMF. To a separate centrifuge
tube, asialo oligosaccharide chain added asparagine (b) (a product of OTSUKA Chemical Co., Ltd.)
40.0 mg (20.0 limol) and DEPBT 9.0 mg (30.0 limol) were dissolved in DMF/DMSO (4:1 mixture
solution, 0.5 ml) and loaded to the solid-phase synthesis column. After addition of DIPEA 3.4 1l (20

limol), the mixt e was Stlﬁr/?éd atnrgom_%etr%\%elrr%ture f%r116 hoiros. £Q§43 After stirring, the resin was

washed with DCM and DMF. Fmoc group was rel 8vecﬂgye/ using a 20 A)O%i)peﬁaﬁl%/DMF solution (1 ml)

for 15 minutessangsthene washedwith DM, BociGys(it), HOB1G 8 ¢ng (A5 mmwl), and DIPCI 7.7 Il
(0.05 mmol) were dissolved in DMF (1 ml). After activation for 15 minutes, the mixture was loaded to a

solid-phase sysithiesis dokimr. After stirrgratrooem temperahure for.onélivour,sheresiasvas washed
with DON and DMF tq obtain oligosaccharide chain added 13- residue peptide of

Gly-Arg(Pbf)-GFLRBEONVAIE U (BOEPAR e-PRE-Bldfotsu)PREABligd¥AEHAd chain)-Cys(trt)
(SEQ ID NO:81) on,a sqfid; phasgresin, Jo this, friflyoroacetic.acid: syater (HIPS (5,95: 2.5 2.5) was

added and stirred at room temperature for 3.5 hours. Thereafter, the solution was added to a
separately preparathdiethy) ether (150 ml) to obtain precipitation, and subjected to centrifugation to
separate a precipitate containing a desired oligosaccharide chain added peptide and a solution
portion. After the%efution portion was removed, it was subjected to purification by HPLC [column:

SHISEIDO UG- 120 (018 F_>(9£%,7(282.05X 2:%9 rggn %ﬁgnt'?%%lu%on: 1% Fﬁb\__water, B solution:l
0.09% TFA/10% water /806 AN 7.0 milfmin: 254 4598 (18 min) "4'80%E (10 Min) -4 95%B (10 min)
linear gradienthiq ghtain, 7 damg1Qf desired oligasaccharde chainaddedipgplidesi0344]n1 ) ,

loaded to a solid-phase synthesis column and stirred at

25°C for 3 hours.

After stirring, the resin was washed with DCM and

DMF. Fmoc group was removed by using 20% piperidine/DMF

solution (2 ml) for 15 minutes. After washing with DMF,

amino acids were sequentially condensed in accordance

with the method shown below to extend a peptide chain.

[0260]

The amino acid having an amino group protected with

Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1

ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),

the resulting mixture was loaded to a solid-phase

synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8

mmol) was added to the solid-phase synthesis column.

After stirring at room temperature for 20 minutes, the

resin was washed with DCM and DMF, and Fmoc group was

removed by using a 20% piperidine/DMF solution (2 ml) for

15 minutes. This operation was repeatedly performed
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The two types of peptides thus prepared: the 18- residue peptide having benzylthio ester at C terminal
(1.6 mg) and the oligosaccharide chain added 13-residue peptide (2.5 mg) were placed in a same
centrifuge tube and dissolved in a buffer solution (pH 6.8, 0.8 ml) (prepared with 6 M guanidine
hydrochloride solution and 0.2 mM phosphoric acid solution). Thiophenol (8.0 Ill) was then added at
room temperature and a reaction was performed at room temperature. After 24 hours, the completion
of the reaction was confirmed. b HPLC. Thereafter, the reaction solution was direc fled by HPLC
[column: SHISEIDO UG- 1581%(5]18 g%ln% 8 20% ?5 O{;nmetg?aglent A S(())Iupon O%/ﬁ%ﬁ water, B

solution: 0.09%J FAY/AQ%, water/90% AN & Osel/minn2d A-45%B (15 min) -4 60%B (10 min) -4 95%B
(10 min), linear gradient] to obtain 2.0 mg of desired oligosaccharide chain added 31-residue peptide.

[0345] The obtdieéd dligosaccharide chain added peptide (1.0 mg) was placed in a centrifuge tube
and dissolved in a buffer solutlon’\}pH 7.0, p ared from 35 mM TCEP solution, 6 M guanidine

hydrochloride solution™sd 6. 2%n B‘ﬁ&spj?ﬁ?l Heid softfish). To'the EBRGIIN SAIRGH,” activated
Raney Nickel was added atroom temperatyre. Afier k8 hqursecomplefion-of the reggtion was

confirmed by HPLC. Thereafter, the reaction solution was filtrated by a membrane filter and the filtrate
portion contairmng desited olgesacchatde thamtadded peptide was subjectathiopurification by HPLC
[column: SHISEIDO UG-120 (018 5 Jim), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B

solution: 0.09% TFA/A 0% waterP086 AN 70 mI/fie, 2% 4/ 45%B°A5hih) Q4 50%B {10 fitin) -4 95%B

(20 min), line radl to gbtain g of desired I osaccharide ha ded LP-1 peptlde
wherein 26Lyas£ofu GLEH%IS s% Fu% % by%suacfo %)?gost%cchan%e cﬁalg Aén%

GLP-1- asnalo)v@ﬁfltSirﬁzsemmqﬁ%tBu$ynmﬁ§@@&7&%qslamkgo§ﬁgq@mﬁcmédded GLP-1

peptide A solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product
of Merck), wasttes, thbroughhwith&liohlofoneethane (DM@t DM 8nd the ' resin-wvas thoroughly
swollen with DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25
mmol) and N-ERFINiGIphakne (25 mMeH Sveté Hfissoivedin BRIEN2 Iﬁﬁl%ﬁd%%ﬂ‘?et@glumn and

stirred at room P%n%[gﬂergt e (g%r 4 PSUE%JQQ regln3 as. g;@eg t% rgg glg vy)ltrh B&/IF and DCM to
id p

obtain HMPB-PEGA reS| WhICh was used as a soli ase ase synthesis.
Arg(Pbf)-Gly-Lys (Boc)-Val-Leu-Trp (Boc) Cys(Trt) —Ile—Phe-

Glu (OtBu)-Lys (Boc)-Ala-Ala-GIln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) -Ser (tBu)-Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt) (SEQ ID
NO:55) on a solid-phase resin.

[0262]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120

(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA

water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
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[0347] Fmoc-Ala (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were
dissolved in DCM (2 ml), loaded to a solid-phase synthesis column and stirred at 25C for 4 hours.
After stirring, the resin was washed with DCM and DMF. Fmoc group was removed by using 20%
piperidine/DMF solution (2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially
condensed in accordance with the method shown below to extend a peptide chain. [0348] The

amino acid haying an amino group protected with Fmoc group was dissolved in N-methylpyrrolidone
R i of b ks RS GROBTRIS (0 o b e By e

(NMP) (1 m1).”After’ a e rrésﬁﬁi%glmlxture was loaded
to a solid-phasgsynthesis ealune, [Suhsequently, 8 M DIREANMP (6,8 mmol) was added to the

solid-phase synthesis column. After stirring at room temperature for 20 minutes, the resin was washed
with DCM and [DMI&3 and Fmoc group was removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed using an amino acid protected with Fmoc group

(0.5 mmol) to sequemially TORAEALE AinG 8RS [0328] O LEMOESAIG FmIEGIN (M), Finoc-Gly,
Fmoc-Glu(OtBy) Emog-Ley, FResTyHiBY) Emoce3er(tBu) 0?93.%(9%‘)' Emgcval

Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBty@ntdde chain synthesized above (4.1 mg) were dissolved
in 100 mM phosphate buffer (pH 7.5, 410 pl) and allowed
to react at 37°C for 4 hours. After complete consumption
of raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 pum), ¢ 4.6 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 2.4 mg of oligosaccharide
chain added GLP-1 peptide wherein 30Ala of GLP-1 is
substituted by oligosaccharide chain added Cys (30Cys
GLP-1l-asialo).
[0264]
Example 27
Synthesis of 34Cys- asialo oligosaccharide chain
added GLP-1 peptide
A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were

dissolved in DMF (2 ml), loaded to the column, and
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Fmoc-Ala were used as the amino acids protected by Fmoc group and Boc-His(Irt) was used as the
amino acid protected by Boc group to obtain a 18-residue peptide of
Ala-GIn(Irt)-Gly-Glu(OtBu)-Leu-Tyr(tBu)-Ser(tBu)-
Ser(tBu)-Val-Asp(OtBu)-Ser(tBu)-Thr(tBu)-Phe-Thr(tBu)- Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:82)
on a solid-phase resin. [0350] After washing with DCM and DMF, a mixture solution of
trifluoroethanol Qnd acgtic @cid (01:1) was add%d suct%that &h% resin wasr%horou%hl}/] soaked and stirred
SC1rr room emperatcure or Urs. . resilin,.was .
at room temperature Yor T8 hours. Tﬁe resin was removed by filtration and the reaction solution was

concentrated yndardeduced prassute. Jhenresultingfgsidug Was egncentyated-to ebtain 18-residue
protected peptide of Ala-GIn(Irt)-Gly-Glu(OtBu)-Leu-Tyr(tBu)-Ser(tBu)-
Ser(tBu)-Val-AspfOtBu)«SeriB Uy aFhr{tBej Phe- FhritBLIIGheh g OfBu)-Alal His(pt)aNt4Boc (SEQ ID
NO:83). [0351] The 18-residue protected peptide (equivalent to 35 limol) was transferred to an
eggplant flask S8i8581%&d fir DMF (3.7 ml) and cooled to -15 to -20C under an argon atmosphere. To
this, benzylthi Id%g%;”' 1.06 mmol) was added and separately prepared DMF solution (1.0 ml) of
PyBOP (94.7 mg, 182 limol) was added, and subsequently, DIPEA (29.8 Ill, 175 limol) was added. The
mixture was stirred atmba ta120C forsohewrs land acder toocaod digtlyl )etbers(1s0 ml). After
precipitation of peptide component, the solution portion was removed by a membrane filter. To the

residue, trifluoFsacetit deidlavaée TIPSY{Z05upos:)2 Brias ddded arecstirredPatfodm femperature.
After 2 hours, E_he %!HE%% Wﬁasso?nlc{a oﬁ?ﬁ'}n add%d I’glocﬁgps)alrgt%lg Jx_)é%%argrdl éjiet]gxqu:t%ﬁr th50 ml) to

obtain a preciplf)a?e. ereatfter, the so 8rs1€por on was removed by a mémbrane filter to obtain a
residue contaiping-a gdesirgd peptide thioester compound. This residue was purified by HPLC [column:
SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B solution:
0.09% TFA/10% watefi96% ANIZ.0imkmin; 125 -AA506BwWa5 mia) He609%6B: (10miM) h85%B (10 min),

linear gradien&%o obtain 18-residue peptide having benzyl thioester at C terminal:
PhS-Ala-GIn-GNEGIu-EBG Py i8S 8B el /Al AP S T YPHE TRE. GIY- 618 M5 Hid {8EPITNO:84).

Gorre i s R e A L L
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0266]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0267]
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DMF and the resin was thoroughly swollen with DMF. 4- hydroxymethy1-3-methoxyphenoxybutyric
acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and N-ethylmorpholine (0.25 mmol) were dissolved in
DMF (2 ml), loaded to the column, and stirred at room temperature for 4 hours. The resin was washed
thoroughly with DMF and DON to obtain HMPB-PEGA resin, which was used as a solid phase for
solid-phase synthesis. [0353] Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole

(0.375 mmol) were dissolved.in DCM (2 ml Iggg to the solid-phase synthesis.column and stirred at
25C for 4 hours. df%%?st%%b,%%o%es%g% sv?gshe%jpnv(\?i% anIHOI%M yﬁﬁ‘ulgrc%rbup was

removed by using &2Q% piperiding/DMF selwtion {2 k) for, 1 minutes Aftemwashing with DMF,
amino acids were sequentially condensed in accordance with the method shown below to extend a
peptide chain . 0854]Phe ;Thamamirelaci@ having aimamiia graspprotécted withaFkméogroup and HOBt
(67.6 mg, 0.50 mmoIL)ﬁand DIPCI (77.0 1ll, 63.1 mg, 0.50 mmol) were dissolved in DMF (2 m1). After
activation for T5 fntBS The rB<dififg miEfﬂ?&Wé%&%ag&?Fo_ S0IidpRuse syRResiStbiumn. After

stirring at roor@gl%rgp%@qn@]gfggongrpgyg,égp%Qﬁqu,p was (gg@qug@%)qsi%gﬂggg}/gPi,peridine/DMF

solution (2 ml) for 20 minutes. This operation was repeatedly performed Using an amino acid protected
with Fmoc groppd0-5ammal) iogequentialhs eendense, aminocacids: (0855], Friknoerdy,

Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val, Fmoc-Leu, Fmoc-Irp(Boc), Fmoc-Ala, Fmoc-lle,
and Fmoc-Phé Tefe G5&d BEihe abfine aeis profeeted by Frtdt'groupte ©bidin 10Rfesidue peptide of

Gly-Arg(PbT)- Gl Lys(Bock Vel Leulp(BogkAlacliefhe REQ 1D MBS otectea by
Fmoc group to obtain a 3l-residue peptide of Gly-
Arg(Pbf)-Gly-Cys(Trt)-Val-Leu-Trp(Boc)-Ala-Ile-Phe-

Glu (OtBu)-Lys (Boc)-Ala-Ala-GIln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) —-Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) —-Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -Ala-His (Trt) (SEQ ID
NO:56) on a solid-phase resin.

[0268]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain peptide
wherein 34Lys of GLP-1 is substituted by Cys.

[0269]
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on a solid-phase resin. The 10-residue peptide (equivalent to 10 limol) was transferred to a separately
prepared solid-phase synthesis column. Fmoc group was removed using 20% piperidine/DMF solution
(2 ml) for 15 minutes, and washed with DMF. To a separate centrifuge tube, asialo oligosaccharide
chain added asparagine (b) (a product of OTSUKA Chemical Co., Ltd.) 37.2 mg (18.8 limol) and
DEPBT 8.5 mg (28.4 limol) were dissolved in DMF/DMSO (4:1 mixture solution, 1.0 ml) and loaded to

the solid-phase synthesis column. After addition.of DIPEA 3.2.1ll (18.8 limol), the mixture was stirred at
room temperature fo%ig%%%(rzgc am fsgtgljrlr%%%%ceg resin %ﬁé%égs%%%hﬁﬁ%é%l\j%ﬁd MF. Fmoc

group was remved Ry using er20mpipergding/DME solutiopd 1)ml) for 13;minutes Atter washing with
DMF, amino acids were sequentially condensed in accordance with the method shown below to
extend a peptiderhaite [0356]n s Thelaminocatidhaviag @h. amirm) greepgrotectadl with Fmoc group
and HOBt (6.8 mg, 0.05 mmal) and DIPC] (7.7 Ill, 0.05 mmaol) were dissolved in DMF (1 ml). After
activation for f%qmmegﬂlv{hghr%émﬁé%i%g Was (654 t a $8lid-phhsE SnthesEtumn. After

stirring at roorg erppgrafure, for gge hour, fMoc group Yas [smayed By.sing 5, ¢ hiperidine/ DM
solution (1 ml) for 20 minutes. This operation was repeatedly per ormed to sequentlaﬁly condense
amino acids. kroe-hys(Boc) niasl sseed as theaminaagicprobsrated by enmee gratpoand BocCys(Irt)
was used as the amino acid protected by Boc group to obtain oligosaccharide chain added 13-residue
peptide of GlyS§IEBRGIYE§sBeg VL etipgBoesARAlPRe ASHHOligosaccharde
chain)-Lys(Boc)-Cgs(lrt) (SEQ ID.NO:86) on a solid-ghase resin. To this, trifluoroacetic acid: water:

TIPS (= 95: 2.5°95)Was addecrait stirred aProont tempefiidre Br 3:%hdurs® ThBReafter, the solution

was added to gsepacately preparegidigthyl gthes (350 mhtogbtain precipitation, anchsubjected to
centrifugation to separate a precipitate containing a desired oligosaccharide chain added peptide and

a solution portira Thessoluticn-portien Masoremavethant desired psadurst wes aantirmed by HPLC.
After purification by HPLC [column: SHISEIDO UG-120 (018 5 gmﬁa\% 20 X 250 mm, gradient: A
solution: 0.1%FER Wat&F BLSitfdn: (PoSIHEFEA/ 1096 whterfd098 AN 7SRRS4 45%B (15 min)

'ﬁ% .G}gﬁfuggen%%eﬁig ;é%BeQ%@E‘)ﬂing%gri%?ée%éor%‘i@rh@tr}y@%% oliggsaccharide chain added
substituted by oligosaccharide chain added Cys (34Cys
GLP-l-asialo).

[0270]
Example 28

Synthesis of 36Cys—-asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and

stirred at room temperature for 4 hours. The resin was

washed thoroughly with DMF and DCM to obtain HMPB-PEGA
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The two types of peptides thus prepared: the 18- residue peptide having benzylthio ester at C terminal
(1.3 mg) and the oligosaccharide chain added 13-residue peptide (2.0 mg) were placed in a same
centrifuge tube and dissolved in a buffer solution (pH 6.8, 0.64 ml) (prepared with 6 M guanidine
hydrochloride solution and 0.2 mM phosphoric acid solution). Thiophenol (6.4 1ll) was then added at
room temperature and a reaction was performed at room temperature. After 24 hours, the completion
of the reaction was confirmed by HPLC. Thereafter, the, reaction éc,ol,ij\(giron was g(i)gei}tl urified by HPLC
[column: SHISEIDD L’JG-E& 018’5 gms), 50 X825%) mm, g]?a(?lent: Soltifion: 0.1% TEA water, B
solution: 0.09%FFAY49%;water/90% AN 7.0 ml/min; 25 -4 45%B (15 min) -4 60%B (10 min) -4 95%B
(10 min), linear gradient] to obtain 1.0 mg of oligosaccharide chain added 31- residue peptide. [0358]
The obtained dligbsaccharide chain added peptide (1.0 mg) was placed in a centrifuge tube and
dissolved in a buffer solution (pH 7.0, prepared from 35 mM TCEP solution, 6 M guanidine

hydrochloride solution™sHd™ 5.]2ymI(/Ppﬁgsﬁ%?i%)aciaqéglatiérq): 50 tHBYeActdisdlution, activated Raney
Nickel was adﬂk%ﬂéﬁt{ﬁmm&%%%@“{r@; Ater 18 hoprs, completian, of the reaction,was copfirmed by

HPLC. Thereafter, the reaction solution was filtrated by a membrane filter and the filtrate portion
containing oligpsaceharide chain added peptide washsubjected tapuriicationdiy-HPE Cofeolumn:
SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B solution:
0.09% TFA/10%5 Watee90% ANUZ.6 ml/min; 25 -4 45%B (15 min) -4 60%B (10 min) -4 95%B (10 min),
linear gradient] to obtain 0.5 npl.lof deswedtcg!lgosaccharlde chain gd ed G P@,&%Tptldg wherein 27Glu

of GLP-1 is substitu edtl%}: aSia orgl%g%%accharid:eea%ar}n Haded Ash 7%33% -ﬁlsr}alo). [0359]

Example 40 pySynthesis-of28Asn-asialo.ligosaacharideschain added GIR-1peplidevr A
solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly withrdigioromethane 1D CGM)narice BMF Zahidethe wesin was thordudghiy swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorphdiie (®. 25 Afffolf ivefe 8i9BRREIR DMF {2 MIF165%ed tb e UIGRARCENd stirred at

room temperafiire for. 4 hoyrs. T e r ﬁ%‘w‘é{a%ﬁgf‘iv*}e%#h%rgkfgh%"&i%g ; gnd DG, to obtain
HMPB-PEGA resin, which was used as a solid phase for so |dI3p ase syntl%e&s.
[0272]
The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.
[0273]
Fmoc-Gly, Fmoc-Cys(Trt), Fmoc-Gly, Fmoc-Lys (Boc),

Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,

- 150 -



[0360] Fmoc-Ala (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were
dissolved in DCM (2 ml), loaded to a solid-phase synthesis column and stirred at 25C for 4 hours.
After stirring, the resin was washed with DCM and DMF. Fmoc group was removed by using 20%
piperidine/DMF solution (2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially
condensed in accordance with the method shown below to extend a peptide chain. [0361] The

amino acid having an.amina.group protected with Fmoc group.was dissolved,in N-methylpyrrolidone
(NMP) (1 ml?.i‘&%ecr adaql |t’|o(r)1F%P 64@!\‘71 ?&W@B%ﬁ&(ﬁﬁpﬁnﬁglj, the resu Er?gj Fn%i?nt%}rée was loaded
to a solid-phasg synthesis colummr3ybseauently;16:9 MEIREAINMER: 08 mmah wassadded to the
solid-phase synthesis column. After stirring at room temperature for 20 minutes, the resin was washed

with DCM andEDMIE, and Fried groupowas eemobed by lusing-2 2096 Biperidirr¢DM¥edolution (2 ml) for
15 minutes. This operation was repeatedly performed using an amino acid protected with Fmoc group

(0.5 mmol) to E8Yuertiaiy bhténsd Ao a&id5 T 6362f ° FrhBE-MiE ot EIRIR) moc-Gly,

Fmoc-Glu(OtBuy) Emeg:Lfus oG- TY{tBY), Fmag-SertiBu) oEmee-SerBu).Amocsyal,
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr%tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly,

Fmoc-Glu(OtBu)endiHinoec-Ala wete ¢ised &S the anmiso acidsoprateicied py daeae groupyand
Boc-His(Irt) was used as the amino acid protected by Boc group to obtain a 18-residue peptide of
Ala-GIn(Irt)-GIy G0 (GBI A_eeRTyiiBU) Set (tBh)-residue peptide of Gly-

Ser(tBu)-Val- -Ser(tB)-Thr(tBu)-Phe-Thr(tBu)- Gly-Glu(OtBu)-Ala-His(Irt) (SEQ ID NO:87
on & SOl At 104 036312 ANGH WASAIR WNOGRF Anc OMP L& o ot )

erwashing wi a mixture solution of

trifluoroethanql; and@eetis acid(lsbyas added sueh that the resig was therayghly seaked and stirred
2 room Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt) (SEQ ID

NO:57) on a solid-phase resin.

[0274]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly soaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain peptide

wherein 36Arg of GLP-1 is substituted by Cys.

[0275]
Bromoacetamidyl digalactose oligosaccharide (c) (a
product of OTSUKA Chemical Co., Ltd.) (3.0 mg) and the
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temperature for 18 hours. The resin was removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting residue was concentrated to obtain 18-residue
protected peptide of Ala-GIn(Irt)-Gly-Glu(OtBu)-Leu-Tyr(tBu)-Ser(tBu)-
Ser(tBu)-Val-Asp(OtBu)-Ser(tBu)-Thr(tBu)-Phe-Thr(tBu)- Gly-Glu(OtBu)-Ala-His(Irt)-NHBoc (SEQ ID
NO:88). [0364] The 18-residue protected peptide (equivalent to 35 limol) was transferred to an
eggplant flask, dissolyed in DMF (3.7.ml) and cooled to -15 to-20C under an argon atmgsphere. To
e benzy G DS e 106 oty WAL Sad2 oS eararen iy i Archr BIF S T b of

PyBOP (94.7 mg, 183 limolpwas gdded, and subseguently sDIPEA (29.8 1hnly Slimelyavas added. The
mixture was stirred at -15 to -20C for 2 hours and added to cool diethyl ether (150 ml). After

precipitation of peptice-tormpoR&nt; the sokitionyoostion assremavedlista nnembranetfilten. To the
residue, trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added and stirred at room temperature.

After 2 hours, tHe S61liti0F Wak 'ohod AR adaBd 16 Lepara¥ely préparkl HidthgIreth8r (150 ml) to
obtain a precipifaie. Theregtter, fhe solution portion was remoyed by amembrane filier o obtain a

residue containing a desired peptide thioester compound. This residue was purified by HPLC [column:

SHISEIDO UG-439fA8 Sgmgra 26 %5250 pum, gregljens: Arspjutipna Os1% TFEA water, B solution:
0.09% TFA/10% water/90% AN 7.0 ml/min; 25 -4 45%B (15 min) -4 60%B (10min) -4 95%B (10 min),
linear gradieny ¥ 8btit 184esialie peplide halingBenZypiricestér &C trhsinal: 0 - 09%
PhS-Ala-GIn-Gly-Glu-LeuTyr-Ser-Ser-Val-Asp-Ser-Thr-Phe-Thr-Gly-Glu-Ala-His (SEQ ID NO:89).
[0365] On the b r]hoaﬁdv,v‘ats%]ﬁé?p%%s%h&y%th7e§%1 Sluin was Eha%&e?ﬂvitﬁ AHiHO-PEGA resin

(product of Merek)(100 Jimel), avasheddharaughly with dighloremethang, (REM)-andOMF and the resin
was thoroughly swollen with DMF. 4- hydroxymethy1-3-methoxyphenoxybutyric acid (HMPB) (0.25

mmol), IBIU (G:2% mmmeli@ad N-ethylmoeptiolide (OI25rmimol Bwareydissolved +#1 DMF (2 ml), loaded to
the column, and stirred at room temgerature for 4 hours. The resin was washed thoroughly with DMF

and DCM to oBtiT HMPBSEEXK radind AR was ted S8 3H SolFpIRa o sdlid-phase synthesis.

[0366] GLP-l-asialo).

[0276]
Example 29

Synthesis of 22Cys-diGlcNAc oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0277]

- 152 -



Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were dissolved in
DCM (2 ml), loaded to the solid-phase synthesis column and stirred at 25C for 4 hours. After stirring,
the resin was washed with DCM and DMF. Fmoc group was removed by using a 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in
accordance with the method shown below to extend a peptide chain. [0367] The amino acid

having an amino groy%péc_)t@fted(\gi.tgg%c%:ﬁéoup H(P&}éﬁ?%mrggpoglg&nwpl) and DIPCI (77.0
0 in or15m

lll, 63.1 mg, 0.50 mmol) were dissolve (2 ml). After activation Inutes, the resulting

mixture was loaged 19 arsolid-phase gynhesisgelumn,After stiging aty@omtemaperaturg for one hour,
Fmoc group was removed by using a 20% piperidine/DMF solution (2 ml) for 20 minutes. This
operation waskepéatediyoperfermediusing aa amimolaxrid protedtedwitnEmocigroap (6.5 mmol) to
sequentially condense amino acids. Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc),
Fmoc-Val, Fm%éflgetﬁqifméc-%‘(ﬁéc), Fmoc-Ala and Fmoc-lle were used as the amino acids protected

by Fmoc group to obgip S:resicie, pepiide, of Gly-Arg(PhA-Gly-L ys(Boc): Val-LetiIra(goc)-Ala-lle

(SEQ ID NO:90) on a solid-phase resin. The 9-residue peptide (equivalent to 11 limol) was transferred
to a separatelppreparedsolid:phasewysthesiseelunyy Faagroupavas remavecthusing20%
piperidine/DMF solution (1 ml) for 15 minutes, and washed with DMF. To a separate centrifuge tube,
asialo oligosacehiitlethair? afided Asparbginel(®) {& prodaéttshOTSERAGhehidal B¢, /Ltd.) 82.6 mg

(41.8 limol) andeElgB;II' 18,7 rr‘lN%]@eZ.S Iimoel)n egel@ssol(\)/g in Eé\/' /IDMSO (4.1 mixture solution, 1.4
ml) and loaded 1o the Soiic -Shase syn?l"elqulls column. “After addition of]ﬁIF’E&?Tﬁjﬁ'ﬂﬁfz limol), the

mixture was stjffeg at rRom iemperatue,for A6 Nowrs.o o After stiings the resin-wasyashed with
DCM and DMF. Fmoc group was removed by using a 20% piperidine/DMF solution (1 ml) for 15

minutes. After Wesheig with DMF, amino acids were sequentially condensed in accordance with the
method shown below to extend a peptide chain. [0368] The amino acid having an amino group

protected with Fmoc gr6upahd HEBL 6.8 RGBS NN ZRd BIPE! BF AFEEES thiidly vere
cynihosis GOl A SLTivG ot oo femiperatire Jor e auy Erae araus whs ramued by using
a 20% piperidipe/DMRseldtion L M) for 20Minutes.M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.
[0279]
Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Cys(Trt), Fmoc-Glu(OtBu), Fmoc-

Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-
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This operation was repeatedly performed to sequentially condense amino acids. Fmoc-Glu(OtBu) and
Fmoc-Lys(Boc) were used as the amino acids protected by Fmoc group and Boc-Cys(Irt) was used as
the amino acid protected by Boc group to obtain oligosaccharide chain added 13-residue peptide of
Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Irp(Boc)- Ala-lle-Asn(Oligosaccharide chain)-Glu(OtBu)-Lys(Boc)-
Cys(Irt) (SEQ ID NO:91) on a solid-phase resin. To this, trifluoroacetic acid: water: TIPS (= 95: 2.5:
2.5) was add nd stirred at ro mperature far 3. rs. Thereafter, the solution was added to a
separately prz{z)%a%éd %I%?hcy_l%t eﬁ%gﬁ )rr’ll) g)mggta%neﬁr?etctlhg@aﬁoﬁ?ngﬁa gﬁgjég?%%?tb cgenﬁ?rlcfﬁgation to

separate a pregipitate geptaining emiesjredrpligosagcharidechain,addeg peptide, @ndha solution
portion. After the solution portion was removed, it was subjected to purification by HPLC [column:
SHISEIDO UG120H008 5igim)( Dr20 Xw25Cnmms agfadienth® selution: 0.3961F FAarwater,tBdolution:
0.09% TFA/10% water/90% AN 7.0 ml/min; 25 -4 45%B (15 min) -4 60%B (10 min) -4 95%B (10 min)
linear gradientfYo BB 76199 St ofgb&actharidé chamiradded TBr¢siaus beptlide. [0369]  The

two types of peplides thyis prepared; ihe 18+ esidue pepfide having henzylthia.ester at C terminal (3.6

mg) and the oligosaccharide chain added 13-residue peptide (5.6 mg) were placed in a same
centrifuge tube and aissojvadin @bufferrsolution(pi 6.8r 4t8 ) preparedanith 6 tbguanidine
hydrochloride solution and 0.2 mM phosphoric acid solution). Thiophenol (18 Ill) was then added at
room temperahti8 ahdta féaction was-perforarad(&EtobnY telnpealte EAlte £ 24 hblirs), the completion

of the reaction was confirmed by HPLC. Thereafter, the reaction solution ire ffied by HPLC
[column: SHISn’EV% 5&%&;{ %?0_1 5 gtr%u b_g%?%{)unﬁ%&éﬁ Ji%r]?ﬁ‘ %&&%%:?O.f%!%/#ﬁ%vater, B
solution: 0.09%T.FAY1 0%, water{90% A, £ Qmi/ain;25 -4 45%B (15 min) -4 60%B (10 min) -4 95%B
(20 min), linear gradient] to obtain 3.8 mg of oligosaccharide chain added 31- residue peptide. [0370]

The obtained dligbsatcharide chain added peptide (1.3 mg) was placed in a centrifuge tube and

dissolved in a buffer solution (pH 7.0, prepared from 35 mM TCEP solution, 6 M guanidine
hydrochloride solutiohndP8 2 M phSSphoriclstid 86lufioR Ro'the réactsifisdilificit Uttivated Raney

Nickel was ad%%% a%gofocrq éerpggr%urfn Aglteg {}Qihc?—“ $ acso(gn%’:?g%@l g% .hg rea Hﬁ.’% was confirmed by
er, t [ t

HPLC. Therea e reaction solution was filtrated by a membrane filter and the filtrate portion
containing olignsagchayideschain added peptide avas subjected to purificagionbysHPL&s[column:
SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B solution:
0.09% TFA/1034 9ete?90% ANFLO RilAine25 04 WS60B (115 min)h-Uy602%BK@0 mind -4 95%B (10 min),
linear gradient] to obtain 0.8 m(? of desired oligosaccharide chain added GLP-1 peptide wherein 28Phe

of GLP-1 is subStitutéd by hsfals BligeeHREhardE EhaiRaddedOAS (28AST GLP 1 AsI4LS).

removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain peptide
wherein 22Gly of GLP-1 is substituted by Cys.

Bromoacetamidyl diN-acetylglucosamine
oligosaccharide (d) (a product of OTSUKA Chemical Co.,
Ltd.) (8.4 mqg)

[Formula 8]
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[0371] Example 41 Synthesis of 30 Asn-asialo oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (50 limol) (product of Merck),
washed thoroughly with dichloromethane (DCM) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.125 mmol), IBIU (0.125 mmol) and
N-ethylmorpholine (0.125 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room temperature for 4 hours. The resin was washed thoroughly with DMF and DCM to obtain
HMPB-PEGA resin, which was used as a solid ppse fé$Haalid-phase synthesis. [0372] Fmoc-Gly
(0.25 mmol), MSNT (0.25 mmol) and Nmethylkfie ’ﬁ':_’ §175 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and $iedigreag for 3 hours. After stirring, the resin
was washed with DCM and DMF. Fmoc group wal Yoy bl)i sing 20% piperidine/DMF solution (2
ml) for 15 minutes. After washing with DMF, amino acids wére suentl onderiegd i accordance

iJ

with the method shown below to extend a peptide ghgin O Phi-aming Dsierharhg ahgmino
group protected with Fmoc group was dissolved in Nsryesy pyrrolidI”oI e (NMP)(1 iy AR er addition of
0.45 M HCIUHOBT/NMP (0.25 mmol), the resulting mjpguré was loaded to a solid-phase synthesis
column. Subsequently, 0.9 M DIPEA/NMP (0.25#pRpop), was added to the solid-phase synthesis
column. After stirring at room temperature for 2myanes, the resin was washed with DCM and DMF,
and Fmoc group was removed by using a 20% pl§eridi gfbﬁ\/ll: solution (2 ml) for 15 minutes. This
operation was repeatedly performed using an amino acid protected with Fmoc group (0.25 mmol) to
sequentially condense amino acids.

(d)

and the peptide chain synthesized above (3.4 mg) were
dissolved in 100 mM phosphate buffer (pH 7.5, 340 pl) and
allowed to react at 37°C for 4 hours. After complete
consumption of raw materials were confirmed by HPLC, the
reaction solution was directly subjected to purification
by HPLC [column: SHISEIDO UG-120 (C18, 5 um), ¢ 4.6 X 250
mm, gradient: A solution: 0.1% TFA water, B solution:
0.09% TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 2.2 mg of oligosaccharide
chain added GLP-1 peptide wherein 22Gly of GLP-1 is
substituted by oligosaccharide chain added Cys (22Cys
GLP-1-diGlcNAc) .
[0281]
Example 30

Synthesis of 30Cys—-diGlcNAc oligosaccharide chain

added GLP-1 peptide
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[0374] Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc), Fmoc-Val, Fmoc-Leu and
Fmoc-Irp(Boc) were used as the amino acids protected by Fmoc group to obtain a 7-residue peptide of
Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Irp(Boc) (SEQ ID NO:92) on a solid-phase resin. [0375] Asialo
oligosaccharide chain added asparagine (b) (a product of OISUKA Chemical Co., Ltd.) 198 mg (100
limol) and DEPBI 30.0 mg (100 limol) were dissolved in NMP/DMSO (2. 4/0 6 ml) and loaded to the
solid-phase synthesi Colt{n% After addltloncgf DIPEA 26 lll 1l (150 I|mo mlxturehwas stirred at
room temperature for Zi%ours fer Was\‘fnng with DEM an DY\Z/?FS oﬁlgos dharlde chain added

8-residue pept&%%%@éﬁg(?@@l@IythBa%YétlL@?ﬂ&%(@@@) -68nifdligospccharide.ghain)(SEQ ID

NO:93) was obtained on the solid phase. Subsequently, the amino acid having an amino group
protected withtFmoe gedupywas tondended by HOBE3%E mPOR5 mrdolpMElF@@Stme(o 25 mmol) and
DMF (1 ml) to form oligosaccharide chain added 31-resjdue peptide 0

Gly-Arg(Pbf)-GI§LYS(BES)-VALSHPBEC RN EIgogatth chémﬂgrﬁﬁ%‘l@?ﬁ]@{éu)
Lys(Boc)-Ala-Alaz GlIn(lr): Gly -Gly( Eﬁ}wﬁ%'y BW- (ampB) (0

Ser(tBu)-Ser(tBu)-Val-Asp(OtBu)- er(tBu) Ihr(tBu)- Phelhr(tBu) GIy2(35Iur(n8tBu) Ala Hls(lrt) (SEQ ID
NO:94). [0376] 0. 2]30rtiﬁe;mbtameﬂ resyt having apheligdsacaltaride ehain added eptide formed
thereon, trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added such that the resin was thoroughly
soaked and stitietP&tlrodf templtaturé fer3 hoé@d’% resintWas FermBTeEd by fitration and the
reaction solutlon was ncentrated nder red ced ssure The resul residue was purified by
HPLC [column: t§ﬁIJ'§ E) uG12o 1f254(1) mm, gradle Aggﬁjﬁgn:wﬁg% TFA water,

B solution: 0.09% EE&/&@MSHQQ%JANH gmwrgm 3504 60%6B1,20 min dinear gragient] to obtain
6.4 mg of oligosaccharide chain added GLP-1 peptide wherein 30Ala of GLP-1 is substituted with
asialo oligosaccimride chaircadded Asn€80Asn &L5> l4asiglop §@37Hr solid-phase
synthesis.
[0282]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.

[0283]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase

synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8

mmol) was added to the solid-phase synthesis column.
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Example 42 Synthesis of 36Asn asialo oligosaccharide chain added GLP-1 peptide A
solid-phase synthesis column was charged with Amino-PEGA resin (50 limol) (product of Merck),
washed thoroughly with dichloromethane (DCM) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.125 mmol), IBIU (0.125 mmol) and
N-ethylmorpholine (0.125 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room temperafure é‘g_j 4 Qog&sir'lrhear sirnov(\)/%s )évéstshgg tk%%rrou%glgrwigb DMFE QQ% DCI%/I to obtain
HMPB-PEGA resin, w ich was dsed as a soli prpipase?or S0l -phase syntﬂe5|s.s[03 E]e Fmoc-Gly
(0.25 mmol), MENTH0.25:mmed)and Nethylimidazele(@1 75 pumet)were dissolvggdn DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed witnDC#tlahd DMEnEmec 4iéup westremdovedbiEusing 20% pipériding/DNMErsolution (2
ml) for 15 minutes. After washiréﬂéwith DMF, amino acids were sequentially condensed in accordance

with the methodsHOWH befow td BxfendPs peptdd cHaiR. [0378F t S Tie Bine &8t having an amino

group protectec.with Fmoc.group was dissalyed in Nimethylpyiolidone (NMR)(1smi, After addition of
0.45 M HCIUHOBT/NMP (0.25 mmol), the resulting mixture was loaded to a solid-phase synthesis

column. Subsegquertky,0:9-M2DIREABIMR (@.25anmet) was added to the solid-phase synthesis
column. After stirring at room temperature for 20 minutes, the resin was washed with DCM and DMF,
and Fmoc grolp waslremoved by using a 20% piperidine/DMF solution (2 ml) for 15 minutes. Asialo

qligosaccharide chai aglg_e aspara iggzgg) (apr \;juc%of O'I_'%JJKAghemi alg ,OI(_:td.) 198 mg (100
limol) and DEPBT 3 g mg ‘(gfﬁo Ilmrc?% Were%ﬁs?gé? ed in NMP/DM'S Tf.i/g“ﬁ [y andloaded to the
solid-phase syrthgesis;gelumn, After additionRf HPEA26 Il (R0 imel).Lhemixture yas stirred at
room temperature for 24 hours. After washing with DCM and DMF, oligosaccharide chain added
2-residue peptideeof Glyec-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala,

Fmoc-Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-

Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-

Val, Fmoc-Asp(OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-

Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala

and Fmoc-His (Trt) were used as the amino acids protected

by Fmoc group to obtain a 31-residue peptide of Gly-

Arg(Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Cys (Trt)-Ile-Phe-

Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-

Tyr (tBu) —-Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) —-Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -Ala-His (Trt) (SEQ ID

NO:59) on a solid-phase resin.

[0285]

The obtained resin having a peptide formed thereon

was partly taken in a solid-phase synthesis column.

Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was

added such that the resin was thoroughly socaked and

stirred at room temperature for 3 hours. The resin was

removed by filtration and the reaction solution was
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Asn(Oligosaccharide chain) was obtained on the solid phase. [0380] Subsequently, the amino acid
having an amino group protected with Fmoc group was condenced by HOBt 34 mg (0.25 mmaol),
DIPCI 38 1l (0.25 mmol) and DMF (1 ml) to form oligosaccharide chain added 31-residue peptide of

Gly-Asn(Oligosaccharide
chain)-Gly-Lys(Boc)-Val-Leulrp(Boc)-Ala-lle-Phe-Glu(OtBu)-Lys(Boc)-Ala-Ala-GIn(Irt)-

Gly-Glu(OtBu)-Leu-Tyr(tBu)-Ser(tBu)-Ser(tBu)-ValAsp(OtBu)-Ser(tBu)-Thr(tBu)-Phe-Thr(tBu)-Gly-Glu(
OtBu)- AIa—HisCiPrBC(%é ialgc)ﬁl%og%ﬁ%&éﬁl guzﬁ% tlﬁrepe(()%%llﬁgd re%ﬁlehé:velné%%)lorﬁaosaccharide chain

added peptidedegned shergonptrifluereacetic agisk, water THRS (=95t 2:br b5 was added such that
the resin was thoroughly soaked and stirred at room temperature for 3 hours. The resin was removed
by filtration and@he réagtion, sajutidn wag concentrateddinder reducedlpressure. TheseSalting residue
was purified by HPLC [column: SHISEIDO UG-120 (018 5 gm), 0 20 X 250 mm, gradient: A solution:

0.1% TFA wat&f B 5olutioRi °5.0890FEAMTY tatb 09 ANSAE TIAfiR: 35 -4 60988,/ 35 Fin linear

gradient] to o% in 8.0 f oljgosaccharide chain added GLP:-1 peptide wherein 36Aeg of GLP-1 is
substituted wit %as%ﬂo6r(l)9l%glgt@)'sagghzilmriL e g%ar}ﬁ added all\og# %ksEonIgECl?alsr}aﬁﬁ.p[Bé 5] Example 43
Synthesis of 18Asn«lisia®ooligosacclmaridelchain added GlLR-dpeptideys . 18 Asn GLP-1-asialo
synthesized in Example 36 (0.6 mg) was dissolved in 50mM cacodyiate buffer (pH=5.0, 200 pi) and
bovine serum afbtdtihe (BSA, 1 mg) was added. CMP-sialic acid (5 mg) and alkaline phosphatase (1

pi) were further add %%d thgerpgx%ur a%hﬁmacl) e iz dlﬁg]agg’m Ql 2é6-SiaIyitransferase (product of
Japan Tobacco Inc., 0 mijf)1 was a é%ﬁan& reac'%onXNéqs performed at

oligosaccharide (d) (a product of OTSUKA Chemical Co.,
Ltd.) (9.3 mg) and the peptide chain synthesized above
(4.1 mg) were dissolved in 100 mM phosphate buffer (pH
7.5, 410 pl) and allowed to react at 37°C for 4 hours.
After complete consumption of raw materials were
confirmed by HPLC, the reaction solution was directly
subjected to purification by HPLC [column: SHISEIDO UG-
120 (C18, 5 um), ¢ 4.6 X 250 mm, gradient: A solution:
0.1% TFA water, B solution: 0.09% TFA/10% water/90% AN
0.7 ml/min; 35 — 60%B, 20 min linear gradient] to obtain
2.2 mg of oligosaccharide chain added GLP-1 peptide
wherein 30Ala of GLP-1 is substituted by oligosaccharide
chain added Cys (30Cys GLP-1-diGlcNAc).
[0287]
Example 31

Synthesis of 34Cys-diGlcNAc oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 Mmol) (product of Merck), washed

thoroughly with dichloromethane (DCM) and DMF and the
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30 (/" for 24 hours. (Reaction monitoring condition by HPLC: column: SHISEIDO CAPCELPAK 018
UG120, 0 4.6 x 250 mm, developing solvent A: 0.1% TEA aqueous solution, developing solvent B:
0.09% TEA acetonitrile/water = 90/10, gradient A/B = 60/40 -4 30/60 40 minutes, flow rate: 0.7

mi/min). Figure 1 shows an exemplary chart of the HPLC. In figure 1, the front peak shows 18 Asn
GLP1-asialo (material), and the back peak shows 18 Asn GLP1-disialo. After purification by HPLC

under the same _condition, 0.3 mg of giy oligosaccharide chaj ded cosyjated GLP;1 peptide
e Tt Bigoestch Mo chark BCAAST T

. re W ) .
wherein 18Ser OfSéEP-fIS substitut Isialo oligosacc n Asn
GLP-1-disialozwas ehtaineshd03831kxarmple 4414 Symibesis of 22Ashrdisialo aligesaccharide chain
added GLP-1 peptide 22 Asn GLP-1-asialo synthesized in Example 37 (1.3 mg) was dissolved in
50mM cacodyigie bbffam@pH=505200 pi) lanthsovide seruen abuntinaBSA, 1ang) was added.
CMP-sialic acid (5 mg) and alkaline phosphatase (1 it were further added and the mixture was

homogenized FifR/: 672 6:8iakfitransterase (p £9f 58pdr FobRcy he., A mU) was added and

reaction was performed at30, (4 fr 24 hours, (Reaction menjigring congifion By HPLG: column:
SHISEIDO CAPCELPAK 018 UG120, 0'4.6 x 250 mm, developing solvent A: 0.1% TEA aqueous

solution, develepingsolveniBy09% FEARcemNittelwater = 90410 gradieme&/B-=60/40 -4 30/60 40
minutes, flow rate: 0.7 mi/min). Figure 2 shows an exemplary chart of the HPLC. In figure 2, the front
peak shows 22 AEhGLP L-a6iald inateiiel), ahdahé pack peaR Shows 2253 GiiF1adiBialo. After
purification bySHI;%% ugggr the same condition, 1.3 mg of oligosaccharide chain added GLP-1 peptide
wherein 22Gly of GLPZT i3 'substituted with disiaio oligosaccharide chain added Asn (22Asn GLP-1-
disialo) was ohtginggl; [0384] Example 45 Synthesis of 30Asn-disialo oligosaccharide chain added
GLP-1 peptide
Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.
After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0289]
The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the

resin was washed with DCM and DMF, and Fmoc group was

removed by using a 20% piperidine/DMF solution (2 ml) for
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30 Asn GLP-1-asialo synthesized in Example 41 (0.9 mg) was dissolved in 50mM cacodyiate buffer
(pH=5.0, 200 pi) and bovine serum aibumine (BSA, 1 mg) was added. CMP-sialic acid (5 mg) and
alkaline phosphatase (1 i) were further added and the mixture was homogenized. Finally,
o(2,6-Sialyltransferase (product of Japan Tobacco Inc., 10 mU) was added and reaction was
performed at 30 (/' for 24 hours. (Reaction monitoring condition by HPLC: column: SHISEIDO

CAPCELPAK %8 UG120, 0 4.6.x 250 mm, developing solvent A: O }% TFA aqueouys solution,
A o &61a0
Vv

developing so ent B: 0.09% T éts:et%%letﬁfaé water = O/i(?})geraaai%%t NBE 4 30/60 40 minutes,

flow rate: 0.7 mémin). Eiguse Srehowsi an gxemplary ghantof thenbsiPLG-dafigure. 8, thedignt peak
shows 30 Asn GLP1-asialo (material), and the back peak shows 30 Asn GLP1-disialo. After
purification by tHPIs€ aneet thelsame condition, 816img of oligesaccharide chain added GLP-1 peptide
wherein 30Ala of GLP-1 is substituted with disialo oligosaccharide chain added Asn (30Asn GLP-1-
disialo) was obdtined! [0385] Example 46 Synthesis of 30Asn-disialo oligosaccharide chain added

GLP-1 peptide Aﬁ%g%? sfylggp%%gﬁqlgg@)wa§ﬁg@rg@ggmt@ﬁggjn@- ;@@g%in (200 limol)
(product of Merck), washed thoroughly with dichloromethane (DCM) and DMF and the'resin was
thoroughly swelercwith DMFmé-dhydeaxynietbyl31metiwxyphemoxybutyrie,aceh ¢dMPB) ,(0.25 mmol),
IBIU (0.25 mmol) and N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the
column, and stifted at Feom iemperatirefo? @) hodrB OThe ¥esii Wak: WasRed Mcrou§filysvith DMF and

DCM to obtain HMPE;FEGA [esin, Whichyyas used as 4 solid phass far solid:phasq synthesis. [0386]
Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-Val,
Fmoc—-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-Phe,
Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and
Fmoc-His (Trt) were used as the amino acids protected by
Fmoc group to obtain a 3l-residue peptide of Gly-

Arg (Pbf)-Gly-Cys (Trt)-Val-Leu-Trp(Boc)-Ala-TIle-Phe-

Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) —-Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -Ala-His (Trt) (SEQ ID
NO:60) on a solid-phase resin.

[0291]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120

(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
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Fmoc-Ala (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were dissolved in
DCM (2 ml), loaded to the solid-phase synthesis column and stirred at 25C for 4 hours. After
stirring, the resin was washed with DCM and DMF. Fmoc group was removed by using a 20%
piperidine/DMF solution (2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially
condensed in accordance with the method shown below to extend a peptide chain. [0387] The

amino acid havmg an a |no rotegt(ﬁ]dF9| @FF/‘%‘?\;& (I’C‘)Qlfl twa ovLedglnd\l mlfh;_{ yrrolidone

(NMP) (1 ml). After addition of 0 0 mmo) e mixture was edtoa

solid-phase sygithesjs £olmn ﬁu%erguwﬁg.a(}%}\é%Egﬂwwo(%%iamel)g@%e%ed to the

solid-phase synthesis column. After stirring at room temperature for 20 minutes, the resin was washed
with DCM andwDiiFe and ¥hhoe groupalvads terhoved by usingt200onipé&rigine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed using an amino acid protected with Fmoc group
(0.5 mmol) to §8&§ lally condense amino acids. [0388] Fmoc-Ala, Fmoc-Gin(Irt), Fmoc-Gly,

Fmoc-Glu(OtBu), Fmacsh e, fmag:Tyr(iBu; FmocsSer(tBu). Frgg:Ger(tBu), Fmoc-Val,
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly,

Fmoc-Glu(OtBu) amddanoefda avere dised as@amifloacids potacted byHanee gioup; and Boc-His (Trt)
was used as the amino acid protected by Boc group, to obtain 18-residue peptide of Ala-GIn(Irt)-

Gly-Glu(OtBu)-téu- Tyr‘(ﬂl?u)ﬂgér(mf} SErBoFNalAsp (OB R SeHIBUMSPREEBY) FIErFhr(tBu)-Gly-Glu(
OtBu)- Ala- H'Sg{t) q ID NO: QQ)lon alsollél pha or83| . [0 89; h Afte hlng WIH‘] DON and
& A ) WRD e e

DMF, a mixture soluti ofv%rlﬁuoroe anol and ace C aCI e resin was

soaked thoroughg/ angh stir ch at room tgmperatyre for 18 hours. e resin W@s}{ggpé/ed by filtration

and the reaction solution was concentrated under reduced pressure. The obtained residue was
concentrated Wivixainc@ protetted peptidepAlasBinlit)raw materials were
Gly-Glu(OtBu)-Leu-Tyr(tBu)-Ser tBufs)q Ser(tBu)-ValAsp(OtBu)-Ser(tBu)-Thr(tBu)-Phe- Thr(tBu) Gly-Glu(
OtBu)- Ala- Hlﬁﬁ’ﬁfl\}lqgﬁé (§EQSﬁ§4 O: Q%e reaction solution was direct

subjected to purification by HPLC [column: SHISEIDO UG-
120 (C18, 5 um), ¢ 4.6 X 250 mm, gradient: A solution:
0.1% TFA water, B solution: 0.09% TFA/10% water/90% AN
0.7 ml/min; 35 — 60%B, 20 min linear gradient] to obtain
1.5 mg of oligosaccharide chain added GLP-1 peptide
wherein 34Lys of GLP-1 is substituted by oligosaccharide
chain added Cys (34Cys GLP-1-diGlcNAc).
[0293]
Example 32

Synthesis of 22Cys—-dimannose oligosaccharide chain
added GLP-1 peptide having

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU

(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
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[0390] The 18-residue protected peptide (equivalent to 35 limol) was transferred to an eggplant
flask, dissolved in DMF (3.7 ml) and cooled to -15 to -20C under an argon atmosphere. To this,
benzylthiol 125 Ill (1.06 mmol) was added and separately prepared DMF solution (1.0 ml) of PyBOP
94.7 mg (182 limol) was added, and subsequently, DIPEA 29.8 Ill (175 limol) was added. The mixture
was stirred at -15 to -20C for 2 hours and added to cool diethyl ether (150 ml). After precipitation of

peptide component, | tpgesglution?@%ti?g vgvnqzs) renl%vaeggbe g érr\%rﬂgracnaelflillter. T% I%e residue,

trifluoroacetic acid: water: TIPS 5: 5) was a stirred at roém temperature. After 2

hours, the solufion-was onee Again addgdtosepasately-prepaed diethytethee 159 mhdo obtain a
precipitate. Thereafter, the solution portion was removed by a membrane filter to obtain a residue

containing a desiséd: geplide thiogster eorhpolid. Fhist résidue waslpurified iIByFIBPEEJ8olumn:
SHISEIDO UG-120 (C18.5 gm), 0 20 X 250 mm, gradient: A solution: 0.1% TEA water, B solution:
0.09% TEA/10% Water/90%-AN"26 nifififh; 25 -2 43948 115 hAfT-4"66% B L0 %°65%B (10 min)
linear gradient;%gg@.ibqg 18-residue peptide having benzyl thioester at C terminal:
PhS-Ala-GIn-Gly-Glu-LeuTyr-Ser-Ser-Val-Asp-Ser-Thr-Phe-Thr-Gly-Glu-Ala-His (SEQ ID NO:98).
ESI-MS: Calcd tor428853125N21031S: [M+2H]22 1002.9, found. 1003.3 [0391] On the other hand,

a solid-phase synthesis column was charged with Amino-PEGA resin (product of Merck) (100 limol),
washed thoroughly WittPdichtbronmethahe ey alé BME @ndtharedin wasthidroughly swollen with

DMF. 4- hydroxymethy1-3-methoxyphe butyric acid (HMPB) (0.25 mmol), (0,25 mmol) and
T AR o B R VES Gl BAALA TS e colon 2

N-ethylmorphghne wer edn ed 6 the column, and stifred at
room temperafug d@izd hours. Jheirgsinwas washed dharoughly with IVMF ard DGM tgobtain

HMPB-PEGA resin, which was used as a solid phase for solid-phase synthesis.

25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0295]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)

to sequentially condense amino acids.
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[0392] Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and Nmethylimidazole (0.375 mmol) were
dissolved in DCM (2 ml), loaded to the solid-phase synthesis column and stirred at 25C for 4 hours.
After stirring, the resin was washed with DCM and DMF. Fmoc group was removed by using 20%
piperidine/DMF solution (2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially
condensed in accordance with the method shown below to extend a peptide chain. [0393] The
amino acid haXGi@?fa%:] amino group protected with Fmoc group and HOBt 67.6 mg (0.50 mmol)) and
DIPCI 77.0 11l .1 mg, 0.50 mmol) were dissolved in DMF (2 m1). After activation for 15 minutes, the

resulting mixture was-jeaded1o a solisphase @mthesis golumn. Afterstining atieen) temperature for

one hour, Fmoc group was removed by using a 20% piperidine/DMF solution (2 ml) for 20 minutes.
This operationfweas réfgelatedly performediusing-dm adine acidtprotectéd withkmod geoup (0.5 mmol)
to sequentially condense amino acids.g0394] Fmoc-Gly, Fmoc-Arg(be), Fmoc-Gly,

Fmoc-Lys(Bod)"Bmocal, ERG1EUand Biloc-frp#oc) WefE uskd o 4cids Pfotected by
Fmoc group to,ehtain.f-residye peplide of Gly-Arg(Pph-Gly-Lyg(Boc)Valbey:inp(Bag) (SEQ ID

NO:99) on a solid phase resin. The 7-residue peptide (34.6'limol) was transferred to a separately

prepared solidephgsersythasis cokimn tareme\s: o grouphy tsing 4 20%) pipetidine/DMF
solution (2 ml) for 15 minutes and washed with DMF. To a separate centrifuge tube, oligosaccharide
chain added a¥paragifie @) {esprodutor OTBVUKA ehertteal -Cod et I 13X ving (48 adiwmol) and

DEPBT 31.2 mg é10%3(l)i(r:n'_oll)hvl\i/ re.di solﬁlr%gé% BN%I?B%SE%_%% Wé%%? solution, .6 ml) and loaded

to the solid-phase ’synﬂl\e&s column. After addition .8 Iim%ﬁ?the mixture was
stirred at roomytemperatre for 8 hourss {3954 Hzormula d0] amino acids protected

by Fmoc group to obtain a 3l-residue peptide of Gly-

Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Tle-Phe-

Glu (OtBu)-Lys (Boc)-Ala-Ala-GIn(Trt)-Cys (Trt)-Glu (OtBu) -
Leu-Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —
Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt) (SEQ ID
NO:61) on a solid-phase resin.

[0297]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain peptide

wherein 22Gly of GLP-1 is substituted by Cys.
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>818)))))/ [0396] After stirring, the resin was washed with DCM and DMF. Fmoc group was
removed by using a 20% piperidine/DMF solution (1 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance with the method shown below to extend a
peptide chain. [0397] The amino acid having an amino group protected with Fmoc group and HOBt
33.8 mg (0.25 mmol), and DIPCI 38.5 Il (31.5 mg, 0.25 mmol) were dissolved in DMF (1 ml). After
activation for ]13051# tes, the mixture was loaded to a solid-phase synthesis column. After stirring at
room temperature for one hour, Fmoc group was removed by using a 20% piperidine/DMF solution (1
ml) for 20 minutes. This-eperatien was,repeatedhnpedormead;tossequentialy. congdense amino acids.
Fmoc-Ille, Fmoc-Phe, Fmoc-Glu(OtBu) and Fmoc-Lys(Boc) were used as amino acids protected by
Fmoc group, arndoBoc-Cys{THY WS usedeasiamind-acids protec¢ted by?Bog group to obtain
oligosaccharide chain added 13-residue peptide of Gly-Arg(Pbf)-Gly-Lys(Boc)-

Val-Leu-Irp(Bod) EehiOfigddaccharide chain)-lle-PheGlu(OtBu)-Lys(Boc)-Cys(trt) (SEQ ID NO:100) on
a solid phase resin. To this, trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was added and stirred at
room temperature for 3.5 hours. Thereafter, the solutioiwas added to a separately prepared diethyl
ether (150 ml) to obtain precipitation, and subjectﬁ entrifugation to separate a precipitate

TFA/10% water/90% AN 7.0 ml/min; 25 -4 45%B (15 m{d-4 60%B (10 min) -4 95%B (10 min) linear
gradient] to obtain an oligosaccharide chain added 13-residue peptide (18.2

(e)

and the peptide chain synthesized above (3.4 mg) were
dissolved in 100 mM phosphate buffer (pH 7.5, 340 pl) and
allowed to react at 37°C for 4 hours. After complete
consumption of raw materials were confirmed by HPLC, the
reaction solution was directly subjected to purification
by HPLC [column: SHISEIDO UG-120 (C18, 5 um), ¢ 4.6 X 250
mm, gradient: A solution: 0.1% TFA water, B solution:
0.09% TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 1.6 mg of oligosaccharide
chain added GLP-1 peptide wherein 22Gly of GLP-1 is
substituted by oligosaccharide chain added Cys (22Cys
GLP-1l-dimannose) .

[0299]

Example 33
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mg). ESI-MS: Calcd for 016051260N26079S: [M+3H]2 1312.2, found. 1313.0 [0398] The two
types of peptides thus prepared: the 18- residue peptide having benzylthio ester at C terminal (9.3 mg)
and the oligosaccharide chain added 13-residue peptide (18.2 mg) were placed in a same centrifuge
tube and dissolved in a buffer solution (pH 6.8, 0.15 ml) (prepared from 6 M guanidine hydrochloride
solution and 0.2 mM phosphoric acid solution). Thiophenol (15.4 1ll) was then added at room
temperature and a resacrtligg wassper%or% at 37C. Aft%r 24 h urs, thae rcq{';\c]t:iogzsol tionnwas directly
subjected to purificatlc}/n by fiﬁDJLC, column’ SHISEIDO UG-T 013)158 ggma) 020 X 250 mm, gradient:
A solution: 0.1%ad EA water; Bisglutione 0.09% TEA/10% water/90% AN 7.0 mi/min; 25 -4 45%B (15
min) -4 60%B (10 min) -4 95%B (10 min), linear gradient] to obtain an oligosaccharide chain added
31-residue peptide (2.29mg).d-PESIMSyCaled 002505188 7N2Y 01GOgM+aH]42 1454.4, found.

1455.0 [0399] The obtained oligosaccharide chain added peptide (9.2 mg) was placed in a centrifuge
tube and dissdNed i & btffer saitifior {3 70 Pre pd TR B5omMIFEEP soltifish M guanidine

hydrochloride §9'6‘P8ﬂ<§%‘?9)£-%{‘8|§4 moagpgggﬂgigh%q{gtio(rﬁcm the reaghion_solution, activated Raney

Nickel was added at room temperature. After 72 hours, completion of the reaction was confirmed by

HPLC. Thereaftes,ithewaactioroselution wasWitiiated byia memmaranesfiltey anckihe dittrate portion

containing desired oligosaccharide chain added peptide was subjected to purification by HPLC

[column: SHISEIDS-DG<Y2H 0185 Jih), 10120 X250 M EGradieht: 28 soitidnr 0.188 TFA water, B

solution: 0.09% TFEA/10% water/90% AN 7.0 mi/min; 25 -4 45%8B %15 min) -4 60%B (10 min) -4 95%B
% ngf%{ilrg aleé)lié%)}slgcléﬁ%ﬂ%?eloc %fllneadé)e'(f 15 reglf uewgé:petide (2.3 mg).

(20 min), linear gra mﬁﬁ‘?o
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0300]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0301]

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

the resulting mixture was loaded to a solid-phase
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ESI-MS: Calcd for 085051377N470109: [M+451]4+ 1446.4, found. 1447.2 [0400] The
oligosaccharide chain added 31-residue peptide (1.3 mg) thus obtained was placed in an Eppendorf
tube and dissolved with distilled water (25 Ill). To this solution, a 100 mM aqueous sodium hydroxide
solution (25 Ill) was added at room temperature. After 30 minutes, production of desired product was
confirmed by HPLC and the solution was cooled to OC and neutralized by adding 50 mM aqueous

acetic acid solution (50 ). The solutionwas purifie HPLC [col Wy cal (0185gm), 0
36 X 250 YRR A S 010 T ER HAEr B Sollin . OO AT ERd Water/90% AN 7.0
ml/min; 25 -4 45%B)(1348iN) ¢4 68%B, (F0MiR)>#:9p%BA{10 nmiphdinear gradienthto, obtain 0.3 mg of
desired oligosaccharide chain added GLP-1 peptide wherein 30Ala of GLP-1 is substituted by disialo
oligosaccharidefdteain added Asn (S30Asn GLR-Argisialg) 1ESIIMS: Caicdifortes, the
0236H365N270109[M+4H] 4+ 1401.4, found. 1402.1 [0401] Example 47 Synthesis of
36Asn-disialo bigoshctAdridé ehah dddey EEB-Ppeptids - 236 ABRGLPA A alb ) nthesized in

Example 42 (0.8 mg)was.dissalved in 59 jaM qacodyiate buffek-(nH58,0,200 pi) and)bgvige serum
aibumine (BSA, 1 mg) was added. CMP-sialic acid (5 mg) and alkaline phosphatase 21 pi) were further

added and thelmixtureuwas homoegenizeds Firally, o2 6-Sialyéeansfarase {prosiuetaf Japan Tobacco
Inc., 10 mU) was added and reaction was performed at

using an amino acid protected with Fmoc group (0.5 mmol)

to sequentially condense amino acids.

[0302]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp (Boc), Fmoc-Cys(Trt), Fmoc-
Ile, Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala,
Fmoc-Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-
Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-
Val, Fmoc-Asp(OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-
Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala
and Fmoc-His (Trt) were used as the amino acids protected
by Fmoc group to obtain a 3l-residue peptide of Gly-

Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp (Boc)-Cys (Trt)-Ile-Phe-
Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) —-Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) —-Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -Ala-His (Trt) (SEQ ID
NO:62) on a solid-phase resin.

[0303]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.

Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was

added such that the resin was thoroughly socaked and
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30 (/" for 24 hours. (Reaction monitoring condition by HPLC: column: SHISEIDO CAPCELPAK 018
UG120, 0 4.6 x 250 mm, developing solvent A: 0.1% TEA aqueous solution, developing solvent B:
0.09% TEA acetonitrile/water = 90/10, gradient A/B = 60/40 -4 30/60 40 minutes, flow rate: 0.7
mi/min). Figure 4 shows an exemplary chart of the HPLC. In figure 4, the front peak shows 36 Asn
GLP1-asialo (material), and the back peak shows 36 Asn GLP1-disialo. After purification by HPLC
under the samsetclorndit&on tO 6r m oftoeli oggg%qlargdef%hai% a}iglgg GLP:IJhc%eptiedSe. \Iflvheresin 36Arg of
GLP-1is substltuteé%y d?5|a|o oligosaccharide chain added Asn (§6Asn Lﬁ-l-élsiavi'c% was obtained.
[0402] ExampleA4® ved Sypthesis 0626 and 349ysdisialopligpsaccharideichainadded GLP-1 peptide
A solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughiy euithrdicte dromethane §DCMand BMFiard thélresinagaslthongughly swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acidFEHMPB) (0.25 mmol), IBIU (0.25 mmol) and

N-ethylmorphdiffie @5 HinfolPWere drdoREd TR BME (2 Mif oaded 1o the edldimh24nd stirred at
room tempera or.4 hours. T re>§i s washed thoroughly, with F and DCM to obtain
HMPB-PEGA tr&gs?w%, v?/hflcl:mj/\'/asq)ur?eod asrbagg)lllgnp'ha%reaf?)%(ggl%-p ase spyl/ll\rgt 8&'5.[[6021'}(/)%] moc-Gly
(0.50 mmol), MSNI(0.30 swal} and Nmoethykmidere ol . 385 sxmol) wexe dissolved/inRDGM (2 ml),
loaded to the solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed with BEM &hd, DME. Fajoclgroapmwas retieved by asingte20%sipéridiae/ DMF solution

(2 ml) for 15 mlﬁutes.. ﬁft%?i\ghlgg Vﬂgb[_) F, amlngsatc%fuvgggi %%q%eygglly condensed in

accordance with the method sfown bélow to extend a peptide chai
[0304]
Bromoacetamidyl dimannose oligosaccharide (e) (a
product of OTSUKA Chemical Co., Ltd.) (10.2 mg) and the

peptide chain synthesized above (4.1 mg) were dissolved
in 100 mM phosphate buffer (pH 7.5, 410 pl) and allowed
to react at 37°C for 4 hours. After complete consumption
of raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 um), ¢ 4.6 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 2.4 mg of oligosaccharide
chain added GLP-1 peptide wherein 30Ala of GLP-1 is
substituted by oligosaccharide chain added Cys (30Cys
GLP-1-dimannose) .
[0305]
Example 34

Synthesis of 34Cys—-dimannose oligosaccharide chain

added GLP-1 peptide
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The amino acid having an amino group protected with Fmoc group was dissolved in
N-methylpyrrolidone (NMP) (1 ml). After addition of 0.45 M HCIUHOBT/NMP (0.4 mmol), the mixture
was loaded to a solid-phase synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8 mmol) was
added to the solid-phase synthesis column. After stirring at room temperature for 20 minutes, the resin
was washed with DCM and DMF, and Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 miipélies Tqiqsa ggeratiog was. repgg&eud%p%rfgrma% using an. %Wino acid protected

with Fmoc group (0.@mmoI}(tio_gequentigz’a\)(lyr/1 c%ﬁ ense amino acids. [((3 ﬁ?e IS—Nrﬁoc-Gly,

Fmoc-Arg(Pbf){nﬁmgcﬁ)é,AFpog-lC}yS(lit@OFngNaI,(Eg@gﬂ&l, Fmaegslrp(Boc), EmogzAla, Fmoc-lle,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Cys(Irt), Fmoc-Ala, FmocAla, Fmoc-Gin(irt), Fmoc-Gly,

Fmoc-Glu(OtBu) cEmegtlen, Fhtde-TyugtBl) r ProctSerétBUY CFrhosrSerfiBu) aFmot\val,
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc¢-Phe, Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBUj SEfotaRia Ehar eme-His Gt werd uded s Qiffino dkids/ Broteeted by *Frmoc group to

obtin 31-esidus e ot Ol A(EDD:GY CYSUE) Va8 {E90) ARl Phes(O1BL)-Cys(Tr

Ala-Ala-GIn(Irt)-Gly-Glu u)-Leu-Tyr(tBu)-Ser(tBu)-
Ser(tBu)-Val-Agp(QBurSern(tBiydr nBuhPhesHariBL)nely¢GluOtBupAla-Histkt) (SEQ ID NO:101)
on a solid phase resin. [0405] A part of the obtained resin having a peptide formed thereon was
transferred in 858R@ priase sYntPidSis (coldrhh, trifltefRitetie aelt WiEtéMPSF2D5: 2.5: 2.5) was
added such tha%the reC?in \@[/as thoroy%ghl soaked antg‘J stirLEe(%l1 at room tje[mé)erature for 3 hours. The

. SC1 S at. room mperature or ours. rgsin was
resin was remove&ij iitFation and the reacfion solution was concentrated undér reducad pressure.

The resulting residueivas, putfieh by HPLG, [¢altmpLHESRIRG WE:l20+(0d85gm,d3 20 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min; 35 -4

60%B, 20 mindimeangradienthtovalstairsa peptide wheitein 26harsc 34bys ebGLB-Phrseach substituted
with Cys. [0406] Bromoacetamidyl disialo oligosaccharide (a) (a product of OTSUKA Chemical
Co., Ltd.) (10.5 ¥aP4iitithe peptide chain synthesized above (2.1 mg) were dissolved in 100 mM

phosphate buffer (pl%r?].OSC_ZéQ I)(%Q% gll%\%%q }o, reagtat i’.a%fgr 1%rpéc)jfys.EIAr\f(g{argg_omplete consumption

of raw materials were confirmed by HPLC, the reaction solution was directly subjected to purification
by HPLC [colufe-SHISEIDS, VG120 (818, Sngx),)0 4&6-X 2509881 giadient: Aesolytioni10.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 0.7 ml/min; 35 -4 60%B, 20 min linear gradient] to
obtain 0.1 mg b efigesaceharide ehaintddued GYPLhpeptidecwherin 28cantit3415sofaGLP-1 are each

substituted by oligosaccharide chain added Cys (26-340ys GLP-1-disialo).
25°C for 3 hours.

[0306]

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.

After stirring at room temperature for 20 minutes, the
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[0407] Example 49 Synthesis of 18 and 360ys-disialo oligosaccharide chain added GLP-1 peptide
A solid-phase synthesis column was charged with Amino-PEGA resin (100 limol) (product of Merck),
washed thoroughly with dichloromethane (DON) and DMF and the resin was thoroughly swollen with
DMF. 4-hydroxymethyl3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), IBIU (0.25 mmol) and
N-ethylmorpholine (0.25 mmol) were dissolved in DMF (2 ml), loaded to the column, and stirred at
room temperature for 4 hours. ;I'}Qeeo{evsvilntvf\{afﬁéx{%sheg t%ﬂpugh%&miﬁhmDMF and DON to obtain

HMPB-PEGA reesn%,nwpl{i%ﬁ was used as a so hase for sdlid[ilp ase é)ycnt é‘é?sl.p[oﬂSé] Fmoc-Gly

(0.50 mmol), MENJ(O:50-nmel) agd Nmethylimidazole (L3 Pmmnael) were dissplved)in REM (2 ml),

loaded to the solid-phase synthesis column and stirred at 25C for 3 hours. After stirring, the resin
was washed with DCMard DMFL Emonegroaip vwas remsoverisy tisifga 2e%tpiperdine/DMF solution
(2 ml) for 15 minutes. After washing with DMF, amino acids were sequentially condensed in

accordance ittt tHE nmEth G ShGwA Defbw TP Exeha S peptite’cHiain 55988] (© Thé@ino acid having
an amino groutpop@%%%qlwitgﬁr&o% groun was dissolved in N-methylpyrrolidone (NMP) (1 ml). After

addition of 0.45 M HCIUHOBT/NMP (0.4 mmol),
[0307]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Cys(Trt),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,
Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-Val,
Fmoc—-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-Phe,
Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and
Fmoc-His (Trt) were used as the amino acids protected by
Fmoc group to obtain a 3l-residue peptide of Gly-

Arg (Pbf)-Gly-Cys (Trt)-Val-Leu-Trp(Boc)-Ala-Tle-Phe-

Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —

Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt) (SEQ ID
NO:63) on a solid-phase resin.

[0308]

The obtained resin having a peptide formed thereon
was partly taken in a solid-phase synthesis column.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and
stirred at room temperature for 3 hours. The resin was
removed by filtration and the reaction solution was

concentrated under reduced pressure. The resulting
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the mixture was loaded to a solid-phase synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column. After stirring at room temperature for 20
minutes, the resin was washed with DCM and DMF, and Fmoc group was removed by using 20%
piperidine/DMF solution (2 ml) for 15 minutes. This operation was repeatedly performed using an
amino acid protected with Fmoc group (0.5 mmol) to sequentially condense amino acids. [0410]

Fmoc-Gly, Fmoc-Cys(Irt), Fmoc-Gly, Fmoc-L ), Fmac-Val, F, : Fmoc-lrp(Boc), Fmoc-Ala,
e GOty ot byelBoo. Fik Aie, FIoLAS Phios

Fmoc-lle, Fmorc?lgﬁe, moc- oc), Fmoc-Ala, moc-Gln(Irt), Fmoc-Gly,

Fmoc-Glu(OtBuy; Bmecl-eu, Fmoer Tyr(Bu), FimocsCysdith £#mec-SgitBu), fmae:Yal, rra
Fmoc-Asp(OtBu), Fmoc-Ser(tBu), Fmoc-Thr(tBu), Fmoc-Phe, Fmoc-Thr(tBu), Fmoc-Gly,
Fmoc-Glu(OtBtg tEmocEAla@hdtEmoce-His MRpweEr Uset ay anting aeidsrofectediby Fimac group to

obtain 31-residue peptide of . . , . .
Gly-Cys(Irt)-GRR ystB6) #Wal-1€L-p{Bdc) MaePPRESIGICBLY-LYS Bdd)- peptide

Ala-Ala-GIn(Ir)Gly-Gly (QUBUL ey TYIBU-CYs(Itbs it uted by Cys. |
Ser(tBu)-Val-Asp(OtBu)-Ser(tBu)-Thr(tBu)-Phe-Thr(tBu)- GIy-GIu(Oﬁt/Bu)gAla-Hls(lrt) (SEQ ID NO:102)

on a solid phase zesin. [0411] A part of the obtained resin having a peptide formed thereon was
transferred in a solid phase synthesis column, trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was

added such that the FEsi AaEIherbLghly sodleuraiPstitddacromh temperatsre foR3 hours. The
resin was .remorv%gubé/tfilggti%?rgﬁ%&hﬁfactignlso ption ggﬁjcgnsé rate un%gr re deuced pressure.
The resulting fesidue was purified by e(r,nifcoﬁ‘umn. SHI - iﬁg( 18 gm), 0 20 X 250 mm,
gradient: A solutign:; 0% TEAWatek B selution: 910906 THA/10%yyatge/PQ%ANS, O yalimin; 35 -4
60%B, 20 min linear gradient] to obtain a peptide wherein 18Ser and 36Arg of GLP-1 are each
substituted withrCy<) j04tR]phosphate buffer (pH 7.5, 390 ul) and allowed

to react at 37°C for 4 hours. After complete consumption

of raw materials were confirmed by HPLC, the reaction

solution was directly subjected to purification by HPLC

[column: SHISEIDO UG-120 (C18, 5 pum), ¢ 4.6 X 250 mm,

gradient: A solution: 0.1% TFA water, B solution: 0.09%

TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min

linear gradient] to obtain 1.3 mg of oligosaccharide

chain added GLP-1 peptide wherein 34Lys of GLP-1 is

substituted by oligosaccharide chain added Cys (34Cys

GLP-1-dimannose) .

[0310]

Example 35

Synthesis of 12Asn-asialo oligosaccharide chain
added GLP-1 peptide
A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the

resin was thoroughly swollen with DMF. 4-hydroxymethyl-
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Bromoacetamidyl disialo oligosaccharide (a) (a product of OTSUKA Chemical Co., Ltd.) (10.5 mg) and
the peptide chain synthesized above (2.1 mg) were dissolved in 100 mM phosphate buffer (pH 7.5,
210 pl) and allowed to react at 37C for 4 hours. After complete consumption of raw materials were
confirmed by HPLC, the reaction solution was directly subjected to purification by HPLC [column:
SHISEIDO UG-120 (018, 5 gm), 0 4.6 X 250 mm, gradient: A solution: O 1% TFA water, B solution:

0.09% TFA/10% waétﬁr/9 AN 0.7 gﬂ/tmln 35-4 6&)% n(g 2 t] t&)é}f)éam 0.8 mg of
er 6Arg o

oligosaccharide chain adde %ﬂ_{BQfL ﬁ%%vherem 1 1 are each substituted

by olIgosaccharm.ezghm@ﬂﬂegr@w&%@q}%@bﬁ&m@@bb [QéblSihmolTabLeré below shows MS

spectrum data of oligosaccharide chain added GLP-1 peptides obtained in Examples 8 to 49. In the
table, [M+51]2repsesents measifEment résultsiimealiad Di4OFaass, land[M-+3H]34 and [M+4H]44

represent measurement results by EMI-MS. [0414] [Table 7] Example 8 6Cys GLP-1-disnlo .a
C12111480|Kﬁ§lrred at room temperature for hours. The ‘resin was

washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0311]

Fmoc-Ala (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 4 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0312]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for

15 minutes. This operation was repeatedly performed
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01/444Hr 5713.5 found. 57218 Example 9 8Cys GLP-1-disia3a Mounted for C7.7'14.40,stS L +HI
5648.4 found.

using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.
[0313]

Fmoc-Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu),
Fmoc-Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu),
Fmoc-Val, Fmoc-Asp(OtBu), Fmoc-Ser (tBu and Fmoc-Thr (tBu)
were used as the amino acids protected by Fmoc group to
obtain a 12-residue peptide of Ala-Gln(Trt)-Gly-—

Glu (OtBu)-Leu-Tyr (tBu)-Ser (tBu)-Ser (tBu)-Val-Asp (OtBu) -
Ser (tBu)-Thr (tBu) (SEQ ID NO:64) on a solid-phase resin.
The 1l2-residue peptide (equivalent to 7.0 MUmol) was
transferred to a separate solid phase synthesis column,
Fmoc group was removed by using 20% piperidine/DMF
solution (1 ml) for 15 minutes, and washed with DMF. To
a separate centrifuge tube, asialo oligosaccharide chain
added asparagine (b) (a product of OTSUKA Chemical Co.,
Ltd.) 27.7 mg (14.0 umol) and DEPBT 6.3 mg (21.1 umol)
were dissolved in DMF/DMSO (1: 4 mixture solution, 0.35
ml) and loaded to the solid-phase synthesis column.
After addition of DIPEA 2.4 pul (14.1 pumol), the mixture
was stirred at room temperature for 18 hours. After
washing with DMF and DCM, oligosaccharide chain added 13-
residue peptide of Ala-Gln(Trt)-Gly-Glu(OtBu)-Leu-

Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) —-Ser (tBu) —

Thr (tBu) -Asn (Oligosaccharide chain) (SEQ ID NO:65) was
obtained on a solid phase.

[0314]
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5649.3 Example 10 11014S GLP-1-disio30 Calcurated for C2.3N47?0,0;S [M-rFiJ 4 5590.4 found.
55987 Example 11

The amino acid having an amino group protected with
Fmoc group and HOBt (4.7 mg, 0.03 mmol), and DIPCI (5.4
wl, 0.03 mmol) were dissolved in DMF (0.875 ml). After
activation for 15 minutes, the mixture was loaded to a
solid-phase synthesis column. After stirring at room
temperature for one hour, Fmoc group was removed by using
a 20% piperidine/DMF solution (1 ml) for 20 minutes.

This operation was repeatedly performed to sequentially
condense amino acids. Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-—

Glu (OtBu) and Fmoc—-Ala were used as amino acids protected
with Fmoc group, and Boc-His(Trt) was used as amino acids
protected with Boc group to obtain a oligosaccharide
chain added 18-residue peptide of Ala-Gln(Trt)-Gly-

Glu (OtBu)-Leu-Tyr (tBu)-Ser (tBu)-Ser (tBu)-Val-Asp (OtBu) -
Ser (tBu)-Thr (tBu) -Asn (Oligosaccharide chain)-Thr (tBu) -
Gly-Glu(OtBu)-Ala-His(Trt) (SEQ ID NO:66) on a solid
phase resin.

[0315]

After washing with DCM and DMF, mixture solution of
trifluoroethanol and acetic acid (1:1) was added such
that the resin was thoroughly soaked and stirred at room
temperature for 18 hours. The resin was removed by
filtration and the reaction solution was concentrated
under reduced pressure. The resulting residue was
concentrated to obtain oligosaccharide chain added
protected peptide of Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-

Tyr (tBu) -Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) —
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10Cys GLIA-1-78sialc Mounted for C72,,sfiny14,7403 Ai 15662.5 found. 5065.4 Example 12 11Cos
GLP-1-disialo Calettrated for -14234,H44,5N470,nS

Thr (tBu) -Asn(Oligosaccharide chain)-Thr (tBu)-Gly-
Glu (OtBu)-Ala-His(Trt)-—NH-Boc (SEQ ID NO:67).
[0316]

The oligosaccharide chain added 18-residue protected
peptide (equivalent to 2.45 umol) was transferred to an
eggplant flask, dissolved in DMF (0.1 ml) and cooled to -
15 to -20°C under an argon atmosphere. To this,
benzylthiol (8.7 pl, 73.6 umol) was added and separately
prepared DMF solution (0.231 ml) of PyBOP (6.4 mg, 12.3
umol) was added, and subsequently, DIPEA 2.1 ul (12.3
pumol) was added. The mixture was stirred at -15 to -20°C
for 2 hours and added to cool diethyl ether (150 ml).
After precipitation of peptide component, the solution
portion was removed by a membrane filter. To the residue,
trifluorocacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added and stirred at room temperature. After 2 hours,
the solution was once again added to separately prepared
diethyl ether (150 ml) to obtain a precipitate.
Thereafter, the solution portion was removed by a
membrane filter to obtain a residue containing a desired
peptide thioester compound. This residue was purified by
HPLC [column: SHISEIDO UG-120 (C18 5 pm), ¢ 20 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 7.0 ml/min; 25 — 45%B (15 min) —
60%B (10min) — 95%B (10 min), linear gradient] to obtain
2.1 mg of peptide having benzyl thicester at C terminal:

PhS-Ala-Gln-Gly-Glu-Leu-Tyr—-Ser-Ser-Val-Asp-Ser-Thr-
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Asn (Oligosaccharide chain)-Thr-Gly-Glu-Ala-His (SEQ ID
NO:68) .
[0317]

On the other hand, a solid-phase synthesis column
was charged with Amino-PEGA resin (product of Merck) (100
Umol), washed thoroughly with dichloromethane (DCM) and
DMF and thoroughly swollen with DMF. 4-hydroxymethyl-3-
methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU (0.25
mmol) and N-ethylmorpholine (0.25 mmol) were dissolved in
DMF (2 ml), loaded to the column, and stirred at room
temperature for 4 hours. The resin was washed thoroughly
with DMF and DCM to obtain HMPB-PEGA resin, which was
used as a solid phase for solid-phase synthesis.

[0318]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to the solid-phase synthesis column and stirred at
25°C for 4 hours. After stirring, the resin was washed
with DCM and DMF. Fmoc group was removed by using a 20%
piperidine/DMF solution (2 ml) for 15 minutes. After
washing with DMF, amino acids were sequentially condensed
in accordance with the method shown below to extend a
peptide chain.

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase

synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
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mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0319]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc) were used as the
amino acids protected by Fmoc group and Boc-Cys(Trt) was
used as an amino acid protected by Boc group to obtain
13-residue peptide of Gly-Arg(Pbf)-Gly-Lys (Boc)-Val-Leu-
Trp(Boc)-Ala-Ile-Phe-Glu(OtBu)-Lys (Boc)-Cys(Trt) (SEQ ID
NO:69) on a solid-phase resin. To this, trifluoroacetic
acid: water: TIPS (= 95: 2.5: 2.5) was added and stirred
at room temperature for 3.5 hours. The mixture was then
added to separately prepared diethyl ether (150 ml) to
obtain a precipitate. Thereafter, the solution portion
was removed by a membrane filter to obtain a residue
containing a desired peptide thioester compound. This
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 7.0 ml/min;
25 —> 45%B (15 min) — 60%B (10min) — 95%B (10 min),
linear gradient] to obtain desired peptide: Gly-Arg-Gly-

Lys-Val-Leu-Trp-Ala-Ile-Phe-Glu-Lys-Cys (SEQ ID NO:70).
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[0320]

The two types of peptides thus prepared: the 18-
residue peptide having benzylthio ester at C terminal
(2.1 mg) and the 13-residue peptide (2.6 mg) were placed
in a same centrifuge tube and dissolved in a buffer
solution (pH 6.8, 0.58 ml) (prepared with 6 M guanidine
hydrochloride solution and 0.2 mM phosphoric acid
solution). Thiophenol (2.9 Hl) was then added at room
temperature and a reaction was performed at room
temperature. After 24 hours, the reaction solution was
purified by HPLC [column: SHISEIDO UG-120 (C18 5 um), ¢
20 X 250 mm, gradient: A solution: 0.1% TFA water, B
solution: 0.09% TFA/10% water/90% AN 7.0 ml/min; 25 —
45%B (15 min) — 60%B (10 min) — 95%B (10 min), linear
gradient] to obtain 1.5mg of oligosaccharide chain added
3l-residue peptide.

The obtained oligosaccharide chain added peptide was
placed in a centrifuge tube and dissolved in a buffer
solution (pH 7.0, prepared from 35 mM TCEP solution, 6 M
guanidine hydrochloride solution and 0.2 mM phosphoric
acid solution). To the reaction solution, activated
Raney Nickel was added at room temperature. After 26
hours, completion of the reaction was confirmed by HPLC.
Thereafter, the reaction solution was filtrated by a
membrane filter and the filtrate portion containing
desired oligosaccharide chain added GLP-1 peptide was
subjected to purification by HPLC [column: SHISEIDO UG-

120 (C18 5 pm), ¢ 20 X 250 mm, gradient: A solution: 0.1%
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TFA water, B solution: 0.09% TFA/10% water/90% AN 7.0
ml/min; 25 — 45%B (15 min) — 60%B (10 min) — 95%B (10
min), linear gradient] to obtain 0.8mg of desired
oligosaccharide chain added GLP-1 peptide wherein 12Phe
of GLP-1 is substituted by asialo oligosaccharide chain
added Asn (12Asn GLP-l-asialo).

[0321]

Example 36

Synthesis of 18Asn-asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (50 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.125 mmol), TBTU
(0.125 mmol) and N-ethylmorpholine (0.125 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0322]

Fmoc-Gly (0.25 mmol), MSNT (0.25 mmol) and N-
methylimidazole (0.175 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and

DMF. Fmoc group was removed by using 20% piperidine/DMF
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solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0323]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.25 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.25
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.25 mmol)
to sequentially condense amino acids.

[0324]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu
and Fmoc-Tyr (tBu) were used as the amino acids protected
by Fmoc group to obtain a 19-residue peptide of Gly-

Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp (Boc)-Ala-Tle-Phe-
Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) (SEQ ID NO:71) on a solid-phase resin.

[0325]

- 179 -



564E1.4 found. 5650.5 Example 19 - 21Cys GLP-1-disialn estourefeO for 30Hatc4144701043 [M-K
5580.4 found. 5582.4

Asialo oligosaccharide chain added asparagine (b) (a
product of OTSUKA Chemical Co., Ltd.) 198 mg (100 umol)
and DEPBT 30.0 mg (100 umol) were dissolved in NMP/DMSO
(2.4/0.6 ml) and loaded to the solid-phase synthesis
column. After addition of DIPEA 26 Hl (150 umol), the
mixture was stirred at room temperature for 24 hours.
After washing with DMF and DCM, oligosaccharide chain
added 20-residue peptide of Gly-Arg(Pbf)-Gly-Lys (Boc) -
Val-Leu-Trp(Boc)—-Ala-Ile-Phe-Glu (OtBu)-Lys (Boc)-Ala-Ala-
Gln(Trt)-Gly-Glu(OtBu)-Leu-Tyr (tBu)-Asn(Oligosaccharide
chain) (SEQ ID NO:72) was obtained on a solid phase.
Subsequently, the amino acid having an amino group
protected with Fmoc group was condenced by HOBt 34 mg
(0.25 mmol), DIPCI 38 pul (0.25 mmol) and DMF (1 ml) to
form oligosaccharide chain added 31-residue peptide of
Gly-Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Tle-Phe-
Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) -Asn(Oligosaccharide chain)-Ser (tBu)-Val-

Asp (OtBu)-Ser (tBu)-Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -
Ala-His(Trt) (SEQ ID NO:73).
[0326]

To the obtained resin having an oligosaccharide
chain added peptide formed thereon, trifluoroacetic
acid: water: TIPS (= 95: 2.5: 2.5) was added such that
the resin was thoroughly socaked and stirred at room
temperature for 3 hours. The resin was removed by
filtration and the reaction solution was concentrated

under reduced pressure. The resulting residue was
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purified by HPLC [column: SHISEIDO UG-120 (Cl8 5 um), 0
20 X 250 mm, gradient: A solution: 0.1% TFA water, B
solution: 0.09% TFA/10% water/90% AN 8.0 ml/min; 35 —
60%B, 20 min linear gradient] to obtain 8.2 mg of
oligosaccharide chain added GLP-1 peptide wherein 18Ser
of GLP-1 is substituted with asialo oligosaccharide chain
added Asn (18Asn GLP-l-asialo).
[0327]
Example 37

Synthesis of 22Asn-asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (50 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.125 mmol), TBTU
(0.125 mmol) and N-ethylmorpholine (0.125 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.
[0328]

Fmoc-Gly (0.25 mmol), MSNT (0.25 mmol) and N-
methylimidazole (0.175 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at

25°C for 3 hours.
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After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0329]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.25 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.25
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.25 mmol)
to sequentially condense amino acids.

[0330]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys(Boc), Fmoc-Ala, Fmoc-
Ala and Fmoc-Gln(Trt) were used as the amino acids
protected by Fmoc group to obtain a 15-residue peptide of
Gly—-Arg(Pbf)-Gly-Lys (Boc)—-Val-Leu-Trp(Boc)-Ala-Ile-Phe-
Glu (OtBu)-Lys (Boc)-Ala-Ala-GIn(Trt) (SEQ ID NO:74) on a
solid-phase resin.

[0331]
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Asialo oligosaccharide chain added asparagine (b) (a
product of OTSUKA Chemical Co., Ltd.) 198 mg (100 umol)
and DEPBT 30 mg (100 umol) were dissolved in NMP/DMSO
(2.4/0.6 ml) and loaded to the solid-phase synthesis
column. After addition of DIPEA (26 ul, 150 umol), the
mixture was stirred at room temperature for 24 hours.
After washing with DMF and DCM, oligosaccharide chain
added 1l6-residue peptide of Gly-Arg(Pbf)-Gly-Lys (Boc)-—
Val-Leu-Trp(Boc)—-Ala-Ile-Phe-Glu(OtBu)-Lys (Boc)-Ala-Ala-
Gln(Trt)-Asn(Oligosaccharide chain) (SEQ ID NO:75) was
obtained on a solid phase. Subsequently, the amino acid
having an amino group protected with Fmoc group was
condenced by HOBt 34 mg (0.25 mmol), DIPCI 38 ul (0.25
mmol) and DMF (1 ml) to form oligosaccharide chain added
31l-residue peptide of Gly-Arg(Pbf)-Gly-Lys (Boc)-Val-Leu-
Trp(Boc)—-Ala-Ile-Phe-Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt) -
Asn (Oligosaccharide chain)-Glu(OtBu)-Leu-Tyr (tBu) -

Ser (tBu) —-Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) -Thr (tBu) -Phe-
Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt) (SEQ ID NO:76).
[0332]

To the obtained resin having an oligosaccharide
chain added peptide formed thereon, trifluoroacetic acid:
water: TIPS (= 95: 2.5: 2.5) was added such that the
resin was thoroughly soaked and stirred at room
temperature for 3 hours. The resin was removed by
filtration and the reaction solution was concentrated
under reduced pressure. The resulting residue was

purified by HPLC [column: SHISEIDO UG-120 (C18 5 um), ¢
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20 X 250 mm, gradient: A solution: 0.1% TFA water, B
solution: 0.09% TFA/10% water/90% AN 7.0 ml/min; 35 —
60%B, 20 min linear gradient] to obtain 12.2 mg of
oligosaccharide chain added GLP-1 peptide wherein 22Gly
of GLP-1 is substituted with asialo oligosaccharide chain
added Asn (22Asn GLP-l-asialo).

[0333]

Example 38

Synthesis of 26Asn-asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0334]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 4 hours.

After stirring, the resin was washed with DCM and

DMF. Fmoc group was removed by using 20% piperidine/DMF
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solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0335]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0336]

Fmoc-Ala,Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu),
Fmoc-Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu),
Fmoc-Val, Fmoc-Asp(OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu),
Fmoc-Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu) and
Fmoc—Ala were used as the amino acids protected by Fmoc
group and Boc-His(Trt) was used as the amino acid
protected by Boc group to obtain a 18-residue peptide of
Ala-Gln(Trt)-Gly-Glu(OtBu)-Leu-Tyr (tBu)-Ser (tBu) -

Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) -Thr (tBu) -Phe-Thr (tBu) -
Gly-Glu(OtBu)-Ala-His(Trt) (SEQ ID NO:77) on a solid-

phase resin.
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[0337]

After washing with DCM and DMF, a mixture solution
of trifluoroethanol and acetic acid (1:1) was added such
that the resin was thoroughly soaked and stirred at room
temperature for 18 hours. The resin was removed by
filtration and the reaction solution was concentrated
under reduced pressure. The resulting residue was
concentrated to obtain protected peptide of Ala-Gln(Trt)-
Gly-Glu (OtBu)-Leu-Tyr (tBu)-Ser (tBu) -Ser (tBu) -Val-

Asp (OtBu) -Ser (tBu) -Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -
Ala-His (Trt)-NHBoc (SEQ ID NO:78).
[0338]

The 18-residue protected peptide (equivalent to 35
Umol) was transferred to an eggplant flask, dissolved in
DMF (3.7 ml) and cooled to -15 to -20°C under an argon
atmosphere. To this, benzylthiol (125 pl, 1.06 mmol) was
added and separately prepared DMF solution (1.0 ml) of
PyBOP (94.7 mg, 182 Umol) was added, and subsequently,
DIPEA (29.8 pl, 175 umol) was added. The mixture was
stirred at -15 to -20°C for 2 hours and added to cool
diethyl ether (150 ml). After precipitation of peptide
component, the solution portion was removed by a membrane
filter. To the residue, trifluoroacetic acid: water:
TIPS (= 95: 2.5: 2.5) was added and stirred at room
temperature. After 2 hours, the solution was once again
added to separately prepared diethyl ether (150 ml) to
obtain a precipitate. Thereafter, the solution portion

was removed by a membrane filter to obtain a residue
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containing a desired peptide thioester compound. This
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 7.0 ml/min;
25 = 45%B (15 min) — 60%B (10min) — 95%B (10 min),
linear gradient] to obtain 18-residue peptide having
benzyl thiocester at C terminal: PhS-Ala-Gln-Gly-Glu-Leu-
Tyr—-Ser—-Ser—-Val-Asp—-Ser-Thr-Phe-Thr-Gly-Glu-Ala-His (SEQ
ID NO:79).

[0339]

On the other hand, a solid-phase synthesis column
was charged with Amino-PEGA resin (product of Merck) (100
Umol), washed thoroughly with dichloromethane (DCM) and
DMF and the resin was thoroughly swollen with DMF. 4-
hydroxymethyl-3-methoxyphenoxybutyric acid (HMPB) (0.25
mmol), TBTU (0.25 mmol) and N-ethylmorpholine (0.25 mmol)
were dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0340]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to the solid-phase synthesis column and stirred at
25°C for 4 hours. After stirring, the resin was washed
with DCM and DMF. Fmoc group was removed by using a 20%

piperidine/DMF solution (2 ml) for 15 minutes. After
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washing with DMF, amino acids were sequentially condensed
in accordance with the method shown below to extend a
peptide chain.

[0341]

The amino acid having an amino group protected with
Fmoc group and HOBt (67.6 mg, 0.50 mmol) and DIPCI (77.0
pl, 63.1 mg, 0.50 mmol) were dissolved in DMF (2 ml).
After activation for 15 minutes, the resulting mixture
was loaded to a solid-phase synthesis column. After
stirring at room temperature for one hour, Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
20 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0342]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc—Phe and Fmoc-Glu (OtBu) were used as the amino acids
protected by Fmoc group to obtain ll-residue peptide of
Fmoc-Gly-Arg (Pbf)-Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Ile-
Phe-Glu (OtBu) (SEQ ID NO:80) on a solid-phase resin. The
ll-residue peptide (equivalent to 10 umol) was
transferred to a separately prepared solid-phase
synthesis column, Fmoc group was removed using 20%
piperidine/DMF solution (2 ml) for 15 minutes, and washed
with DMF. To a separate centrifuge tube, asialo
oligosaccharide chain added asparagine (b) (a product of

OTSUKA Chemical Co., Ltd.) 40.0 mg (20.0 Mmol) and DEPBT
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9.0 mg (30.0 umol) were dissolved in DMF/DMSO (4:1
mixture solution, 0.5 ml) and loaded to the solid-phase
synthesis column. After addition of DIPEA 3.4 pl (20

Umol), the mixture was stirred at room temperature for 16

hours.
[0343]

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using a 20%
piperidine/DMF solution (1 ml) for 15 minutes and then,
washed with DMF. Boc-Cys(Trt), HOBt 6.8 mg (0.05 mmol),
and DIPCI 7.7 MWl (0.05 mmol) were dissolved in DMF (1 ml).
After activation for 15 minutes, the mixture was loaded
to a solid-phase synthesis column. After stirring at
room temperature for one hour, the resin was washed with
DCM and DMF to obtain oligosaccharide chain added 13-
residue peptide of Gly-Arg(Pbf)-Gly-Lys (Boc)-Val-Leu-
Trp (Boc)—-Ala-Ile-Phe-Glu(OtBu)-Asn (Oligosaccharide
chain)-Cys(trt) (SEQ ID NO:81) on a solid phase resin.
To this, trifluorocacetic acid: water: TIPS (= 95: 2.5:
2.5) was added and stirred at room temperature for 3.5
hours. Thereafter, the solution was added to a
separately prepared diethyl ether (150 ml) to obtain
precipitation, and subjected to centrifugation to
separate a precipitate containing a desired
oligosaccharide chain added peptide and a solution
portion. After the solution portion was removed, it was
subjected to purification by HPLC [column: SHISEIDO UG-

120 (C18 5 pm), ¢ 20 X 250 mm, gradient: A solution: 0.1%
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TFA water, B solution: 0.09% TFA/10% water/90% AN 7.0
ml/min; 25 — 45%B (15 min) — 60%B (10 min) — 95%B (10
min) linear gradient] to obtain 7.1 mg of desired
oligosaccharide chain added peptide.

[0344]

The two types of peptides thus prepared: the 18-
residue peptide having benzylthio ester at C terminal
(1.6 mg) and the oligosaccharide chain added 13-residue
peptide (2.5 mg) were placed in a same centrifuge tube
and dissolved in a buffer solution (pH 6.8, 0.8 ml)
(prepared with 6 M guanidine hydrochloride solution and
0.2 mM phosphoric acid solution). Thiophenol (8.0 Ul)
was then added at room temperature and a reaction was
performed at room temperature. After 24 hours, the
completion of the reaction was confirmed by HPLC.
Thereafter, the reaction solution was directly purified
by HPLC [column: SHISEIDO UG-120 (C18 5 pum), ¢ 20 X 250
mm, gradient: A solution: 0.1% TFA water, B solution:
0.09% TFA/10% water/90% AN 7.0 ml/min; 25 — 45%B (15
min) — 60%B (10 min) — 95%B (10 min), linear gradient]
to obtain 2.0 mg of desired oligosaccharide chain added
31-residue peptide.

[0345]

The obtained oligosaccharide chain added peptide
(1.0 mg) was placed in a centrifuge tube and dissolved in
a buffer solution (pH 7.0, prepared from 35 mM TCEP
solution, 6 M guanidine hydrochloride solution and 0.2 mM

phosphoric acid solution). To the reaction solution,
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activated Raney Nickel was added at room temperature.
After 18 hours, completion of the reaction was confirmed
by HPLC. Thereafter, the reaction solution was filtrated
by a membrane filter and the filtrate portion containing
desired oligosaccharide chain added peptide was subjected
to purification by HPLC [column: SHISEIDO UG-120 (C18 5
pum), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA water,
B solution: 0.09% TFA/10% water/90% AN 7.0 ml/min; 25 —
45%B (15 min) — 60%B (10 min) — 95%B (10 min), linear
gradient] to obtain 0.2mg of desired oligosaccharide
chain added GLP-1 peptide wherein 26Lys of GLP-1 is
substituted by asialo oligosaccharide chain added Asn
(26Asn GLP-l-asialo).
[0346]
Example 39

Synthesis of 27Asn-asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase

synthesis.

- 191 -



Example 351 2Asn GAP-I-As:alto Caleurated for (.n8E1327180077:7 [M+3H]216433 found. 1649.5
Example 3618Aso GLP- 1 -Asialo Calourated for cxHNcOca [MAH] 5004,3 found.

[0347]

Fmoc-Ala (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 4 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0348]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0349]

Fmoc-Ala,Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu),
Fmoc-Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu),
Fmoc-Val, Fmoc-Asp(OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu),

Fmoc-Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu) and
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Fmoc—Ala were used as the amino acids protected by Fmoc
group and Boc-His(Trt) was used as the amino acid
protected by Boc group to obtain a 18-residue peptide of
Ala-Gln(Trt)-Gly-Glu(OtBu)-Leu-Tyr (tBu)-Ser (tBu) -

Ser (tBu) -Val-Asp (OtBu)-Ser (tBu) -Thr (tBu) -Phe-Thr (tBu) -
Gly-Glu(OtBu)-Ala-His(Trt) (SEQ ID NO:82) on a solid-
phase resin.

[0350]

After washing with DCM and DMF, a mixture solution
of trifluoroethanol and acetic acid (1:1) was added such
that the resin was thoroughly soaked and stirred at room
temperature for 18 hours. The resin was removed by
filtration and the reaction solution was concentrated
under reduced pressure. The resulting residue was
concentrated to obtain 18-residue protected peptide of
Ala-Gln(Trt)-Gly-Glu(OtBu)-Leu-Tyr (tBu)-Ser (tBu) -

Ser (tBu) -Val-Asp (OtBu)-Ser (tBu) -Thr (tBu) -Phe-Thr (tBu) -
Gly-Glu(OtBu)-Ala-His (Trt)—-NHBoc (SEQ ID NO:83).
[0351]

The 18-residue protected peptide (equivalent to 35
Umol) was transferred to an eggplant flask, dissolved in
DMF (3.7 ml) and cooled to -15 to -20°C under an argon
atmosphere. To this, benzylthiol (125 pl, 1.06 mmol) was
added and separately prepared DMF solution (1.0 ml) of
PyBOP (94.7 mg, 182 Umol) was added, and subsequently,
DIPEA (29.8 pl, 175 umol) was added. The mixture was
stirred at -15 to -20°C for 2 hours and added to cool

diethyl ether (150 ml). After precipitation of peptide
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component, the solution portion was removed by a membrane
filter. To the residue, trifluoroacetic acid: water:
TIPS (= 95: 2.5: 2.5) was added and stirred at room
temperature. After 2 hours, the solution was once again
added to separately prepared diethyl ether (150 ml) to
obtain a precipitate. Thereafter, the solution portion
was removed by a membrane filter to obtain a residue
containing a desired peptide thioester compound. This
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 7.0 ml/min;
25 —> 45%B (15 min) — 60%B (10min) — 95%B (10 min),
linear gradient] to obtain 18-residue peptide having
benzyl thiocester at C terminal: PhS-Ala-Gln-Gly-Glu-Leu-
Tyr—-Ser—-Ser—-Val-Asp—-Ser-Thr-Phe-Thr-Gly-Glu-Ala-His (SEQ
ID NO:84).
[0352]

On the other hand, a solid-phase synthesis column
was charged with Amino-PEGA resin (product of Merck) (100
Umol), washed thoroughly with dichloromethane (DCM) and
DMF and the resin was thoroughly swollen with DMF. 4-
hydroxymethyl-3-methoxyphenoxybutyric acid (HMPB) (0.25
mmol), TBTU (0.25 mmol) and N-ethylmorpholine (0.25 mmol)
were dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase

synthesis.
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[0353]

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

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using a 20%
piperidine/DMF solution (2 ml) for 15 minutes. After
washing with DMF, amino acids were sequentially condensed
in accordance with the method shown below to extend a
peptide chain.

[0354]

The amino acid having an amino group protected with
Fmoc group and HOBt (67.6 mg, 0.50 mmol) and DIPCI (77.0
wli, 63.1 mg, 0.50 mmol) were dissolved in DMF (2 ml).
After activation for 15 minutes, the resulting mixture
was loaded to a solid-phase synthesis column. After
stirring at room temperature for one hour, Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
20 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0355]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys(Boc),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
and Fmoc—-Phe were used as the amino acids protected by
Fmoc group to obtain 10-residue peptide of Gly-Arg(Pbf)-

Gly-Lys (Boc)-Val-Leu-Trp(Boc)-Ala-Ile-Phe (SEQ ID NO:85)
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on a solid-phase resin. The 10-residue peptide
(equivalent to 10 umol) was transferred to a separately
prepared solid-phase synthesis column. Fmoc group was
removed using 20% piperidine/DMF solution (1 ml) for 15
minutes, and washed with DMF. To a separate centrifuge
tube, asialo oligosaccharide chain added asparagine (b)
(a product of OTSUKA Chemical Co., Ltd.) 37.2 mg (18.8
Umol) and DEPBT 8.5 mg (28.4 umol) were dissolved in
DMF/DMSO (4:1 mixture solution, 1.0 ml) and loaded to the
solid-phase synthesis column. After addition of DIPEA
3.2 ul (18.8 umol), the mixture was stirred at room
temperature for 16 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using a 20%
piperidine/DMF solution (1 ml) for 15 minutes. After
washing with DMF, amino acids were sequentially condensed
in accordance with the method shown below to extend a
peptide chain.

[0356]

The amino acid having an amino group protected with
Fmoc group and HOBt (6.8 mg, 0.05 mmol) and DIPCI (7.7 ul,
0.05 mmol) were dissolved in DMF (1 ml). After
activation for 15 minutes, the resulting mixture was
loaded to a solid-phase synthesis column. After stirring
at room temperature for one hour, Fmoc group was removed
by using a 20% piperidine/DMF solution (1 ml) for 20
minutes. This operation was repeatedly performed to

sequentially condense amino acids. Fmoc-Lys(Boc) was
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used as the amino acid protected by Fmoc group and Boc-
Cys(Trt) was used as the amino acid protected by Boc
group to obtain oligosaccharide chain added 13-residue
peptide of Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Trp (Boc) -
Ala-TIle-Phe-Asn(Oligosaccharide chain)-Lys(Boc)-Cys(Trt)
(SEQ ID NO:86) on a solid-phase resin. To this,
trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added and stirred at room temperature for 3.5 hours.
Thereafter, the solution was added to a separately
prepared diethyl ether (150 ml) to obtain precipitation,
and subjected to centrifugation to separate a precipitate
containing a desired oligosaccharide chain added peptide
and a solution portion. The solution portion was removed
and desired product was confirmed by HPLC. After
purification by HPLC [column: SHISEIDO UG-120 (C1l8 5 um),
0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B
solution: 0.09% TFA/10% water/90% AN 7.0 ml/min; 25 —
45%B (15 min) — 60%B (10 min) — 95%B (10 min) linear
gradient] to obtain 6.1 mg of oligosaccharide chain added
13-residue peptide.

[0357]

The two types of peptides thus prepared: the 18-
residue peptide having benzylthio ester at C terminal
(1.3 mg) and the oligosaccharide chain added 13-residue
peptide (2.0 mg) were placed in a same centrifuge tube
and dissolved in a buffer solution (pH 6.8, 0.64 ml)
(prepared with 6 M guanidine hydrochloride solution and

0.2 mM phosphoric acid solution). Thiophenol (6.4 Ul)
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was then added at room temperature and a reaction was
performed at room temperature. After 24 hours, the
completion of the reaction was confirmed by HPLC.
Thereafter, the reaction solution was directly purified
by HPLC [column: SHISEIDO UG-120 (C18 5 pm), ¢ 20 X 250
mm, gradient: A solution: 0.1% TFA water, B solution:
0.09% TFA/10% water/90% AN 7.0 ml/min; 25 — 45%B (15
min) — 60%B (10 min) — 95%B (10 min), linear gradient]
to obtain 1.0 mg of oligosaccharide chain added 31-
residue peptide.
[0358]

The obtained oligosaccharide chain added peptide
(1.0 mg) was placed in a centrifuge tube and dissolved in
a buffer solution (pH 7.0, prepared from 35 mM TCEP
solution, 6 M guanidine hydrochloride solution and 0.2 mM
phosphoric acid solution). To the reaction solution,
activated Raney Nickel was added at room temperature.
After 18 hours, completion of the reaction was confirmed
by HPLC. Thereafter, the reaction solution was filtrated
by a membrane filter and the filtrate portion containing
oligosaccharide chain added peptide was subjected to
purification by HPLC [column: SHISEIDO UG-120 (C1l8 5 um),
0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B
solution: 0.09% TFA/10% water/90% AN 7.0 ml/min; 25 —
45%B (15 min) — 60%B (10 min) — 95%B (10 min), linear
gradient] to obtain 0.5 mg of desired oligosaccharide

chain added GLP-1 peptide wherein 27Glu of GLP-1 is
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substituted by asialo oligosaccharide chain added Asn
(27Asn GLP-1l-asialo).

[0359]

Example 40

Synthesis of 28Asn-asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0360]

Fmoc-Ala (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 4 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.

[0361]
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The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0362]

Fmoc-Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu),
Fmoc-Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu),
Fmoc-Val, Fmoc-Asp(OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu),
Fmoc-Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu) and
Fmoc—Ala were used as the amino acids protected by Fmoc
group and Boc-His(Trt) was used as the amino acid
protected by Boc group to obtain a 18-residue peptide of
Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-Tyr (tBu)-Ser (tBu) -

Ser (tBu) -Val-Asp (OtBu)-Ser (tBu) -Thr (tBu) -Phe-Thr (tBu) -
Gly-Glu (OtBu)-Ala-His(Trt) (SEQ ID NO:87) on a solid-
phase resin.

[0363]

After washing with DCM and DMF, a mixture solution
of trifluoroethanol and acetic acid (1:1) was added such

that the resin was thoroughly soaked and stirred at room
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(0.08 ml, 70% of the wh

ole amount) and plasma (0.034 ml, 30% of the whole amount) were

sequentially placed therein to bring about the solution amount to 0.114 ml in total. The mixture was

allowed to react at 37C.

The time when plasma was added to the reaction vessel was defined as 0

min. 0.01 ml aJCi%uolﬁg rvgeﬁrg rt%kef% Ero%tqtlaorg%tion fggutirogsoinnlgfa?éo,peom %§gd3%% 720 and 1440

minutes for sampling.
filtrat

under r
concent
Ala-Gln
Ser (tBu
Gly-Glu

[0364]

ion and the reaction solution was concentrated
educed pressure. The resulting residue was
rated to obtain 18-residue protected peptide of
(Trt)-Gly-Glu(OtBu)-Leu-Tyr (tBu)-Ser (tBu) -
) —Val-Asp (OtBu)-Ser (tBu) -Thr (tBu) -Phe-Thr (tBu) -

(OtBu)-Ala-His (Trt)—NHBoc (SEQ ID NO:88).

The 18-residue protected peptide (equivalent to 35

umol) w
DMF (3.
atmosph
added a
PyBOP (
DIPEA (
stirred
diethyl
compone
filter.
TIPS (=
tempera
added t
obtain

was rem
contain
residue

(C18 5

water,

as transferred to an eggplant flask, dissolved in
7 ml) and cooled to -15 to -20°C under an argon
ere. To this, benzylthiol (125 pul, 1.06 pmol) was
nd separately prepared DMF solution (1.0 ml) of
94.7 mg, 182 umol) was added, and subsequently,
29.8 ul, 175 umol) was added. The mixture was

at -15 to -20°C for 2 hours and added to cool

ether (150 ml). After precipitation of peptide
nt, the solution portion was removed by a membrane

To the residue, trifluorocacetic acid: water:

95: 2.5: 2.5) was added and stirred at room
ture. After 2 hours, the solution was once again
o separately prepared diethyl ether (150 ml) to
a precipitate. Thereafter, the solution portion
oved by a membrane filter to obtain a residue
ing a desired peptide thiocester compound. This

was purified by HPLC [column: SHISEIDO UG-120

pum), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA

B solution: 0.09% TFA/10% water/90% AN 7.0 ml/min;
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[0416] Each sampled reaction solution was mixed with 0.02 ml of 10% trifluoroacetic acid solution
prepared in advance in an Eppendorf tube and then centrifuged. A 0.025 ml aliquot of the supernatant
of the solution mixture was injected into HPLC to analyze the composition of the reaction solution
(reaction monitoring conditions: Shiseido CAPCELL PAK C18, UG120, 250 X 4.6 mm, developing
solvent A: 0.1% aqueous TEA solution, B: 0.1% TEA acetonitrile: water = 90:10, gradient A:B = 95:5 -4

5:95, 15 min, flow rate; 0,7 ml/min). The results are wn in FIGS. 5 (Ex ple,7%and 6 (Comparative
Example 1). | 7]_> 4$n°|B‘—I {E pelarfr}s of’ thé%li%oé&?c lar}i%e_c)hgﬁ ‘é%d naGII_TE’ )peptide are

observed aroundnk3:3 najpdtese As shownind & 51 the-eligosascharide ghain added GLP-1 peptide

of Example 7 mostly remained even after 24 hours (1440 minutes) after the plasma addition. On
the other handydm FIG. 6 a peak ebserved betwaend b arftht6.5 ninGles-iddicateés undegraded
GLP-1, and peaks observed between 17.5 and 18 minutes indicate a GLP-1 fragment (9-36) from
which 7His-8AlY asFEmoved. AS shownifi FIG 6, e GLRIT (ithoGt dligosacttatide dtin addition
of Comparative Examplg L was mostly degraded by 180 minutes after the plasma addition. [0418] Test
Example 2 (Effect of lowering blood-sugar levels in db/db mice - 1) The peptide prepared in each
of Examples 1to&sen Comparative Example 1 was intraperitoneally administered as the same sample
at a dose of 8 ml in total per kg of body weight (sample concentration: 9 nmol/kg of body weight) to
each of three 8-weekBld-malefyper2 diabiesPmbaeélMice(BKS. Eyot Repidb AEprab / Jcl).

Specifically, the peptide In 2 PRS,solution (9 wpak10.mb wag intrapetitoneally adpynisteyd at a dose
Umol), washed thoroughly with dichloromethane (DCM) and
DMF and the resin was thoroughly swollen with DMF. 4-
hydroxymethyl-3-methoxyphenoxybutyric acid (HMPB) (0.25
mmol), TBTU (0.25 mmol) and N-ethylmorpholine (0.25 mmol)
were dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0366]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to the solid-phase synthesis column and stirred at
25°C for 4 hours. After stirring, the resin was washed
with DCM and DMF. Fmoc group was removed by using a 20%
piperidine/DMF solution (2 ml) for 15 minutes. After
washing with DMF, amino acids were sequentially condensed
in accordance with the method shown below to extend a
peptide chain.

[0367]
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ml/kg to the BKS.Cg-+ Leprdb/+ Leprdb/Jcl mice (8 week old, male). 0, 30, 60, 90, 120 and 180
minutes after the administration, 0.03 ml of peripheral blood from the retro-orbital venous plexus was
collected. The obtained blood was diluted with PBS to 0.3 ml in total, and the solution was centrifuged
to separate plasma and hemocyte components. Then, only the plasma component was transferred to
an Eppendorf tube separately prepared and refrigerated. A glucose concentration in plasma was
measured in accorda#}(‘:g vglI%hl r(i%ucosia P1l-Test Warl§o éjn“?in an 9bsorptiog1ceéecrt.gge Je Its were
obtained by statistica processmg.al'cﬁe resulls are Shown i FIG, ?Lt84f§] As shown In . 7, the

GLP-1 without-eligesgechasidechainaddition of Gemparative fxample Achasdiydewered, blood-sugar
levels. By contrast, all the oligosaccharide chain added GLP-1 peptides of Examples 1 to 5
significantly lowkred Blobdssugal |évelsinand) their reffedisswerersustaimedMvenZafter 120 minutes.

[0420] Test Example 3 (Effect of lowering blood-sugar levels in db/db mice - 2) | The peptide
prepared in EXdmifie 56 EEMparative Examplel ! WaS Sntr&péritb iy adifinfst&fed &s the same

sample at a dose.of8, ml iy tatal per kg qfpody weight (sample copgentration pe kg of body weight:
0.9 nmol/kg, 9 nmol/kg, 90 nmol/kg or 900 nmol/kg) to each of three 8- week-old male type-2 diabetes

model mice (B&KS.€giheprdb/deeprdbrideth tSpecificatly cthe peplide imadBSselition9.9
nmo1/10 ml, 9 nmo1/10 ml, 90 nmo1/10 ml or 900 nmo1/10 ml) was intraperitoneally administered at a
dose of 10 mI/kg™e 1 BRS. G Beprdbis Lepiebric ied Piveer bid, rhaley.20,80, 60090 and 120

minutes after t g snalmglplg eaétlmi ' tr.atiog, opg,tryl gf %erisphreral bl %glgom t6hrefret|;gé%rbital venous
plexus was co ected: The dbtained blodd was dilltedwith PES to 0-3'mfintotal," and the solution was

centrifuged to ggparate plasma and hemacyte eempanentsy Ther,only the,plasma gempgonent was
transferred to an Eppendorf tube separately prepared and refrigerated. A glucose concentration in

plasma was measuregliardaccatdanceomitte Ghecaoseilkl -Festwako using an absorptiometer. The
results were obtained by statistical processin%. The results are shown in FIG. 8. [0421] The results
[

of FIG. 8 shows that TA& BliGdsacchafide ¢hai Pé_?fd)e'd ELPT Féptidd Bttty Excslient effect of
lowering blood:ggarjevels gyen at g dosg that is, /109 of theGLE-1, dose of 900 nmalikg.

were used as the amino acids protected by Fmoc group to
obtain 9-residue peptide of Gly-Arg(Pbf)-Gly-Lys (Boc)-
Val-Leu-Trp(Boc)-Ala-Ile (SEQ ID NO:90) on a solid-phase
resin. The 9-residue peptide (equivalent to 11 Mmol) was
transferred to a separately prepared solid-phase
synthesis column, Fmoc group was removed using 20%
piperidine/DMF solution (1 ml) for 15 minutes, and washed
with DMF. To a separate centrifuge tube, asialo
oligosaccharide chain added asparagine (b) (a product of
OTSUKA Chemical Co., Ltd.) 82.6 mg (41.8 umol) and DEPBT
18.7 mg (62.5 umol) were dissolved in DMF/DMSO (4:1
mixture solution, 1.4 ml) and loaded to the solid-phase
synthesis column. After addition of DIPEA 7.0 ul (41.2
Umol), the mixture was stirred at room temperature for 16

hours.
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[0422] Test Example 4 (Test of resistance to dipeptidyl peptidase IV (DPP-1V) - 1) 17.7 nmol of the
oligosaccharide chain added GLP-1 peptide prepared in each of Examples 1 to 5, 13 to 23, 25, 27, 31,
34, 36, 48 or 49 or the GLP-1 prepared in Comparative Example 1 was added together with 2.2 m1.1
of DPP-IV (dipeptidyl peptidase IV from porcine kidney, product of SIGMA) to a 0.5-ml Eppendorf tube.
Each solution mixture was adjusted with 100 mM sodium phosphate buffer to 100 Il in total and
allowed to react at 37C, A 10 _Ill aliguot of the reaction solution was mixed wit Il of 10%
trifluoroacetic acid pr%%%%d i?htaldfv%ln%%’in gﬁ%threef %p%e%%%rfv%agge?o mlt%rgjo%f?qwdasrﬁ%jected into

HPLC to monitafrcomplete-censumpptionsofavsmatena)s (HPLG conglitions: column: SHISEIDO
CAPCELPAK 018 UG120, 04.6 X 250 mm, developing solvent A: 0.1% aqueous TFA solution,

developing solveneBi0.0994 MFA acetonitrile/watem DOfXY; gradieAnAB=65/30£430/60, 20 min, flow
rate: 0.7 ml/min). [0423] The half-life (t1/2), which serves as an index for resistance to DPP-IV, of

the GLP-1 withiGUt biigesdddharide chaiadaitin bf Cofiigarai v B Binbe: 1 W Gafiifss a

standard (= 1), A value evalyated,qn the. eligozaceharide,chain addsg GlP-L.nentideof each Example
is shown in Table 8. [0424] [Table 8]

peptide chain.
[0368]

The amino acid having an amino group protected with
Fmoc group and HOBt 6.8 mg (0.05 mmol), and DIPCI 7.7 Ul
(0.05 mmol) were dissolved in DMF (1 ml). After
activation for 15 minutes, the mixture was loaded to a
solid-phase synthesis column. After stirring at room
temperature for one hour, Fmoc group was removed by using
a 20% piperidine/DMF solution (1 ml) for 20 minutes.
This operation was repeatedly performed to sequentially
condense amino acids. Fmoc-Glu(OtBu) and Fmoc-Lys (Boc)
were used as the amino acids protected by Fmoc group and
Boc-Cys (Trt) was used as the amino acid protected by Boc
group to obtain oligosaccharide chain added 13-residue
peptide of Gly-Arg(Pbf)-Gly-Lys (Boc)-Val-Leu-Trp (Boc) -
Ala-TIle-Asn(Oligosaccharide chain)-Glu (OtBu)-Lys (Boc) -
Cys(Trt) (SEQ ID NO:91) on a solid-phase resin. To this,
trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added and stirred at room temperature for 3.5 hours.
Thereafter, the solution was added to a separately
prepared diethyl ether (150 ml) to obtain precipitation,
and subjected to centrifugation to separate a precipitate

containing a desired oligosaccharide chain added peptide
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Example Compound Relative Resistance Example 13 12Cys G1P-1-disialo 3 4.4 Example 14 14Cys
GLP-1-distalo 6.3

and a solution portion. After the solution portion was
removed, it was subjected to purification by HPLC

[column: SHISEIDO UG-120 (C18 5 pum), ¢ 20 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 7.0 ml/min; 25 — 45%B (15 min) —
60%B (10 min) — 95%B (10 min) linear gradient] to obtain
10.1 mg of oligosaccharide chain added 13-residue peptide.
[0369]

The two types of peptides thus prepared: the 18-
residue peptide having benzylthio ester at C terminal
(3.6 mg) and the oligosaccharide chain added 13-residue
peptide (5.6 mg) were placed in a same centrifuge tube
and dissolved in a buffer solution (pH 6.8, 1.8 ml)
(prepared with 6 M guanidine hydrochloride solution and
0.2 mM phosphoric acid solution). Thiophenol (18 Wl) was
then added at room temperature and a reaction was
performed at room temperature. After 24 hours, the
completion of the reaction was confirmed by HPLC.
Thereafter, the reaction solution was directly purified
by HPLC [column: SHISEIDO UG-120 (C18 5 pm), ¢ 20 X 250
mm, gradient: A solution: 0.1% TFA water, B solution:
0.09% TFA/10% water/90% AN 7.0 ml/min; 25 — 45%B (15
min) — 60%B (10 min) — 95%B (10 min), linear gradient]
to obtain 3.8 mg of oligosaccharide chain added 31-
residue peptide.

[0370]
The obtained oligosaccharide chain added peptide

(1.3 mg) was placed in a centrifuge tube and dissolved in
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Example 15 16Cys 61.13-1.--disialo1.2 ---1 Examplel 18Cys GLP-1-disialo6 Example 16

a buffer solution (pH 7.0, prepared from 35 mM TCEP
solution, 6 M guanidine hydrochloride solution and 0.2 mM
phosphoric acid solution). To the reaction solution,
activated Raney Nickel was added at room temperature.
After 40 hours, completion of the reaction was confirmed
by HPLC. Thereafter, the reaction solution was filtrated
by a membrane filter and the filtrate portion containing
oligosaccharide chain added peptide was subjected to
purification by HPLC [column: SHISEIDO UG-120 (C18 5 um),
0 20 X 250 mm, gradient: A solution: 0.1% TFA water, B
solution: 0.09% TFA/10% water/90% AN 7.0 ml/min; 25 —
45%B (15 min) — 60%B (10 min) — 95%B (10 min), linear
gradient] to obtain 0.8 mg of desired oligosaccharide
chain added GLP-1 peptide wherein 28Phe of GLP-1 is
substituted by asialo oligosaccharide chain added Asn
(28Asn GLP-1l-asialo).
[0371]
Example 41

Synthesis of 30 Asn-asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (50 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.125 mmol), TBTU
(0.125 mmol) and N-ethylmorpholine (0.125 mmol) were
dissolved in DMF (2 ml), loaded to the column, and

stirred at room temperature for 4 hours. The resin was
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20Gys GLP-1-disialo26 Example 2 22Cys GLP-1-disialo3 Example 17 Z4Cys GLP-1-disialo3.0

washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0372]

Fmoc-Gly (0.25 mmol), MSNT (0.25 mmol) and N-
methylimidazole (0.175 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0373]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.25 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.25
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.25 mmol)
to sequentially condense amino acids.

[0374]
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Example 18 2SCys GLP-1-disialo3.1 Example 3 26Cys GLP-1-disialo4.6 Example 19 27Cys
GLP-1-disialo2,3

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Lys (Boc),
Fmoc-Val, Fmoc-Leu and Fmoc-Trp(Boc) were used as the
amino acids protected by Fmoc group to obtain a 7-residue
peptide of Gly-Arg(Pbf)-Gly-Lys(Boc)-Val-Leu-Trp (Boc)
(SEQ ID NO:92) on a solid-phase resin.

[0375]

Asialo oligosaccharide chain added asparagine (b) (a
product of OTSUKA Chemical Co., Ltd.) 198 mg (100 umol)
and DEPBT 30.0 mg (100 umol) were dissolved in NMP/DMSO
(2.4/0.6 ml) and loaded to the solid-phase synthesis
column. After addition of DIPEA 26 unl (150 pumol), the
mixture was stirred at room temperature for 24 hours.
After washing with DCM and DMF, oligosaccharide chain
added 8-residue peptide of Gly-Arg(Pbf)-Gly-Lys (Boc)-Val-
Leu-Trp (Boc)-Asn(Oligosaccharide chain) (SEQ ID NO:93) was
obtained on the solid phase. Subsequently, the amino
acid having an amino group protected with Fmoc group was
condenced by HOBt 34 mg (0.25 mmol), DIPCI 38 ul (0.25
mmol) and DMF (1 ml) to form oligosaccharide chain added
31l-residue peptide of Gly-Arg(Pbf)-Gly-Lys (Boc)-Val-Leu-
Trp (Boc)-Asn(Oligosaccharide chain)-Ile-Phe-Glu(OtBu) -
Lys(Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-Tyr (tBu) -

Ser (tBu) -Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) -Thr (tBu) -Phe-
Thr (tBu) -Gly-Glu (OtBu)-Ala-His (Trt) (SEQ ID NO:94).
[0376]

To the obtained resin having an oligosaccharide

chain added peptide formed thereon, trifluoroacetic acid:

water: TIPS (= 95: 2.5: 2.5) was added such that the
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Exampk320 28Cys GLP-1-disialo,9.0 Example 21 30Cys GLP-1-disialo2,4 Example 22 32Cys
GLP-1-clisialc3.7

resin was thoroughly soaked and stirred at room
temperature for 3 hours. The resin was removed by
filtration and the reaction solution was concentrated
under reduced pressure. The resulting residue was
purified by HPLC [column: SHISEIDO UG-120 (C18 5 um), 0
20 X 250 mm, gradient: A solution: 0.1% TFA water, B
solution: 0.09% TFA/10% water/90% AN 7.0 ml/min; 35 —
60%B, 20 min linear gradient] to obtain 6.4 mg of
oligosaccharide chain added GLP-1 peptide wherein 30Ala
of GLP-1 is substituted with asialo oligosaccharide chain
added Asn (30Asn GLP-l-asialo).
[0377]
Example 42

Synthesis of 36Asn asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (50 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.125 mmol), TBTU
(0.125 mmol) and N-ethylmorpholine (0.125 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0378]
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Example 23 34Cys GLP-1-disial03,0 Example 4 36Cys GLP-1-disiatol1.6 Example 5

Fmoc-Gly (0.25 mmol), MSNT (0.25 mmol) and N-
methylimidazole (0.175 mmol) were dissolved in DCM (2 ml),
loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0379]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.25 mmol),
the resulting mixture was loaded to a solid-phase
synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.25
mmol) was added to the solid-phase synthesis column.
After stirring at room temperature for 20 minutes, the
resin was washed with DCM and DMF, and Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
15 minutes. Asialo oligosaccharide chain added
asparagine (b) (a product of OTSUKA Chemical Co., Ltd.)
198 mg (100 pmol) and DEPBT 30.0 mg (100 pumol) were
dissolved in NMP/DMSO (2.4/0.6 ml) and loaded to the
solid-phase synthesis column. After addition of DIPEA 26
wl (150 pmol), the mixture was stirred at room
temperature for 24 hours. After washing with DCM and DMF,

oligosaccharide chain added 2-residue peptide of Gly-
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38iCys GLP-1-di sialol.7 i Example 25 26Cys GLP-1-asialo4.6 Example 27 34CysL1-asialo20

Asn (Oligosaccharide chain) was obtained on the solid
phase.
[0380]

Subsequently, the amino acid having an amino group
protected with Fmoc group was condenced by HOBt 34 mg
(0.25 mmol), DIPCI 38 ul (0.25 mmol) and DMF (1 ml) to
form oligosaccharide chain added 31-residue peptide of
Gly-Asn(Oligosaccharide chain)-Gly-Lys (Boc)-Val-Leu-
Trp(Boc)—-Ala-Ile-Phe-Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt) -
Gly—-Glu (OtBu)-Leu-Tyr (tBu)-Ser (tBu)-Ser (tBu)-Val-

Asp (OtBu)-Ser (tBu)-Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) —
Ala-His(Trt) (SEQ ID NO:95).
[0381]

To the obtained resin having an oligosaccharide
chain added peptide formed thereon, trifluoroacetic acid:
water: TIPS (= 95: 2.5: 2.5) was added such that the
resin was thoroughly soaked and stirred at room
temperature for 3 hours. The resin was removed by
filtration and the reaction solution was concentrated
under reduced pressure. The resulting residue was
purified by HPLC [column: SHISEIDO UG-120 (C18 5 um), ¢
20 X 250 mm, gradient: A solution: 0.1% TFA water, B
solution: 0.09% TFA/10% water/90% AN 7.0 ml/min; 35 —
60%B, 20 min linear gradient] to obtain 8.0 mg of
oligosaccharide chain added GLP-1 peptide wherein 36Aeg
of GLP-1 is substituted with asialo oligosaccharide chain
added Asn (36Asn GLP-l-asialo).

[0382]
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Example 31 34Cys 612-1--diGlelsiAc2.0 Example 34 34Cys GLP-1-dimannose I.6 Example 36
18Asn GLP-1-asialo

Example 43

Synthesis of 18Asn-disialo oligosaccharide chain
added GLP-1 peptide

18 Asn GLP-l-asialo synthesized in Example 36 (0.6
mg) was dissolved in 50mM cacodylate buffer (pH=5.0, 200
1l) and bovine serum albumine (BSA, 1 mg) was added.
CMP-sialic acid (5 mg) and alkaline phosphatase (1 ul)
were further added and the mixture was homogenized.
Finally, o2,6-Sialyltransferase (product of Japan Tobacco
Inc., 10 mU) was added and reaction was performed at
30 C for 24 hours. (Reaction monitoring condition by
HPLC: column: SHISEIDO CAPCELPAK C18 UG120, ¢ 4.6 x 250
mm, developing solvent A: 0.1% TFA aqueous solution,
developing solvent B: 0.09% TFA acetonitrile/water =
90/10, gradient A/B = 60/40 — 30/60 40 minutes, flow
rate: 0.7 ml/min). Figure 1 shows an exemplary chart of
the HPLC. 1In figure 1, the front peak shows 18 Asn GLP-
l-asialo (material), and the back peak shows 18 Asn GLP-
l-disialo. After purification by HPLC under the same
condition, 0.3 mg of gly oligosaccharide chain added
cosylated GLP-1 peptide wherein 18Ser of GLP-1 is
substituted with disialo oligosaccharide chain added Asn
(18Asn GLP-1-disialo) was obtained.
[0383]
Example 44

Synthesis of 22Asn-disialo oligosaccharide chain

added GLP-1 peptide
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1.3 Example 48 26, 34Cys 612-1-disialo 2 3.6 Example 49 18, 36Cys GLP-1-disialo 1 2 8.

22 Asn GLP-l-asialo synthesized in Example 37 (1.3
mg) was dissolved in 50mM cacodylate buffer (pH=5.0, 200
1l) and bovine serum albumine (BSA, 1 mg) was added.
CMP-sialic acid (5 mg) and alkaline phosphatase (1 ul)
were further added and the mixture was homogenized.
Finally, o2,6-Sialyltransferase (product of Japan Tobacco
Inc., 10 mU) was added and reaction was performed at
30 C for 24 hours. (Reaction monitoring condition by
HPLC: column: SHISEIDO CAPCELPAK C18 UG120, ¢ 4.6 x 250
mm, developing solvent A: 0.1% TFA aqueous solution,
developing solvent B: 0.09% TFA acetonitrile/water =
90/10, gradient A/B = 60/40 — 30/60 40 minutes, flow
rate: 0.7 ml/min). Figure 2 shows an exemplary chart of
the HPLC. 1In figure 2, the front peak shows 22 Asn GLP-
l-asialo (material), and the back peak shows 22 Asn GLP-
l-disialo. After purification by HPLC under the same
condition, 1.3 mg of oligosaccharide chain added GLP-1
peptide wherein 22Gly of GLP-1 is substituted with
disialo oligosaccharide chain added Asn (22Asn GLP-1-
disialo) was obtained.
[0384]
Example 45

Synthesis of 30Asn-disialo oligosaccharide chain
added GLP-1 peptide

30 Asn GLP-l-asialo synthesized in Example 41 (0.9
mg) was dissolved in 50mM cacodylate buffer (pH=5.0, 200
1l) and bovine serum albumine (BSA, 1 mg) was added.

CMP-sialic acid (5 mg) and alkaline phosphatase (1 ul)
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6 [0425] The oligosaccharide chain added GLP-1 peptide of each Example exhibited DPP-IV
resistance 1.2 to 128 times that of the GLP-1 of Comparative Example 1. The maximum resistance
was exhibited by the 18,36Cys-disialo oligosaccharide chain added GLP-1 peptide, followed by
12Cys-disialo, 26,34Cys-disialo, 28Cys-disialo, 14Cys- disialo, 260ys-disialo, 260ys-asialo,
320ys-disialo, 250ys-disialo, 220ys-disialo, 240ys-disialo, 34Cysdisialo, 200ys-disialo, 300ys-disialo,

270ys-disialo, 340ys-asialo, 340 gﬂi icNAc,,380ys-disialo, 36Cysdisialo, 340ys-dimannose,
18Cys-disialo,wfg,%snfgg?g?éegndg § (e,gs-%?galg%llr? this >(i)scr(}llé:r.é [0%82 ]%Om?ﬁg %ﬁggég'ccharide chain

added GLP-1 peptides,of Bxarples3. 8ranch48 or Examples, &4 and A9wete compareddn DPP-IV
resistance. The results demonstrated that the oligosaccharide chain added GLP-1 peptide having 2

oligosaccharidenchains Ragihighes PRI desistante dlvan that of theoeligozasehlaride chain added
GLP-1 peptide haying 1 oligosaccharide chain, and that the addition of 2 or more oligosaccharide
chains thus préfudes@8yrigtgiRtit effect. (RedR teifis Broligoeaddrarite cHdin Sttubtires to be added

o the oligosaseharide shaln, added GLE 1, peptdes, Higher DRP Y regisiapop was estipited inthe
order of disialo oligosaccharide chain > asialo oligosaccharide chain > diGicNAc oﬁgosaccharlde chain
> dimannose aligosaeckdarigeichaigolvent A: 0.1% TFA aqueous solution,
developing solvent B: 0.09% TFA acetonitrile/water =
90/10, gradient A/B = 60/40 — 30/60 40 minutes, flow
rate: 0.7 ml/min). Figure 3 shows an exemplary chart of
the HPLC. In figure 3, the front peak shows 30 Asn GLP-
l-asialo (material), and the back peak shows 30 Asn GLP-
l-disialo. After purification by HPLC under the same
condition, 0.6 mg of oligosaccharide chain added GLP-1
peptide wherein 30Ala of GLP-1 is substituted with
disialo oligosaccharide chain added Asn (30Asn GLP-1-
disialo) was obtained.
[0385]
Example 46
Synthesis of 30Asn-disialo oligosaccharide chain
added GLP-1 peptide
A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TRBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and

stirred at room temperature for 4 hours. The resin was
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[0427] Test Example 5 (Test of resistance to dipeptidyl peptidase IV (DPP-1V) - 2) 17.7 nmol of the
oligosaccharide chain added GLP-1 peptide prepared in each of Examples 10 to 13 was added
together with 22 m1.1 of DPP-IV (dipeptidyl peptidase IV from porcine kidney, product of SIGMA) to a
0.5-ml Eppendorf tube. Each solution mixture was adjusted with 100 mM sodium phosphate buffer to
100 Ill'in total and allowed to react at 37C. A 10 Il aliquot of the reaction solution was mixed with 15 I

of 10% trifluor%%%«?;[iec acid gg%%arﬁ‘dtsﬁ %(ii\{%nc@'@ %nnoéh%rcglp%%ndo rf tube. ﬁ&ﬂ'ﬁﬂ‘ﬁfﬁ%‘c was injected
[ 0 PL [

into HPLC to monitor complete consumption of raw materials conditions: column: SHISEIDO
CAPCELPAK 048 1}120,:04.6 %250, 5¥n, developing s@lvent A 0£19% agueous Jisfssolution,
developing solvent B: 0.09% TEA acetonitrile/water = 90/10, gradient A/B=65/30 -4 30/60, 20 min, flow
rate: 0.7 ml/miny o428} s . The half-life (t1/2), which serves as an index for resistance to DPP-IV, of
the oligosaccharide chain added GLP-1 peptide of Example 13 was defined as a standard (= 1). A
value evaluatet’of fHe oligosaccharide chain added GLP-1 peptides of Examples 10 to 12 is shown in

Table 9. [0429] [Table 3] Example Comppaynd RelqiveResiSBhCtno1) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to the solid-phase synthesis column and stirred at
25°C for 4 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using a 20%
piperidine/DMF solution (2 ml) for 15 minutes. After
washing with DMF, amino acids were sequentially condensed
in accordance with the method shown below to extend a
peptide chain.

[0387]

The amino acid having an amino group protected with
Fmoc group was dissolved in N-methylpyrrolidone (NMP) (1
ml). After addition of 0.45 M HCTU-HOBT/NMP (0.4 mmol),
the mixture was loaded to a solid-phase synthesis column.
Subsequently, 0.9 M DIPEA/NMP (0.8 mmol) was added to the
solid-phase synthesis column. After stirring at room
temperature for 20 minutes, the resin was washed with DCM
and DMF, and Fmoc group was removed by using 20%
piperidine/DMF solution (2 ml) for 15 minutes. This
operation was repeatedly performed using an amino acid
protected with Fmoc group (0.5 mmol) to sequentially
condense amino acids.

[0388]
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Example 10 9Cys GLP-1-disialo 17.2 Example 11 10Cys GLP-1-disialo 9.0 Example 12 11Cys
GLP-1-clisialo 1.1 Example 13 12Cys GLP-1-disialo

Fmoc—-Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu),
Fmoc-Leu, Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu),
Fmoc-Val, Fmoc-Asp(OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu),
Fmoc-Phe, Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu) and
Fmoc—-Ala were used as amino acids protected by Fmoc group,
and Boc—-His (Trt) was used as the amino acid protected by
Boc group, to obtain 18-residue peptide of Ala-Gln(Trt) -
Gly—-Glu (OtBu)-Leu-Tyr (tBu)-Ser (tBu)-Ser (tBu)-Val-

Asp (OtBu)-Ser (tBu)-Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) —
Ala-His(Trt) (SEQ ID NO:96) on a solid phase resin.
[0389]

After washing with DCM and DMF, a mixture solution
of trifluoroethanol and acetic acid (1:1) was added such
that the resin was soaked thoroughly and stirred at room
temperature for 18 hours. The resin was removed by
filtration and the reaction solution was concentrated
under reduced pressure. The obtained residue was
concentrated to obtain a protected peptide: Ala-Gln(Trt)-
Gly-Glu (OtBu)-Leu-Tyr (tBu)-Ser (tBu) -Ser (tBu) -Val-

Asp (OtBu) -Ser (tBu) -Thr (tBu) -Phe-Thr (tBu) -Gly-Glu (OtBu) -
Ala-His (Trt)-NHBoc (SEQ ID NO:97).
[0390]

The 18-residue protected peptide (equivalent to 35
Umol) was transferred to an eggplant flask, dissolved in
DMF (3.7 ml) and cooled to -15 to -20°C under an argon
atmosphere. To this, benzylthiol 125 ul (1.06 mmol) was
added and separately prepared DMF solution (1.0 ml) of

PyBOP 94.7 mg (182 umol) was added, and subsequently,
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1.0 [0430] In Test Example 4, the oligosaccharide chain added GLP-1 peptide of Example 13
exhibited DPP-1V resistance about 34 times that of the GLP-1 without oligosaccharide chain addition of
Comparative Example 1. The oligosaccharide chain added GLP-1 peptides of Examples 10 to 12
exhibited DPP-1V resistance 1.1 to 17.2 times that of the oligosaccharide chain added GLP-1 peptide
of Example 13 (12Cys-disialo). The maximum resistance was exhibited by 9Cys-disialo, followed by

10Cys-disialo, 11Cys-disialo a d%f s-disi Ein this order andJNi her DPP-IV resistance was
produced by a](Dj(IjlpnngI?g%:éacg#an e%:%éﬁ%? s"ft%sclgéegre[g the E ertinal of GLP-1. A reactive site

for DPP-IV hag beep known tojexist at the M terminal of GI.R-1, apd thegligesaceharide chain added
GLP-1 peptide exhibited higher DPP-IV resistance by adding oligosaccharide chain at this site. [0431]

Test Example &i@esy of athilityrto 6yhthesize.cAMP)er Hr Gonstrbeticrrof mbuseGliRld
receptor-expressing vector A mouse GLP1 receptor sense primer (5'-

GTIGCTAGCGEBACERIGGECAGEACCCEARECEERS) (SEQITNT: 152Y aftd ABLEE BLP-1
receptor antisgnsg pimer {3~ GEIGAATIGIGAGGIGMGGAACICIGCLAG-3),(SEQ ID NO: 153)

capable of binding to the 5' and 3' ends of mouse GLP-1 receptor cDNA were separately synthesized.
PCR was perfomped ysing®Ex Tag polymerase {TaKaRa) with cEONA (StonetlD: 46046534, Open
Biosystems) as a template. Specifically, 50 !IL in total of reaction solution consisting of 1 !IL of
template cONASTORGARLY & 1L df 25 miM 8RS /1 KRB pArEr 5BIutidn MiRTLFEs FEREHS0 liM), 5 1L
of X10 Ex Taq %%Jl)érge%se Buffer, 0.25 'IL of Ex Ta %0| eér/aisee%r}]ld 38.@;!# 8fl§teggzed water was

used and allowed to react l%)e/%ﬁ]&éf%? Yminute: 94C for 45 seconds, 55C minute and 72C for 2

minutes (35 cygles); and 72Efor 40 mipytes.thhe-BCR teaction praduct waselgetrenharesed on 1%
agarose gel, and the cDNA fragment was purified using Wizard SV Gel and PCR Clean-up System

(Promega) and ¢reatednwith destrickiomenzyraes (EcdRlkeand-NheDtte obtain mecustu€LP-1 receptor
CONA. containing a desired peptide thioester compound. This
residue was purified by HPLC [column: SHISEIDO UG-120
(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 7.0 ml/min;
25 — 45%B (15 min) — 60%B (1lO0min) — 95%B (10 min)
linear gradient] to obtain a 18-residue peptide having
benzyl thiocester at C terminal: PhS-Ala-Gln-Gly-Glu-Leu-
Tyr—-Ser—-Ser—-Val-Asp-Ser-Thr-Phe-Thr-Gly-Glu-Ala-His (SEQ
ID NO:98).
ESI-MS: Calcd for CggHi»sN2103:S: [M+2H]?" 1002.9, found.
1003.3
[0391]
On the other hand, a solid-phase synthesis column
was charged with Amino-PEGA resin (product of Merck) (100
Umol), washed thoroughly with dichloromethane (DCM) and
DMF and the resin was thoroughly swollen with DMF. 4-

hydroxymethyl-3-methoxyphenoxybutyric acid (HMPB) (0.25

mmol), TBTU (0.25 mmol) and N-ethylmorpholine (0.25 mmol)
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[0432] To efficiently obtain cells highly expressing a mouse GLP-1 receptor, a pIRES-gfp vector
was used as an expression vector. This vector was prepared by inserting, to a vector pEGFP-N1
(Clontech), an IRES gene-containing DNA fragment obtained by the restriction enzyme treatment (Sal
| and BamHI) of pIRESpuro2 (Clontech). The mouse GLP-1 receptor cDNA fragment was inserted
to pIRES-gfp to thereby obtain a mouse GLP-1 receptor-expressing vector mGLP-1R/pIRES-gfp. The

DNA sequence of the obtained vector confirmed usin 13100-Avant {)A lied Biogystems).
[0433] 2. Iyrgﬁgra%(l)ﬁso?qrﬁfoel?sel&L\gﬁf re?c%prﬂ)lﬁ-éxpirgsgé%% C oﬁ&e cel sl%l%n(‘:Hebr-1 1 cells (ATCC

catalog No. CGL-6d) averg transtected with:the obtained mGLBLR/PIRESOfplsing FHGENE
(registered trademark) (Roche) according to the instruction manual. The transfected CHO-K1 cells
were cultured reRP&MI 1640 nreditihy(\WakdPOM Chermiddl¥ndustiiés)contdiMing-FI%A4-CS (Hyclone)
and penicillin-streptomycin (SIGMA). Drug selection was conducted by the addition of 1.0 mg/ml G418
(Wako Pure Ch&fiical 1Hdustiedi> Thi ?ﬁ%g F&sidtanice tRISRRTE sbiteéd With's cBi &Sfer (EPICS
ALTRA, Beckrgl%tqlcgg@g).using a GFP expression level as an index. After the sorting, the limiting
dilution method 'was conducted to obtain cells highly expressing GFP, namely, cells highly expressing
a mouse GLP-orezeptor. The obtained cells were used as mouse GLP-1 receptor-expressing
CHO-K1 cells in the experiment shown below. [0434] 3. Analysis of agonist effect of
oligosaccharide chaihmaRieled GLR - péptitiectability’ to'SyntResi?e BARMP) 2ndrHé mouse GLP-1
receptor-expressj HO-K1 cells prepared in the preceding paragraph 2 wer e(i o eyaluate the
D G ae At i 280 B ortas et o Lonfhbd

agonist effect of aride ‘chain ad L ide using esize cAMP
asanindex. 1oaded to the solid-phase synthesis column and stirred at

25°C for 4 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using 20% piperidine/DMF
solution (2 ml) for 15 minutes. After washing with DMF,
amino acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0393]

The amino acid having an amino group protected with
Fmoc group and HOBt 67.6 mg (0.50 mmol)) and DIPCI 77.0
pl (63.1 mg, 0.50 mmol) were dissolved in DMF (2 ml).
After activation for 15 minutes, the resulting mixture
was loaded to a solid-phase synthesis column. After
stirring at room temperature for one hour, Fmoc group was
removed by using a 20% piperidine/DMF solution (2 ml) for
20 minutes. This operation was repeatedly performed
using an amino acid protected with Fmoc group (0.5 mmol)
to sequentially condense amino acids.

[0394]
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The mouse GLP-1 receptor-expressing CHO-K1 cells were suspended at a concentration of 5 X 105
cells/ml in RPMI1640 medium containing 10% FCS. The cell suspension was seeded at a
concentration of 100 !'IL per well to a flat-bottomed 96-well plate (Falcon) and cultured at 5% CO2 at
37C for 16 hours. The culture supernatant was discarded. The oligosaccharide chain added GLP-1
peptide dissolved in Krebs Ringer bicarbonate Buffer containing 2.5 mM glucose was added at a

concentration of 100 RL/well and (%ult(tDJre%atg P(Z)% r3Q I%]PI%U?E# 2@ Iggg%r]gy%ugég tant was

immediately discarded. The ambunt of c2 synthéesized in the Mouse ceptdr-expressing

OHO-K1 cells myas-measyrediising sAMBELISA Kit(GE Bealtheareor Gayiman) and used as an

index for the agonist effect of the oligosaccharide chain added GLP-1 peptide on mouse GLP-1
receptors. [0435]ids GlRUsintredsks intracelldlae eAMP cohtentrationsahroligh theibindiag to its
receptor and pramotes insulin secretion. Thus, the activi%Pof the oligosaccharide chain added GLP-1

peptide was eP4luated usihg the hbillfy b SyrinESize cAMP HE AnTihddx Cfile hdtge BLP-1
receptor-expregsingsCHQ-K1 cells werg, stimulated with the, gligosacchatide Qg@iaopéjed GLP-1

peptide. The amount of CAMP synthesized in the cells was measured. The EC50 value of the GLP-1

without oligosacehasidgnehain additien oh Comparative; Example  was definesias-t4The relative
activities of the oligosaccharide chain added GLP-1 peptides of Examples 1 to 5, 8 to 23, 25 and 27
are shown in Fablé 40P[0438] Frablé e8] SExempleCompetmdve Fmoc group by

using a 20% piperidine/DMF solution (2 ml) for 15 minutes
and washed with DMF. To a separate centrifuge tube,
oligosaccharide chain added asparagine (f) (a product of
OTSUKA Chemical Co., Ltd.) 132.7 mg (48.4 pmol) and DEPBT
31.2 mg (104.3 pmol) were dissolved in DMF/DMSO (1l: 4
mixture solution, 0.6 ml) and loaded to the solid-phase
synthesis column. After addition of DIPEA 18.1 pl (103.8
Umol), the mixture was stirred at room temperature for 18
hours.

[0395]

[Formula 10]
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Relative Activity Example 8 6Cri GLP-1-disialo < 0 .1 Example 9 8Cys GLP-1-disial0 < 0.1 Example
10 9Cys GLP-1-disialo < 0 .1 Example 11

[0396]

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using a 20%
piperidine/DMF solution (1 ml) for 15 minutes. After
washing with DMF, amino acids were sequentially condensed
in accordance with the method shown below to extend a
peptide chain.

[0397]

The amino acid having an amino group protected with
Fmoc group and HOBt 33.8 mg (0.25 mmol), and DIPCI 38.5
pl (31.5 mg, 0.25 mmol) were dissolved in DMF (1 ml).
After activation for 15 minutes, the mixture was loaded
to a solid-phase synthesis column. After stirring at
room temperature for one hour, Fmoc group was removed by
using a 20% piperidine/DMF solution (1 ml) for 20 minutes.

This operation was repeatedly performed to sequentially
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10Cys GLP-1-disialo < 0 .1 Example 12 11Cys GLP-1-4isialo < 0 .1 Example 13 1.2Cys GLP-1-disialo
< 0.1 Example 14 14Cys GLP-1-disialo <0 .1

condense amino acids. Fmoc-Ile, Fmoc—Phe, Fmoc-Glu (OtBu)
and Fmoc-Lys (Boc) were used as amino acids protected by
Fmoc group, and Boc-Cys (Trt) was used as amino acids
protected by Boc group to obtain oligosaccharide chain
added 13-residue peptide of Gly-Arg(Pbf)-Gly-Lys (Boc)-—
Val-Leu-Trp(Boc)—-Asn(Oligosaccharide chain)-Ile-Phe-

Glu (OtBu)-Lys (Boc)-Cys(trt) (SEQ ID NO:100) on a solid
phase resin. To this, trifluorocacetic acid: water: TIPS
(= 95: 2.5: 2.5) was added and stirred at room
temperature for 3.5 hours. Thereafter, the solution was
added to a separately prepared diethyl ether (150 ml) to
obtain precipitation, and subjected to centrifugation to
separate a precipitate containing an oligosaccharide
chain added peptide and a solution portion. After
removing the solution portion, the obtained precipitate
was dissolved in a 50 mM dithiothreitol solution buffer
pH 6.8 (prepared from 50mM dithiothreitol solution, 6 M
guanidine hydrochloride solution and 0.2 mM phosphoric
acid solution) and allowed to react overnight. After
desired product was confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18 5 pum), ¢ 20 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 7.0 ml/min; 25 — 45%B (15 min) —
60%B (10 min) — 95%B (10 min) linear gradient] to obtain
an oligosaccharide chain added 13-residue peptide (18.2

mg) .
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Example 15 16Cys GLP-1-disialo < 0.1 Example 1 18Cys GLP-1-disial0 < 0.1 Example 16 20Cys
GLP-1-disialo < 0.1 Example 2 22Cys (LP-1-disialo

ESI-MS: Calcd for CieoHaeoNyc07S: [M+3H]°" 1312.2,
found. 1313.0
[0398]

The two types of peptides thus prepared: the 18-
residue peptide having benzylthio ester at C terminal
(9.3 mg) and the oligosaccharide chain added 13-residue
peptide (18.2 mg) were placed in a same centrifuge tube
and dissolved in a buffer solution (pH 6.8, 0.15 ml)
(prepared from 6 M guanidine hydrochloride solution and
0.2 mM phosphoric acid solution). Thiophenol (15.4 ul)
was then added at room temperature and a reaction was
performed at 37°C. After 24 hours, the reaction solution
was directly subjected to purification by HPLC, [column:
SHISEIDO UG-120 (C18 5 upm), ¢ 20 X 250 mm, gradient: A
solution: 0.1% TFA water, B solution: 0.09% TFA/10%
water/90% AN 7.0 ml/min; 25 — 45%B (15 min) — 60%B (10
min) — 95%B (10 min), linear gradient] to obtain an
oligosaccharide chain added 31l-residue peptide (9.2 mg).

ESI-MS: Calcd for CjysoHs377Ni70100S: [M+4H]*" 1454.4,
found. 1455.0
[0399]

The obtained oligosaccharide chain added peptide
(9.2 mg) was placed in a centrifuge tube and dissolved in
a buffer solution (pH 7.0, prepared from 35 mM TCEP
solution, 6 M guanidine hydrochloride solution and 0.2 mM
phosphoric acid solution). To the reaction solution,
activated Raney Nickel was added at room temperature.

After 72 hours, completion of the reaction was confirmed
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1 .0 Example 17 24Cys GLP-1-disialo < 0.1 Example 18 26Cys GLP-1-disial0 < 0. Example 3 26Cys
GLP-1-disialo 0.2 Example 19

by HPLC. Thereafter, the reaction solution was filtrated
by a membrane filter and the filtrate portion containing
desired oligosaccharide chain added peptide was subjected
to purification by HPLC [column: SHISEIDO UG-120 (C18 5
um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA water,
B solution: 0.09% TFA/10% water/90% AN 7.0 ml/min; 25 —
45%B (15 min) — 60%B (10 min) — 95%B (10 min), linear
gradient] to obtain a oligosaccharide chain added 31-
residue peptide (1.3 mg).

ESI-MS: Calcd for CusoHs79Nga70109: [M+4H]1*" 1446.4,
found. 1447.2
[0400]

The oligosaccharide chain added 31-residue peptide
(1.3 mg) thus obtained was placed in an Eppendorf tube
and dissolved with distilled water (25 pul). To this
solution, a 100 mM aqueous sodium hydroxide solution (25
Wl) was added at room temperature. After 30 minutes,
production of desired product was confirmed by HPLC and
the solution was cooled to 0°C and neutralized by adding
50 mM agueous acetic acid solution (50 pl). The solution
was purified by HPLC [column: Vydac column (C18 5 um), ¢
4.6 X 250 mm, gradient: A solution: 0.1% TFA water, B
solution: 0.09% TFA/10% water/90% AN 7.0 ml/min; 25 —
45%B (15 min) — 60%B (10 min) — 95%B (10 min), linear
gradient] to obtain 0.3 mg of desired oligosaccharide
chain added GLP-1 peptide wherein 30Ala of GLP-1 is
substituted by disialo oligosaccharide chain added Asn

(30Asn GLP-1-disialo).
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27Cys GLP-1-disialo 0.2 Example 20 28Cys GLP-1-di sia lo < 0.1 Example 21 30Cys GLP-1-di sialo
0.6 Example 22 32Cys GLP-1-di sialo < 0.1

ESI-MS: Calcd for CuseHsesNa70109: [M+4H]1*" 1401.4,
found. 1402.1
[0401]
Example 47

Synthesis of 36Asn-disialo oligosaccharide chain
added GLP-1 peptide

36 Asn GLP-l-asialo synthesized in Example 42 (0.8
mg) was dissolved in 50 mM cacodylate buffer (pH=5.0, 200
1l) and bovine serum albumine (BSA, 1 mg) was added.
CMP-sialic acid (5 mg) and alkaline phosphatase (1 ul)
were further added and the mixture was homogenized.
Finally, o2,6-Sialyltransferase (product of Japan Tobacco
Inc., 10 mU) was added and reaction was performed at
30 C for 24 hours. (Reaction monitoring condition by
HPLC: column: SHISEIDO CAPCELPAK C18 UG120, ¢ 4.6 x 250
mm, developing solvent A: 0.1% TFA aqueous solution,
developing solvent B: 0.09% TFA acetonitrile/water =
90/10, gradient A/B = 60/40 — 30/60 40 minutes, flow
rate: 0.7 ml/min). Figure 4 shows an exemplary chart of
the HPLC. 1In figure 4, the front peak shows 36 Asn GLP-
l-asialo (material), and the back peak shows 36 Asn GLP-
l-disialo. After purification by HPLC under the same
condition, 0.6 mg of oligosaccharide chain added GLP-1
peptide wherein 36Arg of GLP-1 is substituted by disialo
oligosaccharide chain added Asn (36Asn GLP-1-disialo) was
obtained.
[0402]

Example 48
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Example 23 34Cys GLP-1-disialo 0.7 Example 4 36Cys GLP-1-di sialo 1 .9 Example 5 38Cys
GLP-1-disialo 1 .9 Example 25 26Cys GLP-1-asialo

Synthesis of 26 and 34Cys-disialo oligosaccharide
chain added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 umol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4-hydroxymethyl-
3-methoxyphenoxybutyric acid (HMPB) (0.25 mmol), TBTU
(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
dissolved in DMF (2 ml), loaded to the column, and
stirred at room temperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
synthesis.

[0403]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to the solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using a 20%
piperidine/DMF solution (2 ml) for 15 minutes. After
washing with DMF, amino acids were sequentially condensed
in accordance with the method shown below to extend a
peptide chain.

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

the mixture was loaded to a solid-phase synthesis column.
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0.8 Example 27 34Cys GLP-1-asialo 2.2 .... [0437] The oligosaccharide chain added GLP-1
peptides 22Cys GLP-1-disialo, 26Cys GLP-1-asialo, 300ys GLP-1-disialo, 34Cys GLP-1-disialo, 34Cys
GLP-1-asialo, 36Cys GLP-1- disialo and 380ys GLP-1-disialo of Examples were found to exhibit
activity equal to or more than that of the GLP-1 without oligosaccharide chain addition of Comparative
Example 1, suggesting that an amino acid at position 22, 26, 30, 34, 36 or 38 (= addition of an

csaccee SIAMUNEL Bt 1o AR A ogRler 01 g fe o
solid-phase synthesis column. After stirring at room
temperature for 20 minutes, the resin was washed with DCM

and DMF, and Fmoc group was removed by using 20%

piperidine/DMF solution (2 ml) for 15 minutes. This

operation was repeatedly performed using an amino acid
protected with Fmoc group (0.5 mmol) to sequentially

condense amino acids.

[0404]

Fmoc-Gly, Fmoc-Arg(Pbf), Fmoc-Gly, Fmoc-Cys(Trt),
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Cys(Trt), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,
Fmoc-Tyr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-Val,
Fmoc—-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-Phe,
Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and
Fmoc—-His (Trt) were used as amino acids protected by Fmoc
group to obtain 3l-residue peptide of Gly-Arg(Pbf)-Gly-
Cys(Trt)-Val-Leu-Trp(Boc)—-Ala-Ile-Phe-Glu(OtBu)-Cys(Trt) -
Ala-Ala-Gln(Trt)-Gly-Glu(OtBu)-Leu-Tyr (tBu)-Ser (tBu) -

Ser (tBu) -Val-Asp (OtBu) -Ser (tBu) -Thr (tBu) -Phe-Thr (tBu) -
Gly-Glu(OtBu)-Ala-His(Trt) (SEQ ID NO:101) on a solid
phase resin.

[0405]

A part of the obtained resin having a peptide formed
thereon was transferred in a solid phase synthesis column,
trifluorocacetic acid: water: TIPS (= 95: 2.5: 2.5) was

added such that the resin was thoroughly soaked and

- 226 -



A PBS solution of the oligosaccharide chain added GLP-1 peptide prepared in each of Examples 1 to
5,9, 10, 13, 16, 21, 23 to 27, 29 to 34, 38, 45, 48 or 49 or the GLP-1 prepared in Comparative
Example 1 was intraperitoneally administered at a dose of 10 ml/kg to C57BL/6JJcl mice (10 week old,
male) fasted overnight. After 30 minutes, a glucose solution was orally administered at a dose of 1
mg/g. Blood was collected from the orbits before the glucose administration and 30 minutes, 60
minutes and 1291riPUt S %fterotg% %%%Jse a%ministr]gtio%B ogd-sugar EL\éel%/vSeirg rgveassured using
ACCU-CHEK Aviva (ﬁocﬁe Iﬁriagnostlcssy.e[&‘il éJ]LFest%rxamp e7-1 (OGIT of various oﬁgosaccharide

chain added GLR:d-peptiges) i 1 tAfterithe oxaladministeation 0f thes glueese solktion to the mice
fasted overnight, blood was collected over time, and blood-sugar levels were measured. The mouse
blood-sugar levelsdacrtease diettodhe ghestisecatinvinistration,. reddhetheqaaxiniung 30 minutes after
the administration, and then gradually decrease. 30 minutes before theE%Iucose administration, the

oligosaccharide chidint adiad GLB-1 peptideY(8EYS GLF 1 1di%Rk0, Y&V BLA1 Wsidn 12Cys
GLP-1-disialo, ys Gl P-1-djsialg, 20 GLP-1-disialo, 22Cys GLPR-1-disialo, 26Cys.GLP-1- disialo,
26Cys GLP-l-é@:ﬂ%O?SB y)s’Gﬂ’P-alé-)d%ia%,%sﬁ“é‘ys &L %f-d?s%ailo?‘sfé?%l%i?brfi-aiia o, %% Vs
GLP-1-disialo v 88€CysiG I 1rdisialo) preparedineachExample 0¥ the QLPAL. prepared in;
Comparative Example 1 was intraperitoneally administered at a dose of 9 nmol/kg to each mouse, and
their effects of3Suppressing riselnilood-sugareeals were tbnipared tFhe resuts ke $hown in FIGS.

9to 11. [04401% The GLP-1 withoyt oligosaccharide chain addijtion of Comparative Example 1 has
low stability in }foegae and %gsasrrlnéallggé‘ c?go guggr%giin%rrleseeﬁﬁcb ogd{%ﬁcgéalﬁg\%eelé b%%:%%se it is quickly
degraded aftepgdministration. By contrast, the oligosaccharide chain added GLP-1 peptides
18Cys GLP-1-disialo, 20Cys GLP-1-disialo, 22Cys GLP-1-disialo, 26Cys GLP-1-disialo, 26Cys
GLP-1-asialo, BOQYsIGLP-1-disialo, 34Cys GLP-1-disialo, 34Cys GLP-1- asialo, 36Cys GLP-1-disialo
and 38Cys GLP-1-disialo exhibited strong effect of suppressing rise in blood-sugar levels. [0441] Test
Example 7-2 (Influence Bt ligeSactHAYide ThaifLtruGtdredm O &P oF dfifose@tharfde chain added

GLP_lpepﬁd%}roduct of OTSUKA Chemical Co., Ltd.) (10.5 mg) and the
peptide chain synthesized above (2.1 mg) were dissolved
in 100 mM phosphate buffer (pH 7.5, 210 pl) and allowed
to react at 37°C for 4 hours. After complete consumption
of raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 um), ¢ 4.6 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 0.1 mg of oligosaccharide
chain added GLP-1 peptide wherein 26 and 34Lys of GLP-1
are each substituted by oligosaccharide chain added Cys
(26-34Cys GLP-1-disialo).

[0407]
Example 49
Synthesis of 18 and 36Cys—-disialo oligosaccharide

chain added GLP-1 peptide
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The oligosaccharide chain added GLP-1 peptide having oligosaccharide chain of eleven sugars
(disialo oligosaccharide chain), nine sugars (asialo oligosaccharide chain), seven sugars (diGicNAc
oligosaccharide chain) or five sugars (dimannose oligosaccharide chain) (22Cys GLP-1-disialo, 22Cys
GLP-1- asialo, 22Cys GLP-1-diGicNAc, 22Cys GLP-1-dimannose, 300ys GLP-1-disialo, 300ys
GLP-1-asialo, 300ys GLP-1- diGicNAc, 300ys GLP-1-dimannose, 34Cys GLP-1-disialo, 34Cys
GLP-1-asialo, 34CysﬁGLgﬂ-gi_GiﬁI3I§é: or Brffq%/es %%P&lélddmgnvr}o%e)c%r thee%LP-l:Lt%repared in
Comparative Example T was mﬁaperltongalfy administered at a dose o%%molmg to each mouse. The

correlation betweenfheligosaccharide ghaipstryctyra-and the agtivity,was stugdied,ipmouse OGIT.

The results are shown in FIGS. 12 to 14. [0442] The strongest effect of suppressing rise in
blood-sugar levelsrwagkexbibited hythebligosacehhrde chairaddetiGDREL peptidds=having
oligosaccharide chain of eleven sugars (disialo_oligosaccharide chain), which was largest, at any of the

addition sites (POSHIONEZ2, B0 9A) HigHEHactViy of Suppressing rse nbis8E-s0gar levels was

produced in the qrder,of. eleuen sugaisiyine sugarsseyesgarshive sugars (0443} iest Example 7-3
(Influence of dose in OGIT of oligosaccharide chain added GLP-1 peptide) To rank highly active

oligosaccharideccietin addeq GliRt1peptides 2oy GliP=1-disialp, 300ys Ghert-disialo, 34Cys
GLP-1-disialo and 360ys GLP-1-disialo were separately evaluated by mouse OGIT using a dose of
1/10 (0.9 nmolKg)or 117200 {@09MimdIAkd) 1 The fesiftshré 3hblvm if @S 153848. In FIGS. 15 to 18,

the OGIT result§ of GLOF-l were obt%ined at a dose of 9 nr%]o}l{kgzgccorggg to Test Example 7-2.
[0444] All the'o f@%sagghzarrfa'émchaelﬁn %8585‘ GLp- Oprep ides 63'/5 -1r-8i§férllo,"?0?)ys
GLP-1-disialo, 340ys G kR slisialo,angh 360ys S LR-L disialo exhibifed doserdependent activity of

suppressing rise in blood-sugar levels. At a dose of 0.9 nmol/kg, rise in blood-sugar levels was
suppressed mostsstrongiy by lther 36Cys €31 R4 -disiatoland tiea360yoG L Pal-distalo awhich suppressed
rise in blood-sugar levels almost completely.

synthesis.

[0408]

Fmoc-Gly (0.50 mmol), MSNT (0.50 mmol) and N-
methylimidazole (0.375 mmol) were dissolved in DCM (2 ml),
loaded to the solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMF. Fmoc group was removed by using a 20%
piperidine/DMF solution (2 ml) for 15 minutes. After
washing with DMF, amino acids were sequentially condensed
in accordance with the method shown below to extend a
peptide chain.

[0409]

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

the mixture was loaded to a solid-phase synthesis column.

Subsequently, 0.9 M DIPEA/NMP (0.8 mmol) was added to the
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The 360ys GLP-1-disialo at a dose of 0.09 nmol/kg exhibited the activity of suppressing rise in
blood-sugar levels equivalent to that of the GLP-1 at a dose of 9 nmol/kg, suggesting that the activity
of the 360ys GLP-1- disialo was about 100 times higher than that of the GLP-1. Likewise, the 300ys
GLP-1-disialo at a dose of 0.09 nmol/kg had weaker activity of suppressing rise in blood-sugar levels
than that of the 360ys GLP-1-disialo at the same dose, suggesting that the activity of the 30Cys
GLP1-disialo is up.to 10 to 100 times that of the GLP-1. The ZGOgSiQ:IfIihl-digjcalg_, and the 340ys
GLP-1-disialo af a dose of 0.9 imo g had e?flcacy 'abouttl?zro ﬁ1e activities of suppressing rise in

blood-sugar levelstey-the300ys LBl -disiale and the 360ys Gl Ryddisialoratdhe samepdose,
suggesting that the activities of the 260ys GLP-1-disialo and the 340ys GLP-1-disialo are about 5 to 50
times that of tkenGLIPME, Therdligosacchande chain aduditioresitésythat eéxlsibR€d high activity in the

OGIT were positions 30 and 36. [0445] Test Example 7-4 (OGIT of oligosaccharide chain added
GLP-1 peptidéh&iing Diig5<atthariae Bhifadded Adn) °F The Bligbsaceharid® thain added GLP-1

peptide wherejn,an aming agid-at position 22 or 30.0f GLEs4 was Supstituted with gligogaccharide

chain added Asn (naturally occuring type of linkéd oligosaccharide chain) or oligosaccharide chain

added Cys were compased inactivityat agdaseof @9 nmoelky)in taousery@&E1T 1 Ehe yesults are shown
in FIG. 19. In FIG. 19, the OGIT results of GLP-1 were obtained at a dose of 9 nmol/kg according to

Test Example 722d6246] 2aMiRthé easés of adding oligosaccharide chain of nine sugars (asialo
oligosaccharid Ociﬁaé ) at position 22 and adding oligosaccharide chain of eleven sugars (disialo
oligosaccharide chain) at position 30, both cases showed no difference in the effect of suppressing

rise in blood-sugar lexgls-by;the, oligesaceharide-¢hain mdded GLP-1peptidebetwsen oligosaccharide
chain added Asn and oligosaccharide chain added Cys. The oligosaccharide
Fmoc-Val, Fmoc-Leu, Fmoc-Trp(Boc), Fmoc-Ala, Fmoc-Ile,
Fmoc-Phe, Fmoc-Glu(OtBu), Fmoc-Lys (Boc), Fmoc-Ala, Fmoc-
Ala, Fmoc-Gln(Trt), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Leu,
Fmoc-Tyr (tBu), Fmoc-Cys(Trt), Fmoc-Ser (tBu), Fmoc-Val,
Fmoc-Asp (OtBu), Fmoc-Ser (tBu), Fmoc-Thr (tBu), Fmoc-Phe,
Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-Ala and
Fmoc-His (Trt) were used as amino acids protected by Fmoc
group to obtain 3l-residue peptide of Gly-Cys(Trt)-Gly-
Lys (Boc)-Val-Leu-Trp(Boc)—-Ala-Ile-Phe-Glu (OtBu)-Lys (Boc) -
Ala-Ala-GIln(Trt)-Gly-Glu (OtBu)-Leu-Tyr (tBu)-Cys(Trt) -
Ser (tBu) -Val-Asp (OtBu)-Ser (tBu) -Thr (tBu) -Phe-Thr (tBu) -
Gly-Glu (OtBu)-Ala-His(Trt) (SEQ ID NO:102) on a solid
phase resin.
[0411]

A part of the obtained resin having a peptide formed
thereon was transferred in a solid phase synthesis column,
trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly socaked and

stirred at room temperature for 3 hours. The resin was
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chain added GLP-1 peptides having any of the oligosaccharide chain added amino acids exhibited
activity. [0447] Test Example 7-5 (Influence of the number of oligosaccharide chains to be added in
OGIT of oligosaccharide chain added GLP-1 peptide) The oligosaccharide chain added GLP-1
peptides of Examples 48 and 49 having 2 oligosaccharide chains were evaluated for their effects of
suppressing rise in blood-sugar levels using mouse OGIT. The OGIT results of 26,34Cys
GLP-1-disialo agg 18 6% gi_f-%-g{slialg agrgs\ d%sheeof %Qg]follgg asr%fgg\ivg inv'v:AG' 20. In FIG. 20,
the OGIT results o?%ﬁ. -I'were otbtainea ata ((jjose of 9 Amo /kg according tonTestSExampIe 7-2.
[0448] The 18 36CysGkRtldisiale atadoseof @ ppekky had effect alragstigguivalent to that of the

36Cys GLP-1- disialo shown in FIG. 5 or 14. The 26,34Cys GLP-1- disialo at a dose of 9 nmol/kg had
slightly better residue was purified by HPLC [column: SHISEIDO UG-120

(C18 5 um), ¢ 20 X 250 mm, gradient: A solution: 0.1% TFA
water, B solution: 0.09% TFA/10% water/90% AN 8.0 ml/min;
35 = 60%B, 20 min linear gradient] to obtain a peptide

wherein 18Ser and 36Arg of GLP-1 are each substituted

with Cys.
[0412]

Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (10.5 mg) and the

peptide chain synthesized above (2.1 mg) were dissolved
in 100 mM phosphate buffer (pH 7.5, 210 pl) and allowed
to react at 37°C for 4 hours. After complete consumption
of raw materials were confirmed by HPLC, the reaction
solution was directly subjected to purification by HPLC
[column: SHISEIDO UG-120 (C18, 5 pum), ¢ 4.6 X 250 mm,
gradient: A solution: 0.1% TFA water, B solution: 0.09%
TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 0.8 mg of oligosaccharide
chain added GLP-1 peptide wherein 18Ser and 36Arg of GLP-
1 are each substituted by oligosaccharide chain added Cys
(18-36Cys GLP-1-disialo).
[0413]

Table 7 below shows MS spectrum data of
oligosaccharide chain added GLP-1 peptides obtained in

Examples 8 to 49. In the table, [M+H] " represents
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activity of suppressing rise in blood-sugar levels than that of the GLP-1 at the same dose. [0449] Next,
the 18,36Cys GLP-1-disialo was evaluated by OGIT using a dose of 1/10 (0.9 nmol/kg). Likewise,

GLP-1 at a dose of 9 nmol/kg was evaluated by OGIT and compared with the 18,36Cys GLP-1-disialo.
The results are shown in FIG. 21. [0450] The 18,36Cys GLP-1-disialo at a dose of 0.9 nmol/kg had
the effect of lowering blood-sugar levels almost equivalent to that of the GLP-1 at a dose of 9 nmol/kg,

suggesting that the activity of suppressing rise, | od:-sugar levels byt Cys GlLP-1-disialo is
about 10 times. ﬁ%%%?tmaé/nn%ﬁ oéj %h(iestéL%ylﬁ%}gﬁ_ eos%tu xaa?nsdle %néﬁtﬁét} gﬁgweﬁﬁléh blood-sugar
levels in diabetes. model miceyseligosascharidachain added GLRL peptidey .  The oligosaccharide
chain added GLP-1 peptide prepared in Example 2, 3, 4, 21 or 23 or the GLP-1 prepared in
Comparative Exghipglé 1 in a PBS solution (9 nmo1/10 ml) was intraperitoneally administered at a dose
of 10 ml/kg to BKS.Cg-+ Leprdb/+Leprdb/Jcl mice (10 week old, male). Blood was collected from the

orbits before tﬂgigﬂrﬁ)oﬂhd administration and 30 minutes, 60 minutes, 120 minutes, 180 minutes and
300 minutes after the compound administration. Blood-sugar levels were measured using

_ . D Iha Diasnaoo o) INALCD] ~ha-dhldh P W anradb/4. anrdbh/1el I
ACCU-CHEK Aviva (Rache Biagnastica ) t0raalpes o 16 oR 4o B i roptd J'fzm%ar_g'w%" Ul
serving as diabetes el TNiEE Ve 3 P EUOI 0 G, ECERON, O e Nt WiniChs 15 ANQLEX] renergy
metabolism- Example 10| 9Cys GLP-1-disialo | Calcurated for | CpasHassNyyOiorS | IM*HI | 55904 | found. | 5590.7

Example 11| 10Cys GLP—1-disialo | Calcurated for | CpyaHageNi010sS | [M*H]' | 5662.5 found. 5665.4
Example 12{ 11Cys GLP-1-disialo | Calcurated for | CyysHyssNezO10sS | [M*HI | 56184 | found. | 56185
Example 13|  12Cys GLP-1~disialo | Calcurated for | C,3Hss5N30100S | [M+H]" | 55724 found. | 5571.2
Example 14|  14Cys GLP-1-disialo | GCalcurated for | CopHagrNgO10sS | [M+HIT | 56325 found. | 5632.6
Example 15! 16Cys GLP-1~disialo | Calcurated for | CpasHaesNiyO0eS | [IM+H]' | 56204 found. | 56235
Example 16| 20Cys GLP—1-disialo Calcurated for | CoasHaei N Q168 | IMHHIT | 5608.4 found. 5606.0
Example 17| 24Cys GLP-1—disialo | Calourated for | CogrMasiNerOr0eS | IM*HI® | 56484 | found. | 5648.2
Example 18] 25Cys GLP-1-disialo | Calcurated for | CogHysrNgO10eS | [M*HI™ | 5648.4 found. 5650.5
Example 19] 27Cys GLP~1-disialo | Calcurated for { CogsHyesNe010;S | [MHHIT | 5590.4 found. 5582.4
Example 20 28Cys GLP-1-disialo | Calcurated for | CpyHassNgOi0eS | [MAH]T | 5572.4 found. | 5575.2
Example 21]  30Cys GLP-1-disialo | Calcurated for | CoysHisrNyyO10eS | [MHHI™ | 56484 | found. | 56517
Example 22| 32Cys GLP-1-disialo | Calcurated for | CpyyHseNiyO16S | IM#H]" | 56064 found. | 5606.2
Example 23| 34Cys GLP-1-disialo | Calcurated for | CyzsHasoNasOi0eS | [IM+HI" | 55914 found. | 5591.1
Example 24] 22Cys GLP—1-asialo | Calcurated for | C,gHassNgsOgsS | [M+H]™ | 50803 | found. | 5081.9
Example 25| 26Cys GLP-1-asialo | Calcurated for | CyisH36NeqOgsS | [M+H]™ | 50002 | found. | 5010.1
Example 26] 30Cys GLP—1-asialo | Caleurated for | CjisHaNis00S | IMHHIT | 50663 found. | 5068.0
Example 27| 34Cys GLP-1-asialo Calcurated for | CpiHypsNiOgsS | [M+HI™ | 5000.2 found. 50101
Example 28!  36Cys GLP-1-asialo | Calcurated for | Cypy,HisNss0gS | [M+HI™ | 4981.2 found. | 49831
Example 29} 22Cys GLP-1-diGleNAc | Calcurated for | CopaHyisNasOgsS | [M#H]™ | 4756.2 found. | 47582
Example 30] 30Cys GLP—1~diGIcNAC | Calourated for | CoogHaraNasOseS | [M+HI' | 47421 | found, | 4742.0
Example 31 34Cys GLP-1~diGlcNAc | Calourated for | CoooHasNssOgeS | [IM*+HI™ | 4685.1 found. | 4686.8
Example 32| 22Cys GLP-1-dimannose| Calcurated for | C,agHaeeNssO072S | [M+HI® | 43500 found. 43510
Example 33]30Cys GLP—1~dimannose| Calcurated for | CygHagrNys04:,S | IM+HI' | 4336.0 found. | 43380
Example 34| 34Cys GLP~1-dimannose| Calcurated for | C,gsHaoNs05,8 | [M+#HI" | 42789 found. | 4280.3
Example 35] 12Asn GL.P-1-Asialo | Calcurated for CoostaniNesOga [M+3HI""| 1648.7 found. 1649.5
Example 36| 18Asn GlLP-1-Asialo Calcurated for Cy14Ha3NsOgp IM+HT' | 5004.3 found. 5003.4
Example 37|  22Asn GLP-1-asialo | Calcurated for | CopgHagsNesOgs | [M+HI® | 50343 | found. | 5035.9
Example 38] 26Asn GLP-1-asialo | Calcurated for | CoyHapuNuOss | [IM+3HI"'| 16560 | found. | 16558
Example 39] 27Asn GLP-1-asialo | Calcurated for |  CypHasgNesOg, | IMF3HTT] 1655.7 found. | 16555
Example 40| 28Asn GLP-1-asialo | Calourated for | CooeHaNusOgs | [IM+3HI'| 16487 | found. | 1649.8
Example 41]  30Asn GLP~-1-asialo | Calourated for | CyyHazNysOogq [M+H]" | 5020.3 | found. | 5020.8
Example 42| 36Asn GLP-1-asialo Calcurated for Cyy1H324N4» 00z [M+H]" | 49352 found. 4936.7
Example 43  18Asn GLP-1-disiale Calcurated for | CpigMassNazCros [M+H]" | 5586.5 found. 5588.68
Example 44] 22Asn GLP-1-disialo | Calcurated for | Cj37H35/Ns70 109 [M+H]" | 56165 | found. 56184
Example 45] 30Asn GLP-1-disialo | Calourated for | Cj3sH355N470 00 [M+H]" | 56025 found. | 5606.2
Example 46; 30Asn GLP~1~disialo | Calcurated for | Cja6H365N47O01gg [M+4H]"| 1401.4 found. 1402.1
Example 47| 36Asn GLP-1~disialo | Calcurated for | CpasHasgNagOyge [M+H]" | 55174 found. 5521.7
Example 48| 26,34Cys GLP-1-disialo | Calourated for | Cyi7HagoNg, 0171 S, | [M+H]" | 7828.1 | found. | 78288
Example 49| 18,36Cys GLP—1~disialo | Calourated for | CaygHessNs;O176S, | IM+HI" | 7841.1 | found. | 78453

[0415]

Test Example 1 (Stability in plasma)
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accelerating hormone and develops conditions such as obesity or hyperglycemia. Of the
oligosaccharide chain added GLP-1 peptides that exhibited the activity of suppressing rise in
blood-sugar levels in mouse OGIT (Test Example 7), 22Cys GLP-1- disialo, 26Cys GLP-1-disialo,
300ys GLP-1-disialo, 34Cys GLP-1-disialo or 36Cys GLP-1-disialo was intraperitoneally administered
at a dose of 9 nmol/kg to the db/db mice. Blood-sugar levels were measured over time, and their
effects of lowering b|80(]“_J-SHLLI agEkevt Is were %olrggaredewgg tf(l{;\tiorlz tI%e GLP-% vgthout oligosaccharide
chain addition of Comparative xamﬁepl.pr & restlfs are shown in f—sfaén.pﬁ. [ 4§3ﬁ GLP-1 has low

stability in bloedhapd has iew effestefilowering bleod:sugarilgvels besause d:s quigkly, degraded after
administration. Therefore, blood-sugar levels in GLP-1-administered mice were almost equal to those
in PBS-administete@®iicé 0 . 0 Byndontridst, the dligesatchagidenchairy added GLR3npeptides (26Cys
GLP-1-disialo, 30Cys GLP-1-disialo, 34Cys GLP-1-disialo and 36Cys GLP-1-disialp) exhibited strong
effect of lowering Moddshgar veR: Thise BxRibirg e Hctivity bF s§55res8ihg FiseYin blood-sugar

levels in mous‘glcc)‘gé‘[j a[gxpe@gqplitegoth}gﬁf(%t gf)[gg\éermeblggq-ﬁyggglegﬁwﬂgh% gb/db mice (effect

of lowering blood-sugar levels on 120 minutés: 26Cys GLP-1-disialo, 30Cys GLP-1-disialo, 34Cys
GLP-1-disialo and B360ys GlP-dodisialo22RysiG iR 1rdisiade). 04bdled Whens26lyssGLP-1-disialo or
340ys GLP-1-disialo were administered, blood-sugar levels gradually Increased after the
administration3dnd their effects of lowering blood-sugar levels were slightly weakened over time.
When 300ys GLP-1-disialo or 360ys GLP-1-disialo were inistered, blood-sugar levels were kept at
low levels after 300 r?i%h%té%%é%fe%%%fl Io%vlea}ﬁ’fa%lggé’-sﬁg?ai%%vg S o%éO& (rena}ﬁ%tleq%:rlSOOys

GLP-1-disialo aad 360ys £l Rrd £ disialo22Cys GLP-1-disiglo. 26 CysiGLBrkdisiale apdk en
from the reaction solution on 10, 30, 60, 180, 360, 720
and 1440 minutes for sampling.

[0416]

Each sampled reaction solution was mixed with 0.02
ml of 10% trifluoroacetic acid solution prepared in
advance in an Eppendorf tube and then centrifuged. A
0.025 ml aliquot of the supernatant of the solution
mixture was injected into HPLC to analyze the composition
of the reaction solution (reaction monitoring conditions:
Shiseido CAPCELL PAK C18, UGl20, 250 X 4.6 mm, developing
solvent A: 0.1% aqueous TFA solution, B: 0.1% TFA
acetonitrile: water = 90:10, gradient A:B = 95:5 — 5:95,
15 min, flow rate: 0.7 ml/min). The results are shown in
FIGS. 5 (Example 7) and 6 (Comparative Example 1).
[0417]

In FIG. 5, peaks of the oligosaccharide chain added
GLP-1 peptide are observed around 13.3 minutes. As shown

in FIG. 5, the oligosaccharide chain added GLP-1 peptide

- 232 -



34Cys GLP-1-disialo). [0455] Sequence Listing Free Text SEQ ID NO:1 is oligosaccharide chain
added GLP-1 peptide represented by the general formula (1). SEQ ID NO:2 is GLP-1 (7-37). SEQ ID
NO:3 is GLP-1 (7-36N5I0. SEQ ID NO:4 is oligosaccharide chain added GLP-1 peptide

represented by (al). SEQ ID NO:5 is oligosaccharide chain added GLP-1 peptide represented by
(a2). SEQ ID NO:6 is oligosaccharide chain added GLP-1 peptide represented by (a3). SEQ

e e e 0 L LSO gt e, FRIP N
minutes) after the plasma addition.

On the other hand, in FIG. 6, a peak observed
between 16 and 16.5 minutes indicates undegraded GLP-1,
and peaks observed between 17.5 and 18 minutes indicate a
GLP-1 fragment (9-36) from which 7His-8Ala was removed.
As shown in FIG. 6, the GLP-1 without oligosaccharide
chain addition of Comparative Example 1 was mostly
degraded by 180 minutes after the plasma addition.

[0418]
Test Example 2 (Effect of lowering blood-sugar levels in
db/db mice - 1)

The peptide prepared in each of Examples 1 to 5 or
Comparative Example 1 was intraperitoneally administered
as the same sample at a dose of 8 ml in total per kg of
body weight (sample concentration: 9 nmol/kg of body
weight) to each of three 8-week-o0ld male type-2 diabetes
model mice (BKS.Cg-+ Lepr® / Lepr® / Jcl¥*).

Specifically, the peptide in a PBS solution (9 nmol/10

ml) was intraperitoneally administered at a dose of 10
ml/kg to the BKS.Cg-+ Lepr®/+ Lepr®/Jcl mice (8 week old,
male). O, 30, 60, 90, 120 and 180 minutes after the
administration, 0.03 ml of peripheral blood from the
retro-orbital venous plexus was collected. The obtained
blood was diluted with PBS to 0.3 ml in total, and the
solution was centrifuged to separate plasma and hemocyte
components. Then, only the plasma component was

transferred to an Eppendorf tube separately prepared and
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SEQ ID NO:9 is cligcsaccharide chain added GLP-1 peptide represented by(a6). SEQ ID NO:10 is
cligcsaccharide peptide represented by(a7). chain added GLP-1 SEQ ID NO:11 is cligcsaccharide
peptide represented by(a8). chain added GLP-1 SEQ ID NO:12 is cligcsaccharide peptide
represented by(a9).

refrigerated. A glucose concentration in plasma was

measured in accordance with Glucose CII-Test Wako using

an absorptiometer. The results were obtained by

statistical processing. The results are shown in FIG. 7.

[0419]

As shown in FIG. 7, the GLP-1 without
oligosaccharide chain addition of Comparative Example 1
hardly lowered blood-sugar levels. By contrast, all the
oligosaccharide chain added GLP-1 peptides of Examples 1
to 5 significantly lowered blood-sugar levels, and their
effects were sustained even after 120 minutes.

[0420]
Test Example 3 (Effect of lowering blood-sugar levels in
db/db mice - 2)

The peptide prepared in Example 5 or Comparative
Example 1 was intraperitoneally administered as the same
sample at a dose of 8 ml in total per kg of body weight
(sample concentration per kg of body weight: 0.9 nmol/kg,
9 nmol/kg, 90 nmol/kg or 900 nmol/kg) to each of three 8-
week—-o0ld male type-2 diabetes model mice (BKS.Cg-+ Lepr®
/ Lepr® / Jcl*). Specifically, the peptide in a PBS
solution (0.9 nmol/10 ml, 9 nmol/10 ml, 90 nmol/10 ml or
900 nmol/10 ml) was intraperitoneally administered at a
dose of 10 ml/kg to the BKS.Cg-+ Lepr®/+ Lepr®/Jcl mice
(8 week o0ld, male). 0, 30, 60, 90 and 120 minutes after
the sample administration, 0.03 ml of peripheral blood
from the retro-orbital venous plexus was collected. The

obtained blood was diluted with PBS to 0.3 ml in total,
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chain added GLP-1 SEQ ID NO:13 is cligcsaccharide peptide represented by(al0). chain added
GLP-1 SEQ ID NO:14 is cligcsaccharide peptide represented by(all). chain added GLP-1

and the solution was centrifuged to separate plasma and
hemocyte components. Then, only the plasma component was
transferred to an Eppendorf tube separately prepared and
refrigerated. A glucose concentration in plasma was
measured in accordance with Glucose CII-Test Wako using
an absorptiometer. The results were obtained by
statistical processing. The results are shown in FIG. 8.
[0421]

The results of FIG. 8 shows that the oligosaccharide
chain added GLP-1 peptide exhibits excellent effect of
lowering blood-sugar levels even at a dose that is 1/100
of the GLP-1 dose of 900 nmol/kg.

[0422]
Test Example 4 (Test of resistance to dipeptidyl
peptidase IV (DPP-IV) - 1)

17.7 nmol of the oligosaccharide chain added GLP-1
peptide prepared in each of Examples 1 to 5, 13 to 23, 25,
27, 31, 34, 36, 48 or 49 or the GLP-1 prepared in
Comparative Example 1 was added together with 2.2 mU of
DPP-1IV (dipeptidyl peptidase IV from porcine kidney,
product of SIGMA) to a 0.5-ml Eppendorf tube. Each
solution mixture was adjusted with 100 mM sodium
phosphate buffer to 100 Ul in total and allowed to react
at 37°C. A 10 pl aliquot of the reaction solution was
mixed with 15 Wl of 10% trifluoroacetic acid prepared in

advance in another Eppendorf tube. 20 Ml thereof was

injected into HPLC to monitor complete consumption of raw

materials (HPLC conditions: column: SHISEIDO CAPCELPAK
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SEQ ID NO:15 is cligcsaccharide peptide represented by(al2). chain added GLP-1 SEQ ID

NO:16 is cligcsaccharide peptide represented by(al3). chain added GLP-1
cligcsaccharide peptide represented by(al4). chain added

SEQ ID NO:17 is

Cl8 UG1l20, 0¢4.6 X 250 mm, developing solvent A: 0.1%
aqueous TFA solution, developing solvent B: 0.09% TFA
acetonitrile/water = 90/10, gradient A/B=65/30 — 30/60,
20 min, flow rate: 0.7 ml/min).

[0423]

The half-life (tl/2), which serves as an index for
resistance to DPP-IV, of the GLP-1 without
oligosaccharide chain addition of Comparative Example 1
was defined as a standard (= 1). A value evaluated on
the oligosaccharide chain added GLP-1 peptide of each
Example is shown in Table 8.

[0424]

[Table 8]
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GLP-1 SEQ ID NO:18 is cligcsaccharide peptide represented by(al5). chain added GLP-1
SEQ ID NO:19 is cligcsaccharide peptide represented by(al6). chain added GLP-1 SEQ ID NO:20 is
cligcsaccharide chain

Example Compound Relative Resistance
Example 13 12Cys GLP-1-disialo 34. 4
Example 14 14Cys GLP-1-disialo 6. 3
Example 15 16Cys GLP-1-disialo 1. 2
Example1 18Cys GLP-1-disialo 1. 6
Example 16 20Cys GLP-1-disialo 2. 6
Example 2 22Cys GLP-1-disialo |3. 1
Example 17 24Cys GLP-1-disialo 30
Example 18 26Cys GLP-1-disialo 3. 1
Example 3 26Cys GLP-1-disialo (4. 6
Example 19 27Cys GLP-1-disialo 2. 3
Example 20 28Cys GLP-1-disialo |9. O
Example 21 30Cys GLP-1-disialo 2. 4
Example 22 32Cys GLP-1-disialo 3 7
Example 23 34Cys GLP-1-disiale 3. 0
Example 4 36Cys GLP~1-disialo i G
Example 5 38Cys GLP-1-disialo 1. 7
Example 25 26Cys GLP-1~asialo 4. 6
Example 27 34Cys GLP-1-asialo 2. 0
Example 31 34Cys GLP-1-diGlcNAc |2. O
Example 34 34Cys GLP-1-dimannose |1. 6
Example 36 1BAsn GLP-1-asialo 14 3
Example 48 26, 34Cys GLP-1-disialo|2 3. 6
Example 49 18, 36Cys GLP-1-disialo(1 2 8. 6
[0425]

The oligosaccharide chain added GLP-1 peptide of
each Example exhibited DPP-IV resistance 1.2 to 128 times
that of the GLP-1 of Comparative Example 1. The maximum
resistance was exhibited by the 18,36Cys-disialo
oligosaccharide chain added GLP-1 peptide, followed by

12Cys—-disialo, 26,34Cys—-disialo, 28Cys—-disialo, 14Cys-
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added GLP-1 peptide represented by (al7). [0456] SEQ ID NO:21 is oligosaccharide chain added
GLP-1 peptide represented by (al8). SEQ ID NO:22 is oligosaccharide chain added GLP-1
peptide represented by (a19). SEQ ID NO:23 is oligosaccharide chain added GLP-1 peptide
represented by (a20). SEQ ID NO:24 is oligosaccharide chain added GLP-1 peptide represented
by (a21). SEQ ID NO:25 is oligosaccharide chain added GLP-1 peptide represented by (a22).

SEQ ID NO:26;is qligpsaccharide chain added Gl £-1 neplide represented,by. (a23),
25Cys—-disialo, 22Cys-disialo, 24Cys—-disialo, 34Cys-
disialo, 20Cys-disialo, 30Cys-disialo, 27Cys-disialo,
34Cys—-asialo, 34Cys—-diGlcNAc, 38Cys—-disialo, 36Cys-
disialo, 34Cys—-dimannose, 18Cys-disialo, 18Asn-asialo and
16Cys—-disialo in this order.

[0426]

The oligosaccharide chain added GLP-1 peptides of
Examples 3, 23 and 48 or Examples 1, 4 and 49 were
compared in DPP-IV resistance. The results demonstrated
that the oligosaccharide chain added GLP-1 peptide having
2 oligosaccharide chains has higher DPP-IV resistance
than that of the oligosaccharide chain added GLP-1
peptide having 1 oligosaccharide chain, and that the
addition of 2 or more oligosaccharide chains thus
produces a synergistic effect.

In terms of oligosaccharide chain structures to be
added to the oligosaccharide chain added GLP-1 peptides,
higher DPP-IV resistance was exhibited in the order of
disialo oligosaccharide chain > asialo oligosaccharide
chain > diGlcNAc oligosaccharide chain > dimannose
oligosaccharide chain.

[0427]
Test Example 5 (Test of resistance to dipeptidyl
peptidase IV (DPP-IV) - 2)

17.7 nmol of the oligosaccharide chain added GLP-1

peptide prepared in each of Examples 10 to 13 was added

together with 22 mU of DPP-IV (dipeptidyl peptidase IV
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SEQ ID NO:27 is oligosaccharide chain added GLP-1 peptide represented by (a24). SEQ ID
NO:28 is oligosaccharide chain added GLP-1 peptide represented by (a25). SEQ ID NO:29 is
oligosaccharide chain added GLP-1 peptide represented by (a26). SEQ ID NO:30 is 31-residue
peptide with protective groups synthesized in Example 1. SEQ ID NO:31 is 31-residue peptide with
protective groups synthesized in Comparative Example 1. SEQ ID NO:32 is 31-residue peptide

with protectivefgrgups sygtﬂ?siﬁgd O{'g Exarréq_J% &S%Q%g%g&@l _ :3§B(i)s 31, e%igrtﬁ peptide with

protective groups lrsnyrjﬁﬁesaeg in I]:‘xaren}f)le is 18-residue peptide with protective

groups synthegzedrinExampled. £aSEQH NQ:3R isoligesacchadde ghainaddegh19r residue
peptide with protective groups synthesized in Example 7. SEQ ID NO:36 is oligosaccharide chain
added 31- residue peptiseduitimpratectiviesgroups syrthesized v Bxamiple Zotal and

allowed to react at 37°C. A 10 pl aliquot of the

reaction solution was mixed with 15 Wl of 10%

trifluoroacetic acid prepared in advance in another

Eppendorf tube. 20 Ul thereof was injected into HPLC to

monitor complete consumption of raw materials (HPLC

conditions: column: SHISEIDO CAPCELPAK C18 UG120, 04.6 X

250 mm, developing solvent A: 0.1% aqueous TFA solution,

developing solvent B: 0.09% TFA acetonitrile/water =

90/10, gradient A/B=65/30 — 30/60, 20 min, flow rate:

0.7 ml/min) .

[0428]

The half-life (tl/2), which serves as an index for

resistance to DPP-1IV, of the oligosaccharide chain added

GLP-1 peptide of Example 13 was defined as a standard (=

1). A value evaluated on the oligosaccharide chain added

GLP-1 peptides of Examples 10 to 12 is shown in Table 9.

[0429]

[Table 9]
Example Compound Relative Resistance
Example 10 9Cys GLP-1-disialo e 2
Example 11 10Cys GLP-1-disialo 9. 0
Example 12 11Cys GLP-1-disialo )
Example 13 12Cys GLP-1-disialo 1 0

[0430]
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SEQ ID NO:37 is 31-residue peptide with protective groups synthesized in Example 8. SEQ ID
NO:38 is 31-residue peptide with protective groups synthesized in Example 9. SEQ ID NO:39 is
31-residue peptide with protective groups synthesized in Example 10. SEQ ID NO:40 is 31-residue
peptide with protective groups synthesized in Example 11. [0457] SEQ ID NO:41 is 31-residue
peptide with protective groups synthesized in Example 12. SEQ ID NO:42 is 31-residue peptide

with protective groups synthesized in Example, 13. SEQ ID NO:43 js 31:residue ide with
o Reszea i Eimele 1h. " SEQTB NG 1T et bepioe 4

protective groups synthesize ple S “Fesidue r;5ept| e with protective
groups synthesizedin fxgmple 16¢ exaEQ1ID NO:4xisi Bh-residue peptide withpratestive groups

synthesized in Example 16. SEQ ID NO:46 is 31-residue peptide with protective groups

synthesized infBxarpl@4l.imes that of the GLP-1 without oligosaccharide
chain addition of Comparative Example 1. The
oligosaccharide chain added GLP-1 peptides of Examples 10
to 12 exhibited DPP-IV resistance 1.1 to 17.2 times that
of the oligosaccharide chain added GLP-1 peptide of
Example 13 (12Cys—-disialo). The maximum resistance was
exhibited by 9Cys—-disialo, followed by 10Cys-disialo,
11Cys—-disialo and 12Cys—-disialo in this order, and higher
DPP-IV resistance was produced by adding oligosaccharide
chain at a site closer to the N terminal of GLP-1. A
reactive site for DPP-IV has been known to exist at the N
terminal of GLP-1, and the oligosaccharide chain added
GLP-1 peptide exhibited higher DPP-IV resistance by
adding oligosaccharide chain at this site.
[0431]
Test Example 6 (Test of ability to synthesize cAMP)

1. Construction of mouse GLP-1 receptor-expressing
vector
A mouse GLP1 receptor sense primer (5'-

GTTGCTAGCGCCACCATGGCCAGCACCCCAAGCCT-3") (SEQ ID NO: 152)
and a mouse GLP-1 receptor antisense primer (5'-
CCTGAATTCTCAGCTGTAGGAACTCTGGCAG-3") (SEQ ID NO: 153)
capable of binding to the 5' and 3' ends of mouse GLP-1
receptor cDNA were separately synthesized. PCR was
performed using Ex Taq polymerase (TaKaRa) with cDNA

(Clone ID: 40046534, Open Biosystems) as a template.
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SEQ ID NO:47 is 31-residue peptide with protective groups synthesized in Example 18. SEQID
NO:48 is 31-residue peptide with protective groups synthesized in Example 19. SEQ ID NO:49 is
31-residue peptide with protective groups synthesized in Example 20. SEQ ID NO:50 is 31-residue
peptide with protective groups synthesized in Example 21. SEQ ID NO:51 is 31-residue peptide
with protective groups synthesized in Example 22. SEQ ID NO:52 is 31-residue peptide with

protective groups synthesized in Example, 23. éE D NO:53.is 31-residue peptide with protective
groups synthe%pzeegllirfiI xaain?[ e 250 H ]E)Sllz'b IBDRI :5%3 §f—?§§’|&8§1 p%ﬁe&élet wit protective groups

synthesized infexamplei2n; o SﬁgiD<N_O@éffiﬁf»étrgswppepﬂ@ler}@@mIsqtecat@\ﬁgr&yps

synthesized in Example 26. SEQ ID NO:56 is 31-residue peptide with protective groups

synthesized inExample27Ps, 1 UL of primer solution mixtures (each 50
uM), 5 ML of X10 Ex Taqg polymerase Buffer, 0.25 UL of Ex
Tag polymerase and 38.75 UL of sterilized water was used
and allowed to react by 94°C for 1 minute; 94°C for 45
seconds, 55°C for 1 minute and 72°C for 2 minutes (35
cycles); and 72°C for 10 minutes. The PCR reaction
product was electrophoresed on 1% agarose gel, and the
cDNA fragment was purified using Wizard SV Gel and PCR
Clean—-up System (Promega) and treated with restriction
enzymes (EcoRI and NheI) to obtain mouse GLP-1 receptor
cDNA.
[0432]

To efficiently obtain cells highly expressing a
mouse GLP-1 receptor, a pIRES-gfp vector was used as an
expression vector. This vector was prepared by inserting,
to a vector pEGEFP-N1 (Clontech), an IRES gene-containing
DNA fragment obtained by the restriction enzyme treatment
(Sal I and BamHI) of pIRESpuro2 (Clontech).

The mouse GLP-1 receptor cDNA fragment was inserted
to pIRES-gfp to thereby obtain a mouse GLP-1 receptor-
expressing vector mGLP-1R/pIRES-gfp. The DNA sequence of
the obtained vector was confirmed using ABI3100-Avant
(Applied Biosystems) .

[0433]
2. Preparation of mouse GLP-1 receptor—-expressing

CHO-K1 cells
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SEQ ID NO:57 is 31-residue peptide with protective groups synthesized in Example 28. SEQID
NO:58 is 31-residue peptide with protective groups synthesized in Example 29. SEQ ID NO:59 is
31-residue peptide with protective groups synthesized in Example 30. SEQ ID NO:60 is 31-residue
peptide with protective groups synthesized in Example 31. [0458] SEQ ID NO:61 is 31-residue
peptide with protective groups synthesized in Example 32. SEQ ID NO:62 is 31-residue peptide

with prc_)tective groups plgles(i:ze%isn IeCBaSC. éﬁ&% ID :%53 i 3%-r§gidue _pepti_de with _
protective groups synthesized in xarrf&aefg%. §I]—_'& ID NO:64'1s %—?esﬁue peptide with protective
groups synthesized 4 Exaaple; 3n £ hSEQIBANRLES igsi3-residye peptide withpratective groups
synthesized in Example 35.
FuGENE (registered trademark) (Roche) according to the
instruction manual. The transfected CHO-K1 cells were
cultured in RPMI1640 medium (Wako Pure Chemical
Industries) containing 10% FCS (Hyclone) and penicillin-
streptomycin (SIGMA). Drug selection was conducted by
the addition of 1.0 mg/ml G418 (Wako Pure Chemical
Industries). The drug resistance cells were sorted with
a cell sorter (EPICS ALTRA, Beckman Coulter) using a GFP
expression level as an index. After the sorting, the
limiting dilution method was conducted to obtain cells
highly expressing GFP, namely, cells highly expressing a
mouse GLP-1 receptor. The obtained cells were used as
mouse GLP-1 receptor—-expressing CHO-K1 cells in the
experiment shown below.
[0434]
3. Analysis of agonist effect of oligosaccharide
chain added GLP-1 peptide (ability to synthesize cAMP)
The mouse GLP-1 receptor—-expressing CHO-K1 cells
prepared in the preceding paragraph 2 were used to
evaluate the agonist effect of the oligosaccharide chain
added GLP-1 peptide using the ability to synthesize cAMP
as an index.
The mouse GLP-1 receptor-expressing CHO-K1 cells
were suspended at a concentration of 5 X 10° cells/ml in

RPMI1640 medium containing 10% FCS. The cell suspension

was seeded at a concentration of 100 UL per well to a
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SEQ ID NO:66 is oligosaccharide chain added 18- residue peptide with protective groups synthesized
in Example 35. SEQ ID NO:67 is oligosaccharide chain added 18- residue peptide with protective
groups synthesized in Example 35. SEQ ID NO:68 is oligosaccharide chain added 18- residue
peptide with leaving group synthesized in Example 35. SEQ ID NO:69 is 13-residue peptide with
protective groups synthesized in Example 35. SEQ ID NO:70 is 13-residue peptide synthesized in

Example 35. % NO:71 |§ %9 ref@ue t'd%EVé (;Lh grotectlvg groyps, sggtheglzgd in Example

36. SEQ I is ol gosacc aride ch%m add res due peptlde with protective groups

synthesized indgxample;36: ¢ o§EQ6|QlB'QrZ3 is pligosaccharide &Bﬁ@%@?&ﬁn@l wgsidue peptide
with protective groups synthesized in Example 36. SEQ ID NO:74 is 15-residue peptide with

protective grodpsssymhesizedThExahipie 37ccha8EQe|D-NOL TS5 ldlggbsabendridecstiainadded 16-

residue peptlde with Erotectlve q{rougs s¥nthe5|zed in Example 37.
disso inger bicarbonate Buffer containing

2.5 mM glucose was added at a concentration of 100
UL/well and cultured at 37°C for 30 minutes. The culture
supernatant was immediately discarded. The amount of
cAMP synthesized in the mouse GLP-1 receptor-expressing
CHO-K1 cells was measured using cAMP ELISA Kit (GE
Healthcare or Cayman) and used as an index for the
agonist effect of the oligosaccharide chain added GLP-1
peptide on mouse GLP-1 receptors.

[0435]

GLP-1 increases intracellular cAMP concentrations
through the binding to its receptor and promotes insulin
secretion. Thus, the activity of the oligosaccharide
chain added GLP-1 peptide was evaluated using the ability
to synthesize cAMP as an index. The mouse GLP-1
receptor—-expressing CHO-K1 cells were stimulated with the
oligosaccharide chain added GLP-1 peptide. The amount of
cAMP synthesized in the cells was measured. The EC50
value of the GLP-1 without oligosaccharide chain addition
of Comparative Example 1 was defined as 1. The relative
activities of the oligosaccharide chain added GLP-1
peptides of Examples 1 to 5, 8 to 23, 25 and 27 are shown
in Table 10.

[0436]

[Table 10]
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SEQ ID NO:76 is oligosaccharide chain added 31- residue peptide with protective groups synthesized
SEQ ID NO:77 is 18-residue peptide with protective groups synthesized in

in Example 37.
Example 38.
38.

SEQ ID NO:79 is 18-residue peptide with leaving group synthesized in Example 38.

ID NO:80 is 11-residue peptide with protective groups synthesized in Example 38. [0459]
charide chain added 13- residue peptide with protective groups synthesized in

NO:81 is oligosac

Example 38. E%BeNO 82 is 18- resuWng with protecti %%%%Wﬂ;he3|zed in

39. SEQ ID NP+83t1s-18-residuepeptige-with-protective-grotps-synthesized+nr-Exampt

SEQ ID NO:84 is [E3ampleie peptide with Ba¥AnELErdugisyateesizdd ifEkambple 39.
Example 9 8Cys GLP-1-disialec =9 1
Example 10 Cys GLP-1~disialo <8
Example 11 10Cys GLP-1-disialo =0
Example 12 11Cys GLP-1-disiale ==
Example 13 12Cys GLP-1-disialo <9 i
Example 14 14Cys GLP-1-disialo <
Example 15 16Cys GLP-1-disialo =0 I
Example 1 18Cys GLP-1-disialo <0
Example 16 20Cys GLP-1-disialo <
Example 2 22Cys GLP-1-disialo It O
Example 17 24Cys GLP-1-disialo =<0 0
Example 18 25Cys GLP-1-disialo =0 1
Example 3 26Cys GLP-1-disialo @ 2
Example 19 27Cys GLP-1-disialo g 2
Example 20 28Cys GLP-1-disialo =0 T
Example 21 30Cys GLP-1-disialo @. 6
Example 22 32Cys GLP-1~disialo =0 1
Example 23 34Cys GLP-1-disialo @
Example 4 36Cys GLP-1-disialo i,
Example 5 38Cys GLP-1-disialo e 9
Example 25 26Cys GLP-1—asialo 0 3
Example 27 34Cys GLP-1-asialo 2. 9

[0437]

GLP-1-disialo,

The oligosaccharide chain added GLP-1 peptides 22Cys

26Cys

34Cys GLP-1-disialo,

GLP-1l-asialo,

34Cys GLP-l-asialo,

30Cys GLP-1-disialo,

36Cys GLP-1-

disialo and 38Cys GLP-1-disialo of Examples were found to
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SEQ ID NO:85 is 10-residue peptide with protective groups synthesized in Example 39. SEQ ID
NO:86 is oligosaccharide chain added 13- residue peptide with protective groups synthesized in
Example 39. SEQ ID NO:87 is 18-residue peptide with protective groups synthesized in Example
40. SEQ ID NO:88 is 18-residue peptide with protective groups synthesized in Example 40.

SEQ ID NO:89 is 18-residue peptide with leaving group synthesized in Example 40. SEQ ID NO:90

is 9-residue peptide with pratective groups synthesized in Example 40. EQ ID ;91 is
oligosacchari ec %ﬁ Bdgg ﬁ%ngglgL?eg %gpt?é)e \?Vlrthnb%tee():%?l\}éa%rc?u}baétsy%%he%zee f%E)J{ample 40.

SEQ ID NO:9Z;isc réesidug pgptide withpratective groupsssytbesized inckxamplei4e  SEQID
NO:93 is oligosaccharide chain added 8- residue peptide with protective groups synthesized in
Example 41. ExSHEHG ¢D NO:94ds efigosarchatitie chammadded8lidresidueqgagtiderwiti¥ protective
gbupsSwﬂhegg?dganggyﬂ%glbr 38 (= addition of an oligosaccharide
chain added amino acid to an amino acid at position 37)
is a site suitable for addition of oligosaccharide chain.
[0438]
Test Example 7 (Oral Glucose Tolerance Test (OGTT))
A PBS solution of the oligosaccharide chain added
GLP-1 peptide prepared in each of Examples 1 to 5, 9, 10,
13, 16, 21, 23 to 27, 29 to 34, 38, 45, 48 or 49 or the
GLP-1 prepared in Comparative Example 1 was
intraperitoneally administered at a dose of 10 ml/kg to
C57BL/6JJcl mice (10 week old, male) fasted overnight.
After 30 minutes, a glucose solution was orally
administered at a dose of 1 mg/g. Blood was collected
from the orbits before the glucose administration and 30
minutes, 60 minutes and 120 minutes after the glucose
administration. Blood-sugar levels were measured using
ACCU-CHEK Aviva (Roche Diagnostics).
[0439]
Test Example 7-1 (OGTT of various oligosaccharide chain
added GLP-1 peptides)
After the oral administration of the glucose
solution to the mice fasted overnight, blood was
collected over time, and blood-sugar levels were measured.

The mouse blood-sugar levels increase due to the glucose

administration, reach the maximum 30 minutes after the
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SEQ ID NO:95 is oligosaccharide chain added 31- residue peptide with protective groups synthesized
in Example 42. SEQ ID NO:96 is 18-residue peptide with protective groups synthesized in
Example 46. SEQ ID NO:97 is 18-residue peptide with protective groups synthesized in Example
46. SEQ ID NO:98 is 18-residue peptide with leaving group synthesized in Example 46. SEQ
ID NO:99 is 7-residue peptide with protective groups synthesized in Example 46. SEQ ID NO:100

is oligosaccharide chain added 13- resi peptide with protective groups synthesized in Example 46.
A60] SO TD MO IOT St et SRt i SFOt s S R Ly mids had rESample 45,

SEQ ID NO:1@z iso3k-residue;peplide-wihprotestive groups synthesizegdindexample#9.  SEQ ID
NO:103 is oligosaccharide chain added GLP-1 peptide represented by (bl). SEQ ID NO:104 is
oligosaccharidehehiain added GilP>1 Ipeptide répresedited byt -disialo, 9Cys GLP-

l-disialo, 12Cys GLP-1-disialo, 18Cys GLP-1-disialo,
20Cys GLP-1-disialo, 22Cys GLP-l1-disialo, 26Cys GLP-1-
disialo, 26Cys GLP-l-asialo, 30Cys GLP-1l-disialo, 34Cys
GLP-1-disialo, 34Cys GLP-l-asialo, 36Cys GLP-1-disialo or
38Cys GLP-1l-disialo) prepared in each Example or the GLP-
1 prepared in Comparative Example 1 was intraperitoneally
administered at a dose of 9 nmol/kg to each mouse, and
their effects of suppressing rise in blood-sugar levels
were compared. The results are shown in FIGS. 9 to 11.
[0440]

The GLP-1 without oligosaccharide chain addition of
Comparative Example 1 has low stability in blood and has
small effect of suppressing rise in blood-sugar levels
because it is quickly degraded after administration.

By contrast, the oligosaccharide chain added GLP-1
peptides 18Cys GLP-1-disialo, 20Cys GLP-1-disialo, 22Cys
GLP-1-disialo, 26Cys GLP-1l-disialo, 26Cys GLP-l-asialo,
30Cys GLP-1-disialo, 34Cys GLP-1-disialo, 34Cys GLP-1-
asialo, 36Cys GLP-1-disialo and 38Cys GLP-l-disialo
exhibited strong effect of suppressing rise in blood-
sugar levels.

[0441]
Test Example 7-2 (Influence of oligosaccharide chain
structure in OGTT of oligosaccharide chain added GLP-1

peptide)
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SEQ ID NO:105 is oligosaccharide chain added GLP-1 peptide represented by (b3). SEQID
NO:106 is oligosaccharide chain added GLP-1 peptide represented by (b4). SEQ ID NO:107 is
cligcsaccharide chain added GLP-1 peptide represented by (b5). SEQ ID NO:108 is
cligcsaccharide chain added GLP-1 peptide represented by (b6). SEQ ID NO:109 is
cligcsaccharide chain added GLP-1 peptide represented by (b7). SEQ ID NO:110 is

cligcsaccharide chain.added GLP-1 tide represented %E ) E%I NO:111 is
Cigoancohatide chait S4dad CLF A et epr ot (00,1 - ST NG 115 79
cligcsaccharidg chginsadded Gli=1 peptide sepresented Byl (41 SEQID NO:113is
cligcsaccharide chain added GLP-1 peptide represented by (b11). SEQ ID NO:114 is

cligcsaccharidelchairs addéd GLd= 1 peptide representeddarhlpysialo

oligosaccharide chain), seven sugars (diGlcNAc
oligosaccharide chain) or five sugars (dimannose
oligosaccharide chain) (22Cys GLP-1-disialo, 22Cys GLP-1-
asialo, 22Cys GLP-1-diGlcNAc, 22Cys GLP-1-dimannose,
30Cys GLP-1-disialo, 30Cys GLP-l-asialo, 30Cys GLP-1-
diGlcNAc, 30Cys GLP-1l-dimannose, 34Cys GLP-1-disialo,
34Cys GLP-l-asialo, 34Cys GLP-1-diGlcNAc or 34Cys GLP-1-
dimannose) or the GLP-1 prepared in Comparative Example 1
was intraperitoneally administered at a dose of 9 nmol/kg
to each mouse. The correlation between the
oligosaccharide chain structure and the activity was
studied in mouse OGTT. The results are shown in FIGS. 12
to 14.

[0442]

The strongest effect of suppressing rise in blood-
sugar levels was exhibited by the oligosaccharide chain
added GLP-1 peptides having oligosaccharide chain of
eleven sugars (disialo oligosaccharide chain), which was
largest, at any of the addition sites (positions 22, 30
and 34). Higher activity of suppressing rise in blood-
sugar levels was produced in the order of eleven sugars =2
nine sugars 2 seven sugars =2 five sugars.

[0443]
Test Example 7-3 (Influence of dose in OGTT of

oligosaccharide chain added GLP-1 peptide)
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SEQ ID NO:115 is cligcsaccharide chain added GLP-1 peptide represented by (b13). SEQ ID
NO:116 is cligcsaccharide chain added GLP-1 peptide represented by (b14). SEQ ID NO:117 is
cligcsaccharide chain added GLP-1 peptide represented by (b15). SEQ ID NO:118 is
cligcsaccharide chain added GLP-1 peptide represented by (b16). SEQ ID NO:119 is
cligcsaccharide chain added GLP-1 peptide represented by (b17). SEQ ID NO:120 is

cligcsaccharide chain added GLP-1 peptide, represented by (b18). [0461], . SEQID NO:121is
% }bkﬁéﬁgég ctlee OPl %%ghg?lges hS %iais

cligcsaccharide chain added tide representegcij Sy

cligcsaccharidgighain adged Gd.£-1 peptide tepresentedibyl H203.0cy sSEPID NOi323 is,
cligcsaccharide chain added GLP-1 peptide represented by (b21).
34Cys GLP-1-disialo and 36Cys GLP-l-disialo were
separately evaluated by mouse OGTT using a dose of 1/10
(0.9 nmol/kg) or 1/100 (0.09 nmol/kg). The results are
shown in FIGS. 15 to 18. 1In FIGS. 15 to 18, the OGTT
results of GLP-1 were obtained at a dose of 9 nmol/kg
according to Test Example 7-2.
[0444]

All the oligosaccharide chain added GLP-1 peptides
26Cys GLP-1-disialo, 30Cys GLP-1l-disialo, 34Cys GLP-1-
disialo and 36Cys GLP-1-disialo exhibited dose-dependent
activity of suppressing rise in blood-sugar levels. At a
dose of 0.9 nmol/kg, rise in blood-sugar levels was
suppressed most strongly by the 30Cys GLP-1l-disialo and
the 36Cys GLP-1-disialo, which suppressed rise in blood-
sugar levels almost completely.

The 36Cys GLP-1l-disialo at a dose of 0.09 nmol/kg
exhibited the activity of suppressing rise in blood-sugar
levels equivalent to that of the GLP-1 at a dose of 9
nmol/kg, suggesting that the activity of the 36Cys GLP-1-
disialo was about 100 times higher than that of the GLP-1.
Likewise, the 30Cys GLP-1l-disialo at a dose of 0.09
nmol/kg had weaker activity of suppressing rise in blood-
sugar levels than that of the 36Cys GLP-1l-disialo at the
same dose, suggesting that the activity of the 30Cys GLP-
l-disialo is up to 10 to 100 times that of the GLP-1.

The 26Cys GLP-1-disialo and the 34Cys GLP-1l-disialo at a
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SEQ ID NO:124 is cligcsaccharide chain added GLP-1 peptide represented by (b22). SEQ ID
NO:125 is cligcsaccharide chain added GLP-1 peptide represented by (b23). SEQ ID NO:126 is
cligcsaccharide chain added GLP-1 peptide represented by (b24). SEQ ID NO:127 is
cligcsaccharide chain added GLP-1 peptide represented by (b25). SEQ ID NO:128 is
cligcsaccharide chain added GLP-1 peptide represented by (b26). SEQ ID NO:129 is

cligcsaccharide chain d§e§GLP- e tige represented by 22271}. SE%I NO:130 is
CligoancoharideChaiy acded GLIL hoptile eprostnieoy (528), 1/ 2SEQ ITNO131 i

cligcsaccharidgchain added &t Pslpeptide representediby (029)d-suSERQ MANOE32 s
cligcsaccharide chain added GLP-1 peptide represented by (b30). SEQ ID NO:133 is
cligcsacchariderchaid &dde & GE-PL1 peplide vepredented Bo®EB1)GLP-1-disialo at

the same dose, suggesting that the activities of the
26Cys GLP-1-disialo and the 34Cys GLP-1l-disialo are about
5 to 50 times that of the GLP-1. The oligosaccharide
chain addition sites that exhibited high activity in the
OGTT were positions 30 and 36.

[0445]

Test Example 7-4 (OGTT of oligosaccharide chain added
GLP-1 peptide having oligosaccharide chain added Asn)

The oligosaccharide chain added GLP-1 peptide
wherein an amino acid at position 22 or 30 of GLP-1 was
substituted with oligosaccharide chain added Asn
(naturally occuring type of linked oligosaccharide chain)
or oligosaccharide chain added Cys were compared in
activity at a dose of 0.9 nmol/kg in mouse OGTT. The
results are shown in FIG. 19. In FIG. 19, the OGTT
results of GLP-1 were obtained at a dose of 9 nmol/kg
according to Test Example 7-2.

[0446]

In the cases of adding oligosaccharide chain of nine
sugars (asialo oligosaccharide chain) at position 22 and
adding oligosaccharide chain of eleven sugars (disialo
oligosaccharide chain) at position 30, both cases showed
no difference in the effect of suppressing rise in blood-
sugar levels by the oligosaccharide chain added GLP-1

peptide between oligosaccharide chain added Asn and
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SEQ ID NO:134 is cligcsaccharide chain added GLP-1 peptide represented by (b32). SEQ ID
NO:135 is cligcsaccharide chain added GLP-1 peptide represented by (b33). SEQ ID NO:136 is
cligcsaccharide chain added GLP-1 peptide represented by (b34). SEQ ID NO:137 is
cligcsaccharide chain added GLP-1 peptide represented by (b35). SEQ ID NO:138 is
cligcsaccharide chain added GLP-1 peptide represented by (b36). SEQ ID NO:139 is

cIigcsaccharidglcﬂg(:)gs3%%2% gl{(gel gr?g}ige aruej[(:)jreegeeteg by ﬁ%%go th%%l%gcl%légl | 40 is

cligcsaccharide ¢ 1 peptide represent\éd'by Yy NO:141 is

cligcsaccharidgrchain added GtP-1 peptide represantedly d39).or SEQ ID NO:142 is
cligcsaccharide chain added GLP-1 peptide represented by (b40). SEQ ID NO:143 is

cligcsaccharide lchais addéd GLiB1 peplide aeipredentetsy (alys exhibited
activity.
[0447]
Test Example 7-5 (Influence of the number of
oligosaccharide chains to be added in OGTT of
oligosaccharide chain added GLP-1 peptide)

The oligosaccharide chain added GLP-1 peptides of
Examples 48 and 49 having 2 oligosaccharide chains were
evaluated for their effects of suppressing rise in blood-
sugar levels using mouse OGTT. The OGTT results of
26,34Cys GLP-1-disialo and 18,36Cys GLP-1l-disialo at a
dose of 9 nmol/kg are shown in FIG. 20. In FIG. 20, the
OGTT results of GLP-1 were obtained at a dose of 9
nmol/kg according to Test Example 7-2.

[0448]

The 18,36Cys GLP-1-disialo at a dose of 9 nmol/kg
had effect almost equivalent to that of the 36Cys GLP-1-
disialo shown in FIG. 5 or 14. The 26,34Cys GLP-1-
disialo at a dose of 9 nmol/kg had slightly better
activity of suppressing rise in blood-sugar levels than
that of the GLP-1 at the same dose.

[0449]

Next, the 18,36Cys GLP-l-disialo was evaluated by

OGTT using a dose of 1/10 (0.9 nmol/kg). Likewise, GLP-1

at a dose of 9 nmol/kg was evaluated by OGTT and compared
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SEQ ID NO:144 is cligcsaccharide chain added GLP-1 peptide represented by (b42). SEQ ID
NO:145 is cligcsaccharide chain added GLP-1 peptide represented by (b43). SEQ ID NO:146 is
cligcsaccharide chain added GLP-1 peptide represented by (b44). SEQ ID NO:147 is
oligosaccharide chain added GLP-1 peptide represented by (b45). SEQ ID NO:148 is
oligosaccharide chain added GLP-1 peptide represented by (b46). SEQ ID NO:149 is

ollgosaccharlde qlam f;;} eg CG;% spe&fje regresen&ed by,%EM)resuiEQ ID RIOS%SO IS

ollgosaccharlde ain a%de peptlde represented by

oligosaccharidgchaig added GLP-1 peptide represented by (b49). SEQ ID NO:152 is 45-residue
mouse GLP-1 receptor sense primer synthesized in Test Example 6. SEQ ID NO:153 is 41-residue
mouse GLP-1 rédeptor antisense primer synthesized in Test Example 6. INDUSTRIAL

APPLICABILITY ,
The 18,36Cys GLP-1-disialo at a dose of 0.9 nmol/kg

had the effect of lowering blood-sugar levels almost
equivalent to that of the GLP-1 at a dose of 9 nmol/kg,
suggesting that the activity of suppressing rise in
blood-sugar levels by the 18,36Cys GLP-1-disialo is about
10 times higher than that of the GLP-1.

[0451]

Test Example 8 (Effect of lowering blood-sugar levels in
diabetes model mice by oligosaccharide chain added GLP-1
peptide)

The oligosaccharide chain added GLP-1 peptide
prepared in Example 2, 3, 4, 21 or 23 or the GLP-1
prepared in Comparative Example 1 in a PBS solution (9
nmol/10 ml) was intraperitoneally administered at a dose
of 10 ml/kg to BKS.Cg-+ Lepr®/+Lepr®/Jcl mice (10 week
old, male). Blood was collected from the orbits before
the compound administration and 30 minutes, 60 minutes,
120 minutes, 180 minutes and 300 minutes after the
compound administration. Blood-sugar levels were
measured using ACCU-CHEK Aviva (Roche Diagnostics).
[0452]

The db/db (BKS.Cg-+ Lepr®/+ Lepr®/Jcl) mice serving
as diabetes model mice have a mutation in a receptor of

leptin which is anorexigenic/energy metabolism-
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[0463] The present invention provides an oligosaccharide chain added GLP-1 peptide that has
higher stability in blood than that of GLP-1 and, preferably, exhibits higher activity of controlling
blood-sugar levels than that of GLP-1. The present invention is useful particularly in pharmaceutical
field. MCSLLP CLAIMS 1.An oligosaccharide chain added glucagon-like peptide-1 (GLP-1) peptide
having GLP-1 activity, wherein one amino acid is substituted with an oligosaccharide chain added
amino acid, whereinlsaid oligos%ccharide cha(iig i?c.er\\]oetfn %Ii%ked oljgggacch%riqg %hsain in GLP-1;

wherein said o%céggacec%%triﬁegcha?ﬁ: addéd &L peptlag IS: On%&) an Sﬁgossa%chande chain added

GLP-1 peptide;havng engamipgacid further added to the C terminal (position 37) of GLP-1, wherein
said added amino acid is substituted with an oligosaccharide chain added amino acid; (b) an

oligosaccharide chaififadded GLRdopeptidestraving ohe aminddeit felkthet added toldwe N terminal
(position 7) of GLP-1, wherein said added amino acid is substituted with an oliggsaccharide chain

added amino &8 o XM (B &7 A0S Ehhride thamfaddBPEE BST Peplide Whereil 6ne%r more
amino acid sitg(s) seleclrlfam;poSHigNSCLe 20r 2+28.3%,31d 36 0f Glitrd s gypstituted with an
oligosaccharide chain added amino acid; wherein: said oligosaccharide chain added amino acid is
oligosaccharidgichiain added Ass; rLsaid -ofigesaccharide chaincaddad-aminaacid, themligosaccharide
chain is linked to the amino acid without a linker; said oligosaccharide chain consists of four or more
sugars; and s&édtigosdcchatifle ThaitPisyselédiEd frofi theedroupadnsisting of disialo, monosialo,
asialo, diGicNAc and dimannose J;_)!Li%o%%?char.id% chains.

1%traper1tonea ministered at a dose of 9 nmol/kg to
the db/db mice. Blood-sugar levels were measured over
time, and their effects of lowering blood-sugar levels
were compared with that of the GLP-1 without
oligosaccharide chain addition of Comparative Example 1.
The results are shown in FIG. 22.

[0453]

GLP-1 has low stability in blood and has low effect
of lowering blood-sugar levels because it is quickly
degraded after administration. Therefore, blood-sugar
levels in GLP-l-administered mice were almost equal to
those in PBS-administered mice.

By contrast, the oligosaccharide chain added GLP-1
peptides (26Cys GLP-1-disialo, 30Cys GLP-1-disialo, 34Cys
GLP-1-disialo and 36Cys GLP-1l-disialo) exhibited strong
effect of lowering blood-sugar levels. Those exhibiting
the activity of suppressing rise in blood-sugar levels in
mouse OGTT also exhibited the effect of lowering blood-
sugar levels in the db/db mice (effect of lowering blood-

sugar levels on 120 minutes: 26Cys GLP-1l-disialo, 30Cys
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2. The oligosaccharide chain added GLP-1 peptide according to claim 1, having at least one of the
following properties: higher stability in blood than that of GLP-1;  activity of controlling blood-sugar
levels at least 10 times that of GLP-1 in OGIT (Oral Glucose Tolerance Test); and DPP-IV resistance
at least 30 times that of GLP-1. 3. A pharmaceutical composition comprising the oligosaccharide
chain added GLP-1 peptide according to claim 1 for treating disease associated with GLP-1. 4. The

pharmaceutic mposition according to claim 3, wherein said di associated with GLP-1 is
diabetes. 5. T Ig%;llarrilascéﬁ?}gdl 0%218 o%it%l@acco?diﬁé ?n&%la?rrﬁdzev%ﬁgyesm gg% oligosaccharide chain

has at least 909 Uniformity .6, An; oligesaccharide ¢hgin added glucagon-like peptide-1 (GLP-1)
peptide having GLP-1 activity, wherein one amino acid is substituted with an oligosaccharide chain
added amino ddid Mherein said oligosaccharide chain added amino acid is oligosaccharide chain

added Asn or oligosaccharide chain added Cys, wherein said oligosaccharide chain is not O-linked

oligosaccharide chailf i SLP1Y 7. The diigosadehariderchiint BadEd GLP-1 bl a&ebfding to
claim 6, wherein in §aid ligagacehide ghaip added amino agc}%&ngpié?og%cgpgggg&hain is linked to

the amino acid without a linker. 8. The oligosaccharide chain added GLP-1 peptide according to claim
6, wherein said pigesacchaside chastreensisis of foud arhpane sugass.t 9. dlie dligesaacharide chain
added GLP-1 peptide according to claim 6, wherein said oligosaccharide chain is selected from the
group consistiRg @Pdistale amohesiales asrile, diGicdNKd End aftiansssealiijosaetRaride chains.

When 30Cys GLP-1-disialo or 36Cys GLP-1-disialo were
administered, blood-sugar levels were kept at low levels
after 300 minutes (effect of lowering blood-sugar levels
on 300 minutes: 30Cys GLP-1l-disialo and 36Cys GLP-1-
disialo =2 22Cys GLP-1-disialo, 26Cys GLP-1-disialo and
34Cys GLP-1-disialo).
[0455]
Sequence Listing Free Text

SEQ ID NO:1 is oligosaccharide chain added GLP-1
peptide represented by the general formula (1).

SEQ ID NO:2 is GLP-1 (7-37).

SEQ ID NO:3 is GLP-1 (7-36NH,.

SEQ ID NO:4 is oligosaccharide chain added GLP-1
peptide represented by (al).

SEQ ID NO:5 is oligosaccharide chain added GLP-1
peptide represented by (a2).

SEQ ID NO:6 is oligosaccharide chain added GLP-1
peptide represented by (a3).

SEQ ID NO:7 is oligosaccharide chain added GLP-1

peptide represented by (a4).

- 253 -



10. The oligosaccharide chain added GLP-1 peptide according to claim 6. wherein said
oligosaccharide chain is represented by the following formula: wherein R2 and R2 are the same or
different and each represents MCSLLP and Ac represents an acetyl group. 11. The oligosaccharide
chain added GLP-1 peptide according to claim 6, having at least one of the following properties: higher
stability in blood than that of GLP-1;  activity of controlling blood-sugar levels at least 10 times that
of GLP-1 in OGIT (OéﬁlQGIPBOﬁ%‘:I'gIelr%n%elTest .and DPP-IV resistance at least 30 fimes that of

GLP-1. 1gosaccharide chain ad

peptide represented by (ab).

SEQ ID NO:9 is oligosaccharide chain added GLP-1
peptide represented by (ab6).

SEQ ID NO:10 is oligosaccharide chain added GLP-1
peptide represented by (a7).

SEQ ID NO:11 is oligosaccharide chain added GLP-1
peptide represented by (a8).

SEQ ID NO:12 is oligosaccharide chain added GLP-1
peptide represented by (a9).

SEQ ID NO:13 is oligosaccharide chain added GLP-1
peptide represented by (alO).

SEQ ID NO:14 is oligosaccharide chain added GLP-1
peptide represented by (all).

SEQ ID NO:15 is oligosaccharide chain added GLP-1
peptide represented by (al2).

SEQ ID NO:16 is oligosaccharide chain added GLP-1
peptide represented by (al3).

SEQ ID NO:17 is oligosaccharide chain added GLP-1
peptide represented by (ald).

SEQ ID NO:18 is oligosaccharide chain added GLP-1
peptide represented by (alb).

SEQ ID NO:19 is oligosaccharide chain added GLP-1
peptide represented by (al6).

SEQ ID NO:20 is oligosaccharide chain added GLP-1
peptide represented by (al7).

[0456]
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12. A pharmaceutical composition comprising the oligosaccharide chain added GLP-1 peptide
according to claim 6 for treating disease associated with GLP-1. 13. The pharmaceutical composition
according to claim 12, wherein said disease associated with GLP-1 is diabetes. 14. The
pharmaceutical composition according to claim 13 wherein said oligosaccharide chain has at least
90% uniformity.

SEQ ID NO:21 is oligosaccharide chain added GLP-1
peptide represented by (al8).

SEQ ID NO:22 is oligosaccharide chain added GLP-1
peptide represented by (al9).

SEQ ID NO:23 is oligosaccharide chain added GLP-1
peptide represented by (a20).

SEQ ID NO:24 is oligosaccharide chain added GLP-1
peptide represented by (a2l).

SEQ ID NO:25 is oligosaccharide chain added GLP-1
peptide represented by (a22).

SEQ ID NO:26 is oligosaccharide chain added GLP-1
peptide represented by (a23).

SEQ ID NO:27 is oligosaccharide chain added GLP-1
peptide represented by (a24).

SEQ ID NO:28 is oligosaccharide chain added GLP-1
peptide represented by (a2b).

SEQ ID NO:29 is oligosaccharide chain added GLP-1
peptide represented by (a26).

SEQ ID NO:30 is 31l-residue peptide with protective
groups synthesized in Example 1.

SEQ ID NO:31 is 31l-residue peptide with protective
groups synthesized in Comparative Example 1.

SEQ ID NO:32 is 31l-residue peptide with protective
groups synthesized in Example 6.

SEQ ID NO:33 is 3l-residue peptide with protective
groups synthesized in Example 6.

SEQ ID NO:34 is 18-residue peptide with protective

groups synthesized in Example 7.
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SEQ ID NO:35 is oligosaccharide chain added 19-

residue peptide with protective groups synthesized in

Example 7.

SEQ ID NO:36 is oligosaccharide chain added 31-

residue peptide with protective groups synthesized in

Example 7.

SEQ ID NO:37 is 31l-residue peptide
groups synthesized in Example 8.

SEQ ID NO:38 is 31l-residue peptide
groups synthesized in Example 9.

SEQ ID NO:39 is 31l-residue peptide
groups synthesized in Example 10.

SEQ ID NO:40 is 31l-residue peptide
groups synthesized in Example 11.
[0457]

SEQ ID NO:41 is 31l-residue peptide
groups synthesized in Example 12.

SEQ ID NO:42 is 3l-residue peptide
groups synthesized in Example 13.

SEQ ID NO:43 is 3l-residue peptide
groups synthesized in Example 14.

SEQ ID NO:44 is 3l-residue peptide
groups synthesized in Example 15.

SEQ ID NO:45 is 31l-residue peptide
groups synthesized in Example 16.

SEQ ID NO:46 is 31l-residue peptide

groups synthesized in Example 17.
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SEQ ID NO:47 is 3l-residue peptide
groups synthesized in Example 18.

SEQ ID NO:48 is 3l-residue peptide
groups synthesized in Example 19.

SEQ ID NO:49 is 3l-residue peptide
groups synthesized in Example 20.

SEQ ID NO:50 is 31-residue peptide
groups synthesized in Example 21.

SEQ ID NO:51 is 31-residue peptide
groups synthesized in Example 22.

SEQ ID NO:52 is 31l-residue peptide
groups synthesized in Example 23.

SEQ ID NO:53 is 3l-residue peptide
groups synthesized in Example 24.

SEQ ID NO:54 is 3l-residue peptide
groups synthesized in Example 25.

SEQ ID NO:55 is 3l-residue peptide
groups synthesized in Example 26.

SEQ ID NO:56 is 31l-residue peptide
groups synthesized in Example 27.

SEQ ID NO:57 is 31l-residue peptide
groups synthesized in Example 28.

SEQ ID NO:58 is 31-residue peptide
groups synthesized in Example 29.

SEQ ID NO:59 is 3l-residue peptide
groups synthesized in Example 30.

SEQ ID NO:60 is 3l-residue peptide

groups synthesized in Example 31.
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[0458]

SEQ ID NO:61 is 31-residue peptide
groups synthesized in Example 32.

SEQ ID NO:62 is 31l-residue peptide
groups synthesized in Example 33.

SEQ ID NO:63 is 3l-residue peptide
groups synthesized in Example 34.

SEQ ID NO:64 is 12-residue peptide
groups synthesized in Example 35.

SEQ ID NO:65 is 13-residue peptide

groups synthesized in Example 35.

with

with

with

with

with

protective

protective

protective

protective

protective

SEQ ID NO:66 is oligosaccharide chain added 18-

residue peptide with protective groups synthesized in

Example 35.

SEQ ID NO:67 is oligosaccharide chain added 18-

residue peptide with protective groups synthesized in

Example 35.

SEQ ID NO:68 is oligosaccharide chain added 18-

residue peptide with leaving group synthesized in Example

35.

SEQ ID NO:69 is 13-residue peptide with protective

groups synthesized in Example 35.

SEQ ID NO:70 is 13-residue peptide synthesized in

Example 35.

SEQ ID NO:71 is 19-residue peptide with protective

groups synthesized in Example 36.
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SEQ ID NO:72 is oligosaccharide chain added 20-
residue peptide with protective groups synthesized in
Example 36.

SEQ ID NO:73 is oligosaccharide chain added 31-
residue peptide with protective groups synthesized in
Example 36.

SEQ ID NO:74 is 15-residue peptide with protective
groups synthesized in Example 37.

SEQ ID NO:75 is oligosaccharide chain added 16-
residue peptide with protective groups synthesized in
Example 37.

SEQ ID NO:76 is oligosaccharide chain added 31-
residue peptide with protective groups synthesized in
Example 37.

SEQ ID NO:77 is 18-residue peptide with protective
groups synthesized in Example 38.

SEQ ID NO:78 is 18-residue peptide with protective
groups synthesized in Example 38.

SEQ ID NO:79 is 18-residue peptide with leaving
group synthesized in Example 38.

SEQ ID NO:80 is 1ll-residue peptide with protective
groups synthesized in Example 38.

[0459]

SEQ ID NO:81 is oligosaccharide chain added 13-
residue peptide with protective groups synthesized in
Example 38.

SEQ ID NO:82 is 18-residue peptide with protective

groups synthesized in Example 39.
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SEQ ID NO:83 is 18-residue peptide with protective
groups synthesized in Example 39.

SEQ ID NO:84 is 18-residue peptide with leaving
group synthesized in Example 39.

SEQ ID NO:85 is 10-residue peptide with protective
groups synthesized in Example 39.

SEQ ID NO:86 is oligosaccharide chain added 13-
residue peptide with protective groups synthesized in
Example 39.

SEQ ID NO:87 is 18-residue peptide with protective
groups synthesized in Example 40.

SEQ ID NO:88 is 18-residue peptide with protective
groups synthesized in Example 40.

SEQ ID NO:89 is 18-residue peptide with leaving
group synthesized in Example 40.

SEQ ID NO:90 is 9-residue peptide with protective
groups synthesized in Example 40.

SEQ ID NO:91 is oligosaccharide chain added 13-
residue peptide with protective groups synthesized in
Example 40.

SEQ ID NO:92 is 7-residue peptide with protective
groups synthesized in Example 41.

SEQ ID NO:93 is oligosaccharide chain added 8-
residue peptide with protective groups synthesized in
Example 41.

SEQ ID NO:94 is oligosaccharide chain added 31-
residue peptide with protective groups synthesized in

Example 41.
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SEQ ID NO:95 is oligosaccharide chain added 31-
residue peptide with protective groups synthesized in
Example 42.

SEQ ID NO:96 is 18-residue peptide with protective
groups synthesized in Example 46.

SEQ ID NO:97 is 18-residue peptide with protective
groups synthesized in Example 46.

SEQ ID NO:98 is 18-residue peptide with leaving
group synthesized in Example 46.

SEQ ID NO:99 is 7-residue peptide with protective
groups synthesized in Example 46.

SEQ ID NO:100 is oligosaccharide chain added 13-
residue peptide with protective groups synthesized in
Example 46.

[0460]

SEQ ID NO:101 is 31-residue peptide with protective
groups synthesized in Example 48.

SEQ ID NO:102 is 31-residue peptide with protective
groups synthesized in Example 49.

SEQ ID NO:103 is oligosaccharide chain added GLP-1
peptide represented by (bl).

SEQ ID NO:104 is oligosaccharide chain added GLP-1
peptide represented by (b2).

SEQ ID NO:105 is oligosaccharide chain added GLP-1
peptide represented by (b3).

SEQ ID NO:106 is oligosaccharide chain added GLP-1

peptide represented by (b4).
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SEQ ID NO:107 is oligosaccharide
peptide represented by (b5).

SEQ ID NO:108 is oligosaccharide
peptide represented by (bo6).

SEQ ID NO:109 is oligosaccharide
peptide represented by (b7).

SEQ ID NO:110 is oligosaccharide
peptide represented by (b8).

SEQ ID NO:111 is oligosaccharide
peptide represented by (b9).

SEQ ID NO:112 is oligosaccharide
peptide represented by (blO0).

SEQ ID NO:113 is oligosaccharide
peptide represented by (bll).

SEQ ID NO:114 is oligosaccharide
peptide represented by (bl2).

SEQ ID NO:115 is oligosaccharide
peptide represented by (bl3).

SEQ ID NO:116 is oligosaccharide
peptide represented by (bl4).

SEQ ID NO:117 is oligosaccharide
peptide represented by (bl5).

SEQ ID NO:118 is oligosaccharide
peptide represented by (bl6).

SEQ ID NO:119 is oligosaccharide
peptide represented by (bl7).

SEQ ID NO:120 is oligosaccharide

peptide represented by (bl8).
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[0461]

SEQ ID NO:121 is oligosaccharide
peptide represented by (bl9).

SEQ ID NO:122 is oligosaccharide
peptide represented by (b20).

SEQ ID NO:123 is oligosaccharide
peptide represented by (b21).

SEQ ID NO:124 is oligosaccharide
peptide represented by (b22).

SEQ ID NO:125 is oligosaccharide
peptide represented by (b23).

SEQ ID NO:126 is oligosaccharide
peptide represented by (b24).

SEQ ID NO:127 is oligosaccharide
peptide represented by (b25).

SEQ ID NO:128 is oligosaccharide
peptide represented by (b26).

SEQ ID NO:129 is oligosaccharide
peptide represented by (b27).

SEQ ID NO:130 is oligosaccharide
peptide represented by (b28).

SEQ ID NO:131 is oligosaccharide
peptide represented by (b29).

SEQ ID NO:132 is oligosaccharide
peptide represented by (b30).

SEQ ID NO:133 is oligosaccharide

peptide represented by (b31).
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SEQ ID NO:134 is oligosaccharide
peptide represented by (b32).

SEQ ID NO:135 is oligosaccharide
peptide represented by (b33).

SEQ ID NO:136 is oligosaccharide
peptide represented by (b34).

SEQ ID NO:137 is oligosaccharide
peptide represented by (b35).

SEQ ID NO:138 is oligosaccharide
peptide represented by (b36).

SEQ ID NO:139 is oligosaccharide
peptide represented by (b37).

SEQ ID NO:140 is oligosaccharide
peptide represented by (b38).
[0462]

SEQ ID NO:141 is oligosaccharide
peptide represented by (b39).

SEQ ID NO:142 is oligosaccharide
peptide represented by (b40).

SEQ ID NO:143 is oligosaccharide
peptide represented by (b4l).

SEQ ID NO:144 is oligosaccharide
peptide represented by (b42).

SEQ ID NO:145 is oligosaccharide
peptide represented by (b43).

SEQ ID NO:146 is oligosaccharide

peptide represented by (b44).
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SEQ ID NO:147 is oligosaccharide
peptide represented by (b4b5).

SEQ ID NO:148 is oligosaccharide
peptide represented by (b46).

SEQ ID NO:149 is oligosaccharide
peptide represented by (b47).

SEQ ID NO:150 is oligosaccharide
peptide represented by (b48).

SEQ ID NO:151 is oligosaccharide

peptide represented by (b49).

chain

chain

chain

chain

chain

added

added

added

added

added

GLP-1

GLP-1

GLP-1

GLP-1

GLP-1

SEQ ID NO:152 is 45-residue mouse GLP-1 receptor

sense primer synthesized in Test Example 6.

SEQ ID NO:153 is 41l-residue mouse GLP-1 receptor

antisense primer synthesized in Test Example 6.

INDUSTRIAL APPLICABILITY

[0463]

The present invention provides an oligosaccharide

chain added GLP-1 peptide that has higher stability in

blood than that of GLP-1 and, preferably,

exhibits higher

activity of controlling blood-sugar levels than that of

GLP-1. The present invention is useful particularly in

pharmaceutical field.
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CLAIMS

1. An oligosaccharide chain added glucagon-like peptide-1
(GLP-1) peptide having GLP-1 activity, wherein one amino
acid i1s substituted with an oligosaccharide chain added
amino acid, wherein said oligosaccharide chain is not an O-
linked oligosaccharide chain in GLP-1; wherein said
oligosaccharide chain added GLP-1 peptide is:

(a) an oligosaccharide chain added GLP-1 peptide
having one amino acid further added to the C terminal
(position 37) of GLP-1, wherein said added amino acid is
substituted with an oligosaccharide chain added amino acid;

(b) an oligosaccharide chain added GLP-1 peptide
having one amino acid further added to the N terminal
(position 7) of GLP-1, wherein said added amino acid is
substituted with an oligosaccharide chain added amino acid;
or

(c) an oligosaccharide chain added GLP-1 peptide
wherein one or more amino acid site(s) selected from
positions 18, 20, 22, 26, 30, 34 and 36 of GLP-1 is
substituted with an oligosaccharide chain added amino acid;
wherein: said oligosaccharide chain added amino acid is
oligosaccharide chain added Asn; in said oligosaccharide
chain added amino acid, the oligosaccharide chain is linked
to the amino acid without a linker; said oligosaccharide
chain consists of four or more sugars; and said
oligosaccharide chain is selected from the group consisting
of disialo, monosialo, asialo, diGlcNAc and dimannose

oligosaccharide chains.
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2. The oligosaccharide chain added GLP-1 peptide
according to claim 1, having at least one of the following
properties:

higher stability in blood than that of GLP-1;

activity of controlling blood-sugar levels at least 10
times that of GLP-1 in OGTT (Oral Glucose Tolerance Test);
and

DPP-IV resistance at least 30 times that of GLP-1.

3. A pharmaceutical composition comprising the
oligosaccharide chain added GLP-1 peptide according to

claim 1 for treating disease associated with GLP-1.

4. The pharmaceutical composition according to claim 3,

wherein said disease associated with GLP-1 is diabetes.

5. The pharmaceutical composition according to claim 4
wherein said oligosaccharide chain has at least 90%

uniformity.

6. An oligosaccharide chain added glucagon-like peptide-1
(GLP-1) peptide having GLP-1 activity, wherein one amino
acid 1s substituted with an oligosaccharide chain added
amino acid, wherein said oligosaccharide chain added amino
acid is oligosaccharide chain added Asn or oligosaccharide
chain added Cys, wherein said oligosaccharide chain is not

O-linked oligosaccharide chain in GLP-1.

7. The oligosaccharide chain added GLP-1 peptide
according to claim 6, wherein in said oligosacchide chain
added amino acid, the oligosaccharide chain is linked to

the amino acid without a linker.
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8. The oligosaccharide chain added GLP-1 peptide
according to claim 6, wherein said oligosaccharide chain
consists of four or more sugars.
9. The oligosaccharide chain added GLP-1 peptide
according to claim 6, wherein said oligosaccharide chain is
selected from the group consisting of disialo, monosialo,

asialo, diGlcNAc and dimannose oligosaccharide chains.
10. The oligosaccharide chain added GLP-1 peptide

according to claim 6. wherein said oligosaccharide chain is

represented by the following formula:

R? HAC HAc

wherein

R' and R® are the same or different and each represents

HOOC HO
na S | HO——
oo M
ae——f‘“’[ i@ HOL  NHAC il s Sy AN
AcHN™ ! HO— "T‘&.Qw >\~ o \\0 OH HQ““‘J ““O/
OH HO- = %
HO™
Ho R
HO™ i
HO
2 Nﬁl\c HO
HO- \,.,\w / il . Wi
0“ HG’"‘" HO™, n Hm\i OH
0 HO™, HO Ty
HO XTI O\ 9 HO =0,
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and

Ac represents an acetyl group.

11. The oligosaccharide chain added GLP-1 peptide
according to claim 6, having at least one of the following
properties:

higher stability in blood than that of GLP-1;

activity of controlling blood-sugar levels at least 10
times that of GLP-1 in OGTT (Oral Glucose Tolerance Test);
and

DPP-IV resistance at least 30 times that of GLP-1.

12. A pharmaceutical composition comprising the
oligosaccharide chain added GLP-1 peptide according to

claim 6 for treating disease associated with GLP-1.

13. The pharmaceutical composition according to claim 12,

wherein said disease associated with GLP-1 is diabetes.
14. The pharmaceutical composition according to claim 13

wherein said oligosaccharide chain has at least 90%

uniformity.
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