SPECI FI CATI ON | OLI GOSACCHARI DE CHAIN ADDED GLP 1
PEPTIDE Il TECHNI CAL FI ELD [0001] The present -
invention relates to an oligosaccharide chain addﬂmMmN”m“
GLP-1 peptide. BACKGROUND ART [0002] GLP-1

(gl ucagon-like peptide-1) is a peptide of intestinal «sgsos

origin that is deeply involved in regulation of
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Ik HGRYCRL, PFE sor and rel eased into circulationin-
response to food i ntake. These peptides serve as nmain
medbaiors of the entero-insular axis and act through
t he inding to particular receptors. [0003] GP-1

has been gt o raen tRimIde 19t dhe PaRCrRdGosttEharide
pronote the insulin release of (3 cells in a glucose

cbatentdatd ortBlebepsient deranner. It has al so been
suggested that GLP-1 is likely to suppress glucagon
BBREKReRPOND ART ay gastric enptying, and enhance
peripheral glucose disposal. [0004] The
é@ﬁpzﬂstration of GLP-1 to patients wth non-

i nsul in- dependent di abet es [1jt can normal.ize

post peillg%g‘]l al% %%é‘e_%ilgﬂfelpﬁp g_;@t irg & PEP AS- Pinay
PStésginal 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 B 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



used as a therapeutic drug. G.P-1 also has the effect
of inproving glycemc control in patients with
i nsulin- dependent diabetes nmellitus. Since the effect
of pronoting insulin release by GLP-1 depends on
pl asma gl ucose concentrations, G.P-1 nedi ates reduced
insulin release at a |OM/p|aan gl ucose concentrati on
afed 2het cthrrareVait sdjabiis| FlEads @d sto heer ithgs effect of
H%goglycenla Thus, the highly safe treatnment of
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For exanpl e, Pat ent Docunent 1 discl oses a
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[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-life 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



irritable bowel syndrone as well as reducing bl ood
sugar |evel, suppressing gastric and/or intestina
notility, gastric and/or intestinal enptying, and
controlling food intake (e.g., Non-patent docunent
1). [0007] However, PEGis a conpound that is not
metaboljzed in vivo. Therefore, the ggntjnu

S
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i zard | oderma) s a compound that is structurally

shidkar (& oy, Gash-gicedasasd i Bctivity and high
stability in blood (Non-patent Docunment 2) which has
beeo7 pl aced on the market in U S.. However, exendin-4
has a nonhunman sequence and mi ght induce neutrali zing
ant i bothieeser atRHG bt ed domdoomgt ttérah adminmits tredtabad, i zed

l eading to attenuated efficacy ((Non-patent Documents
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licated and _di tructures, . th t
RO L GREES of AT RESS1 LT G611 51 oebont Bt & AR ST 2rplon™

g$§699e9??§§5ﬂ9n1 method for obtaining a

ycopep avihg constant conposition (Patent
nt 2). However, this production nmethod is stil
 ess than sufficient fromthe viewoint of - 3
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




conveni ence or |arge-scale production and is not
practical nethod particularly for |long oligosaccharide
chains existing in vivo. [Patent Document 1] Nationa
Publication of International Patent Application No.
2006- 520818 [ Patent Docunent 2] WO 2005- 095331
[ Non- pat ent docunent 1] Toxi col ogi cal Science, 42,
48pVenLeneq 9oR) L Mot pat bhit Peedumeien And B gbotthem
267, 402-5 992) Non- pat ent _ Docunent 3] Vascul ar,
BEAF AR PR Wi AT L, Tob- Y pbeosacehat iae
- pa ument. 41 JAMA. 298, 194-206 (2007)
% g?%a%gg%t%giuﬂin l%C}'Endocrine Revi ews 28, 187-218
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PaYent | BPpl Sci©i ¢k avé dex @is- 92 d@psacchari de chain
added GLP-1 peptide that has higher stability in
bPovent haocthatt af ] GLP-A0@he)o®IE preferably,

exhi bits higher activity of controlling blood-sugar
[Boetratemn ddeumeit GLP-Tox MANS KGR SR\ ING PROBLEM 2 -
£0011 The present invention can have the foll ow ng
har 4e?@%lstics to solve the problem Specifically,
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[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



activity, wherein at |least one amno acid is
substituted w th an oligosacchari de chain added am no
acid, in (a) GP-1; (b) a peptide having the am no

aci d sequence of GLP- 1 with deletion, substitution or
addition of one or several amno acids; or (c) a

GLP- | . anal ag. 0012]. The present, i nventjon also . .

Hr otV s & e%#rbo%%c?ﬁ?aﬁ T A éﬁ:’-slusbpﬁetﬁﬁut}eed
having G.P-1 _activit er ei t.l east ane am.no
SEYh T Cadufinidrfde AL e PR R
added(aqmdi@_qgi d, in (a) GP-1; or (b) a peptide

havi ng 'the am no acid sequence of GLP- 1 with

del et i9n,a Pestiidltiaan ey t3ddidniion efcieneQfienseVerralbLp-
am no acids and havi ng P-1 activity. [0013] The
present dé wehdh pnsab soi putovemesr aard il i gosat clrer | e

chai n added G.P-1 peptide having GLP-1 activity,
pheeeah dthenol agodaccerari de chain added GLP-1 peptide
IS (azf an ol i gosacchari de chain added GLP-1 peptide

havi n(f Jorfe DrFsle\@&¥3IC%ni no aci ds further added to the
C termnal (position 37) of GP-1, wherein at | east
6RE16f the added anino acids is substituted with an

0| I g let‘?ec Emﬁrge{s: eg{le g'hna\;enn taj%)d :g’:\ %[%3?3% OQ/%_I(%S %rl'l ( b) an

ol i gosac aln a péptide having the

8&&885§8£ﬁa§§&ge@ﬁ§i9fa&@@doéiﬁoﬁq&%p@fégehaving 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 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—l
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




-.5 chain added G.P-1 peptide defined in (a) wth

del etion, substitution or addition of one or several
am no acids except the oligosaccharide chain added
amno acid(s). [0014] The present invention also

pr ovi des an oI [ gosacchari de chain added GLP-1 peptide
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IS substituted Wi | gosacchari de

appngjacid;, or (b) an ol i gosacchari de chain added
G.P-1 peptide having the am no acid sequence of the

ol i goachwdddde: iGhaint iagded sd PBrbwiepr!d de defined in
(a) with deletion, substitution or addition of one or
séveradcamndactsin exdadsd G- bl pgoshte et idey a1
added am no aci d(s%}Il [0015] The present invention
aF*ébe%w‘d%%rw ¢ JOsEEXHEE Rer drai ¢h ekt el dgdP-GLP- 1

e ge havi ng GLP-1 act|V|ty, wherein the
g? @Qctharide chain added GLP-1 peptide is (a) an

an ﬁSFi""“a!ﬁlde C“a'c&a""%%iedso%%a%@%%%?a gpepeicE”
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tuted with an ollgosacc ari ded ami mo
@étﬂanI (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



6 (b) an oligosaccharide chain added G.P-1 peptide
havi ng the am no aci d sequence of the oligosaccharide
chai n added G.P-1 peptide defined in (a) with

del etion, substitution or addition of one or several
am no acids except the oligosaccharide chain added
am no _aci d(s) [0016] WNbreover, the present invention
provi ds aéh I9gesEberdted Ehdia i osede FLAR- Pepdptiede

havi (9 acti vi ere n%%\ | east. two amni no
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SLES MO0 GO0P pent dlaciiidd () (A, BB e TEtd
sebstitetion oF addidian of one [0017\?‘?& 1a' n?ﬂwoacms

acids; or (c) a GP-1 anal og. e present

¢ et | e ad B0y QVEHIaS BN crd i Pos@echaln de Chai d(s
added GLP-1 peptide having GLP-1 activity, wher e| n at

[@a66] two amino acids are substituted with

ol i gosacchari de chain added am no acids, in (a)

GLP- Morsovies), atmemrle@@nﬁawnn@mtn@nammlai@sd agequence
of, GP- 1 with deletion, substitution or addition of

dheIoFacrerds midp aé:i-quﬁ GhRougleptide 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

(¢} 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]



The present invention also provides an

ol i gosacchari de chain added G.P-1 peptide having G.P-I
activity, wherein at |least two am no acids are
substituted with oligosacchari de chain added am no
acids, in (a) GP-1; or (b) a peptide having the

am no acid sequence of GP- 1 with deletion,
substihautirasest dddiantorprofalemre poroviseseral anmi no

i ds and having GLP-l1 activit [0019]  In the
‘bfje%%ﬁ?c?*h"i‘/%%ﬂ? o?Pa%Ihea%q*%o%la%c%aR?Eaél%d?Wl%o%P 1

am no. aci d can be nIelrabl but, not limted to,
oﬁjg‘éjs,%%ch‘gﬁ?lﬁee“?:h SRftfed IR rFBF D14 cthari de

F B T RS R o R e i

ﬁqlded am no acid, the oI | gosacchar| de chain may be

linked to the amino acid via a |linker or without a

i nkefa) Rreefieradl y, the oligosaccharide chain is

linked to the amno acid without a linker (i.e.,

di rectd)y)a rogpeni g viory emzodimiert acild0G2buenlda tdfe GLP-
resent invention, the oligosaccharide chain is

gewaﬂal dgl @ edrer adilys it ot 1 @ s@c cvidi tdeorchaff rone or

consi sting of four or nore sugars. However, an

3PV FORBCHPERT (RC P AR IR 519 ek BFL faSiel Wik %l even

F@gg@f 8may be preferable, depending on enbodi nments.

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 chéin 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]



In the present invention, the oligosaccharide chain

may be preferably, but not limted to, an

ol i gosaccharide chain selected fromthe group

consi sting of disialo, nonosialo, asialo, didcNAc

and di mannose ol i gosaccharide chains, dependi ng on

enbodi nents. [0023] 1In the present invention, the

ol i goFacddirarmxks etai imvendyl dre prief evlaldggadmitamiate chain

limted to, an oligosaccharide chain represented by

FR% P8I P AE2PHY mUPAT BepehHPhEE®Nnto enbadp hipsaccharide
ornula. 1 I HO Hgc OH H HO HO . HAc HAc wherein
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[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’i

HO
1 _OH —OH
HO O o o\ R
’ HO HO
R HAC

HAcC

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

" [Formula 2]



HO ~vQHHO HO i HOt 4 HONHAc HHAc p HOH HO H
HO-~ HH ,HO ,~H HHOOY~ +, or HO-*? and Ac
represents an acetyl group. [0024] In the present

i nvention, the oligosaccharide chain is, preferably,
substantially uniform In the present invention, the
ol i gosacchari de chains can be adjusted to have such a
structure. According to the disclosure of the present
invention, e.g., at least 90%or at |east 99%

uni f or mikk Y- Ganybe achi eved. [0025],, P,
gég;h Tké etofe t HAc

ol igo rcha dded GLP-
preseamrﬁﬁgﬂ;ESéﬂﬁﬂp ggbl uﬁ%ﬁﬁ?%tgrtgﬁhﬁggﬁé§?in
bl ood than t hat of The ol i gosacchari de chu

added GLP-1 peptide dﬂfﬁﬁ%g present invention caf hav
the activity of contro?ling bl ood- sugar | evels
preferably at least 5 tinmes, nore preferably at | east
10 tinmes, even nore preferably at - 10 |east 20 tines
t hat of | in OGIT (Oral ducose Tolerance Test) .

QP
[ 0026] | gasagadhari de chai n added (4 Jeptide
of the Ib‘&E&Lﬂ\jl%“b H

OH HO—/
HON | HO~—/ o ] OH
H el H \ o, HO~ |
— \ PSR

and

Ac represents an acetyl group.
[0024]

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-sugar levels preferably at least 5 times, more

preferably at least 10 times, even more preferably at



present invention can have DPP-1V resistance
preferably at least 30 tinmes, nore preferably at
| east-50 tines that of G.P-1. [0027] The

ol i gosacchari de chain added GLP-1 peptide of the
present invention can be used as a novel active

j ngredient.in nedical _ application. Such nedica
Ja%%ﬁ c%(?i BJrf“%?]c%tas%%s(?ﬁ%@l t¥ et Fent {GraprevEition of
fi eases socjated with GP-1. Such di seases are

3p? ?%%eby?s%zg., di abetes. [0028] O course, one or

gonbi nation of the characteristics of the present
I nventi on described above is also incorporated in the

ol i gasachardsie haidl dded i iGRdkPep-de R tike of the
present invention. EFFECT OF THE | NVENTI ON° [0029] The

ot ¢ gosacihash tlieos had i ragee bR P peptdidthef gheferably
present invention has higher stability in blood than
dhateanf B P-imed n e gepeberafly het present50 times that
i nvention, the oligosaccharide chain added G.P-1
peptiiel of the present invention has higher activity

of controlling bl ood-sugar |evels than that of G.P-1.
h&%%?bingly, the oligosaccharide chain added GLP-1

pent A%, O SRR e hbu LAY MR e o ene
gosesnt Nty 1088, ola Gl 1usdQ020)a iR oldgospechari de
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

|
—
-
1



ol i gosacchari de chain added G.P-| peptide of the
present invention is easily degraded in vivo and
therefore, does not cause adverse reaction attributed
to its accunulation in the living bodies. [0031]
Sonme or all of the oligosaccharide chains to be added
to the oligosaccharide chain added G.P-|1 peptide of
imeeptewemarn memdomsxisted mtviard dwe mahred sand a
i ncluding humans, birds, etc. They exhibit neither
SPtel F fEERST My g Yemiadt thhostherf ddfinistered to

I Vi bodi es. Therefore, they do not present the
ké%%?gn1of allergic reactions or a |oss of efficacy

attri-hut ed .t o _antibaody, production. Far, previQus
ol i ggglaec é’ﬂérgi"&é"‘ EHEASE AR IOaEFy ,a%dﬁ%néo e

ol i gosacahari ge &ﬁaaiilnsa%@éd %S@-qcﬁaétffrgecf@é 98 sent

peptides (or protelins) having a u

Ohv aosasehad ides i Chaidy SIdde i & MRS &l FfHLMW Ao D goes

obtain in large amounts wth constant quality.

owevarse asbartiengrdact hen  qudiaiteen 4 dees s dfurtdieition
present invention, the conpound of the present

imvelme | birvinghiloddiiess an ol i gosaccharide chain added
eptide, can be supplied stably and conveniently in
F%&%%]annunts and is also very useful fromthe

Vi ewpoi nt of pqarnaceutical production. BRI EF

DESCRPfi O 6 1TRE BRAWNGESOsaceharfiggashaippGtolbps
RIS A0 ARSI AL B R o
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 gquality. 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
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FIG 2 is one exanple of a HPLC chart in Exanple 44

and shows peaks of 22Asn G.P-1-asialo and 22Asn G.P-1-

disialo; FIG 3 is one exanple of a HPLC chart in

Exanpl e 45 and shows peaks of 30Asn GLP-1-asialo and

30Asn GLP-1- disialo; FIG 4 is one exanple of a HPLC

chart in Exanple 47 and shows peaks of 36Asn

@Cp32iasial o and 36Asn GLP-1- disialo; FIG 5 is a

graph_showi ng HPLC anal ysis results of an

oI i gogé@chhﬂﬁeo@%aﬂf\amb%doﬁ_@ HPlgepehajet ofn Heeammblee 743
Test nple 1 (Test of stabilit plasma); FIG

énFis oﬁ?aﬁﬁaﬁowfné%lpﬁcc;éﬁaﬂyéﬁ%a?{@sépﬂsl%‘F*SDGEPPll‘

g.s 9 arative Exanple 1 in Test Exanple 1 (Test of

St 361 rty in plasma); FIG 7 is a graph showi ng

changgsgg of , bl ood; u@%mpideg\écgf ag—flélfé c dnini st rEa:)EaIm?nle 44

ol i gosacchan de chai'n s bt

s d P 0 e
Bramlas; elay3, 800,60 e Sompouny gl o,

Howewniog bl ood-sugar levels in db/db mce); FIG 8 is

a graph show ng changes of bl ood-sugar |I|evels after
adm nF5¢r al i bn ofe cdignsheahfirda debhadie radded Eupile 45
pepti des of Exanple 5 and a G.P-1 of - 13 Conparative
Exdnphevs PRaFespfERGAPNeGBP( TessialoethecdOhoh GLP-1-
|.owering bl ood-sugar levels in db/db mce); FIG 9 is
g1§F&pR7 showi ng changes of bI ood-sugar |levels after

Sggltf%fg 4 ol |%gsacchar ha| adﬁ%}ﬁ%_r%l & 47

dnd 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_



in Test Exanple 7-1 which is Oral d ucose Tol erance
Test (OGIT) conducted for exam ning the effect of
suppressing rise in blood-sugar |evels by the

ol i gosaccharide chain added G.P-1 peptides; FIG 10
is a graph showi ng changes of bl ood-sugar |evels
after addition of oligosaccharide chain added GLP- 1
peprédasivé Examplesl aiml T$: IEpdmhapar df¢eyve Exaepfect
1 in Test Exanple 7-1 which is Oral ducose Tol erance
TEstOVE OETT) PEopduse el f bevekani hi g/ dhenktdlect of
suppressing . rise in blood-sugar |evels by the

ol !Og Tcharite GraRl s GPan$eptaidédoqdguoer

s. of bl ood-sugar , | evel

i howi, ng. ch
Ly R o B ol GoSatt na P AR AREI e el ceq Gre-

' f o EX f ' l
PpiL 5. LS, 0 S ST et ok B
Tgstest Caaldnpronguct gk £10r: £xa0k Di @Gt s eF S £SLaREe Test

suppressing rise in blood-sugar |levels by the
obEDDsacchati ¢ ted chat Nexafitietn &l Phd pepiddest flgprddsing
is a graph showi ng changes of bl ood-sugar |evels
niserinddioodnsofanl lgoshedharte chagosacded (Ad-cHain
pepti des of Exanples and GLP-1 of Conparative Exanple
qddeq GeBrlmempl@es:2 which is Oral ducose Tol erance
conducted for exam ning the influence of

s F%@?d&d&ﬁarqr@é’hcﬁéi%%‘& FAITEES G e slestiages
BAPE pELiechadls SURRLesst P Lise L Bl oot SRt cre-
Elel%ﬂ.)gféés FJ)@ EQ‘%’F}E?&E% %@%’Lﬁb?%f@?&%ﬁi&gﬁ?ﬂ% Example 1
ood-sugar |levels after addition o I'gosacchari ae

charBsaddedn3 P-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. 11 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 7-1 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

- 14 -



1 peptides of Exanples and GLP-1 of Conparative

Exanple 1 in Test Exanple 7-2 which is Oral d ucose
Tol erance Test (OGIT) conducted for exam ning the

i nfl uence of oligosaccharide chain structures of the
peptides on the effect of suppressing rise in

bl ood-sugar | evels by the oligosaccharide chain added
eLpPgPspephpraége FFG%nlathcéugﬁﬁpﬁfshb%ARgpthdﬁge@ngthe
bl_Qod- su | evel s after addition of oligosaccharide
ﬁgﬁﬁtaageauéﬁpesilﬁgpfﬁﬁéslﬁf ExafipFegaantie e bs| byfthe

7-2 which is
E} ara%gogggésngﬁghgea%ggg a%%%?TEBBBhﬁﬁEtedlgor
I a|
S ruci g I9PLe e LENE AlofAdRIREER I (B sugar
@@pangsgfeerrba@ltmoﬁl99do§yg§5a£8M§£§decﬁQ§n addgd GLP-

ollgosaccharlde chai n added pept | des; 157is

a gepphdsbowkEngxehpngesantl bt.ped- s8geempheyel e afksfple 1
addi tion of oligosaccharide chain added G.P- 1
pepﬁﬁdesEaﬁmﬁkanﬁ+éswhmdh619 Orel GbupasatTuyre Exao®l Best

in Test Exanple 7-3 which is Oral d ucose Tol erance
T@§FT (coTRypcEefdier edxapineranthe ngnf heenaé | aénce of
ol i, gosacchari de chain structures of the peptides on
Phé OéﬁF@Eﬁrb#esabﬁ%@séFHECFpgés.ﬁbeQ%d@%®@a¢e$ev@|%he

Bt H‘ag°§%§%8?é'gﬂ?g%%3}-ﬂggﬂﬂg GRESeT DRBBUE Suigaine
éﬁé§E§a8E5§£ ggdgﬁégga gglgggaglggék chai n added

pepti des o and %bnparatlve
Exanpiec 1 1 4nl§6§2%ﬁ Kowiry WHalhd s 5¥zﬂlégdﬂgﬁﬂ%

Tol erance Test ) conducted for” exam ning the
iefeuenaetot aahngmﬂcghablQ@ogaatnaﬂaéw&w&ﬁrs haddesrp-

pepti des on the

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;



effect of suppressing rise in blood-sugar |evels by
the oligosaccharide chain added G.P-1 peptides; FIG
17 is a graph showi ng changes of bl ood-sugar |I|evels
after addition of oligosaccharide chain added GLP- 1
pepti des of Exanples and GLP-1 of Conparative Exanple
1 in_ Test Exanple 7-3 which is Oral d ucose Tol erance
Test FYOGRH cormiuttad) forrwishidiagahe s frlarsheaiosr

feoth L d he eff f '
feeErecrbo ASE Tl o LBy e P cdlEiEr Rt oue-
hal d, £8P i des; - Fl 8.
ShBALho- Charbes TP Dl oo Sughr | Sver SR TAr A iTH-® !

Lgo i ge~chai o, a P td
£ hpaceasisg Seschalo, sddot S ogent Bl oo

Examp) ecdnduvbighrbs Ekahid Mg osige TOh L1 Qb€ TEST

(OGIT) conducted for exam ning the influence of doses
ofigbhecpeptideschaithet efiecteofos uphpe essphipdes Sen i tthe
bl ood- sugar | evels by the oligosacchari de chain added
efpegt pépsupesesFi® 10s¢sim Yraph showr nbechbhges ofe
bl ood- sugar |evels after addition of oligosaccharide

ehapAsaadedr Eie- chapepeided oFPekappPesdand GLP-1 of
Conparative Exanple 1 in Test le 7-4 which i
QPR Ve DA & dop | TeSt BB LA MBeh Lo
FOgLeL A8 brail ool b upposal b Lol aqueg, cre-

addedt GhPs 1o peplidssSes Fhf @0plif &¢ OF a§£¥¥@%§hxample 1

changes of blood-sugar levels after addition
ohi gesacehanpde vhai pnhaddeds @Ps1 lcpepbidesoDirance Test

Exanpl es and G.P-1 of Conparative Exanple 1

(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. 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. 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 7-4 which is Oral Glucose Tolerance Test

_16_




in Test Exanple 7-5 which is Oral d ucose Tol erance

Test (OGIT) conducted for exam ning the influence of
the nunber of oligosaccharide chains to be added of

the peptides on the effect of suppressing rise in

bl ood- sugar I|evels by the oligosacchari de chain added
GLP-1 peptides; FIG 21 is a graph showi ng changes of
bPebHL serpiuctes ef or aframiady t flon of fott gos aoghard skeing
chai n added GLP- 1 peptide of Exanple and G.P-| of
E:bﬁ%alr%t%%ofbc%%ﬂ% heveks Tusttix s eryide

al 0 rance, Test (OGIT) conducted for
%x%\%ﬁln?%%eih%l’?nfl%%tc]edeosf t he nurrber of

ol i ggs@ac q§ Cg%l% g%J%3 d of th éggﬁ} %@élon

t he effect of suppressi ng rls %6d-"su

Pélvéi@ é)f&&osé’&&{‘@{drgeo@r@l ”%g g qipdélfé’ﬁ’ltﬁ ffded GLP-

and FIG 22 is a graph show anges o - sugar

1 evebsi@d4 esr atehidd 0o afndldgosacEhardiin Chai v addsthie 1
GL.P- 1 peptides of Exanples and G.P-1 of Conparative

Exdhpdte Hxampl €515 Bxaimgil i 8 aonduelhesbdorT ExaritddTest
the effect of suppressing rise in blood-sugar |evels
(PCHT abeerduaprie| fomi ewmnbyn e Theé gostlondrars def offa n
added G.P-1 peptides. DETAILED DESCRI PTI ON OF THE
PEERERRED mm@{%waw e jaddasb e n
(LR L e AR 3 dironoes
?ﬁé‘gﬁ :g%e%?% csl-ﬁors-%cehaﬁ]irqesecrk}%snp-e\?laqedSeqL Ser PRRt1des;
lLeU' @& G- Aan 'aAlg%'a%Jha'slh)é%v'iggu 'cl?ll'é%'glelse A g I %—ls%ga\{a
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 oiigosaccharide chain added GLP-1 peptides.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033]
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Lys-Ay-Arg-Ay (SEQID NO 2). [0035] 1In the present
invention, a "G.P-1 analog"” is a peptide structurally
simlar to GLP-1 and/or a peptide structurally
overl apping with GLP-1. Exanples of such peptides
i nclude: a peptide having the am no acid sequence of
GLP-1 with deletion, substitution or addition of one
or norERmi'hotssd dered et s arhA iy udegommilide aci d
sequence_ of G.P-1 with conservative substitution of
BARCbACSEVRRAI TSR FD BRi s ~hodi TP U GLP-1; a GLP-|
Eéﬁgant having G.P-1 activity; elongated G.P-1 havi ng
-1 activity; and exendin-4 and its analog (Curr.

e T d T HE A d St iy
(200193 s 811651 u{DQ36H (T8, ¢ A H N ACid, Haad el aid) 8, -

used in the broadest sense and enconpasses nhot only

Dab UE & - @y o1 @eh ts- DU - 1. ¢4 SO1 Ropmat tf &l A B 1, -acd fSva1 -
such as amno acid variants and derivatives. Taking
inssGhyolds€eiy ni$E@NID Nf®@: Zpnsi deration, those
skilled in the art can understand that exanples of
the3ahi no acid used herein include: natura

proteogeni c L-am no acids; D-am no acids; - 18

chenmi Cal1Re MIGTIEd WWSTd @ d SR ds aadiled "adisd 2

DB R Bl TR A5 S T L R a1
apd,-cher £al ‘yeﬁ/{;&eéheé% zed gogpounds haying . e oop
propertles char ac |StTIC O am no’ aci ds - known Inutche

pebtiEEaNDhESuGOf & NSePOMIRt ML Al n@dMino Acigls d e ude
a-met hyl am no

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 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;

- 18 -



acids (a-nethylal anine etc.), D-am no acids,

~ histidine- |like am no acids (2-am no-histidine,

3- hydr oxy- hi sti di ne, honohi stidi ne,
a-fluoronet hyl - hi stidine and (x-nethyl- histidine,
etc.), amno acids having extra nethylene in the side
chain ("hono"am no acids) and am no acids having a
caepogylliy mefdfiadcamsnal agidapsiaht 4 angecchaid
substituted with a sulfonic acid _group (cysteic acid
SREIRNENB A PEI1 HALL BES/ hAFF R ELPPRP AR RO B RagBino

been kno to con&ain_nonn tural .amno acids. |In a
BFLfSr SHFB ASpBET LCLRANEN RoAhaT HA® cORE af Bt R Hg heand

f : t Lon j
EREROURY1Of L e BLESER LANSDLLEN GO0RLSh BBLY 0L,
%HQ%EbEHE&@Ei@ro@dghﬁhenaeﬁd59ﬁﬁoﬁﬁ ﬂHr€hé”h99.E“E§E%ples

used herein, the nunber of am no acids substituted,
BtCrnbSnBAhaRakhl CHh@hbYaki Akt €dc88del @08e88y B Bmino
activity is maintained. The nunber of am no acids

auhski t(otedrhelalanhsngd tecaboub-9mipoebetdabl yhidti@ine-
about 5, nore preferably 1 to about 3 or corresponds
flakei Bhilno26%idpr éRermbhyp-withidid6% Pfhyteompehéstidine,
length. The amino_acids substituted or added may be
Reraras tafing, - cr§lugerasthndnhastidinan?ne achmashipt -

ni no acid anal opgs and are preferabl atural . am no .
A iaalPE0a8ne . Sheatugnsaroall Sav AR rr it Baraf RS in

QU SgyaLal a?ﬁ" .'?Qhéi?\i d?iﬁiHéechSE?i g {%eéﬁiﬁo.t QC?QL Mavin
acid “substifution ﬁa sSupstl utes?eorlglna am no d
acicd rpWixth ianaarhneuackdohayi Beonydiaphihli ci by andigQr
substituted with a sulfonic acid group (cysteic acid
etc.). Some GLP-1 analogs having GLP~1 activity have
peen 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 1is maintained. The number of
amino acids substituted, etc. is 1 to about 9, preferably
1l to about 5, more preferably 1 to about 3 or corresponds
to within 26%, preferably within 10% of the whole length.

The amino acids substituted or added may be natural amino




hydr ophobicity i ndexes simlar thereto and does not
produce evi dent reduction or loss of GP-I activity
after the substitution. [0039] The "nodified GP-1"
used herein is a compound wherein G.P-l1 is naturally
or artificially nodified. Exanples of such
modi fication include al kylation, acylation (e.g.,
acefyt ab POPA CUBAT dhi N, 2eE¥HoXY | @i, acid analogs and
esterifiLcation, disuILide_bond formati on,
675 CBETSTT8hY P FP Sht FBHIO ghosphor yl at | on,
Eggggrylation and | abeling of one or several am no
rd residues of GLP-1. [0040] The "G.P-1 fragment

havi P: YA AYN . ej ' [ that
haglmgéijﬁé$%§¥*ﬁu§%ﬁ %ﬁﬁ%&lé§g€%?§%$é§m$%%%%§i§4%i

LRIAL Nati @8/ @& heFd Mate 8y S lamngh NBE 1Y ai ns
G.P-1 activity. [0041] The "el ongated GLP-1 havi ng

SiPsiiactivhtylatuseabshet etds i Sha pepdigel taaindascid
addition of one or nore amno acids to the N term na
dhh orn e e aaldofia Gy 1hydxgph hhie ey narad hsr GLP- 1
activity (see e,g., Endocrinology, 125, 3109-14
Py98ophOobipblap] indexehes Phibae T feleatvdoRp oret or
several amno acids further added to the C ternm na
ERORRET oY 5957 bf ToRRBEAOR (Kb ol 9t o, CHlt heP Gt Bty after

e t Cterminal of GP-1 are sequentially
?ggeg?%%t %S%ﬁoﬁh amno acid at position 38, an am no

aghdopt position 39, ... etc. In

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 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

- 20 -



the "peptide having one or several am no acids further
added to the Ntermnal (position 7) of GP-1", am no
acids added to the Ntermnal of GLP-1 are
sequentially referred to as an amno acid at position
6, an amno acid at position 5, ... etc. Exanples of

the "peptide havin one am no acid further added to
BRE ERHRF A BRI CHPoki 3T o 1By (e @M 17 RS AL o9y

ti ayj n or Cys added to 37dy of G.P-1.
Fg ﬂS?fOQﬁﬁ " g}r%%ls)atchari de chain added GLP-1 peptide
{gbyg?syl ated G.P-1 peptide, sugar chain added G.P-1
peptide)"” of the present invention is characterized in

that g {eagih,one afPdpt & thdwi PR tdit ed ¥l @hhino
ol i gosacchari de chain"added am no acid. The

ael gosaceher i sedshatn agded @A FhinPeptpselt usedB7) of
herei n enconpasses a peptide wherein at |east one
anPnp" aséd loér&k; lambnsustdd ud@deaM td @e C terminal
ol i gosacchari de chain added am no acid and a peptide
phePbPnl adr¢ esequomel a bhy nee BeT ¥ dft @ hes QUP-dnigmalagid at
is substituted with an oligosaccharide chain added
BATHBLIAR| 88 TR ST PRPt3CHS 29 PefktiPRof Dorated®i®hr t A&
{ghi gpsaccharide chain added GP-1 eptide .gvgﬁ_f en

By PUPTHAT KAVt de?tioh, SCEubdt i thtT on” ot S addit i 6

2 d88€t8rﬁﬁ<§?’1@r€‘éﬂﬁ‘ﬂ£‘£’ @g%éjf’tigﬁ‘c“?)o.tof p-1", amino

ol'rgosacchari de chain ad am no aci ds. pepti
whensi Ratibs Gotendpalafi Ay oF these Q&Pté&?&nﬂﬁadlly

{
am dated (e.g., GP-1(7-36)NH2 having the am no aci

segueneg 06 as an amino acid at position 6, an amino acid
H s- Al a- G u-d y- Thr - Phe- Thr - Ser - Asp- Val - Ser -
Serpdyitien- Y u:- A yett n- Alxanillaed v Ghe PheptlieleAhaving

ohe aminc 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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Leu-Val -Lys-A y-Arg-NH2 (SEQ ID NGO 3), wherein at
| east one amino acid is substituted with an
ol i gosaccharide chain added am no acid) is also
incorporated in the oligosaccharide chain added GLP-1
peptide. Salts of these peptides are also
incorporated in the oligosaccharide chain added G.P-
PEPL 1 HEOTPODAYGd Thetkal ¢ bl gesacdhearwide arle ival addkahowiP-1
by those skilled in the art and nmay be any of acid
%%HF%g%n QR B BRRIY tFORERAT tRa VA i |y used
formng the 1d addition salts are inorganic .
SIS AR SR g B e T AL S A SEE
DYdegLodhe eidesa SIS Beld anduphospholi o agld »
and organic ac s SUC as p-to uenesul T 6ni ¢ ¢

HeAESHhEPOI £ A6d & OXAhi a1 8Gf dany of these peptides
p- br onophenyl sul foni ¢ aci d, carboxylic acid, succinic

asi shhicated c(acy d, demzo| - 3€) thand vaeet itdeatindno acid
Exanpl es of the base addition salts include salts
seqierde $f ol it Qo Hydy oXi dePlos- B keddr-Asp-Val-Ser-
al kal i ne-earth nmetal hydroxides and salts derived
$2ond ¥ hokgar? tu takess suchl arsA L a -2y s canbditet el lanch1a-Trp-
bi carbonate. Particul arly, pharmaceutically
Levept aptes @ Y PEg eV d5EaiRe NO [ G045pheEein at least

"ol i gosacchari de chﬂin added. am no acid", used herein

PR ey nOSHE 15 %l_tclbtea% Bt 1Y Fa AT HRE i 4
$%£§'§d§§@t§%§notg¥%x%!gﬁ%%ﬁﬁ&ya{ﬂ é%égyﬁggdn%¥éQ: e

ed to the am no aci ia a l1Tnke € Si of "t he

8l 1 gosaccharige ahaih Jaisipihe,aning acisd kg of
linked is not particularly limted.” Preferably, the
e 5o Beptlides 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



is linked to the reducing term nal of the
ol i gosaccharide chain. The type of the amno acid
linked to the oligosaccharide chain is not
particularly Iimted, and both natural and nonnatura
am no acids can be used. Fromthe viewpoint that the
ol i gosacchari de chain added . amno acid is
SIFRERRAUFAIINA thiec RN or PErFLCEAaEd Y t hose exi sting
in a formof glycopeptide (glycoprotein) _in vivo, the
7 GURSOHE? el GHAR 9P SRR 3 10 S (Pt i abl y
g+ég§ acchari de chain added Asn such as an N |inked

i gosacchari de chain or oligosaccharide chain added

Ser.qqgaOhhgggﬂﬁﬁk%%EggepQ%Eﬁna%@%%dTQEPZ#f%cﬁ%"aﬂsed

O linked olidgosaccharide chain, partic

& £ £ abd Yan old gosacchari decshai added cdf0AR]e

When the oligosaccharide chain is Iinked to the am no
&igd Un Vi ana thiiBk@lontlehke ,afihk0 caGigd sk chR®ide chain may be
ol i gosacchari de chain added am no acid is preferably:
bihnkedi ho Eod carmiawe e tdwovicr anoriekear bodle ghoepsfi nhe
the - 23 nolecule, such as aspartic acid or glutamc
@kl gosapchamdn vt ih Hayiwiyg alwo-fer amime a@ad irb gy duipsked
in the nolecule, such as lysine, arginine, histidine.
BT DT yREOpHAN AT aE SR d EREPRRG A Yhy dPexgRigroasd
in the nolecule, -such as serine, threonine or .
1 bl A e SR TR (G ki aaneride
aplecule, such as cysteine; or an amno acid having

an amde group in the nolecule, such as asparagi ne or

gl ut AT,y dd P the WieWPeidl afingasy b Rgieng Wi th
the linker. Particularly,
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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aspartic acid, glutamc acid, |ysine, arginine,
serine, threonine, cysteine, asparagi ne or glutam ne
is preferable fromthe viewpoint of reactivity.
[0047] In follow ng Test Exanple 7-4, the
ol i gosaccharide chain added GLP-1 peptides of the
present invention exhibited no large difference in
Ppéeget fvi ychf assappretst ngcid seri albt aode saighd; an
| evel s between ol igosaccharide chain added Asn
R EROAELA PRWKRP) TEAMOT ONPEDsHBERGAr PHRURRal P Hakled
Cgf év'a a_linker). as.an oligosaccharide chain added
ARif u%%f d?“ﬂﬂeﬁsth&“ﬂ%d THE N 53fe BEFGbeRenFi de
j ctures, .the tructuyes_except
o 75oegh et HhcT A S T e G A R BERE rom i e
[ chayrigdeschal p; adde j ng,.t . :
R e G aschir e ahal fe" o e  Laaah ™1 dtagf™in°
¥bea hheinyi gosacehagidep Chai thé Smbidkede | Oside o &M no
acid via a linker, a wde range of linkers used in -
2dsteheearor can deinsescidExeaples adhesedie ngyoumcidene
-NH (CO - (CH2) a-CH2-, wherein: "a" represents an
nalegete, ppeteradl ysparagirgerr oflubamond, Hubm note
limted to these nunbers unless |inker functions of
VhEEPesit apE FRRY bPiREinand B 4b¢ pbiyket hylFers igndarly,

-CH2- R- _wh ' ' db enpvi one
RREBOLR B bt 7ok mgF ip Csel SERGH 13 BHA M greAipine.

cpRIATe Sletkhy SIS i ke
§E¥ker§yp§tfféﬁeghérylewﬁofﬁ{b@fy§é£8t9€PHP: d
[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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substituted carbocyclic group, a heterocyclic group

and a substituted heterocyclic group. [0049] The

ol i gosacchari de chain added GLP-1 peptide having the

ol i gosacchari de chain added ami no acid wherein the

ol i gosaccharide chain is |linked to the am no acid

m@thouﬁ a |inker can have |ower antigenicity than

that2of TR Lol RS ac ERAMAdE AT eadfd 8 Yaipel useptide
ein.the. oligosaccharide chain is linked to the

Q@?LO%Q%?G‘SPa‘aQSW?E&%?i The ol i gosacchari de chain

added anin erein e 'olfi"'gosacc

i ed t i No: i [ | i i e
b S et e S e G A e gl

tlved i adslest Q-4 rpeptide wherei fed Nean®! i gosacchari de
chain is linked to the amno acid without a |inker.

[ 005@):-r0 2blyAephoteas hnod pragkR+ nghdéhein R is a group
ol i gosacchari de chain added GLP-1 peptide of the

PP ERRAtPY nvRIrRY 010 i snendtydi9gen ealt &y firgm reeayrouyy t he
description (e.g., the description stating

5ot § YORACERT | et CHeRYP atrieRl Tima oheptide et ued
B, SEl s A S A ol sesacenage .
BB L, BoRLSR RS Y, e B 1 2,
ol ossceiusdechs 1, i, S0 L Ay 50, 9
agisleth am e et sFocMIr@OVEFour®. 9. ¢ an ol i gosacchari de
[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
a2 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.

[CO050]
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chain added G.P-| peptide wherein an am no
aci d-unlinked oligosaccharide chain is |inked
directly or via alinker to an amno acid in the
pepti de; an oligosaccharide chain added GLP-_ peptide
wherei n an ol i gosaccharide chain already added is
further elongated by the addition of a sugar or
ol i gosaredee s def ehaprrdweirgothandlagosetityasaaehankde
cagln added GLP-| peptide wherein one or severa
affRG Htras Bﬁﬂﬁﬂdﬁn?ﬁ BRF n@ratendr loaeboiphn igr ogps
?E E Flgosaccharldg cpaln added am no acid are
urther PYnkRed F520ne dr E%Vé?éFr@Epanfr&gﬁent§h§re

i p i n the gligosacchar | de chai n added

6E§8F1b‘898£ g£g£$g9heo%r se C% éﬁlﬁ ég Ia d g;Lp 1
[ ryct a n .agr.

Fggtﬁdg Qﬁére§ﬁ YEtYbescaL e i ;a0r hat %ﬁ%sfﬂ?bténan

The nunber o substltutlons

ani§osadehélr 0fie G2 dn Wabifle @ 0liingogagghari gg chain
added amino acid may be adjusted appropriately

attopdanghtoidt abhbsityadd@8 GLP- ngggtlaboFqug@Ld by any
activities (e.g., the activity of controlling
@ﬁoé@léggangléve¢g$se$hé aoab@r ief ianbAporaekdSin the
existing in the final oligosaccharide chain added
#lioﬁéﬁFFﬁéld?h%hﬁﬁmeéﬁgﬁﬂ weiPght peptitlhewherein an
ollgosacc ar i de chajn added GLP-1 peptide before and

artér fhd aﬁﬁl?P%ﬁtb?uB? g¥d&EcRaPildgoeRaFRarede. cRain

I t sub |tut|ons are preferable, and 1 to
géaggb%{nl%ut ‘lg%ns ar é} oT € eplfef%r%b{oean Pt saf shabime

§H9§hl58&&9”@ﬂ?¥1b§e§€l§9t£HaEE9ﬂ1%stl¥iﬁ %Eg%oggéégked

conveni ence as Ong as this oné su
bbegodesthedi @sténaiy. i 4N gaRenak; rap: 0)i gpsacsharide, ..

chai n
to an amino acid in the peptide; an ocligosaccharide chain
added GLP-> 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



added GLP-1 peptide wherein one amno acid of GLP-11is
substituted with an oligosaccharide chain added am no
acid exhibits enhanced stability in blood and reduced
activity of controlling bl ood-sugar |evels, when one
or nore am no acids except the oligosaccharide chain
added amno acids are further substituted with an
8 §b3@e chlak ¢ Heg thal naatlttedt aed nte agi d thoweveivitheof
activity of controlling bl ood-sugar |evels can

reduce
8nt68ﬁbblh%ak?3eﬂ0%y5%%r ehPEtel stiabiramyer bl oo

0 In_the oligosaccharide chain added G.P-|
%gpgld%xﬁ?tlt%e g% f %%éﬁ%%%ﬁﬁa?%%aﬁh%st?ﬁ%&w(ﬁgded

&t.b€1 0he g @ ! eq&éﬁ %ﬁus éghgggggcq§rlde chai n

added am no acid can approprlately

@QQ@égéthéﬁléé abhd it yaacﬁlecﬁ)'@m—J[ 8% %@fd@ch%éﬂ%fé/ Aa

control ling bl ood-sugar |evels n one
aspecttiod ddeipiesedt dTWVRIMA @hatiee Sbst) tdtd ONpoy
site of an amno acid of G.P-1 wth an

okégpkacchare de sites i addesh e Mo @ed fk el e sel ectad 3
fromany sites of G.P-1 according to the desired
aePruitytiamy daxe reoxe  prridmsie on@reifeeraddlyecoed
from 03|t|ons 8, 9, 12, 18, 19, 20, 22, 26, 30, 34,
36° ahd" 38 = i RS oteleftemh foqqr@d'sbﬁ:cmwmeucmanﬁq

%ﬁ% ed anino acid to an anno aci OS|t|on 37) of
prefertbl VPR $2asti D e st tclt%rbl Ffrr%ﬁdlces the
n 4 6 _and
@ggg%&gﬁiégﬁﬁ Sel ectgégffgglp%glFﬁ&ﬁgsaf§%a§6%e3&h8ﬁ8

38c e ANCHL par Ogb%ﬂdf%%mﬁéréﬁﬁ%né)%ﬁ{é & &8l seted fram

positions 3
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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[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 amno acid with an oligosaccharide chain
added am no acid can be selected fromany sites .of
GLP-1 and is, e.g., at least one site selected from
posi tIBnen®, agpech 10f 1the pEesqpt igvenpiong the 24,
25, 26, 27, 28, 30, 32, 34, 36 dditj on_of
HbsFﬁéagae8haeFaeoéhaPna%aaada6éﬁ1ﬁg GEFalL 8- A AR no

aﬁlgo%tc@gSIEHFegﬁ7ln dglg mlnBrg aglﬁlgglggﬁgéted

€ se€ rom pOSItIOﬂS 9,

ggggggggaEthgrBEpﬁhgrhygeég%eﬂﬁgl¥anh§|8@§Er88ea§£5€1ty

rom posi tions

Bagt eyl arly, %%b§EbEthHB 9fi tan saTkR@ caCidoft pBssttigns 8,
close to the N termnal of GLP-1 is also preferabie.

Bar tbguharl yo,exanpbes of,tBbe,sshst Beuthan3si tesaafiition
two 28 amno acids of GP-1 with oligosaccharide

ofaian addgdsaacrhnoidei dbammyaddedudmisgbstitiutpoanofmino
positions 18 and 36 and substitution of positions 26
asd d3gtopogipipn 3F@OQ§]GLﬁlonér§§Séépldfthéeﬁﬁés@ﬂﬁ
invention, fromthe viewoint of the
é&n@ré@ﬁﬁﬁgee|é&&msﬁgaetpevé|§8rb€OVhé ?éosgechaﬁrdé6

dded GLP- 1
ch neacced 2L ool ge, wDe, Slostiudlon Lol

%@ n%oﬁC@%lg%d geg Snatggﬁagku%gqqysg%elggggC%sg feom

posi ti éns
%@d@k&%@ afr 3 Rsligasacchar bde shai n added anino acid

to an amino acid at position 37) of G.P-1,
[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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preferably at |east one site selected from positions

26, 30, 34 and 36, and particularly at |east one site
sel ected frompositions 30 and 36. Particularly,
exanpl es of the substitution sites of two am no acids

of G.P-1 wth oligosaccharide chain added am no acids
may include substitution of positions 18 and 36 and
30bRPi 20t fdNCHf GPpBst t VbR Obliapdagdhafidd Pehaif raddede
vi ewpoi nt of the effect of controlling bl ood-sugar

FBYRP s2ChYS tRRY of PHHL@AR chiak F eet ehien afdeescipons 18 and

ptide. [0056]..1n ope aspect of _the presen
?ﬁv%ﬁ%i%ﬁ%’“ﬁ%&ﬁ% Ogi%%g%?“%fz‘%haengb?e ity FF-L-
§?@gg?size CAWP, of the GLP-1 activities of the
ol rgosacchari de chain added GLP-1 peptide, the
substif Wlon sid& s ahAB At & Wddt i@k, from the
ol i gosacchari de chain added amno acid i1s preferably
aiewpeast onetBétersetecdedcdsofd POShd I ®NSodLsuddr Pdvels
30, 34, - 29 36 and 38 (= addition of an
by i gosactharsaecthni de adidetn added GGP-€l tme@ni @) Nohe
acid at position 37), and nore preferably at |east
puestitetsehesiee 6f oampasindoasi@2yitl26an 30, 34, 36
and 38. [0057] In one aspect of the present
Phyentrorlathde ShpshitddrdnaBite dFldniam hd¥acidt least

ith | f gosacchari de chai n added ino acjd is at
Phé e 2 S PR At o1 B L BT Alent motd e  Sne 34,
12_ -1 . _In_on of the present
T TS PR Ler e e RR g € eogh SER
WotRod@8cid 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 bloocd-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 éhain 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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ol i gosacchari de chain added amno acid is at |east one
site selected fromsites except positions 7, 10, 13,
15, 19, 21, 28 and 29 of G.P-1, and particularly at

| east one site selected fromsites except positions

7, 10, 15 and 28. [0058] 1In one aspect of the

present invention, the substitution site of an am no
36i dnavi 3% an addigosacehadn del cdes ar @tdetiand i mcidhed
can be determned fromthe binding sites of GLP-1 to
angP-ack@ceptar . anjno59¢id mioreosspent ) ¢ engpresent
i nvention, when two or nore anino acids are
Bﬁ%g?ﬁ%hédaw]t?\aﬂ i Qs atEhrar F ok C fetthi i bl dees Bk s 22,

%gacgﬁa?$§8t|%;% pgdéggeznfaotggid2n1ggnaggds e

ng Led from but not [imted to, any of - 30
co ations of the sites described above For

exanple,ond inald g Merein one site Js sglected

fromthe preferable sites and thé ot her Si'tes are

sebeeliedcf6oMm i Yosid@Sa®fn A fE1d wanch anconbi nati on
wherein one site is selected fromthe preferable

siigssanchd hedotdierisiddsed aimisel etided § ram asys sidres
of one or several amno acids further added to the C
seFei paletpedi ifon SMenfexqert pemidiadrsd § nchrapot ate bt
in_a_ preferable aspect of the present invention.

BBb] In one aspect of the present invention,

preferable examles of, £ he deletion, substitytion or

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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or several am no acids except the oligosaccharide
chain added am no acid(s) in GP-I may include, but
not limteéd to: substitution of 8Ala with an am no
acid selected fromthe group consisting of dy, Ser,
Thr, Leu, Ile, Val, du, Asp and Lys; substitution of
9@ u with an amno acid selected fromthe group
combiiserhgnaf oAsphanditgs; deapsibedt Rbavet IFothrexgmrie,
an amno acid selected fromthe group consisting of
AlﬁoméﬁyatS@F whegeip| enevaite Epusehgptafdirys; the

ion. of 12 am no acid se

PFS Fﬁgaﬁr8bbeﬁoﬁ§$sFPﬁg°6?e?rBlﬁﬁﬁ FYF; 361 68LEY £rom
%ﬁ% Ehkg%hgg 8£P1§Th n&”gh ? % g%lPﬁugﬁ%ﬁéEB ggeoglte is

an am n6 acrdise romthe group
g%b%angrg& Aa, ge}fe?l—ﬂie Leles! !aﬁd ¥ﬁle et Y s £80s
stitutifon of 15Asp wth u; stitution
eﬁ:eléyatec%ahf@amaahAPossa@ieg sel sggeer Eé@@k&heaxgiﬁ’é'pac1ds
consi sting of Phe a, Ay, Ser, Thr, Leu, Ile, Tyr,

@GuutthAzpaddddlLys; thabst teunhinal ofipdgSetom Bh) anf aGl.hol
acid selected fromthe group consisting of Ala, Qy,
Bhe, alew, ihterpVakteddin, aAspeéndabys; aspbsti ¢fittioa of
18Ser with an amno acid selected fromthe group
esssesti AgVERtAPR; Ay, Thr, Leu, Ile, Val, du, Asp
3§%éb)js; substitution of 19Tyr with an am no acid

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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fromthe group consisting of Phe, Trp, Qu, Asp and

Lys; substitution of 20Leu with an amno acid

selected fromthe group consisting of Ala, Ay, Ser

Thr, Leu, Ile, Val, du, Asp and Lys substitution of

21du with an amno acid selected fromthe group

consi sting of Asp and H¥s; substitution of 22dy with

an anfwWosatidt kel ef el o597 o the2 yrtbn e ozt St IHe BFed

Ala, Ser, Thr, Leu, .Ile, Val, .du,_ Asp_and Lys;

£5651 FOGt BERV1 COBEER WM EnOSnPARY nB el Al BebeqTler Val,
m u Qnsi sting of Asn, Arg, Gu, Asp and

E;gf kggbgbgtgygbn of 24Ala with an am no acid

sel ec j St i of Ay, Ser, Thr,

PR e T K AR

subst s tpbt 0Puei o5 a1 gwd D At RNAACaChE S€l @Cd€rected

fromthe group consisting of Ay, Ser, Thr, Leu, lle,

Yabm tGeugrAsp abtsbiysingubgt Phet i anagf G26LySewi t Mhan Leu,

amno acid selected fromthe group consisting of Arg,

Glp, Ovy, AdpraPdpHesd Lyabstitution of 27 u with an

am no acid selected fromthe group consisting of_ Asp,

|l e apdPshstutsonseftLifon BitRoPheaitp Jejd selected

substitution of 291l e wth an_am ng_aci d sel ect ed

RE0M ChE GROND CORSROLIRG OF Bod: A aniial G, Tle, val,
%ﬁbstﬁgutg%% %fssoAJa with an am no acid selected from
thg’groﬁp consVéfing of Ay, Ser, Thr, Leu, Ile, Val,

A u, &3psandubysn SHDEEL Ut OP, Ofin 3L R0 WL Iy Akl ARy
acid sel ected
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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fromthe group consisting of Phe, Tyr, Qu, Asp and
Lys; substitution of 32Leu with an amno acid
selected fromthe group consisting of Ay, Ala, Ser
Thr, Ile, Val, Gu, Asp and Lys; substitution of
33val with an amno acid selected fromthe group
consisting of Gy, Ala, Ser, Thr, Leu, Ile, Qu, Asp
and L§@&bs tsubsttwmwﬁrﬁiﬁl@&w@l vt rﬁr@mcarﬁcwoi mldected

elected fromthe group con3|st|ng of Arg Asp
gﬁamrfge g§8BEtF?BFF6ElBF 35FyYwi ﬁranT%ﬁ1nBQHC|@ler val,
Iec%ed gr nlthe group consi sting of Ala Ser, Thr,
G u, Asp and Lys - substitution

of 36A1G L&{g}é %ﬁfé% %&E%%J&%Et&‘ 5 I QR

consi Stl ng o au,

subst thuta;%ugfcé%iyt%&h 9%9&1 n@lﬁc'@lﬁ‘elﬁg}ae&in? His;

fromthe group consisting of Ala, Ser’, Thr

Val, siBdkiAsp dbAysic006n dh Hhig AsRe af ddheg
present invention, a site of the deletion,

Subst thet goaupr cadsli $tdng obf ahspp ACé dsnd exgept the
ol i gosacchari de chain added anmino acids is preferably

at | eusesoHaitsiare afelddhal WitgmBinies except
p03|t|ons 7, 10, 13, 15, 19, 21, 28 and 29 of G.P-1
SURRteHstonRF St seliddt aF famimsiads ealgsted

t 10, 15_and 28, (Strugt Act j Vit
875, L8 or ermcapnt o TR Phott . 1o1 THEA SR oF

Z’I %gﬂ%%s-rﬁg Xﬁla v?lac%l al}lp amlno aCld sfel'\éacrtce%

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;



[0062] Exanples of the oligosaccharide chain added
GLP-1 peptide of the present invention include an

ol i gosacchari de chain added GLP-1 peptide represented
by the general formula (1):

H s- Al a- G u- d y- Thr - Phe- Thr - Ser - Asp- Val - Ser - Xaal8-
Xaal g- Leu- A u- Xaa22- d n- Al a- Al a- Xaa2b-d u- Phe-11e- Al a-
Tr p- TEERNEIUYEN @ F - 3636 -HddB A Bningherdich: s Xaat®d
represents Ser, oligosaccharide chain added s or

bF PHo5 AR cHE? FRleCChat At addett Ass, -GBu Bemiand His;

re pg;ents Tyr, oligosaccharide chain added Cys or
oPlgosaccharide chai n added Asn; Xaa22 represents 4y,

oli 9% d garf: . rb'ﬂ';gl Q\Il% anoraneﬂrlcgoascaicacgaer ie('i:ece

chain a Asn; Xaa26 represents Lys, oli1gosaccharide

ebahnNt R &Y ScoRk i Ot L H9SEECARL | e sharn, adfled ASDe, vai,
Xaa36 represents Arg, oligosaccharide chain added Cys
oLupl Agpsaseheys de chai n added Asn, Xaa37 represents

Gy, NH2, dy-oligosaccharide chain added Cys or
@96bligosacchari de chain added Asn, and when Xaal8

is Ser, Xaa,9 is Tyr, Xaa22 is Ay, Xaa26 is Lys, and
Xaa36ll L& gspden oaddr remsssdntigv@ntion, a site of

ol i ggsacchari de chain added Cys or dy-oligosaccharide
Ehai ﬁe BHeA ASTUL TheE PehPR det raff Eskht eof ynime acids

dE0ERl ool Ll 2 Mok s agPLosented by SEQUD.00. L,
8&&98§§Bf§a£{dfe§99i8n@dg§9e 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 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-Xaa;g—
Xaaw—Leu—Glu—Xaam—Gln—Ala—Ala—Xaa%—Glﬁ—Phe—Ile—Ala—Trp—
Leu-Val-Lys-Gly-Xaaszs-Xaaz; (1)
wherein:

Xaajg represents Ser, oligosaccharide chain added Cys

or oligosaccharide chain added Asn;
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GLP-1 peptide of the present invention may include:

(al) a peptide represented by the general formula (1)

wherei n Xaal8 represents oligosaccharide chain added

Cys, Xaal9 represents Tyr, Xaa22 represents Gy, Xaa26

represents Lys, Xaa36 represents Arg and Xaa37

represents Gy (SEQID NG 4); (a2) a peptide

r epr esent edebycsdret geher al of pyoshachddidehenaim @@ Cys

represents Ser, Xaal9 represents Tyr, Xaa22

PEpr &Nt ICORR Hbdace ikt RAPRI Asadded Cys, Xaa26

reprgéents Lys, Xaa36 Lﬁpreéents Arg and Xaa37

r epr S¥EIE sTSRF §SRBED T N BY90sacaEar yag) chaleidrs Cys
p eneral .fo la, (1) wherein Xaal8

PEDPEEEN S0 98 SR ey vaaoz

repr %Sréﬂ)i’esé@@g% FEPT&BE &§a9%1%9§@&c§g%%{geadded Cys

chai n added Cys, Xaa36 represents and

S EPS ESEDE Scck yi dSEQA D NRIa&) Aska4) a peptide
represented by the general fornmula (1) wherein Xaal8

r epr esent sr&ereseaad Breprebigd sadytiarid@a@zain added Cys
represents Ay, Xaa26 represents Lys, Xaa36 represents
ot | gbbaetieeh el dhathe iaddeti<y sAsrand Xaa37 represents
Gy (SEQ ID NG 7); (%3%%a eptide represented by the
gener’d@3f of AR 2511y r il X&A1Y8 Hdgiosserhardee, chain

23R rd St VAl P30 s P LT Sy and

t Ii harj d hai dded . E D X
NG 87 Cad) 4" popt T’ U ESERt 6" by THE engRdy “eese is
fos My X4, Wher 89, XRadR £SR!eSeNLS B0k €3319

represents
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 Xaais represents oligosaccharide chain added
Cys, Xaay9 represents Tyr, Xaas; represents Gly, Xaajg
represents Lys, Xaaszs represents Arg and Xaas; represents
Gly (SEQ ID NO:4);

(a2) a peptide represented by the general formula
(1) wherein Xaa;s represents Ser, Xaais represents Tyr,
Xaap,; represents oligosaccharide chain added Cys, Xaaszg
represents Lys, Xaass represents Arg and Xaasz; represents

Gly (SEQ ID NO:5);

- 35 -



ol i gosacchari de chain added Cys, Xaa& represents Qdy,
Xaa26 represents Lys, Xaa36 represents Arg and Xaa37
represents Ay (SEQ ID NO9); (a7) a peptide
represented by the general formula (1) wherein Xaal6
ol i gosacchari de chain added Asn, Xaa,9 represents
Tyr, Xaa22 represents @y, Xaa26 represents Lys,
Xaa36(aBpregem sl @y greamok Xaa3d reprigdsetesncdal (SEQUIR
NO. 10?_‘; (a8) a peptide represented by the general
f or niParein) Xaher SERIXAEDSE St SpFes &Atss S@Pregsals Tyr,
%egr esents Tyr, Xaa22 represents oligosaccharide
Ratn TEFFET RS, Cxaa262226 FEPLEHESe RIS A9pacRagdcle
Lepresents A{:g angd Xaa37 repre%en S Gﬁ SEQ ID

7 11) F9089) “BS et f te T PRPFESENTe A Hy SPHe X §BMegPTESENES
£0Lmukaq fg)rN&\/pgyei n Xaal8 represents Ser, Xaal9

y

represents r, 'Xaa22 represents Ay, Xaa26

repr egent s; Qldgosacchalide nchaidy, adhed, Asna 1X
represents %g&glnd Xaa37 rgpreseﬂr}{s Gldgy (SI?Q I%%?ﬁnula

NO 1@heréah Qaa pepbrdeehepr gsent gdaby rdpe genreralryr,
formula (1) wherein Xaal8 represents Ser, Xaal9
Xepregeptrsséyrs GXga2Ranepreserdser@sy Ly¥ga&aase
represents Lys, Xaa36 represents oligosaccharide
éﬁﬁFﬁS%HédO%&%O%@]@Cb@@% tepiesaided @ys ( SEQd Baas,

NO 13); (all) a peptide represented by the general
F%Pﬁ‘a%%ngf1‘)"’1Y/\hé$%$nm<a%(18%répr esents Ser, Xaal9

EREN S W SR LIS, D QO o
r(l\%prﬁ?;spﬁn0&&9&8@8&9@%%50@@&9 %8999 530 s6REQ 1Y,
Xaaz; represents Gly, Xaaze¢ represents Lys, Xaase
represents Arg and Xaaz; represents oligosaccharide chain
added Cys (SEQ ID NO:8):;

(ab) a peptide represented by the general formula
(1) wherein Xaais represents Ser, Xaa;s represents
oligosaccharide chain added Cys, Xaa,; represents Gly,
Xaaze represents Lys, Xaazs represents Arg and Xaas-
represents Gly (SEQ ID NO:9);

(a7) a peptide represented by the general formula
(1) wherein Xaa,s oligosaccharide chain added Asn, Xaaiqg
represents Tyr, Xaap; represents Gly, Xaa,s represents Lys,
Xaa3zs represents Arg and Xaas; represents Gly (SEQ ID
NO:10);

(aB) a peptide represented by the general formula
(1) wherein Xaais represents Ser, Xaa;s represents Tyr,

Xaap, represents oligosaccharide chain added Asn, Xaase
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(al 2) a peptide represented by the general fornula

(1) wherein Xaal8 represents Ser, Xaal9 represents

ol i gosacchari de chain added Asn, Xaa22 represents 4y,

Xaa26 represents Lys, Xaa36 represents Arg and Xaa37

represents Ay (SEQ ID NO 15); (al 3) a peptide

represented by the general formula (1) wherein Xaal6

Fepresents bY$gd%%%ﬂhéﬁpééséhéﬁnAéddédd Bys;7 Xa@pk@®sents
Xaa22 represents Ay, Xaa26

{Sigrzgﬁﬁg:@l— (% 1 %636 represents Arg and Xaas3,

P SRR S R PR R i, T el Bl

[ ePresSent sy galgsggégegg Lese ots %g y @%%%aatwyr,

represents olig ar| alh a

X&R1.e3epkeskyss 36 %%%ﬁk%

rep{zese%ts 2@% F%g%g 17) (eﬁllrg; %qqg%ptl faride

tRpL esended doslnl b@&%neégkeéehﬁbl ﬂrg(é}ld\l\kség f}_e&@%%nts

represents Ser, Xaal9 represents Tyr, Xaa22

Eepr é%%@tSDGIQ,l%aaZG represents oligosaccharide

chai n added Cys, Xaa36 represents Arg and Xaa37

repr egeft)s a2 NP HISEQUEP NOeI8)Ed bal bhea geepstriade formula
resented by the general forrmula (1) wherein Xaal8
gr‘é}%%ﬁ?%n S?é?alfiXéél?ﬁgePéBFéséﬁfs ¥gp1e reRgEpents Tyr,

2;'(eg)r esegtsSGI §<g represents L£ Xaa36

reprresent s 5ol ao ¥eh&PPefe TEREIST SHdGe & Yey s X3Ras Xaa37
Q{@ %!Eég 1 I

£ %gégﬁ{%d 4 geneﬂ% oarlrrrlgla C17C}e(ciil)zps\/{ger & 138418

represemt s Sey . (Bl nepresents ol i gosacchari de
Cﬁ}gl n added &s, Xaa22 repre)gents Ay,

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

(al2) a peptide represented by the general formula
(1) wherein Xaa;g represents Ser, Xaaio represents
oligosaccharide chain added Asn, Xaas, represents Gly,
Xaape¢ represents Lys, Xaass represents Arg and Xaaszy
represents Gly (SEQ ID NO:15);

(al3) a peptide represented by the general formula
(1) wherein Xaa;s represents oligosaccharide chain added
Cys, Xaaps represents Tyr, Xaa;, represents Gly, Xaase
represents Lys, Xaaszs represents Arg and Xaas; represents

NH, (SEQ ID NO:16);
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Xaa26 represents Lys, Xaa36 represents Arg and Xaa37
represents NH2 (SEQ I D NO 20); (al8) a peptide
Tepresented by the general forrmula (1) wherein Xaal8
represents oligosaccharide chain added Asn, Xaal9
represents Tyr, Xaa22 represents dy, Xaa26

represents Lys, Xaa36 represents Arg and Xaa3-;

r epr eSeht)s @ MEPYSED 1P Mo ermed (Rl Hha qriptiale formula

entedég t he eneral farmula (1) wherein Xaal8
{ Ehr aBeht e XY arengsp §eF8BFéséﬁFs $op1c seREEsents Tyz,

239 B O R g e AR 2300y, 592202 8

repte a represen

LEPrESENtS 1, ,t%§§Q EQPaIS%%kS é@éo%T? WEBL!%%B% SpRts

represented € gene ornmu

KBPr &Nt $ej:,17>§a,a19 represents Tyr, Xaa22
represents Ay, Xaa26 represents oligosaccharide

chai n(zldded Asipt Xeadegrepasent o Ahark@ad’ formula
represents NH2 (SEQ I D NG 23); (a2l) a peptide

f &prekene el &@amheegeaeeatsfﬁemulaaa(a)rapnysants&aqts
represents Ser, Xaal9 represents Tyr, Xaa22

¥%ﬁre§éﬁ?§sepys ﬁé526xﬁépré§eWﬁ§qQR§ Nada@Baccharide

e resen N#ﬁgosaccharlde chai n added Asn and Xaa37
%%}%S%% %6Drﬁ€F?ﬁ?PtFa§?? SnBeE?P@erepresents

t ng Q&e general formula (1) wherein XaalB
rebres t's dal9 represents oligosaccharide

chai n adgded, '%%btl)épea rﬂr%%re%sc%'g% the é?%%%%} formula

represents Lys,” Xaa36 epresents g an

KEprﬁﬁéfﬁﬁnPﬁﬁaQSEQbkEEEEE§5%er(32§£ A JeeRllsde ¢ 5 Tyr,

represented by the general formul
Xaap; represents Gly, Xaazg represents Lys, Xaass

represents oligosaccharide chain added Cys and Xaas-
represents NH; (SEQ ID NO:19);

(al7) a peptide represented by the general formula
(1) wherein Xaa;g represents Ser, Xaaio represents
oligosaccharide chain added Cys, Xaajs represents Gly,
Xaazs represents Lys, Xaass represents Arg and Xaas-
represents NH, (SEQ ID NO0O:20);

(alB8) a peptide represented by the general formula
(1) wherein Xaaig represents oligosaccharide chain added
Asn, Xaais represents Tyr, Xaas; represents Gly, Xaaje
represents Lys, Xaase represents Arg and Xaas; represents
NH, (SEQ ID NO:21);:

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

Xaapz; represents oligosaccharide chain added Asn, Xaasg
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(1) wherein Xaal8 represents oligosaccharide chain
added Cys, Xaal9 represents Tyr, Xaa22 represents
ol i gosacchari de chain added Cys, Xaa26 represents Lys,
Xaa36 represents Arg and Xaa37 represents Gdy-
ol i gosacchari de chain added Cys (SEQ I D NG 26); (a24)
a peptide represented by the general fornmula (1)
ThRFef ¢ 0@alBs r epreseneprobegbsadcharhdeXehai mepdeeents
@(s, Xaa, 9 r%presents Tyr, Xaa22 represents

%g@t?ccltl?all‘]i deé<crai n added Cys, Xaa26 represents 39

oo Y Erbasd SR CaRST BN 2 PR eg) Tp e a
t t f I 1

b r e SR PR Dotk LN DB, eat FL B st ey Py

X222 rbBPEESRPLScH, Y, x X826 JLeResent %1‘1'310%%%%%52%@9

chal n added Asn, Xaa36 represents oligosacchari

EMaim addsleh AN a4, XaagFre EEREESERYSand Xaass represents
G y-oligosaccharide chain added Asn (SEQ I D NO 58);

Nitd (S&R6)IDa Ngept3i)de represented by the general fornula
(1) wherein Xaal8 represents oligosaccharide chain
addeda2Adna xeatd deeprepseses tier byXaa22 geepredefibsmul a
ol i gosacchari de chai n added Asn, Xaa26 represents

¥ g HariafaschaPReatdes A8k, X@as6 reppessantsTAEg

)Qnd Xaa37 reFreéints NH2 (SEQ | D NO 29) [0064] The
312 gbSRECABP Fie® Chai 12 21s EGPRESENT Sy &/8r s X634

ggq olypose at. | east_.qne r.unit
’!(:%giﬁegsacc%arl eosganCO }})ar}llc{es T earllnvaefC}%Jv%f1 ASTREE 3RG 3ar
f@gglees&ytg@rNHéni(tS@Qa&% INiOrglggq,; these sugar units are
bound by

(a22) a peptide represented by the general formula
(1) wherein Xaa;s represents Ser, Xaaig represents
oligosaccharide chain added Asn, Xaa;, represents Gly,
Xaaze represents Lys, Xaazs represents Arg and Xaasz
represents NH, (SEQ ID NO:25);

(a23) a peptide represented by the general formula
(1) wherein Xaa;s represents oligosaccharide chain added
Cys, Xaaig represents Tyr, Xaax represents
oligosaccharide chain added Cys, Xaazs represents Lys,
Xaazs represents Arg and Xaasz; represents Gly-
oligosaccharide chain added Cys (SEQ ID NO:26);

(a24) a peptide represented by the general formula
(1) wherein Xaa;s represents oligosaccharide chain added
Cys, Xaaig represents Tyr, Xaa,; represents

oligosaccharide chain added Cys, Xaass represents
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dehydrating condensation through a glycosidic |Iinkage

bet ween them Exanples of such a oligosaccharide chain

i nclude, but not limted to, nobnosacchari des and

pol ysacchari des (glucose, gal actose, nmannose, fucose,

xyl ose, N acetyl gl ucosam ne, N acetyl gal act osam ne,

sialic acid and their conpl exes and derivatives)

%bh@%ﬁﬁ%@h@ﬁl¢$v¢¢@ﬂ¢xﬁﬂ@%ﬂa%YQeIXa@ﬁ aepirdeenéngérgf and
gosacchari de chalns such as degraded

%%?Vsé@@ﬁ&F?&é§ Gand (PREséPdBgradeéd or derived from

| | - 40 | h
oy eo e h e st eofgeﬁf@gsro?srletcu%@: ; 9?%@35&3{&0%
oY paeRLes X%%de?%bggr%gﬁ%%??'sggaé%ﬁ% EETERENT (Sad
ﬁ@éﬁﬂ@e%&%@en%@cg a3§§§%6|féﬂ¥§§§H¥QW ng%ggl aride

derivatives. Exanples t he ol i gosacchar ain

dies i vas dyes AQ@JLKEé%bHépB@Eenkbnbl@goggccharlde chain
ol i gosacchari de chai ns conposed of a sugar having a

eAdedxysn gaodipd&s-grepakdente atiydoWhyehatS8haride chain
carboxylic acid formed by oxidation at C1 position
f@ded  Asp- gFER oM NAA® f cxméd by the oxidation of
D-glucose) and wuronic acid wherein the term na

car bo@?2a§ ot PP Héen repuedicrddd &va thar BeRgiragr sepmula

Ei% ucuronl aC|d formed by _the oxidation of
gl J&%E%ﬂ 2P 8uaPTRAVI Y 8hlaﬁ?ﬁsch©%% ehahni pgded

BLOUPK L, YBREUE L L. ryr ALl ALt ATAR 90U

ace ucosam ne an acet |-

@Bi@&é@é@ﬁ%f‘f&e &éltfgaardcf@y'z(% botdy 2 "](—Qg gggngglr boxy!
d altc

groups (e.g., N-acetylneuram ni’c acl aci d)
@&Kboﬁééﬁ%ﬁﬁdd@”éﬂﬁihEﬂddgd Bside0a sUBdFré€efts Arg and

2- deoxy- D
Xaaz7 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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ri bose); a sulfated sugar containing a sulfuric acid
group; and a phosphoryl ated sugar containing a
phosphoric acid group. [0066] In the present
i nvention, preferable oligosaccharide chains enhance
stability in blood and, nore preferably, do not
delete the activity of controlling bl ood-sugar
meversleahenchddedgtipc@Potieinse. prohenghpcans no aci d
of @G.P-1is substituted with an oligosaccharide chain
gdyeasamanoghiraps aend) 9lyacbheidspecihofoimo gre@mnide
i nvention, preferable oligosaccharide chains enhance
FH@lBCWFViPﬁ gfneéﬁn?FoPF? gPBfood- sugar | evels, when
igggs to GLP-1 (i.e., when an anino acid of GP-I is
ubs ﬂtuted with an oligosaccharide chain added am no
aci d) 0067] e, Vi [t t :
ol i gorlé%%:chglril %ﬂc %{}%ﬂ%éé e %_P-Lig%‘gp}%él%gnofa]ﬁoe

EB@%%F!EsbBEGBE!LQBshéchSIQHHQ! SheiRdal P bh Vi Pgs PO L3165
t he oligosaccharide chain in the oligosaccharide
cliatheaddeédo&hPchapepti dradh tbeivptesent ihdvedé) ofut not
exists in vivo in a formof conplex carbohydrate
Lghmytedepdi del{ogpsgtybapidtechains peahpogtycan, a sugar
l'ycol i pid, etc.i and is preferably an N- |inked
gPWgﬁgaécﬁanaéy harauPane &t i nRedonl ¢ gashd chak Fldel s
chajn, etc., which is bound in vivo to a peptide (or
ﬁPS%@FH&lFanbﬁnﬁar@PQCBﬁeBFFGétﬁeF @Fy%b@r%@é%ﬁ}?n (e.g.,

LO0SAL g LeLErADL ol LAESBRERRLLBE FROLTRESAL onc
EQ@E@C acid wherein the terminal carbon atom has been
oxidized to a carboxy; 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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Exanpl es of the N-linked oligosaccharide chain may

i ncl ude a hi gh-nmannose type, a conplex type and a

hybrid type. The conplex type is particularly
preferable. [0069] In one aspect of the present

i nvention, the oligosaccharide chain in the
ollgosaccharlde chain added G.P-1 peptide of the
plésentcidventinrrns . agnedterabl Yheaarp refdrgosacttrriate
chain consisting of four or nore sugars, 42 e.g
PF@éeB?bh%rQllggééﬁcﬁﬁrhﬁ?eChﬁ%ﬂ% BRhADFe DRe eREULTLLY Of

070 f bl t of the
SRR FHTChEPaH, StRE™ LFYEbEnctRaR | BRCERaTR FRETha i o/
phigosacshanldg ¢halp added glgu 96@&&3 Qitﬁhgn
pr esent. 1 nvention consists 0 even nlt ne

bgl@bgasehgglsée&ﬁalﬁugaaéd LP4d] a1 d a pr ef er abl e
aspect of the present Invention, % o i gosacchari de

¢cbakm]in the oligosaccharide chaln added GLP-1|

pepti de of the present invention is an oligosaccharide
chai NF' @t edtedv fewpo inme tgraaup:lconsl istagw-choafridissicad,n
nonosi al o, asial o (digal actose), di G cNAc

pdfrdacktyl gpepbsani Aé) tando e pemhoseveht josatshari de
chains and is nore preferably a disialo

BAMgDsaERRAR| He léKara. bpany3) t@&aﬁ%}@%s@¢c®@@¢@$a%h%ﬂn
ollgﬁsac hari de chalgs usabl e n_the esen

i-Hv 1oREFLER2 AN %IFB%%%c%ﬂ%??d%L%h Pﬁptlde of the
5?858§€n£§9e9¥lggeeL9£LQMApg ge{glafg orm 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 oligosacéharide 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
cligosaccharide 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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[Formula 3] 43 | HO--OH--OH HO - 0O\ HO HO HAc

HAc wherein RL and R2 are the sane or different and
each represents [Fornmula 4] HOOC Hoo4 HO HQ HO Ho- =-
HO\1 HO. NHAc HO ~- Q HAc HO .~ ~ OH J Ac HO AcHPr

HO HO-- HOO.. OHHO HO,1 H HHO ~~ HOp HO ~} HO
NHAe ' HHAc ~ HOHHO1 HHHO ITOHOOH HOoOr H

&nd - AcEi BBresefPEeanSarel yPr gfotp: NEDH7Q3F more or eleven

or more sugars.
[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]




In the present invention, exanples of preferable
ol i gosacchari de chain may include oligosaccharide
chain - 44 structurally the sane as (oligosaccharide
chai ns having the sane types of constituent sugars
and the sane patterns of |inkages of the sugars)

ol i gosaccharide chain which is bound to a protein to
forma glycoprotein in hunman bodies (e.g.,

ol i gosacchari de chains described in "FEBS LETTERS
Vol . 50,RRo. 3, Feb. 1975"), and oligosaccharide
chain Iabking one or several sugars from the

nonr edugming iq t hereof, which are described in

Tables 1

low. [0074] [Zahle 1] 45 M, X
x < L=\ Q1 Q p Ceu _"OL({/N’@"‘S
n~ 5 b X= X = = =

oA

wr

wherein

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

[Formula 4]
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and
Ac represents an acetyl group.
.[0073]

In the present invention, examples of preferable

oligosaccharide chain may include oligosaccharide chain

HO™ |

OH
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4[00 {Table 2] 46 MN _ ' _

struct ral y 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 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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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%, preférably 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-Thrll-Phel2-Thrl3-
Serl4-Asplt-Vall6-Serl7-Ser18-Tyrl9-Leu20-Glu2l-Gly22-
Gln23-Ala24-Ala25-Lys26-Glu27-Phe28-I1e29-Ala30~-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);



aV [0078] 49 1In a preferable aspect of the present

i nvention, the oligosaccharide chain added G.P-

peptide of the present invention has a uniform

ol i gosacchari de chain structure. The uniform

ol i gosaccharide chain structure used herein refers to
the sane type of each constituent sugar in the

ol i go$aecha?G e Thadulst heutsedreb prafesi atherediingddwccharide
sugars are |inked, and the sane pattern of |inkages
BEEwBeAdERd C§§gé$§agﬁhen%énéSEQaiDaNOté@ét 90%

preferag east 95% nore preferably at | east 99%
of ol %40k |H% THA It Gl L Pl s iRt idddodmagcharide

d t Th
%%ﬁé%%@%%??s“iﬂ%%r'ﬁpiadéﬂa' 7R 10 Iﬁﬁtf%g havi ng a
f | tu t.ant
Eﬂ'm S L Rart Pt 5 b SR s MG e

Sldﬁlilna§d§8§r@?ge@}tjk&ﬁﬂ)l@r@ﬂU%E@nID[I@(Q7]9dJ6 Jn the
present invention, exanples of preferable

ol i gosac hard He masubmme@%y deptdide dId e ide
ol i gosacchari de chain added GLP-1 peptides (SEQ ID

N@irloaduedles@ PEoatuced 5n {HEdond ngo Ex@npj es 1 to

49. mel ol i gosacchari de chain added G.P-|

pept|6€% H%Uih@ l%fﬁ?Qﬁﬁﬂkﬂﬁﬁﬁ(ﬁy asialo oligosaccharide
7- Al §U9G IOThrII-PheIZ Thr 13-

?1”4 %@S? KAl | 6E5rpie se) | 8309 rTR-NQuULRR)E u2l - 4 y22-
€] n23 a25- L 27- Phe28 IIe29 A1a30 Tr p3
Leu32t alééﬁ%lx (%t%g“ %r e3E09 14 gqeascharide
GLE: ) o cUbsT £L Fgmnllessw 5%%%&5 by disialo

ol i gosacchari
(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);

(bll) 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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chain added Cys (Exanple 1)(SEQ ID NG 103); - 50 (b2)
22Gly is substituted by disialo oligosaccharide chain
added Cys (Exanple 2) (SEQ ID NO 104); (b3) 26Lys is
substituted by disialo oligosaccharide chain added
Cys (Exanple 3) (SEQ ID NO 105); (b4) 36Arg is
substituted by disialo oligosaccharide chain added
Cys (B@e@ﬁpﬂé ) (lgeeqb@tpu@uf@@) by(E8psizidy is
bsti t uted d|S|an ol osaccharlde chai n added
NS i V10 ;P @) e 1D
%ﬁffét“ted by aS|an ollgosaccharlde chai n added Asn
? anp e 6) (SEQ 1D NO 108); (b7) 19Tyr is substituted

by a I lg char Example 7
(éEQSdb%S%oqlgjg‘?sq b%%ﬂfﬁﬁgu%%%;%gstg??’gte b§/ eyl o

ol i gosacaharidgte credial nagde (R e B)
NQ(%%SO); (b9l) 8Alca |srbsubst|d:tut ed by di S|ela5|%o (BRI

wdi gosacchari de chain added Cys (Exanple 9) (SEQ ID
NO 111); (b10) 9G u is substituted by disialo
ol i goddddhalilga ishaiutrsaddedeCydy( Exanplle 10) (SEQ I D
NO'112) (blk%%lcrly is substituted by disialo
i it Oy (EReamplee 16)) (SSRQIMD
@5)%@5 (b12) 11 Thr is substituted by disialo
acchari de chain added Cys (Exanple 12) (SEQ ID

N N R O I T
$£léééaccharlde 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) ;

(b18) 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);



- 51 (b14) 14Ser is substituted by disialo

ol i gosacchari de chain added Cys (Exanple 14) (SEQ ID
NO 116); (bl5) 16Val is substituted by disialo

ol i gosacchari de chain added Cys (Exanple 15) (SEQ ID
NO 117); (b16) 20Leu is substituted by disialo

oli gosacchar| de chain added Cys (Exanple 16) (SEQ ID
NO: 118)23)( b4AY 24/ $HYbs tsiipstgd mm&wadh%u al o

h e chajn le 17 EQ1D
%g%g?g&ﬁ%}s Z%Nllanl‘%g‘g?f&QY?ug ’g@ i &7 L\I éSEQ 1D
ﬁé cchari de chai n added C,ys (Exanpl e 18) (SEQ I D

ggg? (b1l9) 273 u is substituted by disialo

I h
ﬁloI %g (%joijley %ﬁe i's sStglst it utfﬁ%ﬁ; ]Ogl)ﬁg(O%%%éhgrlde
ehaggssls&@@rc g gﬁérﬂpfgdfﬁ Q/§E<§Ei<@ni@d>912@9 (SEQ ID

Ala is substituted by disialo
ol i goams«,:hammges chai sumatdeat tQs Pl 2h)i dSEQdHAride

NO 123); (b22) 32Leu is substituted by disialo
ohagosaddhdride ¢haampaaded) CYSEQ EXainpdel22); (SEQ | D
NO 124); - 52

{(b26) 30Ala is substituted by asialo oligosaccharide
chain added Cys (Example 26) (SEQ ID NO:128);

(b27) 34Lys is substituted by asialo oligosaccharide
chain added Cys (Example 27) (SEQ ID NQ0:129);

(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 is substituted by diGlucNAc
oligocsaccharide 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);
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(b23) 34Lys is substituted by disialo oligosaccharide
chai n added Cys (Exanple 23) (SEQ ID NO 125); (b24)
222Gy is substituted by asialo oligosaccharide chain
added Cys (Exanple 24) (SEQ ID NG 126); (b25) 26Lys is
substituted by asialo oligosaccharide chain added Cys

(Example 25), (SEQ 1D NOL27); (b26) 30Aa s
subst ttziﬁte Wsaﬁsalsdmo?tl’g}d‘s‘é%ﬁ Henarg¥psen added Cys

éﬁﬁg{%ﬁ‘fﬁ% BT %ﬁi%@%l%%%big% RN SRRy s
?gle 27) (SEQ ID NG 129); (b28) 36Arg is
subs ited by asialo oligosaccharide chain added Cys

(Exanpl & 2%)2E(}§EQ§ @d‘h@t]:_etq}cec( B29)a 22%E Y dlS:Lgosaccdhadrlde

substltuted by di G ucNAc oligosaccharide chain ad

EXsif Exanpliend?) (K861H 3NO 18d); 1HbSO) 13PN a is
substituted by di A ucNAc oligosaccharide chain added

Cys (E@pl B3 i(SEQHDR i thNAdBYy didl)o Mliydacharide
substituted by di A ucNAc oligosaccharide chain added

psinExddptiersn) (RSERID 3NO (389 IPDSRYLIRG y is
substituted by di mannose ol igosacchari de chain added

oys ( 7n>p|?e2 2 l(ssascsh%ltmef%zgy P3P JoAIgpSasFcharide
§§§§%E§ 3eb§%?'€§§§§f%>3fk>? ccharldf3gpaln added

(b38) 26Lys is 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 NO0:142);

(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) ;

(bd44) 22Gly is substituted by disialo
oligosaccharide chain added Asn (Example 44) (SEQ ID
NO:146) ;

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

NO:147) ;
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(b34) 34Lys is substituted by di mannose

ol i gosacchari de chain added Cys (Exanple 34) (SEQ ID
NO 136); (b35) 12Phe is substituted by asialo

ol i gosacchari de chain added Asn (Exanple 35) (SEQ ID
NO 137); (b36) 18Ser is substituted by asialo

ol i gosacchari de chain added Asn (Exanple 36) (SEQ ID
NO 13846)( BPALa2ig yubs tdivdtedt kvediy-2asi al o

ol i gosaccharjde chain ded Asn (Exanple 37) (SEQ 1D

N 43 Seh sy B3 i%‘?‘gﬁfgsﬁﬂ u&é’%?“ﬂﬁrﬁpeas"i él ol S(EQ I

Iﬁ%igg%apchari de chain added Asn (Exanple 38) (SEQ ID
] 45’; (b39) 273 u is substituted by asialo

ol i gosacaharide .chai e 39) (SEQ ID
NO: 141 ;ﬂ(%f&%zé%h%u@s&g%%tﬁu%ﬁégﬁ%g%ég a|3) (

&l i gosaceharige ciehal nddldedh Asn KB & 7A0) (dRFEQD D

NO 142); (b4l) 30Ala is substituted by asialo

wbi gospacchari de chain added Asn (Exanple 41) (SEQ ID
NO 143); (b42) 36Arg is substituted by asialo

ol i godEohatlgs acidaidt lagd ed cAsra qhbEsapsite t42)ed( $FQ | D

NO 144); (b43) 18Ser is substituted by disialo

@1 $ hobacehbd ¢ s el o deleal Msrdd ek dhfe el BPMKISEG YD (SEQ
NO: 145% . (b44) 22Gy is substituted by disialo

i Y05 tfha@#de chain added Asn (Exanpl e 44) (SEQ ID

0 Lig) g, (9, 308 ads sl abed L aiale
&gggéfg;oﬁfgosaccharide 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 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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(b46) 30Ala is substituted by disialo oligosaccharide
chai n added Asn (Exanple 46) (SEQ ID NO 148); (b47)
36Arg is substituted by disialo oligosaccharide chain
added Asn (Exanple 47) (SEQ ID NO 149) ; (b48) 26Lys
and 34Lys are each substituted by disialo
ollgosaccharlde chain added Cys (Exanple 48) (SEQ 1D
NePE5D) ; and (b49) 18Ser and 36Arg are each substituted
by d|S|an qiﬁgosaccharlde chai n added Cys (Exanple

49) (BEFOIT alslson‘[wgmt YR S gashcdtar i de
dd ' t
G3nBa%FBatcen 5y FRcorBoRaPbig: oRePbE Rposhc charbaeeent
shoLR-addl Lhans g&egtégi% BRILALLAN. 812R)sal0nr PARILNE:
o t e

synthesi s mnet known ose s

Eageal bges@cgeﬁhg@scna{mn@dgl th PPord aﬂaggac%wgde
reverse reaction of an enzyne typified by”

thanagbutagtiaseibsspbe0rusabl ¢. ekiompyerielhbsloRtbpda
presents problens such as a | arge anount of necessary
oikbgesacthar pdedohangsatoobigaddedhacodpl coat edadded GLP-
purification after the final step, limted sites to
whPeRtigki jysueéhar pdegeharahasidededainnaddiedi e as an

pes of oligosaccharide chains that can be added.
?ﬁéBQFBFéhth ﬁEFHBdaﬂgeﬂo?mbPac??&%IaF%rutlllZlng a

| ar ge scale roducti n uEh g maceutic ide
BEBOGEE: " FRBLAN T L Ray Be"DStR THE Sphi Aeh saF poolid
5%%%% Qgﬂﬂﬂg§iseog'll&gﬁdaﬁﬁg¥eu§§ntﬁe§§s (Process A) and
a process for producing an oligosaccharide chain added
GLP-1 peptide which comprises producing a peptide wherein
any amino acid of GLP-1 is substituted with Cys,
according to a peptide synthesis method known in the art
and then adding oligosaccharide chain to the Cys through
chemical synthesis (Process B). Those skilled in the art
can produce various oligosaccharide chain added GLP-1
peptides with reference to these production processes.
The oligosaccharide chain added GLP-1 peptides thus
obtained and production processes thereof 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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[0081] - A process for conveniently producing the

ol i gosaccharide chain added G.P-1 peptide of the
present invention and for stably producing

ol i gosacchari de chain added GLP-1 peptides having a
uni form ol i gosaccharide chain structure is
sEecificaIIy_exenglified bel ow by a process for
BrodnerAghahiOfi goaaeehafFdel B haf Al abdeEe € pean be

eptide by usjin j ccharj ' d
B bESechar Taeta aPRE TR ais ed fa s 08h Be Bnai, £50s i«
pt| Si [ he t.S S
BEP249% BN DS oTEbATFO KRN BCLle Aldag UED Bncs ove
(Rroepssafldandre @nPhOCESB QR PrOducing an
ol i gosacchari de chai n"added GLP-1 peptide which
¢ouprises produci ng a peptide wherein any amno acid
of GLP-1 is substituted with Cys, according to a
peptede syntphesdschrthodi koowncharide anéinasnddédernp-1
addi ng ol i gosaccharide chain to the Cys through
chefiidal (Byachesi8) (Process B). Those skilled in the
art can produce various oligosaccharide chain added
GLP- 1Fipeht i el i h¥Ar@fer ek o heske prodirctingh the
rocesses. The oligosaccharide chain_added G P-1 .
5§§FP6¥S PhOYP BBtaf nEATARGY pr BHGLERI Bh PP oRBELRsAC

reof _are ver sef rij in_th el f
LSRRl Forf Rty Phoa ESULRELY LDk 1E Lol
5§$t@%t9@éf§58§9 LPeCOUBLBALLAN o KRN «S¥BLNESESgl Peaction.
smal | amount's, e.g., for assay use, these processes

Ay cal $aebameaBbhRedpWhi Brobkgosacehar hlenoCchaid is
extension reaction catal yzed by transferase. The
Brocesses Aiah B can-belupierpedttottihe desgp) pthens

of WD 2004/005330 and WD 2005/ 010053, respectively. -
Bgdroxyl 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




A i gosaccharide chains used in each process can be

referred to WO 03/008431, WD 2004/ 058984, WO

2004/ 058824, WD 2004/ 070046, WD 2007/011055, etc.

These docunents are incorporated herein by reference.

[0082] Process for producing oligosaccharide chain

added GLP-1 peptide (Process A) First, (1) a hydroxyl

@FB@%h%@ Eor@§$ne%%v¢m@r¢%% a%@d@o&&¢6gﬁﬁﬂﬂ¥>amd0@p at the
r box group of an am no acid having am no group

ﬂ???ﬁgéﬂd FoEERted with a fat- soluble protectlve

d t f t ce
o e SR AR T R B
Ao W4 faf - t u t he
HASIL o e T B
$§§5gine919HPe@foI 40 P95 ALk, Hﬂfgbsaccharlde %haln

f-condensation of the am no aC|d pr event ed.
éac)ledi hesbatagohapl €a pI§ eshiNe G OuP rh:Stchc_?é'EDV@potfé@li@d
the resulting ester to forma free amno group, (3)
vhehfaeaansobugteuproseani datedowwt h a car boxyl
group of a desired am no acid having anmino group
ni t r ogen thpf otadctsed Wilish tr Ftactsioleulgizeupr diseatempred to
roup %f% the fat-soluble protective group is renoved
%rmf%r e f PBENAFFOURyr oup, and (5) t he steps (3) and

4 d at | t b
bept | D) MO S Ao g Soer® G La%r Y B getboxy1
Eb&'ﬁ as % aéggr@@daln nagcw:ehévei%k oatira&ﬁ)e%ltmgen

ne end thereof and ree an no gr up é%
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 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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ot her end thereof. (6) Next, the free am no group is
am dated wth a carboxyl group of the asparagine
portion of an asparagi ne-linked oligosaccharide
(ol i gosaccharide chain added asparagi ne) having am no
group nitrogen protected wth a fat-soluble
protective group, (7) the fat-soluble protective group
PasienpRedt Bhef BeRE BA¢ r e i HeeHrobipsat 8ye thespreRd bY
am no group .is anmdated with a_carboxyl group.of a .,
AE4FRRYY AR AGRACT B° haVPRg (&M nb GFOUDLHIE rodenttoe amino
rotected with fat- lecp ect p h
e S AR R S
£h0b11B8sLBLRILL UD! £nREQ! EALLNCa OEOMRGL Se T RIPYRE ERino
orma’tfree amno group and thereby obtain a
%EMQBD%@E&Q@enhﬁYbBQc@eQeﬁiﬁﬁdanﬂﬂbeéoDﬁbﬂésbféﬂe@ﬂlﬂ@
acids as linked and having the resin attached to one
gdupher®eofthis frage, am oy @smig: iade ttheviotdiert enghst two
t hereof and an ol i gosaccharide chain added aspar agi ne
atinds oAt eifrgdsatehapodet chain(adyedhaspesagingscat a
off with an acid, whereby a glycopeptide can be
ge@gaeédpmﬁiéhOhagfaﬁhglpg@§a3@hah@a@ thaapatagaedre

aspar agi he at a desire osition,of the eptide_cha
Brepestc PuOSSERGRar Mo RORBE Qo PYEBpeRerBenGURNE anded
| east two ol igosaccharide chain added asparagi nes at
&°%8$PP&8°- 58 position of the peptide chain thereof

%%%8@? prepared by

Alternatively, the oligosaccharide chain added
asparagine can be introduced into an end portion of the
peptide chain.

[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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suitably adding the step (6) of am dating the free

amno group and a carboxyl group of the asparagine
portion of an oligosaccharide chain added asparagine
having amino group nitrogen protected with a

fat-sol uble protective group. At this tinme, a

gl ycopepti de having at |east two Kkinds of .

BT geRbee hEfh e chas te butledC wsharseinesnate a(Mete)si r ed
osition of the peptide chain thereof can be prepared

ﬁ?e%%%%a%lfb%ff%b%htt-*émfg%fa%%hm@e ki i @ldide] (Pro) .

?gine. [0084] Alternatively, the oligosaccharide
@ﬁ@?ﬁ added asparagi ne can be introduced into an end

! i in._ [0085]  Th '
port 'Equrf%ﬁf%h%f %%Qt'IS%%u%q;lel b tﬁcsc l]B’(ae g r%ﬁl[?%is Ir?r}ﬁa\?i_ng

havi ng a roxyl”  group may usua

i}f{%%ﬁﬁﬂé@éé&yéﬂb&%@ ﬁ%}f}g%éi qﬁmgesggrt_ Exanpl es

resins usable are esi'n’ (product of

et L5430 [ I oGty O dVer K)o r A-REGA iy,
(pr%ié%t}t/ of l\;[bﬁLgl?&dg)tc. [ 086? ﬁ‘:ll gan%ﬂr\lég aci?égfr?d%

ashpl ex asa suwty 1 Exeogp esaadty amgumcs wsahliskar €hich
natural am no acids such as serine (Ser), asparagi ne
e marivaate (e )or |audae e wrotdsalelemadd | @he
alanine (Ala), tyrosine (Tyr), glycine (dy), lysine
faysyol et MIRE{H)S MBiR dihed (HB)QC @rmpart icaradiad
(el dlatar c.a0i (). gl amie (On). L 89,
%’%?%?Aﬂ eanalnrbe s(o@ie&m thrycpz_looéjehnacna b-[)rrpa? t eancdo R:rhoe! ' ne
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
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[0087] Exanples of fat-soluble protective groups are

9- fl uorenyl met hoxycarbonyl (Fnoc) group, tert-

but yl oxycar bonyl (Boc) group, benzyl group, allyl

group, allyloxycarbonyl group, acetyl group and the

i ke, which are carbonate-type or am de-type

protective groups. The fat-soluble protective group,

ecpdensabtoyraupnt can beed | it rodueeduby @fidi ngp 10 wts,

9-fluorenyl met hyl - N-succi ni mi dyl carbonate and sodi um

Py ofRitar bohat e to? t Heasedreenplat edf compouinp farid.

§ 6'on. It is preferable to conduct the reaction at

E?% i50 DEG C, preferably at room tenperature, for

about,1 to about 5 hours. .[0088 Th bove am no. aci

can bep reosttgec le](:tdy Wi hE %td‘t[o-n o% ucb?r}edelbcratoetde&ri @rﬁ‘lb?ﬂ}’ p%y
t .deserib e.. e_a e otecte

g}r%%%ﬁ%g? dpgghlqbe%%o%ga%l'l a rllge—g %o?rﬁgr%lr%li)%}ﬁsy? Codlumn’

Eé@lﬂpﬁfs’cl@é erEODC-Pefn FNCTASD: FHRCe YR oa £ DG dhy a
Fnoc-11e, Fnoc-Ala, Fnoc-Tyr, Fnoc-dy, Fnoc- Lys,
fobet Aoy, o Fnae: b Sac Fdoin As pso Fr@et G o, t e QA m,

Frmoc- Thr, Fnoc-Cys, Fnoc-Met, Fnoc-Phe, Fnoc-Trp and
Fraopr R 9. of 098Byentbsabde wsskeist@erafyi dignetat vl ftstrsanairde
dehydrating condensation agents such as

{PHEsi tyTRARRRN P bnye Bayiene-chloride | azdl EXaBNBs of
di cycl ohexyl carbodii m de (DCC) and .

AP+ %Ib‘i%pf#%a%%ﬂ?m%% IBHPCH JLdTher Aehitf g - 60
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Egégtion 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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[0090] The esterifying reaction is conducted
preferably by placing a resin, for exanple, into a
sol i d- phase colum, washing the resin with a sol vent
and thereafter adding a solution of anmino acid in a
solvent to the resin. Exanples of solvents for washing
are di nmethyl formam de (DWMF), 2-propanol, nethylene
ehnadrirted, eprefExalnpy ekn ofhe sptesense fof al ssotivaigr and
am no acids are dinethyl sulfoxide (DMSO), DM,
frefAYyYeRE- chl oride, etc. The reaction is conducted at
ggg ?O DEG C, preferably at roomtenperature, for

% £710 to about 30 hours, preferably about 15

m nUtE%?a‘&c}’olhe;Sg?O;%( y“FSAé Agurs.. i[VO‘_ﬂOtgolr]S aF;reef erably, the

unreacte group remai ning "on the solid phase

[ | i e r e {th acetic
aheyarsae For ERdernl & Chwsy P hE TR & i o
@méeﬁyu@i@é@ﬂ@p%@mmémg@e F dlyd &5 Lady a
treatment with a base. Exanples of bases to be used
QWBC PHPEY | dil hyeh empl pihed pier y Bd £idd hisPRA)eat ment i s
conducted preferably in the presence of a solvent.
Exppphesdbinsdd el s(UBRDI edae eh PMSEn &, spred ol (DEPC) ,
etc. [0093] The reaction of am dating the free am no
BPREPt i R Rl bay oyt t g pripr B9 L 0 oep reab head ion addIPCI) ,

havi itr tected with th
PR £ 0T GbFB BT oupl 18 - BAP Boniohic B ARSIy | n

ﬁQ§a9i§§§g§ﬁoggh§@eafﬁ;ﬁ@%fy fuﬁkd§%§§gé§¥gtriazole
(HOBt), hydroxysuccinimide (HOSu), dimethylaminopyridine
(DMAP), l-hydroxy-7-azabenzotriazole (HOAt),
hydroxyphthalimide (HOPht), pentafluorophenol (Pfp-OH),
2—(1H—benzotriazole—l—yl)—l,1,3,3—tetramethyluronium
hexafluorophosphate (HBTU), O-(7-azabenzotriazole-1-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphonate (HATU),
O-benzotriazeocle-1-yl-1,1,3,3-tetramethyluronium
tetrafluoroborate (TBTU), 3,4-dihydro-3-hydrodi-4-oxa-
l,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]



[0094] Exanples of useful activators are
di cycl ohexyl carbodii m de (DCC), 1-ethyl-3-(3-
di met hyl am nopr opyl ) carbodi i mi de / hydrochl ori de
(WSC/ HC1), di phenyl phosphoryl azi de ( DPPA),
car bonyl di i m dazole (CDI), diethyl cyanophosphonate
DEPC) ,
éenzo%$$@&b¢%-qu¢@¥§ulr$@¢m¢mtﬂiaﬁeuﬂWhﬂSphmmFunmethylene

DL PCl ), . ‘ .
%@ﬁ?SP%FazSFEgllyléﬁydﬁﬁﬁ§99rFbitgthgpgésph@npuhel
h fl uorophosphate (PyBOP), 1-hydroxybenzotri azol e
E%é%?f?eﬂygpoisgacgpngﬁﬁdg'(Pﬁﬁﬁ?Fably at room

[ 1 nopyridjne P)
SLBEONLATLnOBXCT dLey (EYD) sopyp 30 hovrs, preferaniy
?E?BQE%Ehﬁhﬁhﬁgkdgo(EEE@E)24pﬁ859£[U?ﬂgopggggoluble
nglbbEQbéOg£b§ﬁ0E§n1b¥|}éﬁo4e§’§ﬁt@$éa§§$QV$H£QQ£UQ%
hexaf | uor ophosphate (HBTU), .
QebZrababeazotvel azol e- 1-yl ) -
1,1, 3,3-tetranet hyl uroni um hexaf | uor ophosphonat e
(PRYD), |
O-benzotriazol e-1-yl -1, 1, 3, 3-tetramet hyl uroni um
t et r af PR YD é*(aPBTFU)bS, Q%t?-cgﬁgﬂg])ﬁinﬁm?;m@tn# oxa-
1,2.3-b triazj Dhbt). [O The activator is
beBste B Lt e e ol O ol Sty Bt abiyesos

tn.1 I val ent nor e r ef er abl to 5
%au?%aﬁ%ﬁ?gé¥%agﬁﬁ§%%oﬁﬁa%é'h% ¢t x%%%LTgh¥ﬁﬁ?ﬁFn

. QLt n tected with a fat-soluble

ggg?gég%vgggfbu€£8[0096] - 62 Exanpl es of useful

sobvents are DMSO, DMF, nethylene chloride, etc. It
is desired that the reaction be conducted at 0 to 50

DEG Ghorgfwraldptiaie M20Mng 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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tenperature, for about 10 to about 30 hours,
preferably about 15 m nutes to about 24 hours. The
fat-soluble protective group can be renoved in the
same manner as described above. [0097] The peptide
chain is cut off fromthe resin, preferably by a
treatment_ with an acid. Exanples of acids to be used
Reet19% f b alet IS G R {isA) Chaydrasitat Firasdadae

HF), etc. [0098 The gl ycopeptide having at_| east
RRBL O R L CHOT IO G s St Foluble

i red. Wy f th id hal h f b
LSRR, oo "B P R SR e e
SEEpsc{ fle Of- AP dal a0 e ¢ fdeeamng, argup and a

car boxyl group ‘of the asparagi ne portion-of an
pbi@opsacchari de chain added asparagi ne having am no
group nitrogen protected with a fat-sol uble
pr ot euirithe rgr aup,l yalpepf) def haeipy Bg the gbakcsakuhhe
protective group to forma free am no group. [0099]
Fhaiherdded dsopeptiaetharn rmpdtpdsasin areg be prepared
ol i gosacchari de chain added asparagi ne at a desired
Pospe T oreiing Hdhpeptsriel Dhath attearidfy igen shéysimspatled
gﬁwager%orning,as final steps the steps (6) of

19 IS 1T Y I i grbii S (e TRariskyd gyl
ofo$hgggsrgkg%!ne .83 4 ortion .of an oligasaccharide
Thaith Hddey Aspar atine Vé\ﬂ%gan&ﬂ%ogrgcfuoougl%rtorg&j‘en

i -Sol.ubl e . t1V up,. a

E?%%%fcé%n%mv%mngaat{]a? féacgl- SO eubﬁrg{tcg@&‘}e 8P %qace
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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protective group to forma-free am no group. [0100]
Further, a glycopeptide having an oligosacchari de
chai n added asparagi ne at an end portion can be
prepared by performng the step (1) of esterifying a
hydroxyl group of a resin having the hydroxyl group
and a carboxyl group of an am no acid having am no
grefiprabl y ogento p6 0tk cmed enigte e fadlsasuble 35°C.  The
protective group, in place of the step (6) or in
hERyFE1on Fbm?héss?§®a£%¥.P{@i@l?blYnabﬁm% Yaynimptes to
ol i gosacchari de chain added GLP-1 peptide substituted
%P?ﬁt o?i BoLRE chdtithe SRS 1+ ISR 1 O e asd 1ot aithed.

010 P f duci ng. ol.i harid hai
5ot o0 P SO0 Rehc e Py GLERE 85 B0F O™ P ot (e =

Iy N i r c y a. . net ch as .. .
SISOt fal) QPLUFE B, uTEBO RIS 1cuse

&8l imbRasedomyPbhHeshsy angbsepar ation and  extraction of
those existing naturally. [0103] Next, a

hal ©aret am de conpl ex-type ol i gosaccharide chain
derivative is allowed to react with the thus- obtained
pept iThee donitcd v tregni@es domp lprsodugdd @rligbs@cdheadideorthain
may be conducted usually at O to 80C, - 64 preferably
491 626D hPr e pd ef e abPyPABNE oWBSEiThe hydawty bngroup
tinme is usually preferably about 30 m nutes to about

BOPRAr 50 AFFRPT t He ROMTERR oh of ? ct@ERbK-HyRe

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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reacti on product may be purified appropriately by a

nmet hod known in the art [e.g., high-performance |iquid
col utm chr omat ography (HPLC)]. [0104] The

hal oacet anmi de conpl ex-type ol i gosacchari de chain
derivative is, e.g., a conpound wherein a hydroxyl
group bound to carbon at position 1 of a conplex-type
aSpatapgaaebeenkkdowhi gosheehar ineaddat honstgublei ¢fifedt
with -NH (CO - (CH2) a- CH2X, wherein X represents a

R&l 68BArCat bhY %hﬁoﬁ‘Féﬁ?éséﬁY%l%n ?n@ege%nsb%é$erably

ted. t
i ﬁnﬁa§90%?hﬁ%rWl?ﬁnc?§% SV BFRES £ OLARS S son,

'Qﬁi egg LQ%Q ] rg@gg L Ehg hal gég51g§ and
ks B S AR L

osSacc arld dert Y
BBH@%@QtEQ £§§é£ Wihinthe pepLide 6ONG Qh@ﬂeﬁ¥§c'fsfet

phosphate buffer at room tenperature. After

senpketi g8 abpeedcti SppaBssObh Jo§ASERA hees€hRLD
added GLP-1 peptide su%stltuted wi th ol igosaccharide

nbaihiagdedpfysssannpecabtatorin byecHPt Copuptbmeal dwnand
[0106] The oligosaccharide chain added G.P-1 peptide
chrtiheprpresenvei avehbnoduhasg GhPclicncti st gxtThe "G
P-1 activity" used herein refers to some or all of
BRBFsgRrEAr SEERGEEH esTKbhow-heh GlHe laractdsy ity @_qielrs to

6 GLP-1 has _been_known_to have, .in additjon
é‘iile&r Sgmec8ht PbPi‘-Pﬂ@CBFoisat%iﬁbEJre’Fe%%F%Cl%tﬁé Wlth

LRSULI e S8ELSthRN 8R30S aLer, YLED; AR BYRDSE]Seq
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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pancreatic islet protection (apoptosis suppression)
and pancreatic islet growth as effects on a
pancreatic islet as well as appetite suppression,
gastrointestinal nmotility suppression, calcitonin
secretion pronotion and cardioprotective action
during ischem a as extra- pancreatic effects. Thus,
{Re0& P-1 activity refers to all or some of

bi ol ogi cal activities associated with these effects,

and tHESEdtiiaY ids %W%Lﬁ@ﬁmmlw];s in

' an ag proach kno y those skilled in the art.
?fﬂg an dp %%t?ifrb“ie WP??%%H%G SUPPH%Séé?PV@nyEﬁe

d
ﬁngiﬁégsur fgv$P$he e ¥§%ff§$g?gmﬁ?i EE% oﬁggéggar
WEN¥E! Se g, déﬁ-$%§§o§%§e fdPégPoﬂlﬁ &+ tEx%%p}% 7 is

neasur enent of ect suppr SS|ng r

bhead-sugast | evsbsuhd X abi r {3 ug@se, JoLeragee Tn'?faf
(OGIT). The phrase "controlling bIood sugar Teve

fisetleievee megitonpads ed nvatds eeeptthe fanSiUBROSYiRG, a
rise in blood-sugar |levels and | owering bl ood-sugar
gbyebse Farutiied ars yorahey eddrettioferedntsothe niice.
bl ood-sugar levels in db/db mce is also referred to
IH%P%? PO HHIRE f Y 10eRdsR) Boode stigarglucose

nd the effect of controlling bl ood-sugar

¥t A s S Hpe GTEAFRAT (2P erh ke artor

H0° FBb8r o SHERLES Y Rt T T 5A B vod Ry gaooa-
Leyel s1dde OTIL .80 g det sl W%Mu@gsuf%gg the glucose

suppression of rise
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 adminiétration, 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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i n bl ood-sugar levels in mce forced to drink sugar.
When, e.g., an approach of follow ng Test Exanple 7 is
used, a test conmpound is first adnministered to mce
fasted overnight. 30 mnutes after the adm ni stration,
a glucose solution is orally admnistered to the

m ce. Muse bl ood-sugar |evels increase due to the
grdedselPadnraPrsifat Popdugeathet hamfakffaatabefit 30

m nutes _after the admi nistration, and gradual ly
888Fé8§éln?h€lBP808ug§Hgé?VPé§e|EhéaﬁcBéVhﬁésﬂfed 30

RN B LA ey

h f I -
Fhsceou A Secel 1 soconheel gy koot e
@ﬁatbg§go¥@eehgkgdgleaglﬁugaaebe@ebsl E@§§ya@do§0the
m nut es thereafter are conpared 0S obt ai ned

byeebﬁtlladahanahrabsoaheta@t@anQSaccb@ﬁtﬁellgﬂ I Blood-
added GLP-1 peptide of the present invention exhibits
pugher dblgl80frerfelrahiy, atnteaptebetabty, GO8rorpreferably
| oner, even nore preferably 40% or |ower, particularly
pteferabl y020%nes, | ever wbrehprebdmreblybkbotlegagak0 times,
| evel's. . The strength_of the activity of controlling
BR36ACELBALY PEGERSAB) Yt AR 6??5653@0%&??8etﬁﬁ5i9fa% Bal-
g@? peptide of the present invention can be

8Phi ned by conparing doses confirmed in OGIT to

brlngTﬁQogét gft 2$§V$ ﬁ%géiifhgc%}é?&u¥§§§¥I§ﬁ§%f§5%P

bl ood-sugar Teve oses

abdagemQEetBsnobbgeaeeeméﬁégeb habasurl§§ bf@ggdsS%£&
pepti de produce the sane effec s of conirolling

heoedssugatibkbeeks, mibe acteyi bymohis€oAtiGhl b00a test

bl ood- sugar | evels by the oligosaccharide

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



chain added G.P-1 peptide is 10 tines that of the
GLP-1. The oligosaccharide chain added GLP-1 peptide
of the .present invention has the activity of
controlling bl ood- sugar |evels preferably at |east 5
tinmes, nore preferably at least 10 tinmes, even nore
preferably at least 20 tines, particularly preferably
Brefeasbl507ftnes ideer of PGLPidulaflyO9fe Mveatalyi 0% yor
of controlling bl ood-sugar |evels in db/db mce can
bBWEEL BF nt AR dCBY - FRehsRk PAg- BRGRE- begats - | édlegniatively,

dm nistration of a test

abet ce after
DR oh oG el e Lo e b Eat ] ZOSEI AP after the
Test d.. bl d | | s
?{“%?W?Eg e e AR P S O o dae et ot
tife. oghgdm§51§f% Eﬁoﬂom@ﬁénglfé 0 céﬂgEqdéeiﬁ%f%(éﬁhed

be confirned ood- sugar S nmeasure

d26-m pubesdaf s erehd her S N Stvat{ Ofh ad8 I 1owes t han
t hose nmeasured at the tine of adm nistration.

Plebenabliyel 9% ohelcsabihoty pfefétebef f@rt &f lower,

| owering bl ood-sugar |evels can be determ ned by
‘Peaturihyr by opde Sengarl ¥ ev@s sor elgwer 309. g ni MAesoafl®@rer)
the adm ni strati on. When bl ood-sugar |evels neasured
?§Otﬂ?nﬁ?%§r%ﬁt%%o?¢ﬁ§Qﬁﬂﬁrﬁ%Y?hﬁioWhémebl@@ﬁpém@@r

th. those obt G.P-1 adm nistration using the
Sk bacRe s Tet B rr@iy %?S@%W &ite aqpinistration are

d dd d tid f th
8£ﬁ§§%§ﬁcgﬁ%%n§?on ex a es pre feraﬁffhgﬁﬁ%ﬁtﬁ%%ﬁﬁn’ the
o e?osa@@haf’{@é eé}?zy[ry J&)cg/é rG @V\f&?@%{&\bl ooaa:rﬂsé/ resent

erably 60% or ower o ugar
Levehsiof RNt y8bYete b} @005 sugale o evgel S

measured 120 m nutes after the
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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adm ni stration are conpared with those neasured at the
time of adm nistration, the oligosaccharide chain
added G.P-1 peptide of the present invention exhibits
preferably 70% or |ower, nore preferably 60% or | ower,
particularly preferably 50%or |ower (e.g., 45% or
| ower) of the control bl ood-sugar |evels. Wen
bl oodRSugRe CLRvelacgbsiires 30 mi mn%shaft%erczteﬁ@on
adm ni stration are conpared with those obtai ned

eCP Y1 5UnfAR sP? P PRAUTEHe S HPT gBR atk ikt FHE Eﬁ%FnO%dH%ﬂ

d h hi bi
SPerFabry 760071 her S hor &Ly P B0% or 1 over
gﬁtkgseez@am' d&ggogoﬁegﬁl{rg@ﬁﬁ n¥0E0:DLAOC, SHORE. o

eve nmeasure m nutes arter t mnistrati o

are camparsd whih £8ﬁ§€e§99§§5§9naEe&PStlBh”E'fHus e. g ,
adm ni stration, ﬁe ol i gosacchari de chain added GLP-

meneédeLetltb@c@pesenéxpﬁagsih@ncgwhkbl&éllprgferably
70% or | ower, nore preferably 50% or |ower of the
conmpoktbfowdtsughe bévebsacfbdtdlie Evenni dddbde GLP-1
activity of controlling blood-sugar |evels by the
@Epgééacéﬁar thenchhhp addedt RP- ARBpsydehepizefdein the
ent |nvent|on is_|ower than that of G.P-1, this

FS iéc%FvPF9585ﬁ be LotpdmGt &t ‘H?‘EHhéﬁ%é&m@ﬁEﬂﬂIW%%b
tgaQ|OBQalkoé1%% GL?C%IEE Egerg% meggBEVIéEUSI ghh

nsul °R -Sacr et Virty can Reasur

s@c%b%ﬁgntS§E19£t%h8f @9F|6F¥?5 gpféézghgfﬁmgdded
P- I NCr eases ntrace concentratlons
thipougbebheabi nding to

[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.
Tﬁe oligosaccharide chain added GLP-1 peptide of the
present invention has higher stability in plasma than

that of GLP-1.
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its receptor and pronotes insulin secretion. Thus,
e.g., nouse G.P-1 receptor-expressing CHO Kl cells
are stinmulated with the oligosacchari de chain added
G.P-1 peptide and then, the anmount of CcAMP
synthesized in the cells is neasured. Its EC50 val ue
can be conpared with that obtained by GLP-I to
theteby neasure the insulin secretion activity of the
ol i gosaccharide chain added G.P-1 peptide. [0112]

The oilgydssticHa e thdi P dddedrai® |dgiqumide bbbyt he

t i t] h hi gher_stability in blood than
PRATIC 679 G P4l Thet Stabi ¢ 1551 hY bF Obc bel bas il ot

USLNG <8 BPRLOAFL Ko by  foseskidlied 1. the art

and’ tan erm ne neasur i

j a r esi t = | L pept i .
e e R S R S (TEr p oo
hbenbl opss congentradi Ol 1B h LAVt &F Conpaf &MU has a
i ndex. Increased renal clearance also contributes to
pahfntefrendt i hestabl [ 2 tyimes bloogl., §0118dsThe times),
stability in plasma can be deternmined using, e.g., an
pppfonzhlylestribedti n fohéonimyrdeste Examipl e dt 1ddwe 10
ol i gosacchari de chain added GLP-| feptide of the
pre’entPRAVERE DR NaRT hif gFrr 1 $taihi 1ea gt i 20 pt beem himher
that.of GP-1. - 70 [0 114] The resistance to DPP-1V
EAA" bE Ukt oF MPHR T by" N HRaERT 1 iPRCRat? - PiFel Y niy measured

B P8 B0 FRRRRM AF fo 1 Shand SHLOVTAASTY o
[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
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chain added G.P-|I peptide of the present invention has
hi gher resistance to DPP-1V than that of G.P-I and has
a half-life at least 1.2 tinmes (e.g., at least 2
tinmes), preferably at least 5 tines, nore preferably
at least 10 tinmes, particularly preferably at | east
20 tinmes higher than that of G.P-1, when resistance
B PPP2 F%S | Snebsur el eass ngnde thereblye cappesack lafilar
foll owin Tfst Exanpl e 4. %0115] The ol i gosacchari de
¢Rat eaage% PN Peht T Y G 1oRe 10pPdseRr SuavantedRls -

sp_has.a half-1pfe of preferably at |east 1 hour,
ﬁ%rga%r% efa ??na#oT% s?ﬁﬁF %PPT} POPPESSSERA92GTrLC

7 |y at . .east 24 hours, in,
Brabar FTte e R et ELEnnY nesiiisarmodosr s inal
QPR SL NIakiero0h | gosasehani derhai ne added Qb1
peptide of the presen i nvention as an active
hagoedhesd with bepdesesibagasthecpbar megutihcahin-
conmposition conprising the oligosaccharide chain
dededdenP- {iipeptesenailihespr(@gODM) ,i Avienlliardapedlent
active ingredient is effective for the treatnent or

pebehes oRe bl LHiseaseso ks sOckat B0 WOYRh6TBRP- by EGERHlic),

has begn known to have various effects, as described
BEBGRIIAAY HRERECRIPRciEar WOaS840BaABEdPYI ERendAr) ous

ShERERESLebh RETe LTINS Fheh a8 n ERLLTE
PP RaEe S o beenTr B by SetBeP e g Rrec TP 4nf Y Fh ey
8AAQIc) NhRS ARk 8B 1L 111 <938LLAG,RRMALQE; bAT eshipal
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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enptyi ng, and food ingestion. Thus, the diseases
associated with G.P-1 enconpass, e.g., non-insulin-
dependent di abetes nellitus (NIDDM, insulin-dependent
di abetes nellitus, stroke (see WO 00/16797 by

Ef endic), nmyocardial infarction (see WO 98/08531 by
Efendic), obesity (see WO 98/19698 by Efendic)
foht8ional dyspepsia, irritable bowel syndrome (see
WD 99/ 64060 by Efendic). and pancreatic islet

t r ansptartquTon ofTHd e sHdrdriarhiaddide hgdsi Bidsied GLP-1
conprising the oligosaccharide chain added G_P-|
BOPCUR Of UHe Presert TRVERTIOh GRhH netivahe

j Lent.jis,e ive. particularly for th .
PPEER AR R BRI RS b el i My Linicea

SRECEEL CBL | Ye1ed 0L thg PEEVENL PN Bf i etlnij_}fiéa%lﬁltedees

and the treatnment of type 2 di abetes.
phagencad cali ePResiaddion M ke deiiulbared iaptdde of
usual pharmaceutical conposition formusing diluents
the prespnenisventciorasi § i bdessly exdetngdiarsd i ndersmount
wetting agents, disintegrants, surfactants and
thbpretarablsublty 7Usett Exanpt gshafmaumitical
pharmaceutical conmposition include tablets, pills,
POMRRF S 1P qui d formul ati ons, suspensions, enul sions,
es, capsules, suppositories and injections. 72
?éﬁﬂg§ The amount of the oligosaccharide chain added

L Bl e 1S B 3oL RN oM A R
&iﬂ@é@gccharide chain added GLP-1 peptide of the present
invention as an active ingredient may further contain an
additional active ingredient or may also be used in
combination with a pharmaceutical composition containing
an additional active ingredient. Moreover, the
pharmaceutical 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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and can be selected appropriately fromwithin a w de
range. The ol igosaccharide chain added GLP-1 peptide

of the present invention is usually contained in an
anmount of preferably 1 to 70 wt% in the

phar maceutical conposition. [0119] The

phar maceuti cal conposition conprising the

phRirgosadehayi demchadn dttde Gk peptdae afmpdee tion
present invention as an active ingredient may further
esRParAndntoaiift PERBENACENVENT hoh ellf epdmonishgrafisoy a
be used in_conbination with a pharnaceutica

BGHGS| ERORAEORt SPRI HEZLaHS aBaPePonaPTEEL | Vee age and sex
i@gredi nt.. Moreover, the armaceutical conposition
¢ g e?

conﬁr???ﬁShFhe£§gia%ggﬁiﬁﬁr e® Charm adeed expei
ESHB&g?Sﬁ%'EéE%%¥§§§EHOfrggggﬁfgkE% fgh ﬁ%%ﬂéﬁ% of

I ngre er conprise a east one

dhbiecent poh i gosacghani derchalp; agdeds &= 1s pepLi de of

the present invention as an active Ingredient or may
ahsdsibesysgdanhnl 6onbhaathpsu e § hige phas nesgut i cal
conmposition conprising at | east one different
etingosatchatode chajertiagdedtdd Bl et ida cafed he
present invention as an active ingredient. [0120] An
AOREAVSTPEEL BN hethedustuiapel phaimeradeinally,

copposi tion according to the present invention is not
SURSULARPPPELY aPF yl P R7PREL tThea bhur itk i *bpne or as a
co S ccord to the present invention js

foupsLtion, a | n . . !

Qi AL St &F &8 %yugua%eghﬁﬂoiﬁl?ng%l?%ra%h i BsEbage
ggﬁﬂgsiEBfiégeaﬁﬁdaéﬁfnigéege@aéég%gll§he severity of
a di sease and ot her

[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]
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condi tions. Exanples of adm nistration methods of
tablets, pills, liquid fornul ati ons, suspensions,
enul si ons, granules and capsul es include oral
adm ni stration. Injections can be adm ni stered
i ntravenously, intranuscularly, intradernmally,
subcyt aneously or_intraperitoneal |y either alone or as
a  miRureith of Hasds qfuddse miva e grotbcial
infusion, Suppositories are adm nistered rectally.
PORTT: LR Iaggeb%fS?%%Cﬁ%rmé%ﬂb%?ekbn@@%@idmg ey
. S cted appropriately according to use, the age
gﬁa' s%l((g %?e aalgcgt?eﬁt#téhepagtejv%ﬁty T AU seRseCam
Cc it : - tjcal_conposition
IR A (e e %a-%h o oo i Sa
poeéerablyod 1t1Q-80/a4p! . A LeIITS L f hey
ol i gos%%:)ic,:h%ri de %hai @né.gdded GP-1 p_e|3{| cefe “of the
pheseatentivenl | OtnPes i kibrofmdpdye a@hOMstdh&y with less
ol i gosaccharide chain added GLP-1 peptide of the
pregesncy nieny i onl hdsserotehi gherl sdadd Imdrychin dd@tiing
thap that of GLP-1. In one aspect, the oligosaccharide
EPat s atiertel GLPy 1ipdptdate offhchaunbesemtt idoserst odn thas
nmuch hi gher activity of controlling bl ood-sugar |evels
PiRATE Falt - bF 2 FRmR o sPHeh it ore, PTY SS ERIBY c]anicb%enbor f
d dvant.ageously. .[,0122] .- 74 = The_nunber of
SESREREP” B TR et 0 SRk frigieingy Phd Peptide
I 2ppr ' : ' t.o. use, the age an
igx@géf eESaJI pat |g%6@% eyosrg\%ga?slr ?é}{“%% I rsesats‘—’!e‘ED Hid Yotitier
SD6EH t104Ys Bk | S EL-1, . 3T@%§%%6@%¥'t%e number of doses

N

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]
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doses/day or 1 dose/day. Alternatively, the
phar maceuti cal conposition nmay be adm nistered with
| ess frequency (e.g., 1 dose/week, or 1 dose/ nonth)
according to its stability in blood. The nunber of
doses of the pharmaceutical conposition is preferably
1 dose or |ess/day. The oligosaccharide chain added
GLP- FYHEdiadeorof Hite Prickemcihnsdifld orhadias adasd GLP-1
hi gher st?bilit in blood than that of GLP-1.

FEEoret the RERDHRAC of 2 URRESON ot oo dedrRhsyy stably

qugagér?\ggﬁq#%vg%y[ﬂ%%;r %P‘%H%‘lﬂl&ﬁ%?%g gg%ag%;g_’]x?érny useful

added igosacc
[ : sent__ 10y Lon |s .easi]ly. degraded
B e T T B e PV F M S L P A

| Rieseqt stayeatqemithe oligosaccharide chain has a
structure that is bound in a formof glycopeptide (or

gl ycapreot@igpent iMiwdt iUl sd e HligesaceRardde for
chain added G.P-1 peptide of the present invention
ol theg pharpeeeent tad & ohbosase onsscoiprediwigth BIsP-1,
peptide as an active ingredient exhibits neither side
ePTRET L MHra Rt B HRFE Biny  arveni efleive aandunstef ethe o

| jving bodies. Therefore, the advant ageousl y produce
AT PO T or §F CCHEHE (TIRT fohPal BRRSLGR @F fikmagresent
attributed to anti body production. [0124] - 75

u¥?%%%%%?e, t he oligosaccharide chain added GLP-1

Pephpge of the present invention can be supplied
stably and conveniently in [arge anobunts and is al so
verysuseful fromthe viewpoint of providing a
hi gh-qual ity drug

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 is
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 pumol) (product of Merck), washed
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havi ng stable quality. The present invention al so

provides a nmethod for treating or preventing a

di sease associated with GLP-1, conprising

‘adm ni stering an effective anount of the

ol i gosacchari de chain added G.P-|1 peptide of the
resent _invention. EXAVPLE [OlZSéMéFbreinafter, t he

P%E%H?h%hv%hihoﬁiﬁﬁl@r%@eaé§e?i&E peeflf PYBI ppdwibh

f Ex ) . resent i nvention

FEL LT, LA oo Y B a5l RS-
. " 22 ~1- i al o

ot yEnt ot fon Pl At bR T aE L hor 25 BBt ye B

ep ei ya a -
R L e S S T
tsssalsedrefepmed b onas, " 23EWSadLsi 8heE B dmn, " 684" o
"C22- disialo". The sanme applies to other
stigosaceharode tehpenstand &oirne Beudssi tEfe f&H26]lwas
Exanple 1 Synthesis of 18Cys-disial o oligosaccharide
caahad hddedudby 1wpept PME AndoPLM- phasktsynt HEBBSPEGA
col um was charged with Am no-PEGA resin (100 nol
[BPotuctRdFR MEREKYSehadhedd SOL178 Phaseolighl §owt ghphase
dicF%oronethane (DCM and DMF and the resin was
PhordtghPy swollen with DVF. 4- hydroxynet hyl -
gpoxyphenoxybutyric acid (HwB) (0.25 mol ), TBTU
?8?% mmol ) and N-et hyl nor pholine (0.25 mmol) were

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 fof 20 minutes, the

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



di ssolved in DVF (2 m), |oaded to the colum, and
stirred at roomtenperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtai n HVPB- PEGA
resin, which was used as a solid phase for solid-phase
synthesis. [0127] Fnoc-dy (0.50 nmol), MSNT (0.50

mml ) and N- nethylim dazole (0.375 nmol) were
HPBSERGelYi WS DTM ¢ 220F ) pir¢vhdede{ BME solidiphaée ml) for
ignthe5|s colymm and stirred at 25C for. 3 hours.

tBENEERPri Mgt S t@%@sﬁ%%ﬂ?m%qw IV Taared

d 20%
p|peiglalne]%roupa(\:/vé‘i u?f% V%Ee§1yl$%n 8C ¥ HCtRs O ap t1@poL)
washbLp gem%gglg%F ond81, 0o g&iﬁgtﬁgigssequentlally

condensed 1 n ance net hod shown bel ow
toiextend a peptlde chain. [0128] The am no acid
having an am no group protected with Fnoc group was

di ssofmee-diny N-msdwd fpy el i dane (NVR), (FJmocndL)ys Ry er
addition of 0.45 M HCTUHOBT/NMP (0.4 mmol) , the
FeeatvVehg FhxtubeuwaBmooatied (Boch, sbhoc-RlmseFmoc-Ile,
synt hesi s col um. Subsequently, 0.9 M DI PEA/NWP (0.8
FRDEYPhas BddedGie (PHBusol Fdophlse (Bynmt heSisc ¢l alnTEmoc-
%Lter stirrin roomtenperature for 20 mnutes, the

& nt Wﬁ%‘ﬁb%gEchntﬁm?fmﬁ d BVES~ Gkl (BRRIE) grigtRs v,
= by usi 20% pi pe dlne/DgF sol uti on
Rl s e e ik S
PSBEQAQE%tB@l NI AY- 281 PO g6 d Qéefvﬂgt LD EIRE phe,
group fo sequentlal con sSe am
@ﬁbQSThr (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 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)-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 umol 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.
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[0129] Fnoc-Gy, Fnoc-Arg(Pbf), Frnoc-Qdy,

Frnoc- Lys(Boc), Fnoc-Val, Fnoc-Leu, Fnoc-Trp(Boc),
Frmoc- Al a, Fnoc-1le, Fnoc-Phe, Fnoc-d u(Q Bu),
Frnoc- Lys(Boc), Fnoc-Ala, Fnoc- Ala, Fnoc-A@n(Trt),
Fnoc-dy, Fnoc-d u(OQiBu), Fnoc-Leu, Fnoc-Tyr(tBu),

P SRS i St by ot T vy, 203 was
dames Flgon  dHpe-chiy (1 Bw) Jﬁgxkﬁ%ﬁbuéﬁﬂ¥>é%é%é&fﬁﬂd

Fnoc-Ala and Fnoc-H s(Trt) were used as the am no
@fcil:ilsedd)wr% e%d@ﬂl mp VARG 1Y Ofpr D 1t N ahdlreesindugs
pepti de o y-
Yerg{ R )b yd f/: Ly tBiow) -avad -the- e qof tBow) -5 lart i car Rhes
GQu(OBu)-Lys(Boc)-Ala-Ala-An(Trt)-dy-G3 u(QBu) - Leu-

qyrge Bl a s (Trd9r SEquddy) -ped s Asp{ Ot Bhp- Ses(LBang
Thr(tBu) Phe- Thrét Bu)-Ay-Gu(OBu)-Ala-Hi s(Trt) (SEQ
1T LS 305 It St RpHERE r e hmme CBHARIPR ¢ 10
Ece@twcg{ pal of, the Fnoc met hod, the se%gence S .

1t 2& é‘rt25lor B¥frt & AC 4T AalS Ok Optie 0- 1% TEA

‘gé%ee%}vggr%?glfe rle%r}n eqw VM OAftagtrerWl t(ginqg\r/lnin"

S' i,dye %epgod%l\afaalk gnster, @%%nttge%go oﬁggﬁgdgf geo%b%e

e obtalne resin haV|ng “a pept hér
wesrPiad t1ysdaken drp-a s i driphasen sadtdiesiys col um. -
78 Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5)
Was31ladded such that the resin was thoroughly soaked
and stirred at roomtenperature for 3 hours. The
r esi BogEagedaiiel byifsitlatlicatdldg osad chiae ideadti da
sol uti on was
product of OTSUKA Chemical Co., Ltd.) (3 mg)

[Formula 5]

%%/pu
o HO HO CH,
0 o=
HOww 24 o 2y NH
H —af%;fﬁm
o= WO OH HO o o
CH

0\\c oM Ho¢\o7) ot o= 0
HoO - HO HO cH CHy
HO, HO%/D a
e [s] (o)
e (& O
e oo HO- on 0 NH
o o=
~ CHa CHa

(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
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concentrated under reduced pressure. The resulting
resi due was purified by HPLC [col um: SHI SEI DO UG 120
(C18 5 n), 4 20 x 250 nm gradient: A solution: 0.1%
TFA water, B solution: 0.09% TFA/ 10% wat er/ 90% AN 8.0
mM/mn; 35 ->60%8, 20 mn |inear gradient] to obtain

tid wh i 18Ser . GP-1 i bsti t.ut
SRR San " A At o e s o oA TIR et Pl T the

FEb mrB SO e L s et g ton
R Fern i o BRRTETE T Tsto b« 200
@? giBYientO O st ion O @, HO AN NQ F1/A8 Grb Nit 1 648
0.09% TFA/10% water/90% AN 0.7 ml/min; 35 — 60%B, 20 min
linear gradient] to obtain 1 mg of oligosaccharide chain
-added GLP-1 peptide (1) wherein 18Ser of GLP-1 1is
substituted by oligosaccharide chain added Cys (18Cys
GLP-1l-disialo).
[0132]
Examples 2 to 5

An oligosaccharide chain added GLP-1 peptide (2)
wherein 22Gly of GLP-1 was substituted with
oligosaccharide chain added Cys (22Cys GLP-l-disialo), an
oligosaccharide chain added GLP-1 peptide (3) wherein
26Lys of GLP-1 was substituted with oligosaccharide chain
added Cys (26Cys GLP-l-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-l-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




(a) and the peptide chain synthesized above (1 np)
were dissolved in 100 nM phosphate buffer (pH 7.5,
170 I') and allowed to react at 37C for 4 hours. After
conplete 79 consunption of raw materials were
confirmed by HPLC, the reaction solution was directly
subj ected t urification ., by HPLC [ col um: SHI SEI DO
70 (CLE B YV HE K 250 Wﬁﬁ[”ffrsad? gedawith

olution: 0.1%TF ter,.B solution: 0.09% TFA/ 10%
B EP7 80 At i dront, SWa e tort ALy et OoM

dhent | L0 ' C i dg,chain
R A ot T e e B e L
5YBSbk Mt €6y by3 ohé ORSRGEHER b A8 6O 1 agded CnspEl8yS25
G%P-l-%isia 0) . [OlSZ]ﬁgExan'pres g to 5 An Rased 58y
nhbgpsatBhar i de2&hanol pdsied GEEHy pepibiael {23 (ONEF eidbl)
22@y of G.P-1 was substituted with oligosaccharide
vhaendaddetv@ysif 200y s (CURL 1, dlsaddd) foaphe column, and
ol i gosacchari de chain added GLP-1 peptide (3) wherein
9bLyEeHf A BLPPAMWASTREHIEREYL O wh t FOWT§ go Heasiide was
chaj n  added C%s (26Cys_ G P-1-disialo), an,
BRPBBLatehBP AL N I BECUI LR PopthHe! T A e
36Arg of P-1 was ubstituted with ol pgosacchari de
ERAM” atlee CPBS (360§ s™S PR ALH ST ATD], [ ghaaht o phase
g%gggggghari de chain added GLP-1 peptide (5) wherein
of I gosacchari de chain added Cys was further added to
39Gkyjof GP-1 (38Cys GP-1-disialo) were obtained in
the sane way as in Exanple 1 except that the order
wher effo@G g &C) 55 mwesle) comiensed 3@ smedlangat 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.
[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 lcaded 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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The results are shown in Table 5. [0133] Conparative
Exanple 1 80 A solid-phase synthesis colum was
charged with Am no-PEGA resin (100 nol), washed
thoroughly with DCM and DMF, and thoroughly swollen
wi th DVF. 4- hydroxynet hyl - 3- met hoxyphenoxybutyric
aci d ( HVPB) O 25 mol), TBTU (0.25 nmmol) and

‘Fﬁﬁigu %’fffsh F! nen?omi%, e ) FQ@ r 8T el S0k ¥ exkrion BhFby

| oaded t e gl u and St rred at_room
1 1 1280} %B@l WERheld minutes.
EEEE%&QEUQ%V\E? 3 I?bg SIJgrgto obt ai n HVPB:- PEGA
esin, \I\%‘I IS vvavéasusle%pea%tD%{’s%lﬁ)%r e f 'ﬁﬁl%%l‘_i”d Hhase
§¥D&h§§b§ec{943ﬁhjlﬁﬂ%b o&& égfgﬁﬁ%ﬁ to séquentlally

and N nmethylimdazole (0

d@ls@@ﬂls/@damih@q\&l(gsrn) | oaded to a soI [ d phase.
synthesis colum, and stirred at 25C for 3 hours.

MPi1e6] stirring, the resin was washed with DCM and

DMF. Fnoc group was renoved by using 20%

pi perfimfaTE ngNF Freslditrigon BEZ )l JFrefoar-GLYy , miFmstce s,y sAf(Bek ) |,
washi ng with DM, am no acids were sequentially
EBricreYisld TP eTtedt dafeec-THR h(Rd®) et AlowrFrive ot e,

end e t] de cha| n [ 0135] The amno acid
HRAT RO ol ot AT Wi h(EFoe ot e

ol gl e iR
ﬁ”rﬁ’@tg-eﬂje&,o ﬁné@lﬂ‘}gjr ph?ﬁﬂ?) ,Sw&:e—séésr Cfgéjun)n, 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 Gly—Arg(be)—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: 31) on a solid-phase resin.

[0137]

After washing with DCM and DMF, the resin equivalent
to 5 pumol 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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Subsequent |y,

t he
was

stirred at

resin was -

group was renoved by
sol utian §2 m) for 15 m nutes.

FEb%ﬁF@dF‘
M BBy

EBRCe

Fnoc-

Egocy

Fnoc-

fRpCAdyE 1 6bBHY, sEMPEnSex: (HBuY, 4

Fnoc-

(& Bu),

0.9 M DI PEA/NW (0.8 mml) was added to
sol i d- phase synthesis colum. After the m xture
roomtenperature for 20 m nutes,

81 washed with DCM and DMF, and Fnoc

$t%afg ?n&%s £e§§%éd
g}uw%%FE?}iEEQEC LyﬁPéﬁng&%Fanfﬁié%?umnF%%% k%%’x 10
8u§e'f§1£t% iut

Val , Fnoc- Asp (O Bu)
0t BY) TFAFave: Bhet r FIoc- J&teftBU)ao E@DCgﬁahexE&m& 153“ 95:5

to sequentially

ng%g}gngﬁg% cFe ERBELAPY FPbRYion was

Fﬂr% Leu,

qqﬁyltlng

Fnoc- Val ,

FROGSPRES -

usi ng 20% pi peri di ne/ DMF
Thi s operati on was

Fnoc- Ala and Fnoc-His (Trt) were used as the

t he

EQPFOF?@HG oatngeahcandnbouaei d Protmeetied was
condense

20 i aci s mipgr,otfdetwed atiet:h Froenlghoun @ epftaiih &rp-1.
31-resi due peptide of

e PeSePhbF ) 2t yshewt Boe)Talale Leu- Trp(Boc) - Al a- 1 | e-

u(QBu)-Lys(Boc)-Ala-Ala-An(Trt)-dy-d u(Q Bu) -
r(tBu)-Ser(tBu)-Ser(tBu)-Val-Asp(QBu)-Ser (tBu)-
Phe-Thr(tBu)-Ay-Gu(QBu)-Ala-H s(Trt) (SEQ
1) on a solid-phase resin.
washi ng with DCM and DVF,

Fassd,
fiiatiast

ol pf the Bl-residue pept St oA ey —_—
Eppepdorf tuhe The obtained reS| A haviig a pe tﬁ
f or Wpﬁia’t’ﬂ'?é bBfAys GLP-1-disialo CorrHagNy: 0,08 [M*HJ " 5631, 47,
found. 5632.0
Example 2 | 22Cys GLP-1-disialc | Calculated for ConsHaeN 10, S  [M+H] 5661. 44,
found. 5662. 1
Example 3 | 26Cys GLP-1-disialo | Calculated for ContlanN4s010S  [M+H] 5590. 38,
Example 4 | 36Cys GLP-1-disialo |C ConHaoN, 10,005 [M+H] 5562. 37
Example 5 | 38Cys GLP-1-disialo | Calculated for CoaclzaNie0, 08 [MHH] 5718. 47
Comparativej GLP-1
Example 1
[0139]
Example 6

[0137]
the resin equival ent

After
to 5

Synthesis of 38Asn-asialo oligosaccharide chain

added GLP-1 peptide

Amino-PEGA resin

A solid-phase synthesis column was charged with

(100 pmol),

and DMF, and thoroughly swollen with DMF. 4-

washed thoroughly with DCM




was partly taken in a solid-phase synthesis col um.
Trifluoroacetic acid: water: TIPS (= 95:2.5:2.5) was
added such that the resin was thoroughly soaked and 82
stirred at roomtenperature for 3 hours. The resin was
renoved by filtration, and the reaction solution was
concentrat ed under reduced pressure. The resulting
P¥STAt¥MGARY bUs TRE BHOBYPHPROX Y IoatiEnza 2ol dmHICEB) 100. X5

BBpalT oneT: (8 pﬁ%’ws"%vi%‘%@ﬁﬂ. é’%ﬁ%@ﬁéil 009305 mmol,
i t

BHEL B0 B Lo, PR 1 Eing o

I@Q!r?eé a{:03.1§§r]1 t&%ﬁ?@tél?% TO: Jndal‘c:’,s]'_[(hgal grkeaﬁldl was

Dal t oni cs, Aut oFLEX

S g s, LAl

226ys, GuPied- Wi Si abod Gas cal @&Eﬂdfﬁ’tﬁaﬁa £x rs@ﬂd-opha§
[h1+H] - 5661.44, found. 5662. 1 Exanple 3 26Cys G.P
$yaFBeaie. Cal cul ated for C, . , 112, roN., ~O'nS [ A{ +H]
5590 38 found. 5591. 7 Exanple 4 36cys

9ldisiaio Cal cul ated for [ M] {] - 5562. 37,

FS?’”%@S%Y zﬁx?‘s,r@'eq%oi s %%ﬁpg'n%ipal' “rodhd
rﬁgg'}?yﬂ'lr%)&@zo e Y(?l% mmo w re &15 gllx;’eg J.Eri(aD IJIe(26 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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Synt hesi s of 38Asn-asial o oligosaccharide chain added
GLP-1 peptide A solid-phase synthesis colum was
charged with Am no-PEGA resin (100 tnol), washed
thoroughly with DCM and DWF, and thoroughly swollen
with DMF. 4 83 hydroxynet hyl - 3- net hoxyphenoxybutyric
acid (HWPB) (0.25 nmmol), TBTU (0.25 mmol) and _
RE&ChPEREEPREEI NetROFREChEDbyr Wer e dineddl vedséqueMFially
2 , loaded to.the colum, and stirred at room
%gﬁgig%’?xﬁ?@lf‘iiraﬁlﬂﬁurs. The resin was washed

t horo W nd DCM t bt ai n HVPB- PEGA .
resi nvg%%/% ¥ g/\grsgll\g%% iy au%%cfigo Hhdie Jo?l\j‘sjscﬁr?ngcggﬁé'sléj
t KS 0 = ( 0 I NT. _
Ry ?ggﬁdfﬂ: ‘rl?é%??uggnpg%?o e ?16‘.?357%;&%%?3’_ %%r%:fg Fmoc
dissokyedounyDCM (2 m ), |oaded to a solid-phase
synthesis colum, and stirred at 25C for 3 hours.
Abtep]stirring, the resin was washed with DCM and
DMF. Fnoc group was renoved by using 20%
pi per Frobered IDMF Frewt Az on( KX )nl )Frdfoar— G5, M B e,y Af (Bc ) ,
washing with DMF, am no acids were sequentially
EBRAeNsed FRCGTkew dafeec-Te h(Boe) nefhod-ZhownEhet el e,

d a peptide chain. _[0141] The am no acid
S.W%ngn ﬂng‘llo&%t%‘Fbt R WWe h(Bepoe Grewmh bms

FESRRbST Nie (00 kbt (HET S50 1 | 0wt o 0
ShRSeeL? oot G DI RRP TT st
Fhéc-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)-vVal-
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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sol i d-phase synthesis colum. After the mxture was
stirred at roomtenperature for 20 mnutes, the resin
was washed with DCM and DMF, and Fnoc group was
renmoved by using 20% pi peridine/ DM solution (2 m)
for 15 mnutes. This operation was repeatedly

f d ing an_ amno - 84 acid protected with
E%Egé%%g%?% BRIt d REQERREREI PYPLEdRdeAselam no

o 355551583%5%?%léé%é%'aeﬁ%i%?%ﬁgpRgéﬁtébgg%%?ﬁ%yggﬁf?n
. ) Enoc- ,

ot e (6l e e L

Eopecdhp-£8o¢h pufBe: A By f@&’flixé'ﬁ_;r%%gﬁfg?@%%%)_m N

Frnoc-Ju (O Bu), Fnoc-Lys (Boc),

EnpeeShn-0ae Y hr FOBEr G Yy -EmReoGhy) L Bu)i s Eﬁ@f:—'é&é"
Frmoc- Tyr (tBu), Fnoc-Ser (tBu), Fnoc-Ser (tBu),

Fhegudate FoDC3ASp (TBBU),- femich®e b ddRite FHGtEe
tBu), Fnoc-Phe, Fnoc-Thr (tBu), Fnoc-Gy, Fnoc-Gu
SHBUY2 Lemrpoeo AR aumnl) Frax-tHiangfetJedvet® arsesh@slde
i no acids  protected with Fnoc group and
ReFi ApTr iy o e ved 1R MBs(0 the mhi no Taciadh gp@te?doecf
i Boc_group to obtain a 31-_ resjdue peptide o .
%#égpé%?i%%3§§§yg{g&ﬁ@ﬁéb_Qﬁﬂq%gnﬁllgosaccharlde chain
- -1l e-Phe-d u{ X Bu) - Lys(Boc) - Al a- Al a-d n(Tr
15l Eocd 2 ) (B e T as e | (1
- @ VRS uta ) LR ST E BU) ¢ (W%u)istg% gU)-O(I{ ;
(2 BumSer (4,8y) @H%&K%@;e'?gﬂéﬁ“ TRy v%}(el "DMF
rﬁ?P AIaEJ})Iflli’ls(Trt) (%QI NG 32) on a'so |§Yop1ha
(eson.ml Dlddte ANd&fq Washi ngrsA h P@E end BVF, 5 hmol) was
solution m xture
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), ¢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 solution, 20 min linear gradient] to obtain a

oligosaccharide chain added GLP-1 peptide wherein



of trifluoroethanol and acetic acid (1:1) was added
such that the resin was thoroughly soaked and stirred
at room tenperature for 18 hours. The resin was
renoved by filtration, and the reaction solution was
concentr at ed under reduced pressure. The obtai ned

resi due g concentrated to obtain a protected
%%if?ﬂ%nm? G?§ GLP was substituted with oligosaccharide

Sttt Vathe ?%%-Vﬁr%fﬁf e y G u( G B - Leu
%:( %”; %ﬁrd#h%%t%%{ I-A‘%u) g,&l%gl)] Hi s{(%%) 'Bo%Ound

{&eguence No. 33) . The 31 reS|due protected peptide
(equivalent to 2 gnol) was transferred to an eggpl ant
fdBsk] and dissolved in DMF (0.03 m) . In an Eppendorf
tube separately prepared, asialo oligosaccharide chain

Ethmﬂ@sbaragine (am ne-free) (4.9 nmg, 1 gnol), PyBOP
(1 ny, 9 nol) and HOBt (0.3 ng, 2 nol) dissolved in

S(ymt@@SmS) aferl@Asinaesd a lan ¢ 1DigPEA cchaGA0E2 dia,in3
rgﬁ% mas flnally added thereto. The solution mxture
39t hi S-PEppRRforde tube was placed in the eggpl ant

fl d d st d at
tempér B Erlé fp%ﬂ s'f”gam% S RS g ehreaet e

th I ted. To the
LT R el e W GRS et
85 e 22.R8) was laéﬂs,dlerﬂ Wand %%e@gg]o% tslrvg)ﬁmve/ans with DMF.

tenperature. After 2 hours

thretdydx eidrery (- mdﬁnowrm@mw@earaeqa O YA 25
crystal. The solution portion was renoved by a
erebr AR TH i (G615 troncdbt airrd al-reer ydlned rgovatidindl N@ 2% mmo1 )
ol i gosaccharide chain added G.P-1 peptide of
YWererdistsoiad gt AMied2 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
DME. 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 aceordance

with the method shown below to extend a peptide chain.
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residue was purified by HPLC [col um: SHI SEI DO UG 120
(C18 5 m, X20 x 250 mm gradient: A solution: 0.1%
TFA water, B solution: 0.09% TFA/ 10% wat er/ 90% AN 8.0
m/mn;, 35 60%B solution, 20 mn linear gradient] to
obtain a oligosaccharide chain added GLP-1 peptide
ﬁﬁ r%in - 86 position 38 of GP-I was substituted

'ﬁﬁ éligosaccharide chai n added Asn

38Aspn: G P-1-asialg), ESI-M5. Calcd for _
o 7PEAENABDBS AR T35 18677 BLAT gheP REgzeered with
4 a e Sk 1 Si a L
o o a oo har PP L BLDt defher addition
| ipdgBhas i 0 ch ' : ;
e oS i R s R S T
aad DMEdandtbhe sesid-passthepaugbkysswehlgn.with DVF.
4- hydr oxymet hyl - 3- met hoxyphenoxybutyric acid ( HVPB)
Cob2squemtly, TBYUM( OIRBAANHP) (And Nmelhylasrphdkdneo the
(0.25 mml) were dissolved in DMF (2 m), loaded to
R ioPhiase aWathesipr ealamnr ookt tenpel bt Uiy faty pom
hours. The resin_was,K washed thoroughly with DVF and
BEMPES36BE i ACAVPE- PEBATSPesFR® WRAFER WasS WaeBedswith DCM

S Eo5fl Shoechitipnags, BRSSO 2o
e i e i R
Shleirhed oat wadSeeb@bt8dNQUPSr formed 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 1l8-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 eguivalent
to 5 umol of the 18 residue peptide was transferred to an

Eppendorf tube.
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After stirring, the resin was washed wth DCM and
DMF. Fnoc group was renoved by using 20%

pi peridine/ DM solution (2 m) for 15 mnutes. After
washing with DMF, am no acids were sequentially
condensed in accordance wth the met hod shown bel ow
to extend a peptide chain. - [0146] The am no
aC| d AP PRR R ak ¢R @1?%?) ?ﬁ%@%c@%@awghn%ﬂ@ gfoup

di ssol.v N After addltlon of 0.45 M
Sﬁéﬂjﬁl\é&j?ggﬁ gﬁﬁf“)lca h&°r estF i hg (A8 xPer el OwRal)
0 sol i d- phase synthesi s col um.
(g%gglglljénte;?y 0.9 M DI PEA/NW (0.8 mml) was added to
the solid-phase synthesis colum. After stirring at
room tenperature for 20 mnutes, the resin was washed
with DCM and DVMF, and Fnoc group was renoved By
a 20% piperidine/ DM solution (2 m) for 15
This opeHQtion was repeatedly perforned using
ani no atQ ot ect eg‘H)Qnth Froc group (0.5 mol
sequent i a 4 am no acids. [0147] Fnoc-Qy
Frroc- Ar g( Pbf °H Gy ¥ Fnoc-Lys(Boc), Fnoc-Val,
Fnoc- Leu, Fnoc- Tr 0 Frnoc- Al a, Fnoc-11 e, o
Frmc-Phe, Frnoc-d u Frmc (BOC)OH Froc- Al
Frnoc- Ala, Fnoc-dn %’; GI u(O:Bu) NH
d

and Fnoc- Leu e us

by Fnoc group HbGZQbbai n a 18- res.msjue pemw\bde of

d y- Ar §PPbf ) gy HO °© °©
Lys( Bag)z - ?Boc) -Ala-11e-Phe-d u(Q Bu) - L¥8( Bo
c)- AlHe (TrRAcd y-d u( Ot Bu) - Leu (SEQ | D NO 34)

‘on a solid-phase resin.

(b)

and DEPBT (4.5 mg,15 umol)were dissolved in DMF (0.34 ml),
and placed in Eppendorf tube. DIPEA (2.6 ul, 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-Gln (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 nl, 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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[0148] After washing with DCM and DVMF, the resin
equivalent to 5 nol of the 18 residue peptide was
transferred to an Eppendorf tube. 88 A igosaccharide
chain added asparagi ne (b) (a product of OTSUKA

Chem cal Co., Ltd.) (18 nmg, IQoerI) [ Formul a 6] HO
OHHO 00. 0 HO | OHHOH- OO OONH
E:E:O 8@% F@JOAWQlW%a%CBarF@eF@P@UWF@UD‘FD

R Lo Eo CEERTR. 2B eI R LR 80
CEy SR ot RTIL]punes Ut 6 DT K1 o
pashEng w th DWVF and DCM ol i gosaccharide chai n added
19-resi due peptide of dy-

Aog@Pbhf ) - d y-Lys(Boc) - Val - Leu- Trp(Boc) - Al a- 11 e- Phe-

A u(QBu)-Lys(Boc)-Ala-Ala-Gn(Trt)-Ay-du(QBu)-Leu-
Asn( Ohegostatciragd dee clraingv (riSEQrid) NS s3I chasi dbtaidied
ggded 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 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; 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 CiisH33NgsOgy: [M+3H]S* 1668.8,
found.1668.1,

[0150]

[Table 6]

EMI-MS

Example 6 | 38Asn GLP-l-asialo Calculated for C,;HieN,s0s [M+3H1* 1697.8, found.
1697.9

Example 7 } 19Asn GLP-1-asialo Calculated for C,HyNs0s; [M+3HI® 1668.8, found.
1668. 1




a solid phase. The amino acid having an am no group

protected with Fnbc group was then condensed usi ng

HOBt (3.4 ng, 0.025 mmol), DIPCl (3.8 pl, 0.025 mol)

and DV (0.1 nml) to obtain oligosaccharide chain

added 31-residue peptide of

A y-Arg(Pbf)-dy-Lys(Boc)-Val -Leu- Tr p(Boc) -

Apgfjﬂl]e- Phe-Q u(Q Bu) -Lys(Boc)-Ala-Ala-An(Trt)-Ay 89
u Bu%-Leu-Asn(O i gosacchari de chai n)-Ser(tBu)-

gé?%géﬁ) ®Val - Asp( Ot Bu) - Ser (t Bu) - Thr (t Bu) - Phe- Thr (t Bu) -

ohase T THS1S A oht o b T oot i dRRARaT o8 Chain

[ cehari hain added peptide formed thereon
aggggg???ygtgéggf?% a solid- phase synthesis colum.

Tri flaosorcetinagcidnmaters B, ﬁas%ehzh@éd RS

was added such that the resin was or oug soake

amdnsLPEﬁﬁdragiﬁO@ﬂméeﬂ@@lﬁtPﬁ?oé@£t3%fh@&£§k)Thﬁashed
resin was renoved by filtration and the reaction

sbpueighl wasitonderh at ede tingles [ BONCEShPrBSSUL Ll +HHE
resulting residue was purified by HPLC [ col um:

5RF SE| PEF URQPougiti8 Svedled ROtk DD, n-hgroadixgitet Al -
olutjion: 0.1% TFA water, B solution: 0.09% TFA 10%

%?%W%%W\P‘?’be%)’?ﬁ%; agnd . SHERB, (R0 Jrimmel nedPBTU

; : ! Cde chai dded
3052 BN bher & T pE R Brres D o -;iﬁi%ﬁwsteww e
' [ [ d As n
Froflh IR LIP R BN of Wi e ana
§ MBH d 34t 16680 Sremd oML 4668, 10; IR 7he 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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Table 6] EM-M5 Exanple 6 38Asn GLP-1-asialo
Ea?culatLd for CSUFBSERM6094 [ M+3H 3' 1697.8, found.
1697.9 Exanple 7 19Asn G.P-1-asialo Cal culated for
C214H33,, N, 5092 [ M+3H 3' 1668.8, found. 1668. 1 - 90
[0151] Exanple 8 Synthesis of 6Cys-disialo
ol i gosaccharide chain added GLP-1 peptide A
86 i d-phee aditthiesi soTd) urm MascThaogedNMbt 0. 4 ol ),

0- PEGA. resin (100 nol) (product of Merck), washed
?ﬁ%r BEGHEA WtfﬂlﬁFEﬁ?o%ﬁe%ﬁa%d(W sntiOMFhase t he

roughl swollen with
iR Br R R R ol ;Dclpﬁ@gﬂ;yf@ﬁg
oLp Hn?rgl%dc\i/\%(r?eyodl B o R 1 &nm%@lri et
e
hoa o e e TR RTF O UERT v i T EFE ke
DOM 1t ovabt @i shdVRB- BEGHCM I £5d nDMPf\’”'&Qj V‘ﬁ-i?owc%jomﬁ? Was

solid phase for solid-phase synthe3|s

PRV yoY 0150ngmmml 993 NBiYe f 14 5{: fom )séngt Nbn iDCI\r/Illl for
net hyl i m dazol e (0.375 nmol) were dissolved in

B yminykrgied The sa opeiriat-iphase ss yrphesies 1§0berT oahd d
stirred at A 25C for 3 hours. After stirring, the resin
Vs he¥h et e R TEMBHRFe e WAttt Bjvcoum mas @y etho )

tbcy é@él.peqnt 00/ pl pceornI elnnsee/ %I\r/nFlno acids.
[0154]

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-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(be)—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)—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.
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solution (2 m) for 15 mnutes. After washing with
DMF, am no acids were sequentially condensed in
accordance with the nmethod shown below to extend a
pepti de chain. [0153] The am no acid having an am no
group protected with Fnoc group was dissolved in

N- et hyl pyrrolidone (NWP) (1 - 91 m). After
dddiSivon o8F et 145 2R ACTWROBT A NVE PE0. (& #i%6l 2 5:t ReS) was

| ti i xture was | gaded to a solid-phase :
SFEReSTE e GPaim EhSUBEEHeNEFy thOTo UM B PERPRIE 0%8

I a t he _sol i d--phase.synt hesis col um.
fté:?rre\sé??’ﬁ ?%g%akgpggr%a?él%effgtru ehr‘%‘rrszo FAut 8%l thes

nesidvewap vashed i b DEN apd DME,.gnd EmBG group vas
% pip f

renoved by using a eridine solution (2 m)

fc@nceh® rAaudl @fdethirs iaBBRALFrAR VRS .M ePRAT LAL Y1 1 ng
performed wusing an amino acid protected with Fnoc

gresupueOwasnmpil)i fikd s¢qHenti akby ueg@ndenseranonosc-120
acids. [0154] Fnoc-Gy, Fnoc-Arg(Pbf), Frnoc-Qdy,

Red8- Ly gnBocy, 20Fro25 Vahm, Fogpedient : FAosoTap{BO£)0.1% TFA
Frmoc- Ala, Fnoc-1le, Fnoc-Phe, Fnoc-d u(Q Bu),

EFEILy §( BOé Pt iPrac OALAS THBEL10A aatPwgQ0& ANTRLY, ml/min;
Fnoc-dy, Fnoc-d u(QBu), Fnoc-Leu, Fnoc-Tyr(tBu),
éﬁoc:—!ségu?a%)mllrcnbhnes@? (Imdiempbctyapbtain ‘peptide

- Asp(Qt Bu) .- Froc- Ser (t Fooc- Thr (t Bu),
ERCT PGy PHng. FRPCERRY, CEnBEECy. Frbc- ol U( Ot Bu).

FwaesANl @, Fnoc- Hi s(Trt) and Froc-Cys(Trt) were used
as the amno acids protected by Fnoc group to obtain

a 32'E§§h§&§e@§ﬁi&9§ @ siaio oligosaccharide (a) (a

G y-Arg(Pbf)-dy-Lys(Boc)-Val -Leu-Trp(Boc)-Al a-11 e-Phe
product of OTSUKA Chemical Co., Ltd.) (34 mg) and the

A u(OBu)-Lys(Boc)-Ala-Ala-An(Trt)-dy-d u(CQBu) - Leu-
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 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 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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Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val -Asp(Q Bu) - Ser (t Bu) -
Thr (tBu) - Phe-Thr (tBu)-Ay-Qu(OQBu)-Ala-H s(Trt)-C ys(
Trt) (SEQ ID NG 37) on a solid-phase resin. [0155]
The obtained resin having a peptide fornmed thereon
was partly taken in a solid-phase synthesis colum. -
92 Trifluorpacetic acid; water: TIPS (= 95: 2.5: 2.5)
was SUREECSLEHOE MBEYITRIFERIR MRbIPPREDIRINIGE sk

red at r om tenperature for 3 hours. The
ngeﬁ &g? ?rBﬁBSé ®py filtration and the reaction

s b PBoYPE pROG LN Al S0, Undel ot e e B i T

resul ting |due

L 5 di ent
B SELGR0C 20, (638 R Bd?.@ O bk T donet
W@b@bb%ﬂ%yAwl8h0dﬂEBMonme35an€ 60020 AHNDUFNEAR the
gradient] to obtain peptide having Cys on 6 position

obsGbPwks [B256highByoswateeanvdyh dMsi alf-hydroxymethyl-
ol i gosaccharide (a) (a product of OTSUKA Chem ca
éometbpéypheaaxngy*andCtheldpéBMPEé ¢hakh myot hesTREU
above ng) were dissolved in 100 nM phosphate
Bar£er m{ﬂﬁﬁ 7asd - ﬁF)’Yéﬁ@rﬁhPé\N@@ 18-2pemeel ht wa7E f or

h Af I t f t |
RPRCUSRF! ol By |PPEE) + KBSRBBCE PoRb= s6PLETBn GBS

6551, UG PRS- S B LG
Hagakt kaproAgAYs THAURBRE, aﬁdSB UL E8 oo 0a D S L ER0
wat er / 90% AN g O'm/mn; 35 - g 20° %lnea
geadhentvhits @btaiiBe8. 9sny 96198!§Q§§§Ch@£I§§11d—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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chai n added G.P-|I peptide wherein an oligosaccharide
chai n added Cys was added on position 6 of G.P-1 (6Cys
G.P-1-disialo). [0157] Exanple 9 - 93 Synthesis of
8Cys-disialo oligosaccharide chain added G.P-1
peptide A solid-phase synthesis colum was charged
with Am no-PEGA resin (100 nol) (product of Nbrck)

®a§ﬁ€&Slﬁhépéu@ﬁ|y %w¥ﬁe@¢%%¢bYoﬂ%t%dﬁeD¥EiﬁﬁNMhd OMF
and resin %Eo ou wollen with

I Senetrpa €h89§bﬁéﬁ§9§suﬁm8eaeﬁdceﬂwpe)
potsE T }%@B&J ab8norelERrhefie Fofr oY ARRRAGS [Ene
ﬁ%ﬁﬁi‘ok”%h@; wadfila BELAS %S%ﬁéaﬁ"ﬁmﬁgﬁ? r 9}“8?(3%%&%%85

BeMoke dobtaiug i HyPB- PEGA lbe§halnénbﬁb £@§ue§sﬁ 38 A1) for
solid phase for solid-phase synthesis. [015

FEBDeviGluy e60. 50h 13rodp e r MENIN (s S0r spad e dngl ;N_Erformed

nmet hyl i m dazole (0.375 mml) were dissolved in DCM (2

mSEng koadadnroagidobrdtphtisd wyhhhEsds gobumm (And mmol)

stirred at 25C for 3 hours. After stirring, the resin

W&s SRAsked il Deviande BINENOFABEDEF oup was renpved

ﬁ¥ i.ng 20% pi peridine/ DM solution (2 m) for 15
ﬁ§§ After washing with DM, am no acids were

CoduerhuBLLY CORGEISES, By BEcordane, W AL L1, JRALSY
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-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)-Cys (Tr%) -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: 2.3) was

added such that the resin was thoroughly soaked and
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[0159] The am no acid having an am no group protected
with Fnoc group was dissolved in N-nethylpyrrolidone
(NW) (1 m) After addition of 0.45 M HCTUHOBT/ NVP
(0.4 mmol), the resulting m xture was | oaded to a

sol i d-phase - 94 synthesis columm. Subsequently, 0.9
M DI PEA/NW (0.8 mmol) was added to the solid-phase
Syhihedi &t coPemt empeFRFUSE | FF n% %‘?uf%omqb@nﬁ@ﬁd{mr“@s

for 20 .,ni nu

BREC TSR En ch'alf%ﬁbomnd r%%vlé%a%"yl%%. ﬁﬁf%tlz%@/ was
BbH@éthQ@é&"\@néé’ka%écg?cég eg'?%% .1;8£e 15fh@ %ts%%»&g' s

operati on was repe usi ng

agkdqpe 0%5@&%%1& Fﬂpcﬂﬁﬂ@upcépmﬁn rm@ﬂliSE%@O UG£120

sequenti ally condense am no acids. [0160] noc-QAdyvy,

Fomg- Ar @ Pofg 2d:fm02§3>{mn':'&°adﬂ)’eﬁ{t3°%)'soﬁm{% valy 15 TFa

Frmoc- Leu, Fnoc- Trp(Boc), Fnoc-Ala, Fnoc-1|
Fabex Phe, s &-nwct &Gh u( O Be3 , TFMDI:G%y\sétB@ﬁ)S?OFM A @,ml/min;
Fnoc- Ala, Fnoc-dn(Trt), Fnoc-dy, Fnoc-G u(OQ Bu),
Bhoer Ly, 20Fmoor Tyim(eaBu)grdenmonrtIertd Bijtain peptide
Frmoc- Ser (tBu), Fnoc-Val, Fnoc-Asp(Q Bu),
Yih%ées*éré%@)of FrbR= #h%%t%mst%%eth%y Cys.
€5 Thr(tBu), Frnoc-dy, Fnoc-G u(OQBu), Fnoc-Cys(Trt)
éﬁg fhoc- H s(Trt) were used as the am no acids

SQSE s %e FHRE 9 QUR 10 WAL A L e dus

-
T

ﬁ&pﬁi&@)cﬁi&&t&&ﬁtﬁﬁ%ii@@)ab@@eA@p(§1£@9 -weFd LB solved
Thr (tBu) - Phe-Thr (tBu)-Ay-A u(QBu)-Cys(Trt)-His(Trt)
14 SEQY | 1M NEh S8y hote absdHie - phiase. 5 £sTR0 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 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 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 pmol) (product of Merck), washed



[0161] The obtained resin having a peptide formed
thereon was partly taken in a solid-phase synthesis
colum. Trifluoroacetic acid: water: TIPS (= 95: 2.5:
2.5) was added such that the resin was thoroughly
soaked and 95 stirred at roomtenperature for 3
hours. The resin was renoved by filtration and the
reé@atougr lyo Wittiho i iwag o rooetcéricat @EMInder DEdueed the
pressure. The resulting residue was purified by HPLC
[FESHEmY-2 SSHRSErPOhYe 5201 1e01 & 1% nDME~ 20-ky@50xyme thyl-
radient: A solution: 0.1% TFA water, B solution:

‘6@? BXPIGROKAPETYSa% ARLE. 0 HUPRY O - 235mme 1600 BTV

LT B SRS, B 108

E?% R TL e a'wéglrv AgRecEa 3r %%iﬁ aAB% he
Repti-dg %Qa&60§YQEﬁ%%E5%Qr@bQ%§ Q7 Fﬁ@ﬁ% r%%&F was

di ssolved in 100 phosphat e buf

pialsheand halrbawedy wetheast ahd3peM % 6bhe%sﬂmﬁ,ﬁt§EGA
conpl ete consunption of raw nmaterials were confirnmed

by sERALCwhtihe weactised asobutibandwpsadier €6kl ¥osubj-pahed
to purification by HPLC [colum: SH SEI DO UG 120
6Erghesig)y, 4 20 x 250 nm gradient: A solution: 0.1%
FA vwater, B solution: 0.09% TFA/ 10% water/90% AN 8
Epﬂﬁﬁﬁ 35 - > 6098, 20 min linear gradient] to obtain

9.3 npmofA§i§g?5G£§harl e ch @Ttﬁ?dggHV$&F aﬁﬁ*ﬁlde

mhereln

BE%Q%ﬁ@REBQEbQ@ QBabﬁaaHQSQ C%%rg88¥ssg& dleé&O)

loaded to a solid-phase synthesis column and stirred at
25°C for 3 hours.

After stirring, the resin was washed with DCM and
DMEF. 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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Exanpl e 10 Synthesis of 9Cys-disial o oligosaccharide
chain added G.P-1 peptide A solid-phase synthesis
colum was charged with Am no-PEGA resin (100 nol)
(product of Merck), washed - 96 thoroughly with

di chl oronet hane (DCM) and DMF and the resin was

t horou swollen with DVMF. 4-hydroxynet hyl -

§?ﬁ€¥ﬁ%x9§héﬁb$&9bﬁt %?PcpaE?al@wB?MFosgsuﬁh@m) 2 TRYU for

.25 N— t hyl hol 0. 25 ) were
PsSoPUEa") n e (P gﬁaes'd”r?eéqaﬁee%mmm 25

Sl L Lo R e T 2L 285,

S S se for solid-phase
Sonenasritery CHﬁ&gné‘éé‘ﬁ?% 26°8851) | MBNT (0. 50

mookpiand N- nethylimdazole (0.375 mmol) were
dissolved in DCM (2 m), |oaded to a solid-phase
synt hesos-Ehf Unimastehsg (A B0, simo 246l ff OrFbMIUFS(Boc) ,
After stirring, the resin was washed wth DCM and
Bupc-Fabe §rodpleas FeeovEdpbyoosi ngn@@9bla, Fmoc-Ile,
i peridine/DMF solution (2 m) for 15 mnutes. After
SRTRBew FROBVELY (GRBRbL, aEm@@ s éBeehuernoetdlya, Fmoc-
dapce t he nethod shown_ bel ow

F8 ext Bt pLEE b BRATRCLY { OABSF Ghe ahih dETeE-Leu,
BAKLDB, 20,811 TorgloLe.pr ek Lot UL by FIRE rup s,
addithop (8t Q) A4S EICIUHBTE NVPEL0-4r i PLRy) | Fmoc-Phe,
Fmoc-Thr (tBu), Fmoc-Gly, Fmoc-Cys(Trt), 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-Gln (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 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
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the resulting m xture was | oaded to a solid-phase
synthesis colum. Subsequently, 0.9 M DI PEA/NWP (0.8
mol ) was added to the solid-phase synthesis col um.
After stirring at roomtenperature for 20 mnutes, the
resin was washed with DCM and DWMF, and Fnoc group was

97 renoved by using a 20% pi peri di ne/ DM sol ution (2
MOLEf 6 prd5 i A0t es25Thins, opesaiban: wassoepeabgdl y. 15 Tra
performed wusing an anino acid protected with Fnoc

§PSEs (6. l?oﬂ#ﬁll)’n t 8 -98GudAP/ A0Ry vebRdéR9SE aNi Be0 ml/min;
'd 0166 Fnoc-dy, Fnoc-Arg(Pbf), Fnoc-Qdy,
L§é(’%oc%o MEpbiRART FReelertl] tF‘Pm‘e(‘tZWpI)Q Boedtide
E 0 I Frmc P C Bu
W'Me‘“nsﬁgo@?%fpégg A 45 FHBSEAPRSAFRBe Nl Tr )
Fmags@ y, Fnoc-d u(Q Bu), Frmc Leu, Fnoc-Tyr(tBu),
Frmoc- Ser (t Bu), Fnoc- Ser(tBu), Fnoc-Val,

Fnoc- Aspinéh 8t am FAPC- S5 (L BY) 01 §aggﬁiffgg rts

Frnoc- Phe, Fnoc-Thr(tBu), Fnoc-dy, Fnoc-Cy
ProcluAlta ofndTSBRACCHESE Tal ) Coer eLugey Q§otﬁg ) 28h8Ot he
acids protected by Fnoc group to obtain a 31-residue
peptide chaGhysynthesized above (16.4 mg) were dissolved
Phf ) - d y- Lys( Bozz3 Val - Leu- Trp(Boc) - Al a- 11 e- Phe-
G“ugtépsm’l EggﬁBBeye BfAPA- PR(Trd) -8 V-Gl u( &0Budl Lewed
Tyr (tBu) Ser tBu) -Ser (tBu) -Val-Asp (QBu) -Ser .
6986§aCt at 37 for 4 hours. After complete consumption

i ARSI L S OHRCT) et o TTL).(E0
82??%%2%‘ PLbeL, SuBROLLEE LOLTRF LIS R B e
TeblLingt 08getkengci@-1 98t ehis T €947, W23 225 %,Was
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 7.3 mg of oligosaccharide chain added

GLP-1 peptide wherein 9Glu of GLP-1 is substituted by

oligosaccharide chain added Cys (S9Cys 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), TBTU

(0.25 mmol) and N-ethylmorpholine (0.25 mmol) were
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added such that the resin was thoroughly soaked and
stirred at roomtenperature for 3 hours. The resin was
renmoved by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
residue was purified by HPLC [col um: SHI SEI DO UG 120
- 98 (C18 5 m, i 20 x 250 nm gradient: A solution:
Gipmotrad viat MEF B2solluti omade 86 THA 1690wt erd:00%
AN.8.0 M /mn; 35 -+ 60%3, 20 mn linear gradient] to
GBI &t FESTWERERF agar e ofoCLP-Houss sublbki tretsad by s
di si al o ol i gosacchari de

PrPse SPORREETOR BROKAY N ICEES QG b (BPEpEa

.t he ti i.n_synt hesi zed above (16.4 np)
\?él’%ét“di é’?g?@elc“!%i E’E%G’o aﬁwf"pr?o@plrfgt@ao?ﬁ T (Smlgﬂehase
Lyhtiesiand allowed to react at 37C for 4 hours.
After conplete consunption of raw materials were
qonfrionmed by HPLC, the reaction solution was directly
subjected to purification by HPLC [colum: SH SElI DO

UG 12Bm¢ €181y 5 () 50 ~mRO1 X, 2M8NIM (0 .60adeNt : aAg N-
solution: 0.1% TFA water, B solution: 0.09% TFA 10%
wateyLondsiaArogen (OrBid BBoly 608, RAGIBIVdd NeAIDCM (2 ml)
gradient] to obtain 7.3 ng of oligosaccharide chain

3689 &Lpa1spepeiabarReFBNTIGELS ofol@u@ Bnids stirred at
%Eg§t£tuted by oligosaccharide chain added Cys (9Cys

- 1595 s aP®YES- [0169] Exanple 11 Synthesis of
| OCyszdisialo. oligosaccharide chain added GLP-1
pept i gti%s% %g¥h%%3e€%?nf%ﬁépswéﬁlHﬁﬁhﬁﬁswéﬁﬁrﬁgﬂ and

WD Fmoc group was removed by using 20% piperidine/DMF

4

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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Am no- PEGA resin (100 nol) (product of Merck), washed
t horoughly wi th dichl oronet hane (DCM and DMF and t he
resin was thoroughly swollen with DVF. _

4- hydr oxynet hyl - 3- et hoxyphenoxybutyric acid (HVPB)
(0.25 mol ), TBTU (0.25 mml) and N-ethyl norpholine
(0.25 mol) were - 99 dissolved in DVF (2 m), | oaded
t{81tKé col um, and stirred at roomtenperature for 4

hours._The.resin was. washed thoroughly with DVF and
DCNItgm8Bf%¥%’Fﬁﬁ@??ﬁiﬂﬂP?géinFmﬁﬁT hY nalsnezely asBac) ,

R T s e s
R ) ool ol 8 OB, T Yt LSRG K

slblr eghoat c12%€r £ or amseu%%'g, AE&SE—@&L%%QQ) 1 Pﬁo&ggéﬂ,

was washed wi th DCM and nNDC group was renove
ByrousTyy (26%) pi procdsael DMr) , Sehutioar (288 ) FR6c1Hal,
m nutes. After washing with DM, am no acids were
seqaeAspdPLHutontmaseder NtRoLpr BaoceThwi thu | hermet hpde,
shown bel ow to extend a peptide chain. [0171] The
ERPRoTAEI(§BRAYI FgoanCasi ‘Aot §F olipopr6t ecdediu i t FmoEnbta

di | ved in N-nethyl pyrrolidone (NW) (1
A5 PRPEGF ABFT] ROEF 6598 R HETEHEBTPAIVES {08 A0RRBE Gt ed

LRSSy B AL PR, 0 L L RO
S botnscRideds 8L hev ol L hasEa UL RERL S SOLIT,
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 scaked 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.

- 101 -




resin was washed with DCM and DMF, and Fnpc group was
renmoved by using a 20% pi peri di ne/ DM solution (2 m)
for 15 minutes. This operation was repeatedly
performed using an am no acid protected with Fnoc
group (0.5 nmmol) to sequentially condense am no
acids. 100 [0172] Fnoc-dy, Fnoc-Arg(Pbf), Fnoc-Qdy,
Ef8d4lys(Boc), Fnoc-Val, Fnoc-Leu, Fnoc-Trp(Boc),
Frnoc- Al a, Fnoc-11e, FnDc Phe, Fnoc-d u(Q Bu),
Fnoc- E?%T?%%?ta¢h%blA@h§l¥h®001ﬁ@@saG©®@r£¢@(U&t)
Frnoc- Leu,  Fnoc- Tyr

t Bu),
Ern?gjllgér (’FB@%U%D{ED%@FEP&FO FrbEdval (16. #/ng) aha the

E%g%ié%p%gggﬂ)Sy$gR%F§$%&tgﬁ%gecgg?§:g§ tggle dissolved .
T
e AR en T e st ant oy P o8 b FRCoBERSHeC

ac3lzhesi duespeptige of G ys, Aftﬁg oq&lete cq&$umptlon
Arg(Pbf)-Q y-Lys(Boo) - Val - Leu- Tr p( Boc)
Gfut@wBunptkysaBocyeAbacdhai EneGThY) HELY; GEHE Ok BY) t LEH-
Tyr(tBu)-Ser(tBu)-Ser(tBu)-VaI-Asp(CIBu)-Ser(tBu)-
FhitBa)- Phe- ThrécBUY- SyS{FrtpdGhu( BhBuY: Abai bhSHFT EbLC
SEQ I D NGO 40) on a solid-phase resin. [0173] The
gﬁ?éPﬁéd §§§§ﬁlﬁﬁvpﬁgléopé§ﬂ8de5f9mhed¢the6emr25®wmm

PR ok oakor L BLPh: fakbr 1o WRLEE, o S9! B ons) 0 yaet
TP a8 R e boR0t ohel af UPL7REP: 3o Rotr £0Ho Hogr was
neneyedqbyqfbhtfatiog,and tgeorﬁg%fo%f&é‘é&?}?am
concentrated under reduced press e’resu
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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resi due was purified by HPLC [col um: SHI SEI DO UG 120
(C18 5 m, 4 20 x 250 mm gradient: A solution: 0.1%
TFA water, B solution: 0.09% TFA/| 0% wat er/ 90% AN 8.0
m/mn; 35 -). 6098, 20 mn linear gradient] to
obtain peptide wherein |Ody of GP-1 is substituted
y Cys. - 101 [0174] Bronpacetam dyl disialo
aesd@sa@eﬁéh #e S apedaapr adget igf PORSEKAoChepilédrpBase
Ltd 16.8 ny) and the peptide chain synthesized
5@8&& %%56 ng) were di ssolved in 100 nmM phosphate
q i g (pH 7.5, 560 pl) and allowed to react at 37C
for hours After conplete consunptlon raw

mat er gl s_@ey e §O§6'Iﬁxﬂggbb %@ac 0!8 eafé't ?rg% %y

solution was directly subje o pur

HB&GylhﬁQBH&BleSWbsgh@OngﬁéZQe&gléuséoqkedolﬁ ?Cﬁ %§Oml ,
nmm gradient: A solution 1% TFA water, B solution:

QoBed TBAL16%Iwatehh98%sANAegiBl £l 0mn38ndts69¥Beq 29t
mn linear gradient] to obtain 3.0 ng of
@Pfgosacchandaes. chai n added GLP-1 peptide wherein
IOEdy of GLP-1 is substituted by oligosaccharide

chai nAAbigfeds ©yBr {19Cyshe AFE1n dia$ avahed 0478} DCM and

le 12 Synth foil di si al o ol i gosacchari de
ORAT Pt Qb 425 cPRTUE h 0l 1 Hphateh SyrRtiesi e, DNE

|
el 7 NEt o= "momeBTE BRor duahs w wine witd ouE,
ghﬁhboéegggh§@§e( tﬂ@gﬁ£&§4éﬁgggggedr%ﬁygccordance

t horoughly swol | roxynme
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
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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3- met hoxyphenoxybutyric acid (HWB) (0.25 mmol ), TBTU
(0.25 mmol ) and N-et hyl norpholine (0.25 mmol) were

di ssolved in DMF (2 m), |oaded to the colum, and
stirred at roomtenperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtai n HVPB- PEGA

- 102__resin, which was used as a solid phase for
EBPFaPBRasEMOSy AL HESFEY) | OLTEF- Lvaﬁ@oqu EmoseAhan|rmoc—

nd_N et hylim dazole (0.375 nnDIL
%Eﬁe nggoﬁgngTFﬁ ) DR 8- ﬁ%y Fmesd@éuﬁetguﬁolF609h se,
i%?kh@ikﬁF%?h”?g?%§d§§%l%ﬁaﬁs kmsheger FR bo BRa-val,
e FaPROPBRE? MiPsT SERYPRubY ) ¥bBonal fhan) o FrgprRbe,
Wﬁ@BLGQSSTEB ) DMEmocafh po 9ﬁbgsGmﬁr§t§ 9uegéggkk%a and

condensed i n accordance wth the el ow

tmoextendTatpeptirdeusbai as tﬁ@lzﬁlnghgcﬁabn@r@@égted by
havi ng an am no group protected with Fnobc group was
dingsotivedpi hoNeohtahyl pyBioredodee (PP idd ofd Fly-After
addi tion of 0.45 M HCTUHOBT/ NMP (O 4 mmol), the
PESUPPE hgGhy xENF éBaas-Vahdeeut Bra (Boti db phabke-Phe-

h | Sub tly, 0.9 M DI PEA/NWVP (0.8
Shi NS iﬁaiﬁQFb Phe-Abt1 Gl PASE) SGAY HELR 6OBBR Lmbeu-

Pk heR ks Sl Ral) P PR Es Bhat DS (abhe Fret: B oot was
FAFPURE) DaneLn 2poem e ChoBLEME SOl hor (2 1o
perfhormed a solid-phase resin.

[0179]

The obtained resin having a peptide formed thereon
was partly taken 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
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 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 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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using an amno acid protected wth Fnoc group (0.5
mol) to sequentially condense am no acids. [0178]
Frmoc-dy, Fnoc-Arg(Pbf), Fnoc-Gvy, Fnoc-Lys(Boc),
Frnoc-Val , Fnoc-Leu, Fnoc-Trp(Boc), Fnoc-Ala, Fnoc-11e,
- 103 Fnoc-Phe, Fnoc-3 u(OQBu), Fnoc-Lys(Boc),
Frnoc- Al a, Fnoc- Ala, Fnoc-A@n(Trt), Fnoc-Qdy,
PﬁﬁéléleUE@Bl})SYFﬁbéskéad SHpce Trd tBu)g) were dissolved
g igr t Bu) FnDc Ser%t Bu), Fnoc- Val,

OPBB?P BhBcPBEFEFBUSCH Fhoo- ThrY tBU) ,and allowed
Frmc Ph Trt), Fnoc-d Froc-d u( O Bu) ,
Eﬁo&?eﬂlcg Sﬁdggp%% %‘L( lﬁlfs\mer%fﬁ%dcggp%%eawh@umptlon
agl gy phggg%&ggsbxermsngaounpeéOD PREAIN a3l el Aus,

Aa(RBER- Ghy- B¥§E§Q%}, é’ébg fc(cf‘bgrﬁé éd%'élpri:%i HpLC

A u(O Bu) -Lys(Boc) - Al a- Ala

o B - 5@&@&5% SerbBu c\iad By) »ger( )
Thr (t Bu) - Phe- Cyc(Trt) - Gly)(GI u( (I%ISBW g’)H?sE‘T?tg? (80
bbadNen41) Aorodusobnd- phase T@swatdﬂl@]solﬂ?caon 0.09%
obtai ned resin having a peptide formed thereon was
F&AYLY5t akérri/A0& B8| Bdophasenisy:ntItesi>S600BUNMO min
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
add8aTsGERILRAL t he PBSPANWAS e wdhioy igemieed hand de

i_r.red t f 3 h Th
Pbovod Byt FREr b PERCANA PSSRt il i ST e

n d n re. The re ul ti
LB O G SRUERE RO S et (W les
@@1:815dms,1a1020 x 250 mm gradient: A soI ution: 0.1%
TFA water, solution: 0.09% TFA/|l oo water/90% AN 8.0

oA LN,
Example 13

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

A solid-phase synthesis column was charged with

Amino-PEGA resin (100 pumol) (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]

- 105 -



35 -- 6098, 20 mn linear gradient] to obtain peptide
wherein 11Thr of G.P-1 is substituted by Cys. [0180]
Br onobacet am dyl disial o oligosaccharide (a) (a

product of OISUKA Chem cal Co., Ltd.) (41 ng) and the
- 104 peptide chain synthesized above (12.8 ng) were
di ssolved _in 100 nNIphosphate buffer (pH 7.5, 1.3 m)
and aFW%ﬁe@lytbOr%%ch%% 87¥§N5r 0. HOUFEC L Afard N-

w nmaterials were confirned

”ﬁﬁﬁéﬁl%%g% gggp 335 @89 ti YR GadlarPé¥ery 18uBf¥ct daml)

(e 2 5800 ey SR oo - P Pon “oc 10k

r ution: 0.09% TFA/ 10% wat er/90% AN 8.0
EEACW@BP % ﬁ%ég%@B 20 mMn linear gradient] to obtain

11 o %Lgf 9ti§@§xg0h@ﬁé dee s chaj s agdded SR dn PeRk | dey
wherein || Thr of P-1 is substituted by oligosaccha

m»ﬁe chaba qdsles wys féddysd KRl sied o)ipd H1dlle /DMF
Exanpl e 13 Synthesis of 12Cys- disial o oligosaccharide
cRaiuy ioaddédmEL PLerpépt indauiesol i Af phase slyiiidiesitsh DMF,
colum was charged with Am no-PEGA resin (100 nol)
@Eﬂ&@uéﬁléﬁ NEFekyeauashédl lyhepodgnsgdwinhaccordance

| or onet hane and DMF and the resin was .
%?“ gém g}‘%&@ﬁ éH %t ReBRE. t2- RYHFBRyAePRpFide chain.
% hoxyphenoxybutyrlc acid (HwB) (0.25 mol ), TBTU
8H§g mol ) and N-et hyl nor pholine (0:25 mmol) were

dlSSO%HQdaﬁﬂngmgéﬁg ﬁi&inéQ?ﬁ?gnfébtJ?%&é”éggEeéﬂé% 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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stirred at roomtenperature for 4 hours. The resin was
washed thoroughly with DMF and DCM t o obt ai n HVWPB- PEGA
resin, which was used as a solid phase for solid-phase
synthesis. [0182] - 105 Fnoc-Gy (0.50 mmol ), MSNT
(0.50 mol) and N methylim dazole (0.375 nmmol) were
dissolved in DCM (2 mM), |oaded to a solid-phase
§?@Fhé§p§OC6DMHnF&nd-§EthEd)atFm@ﬁGEﬁ@ﬂtBuhQUFﬁoc—
After stirring, the resin was washed with DCM and
Bve.(TEfe §PeGpTHES tREovBHOBYGUFi n§MmR20%61u (OtBu) , Fmoc-

[ i di | uti 2 m) f 15 mnutes. After
RABRPRG AireR- B Tx Ak %%récpagém?étgsqé“@ﬁﬁpiﬁpgdf
' d ith th shown bel ow
FRRCEPESd BV ZRPROERERR nY SPotes a”‘ihé%mguacpapude of
' ' t W mo oup. wa
R R e R L TS

eddkbkga)0£y9<ééc&LkEZLkEEUéB%F%QQ>4G?g?g%u(OEES)—Leu—

resulting mxture was | oaded to a sol ase

Synt(hBa) sSeol(tBn) - SubseRUEAVL Y2 0p YoM | PEAL NME, (0. 8
mol) was added to the solid-phase synthesis col um.
ARhrérBst rE€yengrat -ToontBehpel ptQie (OoBuLOAD: ANL €8Tt e
resin_ was washed with DCM and DMF, and Fnoc group was
relBvel BY: 631 nghaa 2094 piipehade neg HME. sol ution (2 )
f 5 mnutes. This operation was repeatedly.

ﬁgﬁﬁg med using an am no acid protected with Fnoc

grou pI‘}( 0. 5%tmE_Dr!. g d g eos iSne qluaevnj!: nI gaI a! yp ecpotnid en Sfeo rarlnrgi dn C)t hereon
aci ds. Tdﬁ 41
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 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 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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Fnoc-dy, Fnoc-Arg(Pbf), Fnoc-Gy, Fnoc-Lys(Boc),
Frnoc- Val , Fnoc-Leu, Fnoc-Trp(Boc), Fnoc-Ala, Fnoc-11e,
Frmoc- Phe, Fnoc-d u(Q Bu), Fnoc-Lys(Boc), Fnoc-Al a,
Fnoc- Ala, Fnoc-dAn(Trt), Fnoc-dy, Fnoc-G3 u(OQ Bu),
Frnoc- Leu, Fnoc-Tyr(tBu), Fnoc-Ser(tBu),
Frnoc- Ser (tBu), Fnoc-Val, - 106 Fnoc-Asp(Q Bu),
Faic MS&refrtiBd )y, werec cBhif(trBal, bFMaeLcOy$hEr thaction
Fmoc- Thr (tBu), Frnoc-dvy, Fnoc-G u(OQiBu), Fnoc- Ala and
?ﬁ&EtHP§(Vﬁ§)dWéﬁétéyeéuaSethedanpnpuaamdSatmbﬁtbgtﬁQLc
EF Fnoc group to obtain a 31-residue peptide of

oL Apg P@ﬂ)TSéII;POL%cBa@) {GaB, Leuuin p( Boz) - Al 250 I em Phe

& a0OFRGY - By SPBEELORF a0l - BFA( YAEFFd §- ePlpbisn) - Le0o®
FYa 408 at38) o6k B 56" VR, VB LR (ST B 5
TanéhBurrQUeeTed) INBELBIN - hyoGhi( BU) Tl s HLA(TEL)

(SEQ ID NG 42) on a solid ser

obaanneddEéSGnPhanBFt@d@e@BéQ@lﬁOEﬁ?get8§r§9ﬁ 1V\as
partly taken in a solid-phase synthesis col umm

Tebstubnbadebycoatydsavateridd| PSals 98aed. Sys 2(Bicyas
added such that the resin was thoroughly soa ed and
CtPriediaiatodm tenperature for 3 hours. The resin was
d by filtration and the reaction sol ution was
égﬂEZﬁtrated under reduced pressure. The resulting

%iéggg s purified by HPLC [col um: SHI SEI DO UG 120
% n¥@ 0 20 x 250 nm gradient: A solution: 0.1%

TFA 090 TF 10@6ma er/90@6AN 8.0
rﬂ/rn%?ﬂgﬂés %;%%%%éd%h) f oqyﬁ%% n

pepéd der.pwheseh hi dPhe of GLP 1 is substltuted by Cys.
[ 0186]

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 pmol) (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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Br onbacet am dyl disialo oligosaccharide (a) (a

product of OTSUKA Chemical Co., Ltd.) (33 ng) and the
pepti de chain synthesized above (9.5 ng) were

di ssolved in 100 nM phosphate buffer (pH 7.5, 1 ni)
and allowed to react at 37C for 4 hours. After

conpl ete consunption of 107 raw materials were
deddadni® Iy sHRIG-phheer sgaithers i ssaloliinan anas sdiikeetl ¥t
subj ected to purification by HPLC [col um: SHI SEI DO
Y3 ¢260¢C3ghosra), 4 20 x 250 nm gradient: A
solutian: 0.1% TFA water, B solution: 0.09% TFA/Il oo
mater%gﬁ@gAﬁFBFélﬂ9/n¥ﬁ? 38SingEe®, v2ohadnwithne@y and

ie to_obtain 10.0 of oligosaccharjide chain
added E& <1 9Ipept i %S whef ey dlébhgsg?gc%%ﬁ1P+gerldlne/DMF

i i ar.i haj dded ¢ 1
Sl 8 okgosaconaride chal atied 0 (12003
GirS in@) QCQHEQQ%§%C§@hhgﬁt§Q§ﬂ9 c@qg%qsghgi&jgﬁegkggn@é

sol i d- phase synthesi's col um~™was charge

ArtithotBEGAer&sHN shdAA Héhbw(@boéﬂﬁbnafaNBé%k%de“@§Q§g.
t horoughly with dichl oronet hane (DCM and and the
@389 was thoroughly swollen with DVF. _
4- hydr oxynet hyl - 3- met hoxyphenoxybutyric acid (HVPB)
(0. 25T AfpRingBIELd (T Phnemeh ) amnao N ety | prostphot ddievi th
0.25 mml) were, dissolved in DMF (2 m), |oaded to
A& c8rahR, "aAdd1gePtved aP NoBaFhekperaebidorer (MMP) (1
hour s. [ washed t horoughly wth DVMF and

’toAgggﬁ{% i&ﬁ%gééékor%QHMLHQWW'ﬁB NMEsél - 4smmol) ,
%QEige@ﬁ@%?ngoﬁi§ghkg'ngsfoaded to a solid-phase

synthesis column. Subsequently, 0.9 M DIPEA/NMP (0.8
mmol) waé 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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synthesis. [0188] Fnoc-Ady (0.50 nmol), MSNT (0.50
mol ) and N nethylimdazole (0.375 mmol) were
dissolved in DCM (2 m), - 108 I|oaded to a
sol i d- phase synthesis colum and stirred at 25C for 3
hours. After stirring, the resin was washed with DCM
and DMF. Fnoc group was renoved by using 20%
BrBeridPREr bMFwesel usednag2thk) ahbnolschipupesteAbegr by
shing with DMF,  amino_acids were sequentially
f’%ﬁaeﬂgeapi hoagkbréanee3larehidhe rephadeshowalpel ow

d tide chain._ [0189] The am no acid

Rg TR e kP REs P56 b B b bebalizny Bac) Fhie-giSupiees

' _i h yrrol jdon MP) ( . After
TaTor sk e %éﬁtﬂﬁzwféﬂe_ for (Ot i
resUt Bl Ngs 8L XL B - 8ared 1 0, a 39 Y

sy?/n?he{sllps ‘g%f(un%? yé%%éequ?n;?y@ %pg ﬁ?hP%ﬁ? EE/F’)TE'O 8
hol } Bupsrréededr t ord heg SPL& b PHase) syt hesd ID
Aft((a% télvtai rring ZE room tgn'pe?atur e) for 2% mﬁnut?es?&f%e
Fesip) was avasheidwihhsO&CM ang. DVMF, and Fnoc group was
renmoved by using a 20% pi peridine/ DM solution (2 m)
f8F2115 minutes. This operation was repeatedly
performed  using an amno acid protected with Fnoc

gr oupr (0. B HRAIBI9A nes igedidstitniald peptridense ramidnahereon
aci ds. 190 Fnpc- GI\%, Fnoc- Arg(Pbf), Frnoc-Qvy,
‘ﬁan%c‘-"'f_ﬁf’z[;f%otc%}?e“ Fribcd ?%lfbrﬂ&a{%@yrmﬁ%sm p§®0m)r1-

£ c-11e, .. Fnoc-Ph c-Qu(QBu),

f:%t%%g?as%{?l’c ,-_an%lchWaa}tﬁm?:Ig:gD( 95 2.57 '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 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 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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Ala, Fnoc-@n(Trt), Fnoc-Ay, Frnoc-d u(QBu),
Froc- Leu, Fnoc-Tyr(tBu), Fnoc-Ser(tBu),
Frmoc- Ser (tBu), Fnoc-Val, Fnoc-Asp(Q Bu),
Frmoc- Cys(Trt), Fnoc-Thr(tBu), Fnoc- Phe,
Frmoc- Thr (tBu), Fnoc-dy, Fnoc-G u(OQBu), Fnoc-Ala and
- 109 Fnoc-H s(Trt) were used as the am no acids
prostlewtned St SERMOC UGHQ@P t(Q18ht & fmd ,33- peskdygy
peptide of dy-
RGPS Py Sy sitBOE) - Vall SLEFATWREBEG) BAlsalbkteoRRes . 095
G u(Bu)-Lys(Boc)-Ala-Ala-An(Trt)-dy-d u(QBu)-Leu-
FFALLBY) ey BOR- 88r ft BunlvalinAs B6OHBUO TS (T0 thin
r(tBu)-Phe-Thr(tBu)-dy-du(QBu)-Ala-H s(Trt) (SEQ
;Egn(eﬁé A37 O80T ]s%ﬂoi apﬁﬁggeigrésfnﬁ. °F09élpos¢ﬁéhar(lde
N resihhaving,a peptide.forned thereon _was
STy e oS baR B Hbe oy ndsrs col aH-1 o
Eribiskuereagebk,C ~a¢Ld: Y agdl = w22 2. was
added such t%gt O?%ggrsg}g?h%éggt Eg?gﬂggggeéogﬁd(g%ﬁys
stiprlediat afteom tenperature for 3 hours. The resin was
renoved by filtration and the reaction sol ution was
d@Adént r at ed under reduced pressure. The resulting
residue was purified by HPLC [col um: SHI SEI DO UG 120
Exggrieny> 4 20 x 250 nm gradient: A solution: 0.1%
TFA water, B solution: 0.09% TFA/ 10% wat er/ 90% AN 8. 0
m /i WYRERES1is @hokpCyodiisia dmeaki apsati@ridido wbiai n

B3065] S BnbaREt 3R dyl i sial o ol i gosacchar i de (a) (2
ool 00 TG A agl Co S e (8 T F08 1
Aihsael¥edn 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.(Z ml),
loaded to a solid-phase synthesis column and stirred at

25°C for 3 hours.
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in 100 nmM phosphate buffer (pH 7.5, 1 m) and all owed
to react at 37C for 4 hours. After conplete
consunption of raw materials were confirmed by HPLC,
the reaction solution was directly subjected to
purification by HPLC - 110 [colum: SHI SEI DO UG 120
(C18, 5 m, 4 20 x 250 mm gradient: A solution: 0.1%
TFA w%\fiéﬁ?r B-5oting orthd. 099%n Th | oosved er i Q0%AN £ @
n1/mn -+ 6098, 20 min linear gradient] to obtain
By - ngF‘E)‘?C m%mmwe%m i ittt o2 (L R ilpqueipt i reke/ DMF
is substituted by

SPiﬁglégE%cl:ﬁ bg Eﬂﬁu h%%%ﬂ s (Zﬁ_ﬁ?%t\f;a;hisngofwith DMF,
n Si
g/g, %.52?%: 82”6 [5%53%%%?fg§ Eﬂ‘égﬁ“g%ﬂdé@ Tgpoydance

char ged
Q?@B'ggeA%%Q%%%ﬁ?gggfnﬁ%g%%eébS?prroduggg%? %%r%%ﬁln.

vashbed thoroughly with dichloronethane (DCM and DVF
and the resin was thoroughly swollen yvlth DIVF.
4- hy ditox yemetrivy lac i3t medvioxy phe nedHItordup 30t ddMRB i th
(0.25 mmol ), TBTU (0.25 mmol) and et hyl nor phol i ne
foo5oneed ) waer @i s s bead vied N-rm&bMry (2yntdlidaadett®) (1
the colum, and stirred at roomtenperature for 4
Rblr s AR rasislin: ivas o fndsHEd M HSHTELGOBY,/ ik h( DME el )
tain HWB- PEGA resin, which was used as a

SO PRI oL ot 4n msleoa%%tms@ SoTotaase
59 & ¥s (Qo PRATO!9k SMBNERGTP0 ™l A2 aMame (o

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 31-residue peptide of
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met hyl i m dazol e (0.375 nmml) were dissolved in DCM (2
m), loaded to a solid-phase synthesis colum and
stirred at 25C for 3 hours. - 111 After stirring,

the resin was washed with DCM and DMF. Fnpc group was
removed by using 20% pi peridine/ DM solution (2 m)
for 15 mnutes. After washing with DMF, am no acids
ﬁéVéA§€d8€ﬁirﬁiVyLﬁéﬁB@ﬁéeHaEnLaécBrﬂéh@@)-a&ahllhePhe—

TR YRR e AEREN - gﬁgg&ﬁg DB UpC oy o be BaBw Thot-
[TRe B PR PEea gl Saer LhRa "aVanT il Vehthiahs '?ufﬁpse% (BEd) -
ﬂHPRlBuELEﬁeL?§P|EBHQ @1?1558 é?%seogggd @rg \VSEQ ID

sol i d- phase synthesis co quent

DOPEA] NVR £0s81 1 81Bh)suaseadded to the SO|Id phase
synthesis columm. After stirring at roomtenperature

for92D minutes, the resin was washed with DCM and

DMF, and Fnoc group was renoved by using a 20%

pi perTftﬁ e B esblugd ion (&@vimg & greptlifieamifuutresi tHereon

operation was repeatedly perforned using an am no

HeP dPPFbt Bctakev +h Fndel yroppase. %wwﬁmﬂslstcplumn
conden e amno acids. [0196] Fnoc-QAy

é ngéS?%%¥ lCPﬁﬁh a2t Ehocl 153 (BocyS: %n%c Xat) Yias

TRGa phten FBEE I Pt Whocotosr D)y mempd
Eppercdl 2 FOOR- @rﬂggfégur nPgrgierkz?@?. G QLBY), was

Frnoc- Leu, Fnoc-Tyr(tBu

f@ﬁ@vé@rﬁfBﬂiltf$@£onCy§&TEEé’réﬂEKﬁéﬁﬂgé%&%Qon was
Frmoc- Ser (t Bu), Fnoc- Thr (tBu),

concentrated under reduced pressure. The resulting
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 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 um) , ¢ 20 x 250 mm,

gradient: A solution: 0.1% TFA water, B solution: 0.09%
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Frnoc- Phe, Fnoc-Thr(tBu), Fnoc-Gy, Fnoc-d u(Q Bu),
Frmoc- Ala and Fnoc-Hi s(Trt) were used as the am no
acids protected by Fnoc group to obtain a 31-residue
peptide of - 112

G y-Arg(Pbf)-dy-Lys(Boc)-Val -Leu-Trp(Boo)-Al a-11e-Phe

%%(@mam%/(%%)m B (UTBLADHETE RS - )ﬁO@Bu(@OEHBDLgu-
Ser Bu Tr As

D A T Ty 8 T ) SR S Sy ae

SRER 'n%% AR Db doede Wﬁé‘% i t% -1 e

ng a orrre er eon

pabit Ve b Bkeny rb@l&&éwcw@f»&e Sy e c;;@z 16Cys

Trifluoroacetic acid: water: TIPS (= 95 2. was
added-sustaidat the resin was thoroughly soaked and
stirred at roomtenperature for 3 hours. The resin was
fend¥ed by filtration and the reaction solution was
concentrated under reduced pressure. The resulting
Feanpie 1/\@3 purl fied by HPLC [col urm: SHI SEI DO UG 120
(C18 5 gradient: A solution: 0.1%
TFA M%@Sl@ sOoﬁ L?tch’hc"m%‘ GO A/ BORARSSEAT0%CAR 8. 0

20 mn linear gradient] to obtain

60
%%??d%LPmﬁé?%ﬁ%ﬁqﬁkh. of GLP-1 is substituted by Oys.

L ok e U emhceg%lss' o1 i 9aRneaad e e, (2
BEBKL £ 0N A OO U2 T e
ghboweghlp L EO4L O L 3T O arde ham&». Afd e afies

consunption of raw materials were confirnmed by HPLC
theineexs i Omoroughly 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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solution was directly subjected to purification by
HPLC [colum: SHI SEI DO UG 120 (C18, 5 m, ~ 20 x 250
mm gradient: A solution: 0.1% TFA water, B sol ution:
0.09% - 113 TFA/ 10% water/90% AN 8.0 ml/mn; 35 -+
6098, 20 min Ilinear gradient] to obtain 8 4 ng of
%Igivgosacchari de chain added G.P-1 peptide wherein

P IFEPATS sse%%%’fﬁ%&%dcwd%rrﬁ?%sia%ﬁfawwnce
' d 16 GLP-1-di sj . [0199 _
B i B TR nelP P T, 2 21 18 4 et e

ehghD) added GLP-1 peptide A solid-phase synthesis
col um was charged with Am no-PEGA resin (100 nol)

(producd i rVeradds Hasi Yoy aleXiTe] ) RVARTY _
di chl or onet hane (DOM) and DVF and thrae u:ﬁetsdi}r?tv?/gged with

Fhoe ogighthy wa®| d 88ls o Fdd DVE. N-4m YRS Wdone (nMP) (1
3- met hoxyphenoxybutyric acid (HWB) (0.25 mmol), TBTU
10D} 25 Afimelr) aakd thicet Ry morphol iIHOT W RORE/IMB! )0 Wel@nol ) ,
di ssolved in DM (2 m), |oaded to the colum, and

Si% rFet B LR oM ¥ e urleoddrd A hoursel itheohrasssi N was
washed t horoughly with DMF and DCM to obtai n HVWB- PEGA
TS RES i CHLWRR: uSEPSEEUENE3IYi-d Opifade DIGEALYMPI-(Bndse

BB 209000 TIPSl 9,50, LD JONT 0,50
5o Yo P! (ot om0 08 S8 GRISRE oo
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.

[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-Ile-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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After stirring, the resin was washed with DCM and

DMF. Fnoc group was renoved by using 20%

pi peridine/DM= solution (2 m) for 15 minutes. After
washing with DMF, - 114 am no acids were sequentially
condensed in accordance w th the nethod shown bel ow
to extend a peptide chain. [0201] The am no acid

Pavi Agu anTani hbu hr Bup-Prot et bdG iy t Bl u Fitobu gt Alp-Mas (Trt)
gi ssolved in N-nethylpyrrolidone (NW) (1 nl) . After
Pt £BnNBf 40) 487 M k@ri}m*ﬁw ¥esanmmmol ), the

£5 %Ll ng m xture was | oaded to a solid-phase

L n@ sis colum. Subsequently, 0.9 M DLPEA/ NI\/PI (0.8
nmol S . th al i.d- phase syn i.s col um.
Af t e)rT%%?k?élj%gldea orreoso% t%l Snper taurpee}?S%TdIGZ%%rﬁW s (03

hes Dahesyveshel W13 soridith b SIS L uig, 1

renmoved by using a 20% pi p

torr1d6r8hBet £5. adtu s wped Al !’pf‘PS’Va{S: f@?eaieéﬂ ¥2.5) was
performed wusing an amino acid protected with Fnoc

gloep $0ch umat )thé orseruem s athyr coftense Addand
acids. [0202] Fnoc-dvy, Fnoc-Arg(Pbf), Frnoc-Qdy,
FrOEr ¢y s Bordom Fermwe Matyrdnbee LethoREnme- The( Bes)lin was
Fnoc- Ala, Fnoc-1le, Fnoc-Phe, Fnoc-Gd u(QBu),

SRV EY s BoE) L t kel and A - T 99 @ 1 Bhoe IG thi(oTr tWa s

: Fiyoc- Q Bu) , , Froc- Trt), _
e AN LT DI Ty DR
| _ B Fnoc- Ser(t B
e (B R e et st R g2
- O FoG Moc- H,s(Trt) .were use
g@?h?%&%h??cq &{:@%&o gc%gl%%on%ﬁoé (gsroc‘}ﬁf JT°8'0&9t'§ti°nTFA
waSdr | esi doeupepii de. 0fs 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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G y-Arg(Pbf)-dy-Lys(Boc)-Val -Leu-Trp(Boc)-Al a-11e-Phe

- (GBu) -Lys (Boc) -Ala-Ala-A@n (Trt) -Ay-Qu

Cys(Trt)-Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val-Asp(OQBu) -
115

Ser (tBu) - Thr (t Bu) - Phe-Thr (t Bu) -Ay-Q u(Q Bu) - Al a- Hi s(T
FupstiSECRDONCP45yopacahaniiid- phate aesed. Cy6203)Cys

The obtained resin having a peptide formed thereon

f&S-paftpyataken in a solid-phase synthesis col um.

1 'éléﬁjoroaceti c acid: water: TIPS (= 95: 2.5: 2.5) was
gg such that the resin was thoroughly soaked and

' roomtenperature for 3 hours. The resin was
?Eélﬁléég% Z?/ filtration and the reaction solution was

conc : r fggsy_c d. .or-essur.e, The .resul ti ,
resi SES%{E\}}aegéjlpéjuPﬁljj?i2ezf y Cﬁ%‘%][oscgliulrﬁ%safﬁ oD Lirggféo blo/
5 X 250 mm gradient: solution: 0.1%
éli’lg::%&ngtgg%3,L %é%%%a%‘i on: 0.09% TFA/ 10% wat er / 90% AN 8.0
m / i, so 13 ~ph K098 yitheas irs |ddlean Waadi@nidgdd Wahirai n
peptide wherein 20Leu of GLP-1 is substituted by Cys.
p0204} PEGR oneacet and dyhmell 5i ab odhdgospasdat ik de wa9hdd
roduct of OTSUKA Chem cal Co., Ltd.) (36.9 ng) and
Eh@r%%b%y dél ehaf hckiox prest etk abe) (dAr2d 3DMiy)anriehe
di ssolved _in 100 pnM phosphate buffer (pH 7.5, 1.5 m)
ARE1AI VoRet 0T QUg bt t Supl 59 Whrh P¥our 4-harirexymethyl-

gsﬁ{%ﬁ@ﬁyﬁ‘gﬁ’é‘é@%ﬁi82%‘%’3 i gﬁ&‘\%)ls a{]‘?q T%Q%{Iieﬂwcﬁhgéi)@igd
. . . . |
g%igsr%&%%?fégﬁz%yiﬂ%g“om% ﬁéﬁﬁ%i @:ﬁsﬁ A{B‘gﬁﬁqﬁ}ﬁ%%e:

8i 456 T¥és Wat epMr B(sahUf | 012 &P9% 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.

[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]

- 117 -



TFA/ 10% wat er/ 90% AN 8.0 n¥/min; 35 -+ 60%B, 20 min
l'inear gradient] to obtain 13.4 ng of oligosaccharide
chain added G.P-1 peptide wherein 20Leu of GP-1is -
116 substituted by oligosaccharide chain added Cys
(20Cys G@GLP-1-disialo). [0205] Exanple 17 Synthesis

of 24Cys-disialo oligosaccharide chain added GP-1
pept i e AW RGithde Giyrst WéSlalsT;lcfEﬂ lﬁ%@%@rﬂféﬂwf aged with

ith Am no-PEGA resjn (100 no product_o rc

wrrg%%e%r%%o"?%%gﬁfls?/\i‘f%‘g di & HY IroneY Hrner e BedgnantNMvE (1

A0 A B I I 1 L e U g
; : . e [ ol 1 ne
(8 ot T 0. 25 Bl A e o gl

§ et 1604 LM o B . stédﬂs%%u%htfl@qmd.wfﬁtp!t{zﬁNw

3.
hours. The resin was washed thoroughly w EMF(ang
Gt owanddt sedt dhe dHVRB- FHEGAs o T i85+ dh a M| Sn ¥¥RSs 1S &b Bsnra,
solid phase for solid-phase synthesis. [0206]

Fhper G0l D atrot om BN &k t50ramibd ) Zndnidrutes, the
met hyl i m dazole (0.375 mml) were dissolved in DCM (2

REYLN FradePhes kel iREp ek Yt hesd sfreet wgimemadvas
stirre 25C for_3 hours. After stirring, the resin

SRRSTRCHEG 94316 DO S IVE 8 U Wl efovd For
g?Hﬁ%ég%niggggh%gékgkg%@ggﬁwa%ggggggﬁeg%yng£rgggmég
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 31-residue peptide of Gly-
Arg(Pbf) -Gly-Lys (Boc)-Val-Leu-Trp (Boc)-Ala-Ile-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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am no acids were sequentially condensed in accordance
with the method shown below to extend a peptide chain.
[0207] - 117 The amino acid having an am no group
protected with Fnoc group was dissolved in

N-ret hyl pyrrolidone (NWP) (1 nl). After addition of
0.45 M HCTUHOBT/ NMP (0.4 nmol ), the resulting mxture
was |%ée}>tt%lrsﬁ%dqei5dipﬁwel@rﬁ m,eaqtslctaulflmmed thereon
Subseque 0.9 M DI PEA/ NMP (0.8 was added to
i %FFS ﬁ%&%nsﬂyfht%eé, L ophmme Sw’f%ﬁ-‘sg&i.wwat

hed
TR nERPEREL Bree S Yok br BERS wie 9$e?%v5e36%y sty
Qd@Qg" pLegr Lol pel Ve sof it £‘ él%ox?éy %EPy sk LB ”ér'r‘ic?s

hi's operation was repeat ed y per usi ng

§Hl£*9e@cé€| Pb&h ecd Bl WA £l EMBSr 95 OMPu £ 9. S T‘H@Dlr)esﬂno was
sequentially condense anmi no acids. [0208] Fnoc-Qdy,

Femcvéd gb iPbf) 1+ FaLorkd and Fbe - Lys¢ 8Os , so FitoN/akas

Frnoc- Leu, Fnoc-Trp(Boc), Fnoc-Ala, Fnoc-11e,
FapcePheat &pen @ u( CedBuyed Arpes tysé Bodhe Fesc-lAliag

Fmoc- Cys(Trt), Fnoc-An(Trt), Frnoc-Ady

Fﬁ@édgau‘(lgs myrlm bXe}QPL(p‘:nb@owner B‘é@ISEIDO UG-120
Fnoc- Ser(tBBL Frnoc- Ser (tBu), Fnoc- Val,

lt% ?—\slbr(‘d )20 predGsaiyt BlHadimfse- PhryalBi)iorFnde1% TFA

KRG EroR ParTr o) ver & oot ST G T8 Rt 8 l)ein;
pegi Iegéda’q? %VO Enrg%c 1974R thJ):ao lteaflltq %03 ]bbrt%silnd lil)%ptlde
85.¢B0F) 2 B2 Lys (Bos) 1 Vel - beue i plB0Rs M ard | o Phe
G u(OBu)-Lys(Boc)-Ala-Cys(Trt)-An(Trt y-d u( O Bu)
{Lce)i?%r(t Bu) - Ser (t Bu) - Ser (t Bu) - Val - Asp(Qt Bu) - Ser (t Bu) -

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 pm), ¢ 4.6 x 250 nm,
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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Thr (t Bu) - Phe-Thr (tBu)-@ y-G u(Q Bu)-Al a-Hi s(Trt) (SEQ
ID NO 46) on a solid-phase resin. [0209] 118 The
obt ai ned resin having a peptide formed thereon was
partly taken in a solid-phase synthesis colum.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added_such that the resin was thoroughly soaked and
BX#PPe® &% room tenperature for 3 hours. The resin was

r enoved filtration and the re ctlon solutlon was
concenft eesd“Suﬁ)czfillz5|£<=}’c?uc,deloG e]é% in

gugLMaf gurlfled by HPLC [colunn SHISEIDO UG-120
%%é% X 250 mm gradient: A solution: 0.1%

TFA Amagoelrm%@og L 0 05% TN 100 v 1 00, AN . O
35 5

m/mn; - 6098 20 mn |1 near gradient to 0 ta in

mPﬁbdﬁEGX\hf?é@iﬁ‘ erd wdl [ dod ctSUAOLStM%] 8d By
[ 0210] i'si al

Br onbacet am d | gosacchari'de (a
p}n@dd@@hbf/ »@Tﬁum@mmt@ne Lrb@\a) 4y @M‘@)arﬁtﬂdtﬂehe
pepti de chain synthesized above (2.2 ng) were
dessol ved therd@oh v phoshiat el buf R . ( pHhydsox256 thiy)l -
and allowed to react at 37C for 4 hours. After
LonpresyRrremyRiorriofagkdy MENRE) al & e menglonf | TREY

action _solution was directly subjected

2. 86 o Loca b P e e G b Uty

§54801pa8rln e X orvu . ohoRaea S8 Lot 1 90%
@&Prgd'%é "i@om3§e 20, mp ol jnear Egr Ladgi %g*n] wa@

obtain 1.8 ng of Tlgosacgaarlde aln a
pephédecnbesehm AN ©h adMBEldhd D& 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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substituted by ol igosaccharide chain added Cys (24Cys
GLP-1-disialo). [0211] - 119 Exanple 18 Synthesis of
25Cys-di sial o oligosaccharide chain added G.P-1

pepti de A solid-phase synthesis colum was charged
with Am no-PEGA resin (100 nol) (product of Merck),
washed thoroughly w th dichl oronethane (DCM and DWVF
5hd fﬁ%Ul’F?e%g rfnmsumow)@gm@dmwem wlmwrase

4-h dr math 3- mat hoxyphenoxybutyr| c acid (HWPB)

(IR S S sl i
HREE T 0T 2 Y i e

th
Bptp,sThest 7 fussyptelst P pall ol DL, 0

80518 PhaSEa $18q sl - Wsﬁndwh ? FTLCS)(,Z@OUP was

Frmoc-dy (0.50 nmol),

rembydd nbdazel ey (9. 875 mﬁlaﬁ{@/mﬁ@éy@@lém Pﬂ\Mz for
m), loaded to a solid-phase synthesis colum and

Sbimimdteas. ZBQsf ape3atcwns wahf trepesttiedliyn ge rifde me@si n
was washed with DCM and DMr. Fnoc group was renoved
Byingi 2y FOBPi pekd i retBNFed sol it i Bmog 2ymdyp f @F. Sl5umo1)
m nutes. After washing with DM, am no acids were
E%q%‘ae?l‘f‘?%ﬂﬁll@bn‘b%?%%‘bs? PHRQrafEde with the met hod
%1%\@ bel ow to extend a peptide chain. [0213]

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-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 3l-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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The anino acid having an ami.no group protected with
Froc group was di ssolved in N-nethyl pyrrolidone (NWP)
(1 m). After addition of 0.45 M HCTUHOBT/ NWP (0. 4
mml ), - 120 the resulting m xture was | oaded to a
sol i d- phase synthesis colum. Subsequently, 0.9 M
DI PEA/NVWP (0.8 mmol) was added to the solid-phase
sydetiesishcohammthe Af¢etnstasr tRGratighDPNsbERPET AhdIr €
for 20 mnutes, the resin was washed with DCM and
BMFE T &R da Fnbecqr beprarsturenbyed3byoussng The2(%sin was
i peridine/DMF solution (2 m) for 15 mnutes. This
gﬁ@?‘é? oRY waslFEpehtediyd pelre oF fREt1 0| Aglaki ami wos

i )
?8&5%&%?%‘?? “Gafb e Bt LoHRs 85} O etﬁ%dcmegy
g@ngga gg%urffo?%%g Hé%c é%!I}QBOC)%H;g%IDo UG2120
e £y, B, RS onicns 511z

waoer (0 BI(£3 Buf i ofroe: 0deUrrA s TYA{EBYY0s AN 8.0 ml/min;
Frmoc- Ser (tBu), Fnoc-Ser(tBu), Fnoc- Val,

FBoe- AEEQ BU) miimanser( g%)d L JHEC LB pERRG e
Phe, Fnoc-Thr(tBu), Fnoc- Frnoc-d u( G Bu) , pF%e-
ﬁh@lr%CZM%"\in)G%]e usefmlastihet@amhsm @gs ds

cted by Fnoc group to obtain a 31-residue
E@% g be of d y-

B e e I AT

RIS (YRUT  BTA (5 Ve (S ) S 18

Hi s E
o BV G B s s el R

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 um), ¢ 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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The obtained resin having a peptide forned thereon

was partly taken in a solid-phase synthesis col um.
Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
121 added such that the resin was thoroughly soaked
and stirred at roomtenperature for 3 hours. The
resin was renoved by filtration and the reaction

sol uth oPMes Phedifc ertiytdresd: surfgelrare dhace o herrasslma. tHThe
resultl resi due was purlfled by HPLC [ col um:

HEFadr (18 w19))  Poedycthsef Mg gt ladiwdihed

<'f ?@%%)go G enrlé%%ané’ oo 2 ?4?#: THbarne
pLadieptl 0,9 &%g%f&p YheL ehie Zséléﬁ%& g&%ﬁ%hfﬁ—

substituted by Br onbacet am d

u C
soeesieiconsi s peesoiyel Ggl o ol

abo¥® ruBoB) nand Wwer €t ity aeetpesl ind 1O MndIos phat €
buffer (pH 7.5, 830 pl) and allowed to react at 37C

dbssalnedrsn AIF ef2 cohpl et @adensunpthencolofmr,avend
materials were confirmed by HPLC, the reaction
ol T D2 WakO @l rlermt gL stub) @ cied 4dl<pmr$f| Gaki oeshy was
HPLC [ col um: SHI SEI DO UG-120/§C18 5 ,.C 4.6 x 250
Wy e%r PRI WY b}t i 9 andg GI*ItAt%aR%a“B P%ETEMRW
9% TFA/10% water/90% AN 8 0 m/mn;_35 -- 609

FEREN ot ghath ST 1% DbiGH PR fE solic-phase
g%ﬁggégggharlde chain added GLP-1 peptide wherein

Ala of GLP-1 is substituted by oligosaccharide
chai gy added Cys (25Cys GLP-1-disialo). [02171

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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Exanpl e 19 Synthesis of 27Cys-disialo oligosaccharide
chain added GLP-1 peptide - 122 A solid-phase
synt hesi s colum was charged with Am no-PEGA resin
(100 nol) (product of Merck), washed thoroughly with
di chl oronet hane (DCM) and DMF and the resin was

t horoughly swollen with DMF. 4-hydroxymnet hy[ -
é\fﬁéfhéﬂrEﬁé%x?buf?@mct%HD@réHWPB) £60.26 mimh)es TBIhE

0,25 I d . N-ethyl norpholine (0.25 mml) were
Gre5B) 088 1REDRE 1ot At 9CNI Badet o T%6 Boparroapaas
r 4 hours. The resin was

: f .
SELRLEd BE LoCH tyaeﬁf%%%eeahl o Gbiar omPe G ox
' iLch [ ase for so - S
SoResr e WL, g&%i?zae){l i
e T 1 Ty § 80} £ (o S B 90 mmol)

synsbegsést Lol IpTcaidesdd rdthdtac2_C for 3 hours.
After stirring, the resin was washed wth DCM and

OR#20Fnoc group was renoved by using 20%
pi peridine/DM= solution (2 m) for 15 minutes. After
was hi P Sii G Ly - DVimo c -Arign @b i, d $ maer-6 Ly q ewid-alylsy Boc) |
ondensed in accordance wth the nethod shown bel ow
TS Zht TPeptite TIRA TP (R29] Frne drigo BrdakIle,
YLD Z0 ALIG. AL A b dhecled T, Fibe group ves
ﬁﬂgjtfégklglﬁ%fg%)MIﬂ%ggjg§ij%%ééléﬁdvgggd), 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(be)—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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the resulting m xture was | oaded to a solid-phase
synthesis colum. Subsequently, 0.9 M DI PEA/NWP (0.8
nmol ) was added to the solid-phase synthesis col um.
123 After stirring at roomtenperature for 20
mnutes, the resin was washed with DCM and DWMF, and
Frmoc group was renmoved by using a 20% pi peridi ne/ DMF
seraenbrated miydeprraduasniupesssdhes dper atdsarl tiasy
repeatedly performed using an am no acid protected
Pt hIEROES §rowpl {028 o 5LC t bcebeent ST $iI RONHeNE20
0_aci ds [,0220] _ Fnoc- Gly Frmc Ar g( Pbf),
gﬂ) o i) Erbh 24 ys B, KRR : P ligiion: 0.1% TFA

F. Tr | L

e o WDCO’C@%’% B%Pf??lésmv&a E}’&w /e
Trts) (O Fnoc-

%grrg% % t'BU o "E ge tgu)adlf—enl{é §é>r(°lb§L?)l BYEEig8)

Fote 5% {1 BY) o f F@p@-lsefétﬁmstﬁ@@em L&

Froc- Phe,  Froc-Thr (tBu), Fnoc-Qdy, Fnoc-G u(QBu),

FP@Z2 Al a and Fnoc-His(Trt) were used as the anino

acids protected by Fnoc group to obtain a 31-residue

pepti&npmganQ@midyl disialo oligosaccharide (a) (a

bf)-d y-L B Val - Leu- Tr p(Boc) - Al a- | | e- Phe-
%‘?‘F*i 30 giwﬁaé Qgt;:%mwaaal @q]u(,TrItgdG ye3d u(g Bujd Ltdie

Val - Asp( Qt Bu) - Ser (t Bu) -
Pr#{ %ﬁ%‘(tBU %%rl(%%u)@&%@& 8A|nl£ H.vgezr(moijls(@cged

iftld\p piffbdh 200 Lephase fes e 10224, ) The, o owed

ai ned resi aV|ng a pep

Bt aheelt § Zotar %@2?3‘?%@%“63' o i5t e Conayniion
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 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—l—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-
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added such that the resin was thoroughly soaked and
stirred at roomtenperature for 3 hours. The resin was
renmoved by filtration and the reaction solution was -
124 concentrated under reduced pressure. The
resulting residue was purified by HPLC [col um:

SHI SEI DO UG 120 (C18 5 m, 0 20 x 250 nm gradient: A
sohgthonyprBenok TFut ynat exci® $BMBB) ond . D5 Ofto TFA 1086
water/90% AN 8.0 m/mn; 35 -* 6098, 20 min |inear

g adl? SARPLt 020Gt Bi At peprosehohhee ei . 27Gmobf @1 is

bstituted b , [0222] B tani dyl disial
P aoeatng | B (5 15 prones B brsualoren v
L khd) (34 d th tjde chai t hesi
P5ES0 10° o Ry REPEC T SCET BGE §roaoor oS RRte s
s d_al | gued, _t t
P e to et S o R o T s e

PaEef | alisi Merea okl ned st$f1&;p$§§er@@Pté§HﬁdI§Fase

solution was directly subjected to purification
sPh€heftol um: SHI SEI DO UG 120 (C18, 5 m, 4' 20 x 250
mm gradient: A solution: 0.1% TFA water, B sol ution:
0002% TFA/ 10% water/90% AN 8 mi/mn; 35 -* 6098, 20
mn linear gradient] to obtain 8.7 ng of
ol i gESRTHEN dE€ -Afaimmnoddde SN P - Jfepimicde  winer &n
27Ciu of GLP-1 is substituted by oligosaccharide
BREM R HBHRE R (278 TP1-'de 5 aflbysol Yo 23] ISMn? enl) ,

pnthesis_o .%8 s- disial o oligosaccharjde chain
S 1 s F S ot iimate Sheas corimhe s
ng{QQQ‘@‘ﬁ urs.

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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Am no- PEGA resin (100 pnol) (product of Merck), washed
t horoughly wi th dichl oronet hane (DCM and DMF and t he
resin was thoroughly swollen with DMF. 4-hydroxynet hyl
125 3-net hoxyphenoxybutyric acid (HWB) (0.25 mmol),
TBTU (0.25 nmol) and N-ethyl norpholine (0.25 mol)
were dissolved in DMV (2 m), |loaded to the col um,
HEdngsepr ﬁ@dnataﬁ@dnptehpetaduwethob’méchgnoSp The5 mmol)
resin was washed thoroughly with DVF and DCM t o

66t SPAVARPERE PEGACORESIAS ML BA dasdased as a solid
gagg for solid-phase synthesis. [0224] Fnoc-Ady

E mml), MBNT (0.50 mml) andN— rrethylirridazole

0.37 d . loaded to

g sol i ggp&i synﬁ?%le‘n‘:rlsg %ef ULl C%Jt%f T hCanLoYasz‘SBS"?r or
A ed_w t

amae”féﬁ/% H?}g% Bl e ?Eﬁs%éé%yfﬁécﬁ‘@%omc ac

Bm@@ﬂcgbmﬁéng ROt Lt 1 Qo€ Bu ) FhHOE- ﬂésﬂﬁQH}eSFméétﬁfa,

washing with DMF, am no aci ds were sequent i al

Eondehsed FmoaeGhn dBnce, Mhbb- @hy,npm@@d6§®QMQB@ﬁlOmmoc—
to extend a peptide chain. [0225] The am no acid

havi ngman- 'émn‘oBlgroulpnqmﬁent*eﬂuw t hmo &RDEr gE®WP, Wakoc -
di ssolved in N-nethyl pyrrolidone (NW) (1 m) After
¥adi t FBAcohsp(ABBM NWVFBY D, 4Fmet Thr (the) , Fmoc-

sul xture was | oaded to a solid-phase
B2t hher - ThF LS ettt + e Soht (9PN AEn gL

R AR R L e e R L
by Fmoc group to obtain a 3l-residue peptide of Gly-
Arg(be)—Gly—Lys(Boc)—Val—Leu—Trp(Boc)—Ala—Ile—Cys(Trt)—
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: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 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
;esidue 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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resin was washed with DCM and DMF, and Fnpc group was
renmoved by using a 20% pi peri di ne/ DM solution (2 m)
for 15 minutes. This operation was repeatedly
performed - 126 wusing an amno acid protected with
Fnoc group (0.5 mml) to sequentially condense am no
acids. [0226] Fnoc-dy, Fnoc-Arg(Pbf), Fnoc-Qy,
Bipe> L§SFBoc)() mEnDLinGd s Jrderdet] F50sods P tide
Froc- Ala, Fnoc-1le, Fnoc-Cys(Trt), Fnoc-A u( u),
I‘—’ggt’fglﬂ?s?%é?, ofnBePAlals BhbetAtutefnbg- Gya(Trt),

E -dy, Fnoc-d u(QBu), Fnoc- Leu, Fnoc-Tyr(tBu),
&r@gg?ger(tBu), Frnoc- Ser (tBu), Fnoc- Val,

e BB e ) Ll RS a g eha B8 (Fhota Al

pRdafRBERCoH 86 dhk) @ﬁéﬁiHﬁ?dcgs theya 21300 @daé and the

protected by Frnoc group to obfarn a i g

eptide 8haGhYsynthesized ab 0.2 i d
» S( Pbf ) -G y- Lys( Boc) - val - Leu Fr pt Boz) "l a"FTe- §aiatye

yn 100 mM phosphate buffer (pH 7.5, 1.2 ml) and ?llowed
A u(O Bu) -Lys(Boc) - Al a- Al a- n(TrtS-GI y-3 u(Q Bu) - Leu-
Tgr fe8o) - Ser §T1RU)ESerq trsVal ahsperO:Bmb18ek( E@H)stu%%tion
Thr (tBu) - Phe-Thr(tBu)-G@y-@ u(QBu)-Ala-Hi s(Trt) (_ Q
PH IR BT e BhahS serTe- prrasErmed|ny fﬁﬂ%@i]hthérhﬁeactlon
obtajned resin, having a peptide formed thereon was
B%i‘ﬁﬁvo?a‘t%aeﬁ Ahrecishy | tlpHecEed vir Heer 5f ted tuhon by HPLC

Ifl ' cld: ter: TIPS (= 95: 2.5: 2.5) was
R A SR T thobtigil 7 Gonked amd

| ta room ratid r ours. e_resi ,
Ty D T e G THe el orf et v b T
coneent rad ek MieTa eguperh AL eSSUTS: (e regulting,
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-1l-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 pmol) (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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residue was purified by HPLC [col um: SHI SEI DO UG 120
(C18 5 m, 4i 20 x 250 mm gradient: A solution: 0.1%
TFA water, B solution: 0.09% TFA/ 10% wat er/ 90% AN 8. 0
mM/mn; - 127 35 -- 6098, 20 mn linear gradient] to
obtain pepti de wherein 28Phe of GP-1 is substituted

by Cy E0228 Br onbacet am dyl disialo
UB§§@§a§ ﬁappdélyaylph DHFodudt DGF OF StKAa CheHAMBRIPEGA
Co., Ltd,) and the _peptide chain

§§ﬁﬂﬁesWEé8haUB§eu€§9 2sng) Saete BRasel fed sphidophame

gho% hate buffer (pH 7.5, 1.2 m) and allowed to

ga ®8t°37C for 4 hours. After conpl ete consunpti on
naterlals were confirmed by HPLC, the reaction

soFution was directly subjected to purification by

HPLC Fr[lg@l@ﬂ[ﬂ @%@M%ﬁé@r({ﬁﬁo@mﬁ@l Ak NG 250

gradi en A sol ution: 0.1% TFA wat er §isolut|on

ﬁe@ﬁ?@lﬁféék@Qem@beBﬁQoﬁﬁgﬂ 8w8ténﬁﬂss§§ve3 60%Bem 202 ml),
mn l[inear gradient] to obtaln 10. 3 ng of

obadedatchar sdéidhphaseaddetdh&sPs 1cpepih dendhet e Fed at
28Phe of G.P-1 is substituted by oligosaccharide

ehaC nfaddechdysss (28Cys GLP-1-disialo). [0229] Exanple
21 Synthesis of 30Cys-disialo oligosaccharide chain
added ¥ 15 ppt i ARDI TR Phasts syariirivst tdolRfith anss

@Q MAth Ami no- PEGA resin Qﬁ?O pnnh) (product of
?ck) TR sHeYP t'or oEFd‘ILﬂ‘S? R Gratingid {ipeyPME

i S h i
éHNEg)a&ngs QFQ'EquEﬂlﬁally 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]

- 129 -



(0.25 mol ) and N-ethyl norpholine (0.25 nmol) were
di ssolved in DM (2 m), loaded to the colum, and
stirred at roomtenperature for 4 hours. The resin was
- 128 washed thoroughly with DM and DCM to obtain
HVWPB- PEGA resin, which was used as a solid phase for
sol i d- phase synt hesis. [0230] Fnoc-Ady (0.50 mol),
VBNT ErR &5 Fivo | Bmcegrdh 0d- ( Bgt)hy | B aezlot e Knth 325 s g) |,
solved in DCM (2 mM), |oaded to a solid- phase
‘ﬁ‘fhg‘ﬁs E%?%nﬁe‘éndﬂ%‘?? 7180 (BpC) p5eneeTCBs Hbut s, Fmoc-

er stl r}!; gt e yas V\%ggﬁg %%OCDC’M Earggc—Ala,
Eﬁ%@r;\gﬁe? %Up ’\‘)\E‘fﬁf‘i&%ﬂ E1y()’ forgL pu{ es. After
washi ng W W AnT o an&?%ls et eF[%%ﬂ&nLi Gty - Fmoc-
congenaed-ti: A0/ It 301 NAle, TRIdotahan, b8l A

to extend a peptlde ain e anin

V] NEmed- 29 (Ot BIE O Prris L St @@BW ! ey 54D, .0 oo -
di s}sgl??/ed ][air?l\l-rret hyl pyrrol i done (NWP) (1 nﬁ%{ﬂ ATt T

Rudi tFmopc-of hoO( 2i5u )M HEId4-H0RTY NMndg &- Gyt Bu) th:qnoc_Ala
resulting mxture was | oaded to a solid- phase
Fyht Heat sied( T, Butsserpeshtd s/, ti0s Gl REA/NVR {dk d-ted
was added to the solid-phase synthesis col um.
%‘?‘O%t‘ilf?%gt%totfwrﬁ teerleT2g Trdud aretOdeE muft é5ly+t he
DI\/F and Fnoc group was

%ved By T 2o et e o s%ftTdrlcm 2 iBe-
%Jg{ %‘%%%e{jn nogC ;nt}{l}m%ﬂgrac prp*@t ec’rc]ﬁpés : 3{ali“rfDCLeu_
IUﬁ%HBd(lé%fWH%Q -Ser (tBu)-Val- Asp(OtBu)—Ser(tBu)—
Thr(tBu)—Phe—Thr(tBu)—Gly—Glu(OtBu)—Ala—His(Trt) (SEQ ID
NO:50) on a solid-phase resin.

[0233]

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 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 peptide
wherein 30Ala of GLP-1 is substituted by Cys.

[0234]
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to sequentially condense am no acids. [0232] - 129
Froc-Ady, Fnoc-Arg(Pbf), Fnoc-dy, Fnoc-Lys(Boo),
Frnoc-Val , Fnoc-Leu, Fnoc-Trp(Boc), Fnoc-Cys(Trt),

Fnoc- 1le, Fnoc-Phe, Fnoc-d u(QBu), Fnoc-Lys(Boo),
Fnoc- Ala, Fnoc-Ala, Fnoc-@n(Trt), Fnoc-Qyvy,

Froc-d u(QxBu), Fnoc- Leu, Fnoc-Tyr(tBu),

Froc-BeerniedBry farBmhcl- SErgtdBu) ,olFpesaddlaride (a) (a
Frnoc- Asp( G Bu Froc- Ser (tBu), Fnoc-Thr(tBu), Fnoc-
Pﬁ@duFﬁoefTﬁ?%%ﬁ)Ch%@aG §o- Frbtdd u(a B&)mgFrmr@d At lme

and H s were used as the am no acids

BFBES ?eaha’b§} ﬁﬁ%\ih‘ﬁ?bﬁﬁdt%b%}fﬁai(ﬁ 5 B9l reereudlssolved
%rgg{tggfsrﬁ dFy° s?%%o}j’g%?gLéﬂle?p%Bo%)-Cﬂjs(ﬁ?‘ﬁl-fl”r]e@%d
BP LFRRBl) 2Ey2{ Bodi 2 L TR S nPFFES- EPPP&RhECrBTF TR on

w 1 ( ( 10rn
Bk Enaree (L) té;% (%&5% e ) PR e e

EBLuNO>AOYasndarsot 1 ¢- @@@§@ct@@lﬂo p@238] catdheén by HPLC
obtai ned resin having a peptide formed thereon was

pacliynt akRDSEND@ $©+12e phase, synjihesie oLUME0 mm,

Trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
gqaddesbehAt hatuthent e@i h WBEA t Wt oughB ys sbatkieeh andl. 09%
stirred at roomtenperature for 3 hours. The resin was

FERDYRH Byter(?9ati®nd ahdnt Heineat? i on 696BUL i26n mias

trate d uced ssure resul ting
;ggg Beag%sl%rﬁnff?%do 2 HbL FCIB(F (h:© gﬁ@é%ﬁ%ﬁ%o

Fate afhed BP0LT RN RS BN IR St b g0 A s, 0

5hﬁ?tgtut§§ by @Préasgch&Pléén@@élﬁféﬁﬁéﬁﬂdyé0 §6E§%'1
gfg ; -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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wherein 30Ala of GLP-1 is substituted by Cys. [0234]
130 Bronoacetam dyl disialo oligosaccharide (a) (a
product of OISUKA Chemical Co., Ltd.) (21.3 ng) and
the peptide chain synthesized above (7.1 ng) were
di ssolved in 100 nM phosphate buffer (pH 7.5, 0.7 m)
and allowed to react at 37C for 4 hours. After
Eofphet ehconsuapt iond @f @ avohbd ephabs fer esEDN+pHERke
by HPLC, the reaction solution was directly subjected
B8 plFFtPecati on by HPLC [col um: SHI SEI DO UG 120

§ 5m, 4 20 x 250 mm gradient: A solution: 0.1%
%‘E% Qi er, B solution: 0.09% TFA/ 10% wat eri 90% Algl 8.0
m/mp, 35.-f 609 20 mn_]jnear gradient] to obtain
6.6 rr%}n Ooq‘_SGo i g@s’a/é’gjcﬁrgﬁlg]e i n<_aoad5 e S 1P- Prsepti de
Hoenel s &1 OF .f75l>ax{girg%ld§£es§%g%}c§%o?¥ed in DCM (2 ml),

ol i gosacchari de chain S

GRddqdisi Al 1140230 Mﬁg%@%ﬁgggﬁ{%—%ﬁrred at

32Cys-disial o oligosaccharide chain
pe it A $Qlurd-.phase synt hesis col unm was charged

with Am no-PEGA resin (100 nol) (product of Merck),
was heef terhergughing  witile diectiinomanethaned RCYh ot BME
and the resin was thoroughly swollen w th DV .
Wy dri@eFmsrepe- wasmeerexeshenoxgboty 206 adice ri HVRBY DMF
0, 25, m’m{ ,_ ITBTU (0.25 mmol ) and N-ethyl norpholine
%%@‘é%l%o Telr ef Ol S gMveE s DRELEZ miRshingawédht BMF,
e Cco and stirred at. roomtenperature for 4

%@h?é_éﬁiggr%§5?1%wﬁ?e“tlgily conéegg%d 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
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-

- 132 -



washed thoroughly with DVF and DCM to obtai n HVPB- PEGA
- 131 resin, which was used as a solid phase for

sol i d-phase synthesis. [0236] Fnmoc-dy (0.50 mmol),
MBNT (0.50 nmol) and N- net hylim dazole (0.375 mmol)
were dissolved in DCM (2 m ), |loaded to a solid-phase
synthesis colum and stirred at 25C for 3 hours.

1\¥Q erfre¢TRheg, Fnpe-Gbgi Ot Bws, WeshedLws t Bo®CM Bmok-Ala,
DMF. Fnoc group was renoved by using 20%

Prperith nef MRV G50 T Flon (0%t §1Y or Flecnf hut @eBu)af tRvoc-

. . .  d tiall
LT teHtel ¥ Hotbr uaimes- St [okher nEvhacShbe >_¥,§| ppC-
. ' in. 7] The am.no, aci
BT TR AL ool AL T 00 e
. . P 1 ter
I A LS TR R e

A0S Uhhd OOH 18 XE A £ WMBSe | @aded: 4 o e Sohigs pé@f’c?sl\/s)rotected
synt hesi s col um. Subsequently, 0.9 M DI PEA/ NWP (0.8

Inyrofo wegr addeb t abtdien s013 d-Hastus Y hesis «olanp

After stirring at roomtenperature for 20 m nutes, the

s [ 7P Werss WersThies! (B ¢ hr DOM G TDVE), —Tarysl ( Beowo)c- Afir-oUll eneizh e~
renpoved by using a 20% pi peridi ne/ DMF solution (2 m)

Fot (OFB i It EBOC ITH k2 4ot mils- G eye@hedypu) ~Leu-
er[| med, using an am no acid;frotected w th Fnoc

BroUP G Semiior) -1 Sotulenta a1 5P SRS S iR At -

'@*Pf gtc'Eiu )[—()%?eSJThrF[TPgd ey TR YA 463 (sEo 1D
noc-Lys(Boc),

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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Frnoc-Val , Fnoc-Cys(Trt), Fnoc-Trp(Boc), Fnoc-Al a, Fnoc
- 132 Ile, Fnoc-Phe, Fnoc-d u(Q:tBu), Fnoc-Lys(Boc),
Fmoc-Ala, Fnoc-Ala, Fnoc-A@n(Trt), Fnoc-Qdy,

Frmoc-d u( Gt Bu), Fnoc- Leu, Fnoc-Tyr(tBu),

Frnoc- Ser (tBu), Fnoc-Ser(tBu), Fnoc- Val,

Froc- Asp(QtBu), Fnoc-Ser(tBu), Fnoc-Thr(tBu), Fnoc-
PRRtifapehThn (s BuYhe Fhped GRYOvEMOE- CngOBeye Eipso ivad
and_Fnoc-Hi s(Trt) were used as the am no acids

pPot BBt BY PB9SFH%E9 gPotipet o (BBt &t b a6@4-1bkia@ allowed

epti de of
ng{%F @ty3{fs(fét¥c)4 VRULS s ( PECRF TEBTBS € € ALQNEIEP PR ON

%fuf&w BF AR BB CYSAT SR AL RO TRY ) BRE G R TG LR
%Muﬂ@@wé&&iﬁ&‘iy'%jé!’:@é@i eYaba AP L BY py8pLc

TBM&:%H) )Eﬁ?siﬁbét@yllé%yxﬁy QG B, Ozcgzg"é(xﬂzfs)o (mEQ

on a soli1d-phase resin.
gbadnead ressolhavomg @. p%pTFEewéﬂéﬂEdBt&@&@@ﬁon%ﬁ@ 09%
partly taken in a solid-phase synthesis col um.
TFAfLO®reacetygoaciu: O watel /mTh PS3§ =9%0%8,5:2 R rfi)n Was
added such that the resin was thoroughly soaked and
LipPREAIEEIHBDR t EAPRPER LR €3 BrMB PDUPLLITIRCPRAT Himas

d f t dth t | ut
EERLEnt P9E S URTDrPPRGRB B EeChr S2LThST B8 TH nge

r by HPLC
FeEeLERres By Ml@g%an‘%ﬁ‘a@%%d. LR e
&fﬁ\-l“@l@ial@ sol ution: 0.09% TFA/ 10% wat er/ 90% AN 8.0
/Imn;, 35 -* 6098, 20 min linear gradient] to obtain
pepuple wherein 32Leu of GP-1 is substituted by Cys.
[ 0240] Bronpacetam dyl disialo oligosaccharide (a) (a
Example 23

Synthesis of 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) (Q.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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product of OISUKA Chem cal Co., Ltd.) (20 ng) and the
- 133 peptide chain synthesized above (5.6 ng) were
di ssolved in 100 nM phosphate buffer (pH 7.5, 600 pi)
and allowed to react at 37C for 4 hours. After

conpl ete consunption of raw materials were confirned
by HPLC, the reaction solution was directly subjected
to pUMids Gt o 5P Amad) [ dBINIM:0 .S SECDO BB 20

4) 4 radi ent: A solution:
’éc‘i 11‘%&"3\/\%%0]2 B?sﬁ %t% ow?g)?é%dwh‘mﬂ Wit eWI@]oo/% ml),
/ by 6098, 20 nln |inear gradient] to
f%%g?% %gféngb é%ﬁ)lé%%d%%$éh %%Hﬁﬂléﬁﬁ%dZ?%ff%g at
[ el 32Leu of GLP-1 is substitute y
%??%égghgﬂgr.ég ‘chai n added Cys (32Cys

ALP- Ixfied @ltQ)rri@24%he EK%qu%a%3H§¥ﬂ§§ g‘é&o% M and

34Cys-di sial o oligosaccharide chai

Pept | dmod gabug- mbaseeﬁmnbﬂe@wsu@@hgnno%ﬁ§1?€§&aﬁﬁe/DMF
with Am no-PEGA resin (100 nol) (product of Merck
SRR t Hormdughiar viit midiwte or odgtkanea6RCNY aﬁl(ﬂhDNHF
and the resin was thoroughly swollen with DW.

WARArHAHRRAS SRIHATHG: rxydamsad ¢ racictodddRBe
0.,25 nmol %_ 0.25 mml ) and N-et hyl nmor phol i ne
‘§ t%tW% *Wéfes s LAY G PN anfPep Hisked et atien -

heggolum, and stirred at roomtenperature for 4
Eours The resin was washed thoroughly with DNF and

DCM ¢, c0htahp EMPR- ngA rgilgmlﬁh Qo&%sp%g c%édawith
solid phase for soli ha syn hedi
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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[0242] - 134 Fnoc-Ady (0.50 mmol), MSNT (0.50 mmol)
and N- nethylimdazole (0.375 nmml) were dissolved in
DCM (2 m), loaded to a solid-phase synthesis colum
and stirred at 25C for 3 hours. After stirring, the
resin was washed with DCM and DM-. Fnpc group was
removed by using 20% pi peridine/DM- solution (2 m)
FoecibspiQuies. AieefSevastBulg, Windc-DNEy (tBWi Normasd e,
were sequentially condensed in accordance with the
et fioth Shotil belRE 1@ ext Bl 26 be bt Ble) c?@mc:p—dAl[a_O%ﬁ&]

he am np acid having an am no group protected W
éﬁ%%‘ %%%swﬁ%s%ffg%oaff - st HYe H?fuﬁ |T ?@N:theq(trgmz)by

. After addition of 0.45 M Ut .

e ot STt ol kir e i TG (o &7~

| Bk= ' . ,_0.9. M
A R Ly S G R B Idf’ep%ggete—

desi Ry at.ur e
B A T I e i (RS

DM £ Bnic- et BT oL MEsBu - Py (i NG A 30 -

pi peridine/ DM solution (2 m) for 15 minutes. This
Dpef i JorPhwasT ireeat led} y 48and @ymd - Alsi 1 T @)l NGEQ ID
acid protected with Fnoc group (0.5 mmol) to
N@Rrentemald B tlotenssaniatdraci ds. [ 0244]  Froc-Qy,

TAr g(Pbf), Fnmoc-dvy, Fnoc-Cys(Trt), Fnoc-Val,
@2‘@5- Leu, Fnoc-Trp(Boc), Fnoc-Ala, Fnoc-Ile,

F -G u(QBu), Froc- Lys(Boc), Fmoc-Al a,
Froe oA, R ARGE AGRC L ' VE e 2Pgb LRdgs FEF UGSt B Feon

PG48y 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: O.l% 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.

[02406]

Bromoacetamidyl disialo oligosaccharide (a) (a
product of OTSUKA Chemical Co., Ltd.) (33 mg) and the
peptide chain synthesized above (10.0 mg) were dissolved
ir 100 mM phosphate buffer (§H 7.5, 1 ml) and allowed to

react at 37°C for 4 hours. After complete consumption of



Frmoc- Tyr (tBu), Fnoc-Ser(tBu), Fnoc-Ser(tBu), Fnoc-Val,
135 Fnoc-Asp(OQBu), Fnoc-Ser(tBu), Fnoc-Thr(tBu),
Frmoc- Phe, Fnoc-Thr(tBu), Fnoc-dy, Fnoc-d u(Q Bu),
Fnoc-Ala and Fnoc-H s(Trt) were used as the am no
acids protected by Fnoc group to obtain a 31-residue
peptide of dy-
Aﬁg( PbEprGhysCystdr tpnVatmeéaubTr pPBOc) t Ak aréhet Phe-

(O Bu)-Lys(Boo)-Ala-Ala-@n(Trt)-Ay-G3 u(Q Bu)-Leu-
?QFHF#BB)WaSeﬂl(FBE}Y SepieERaY twaPupspi¢EEBoy LBeHPLC

%ﬁP%PBﬂf ﬁﬁésﬁﬁP@t%ﬁgl%ﬁyi@i&(cﬁsuwlégﬁsxws§j2&9 WSEQ
\ 2 I In e 3
e b5 ) Rk ashhG B EECT Fach Popheat her Epfomad - 058

t a | Ld=phase. synt hesj
$ Fﬁorgggg {goac‘?g éW%t ejr?l§ BE 56&%’5% T was
@ﬂﬁ@QrSQQBdREﬁE]tﬁg 5s§apnM@$9tﬁgrngsiygégéksﬁaﬁfée
stirred at roomtenperature for hours. "The resin was

ceanveddbydf GLPrat pept adel where €ACS L DPs SOF utl. PN Was
concentrat ed under reduced pressure. The resulting
pebpdutunas pur piiegdsdycidPt3i¢ cohaim: aGik SEL PO (EXARE
&518 5m, 20 x 250 mm gradient: A solution: 0.1% TFA
Patrdpsislation: 0.09% TFA/ 10% wat er / 90% AN 8. 0

35 -> 60, 20 min linear gradient] to obtain
E‘hﬁgbge wherein 34Lys of GLP-1 is substituted by Cys.
E%ég rormacet am dyl di si al o oligosaccharide (a) (a

OTSUKA Chem cal Co., Ltd ) (33 ng) and the

o A s 1 BT
andeal bored beptide

A solid-phase synthesis column was charged with
Amino—PEGA resin (100 pmol) (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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react at 37C for 4 hours. After conplete consunption

of - 136 raw materials were confirnmed by HPLC, the

reaction solution was directly subjected to

purification by HPLC [colum: SH SEIDO UG 120 (C18, 5

gm, ~ 20 x 250 nm gradient: A solution: 0.1% TFA

water, B solution: 0.09% TFA/loo water/90%AN 8.0

HP2AeR; t352 - 30 BDIRh 2% s ynthémearcghanh entd ¢ 0i pbidi 4t

7.9 of oligosaccharide chain added GLP-| peptide

%"é?r;’%vr MINPYITSf- GLP-1 is  substituted by

ol i ggsacchar.i.de .chain added Cys (34Cys .

apg%tﬁi‘%ﬁ &0y T TG4 Ahe B%ﬁf-% é“a(f4 wa\Fhtee 41 i hpfDCM and

s-m@asial i accharide.chain addgd GLP-1

B T %%Zssgfeé“?’mmdgéﬁyf )%ﬁ%%%&fﬁﬁg&é%e/DMF
| i A - i jg]%)ti r Q I, ,

gv\\b/ajéﬂ%h&mt 2grlﬁgh C%/levs\H]hI£ iC %?é)'r or%ef?ﬁgng'%(sﬁél%g z‘fﬁ%thwF’

afthé heci d e Shdr avase dlai Oughl y swld e h PV rqance

4- hydr oxymet hyl - 3- net hoxyphenoxybutyric acid (HI\/PBS

W OLI25c merohg thAB oW . 128 swod g ek ef pdpmrph e, .
0.25 nmol) were dissolved in DM (2 m), |oaded to

§(P1%4%bl um, and stirred at roomtenperature for 4
hours. The resin was washed thoroughly with DVF and
DCM tI& S0 Bfdin® AMPE- PEGANSr @8 rMinkei gifowes busée casdawith

ase for solid-phase _synthesis. [0248]

]%}?él%fj%p?hugz Jan %ﬁﬁ%l,v NEL (Ib—_nﬁj:}m]]mgrréﬂdi_%ne (NMP) (1
n'{'rfﬁ hylispdazalg (9;37% ) Wele di S0l ysd (. 4DC'm\r/|no(12) ,
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.

[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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- 137 |l oaded to a solid-phase synthesis colum and

stirred at 25C for 3 hours. After stirring, the resin

was washed with DCM and DMF. Fnoc group was renpved

by using 20% pi peridine/ DM solution (2 m) for 15

m nutes. After washing with DM, am no acids were

sequentially condensed in accordance wth the nethod

§ﬁgmﬁm9@r8%ﬁtﬁr@ktEﬁdeaupe@thdeth@aémino[gaﬂﬁé gh8tected
mpo acid having an am no_group protected with Fnoc

gi’ouﬁoﬁagra?%s%? VeRIt & A0 N2 ndt hye piduel pefpned¢ NMP) G-

g‘%é ﬁf}%[ ddition of 0.45 M HCTUHOBT/ NMP (0.4 mmol ),
(F esﬁl ?f}ﬁgii‘r? z}?’?ﬁ: e Was~FoadhbeP (Br@) it a ol birakkee -
[ : 0.9 MDIPEA/NWP (0.8
e - L P |, A BT b st e e -
t T r t 0. mnutes, t
BiLen, 1 t) g al S0P emateLure [ 20 i, o
TenoyBd) byhdisi g ©8:20% Dj Rl thsl )RR S0l ut Qlol{}c {2489 1p

for 15 mnutes. This operation was repeate
Perddr ned a usé nigd-aphage neesii d protected with Froc

roup (0.5 mMmmol) to sequentially condense am no
g‘%?%l ] [0250] Fnoc-Ady, Fnoc-Arg(Pbf), Froc-Qdy,
Fnoc-|Lys(Boc), Fnoc-Val, Fnoc-Leu, Fnoc-Trp(Boc),
Frnoc-TA%a OPERdaer eesipnbeving, aFpeot@de( GoBmed thereon
Frmoc- Lys(Baoc), Fnmoc-Al a, Fnoc- Ala, Fnoc-d n(Trt),
%ﬁﬁxﬁ?ﬁg%ﬁTQ%ﬁeqqﬁﬂr%aﬁRkEQﬁBQaﬂﬁnﬁynqhaﬁis column.

Fnoc- Ser (tBu), Fnoc-

T t ., Enoc: S t Bu),
f/gj}jfﬂgn%%%%s%(ca%ﬁgd: I%{ﬁ(atce-rg)e AtBu) (= Bige 2Fhri( 2Bd), was

iggﬁé/j%?h HHRC-cHY (LRW), JQEMEH§£%Ugﬁq%pEga%gE}%%%’
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 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 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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- 138 and Fnoc-Hi s(Trt) were used as the am no acids
protected by Fnobc group to obtain a 31-residue
peptide of dy-

Arg(Pbf)-dy-Lys(Boc)-Val -Leu-Trp(Boc)-Al a-11e-Phe-

G u(OBu)-Lys(Boc)-Ala-Ala-An(Trt)-Cys(Trt)-d u(Q Bu)

Leu- Tyr (t Bu) - Ser(tBu-) Ser (tBu) - Val - Asp(Q Bu) - Ser (t Bu) -
Thr (t Bu) - Phe- Thr (t Bt)iQd Glu( By)-Ala-H s(Trt) (SEQ
ID NO53) on a sofodvpRaffOresin. [0251] The

obt ai ned resin having @kgg oh.' or med t hereon was
partly taken in a soli d-phm syuRhesi s col um.
Trifluoroacetic acid: water:HOIPS ( H®5: 2.5, 2. 5)g\e
added such that the resin was t o gl al Y, '__: ‘-,‘
stirred at roomtenperature Hr 3 OryTm Ho e 1188
renoved by filtration and t HO€Zti on sol ut ld)dmvva&
concentrated under re duced pré& & ure. The resulting
resi due was pur|f|l_g AUONT e Umm:  SHI SEI DO UG- 120
(C18 5 m, 4 20 x o‘,-- " d @l A solution: 0.1%
TFA water, B sol utf®n: ®i09% TFA 10% wat er/ 90% AN 8. 0
mM/mn; 35 -+ 6098, 20 mn |linear gradient] to obtain
peptide wherein 22dy'of G.P-1 is substituted by Cys.
Brom() Set am dyl di gal actose oligosaccharide (c) (a
produ€t’ of OTSUKA Chemical Co., Ltd.) (15 nmg) [Fornul a
77 - 139 H HHHAC HHH

and the peptide chain synthesized above (3.4 mg) were

Br

nm Zw

dissolved in 100 mM phosphate buffer (pH 7.5, 340 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 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-l-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 upmol) (product of Merck), washed
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HHHF HH H HHHB HHAc NHAc HH HHHAC H
H (c) and the peptide chain synthesized above (3.4

ng) were dissolved in 100 nmM phosphate buffer (pH

7.5, 340 pl) and allowed to react at 37C for 4 hours.
After conplete consunption of raw materials were
confirmed by HPLC, the reaction solution was directly
shipreegkdy twl purdi¢lthorome t bynklPLOCME obiemDM BHE SE& Dex
UG 120 (C18, 5 nm, ~ 4.6 x 250 mm grad| ent: A

EBF LR | BAS 'thn/@qcﬁAlea%"é@ll%nsUIlle BME. Ol 0984 riPdathyl-

0% AN 0.7 ml/ mn; -+60%3 20 mn |inear
R ARy PRSP ORI H/DLS HeL67 (BIPBosABoRarTel | aHERRY

1
ubs%i 'met)%a’ %y&)g}l d%%k\é\g ré%%[?mil%a?h %S%OQSW%Q?l-yS
REs bl oy 00y, SRILE 28, ST 58 o

s-astalo oli gosacc al n

Qf_epit@l@ e SPbdl- @&%@*ﬁﬁ@e§b§ g0l yiyps Wasychar ﬁgs%qk was
with Am no-PEGA resin (100 pnol) (product of

washed thodd®lghly with DMF and DCM to obtain HMPB-PEGA
resin, which was used as a solid phase for solid-phase
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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t horoughly w th dichl oronet hane (DCM) and DWVF and the

resin was thoroughly swollen wth DMW.

4- hydr oxymet hyl - 3-met hoxyphenoxybutyric acid (HVPB)

(0.25 mmol ), TBTU (0.25 mml) and N- et hyl norpholine

(0.25 mol) were dissolved in DMF (2 m), |loaded to

the colum, and stirred at roomtenperature for 4

henpved The wesia #a30% washedi dhos 60| ol t toDVR and) for

DCM to obtain HVPB-PEGA resin, which was used as a

§ol PENphase fIGH sElfegaiase vasy napesited 0 253jformed

Fnoc-d %8,50 nmol ), MSNT (0.50 nmol) and N

HaLRG | 7 RSP 62 6F S75° HRSH 5 it 61 TS| SR nl DAMTIEoL)

g{])s Ioa?ed %o a sgl | d-phase synthesis colum and

STi FTEACAr e o5E FHIP RPN "N et Stirring, the resin
ssywashed with DCM and DMF. Fnoc group was renoved

Eg usi ng 20% pi peri dine/ DM solution (2 m) for 15

m NutiEoc-AfErN MRNIAIG WK Do c-1T10 FGIAS, MEE )

sequential |y condensed in accordance” 'with the method

BhownV &k} oFmdo-Bxt £NEmecPERD | Blec charmsc -4 025%4mdder 1 e,
am no acid having an am no group protected with Fnoc
frnoopPivas BhssobietotkuN- nEtdyt @ys (Tt }dorenddNVP)a ( IFmoc-
m). After addition of 0.45 M HCTUHOBT/ NWP (0.4 mol),
Bhe/ r EBACtFhy (T ikt ur Eneestl padatb e 6 i € Bu- phirsec-Leu,

nt hesi s col umm. Subsequently, 0.9 M DI PEA/ NWP (0. 8
ﬁ‘ﬁ%ﬁTwaét%%edF%Cﬁ%r S - FS§Mt R s amtRl,

BT SR L TR Pl TRE B B TR = o Pt r s VR
Fm&élThr(tBu), Fmoc-Gly, Fmoc-Glu(OtBu), Fmoc-2Ala
andFmoc-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)-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: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 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

- 142 -



renmoved by using a 20% pi peridine/ DMF solution (2 m)

for 15 mnutes. This operation was repeatedly

performed using an am no acid protected wth Fnoc

group (0.5 nmml) to sequentially condense am no

acids. [0255] Fnoc-Gy, Fnoc-Arg(Pbf), Frnoc-Qdy,
Frmc-Lys(Boc , Fnoc-Val, Fnoc-Leu, Fnoc-Trp(Boc),

b8 - Al km) Fndc2@ >, 25 Froe- Rhegdimoc:- @ {cBi)gn: 0.1% TFA

- - - Ala, Froc-d n(Trt
Ea"%%rgé Tehitient e by, TROLO Lot oRAgRE TN (§ Bl /min,
ggc %‘L“BQB Fnoc- Ser(rz? , anDCc\*/fltf’lnro(}:ttBU)n beptide
EHQEeEHezsL Fgmgf '@H& {3 T) )§@§tﬁyte§ng§ %g(a Bu) ,

ahdFhoc wer € used as am no
@9293 prot ect ed by Fnoc group to obtain a 31-residue
pept i de of dy-
Ar g( Phfomdd e dasi(BaC )a Ml rdaiesE (1B s @rdd eiPhen)  (a
GQu(OBu)-Cys(Trt)-Ala-Ala-An(Trt)-dy-G3 u(QBu) - Leu-
PyoduBu) o SePT B - Seerfit Bu) -Mal - Astpd O Bu) 3 Seq [ t Bud -the
Thr (tBu)-Phe-Thr(tBu)-Ay-Qu(OBu)-Ala-H s(Trt) (SEQ
PEPTNEE 532 bh ayRbhe sl phdsEdeesi M3 § 0rG6] weThedissolved
obtajned resin having a peptide fornmed thereon was
b’ar?PQ/ T%k%o?ﬂh%t%oq’?%f%aé@l synt hed?Q 1eb) umed allowed
Trifluoroace id: water: TIPS (= 95: 2.5: 2.5) was
h3dEFPSucht Hgﬁjétc rediP imas MB?6u6ﬁ¥“§71§68k66n5Hﬁpt10n

h
5@55‘93“%%??@&&?@@5% F08 3 hMé Tg g%gég%ms

renove tration and e re thI’] so

s60GENLH akes ANLeL 1 eduGe PF &S SUS epuJP@lé%%rﬁLg HPJLC
resi due was purified by HPLC [col urm: SHI SEI DO 1
{cd#dmn: SHISEIDO UG-120 (C18, 5 pm), ¢ 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 pumol) (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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(C18 5 m, 4) 20 x 250 mm gradient: A solution: 0.1%
TFA water, B solution: 0.09% TFA/ 10% wat er/ 90% AN 8.0
mM/mn; 35 - 6098, 20 min linear gradient] to obtain
peptide wherein 26Lys of GLP-1 is substituted by Cys.
[ 0257] Bronpacet am dyl di gal actose ol i gosacchari de (c)
ia roduct of OTSUKA Chem cal Co., Ltd.) (13 ng) and
he2> pepel dearhai nesynihespizetindove. 23. Muol) were
i ssolved . in_ 100. rrM hos hate buffer (pH 7.5, 400 pl)
h%ls%]rV%‘?NeJdn ’?%Fré%\d’ﬁ gci{d?‘é)rtq Herir ol fn erand .
consunption raw_materials were confirne
sk %O?@%%m%%a%ww%ﬁ R0 eclly siyiéctes

“%%51‘3‘9‘5' A5 R Dt g B i S%D%brr“fﬁb%%% PEGA

Oc 56 TR 98 B, 504U o0, 09%, TEN 1090 908
O7rr1/mn 35 6098 ey gt adi

@pﬁ@m@sﬂsp ng of oli gosaccharl de chain _added GP-1
peptide wherein 26Lys of GLP-1 is substituted by
O0Zgokaccharide chain added Cys (26Cys GLP-1-asialo).
[0258] Exanple 26 Synthesis of 30Cys-asialo
ol i gogeecidn déd -Aaimmoladd&$SNEROL Sfeptricde And N-
sol [ d phase nt hesi s colum was charged wth
%ﬁ,’% (Y100 prp) m@mmsmlwm DGMastHednl) ,

I y W th dichl oronet hane and DMF and the

JIr \%a% 3 it Tﬂ*&ﬁ%%\offkrréfrb%ﬁfh mn and stirred at

%%J&Z%rgn%én?‘ ¥F|§TU312§t hoxyphenoxybutyr| c acid (HWB)

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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(0.25 mol ) and N-ethyl norpholine (0.25 nmol) were
di ssolved in DV (2 m), |oaded to the columm, and
stirred at roomtenperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtai n HVPB- PEGA
resin, which was used as a solid phase for solid-phase
synthesis. [0259] Fnoc-dy (0.50 mmol ), MSNT (0.50
WaHNY aﬁdamﬁnﬂe@ﬁydimi@h&@t@d(ﬂiBHSFmQQIgrvwwe (0.5 mmol)
di ssolved in.DCM (2 m), Iloaded to a solid-phase
E?n?ﬁ%g?gtéﬁihhnc%%@e%%?r?%ﬁn%taCQQE for 3 hours.
@k&g{ stirring, the resin was washed wth DCM and

Froc group was renoved by using 20%

pi pergr%@%%}%vg'\?ﬁoé YL Q?kgg) mﬁmgcogGlsyéqu MR, L ¢ @toce)r

washi' ng w aci'ds wer

eRpdepsed tRoACEor daﬁ‘&@c ’N:IBFBEQE "fﬁh&‘@ﬂc mepe'ﬂ%c-

to extend a peptlde chai n 0260] no acid

bay| ngmas- Bk NOFGsOUPL IOt REt SAFMbENLy S BEC Of ORo VS a,

di ssol ved in N-nethyl pyrrolidone (NWP ¥ (1 nm). After

BudcthAba, oFmOc461 M HETUHOBTOAMPL 0. Bmamet )y (Ote) , Fmoc-

resulting mxture was | oaded to a solid-phase

é?ﬁth@@@g Epr (hBu) Subsequaart (yBuD. 9FM O REAI NP ( OFBoc-
was added to the solid-phase synthesis col um.

Xf%erF@?Fr%?HéOE?uPooﬁW?%n%%FéF%Fé f FrooUl g HeR ek, ?W@F‘
BB ouEthy 05 e v 09T o1 crHes AR SoTgi) b oe e
ggafFﬁgcgh?gagit Tbé%eoggégtégntwgsd£e gaggdl %&??ﬁcted
perrtorne an am no acl prot ec
5909m950§90§8-§on89£31n 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:55) on a solid-phase resin.

[0262]

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



to sequentially condense am no acids. [0261]

Froc-Ady, Fnoc-Arg(Pbf), Fnoc-dy, Fnoc-Lys(Boc),

Frnoc-Val , Fnoc-Leu, Fnoc-Trp(Boc), Fnoc-Cys(Trt),

Fnoc- 1le, Fnoc-Phe, Fnoc-d u(QBu), Fnoc-Lys(Boc),

Fnoc- Ala, Fnoc-Ala, Fnoc-@n(Trt), Fnoc-Qyvy,

Froc-d u(QxBu), Fnoc- Leu, Fnoc-Tyr(tBu),

Ff’me% S’é}f(ﬁ B0 rEmpd-iSevart Bipadiknog- talgbtain peptide

l%(1 Bu), Fnoc- Ser (tBu Frnoc- Thr (t Bu), Fnoc-

%reFPm O%h? (¢ BUYLP Fhots G S*Fh’b‘ét@iuken%n&; Fnoc- Al a
5% gimc H s(Trt) were used as the am no acids

g ? ed by Fnoc group to obtain a 31-residue

t .
A o PSR S T e R AR SUESISRGRERAR 1 (- e
%rac(igﬁut))?L?/Ts%%%pé q}ﬁmlﬁl ((:Hon(Trt<§ €] ygcg urfl(a Bu st}be-
%?%;%ﬁ@u&haﬁﬁrs&ﬁ@ﬁ@siéﬁﬁ L6BW Val -fsp fEBU i sl ved
u -
Thr 10 BunM Phiee Ipind t Blu X o= G O By) - 41 @- il 5 (dnid ) a { Sk d
ID NO 55) on a solid-phase resin. [0262] The

bbt aeaet aessWhadmg agqepti daftermedmpheteoson¥@sption

gartl y taken in a solid-phase synthesis col um. _
FiFRlioPeaeet 7S dteEe SRR BHEMGY P (BPIE: the:read)iams
fed such th t the resin was thoroughly soaked and

Préahararo H?%Wp%r%‘l‘k&?%c?%‘? = It ST L atel Qe dhh %

L%ﬁ%éﬁ  alse g SQu A L IE LA O ) g&%
%§§aﬂg§t\m @ym{i&@l bd beﬁ?Ficv%w F% %99
m X sol uti on

gr adi ent:

T 18! @5tei3/ 93@% UAN 0@ 7 %PMJ FPéElM g,/ %‘%"/%‘\
m/mn; - 145 35 -+ 6098, 20 mn linear gradient

bbhean pepdiert] to obtain 2.4 mg of ollgosaccharlde
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 pmol) (product of Merck), washed
thoroughly with dichloromethane (DCM) and DMF and the
resin was thoroughly swollen with DMF. 4—hyd£oxymethyl—
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



wherein 30Ala of GLP-1 is substituted by Cys. [0263]
Br onbacet am dyl di gal act ose ol i gosaccharide (c) (a
product of OISUKA Chemical Co., Ltd.) (9.0 ng) and the
pepti de chain synt hesized above (4.1 ng) were
di ssolved in 100 nM phosphate buffer (pH 7.5, 410 pl)
and allowed to react at 37C for 4 hours. After
Eohpf e eafe onsempt ¢mpe r ofureawt omt £riakiss we e ec arfsiinned s
by HPLC, the reaction solution was directly subjected
Y%Sfb%ﬁl i $RRERY G hyW HPL OME it inREM S smmr}J@wm)-PEGA
Cl8, 5 mM, 4 4.6 x 250 nmm radient: A solution:
45 reaigh efas B35 R S0 Do Ay Aos s KT TTuRe
A'gn@bgs /mn; 35 -f 60%B, 20 mn linear gradient] to
obtain 2.4 ng of oligosaccharide chain added GLP-1
pepts de wherein 30Ala of GLP-1 is substituted by
ol i gosacchari de chain added Cys (30Cys G.P-1-asialo).

[ 0264moExanpl @ .20 swtihesisnel (B4C6S @S ah@g N-
ol i gosacchari de chain added GLP-1 peptide A

s h ik e st (esi B aelalnn wese chiadgeidreM tih beM (2 ml),
Am no- PEGA resin (100 nol) (product of Merck), washed
Ivantedugin ya vi @ hi dh e sor erpet el o RENuran dirloMs tand- dahen t
resin was thoroughly swollen wth DWV. _

226y deax prBomyis- 3- met hoxyphenoxybut yri ¢ aci d ( HVPB)

(0.2 tmml ). .TBTU (0.25 mml ) and N-ethyl nor phol i ne

(0. 23 mTol © ere R9di $861 ¥&d1inWBRFWesher) witbadel asd

hie. Cohing 800 149 L SLLLEYRG! LLORT LEUPELBLYLS; [ e
ours. e‘resrn was
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.
[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. Subseguently, 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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washed thoroughly with DVF and DCM to obtai n HVPB- PEGA
resin, which was used as a solid phase for solid-phase
synthesis. [0265] Fnoc-Ay (0.50 nmol), MSNT (0.50
mrol ) and N- net hylim dazole (0.375 mmol) were

di ssolved in DCM (2 m ), |loaded to a solid-phase
synthesis columm and stirred at 25C for 3 hours.

Af t erFeaG1Glivhg, Fidve- Aras(Bb fas Rreshedl wi tBndoCGMendrt) ,
DMF. Fnpc group was renoved by using 20%

PRPeTY &t ne/ TRE 101 utTrom 2P h¥9’cfor NGC TRt eBnoaf f e,

hi it h ] i d tiall
MERDLR M Ho DUy LR, SFhES ML ST L, poc-
' hai 0266 ' i d
SRR pepiLe i, SR e DG SELS e
i by N j d m t
Shaporyesan, o lpy[eal) ook (NB) () Magec Aley

FREU+HASPEONRX] Ur Bnd@Ssd paded) | %ﬁoéﬂfﬁéi@mﬁﬁ Fmoc-Bhe,
synthesi s col um. Subsequently, 0.9 M DI PEA/ NWP (0. 8

Fmot ) Thvast Badde ditoc + Gy S dfmel-phRs co syt ) esnde 0l AInghd
After stirring at roomtenperature for 20 mnutes, the
Feed nHwa 6T wiaks heelr evi w e DCM artte Divis, n @ natk F690 oo 105 ot SR Dy
renmoved by using a 20% pi peridi ne/ DM solution (2 nl)
FRYC 98B0 i et 52 &8s Hinserep ehdatedIGL y -
erforoed. using an amno acid protected with Fnoc
B ol 0 B ¥iror5 (T Staids 1 Romense ih Tihe-
[ &02%2{% = 147, . Fnpc- noce- ( Pbf
= B gy - -— — A —_ -
n%g(?@y), (5 )S(Al_lre%;g’?la @Y (P AR st Bu) ~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.
Trifluorocacetic 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 34Lys of GLP-1 is substituted by Cys.

[0269]
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Frnoc-Val , Fnoc-Leu, Fnoc-Trp(Boc), Fnoc-Ala, Fnoc-1Ile,
Frnoc- Phe, Fnoc-d u( Gt Bu), Fnoc-Lys(Boc), Fnoc-Al a,
Fnmoc- Ala, Fnoc-d n(Trt), Frnoc-dvy, Fnoc-d u(QBu),
Frmoc- Leu, Fnoc-Tyr(tBu), Fnoc-Ser(tBu),
Fnoc- Ser (tBu), Fnoc-Val, Fnoc-Asp(Q Bu),
Froc- Ser (tBu), Fnoc-Thr(tBu), Fnoc- Phe,
Froc-Bierie s tankmbck @ ga Faoce €3 uf KX dhya cdimne:dd a(and(a
Froc- Hi s( Trt% were used as the am no acids protected
By°odRrfibcOgr BUPUKD Obemiaah 82-rebtdub pipthde ahdFle
C%BéTrt Vhl-Leu Trp%Boc)-Ala Il e- Phe-
@eg%dq%u h%& ‘jh?\?JaZ a2BPHETFE) 2 @Y e ex Buysebyed

H PRtk ﬁf‘f%%%es&%%% ottt A (i) e

3] hase resi [0268 he
£§15§%%g %e§?% énhg ?ﬁﬁﬁ1dsz8Fn§8mP @Féoﬁonﬁﬁgptlon
parthy ﬁ@ggﬂléﬂsawéﬁé'goﬂbﬁ§ﬁe§y%§hﬁﬁié C@A@“P%agslon
Trifluoroacetic acid: water

adtedisnchat hat rébel y esimps ¥esed hos owbi ¥i soeked Bpduprc
stirred at roomtenperature for 3 hours. The resin was

i eobved: byHISEIP@tT®N 20d (¢ he, reagh) Ony sSOlditd Q% oNVRSy,
concentrated under reduced pressure. The resulting

%@ﬁiaﬁ@tm% potitien: by- HPLTF2 coh em;  B5HE SEIDDMIG A209%
Cl8 5 0 20 x 250 mm gradient: A solution: 0.1%
E@e\/l%t%@*ey%% A oh: 7 onDY9E TFAPD 00 VelREn/ Q@%nAN 8.0

PLeGRE qedriade) PR 0 WS R e A el daifridea
@yagfsad& 268]p- J(g%tﬁﬁeormg%ﬁm dyl, 91 gal agt ose,

ol I gosacc arlde
substituted by oligosaccharide chain added Cys (34Cys

GLP-l-asialo).
[0270]
Example 28

Synthesis of 36Cys-asialo oligosaccharide chain
added GLP-1 pepﬁide

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

wasned thoroughly with DMF and DCM to obtain HMPB-PEGA
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product of OISUKA Chem cal Co., Ltd.) (10 ng) and the
pepti de chain synthesized above (3.5 ng) were
di ssolved in 100 nM phosphate buffer (pH 7.5, 350 pl)
and allowed to react at 37C for 4 hours. After
conpl ete consunption of raw materials were confirned
by HPLC, the reaction solution was directly subjected
rospur i Fhial i wps bys¢PLd3 4 coduimh: pISH SEI RO 443 IPphase
(C18, 5 gm, 0 4.6 x 250 mm gradient: A solution:
YU gERSwat er, B sol ution: 0.09% TFA/ 10% wat er/ 90%
@@%2 }71 mM/mn;, 35 -* 6098, 20 mn linear gradient] to
th 2.2 ng of oligosaccharide chain added G.P-I

i ' L f N bsti.tuted b
gleiptgloEgngoccc_haiyie:j@ ’gsﬁoai){'?ﬁnog‘ddeé JS&{TSI(:?:%E@& oélp-af-dagﬁy_ al o).

. t S - | al 0.
pectlinbiamle o0 Sotesls e SUBAN S s 2 ),
56hi8d phase %ﬁi@eﬁ§s&0§wé’@fs charggd MdNstirreq a

Am no- PEGA resin (100 pnol) (product of Merck), washe

t & aughl3y hedds .di chl or onet hane (DCM and DMF and t he
resin was thoroughly swollen with DW-.

4- hy drfoyepmetthyd -1 ni3r, nethieo xgshen erapbwiaphied aditdh OAMPBhd

0.25 mmol ), TBTU (0.25 mmol) and N- et hyl norphol i ne
é%ﬁ“ 25 ERAS rmeice Wagi gedloved by DRERE2 2#1%) pilbeadedned DMF
the colum, and _stirred at roomtenperature for 4

POUF STOThE? rESh i Has! © VBSHEPR Y hoPSHERI YaHPE R IDVE CAndME
DeM (% o_ob Sgi n, HVWPB PE@'QE .1%]2]5}, rcesi . Whi c.hn was ursde‘_jdn as
a sor i d-phase For® €8t t-hase Hest st aceordance
with the method shown below to extend a peptide chain.
[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,
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[0271] Fnoc-dy (0.50 mmol ), MSNT (0.50 mmol ) and N
nmet hyl i m dazol e (0. 375 mmol) were dissolved in DCM (2
m), loaded to a solid-phase synthesis colum and
stirred at 25C for 3 hours. After stirring, the resin
was washed with DCM and DMF. Fnobc group was renoved

by using 20% pi peridine/ DM solution (2 m) for 15
Moot BRe, Afrnes-Gahs Pruwi t Fm®MELY s dBdnb, athos-Akts e Fmoc-
sequentially condensed in accordance wth the nethod
BhdnntBeF oo 67 Bkt endieC TiebyY i denerafhu (O1BR72] Ffte-Leu,

' i d havi ' tected with F
T Gk Ca o e s & \ePhy g ?%@fi gfeﬁ@ %“ gmmcx\i? T,
it 0 M U .4 mmo
Phaer A R 4 Seas Paluc to E:é\)!fl\f%)-'ph%%%co'igé'
A G F R P e S GRS e S SE R

AhderHsd [TFE NOvdte OO LLIPEKAL 440 En b 04« 205 B UK ESsed NG,
resin was washed with DCM and DMF, and Fnoc group was

Feoovedoly wsi eigt @i 2086 Pl fes s tdiwee/ P S0¢ usf ag 2 nl)
for 15 mnutes. This operation was repeatedly

pes { Dr Weds L yshng ( Boc ari alo- Iaei o pp (Bect €4l av 1 Te -Froe-
{ﬁ?u té 0.5 nm)]IB) to seqluenti ally conde_nse am no Lew

By g2t (BEmbed @ Al ek (U816 y - Fho B y),
ERBCE T B SPhbtE | et (oAb Vs PR R O A )
ER S St O ey TRtk - ITRS R I e 1o
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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Frmoc- Tyr (tBu), Fnoc-Ser(tBu), Fnoc-Ser(tBu), Fnoc-Val,

Froc- Asp(Qt Bu), Fnoc- Ser (tBu), Fnoc-Thr(tBu),

Frmoc- Phe, Fnoc-Thr(tBu), Fnoc-dy, Fnoc-d u(Q Bu),

Fnoc-Ala and Fnoc-H s(Trt) were used as the am no

acids protected by Fnoc group to obtain a 31-residue

peptide of dy-

EystTde) copynl gyrBoeyised - akavar po B@cx)u;m xaezrda edPheelved
Boc -Ala-Ala-d n(TIrt) @: (O Bu) - Leu-

Wripﬁiu?&‘S@g?FBﬁﬁi e Bey - Vak- As%(d )uls\ere(rﬂ@;sl(lowed

Thr tBu)-Phe-Thr (tBu)-dy-d u(OQtBu)-Al a-His(Trt SEQ

%7 ﬁgcg;ﬂ d &%Teéfﬁer[ §27R] etghgonsumption

Pt ?%Qeﬂa&8§iglgax¥é9? ﬁ%gs égfﬂsﬂctg [ 00 8B Fon

y taken in a s asesnhe3|s

I&nﬁweﬁoasgt heragct oy M@%%ct;ra P§o(ou9§flga é% dﬁ‘ﬁéc

added such that the tesin was thoroughly soa

stbLuRd: abnt 98Mbb eoPLL 8 UT€1807 5 3uAPUrs 4 T fz%% BhrfVas
renoved by filtration and the reactlon sol ution was

goadéahtat Bdsohdeionedicetl PFERssater, Thessrstd dmngd.09%
resi due was purified by HPLC [ col um: SHI SEI DO UG 120
TEAB18%npatdr200% RBO0O N myrmdhends A SR, @O minl%
TFA water, B solution: 0.09% TFA/|l oo water/90% AN 8.0
M PRRR; 9radient fob@ obba kR nOt # nBar O fr abi entdcer biiai n

PR R, e zgfsgca sep Py, O
Co,
ENE T E W e

HEp- m55§lgl§§olved in 100 mv phosphate buffer (pH
7.5, 100 pl) and all owed

[06276]
Example 29

Synthesis of 22Cys-diGlcNAc oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (100 pumol) (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]



to react at 37C for 4 hours. After conplete
consunption of raw materials were confirned by HPLC,
the reaction solution was directly subjected to
purification by HPLC [columm: SHI SEI DO UG 120 (C18, 5
m, 4 4.6 x 250 mm gradient: A solution: 0.1% TFA
water, B soI ution: O. 09% TFA/ 10% wat er / 90% AN 0. 7

m / i FiRCogEs Ly, *(06'0'_7%3““‘2%1 m ASNT ndar grflentgnd &' -

R Tl 8 BOSPRETE USF, SEB AT G0 ),
P o8 3 e i 38, S e 0,

5¢Cg%cc3hq{duq% chain added GLP-1 peptide A
sol i d-phase synt'hesis columm was charged with

AM NQ: RGA St rgl 0 HeD I e iR QRUCtwa@fhdMeRGih Daas hed
t horoughly with dichl oronet hane (DCM) and DMF and t he

PEEL n Reass tdrongughlsy rewalideeh byl s iDMF20% piperidine/DMF
4- hydroxyrreth | - 3-met hoxyphenoxybutyric acid (HWPB)
£l 25l amol( 3 mIBTer (10 28imweey - afd tRTetiplvimigp hdIthn SME,
0, 25 m’mlg were dissolved in DM (2 m), |oaded to
RENR of T i %%W%*al%&ly(a%?ﬁqeérﬁ%# aturacgerdance

Th hed_t horo Wit h and
BORD © 6 S0l T B BEE LY 51 rEX T IR VEAP Ut S -
@M@I phase for solid-phase synt hesis. [0277] - 152
f: y(O 50 nmmol ), MSNT (0.50 mmol) and. N

EftrW@Hénéﬁiﬁg %cﬁ%:%giﬂﬂaﬂgn\%ﬂf%dﬁd¥%%%y%QJﬂ%é@gM (2t
leé 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.

[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), Fmoé—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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| oaded to a solid-phase synthesis colum and stirred
at 25C for 3 hours. After stirring, the resin was
washed with DCM and DMF. Fnoc group was renoved by
usi ng 20% pi peri dine/ DM solution (2 m) for 15

m nutes. After washing with DM, am no acids were
sequentially condensed in accordance with the nethod

ShownFTiRA OZWR PEend P PERT deB®hai Froc{Up7E]Buihe Fmoc-
R Tes T s fed T4 rhﬁr%g»? TOHT GO (Ao E L2
i f 0.4 UHOBT/ NIVP
r esulqi @m I)(?‘"Berrge was oade A oar%tl%oolaicdl(cg%%ré’tegted
§ynﬁﬂ§§'§r opubseauently. sfﬁé@?ﬂ&% ﬁﬁ!NNPcﬁg%s

nmol ) was a ded to t he SO|Id ase S esi s colui
WG EE’bJS)HGJ[y-nIst'IEBd@)WéleJﬂ@I-aﬁfﬁ esdor-2% mjnuigs,_ the

resin was washed with DCM and DVMF, and Fnoc group was
& 2uroviesthy JoyL s | gk Ja- 22096 Al apa3 i rdli Tied \DMEy S o 4 )i -ay o @ HHY) -
for 15 mnutes. This operation was repeatedly

Tory £ Ry B U JursS gy ( i1 Jarfi 9ol taiad )d- Vo lotAesd 62k B t48 eniBu ) -
’g@cup (0.5 mmol) to sequentially condense am no

BU | O270] Th g )G GA Y Bt Qe Ry PHF )a - Hrrol R )y, (SEQ  ID

Lys(Boc Val , Fnoc-Leu, Fnoc-Tr Boc)
Bodd Aly%P( Pralidy PhagemieHe, Froc- G u(QBE§

@ripé: ys(Boc), Fnoc-Ala, Frnoc- Ala, Fnoc-d n(Trt),
]QIS(TI‘t) Frmoc-d u( Gt Bu), Fnoc- Leu,

EggCT\];%élf %%E%ge%mg%a%[l )@a@g}&gc Egg%ﬁg%)@ Bl mefMEeteon

B Co bt (¢ Bl ke rFme-a Psr@bld:%s-@ré}trﬁlﬂesﬁa‘%lgn%
Frmoc-d u( Gt Bu), Fnoc- Al
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 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 peptide
wherein 22Gly of GLP-1 is substituted by Cys.
Bromoacetamidyl diN-acetylglucosamine
oligosaccharide (d) (a product of OTSUKA Chemical Co.,

Ltd.) (8.4 mg)

[Formula 8]
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and Fnoc-H s(Trt) were used as the am no acids
protected by Fnobc group to obtain a 31-residue
peptide of dy-

Arg(Pbf)-dy- Lys(Boc)-VaI-Leu-Trp(Boc)-AIa-IIe-Phe-

G u(OBu)-Lys(Boc)-Ala-Ala-An(Trt)-Cys(Trt)-d u(Q Bu)

Leu- Tyr (t Bu) - Ser (t Bu) - Ser (t BuliMad - Asp( Ot Bu) - Ser (t Bu) -
Thr (t Bu) - Phe- Thr ( t Bu) - Gi$-GttAl Bu)-Ala-His(Trt) (SEQ
ID NGO 58) on a solid-phg e [0280] The
obtained resin having a pqp 0 rmed thereon was

4
renoved by filtration and the;;
concentrated under redugeg

(C18 5 m, 4 20 x 250 rrmH BAt: A solution: 0.1%

TFA water, B solution: 0.09% TFA/ 10% wat er/ 90% AN 8.0
mM/mn;, 35 -* 6098, 20 mn |inear gradient] to obtain
peptide wherein 223y of GP-1 is substituted by Cys.
Br omo&det am dyl di N-acetyl gl ucosam ne ol i gosaccharide
(d) (a product of OISUKA Chem cal Co., Ltd.) (8.4 ny)
[Formula 8] 154 HAc HHH

and the peptide chain synthesized above (3.4 mg) were
dissolved in 100 mM phosphate buffer (pH 7.5, 340 pul) 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 (Cl18, 5 pm), ¢ 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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HHQHHH HHHHTr HAc NHAc H H HHAc (d) and

t he peptide chain synthesized above (3.4 ng) were

di ssolved in 100 mM phosphate buffer (pH 7.5, 340 pl)

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

conpl ete consunption of raw materials were confirned

by HPLC, the reaction solution was directly subjected

to pur iSfc?lcjeﬁ-imsebyﬁmf@qi@olQﬂﬂrumrSHﬂ@EIdDCalig@dlzath

(c18, 5 4 4.6 x 250 mm gradient: A solution:

BranG TRRGAHat %1 Bl 5 utnah)  ( @@%tnw 1095 wlak erv D96 d
-+ 6098, 20 m n | i near gradi ent‘l1 to

@B?ﬁ?‘hglgl ‘?‘rbt}bfgjo }Pjg%’é‘f%fﬁ%%??%le D%”ﬁ)alb"i“f)% =
GP-1 titute
P?Q%%ggc%ﬂgéf%ﬁyéﬁig s&é&ﬁﬁ§1d§%{%2g%§ S Iﬁq droxfﬁethyl—
ﬁ-rﬁ’eéh&'kgﬂ%%&i yoh OB Q@ é”o @@dgﬁghé& [TBTU
e

30Cys-di @ cNAc ol i gosac arl de al n

PepP2§ demo1 11 58nd Av-SOt i r@@@%lsyﬁ@h@@@s% M@J_S
char ged 3vith Am no- PEGA resin (100 nol) (producte of

des s&) yedvasedMF t trmlighl Yoadiédn € cithoresiidaneadCM
and DMF and the resin was thoroughly swollen with
PMrrad hydr oxymetémperature 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.

[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 HCTUG-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.



3- met hoxyphenoxybutyric acid (HWB) (0.25 mmol ), TBTU
(0.25 mmol ) and N-et hyl norpholine (0.25 mmol) were
dissolved in DMF (2 m), loaded to the colum, and
stirred at roomtenperature for 4 hours. The resin was
washed thoroughly with DVF and DCM to obtai n HVPB- PEGA
resin, which was used as a solid phase for solid-phase
B{hRehestsrrimes2t réomct@ye &t Ghe nfror ) 20 MENTu{ds 50che
nnnl% and N- nethylimdazole (0.375 mml) were

HESSDI VY YRS TR (280 BCM ang dMF t 02 Rd sBhod- phage was

th I tirred at 25C for_3 hours.
AFPRTSE1 Y T TS 1 hos R TP Sl hRe MOHE W P HOBIN ol L) £o

. db [ 20%
o e G LA B YA setoomee

' ' : j [ e uenti a -
g g e A S P e it gt

to sxy@aek ta PEPLESIea &R Nami 4 9283]qIhe amino acid

havi ng an am no group protected with Fnbc group was
f0286) ved in N-nmethyl pyrrolidone (NMP) (1 m). After
addition of 0.45 M HCTUHOBT/NWP (0.4 mmol), the

r esulHmong Ghiyxt o ondscd (Peded tFmom-slyi, d-Fahasa.ys (Boc) ,
synt hesi s col um. Subsequently, 0.9 M DI PEA/NWP (0.8
oty Vares Eerfedl e tFeesoliritGshase ByanHest € ol urinoc—
-.156_ After stirring at roomtenperature for 20

Pt B80T - B o Gt Wehled B IDOMBRR) DVImOcndd 2,

_group.was .reppved usi a égggp'peridlne/DNF _
S (YT i SRR o S Bt | B lers Emoc
ﬁ@@?aﬁﬁﬁg4T§¥¥Jéﬁf?x%moc—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: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 soaked and

stirred at room temperature for 3 hours. The resin was

removed by Ziltration and the reaction solution was



using an am no acid protected with Fnoc group (0.5
mmol) to sequentially condense am no acids. [0284]
Frmoc-dy, Fnoc-Arg(Pbf), Fnoc-Gvy, Fnoc-Lys(Boc),
Frnoc-Val , Fnoc-Leu, Fnoc-Trp(Boc), Fnoc-Cys(Trt),
Fnoc- 1le, Fnoc-Phe, Fnoc-d u(QBu), Fnoc-Lys(Boc),
Froc- Ala, Fnoc-Ala, Fnoc-A@n(Trt), Fnoc-Qdy,

FABEST b TR BuYndFhpEcdieed FR®eSTYE(t Blle resulting
Fnoc- Ser tBlé%J, Frnoc- Ser (tBu), Fnoc- Val,

EfiDEEAS pl &F Boy = 1 FhoR - er { Bu) [ chwes The L &) DO Fefpcl 20

e SR ) T S TR SH B E 1 4

Qé@éf?tﬁd?ogytngP QrOYD +05 PPERI D, A 3155 ESAHug ml/min;
peptide o y-

éSQLFtE‘d%'@ Yrd- ¥ (Baea!l Jheln BRGBAG) - @HsGT Yepldi &P
ChatE Bu3oAys (BOCIEN B- A as @ s T tde d yy Gl O Bu) - Leu-
Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val -Asp(Q Bug-_ er (t Bu) -
TH286Bu) - Phe-Thr (tBu)-dy-A u(QBu)-Al a-H s(Trt) (SEQ
ID NGO 59) on a solid-phase resin. [0285] The

obt ai e qaeas tarkay In ¢ id pesttivde fusrassdnittser eon was

rtl takgen. in a solid-phase synthesis col um.

T 9P 1RrOachITE LA dl= vt eiicH ¢5 QLS gE el a Caes
e ch that_the resin wa tqgaroughl soaked an
BT oTYat HODt ol ar i T or S Moyl FHc b AR,
(80ovRE) DYoL | 1 ALS OfL N, LIV FERGH QUL R0l I O MBS 5

57 concentrated under re. U.CG pressure. he

fesul 11 09,1 Y eshfue) 1as. » 5ff§ Yo 4P pc{ %%lruqn. ours.
S 521 D0 U 136" (OB 50n)S 4130 % 250 e “gradi 8Ae:
Afset utomople e %Jﬁﬂmpw\ﬁforerof Br 50| ki tt 0 2 05 QR%eTFA 10%
wat er/ 90% AN 8.0 ml / m n;
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
2.2 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 pumol) (product of Merck), washed

thoroughly with dichloromethane (DCM) and DMF and the
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35 -> 6098, 20 min linear gradient] to obtain peptide
wherein 30Ala of GLP-1 is substituted by Cys. [0286]

Br onpacet am dyl di N-acetyl gl ucosam ne oligosacchari de
(d) (a product of OTSUKA Chenmical Co., Ltd.) (9.3 np)
and the peptide chain synthesized above (4.1 ng) were
di ssolved in 100 nM phosphate buffer (pH 7.5, 410 pl)
5RE1AI FededhesORehtY atoBYenfwith BWEFs.4-hfdmrxymethyl-
g Iete consunpti on of rawmaterlals were confirned
y"

PLExYPRENPEARYF VAL S of Gt FlonHWER) di Qe%%upmo%ubj EBTRd
rifi t|o PL DOUG 120
(888" L8 Bt Sae Rap Thraai bt e o
1% 7T e fio 9% T 10% wat er / 90% AN
9.175/%%;;%\3@5 bMF é%/éy ZOP?nageg ﬁ%a?%r adient] 8
ebt a8 thrHEmoéeﬁbé99§@§§h95kd@ 553 Q adqed Q%Pr}was
pepti de wherein 30Al a of P-11is su stltute
ophkgegacrbasigely chaim Mﬂeéin@ﬁcMBQ@ébtam HMPB-PEGA
GLP-1-di G cNAc). [0287] Exanple 31 Synthesis of
846y8, dviG cNAga sl iges azs har sdeidhahase aflsleds 63 P dphase
peptide A solid-phase synthesis colum was charged
WERhepRP no- PEGA resin (100 nol) (product of Merck),
E ﬂ t horoughly w th dichl oronet hane (DCM and DWVF
ﬁﬁé ? e - 158 resin was thoroughly swollen w th DW.

?Oh)?f g]%r%alt h%&zo rretoggxy %]Poxech‘wrl C aC| d (HI\/IF’rE?)e

&Qtﬁ?lﬂfﬂ%izéﬁ‘@ée %%%}{SP |0 PMF (2 é‘Néd' padsd to, )

col um,
loaded to a solid-phase synthesis column and stirred at

4

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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stirred at roomtenperature for 4 hours. The resin was
washed thoroughly with DMF and DCM t o obt ai n HVWPB- PEGA
resin, which was used as a solid phase for solid-phase
synthesis. [0288] Fnoc-Ady (0.50 nmol), MSNT (0.50
mol ) and N- nethylim dazole (0.375 mmol) were '
dissolved in DCM (2 mM), |oaded to a solid-phase
synhestes colThms Mg rattilionedast repR@ tieorl yv3 prouregmed
After stirring, the resin was washed wi th DCM and

BRI Fd AR SueS RN Bywiish nigngpogroup (0.5 mmol)
I peridine/ solution (2. mM) for 15 mnutes. After
g%sﬁ?%%e%i%ﬂf ncg?ﬁsn% %Hrb% ?/\%]rfis sequential |y
ghgsnsed in accordance wth the nethod shown bel ow

0 extend a peptide chain. [0289] The ami no acid

navL A Y el PYact Shoi iy PN AuR MaY

di ssol ved i n'N-net hyl pyrroli'done (
PAdE L VoD, Ofmdk4Se ) HEAHOBT A (0. FndWDl)a, EhSc-11e,
resulting m xture was | oaded to a solid-phase
Bypthese s Erodartil u Suiieiguemdy~ Lk Bdd )OI RFEASNNVELA 0. Bnoc-
nmol ) was added to the solid-phase synthesis col um.
ArzerFre¢r@iml=t) + cowedehiper dfrure-Glor (@B N UEmes; - Tde,
resin was washed with DCM and DMF, and Fnoc group was
FRADVEY byBWsi nighef 200k pijieri iRy T St/ dﬁn%?'\fﬁl)r

or 159 m nut es. This operation was repeatedly
B0 RIS e e A e R Sh e i b B
RO D On T o d G2 MREL LY (GRS ¥ A ana
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-Ile-Phe-

Glu (OtBu)-Lys (Boc)-Ala-Ala-Gln(Trt)-Gly-Glu (OtBu)-Leu-
Tyr (tBu) -Sex (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 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



Fnoc-dy, Fnoc-Arg(Pbf), Fnoc-Gy, Fnoc-Cys(Trt),
Frnoc- Val , Fnoc-Leu, Fnoc-Trp(Boc), Fnoc-Ala, Fnoc-11e,
Frmoc- Phe, Fnoc-d u(Q Bu), Fnoc-Lys(Boc), Fnoc-Al a,
Fnoc- Ala, Fnoc-dAn(Trt), Fnoc-dy, Fnoc-G3 u(OQ Bu),
Froc- Leu, Fnoc-Tyr (tBu), Fnoc- Ser(tBu),
Frnoc- Ser (tBu), Fnoc-Val, Fnoc-Asp(Q Bu),
Faber Seb ($BW tidmpco The§ tBrh /1 FhoeaBae/90% AN 8.0 ml/min;
Frmoc- Thr (tBu), Fnoc-dy, Fnoc-3 u(OQBu), Fnoc-Ala and
Foroo- HOSETr 120 weire Liged rag ralvd. earti Ina cacikds ipr glepatied
b Froc_group to obtain a 31-residue peptide of Ay-
%g%{%@)@%ﬂyé 5 (GFE71 Viaf -3 RS T b e ) P G¥$ 1 e- Phe-
g)y Bu)-Lys(Boc)-Ala-Ala-An(Trt)-dy-d u(Q Bu) - Leu-
yr% u)-Ser(tBu)-Ser(tBu)-VaI-Asp(CIBu)-SeE(tBy)iSEQ
Thr (t - - . u) r:Q y- ¢ -Ala-Hi s(Trt
ID ( i J%%#%ﬁééﬂi(ﬁﬁ)zﬁggégggﬁﬁgﬁ%ﬁﬂiﬂe The

obi §bH8erk £51 e hayj ngs ?mweof B FEGk A NSL &R 2 MBS, |

partly taken in a solid-phase synthesis col um.

Tedf) uprDasgt i gn@ctik yed€ide TS A s Pothds Died- oWaS
added such that the resin was thoroughly soaked and
631 9 reg) ateroom ¢ evpesdtiur el®Orm8 tiosssha TheouSBdn WEEs
renoved by filtration and the reaction solution was
¢ohcen?? atleld amderl Y@dedt et pressurat IME rfesuldt ihogirs .
resi due was purified by HPLC [col um: SHI SEI DO UG 120
REIT PR L OB xCOBYITRG L Gt R SRV MRERFiR} DR 1% TFA

380, 05T, B,5pLutLom D, 05% 1EA 100 wat e ogno A 5,
f’%%% ea ST Py BALYS; O F-Radrd S; YRS | Wets ¥ s -
120 (C18, 5 pm), ¢ 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 pumol) (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



Br onbacet am dyl di N-acetyl gl ucosam ne oligosacchari de
(d) (a product of OTSUKA Chem cal Co., Ltd.) (12 np)

and the peptide chain synthesized above (3.9 ng) were
di ssolved in 100 mM phosphate buffer (pH 7.5, 390 pl)
and allowed to react at 37C for 4 hours. After

conpl ete consunption of raw nmaterials were confirned

Bisspledt e P¥Act? ol sol Leaded wes e ecelymn subjct ed
to. purification by HPLC [colum: SHI SEI DO UG 120 -
fE:ﬁgFe% Ay, TATT AL ENRE DB T LYF atli RAEES A JHEUEiSSAD was
0.1% TF t B lution: 0.09% TFA/ 10% wat er / 90% AN
T M CSERLY GG DB AR | Botbar © g ReR ARG PECA
' : f ' c ' in d GL_P-
DLl i by W 12 aesercler 80,08 2L o

olhgesacgharide chain added Cys (34Cys
P-1-di A cNAc). [0293] Exanple 32 Synthesis of
pP@yst di mannose ol i gosacchari de chain added GLP-1
pepti de having A solid-phase synthesis colum was
char gatbani@lly (A SfonREGA ,r @8INT (YOG Orodmjo 1() praodiu ¢it-  of
Mer ck), washed thoroughly with dichl oronmethane (DCVM
Baeh Mtz e ke (0 e37h mesl k hoe orighl yselwtd el WEM (2 ml),
DVF. 4- hydroxynet hyl - 3-nmet hoxyphenoxybutyric acid
PR £9. 255 b PR ABT B YT RO s ) U end stirred at

%ﬁj‘g% rpholine (0.25 mmol) were - 161 dissolved in
( rrrT% Q'ddaded to the colum, and stirred at room
TP A S oy T SR IR e anc
pesi N.rodd oS wised A Sy Gahase ook 1$eldi ¢+ RRIsRF
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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synthesis. [0294] Fnoc-dy (0.50 nmol), MSNT (0.50
mol ) and N nethylimdazole (0.375 mmol) were

di ssolved in DCM (2 m ), loaded to a solid-phase
synthesis colum and stirred at 25C for 3 hours.
After stirring, the resin was washed wth DCM and
DMF. Fnoc group was renoved by using 20%

pP92%1 dine/ DMF solution (2 m) for 15 minutes. After
washing with DMF, am no acids were sequentially

condei&¥d G rac@aATSe PR&i)th ﬁ“ﬁ@‘@?}yhogwso%awf
d i d hai 951 e am no aci
EEED SR A o R e
. d i N " - i
th3s0h1et Mg LN okt (M) (lea AL o
Lesyl theg- i XitEe) ,V\/aﬁné@ﬁt%ﬁgf%&ﬁ Sﬁha@:dﬁ%&ﬁw)(,o Fnoc-

synt hesi s col urm.” Subsequently, 0.9 MD P /

new) ) Fies-Bgdetbi o, thosad dt phase sydt st scmol Unfnoc-
After stirring at roomtenperature for 20 mnutes, the
Yabki nFraes—Avws hetBwi + henidiM Send (OMP, , afmtb d~ror grEwp, Viasoc-
renmoved by using a 20% pi peridine/ DM solution (2 m)
Plop, HWOo@T iy e6BuIThi Bneperlali ofmaess epiwd) yFmoc-Ala
5$rforrred using an am no acid protected wth Fnoc

Bup e BT ) rsetrshtdal e coden s ish mrotected
8718k 10280 L 280las PG LA IR Ao o,
ot DBy B L a4 e
Glu (OtBu)-Lys(Boc)-Ala-Ala-Gln(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 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 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 peptide

wherein 22Gly of GLP-1 is substituted by Cys.
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Ala, Fnoc-@n(Trt), Fnoc-Cys(Trt), Fnoc-d u(Q Bu),
Frmoc- Leu, Fnoc-Tyr(tBu), Fnoc-Ser(tBu),

Frmoc- Ser (tBu), Froc- Val, Froc-Asp(Q Bu),
Frmoc- Ser (tBu), Fnoc-Thr(tBu), Fnoc- Phe,

Frmoc- Thr (tBu), Fnoc-dy, Fnoc-G u(OQiBu), Fnoc-Ala and
Frnoc-Hi s(Trt) were used as the am no acids protected
b92#fbc group to obtain a 31-residue peptide of Qdy-
Arg(Pbf)-dy-Lys(Boc)-Val - Leu- Trp(Boo) - Al a- 1| e- Phe-

A u( GEURASAHEBYE - IA HIR S S (CRriI @Rt ded (/o Bu)

PEOYHGF (P BUYTEH R t BT ¥ t B « VS ks p( B BUF I )ser ( t Bu) -
IE&%Q%% Pe- Thr(tBu)-Ay-Au(QBu)-Ala-H s(Trt) (SEQ
1 61) " on a solid-phase resin. [0297] The
obt ai ned resin having a peptide forned thereon was
partly taken in a solid-phase %nthesis col um.
Trifluoroacetic acid: watgjg TS (= 95: 2.5: 2.5) was
added such that the resi '
stirred at room tenperat ugg
renmoved by filtration and th
concentrated under reduceg
resi due was purified by
(C18 5 m, ~ 20 x 250 : :
TFA water, B solution: ‘ 10% wat er/ 90% AN 8.0
mM/mn;, 35 ->60%8, 20 mn |iviear gradient] to obtain
peptide wherein 223y of GP-1 is substituted by Cys.
- 163 [0298] Bronoacetanm dyl di mannose
ol i gosaccharide (e) (a product of OISUKA Chem cal Co.,

Ltd(.g)(7.2 ng) [Fornula 9]

and the peptide chain synthesized above (3.4 mg) were
dissolved in 100 mM phosphate buffer (pH 7.5, 340 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 upum), ¢ 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-l-dimannose) .

[0299]

Example 33
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H HHHHHHHI r HHHH HHAC N H(e) and the
pepti de chain synthesized above (3.4 ngy) were

di ssolved in 100 mM phosphate buffer (pH 7.5, 340 pl)
and allowed to react at 37C for 4 hours. After

conpl ete consunption of raw materials were confirned
by HPLC, the reaction solution was directly subjected
t();nﬁyﬁﬁhﬁﬁi%npfk%DQ¥ﬁi§qmﬁﬂnﬂﬁﬁ GHIBE PHONIGikRD chain
é gu% Xx 250 mm gradient: A solution:
dqsg TEN t}é‘FPth%ol ution: 0.09% TFA/ 10% wat er / 90%

obt i m%r“%@mbefseoﬁ*ydg&?és&é?qloﬁ&%%}ﬁ“ td Z”t ‘o
2 P tit

BRI 1 Bl e a R S Dones

%Eréugwﬁn@g@ﬁ)dlwﬁg%ma@% Déxé’q1 an&%py e%ﬁ%f‘%*ei

di mannose ol | gosacchari de chain add
E@BihdﬁaA ﬁﬂbtgu@m}seswm@ﬁsmsu@owﬁn VA 98k thyl-

with Amno-PEGA resin (100 nol) (product of Merck),
Wasbtldoxyphenoxybutyric 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.

[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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t horoughly w th dichl oronet hane (DCM) and DWVF and the
resin was thoroughly swollen wth DMW.

4- hydr oxymet hyl - 3- met hoxyphenoxybutyric acid ( HVPB)

(0.25 mmol ), TBTU (0.25 mml) and N- et hyl norpholine

(0.25 mol) were dissolved in DMF (2 m), |loaded to

the colum, and stirred at roomtenperature for 4

ABRFRES TheCP L4MR- wﬁibmkmowhm PW&PHN?W &hdP
b HVPB- PEGA ich was used as a
?,PI(B:M& %%%é%dﬁr‘]%? 531 Fie %J;Jg Iﬁ%fﬁe%f’%thf%%o?ommn
PSS L0080 Aobden MR L0020 UPEL 200 Mt
mln {9adgds £ 05 a, $O) i gc@hgﬁg MBL NSk SpLoL gg%gy%as

stirred at 25C for 3 hours ter stirring, resin

yegoveshed ukihg E&»&@%“bléﬁéidfﬂ@ﬁDﬂf°§81M@§oﬁeFPW§P for
by using 20@6p|per|d|ne/DNF solution (2 m) for

bb Nt este Af t €rh iwasitarG tlidnh m,re;ﬁamm}mp&f\wﬁ%d
sequentially condensed in accordance wth the nethod
shonm del owiro exierpretpepeddeitharmoc §O3G] (OThe mmol)
am no acid having an am no group protected with Fnoc
5P oBPIVRRL Hr 5| verdems - arethy | py¥dol i done (NI\/P) (1
Eh% After addition of 0.45 M HCTUHOBT/ NWP (0. 4

P% the resulting m xture mas | oaded to a

2oL) ss v 5Re IR Sy Subsenusiil, 8.
pothat colion, iz s lion oo s
DM, BREcFoRE, OFREP-WRS(0tBu), 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:62) on a solid-phase resin.
[0303]

The obtained resin having a peptide formed thereon
was ?artly 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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renmoved by using a 20% pi peridine/ DMF solution (2 m)
for 15 mnutes. This operation was repeatedly
performed using an am no acid protected with Fnoc
group (0.5 nmml) to sequentially condense am no
acids. [0302] Fnoc-Gy, Fnoc-Arg(Pbf), Frnoc-Qdy,
Fnoc- Lys(Boc Fnoc-Val , Fnoc-Leu, Fnoc-Trp(Boc),
%%Er%% %trrrt%om F"rﬁi?;Pelﬂ%uran%%r Pihehomc gh@( @IGB;;)H was
0 Fnoc- Al a a,. Fnoc-A n(Trt
"‘lfﬁy Fgrr%lt@t W By fﬁh%crei%mi: urwerf BAS

noc )
e AB (LB Enos G 1 H5 o Rt TPt B6P 1 EBe.
fﬁ&hd&%n%égTHiﬁfﬁﬂed cﬁéid %%?h(ngé¥§§QD Eﬂ?%jﬁla

and Fnoc-H s(Trt) werée used as am no acl

pzmt e%t;ﬁ@bf @/2@&02%0%} QLA 2 351834 AYE 0,13 TEA
Ide O -
vf-?é?&pbfg - yutlys(:Bac) o Mal BRAeU 0F peBan) A90%ks (AN t9 -d e Blin;

e_
B uPObBER- Ly9( Boo) 1Ahaahl grGdiehty) +d po6htaOpBR)ikeu-
t Bu) Ser (tBu) - Ser (t Bu) - Val - Asp( O Bu) - Ser (t Bu) -
‘% )2 EHe I8N Ay -WRAGBIHeARs: Mys(-Trt) ( SEQ
62) on a solid-phase resin. [0303] The
d)(% al ned resin having a peptide fornmed thereon was

partb&o&%ﬁ%@taalggﬁohlga %%%% Ség%%%%é%hgglé éeé) fas

Trifluoroacetic acid; water:

pagadsush diadkat e Bsin was ”L%fooqg'}' %0%% the

166 stirred at room tenperaturé for 3 ours

pregst irdenash a ime e th ey Add tadveon 4and nIgl')e vfe%ctdﬁ%réolved
solution was concentrated under reduced pressure. The

ireslfiG imdy pheegibdite Wwat feur | (fdied 1By, HRICL160lawaN 211 owed
SHI SEI DO UG- 120

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), ¢ 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 oligcsaccharide
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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(C18 5 m, 4" 20 x 250 mm gradient: A solution: 0.1%

TFA water, B solution: 0.09% TFA/ 10% wat er/ 90% AN 8. 0

m/mn; 35 -4 60%8, 20 min |linear gradient] to obtain

peptide wherein 30Ala of GLP-l is substituted by Cys.
[0304] -Bronpacetam dyl di manlnose ol ngs;acc(:l;grlzde §e)
a od ct of OTISUKA Chem cal Co., Ltd. .2 ny

gnd ItO TR ¢ Ha TH RS it h 3 LA aisy Tk Jechyg)i tker e

h h buf f H 7.5 410
?m?§82¥§3%| Fanh (TR0 PBERE als 3o torol Venss! fAf%%bed
t r on L r
S RpEe {eeHIne PhroPenp EHR AR (Pl s i yf oty i

tOsPHIrivhi cand o Phfo11&0! i st SE -
(C:Slg 5£n)?$di'8u(.9m§|gﬁo mm f:;ﬁ?% di ent: 4ngot]}%%1ﬁthyl

B-dda HbAypiad Rox yBusPE Ut | 8810 0(8988) THN 19%met er / 8906
AN 0.7 m/mn; 35 -+ 609, 20 min |inear gradient] to
6Bt 2 nRo 4) r@n@fNﬁétlgpsxa@nMadslﬁee chad m maased w1
pepti de wherein 30Ala of GP-I is substituted by

%FF@%&‘&%‘éhhfPl%Fch%ulﬁlhddb@am YB0Qdys column, and

GLP- 1- di mannose). [ 0305 Exanpl e 34 Synt hesi s of
%ﬁ@geﬁu HantRAE BPTRREAEEFRr feR £HOW S addd¢ @eRin was

I
FEb LG B fon b et BRCTE & t“ﬁ%{ﬁsg”ﬁ% BfGA
I or pnet
andf*éim HEe s (POE D P o I g

+hds hydr oxynmet hyl - 3-met hoxyphenoxybutyric acid
(HwB) (0.25 nmol), TBTU
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.
[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 coﬁdensed 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

- 168 -



(0.25 Mol ) and N-ethyl norpholine (0.25 nmol) were
di ssolved in DV (2 m), |oaded to the columm, and
stirred at roomtenperature for 4 hours. The resin was
washed thoroughly with DMF and DCM to obtai n HVPB- PEGA
resin, which was used as a solid phase for solid-phase

hesi s. -d) I .50 I d
SESHOTRT i b i e arﬁ%%m”?%n%f&% gr?.@q mdw
| i d-p. i s .
Ll o) codats 6 Pl aias, B os S0l 00 o
1 henigst &s Wasrwas hed it b nDEMa Dﬁé%&@f?%ﬁ%%“% was

renmoved by using 20% pi peri di ne/

§OInd e a0 . a A d e ryeshidg W M g @00 RS G§nol )
were sequentially condensed in accordance wth the

et hogh ashoiwnl bel omden sxtamncha pepds de chain. The

am no acid having an am no group protected with Fnoc
6P dUpl was di ssol ved in N-net hyl pyrrolidone (NWP) (1
m). After_ addition of 0.45 M HCTUHOBT/NWP (0.4 mmol ),

t he NGy AU E MEP ) oad@P A& ly /s dMog-paddrt),

nt hesj s col um. Subsequent]y, 0.9 M DI PEA/ NWP (0.8
o Vake SiRbT Ty HE S TR e YT o TR e
r i rgd t emper at.ure, for. 20, m nut.es, the
é%éét$%§ﬁrﬁ%éé?%%ﬁ&éﬁﬁ%&%i?ﬁiﬁﬁﬁ %”%Nﬁ/ %ﬁ?ﬁ%%ﬁf@néﬂﬁ)-
MBS, FRIOVELh PYrUS] Neld 20% pi ﬁ%é%ﬂ?(%)ﬁo'éﬂﬁ@&é&
m) for 15 mnutes. This operation was repeatedly
Pe6E O YR O BWS) N S8 NBAC] drris @t et gchu t herfd®Gra 1,

group (0.5 mmol) to sequentially condense am no
BoocsAsp (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-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:63) on a solid-phase resin.

[0308]

The obtained resin having a peptide formed thereon
was partly taken 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
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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[0307] Fnoc-Gy, Fnoc-Arg(Pbf), Fnoc-Qdy,

Frmoc- Cys(Trt), Fnoc-Val, Fnoc-Leu, Fnoc-Trp(Boc),
Frmoc- Al a, Fnoc-1le, Fnoc-Phe, Fnoc-d u(Q Bu),

Frnoc- Lys(Boc), Fnoc-Ala, Fnoc- Ala, Fnoc-A@n(Trt),
Fnoc-dy, Fnoc-d u(QiBu), Fnoc-Leu, Frmc Tyr (tBu),
Frmc Ser (tBu Frnoc- Ser (t Bu , Frmc

FRotd e pl s B%Hrlii:%ﬁﬁ: g R W@Th?}ﬁ@tﬁ)m UG-120

h F Thr(tB F Gy, Fnoc-d u(OQBu),
Eﬁﬁ% il i a’no‘bnozcl:pnd%r %'t )g%l@%seé\ £9L4rd ORrii Bo 1% TFA

@é:tl.éjf péo%!@%gteldolp:y O.Fd'g)%c 'lg:‘tﬁ)%% QY bt a)gb aA%l]' geOSImdl/emin;
peptide o

3 Tr Phel
e S
Wiys ré 1BU) 4 Eyperof tdin-1- Sey s(dkEévt)ltd/@éd/%%p dy&.Bu) - Ser

tBu) -
&@ﬁQ%Bu) Phe-Thr (tBu)-Ay-G u(QBu)-Ala-His(Trt) (SEQ
ID NO 63) on a solid-phase resin. [0308] The
obt aifFerREsitarigyilng iaapapsiede Ligosed chherden (ewasa
taken in a solid-phase synthesis col um.
#w%for%&%wa&rwmmlerco T B 980 BB anck):has

added, sugh_ t hat t reS| was tho |y soaked and
BEF i ed aterbon é'raet PG @r Lgﬁrfgs) “AfE B Te wes

l.ut
comset il o et o,
t1<§9r 1881 gueswas «pur iyf i,ed Ly FE%@eLCQ%&m?téSF!@%%LP%mn

UG 120 (Cl8 5 m, 0 20 x 250 mm

Ol 2iw ams t & 196 5ThA renai R f 1 DBt iHE;c,0.t0R% ERAVLQ%
water/90% AN 8.0 m/mn; 35 - 609B, 20 mn linear

WJadtLJecm Jwd= d)lbi@ﬂiypembjda@tememelgmﬁéﬁlyﬁtafon% HHIS
substituted by Cys.
[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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[0309] Bronpacetam dyl di mannose ol i gosaccharide (e)
(a product of OTSUKA Chem cal Co., Ltd.) (10 ng) and
the peptide chain synthesized above (3.9 ng) were

di ssolved in 100 nM phosphate buffer (pH 7.5, 390
}il) and allowed to react at 37C for 4 hours. After
conpl ete consunption of raw materials were confirned

%ymﬁPE@XY%%n%%@%ﬁic sHFiLE i OMRRS 6F reetmyoslbj BRT@d

L2 L0 BRI, BUERIS R
BTSSR

1 f e
ez el g gersedaon, e o 1

nhEpegacrbash gl ¢ had n aptde da & SDEM4Y Sobtain HMPB-PEGA
GLP-1-di mannose). [0310] Exanple 35 Synthesis of

t2A$n; ashatlo wd$ gosad chard deoThai pha e6ldedr G&Htdd-phase
pept i de A sol i d- phase synthesis col unm was charged
pvohheAR$ no- PEGA resin (100 nol) (product of Merck),
vvashed t horoughly wi th dichl oronet hane (DCM and DMF
4Bélthe resin was thoroughly swollen with DVF.

?HIIQ/)F/’ ox%rggsahm%ls)oﬂo 3- rret hoxy%no% yr| c aC| d

h d d
PRI o (8, T L O S B
tegpesatyre £01i4- é’éé syfend £81 %mn%ﬁ@e&lmd at
t horoughly wth and to obtai n HWB

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 HCTUHQBT/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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resin, which was used as a solid phase for solid-phase
synthesis. [0311]] Fnoc-Ala (0.50 mmol ), MSNT (0.50
nmol ) and N- nethylim dazole (0.375 mml) were

di ssolved in DCM (2 m ), |loaded to a solid-phase
synthesis colum and stirred at 25C for 4 hours.

After stirring, the resin was washed wi th DCM and
BETS FRb B0 TR RS by vl i Ppogoup (05 mmol)

i peri di solution (2. nm) for 15 minutes. After
%as%%gér{vﬁ% Ol ho a(an?:lin 5 Were sequential ly
Fgﬂggpsed in accordance wth the nmethod shown bel ow

o

extend a peptide chain. [0312] The ami no acid

havi mghcan g, Ner@c0en rNTet gt edhou I v FIRG QIQUR Mas:) |,
di ssol ved in N net hyl pyrro?i dong (NI\/IX) (1 n) R Aftér

Erotett tliean, Emdk 45y M HEEUHEBIE NMR o Gz Bu oo c - dde(tBu)
resulting mxture was | oaded to a solid-phase

Byort-Hésli s odarAsp SuiBequenidas Sd B RDIREAIMNVR THY: & Bu)
mol ) was added to the solid-phase synthesis col um,
YEERrusRqd ras diatatigomadfpermtaiecfed 20 Fiouteun He
resin was washed with DCM and DMF, and Fnoc group was

PRIFOAEF by UT S TR i Yerd difhe) TR ST Ut iy (2 )
L o S (2, B AL 8P SRR o
PGSO g 9 AL SIS AN
o cr AW B ’peﬂ:ﬂ% Lf‘ébél 'E}Q?L‘?e'nﬁyfé& B}J)O pumol) was
Frnoc- Ser (t Bu), "Frroc- Ser (t d),

transferred to a separate solid phase synthesis column,
Fmoc group was removed by using 20% piperidine/DMF
solution (i 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 pmol) and DEPBT 6.3 mg (21.1 pmol)
were dissolved in DMF/DMSO (1l: 4 mixture solution, 0.35
ml) and loaded to the solid-phase synthesis column.
After addition of DIPEA 2.4 pl (14.1 umol), 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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Frnoc-Val , Fnoc- Asp(QtBu), Fnoc-Ser(tBu and
Froc- Thr (tBu) were used as the am no acids protected
by Fnoc group to obtain a 12-residue peptide of
Ala-An(Trt)-dy-

Au(t Bu) Leu- Tyr (t Bu) Ser (tBu)-Ser(tBu)-Val - Asp(Q Bu)

cor PR G 3R A B et A S e
w@? #9@@5&&%&9 By SPRRLALE, g'mm? asg%gvm@f' ?5. 4

roup was re

pees'@'sr&ﬁﬁ%wégé%igyowem Msﬁ rl? "wtrﬁg ank. o r

shed a separate cen et

ast ab ot obh gﬁéacmamm@t@@ﬁu fhe aﬂﬂﬁéuﬁép@éélglé@dé@)t& aa
product of OISUKA Chem cal Co., Ltd.) 27.7 ng (14.0

sol ) dapida DEPBIN 6h&s i1y ¢ @urdn oI Af t anverse idirsise) \ead ridom

DMF/ DMBO (1: 4 mixture solution, 0.35 nl) and | oaded
tempheatoré df phagee slycnmhesFrsoc obuemp WAt eemadeld thpnusing
of DOPEA 2.4 1 (14.1 nol), the mxture was stirred at
?o%ﬂft%h@%Fh‘fth%ﬂP%? 3@l bbiipy. (AfRét fomsh? el wrEds DVF

e T R
%ﬁ%%%‘% %K%%}Bl %go%sgcr:((::]%%%hde c%QSER'g gué%ﬁs%r%Bg.)g)o%S
abtabpsd) ogna SRLLIAPhESEre [Q3d4] a5 ;Jgn%Tbéﬁﬁgnﬁgbtected

acid haV| ng an am no group protected wt Fnoc ‘gr oup

Aneh HEBbc (4rdupP, afld B0l 3 (Tand PhEChsL®. 4s dmile O8cids
mol ) were dissolved in DMVF (0.875 m) . After

acdvtwatednwionh BScngnotestot betaixt arel ivssdcadedi do® a
sol i d- phase synthesis colum.. After stirring at room
teaperaddee 1orresedhoupspFide gf olipavasn (Bnovedl by
g%h? tBu) ~-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 sclid
phase resin.

[0315]

After washing with DCM and DMF, mixture solution of
trifluorocethanol 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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a 20% pi peri dine/DVF solution (1 m) for 20 m nutes.
This operation was repeatedly perforned to
sequentially condense am no acids. Fnoc-Thr(tBu),
Fnoc-dy, Fnoc- du(OQBu) and Fnoc-Ala were used as
am no acids protected wth Fnoc group, and

C'El%@ﬁﬂ%% %’ﬁ’%@?ﬁ%@%%@%%fegﬁ {ent e g
%}? z %9;1 Leu %%%%ﬁ;égrﬁ Eﬂﬁ 841 - Asp( Ot Bu)

t Bu) - Thr(t Bu) Asn(CJ i gosacchari de
E:%:glﬁ% Thr(tBu)- Ay-Gu(QBu)-Aa-H s(Trt) (SEQID

NO. 66)heOb 18 fild G haRh ke dresi.- ac{o%%ll?h Iéfstl%ruev\%§: 0% ¢ g
wth DCM and DMF, m xture sol ution

peptiaor peghanoleand @cetis agt) (k) Stf?e?gfgegj Zétbc%

that the resin was thoroughly soaked an

e@@ipd an e npbr sit urds fs0r1 viedd hioursME THe. T &gl )n aMas dRMEd o -

b filtration and the reaction solution was _
neent4iiCedndgmden redored tpoepsiere. The tiess) ting

resi due was concentrated to obtain oligosaccharide

Reng L e (&r'ottdot B fepiniade ofas added and separately
A 5 S T s e st 2
G o Ay SR R SeQH RO L (15326

i ol gosacehar | @ﬁecﬁi‘k@ﬁggdﬁgfl§t£?§{e9“e pr?%‘a te920°c

peptl de (equivalent to 2 Fansf er

for Z2dgplmntarfd &Sﬂﬁecﬂlt&s(ﬂd(ﬂd dlrét% E€@nk A )IS@nqnl
cooled to - 15 to -20C under an argon at m)sphere

Afffier precipitation of peptide component, the solutlon
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 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 thiocester at C terminal:

PhS—Ala—Gln-Gly—Glu—Leu—Tyr—Ser—Ser—Val—Asp—Ser—Thr—
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benzylthiol (8.7 1, 73.6 pnol) was added and
separately prepared DMF solution (0.231 nl) of PyBOP
(6.4 ng, 12.3 p.nol) was added, and subsequently,
DIPEA 2.1 | (12.3 pnol) was added. The m xture was
stirred at -15 to -20C for 2 hours and added to coo

| eth 150 m).. After reC| i tation of
e% $t¥ijeg§%‘?r‘g%lhéﬂdet 2 5) TR o I RS § e AP

g penbrane filter. To the reS|due trifluoroacetic
aC| water: TIPS (= 95: 2.5: 2.5) was added and
§5F£ﬁ?d at roomtenperature. After 2 hours, the

sol ution was once again added to separately prepared

di et ol ethestHehoGhdHd, t0 Lhtiai-pra gy es%}'rﬁﬂﬂe%ll% column

Thereafter, the solution portion was reéenoved
nen‘ocmsgédilw;ethtmpIMasza f&siglugp ot et rtbmqaearck) (100
desired peptide thioester conpound. This residue was
pmds'lfj eda Siye d HRLE degh Ly 1 1Sl GG 24 eli2h { 18 )Prand

4 20 x 250 mm radient: A solution: 0.1% TFA water,
BMEoppdi BRor eueoby  TEAL 4% Wikt ler 0% ANhE A omymeithy 125 -
-> 4598 (15 mn) --> 6098 510n1n) -> 9598 (10 n1q%
PehRAF YRR ERItYBl o Gt (HB1RB gl Bf2 Hepts He gl0-25

BRth 2 th'ﬁe%ﬁr@%rlﬁéﬁfm-@%y%%m% ) i Sesved in
'%% fsﬁiﬁk)%gfﬁgfggﬁgﬁﬁégﬁéi ﬁT- ﬁég%$lc#EAM§k}ié%m
§@hp@r9€@§@ syAtheghsr£0! uim f@%ﬁncm%%g%%§Wéﬁhthoroughly

Am no- PEGA resin (product of Merck) (100 nol), washeéed
t/bon onghl yneM bdwM di € hbiot Hivet inawee- KHM régith, VE @ndias

t horoughly swollen with DW. 4-hydroxynethy|-3-
neefoxyphesokybuplyase bor d¢HMPB)hd e 25ymrd 91 s TBTU
(828

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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mol ) and N-et hyl nor pholine (0.25 mmol) were di ssol ved

in DW (2 m), loaded to the colum, and stirred at

room tenperature for 4 hours. The resin was washed

t horoughly wth DMF and DCM to obtai n HVPB- PEGA

resin, which was used as a solid phase for

sol j d- phase synthesis. [0318] Fnoc-Ay (0.50 nmol ),

TERT (PSR )t Anid NS et Fyih 36 9 a2 ot B¢ 0 S 780 Mot )

re dissolved in DCM (2 m), |oaded to the

A P ST A T o A ST o o ARPWRS £ by
. t frring, e LN was hed wth DCM

gér:%{%l\/lwfé}Ag Ifgrr%)scﬁégdf o‘ﬂlp{}gwaDséﬁr] earrrt{)a\e/zb(f?% ULT ng" & HopUP Was

p&@@&é@iwl%\fﬁg W oMb e M Qi A0 D g@mgﬁ yﬁi W) for

washi ng w t am no acids were sequenti

TONAENSESk . | IThaeC @pdanee ow tWa st hegamithed (s hews halaw

to extend a peptide chain. The am no acid having an
@simp T canm ps et gl v ddt e dFnmict 1Y rmkge Wasowdh seml v edhno1 )
in N-methyl pyrrolidone (NWP) (1 m) . After addition
B QM HATHEBTIMVE Y Gl 9ids t he resul ting

m xture was | oaded to a solid-phase synthesis col um.
Rbsehuently, 0.9 MDI PEA/NVP (0.8 175 mmol) was

dd i d-ph t hesi I . After
il o LR ar St e FEP 6 i ndfios - LokdBoc)

' it , and Enmoc ou S
D o PR Rl SO o i e P S TR ST
F06c- B M M@SGluTmt%LQQerE%d@rLy@fagc%pgﬁéxeéjl&’s’__ed as the

ected wth

perfornmed wusing an amno acid pro noc

i O ds Bl Jectdd BAURM & doh S UMENRE AP rt) was
acids. [0319]

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, trifluorocacetic
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 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 (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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Fnoc-dy, Fnoc-Arg(Pbf), Fnoc-Gy, Fnoc-Lys(Boc),
Frnoc- Val , Fnoc-Leu, Fnoc-Trp(Boc), Fnoc-Ala, Fnoc-11e,
Frnoc- Phe, Fnoc-d u(QBu), Fnoc-Lys(Boc) were used as
the am no acids protected by Fnoc group and
Boc-Cys(Trt) was wused as an am no acid protected by

%S) oup to obtain 13-residue peptide of
%2(%[ (Pbf)-dy- Lys(Boc) VaI-Leu-

Tr p( ﬁ%e) g arFlygessglt}ﬁ dP eres,l.f%’/r‘s( %gfc SRSy S('Trtth)e 0

: Tl PS = 95;
i i e R TS 8%
oUr Smg Tf‘@ndn%ﬁéﬂﬁﬂk@ésfél%‘ p@{g@ cﬁjetf}?bf’ H’@at&éﬁle placed

prepared di et hyl ether (150 m’) to
Pt e€i i@t @entlhefepd teibe tded SO $4d BRe POIL | Ly MBS,
renoved by a nmenbrane filter to obtain a residue _
sohtion nEpka @esi reed et )i deptdpaonsd ediompounthanitshe
residue was purified by HPLC [col um: SHI SEI DO UG 120
e kgride xplat2Bm mnd gi adirhtphossodnitd emid. 1%
TFA water, B solution: 0.09% TFA/ 10% wat er/ 90% AN 7.0
R ren) 25Th4i0@5%o@152m9n}11 >weBYBhehOakdpd- at95@zi§m
lin radient] to obtain desired peptide:
’%“;P%%g%ﬁey ang & \%a%@nmbam@qﬁ%rm Ee qu_% oys

A N e B bR e T s Fogehe  phPEPA8 iaw was
henzyl dhig, asdes Péol%ng,e”%ﬂ’iaémé@ hehL gﬁ‘g?o a('?:diast tslg,lfgﬂ

13- reS|due pepti de wer'e plac

2ent ridaigen, ! e antdi ssalaed idh 2 PYS aira Al oy
(pH 6.8, 0. '5 m) (prepared with 6 M guanidi ne

dvydrmoicdtl 0rd dEvsalrrA1@y and & /D Mphospheni gidti s —
sol ution) . Thiophenol (2.9 I) was then added at room
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%

- 177 -



tenperature and a reaction was perforned at room
tenperature. After 24 hours, the reaction solution was
purified by HPLC [col um: SHI SEI DO UG 120 (C18 5 nm),

4' 20 x 250 mm gradient: A solution: 0.1% TFA water,
B solution: 0.09% TFA/ 10% water/ 90% AN 7.0 ml/m n; 25

-, 4598 (15 min) -). 6098 (10 min) -> 9598 (10 min)
Tli"zhe“é?te@fr;%ise?ﬂt%t%%“ob‘%ﬁflT.%Pn@l F Wt s%\(f:ft:rf’&\lﬂdﬂed
chain a d -residue peptide, Th bt ai ned .
I%f/lalﬁloré’ac ari gé °5?ha{i1?? Eﬁalzd ‘ﬁegpfﬁe?%ﬁsmlﬁ? ace 1P al1o
GEf 11 f gl £ ube, and, 0 ssolyed .0 @ i f | 1l d on
(pi—f 7.0, prepar e(gl f rg]lm 35 nmMV T&P@s%tﬁn?es%ﬁd _
SR $h en O CHH D1 dea s Ui om a6 O Fe MM PIOSPIOI i
acid solution) . To the reaction solution, activated
SanelyPN ckel swimst iaddest aby roomn ienpergdddehM e Aain
hours, conpletion of the reaction was confirned by
Ht! AdihetE2EdrerGLRHe-asiactdon sol ution was filtrated
b%:ma menbrane filter and the filtrate portion

co Bl ning desired oligosaccharide chain added GLP-1

%ide S subjected to purification by HPLC
%) R SHI SEIDO UG 120 (C18 5 n), 4' 20 x 250 mm

gradient:, A.sol uti ..0.1% - 177 . TFA ter,, B .
sol utsslélﬁc :heC?.l&Q%LgH}%?‘fﬁ’%a\ﬁé‘ta&ro/ §GFIRN Té%arr‘ndfamcﬁjal%
sdaed o (4 )5+ 6098 (10 mn) 9598 (10 min),
19 neéar grad?%érﬁ (%eo obtain 0.8ng of desired

ol i gasacuha-igte sehaiymtadded GouhnPeRll 48 wheheid tn
12Phe of G.P-1 is substituted by asialo

mhi gosechard dien ChE0 imaidded Asdh dtl 2AS MGl 1- 351 ) -
[0321] Exanple 36

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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Synt hesi s of 18Asn-asial o oligosaccharide chain added
GLP-1 peptide A solid-phase synthesis colum was
charged with Am no-PEGA resin (50 nol) (product of
Merck), washed thoroughly wi th dichl oronmethane (DCV
and DMF and the resin was thoroughly swollen with

DVF.  4- hydr oxynet hyl - 3- net hoxyphenoxybutyric acid
THVEB) o7 0( A 250 iR Y | L STBT u s 128 fes] Waghdng with DMF,
N- et hyl nor phol i ne (0. 125 ) were dissolved in DW
B )2 TBRAERF § o THE iUy, SHRPCTS9Y et SO

f h ., Ih ' h, .
SESERAS L0 SERRDS LS RS, JENGH, oo

i whi ch was used as a solid phase for solid-phase
synthesis. [0322] Fnoc-dy (0.25 nmmol), MSNT (0.25

Mol )TraNGrdin JTRIW nahvd@g0he GaihEd oPRp) Wek€cted with
di ssolved in DCM (2 m ), ~ | oaded to a solid-phase

Byatt hesosp ood 1ndt st wdd rire i -ate t FABIG J1oho 13 J¥Hd S(NMp) (1
After stirring, the resin was washed wth DCM and

VR Afte rgeddp twas oémdved By HOSUHPEIOANMP (0.25 mmol),
pi peridine/DMF 178 solution (2 m) for 15 m nutes.

¢ efe sibshing Wt mvwas difafedadias wearld sadwestial |y
coqgggsed i n accordance wth the nethod shown bel ow
T e e P i d8ULREAREN L Ly328] *THe DAREASNYEI d0- 25

BREAEHAD RS o Tt doime T W) CF L TP LA rer
@f@éf I@@l]_oglrg{ 4 MM%@%@JQO@ (?H)ln)rnutte@e, the
resulting mxture was | oaded to a soli d-phase

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-Ile-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]
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synthesi s colum. Subsequently, 0.9 M DI PEA/ NWP (0. 25
mol ) was added to the solid-phase synthesis col um.
After stirring at roomtenperature for 20 m nutes, the
resin was washed with DCM and DMF, and Fnoc group was
removed by using a 20% pi peridine/ DMF solution (2 m)

for 15 m nutes. This operation was repeatedly
perf&ﬁf’&?o TP 387 ARG A GHE I A e d AR ERse (B)  (a

Serdict oA A e A e nco%A'rL | {qbgiyfsgjr&?g 08 ot
- _ = _ . _ )

EIRCORYE PRELS nq ePFO ¢ o e r et (Tt 2/ Dieso

ErDe/ b yS (BOC)and MEa M@, t FMDEs £ Ay ¢ FIRCs A N ildsi s

Froc-dy, Fnoc-d u(OQBu), Fnoc-Leu and Fnoc- Tyr (t Bu)

YOI EmiiSed A%t hRIAMIRe /E ¢ mpotectad (1B GRBE)gr eHR
to obtain a 19-resi due peptide of dy-

A g Pt )wad ys s Bdcy & abont eteripgaf Boc)e Af@r |12-HRhess .
Ju(QBu)-Lys(Boc)-Ala-Ala-d n(Trt)-Ady-du(QBu)-Leu-
A% B9 SiSED Y- INDMAL )arsh RENo| ¢ bl gdesechrasside  IBR25]
- 179 _Asial o oligosaccharide chain added asparagi ne

RByeq & OproRitie oreRITSiK e Ioehy g B L) 1% L v@any -
FE R e B o oL ) e T o i - Foc ] A -H1-
i el ' ddi 1. f DIP
G2 [ 0as8 1 [ 8L DL AL ALY 0, 0,0 PR
seamer alsE® TONE4 HoUfSs obﬁééﬁ{eaﬂ%hwgs%\hw ﬁ\g:seand

DCM ue pept

ol i gosacchari de chain added 20-resi I de

Oib 3 yuMMP(PPfghe Aryrdys{dBaL)having an amino grouﬁ
Val - Leu- Trp(Boc) - Al a- 11 e- Phe-d u( O Bu) - Lys(Boc) - Al a- Al
Rrotected with Fmoc group was condenced by HOBt 34 mg

(0.25 mmol), DIPCI 38 pl (0.25 mmol) and DMF (1 ml) to

form oligosaccharide chain added 3l-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)-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, trifluorocacetic
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
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An(Trt)-Ay-d u(QBu)-Leu-Tyr(tBu)-Asn(d igosaccharid
e chain) (SEQ ID NO 72) was obtained on a solid
phase. Subsequently, the am no acid having an am no
group protected with Fnoc group was condenced by HOBt
34 nmg (0.25 mmol), DIPCI 38 | (0.25 mmol) and DMF (1

m) to formoligosaccharide chain added 31-residue
pépgf@@doby HPLC [column: SHISEIDO UG-120 (Cl18 5 um), ¢

g%yxAﬁgngf) degs(Boc) Val - Leu- Trp(BochAda Il e- Phe

solution: I T water,

AR LB A T LS B hos
éé@éOt @U)m%riiﬁeirT§££&§g91tfh@ TQ)B %ﬁlﬂ)g@y 7 Y6 OB

- A a- H s(Trt) To t he” obt ai ned

beshBshavhngias ehhgesassbar tge- 105@¢91agdﬁﬁe9§pﬁlﬂ§5er
formed thereon, trifluoroacetic acid: water: S (=

856: G2pP51 zssgaumsladded sieEh hhaalotdaelcg@§a@cmslde chain

t horoughly soaked and stirred at room tenperature for
8dfedr AsnTHéBRes| ALms-asheved. by filtration and the
reacti on solution was concentrated under reduced
pPésdlire. The resulting residue was - 180 purified by

ﬁﬁ%C ﬁ % mm: SHI SEI DO UG- 120 (C18 5 m), 4) 20 x 250

nt: A solution: 0.1% TFA water, B solution:

0. 090/ %rﬁﬁllé'gf/g %A %/ a% 0 g%@%dc%%arlde C /aﬁ.n 20

mn |Thear gradien 5

anggsggghgr ggtgggln added GLP-1 peptide wherein
18Ser % IS substituted with asialo

ol i gqsa@@hm+m§@asyhtmgm STl 84 HR-geBsiiap) -
[0327] Exanple 37

Amino-PEGA resin (50 pmol) (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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Synt hesi s of 22Asn-asi al o ol i gosaccharide chain added
GLP-1 peptide A solid-phase synthesis colum was
charged with Am no-PEGA resin (50 nol) (product of
Merck), washed thoroughly w th dichloromethane (DCM
and DMF and the resin vvas t horoughly swollen with
DVF. 4- t?qv}dr oxynet hyl - 3-nmet hoxyphenoxybutyric acid

(Hlvpé)f 25 TRy, tf@rwese@ 125 wesiecand th DCM and

I 0.125 I di ssol ved in DVF
O R B § 2T DRI EYalfd L1t OVed RE ZicGme /onE

SI
egerstie Lo ey e o7 o B HE o o
I qr soli ase

i@ﬁ?ﬁé@%%&za] SR e ylsﬁ?oé%!sd)g}n%soﬁ,ork@\‘ff S50
wiiroih ) £ 1o dndeh gt L SR v W) 6 d Qo sdelh Pl e W&r fe chain.
di ssolved in DCM (2 m), loaded to a SO|Id phase

By hesis colum and stirred at 25C for 3 hours. -
181 After stirring, the resin was washed wi th DCM and
DVF. Thfp@ngneup cigls headmgednbpmisiongrdd¥ protected with
er|d| ne/ DMF solution (2 m) for 15 minutes. After
%)I& $i PR 17 DA, SsArifatd idciNsnaierd pseuednitdaald y(NMP) (1

densed in accordance wth the net hod shown bel ow
I%]gn'ex h&Ta aﬁgﬂntllél’é ChaPni> MoHSTP-HEAHRE ARihofl thd T mmol)

A D (0 R B e Y e B e AL er
aetdirtd ons ofo1Q0ds NEHQZQE'QEIE'}'S/P 609 ﬁ Q’TEE)\’/NME'“‘?O 25

resultlng m xture was ase
mmol) was added to the solid-phase syntheSls 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(be)—Gly—Lys(Boc)—Val—Leu—Trp(Boc)—Ala—Ile~Phe—
Glu(OtBu)—Lys(Boc)—Ala—Ala—Gln(Trt) (SEQ ID NO:74) on a
solid-phase resin.

[0331]
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synthesi s colum. Subsequently, 0.9 M DI PEA/ NWP (0. 25
mol ) was added to the solid-phase synthesis col um.
After stirring at roomtenperature for 20 m nutes, the
resin was washed with DCM and DMF, and Fnoc group was
removed by using a 20% pi peridine/ DMF solution (2 m)

for 15 mnutes. This operation was repeatedly

per f GSed © GeiiHP ST ARG G I ¢ SHatRgRmse (b) (a

oot Lo OO et e b bor L Sttt 6 pmo)

%cﬂlgﬁ B‘g?)mg | {:ﬂ%: ‘ﬁ%)]t) ;hnee?c lﬁﬁb% Sl Tlgﬁ)NBD?PC)DMSO

@DQ/éy@(r@)C)ancF%cﬁi@ £ SNOCs ﬁgf‘l ﬂ"eTsrltg
%@ B

were used as the amno acids protecte C group

EOL @bt Al A A kS AlRSitGYe REPIDITE0f (26 n1 SOAPmo}), Eﬁe

A y-Arg(Pbf)-dy-Lys(Boc)-Val -Leu- Trp(Bocl)- a- | e- Phe

i G w OBy -dtyis(Bot )a Al wodh ac & dad yrd SRQ 112 NSuid.

on a solid-phase resin. !0331] - 182 Asialo

Bt & o serthidard del tehAMF PAépav bigd B aiade privduct

of OISUKA Chem cal Co., Ltd.) 198 ng (100 nol) and
Bo 17 {(dwod Hﬁﬂ‘)l%r%f P oo xe Rl NP MBSO Boc) -

$& 485, g fosces Al solistphpse aur e,
S 86 0 1o L S
Sehdeth 6-4esd dé&?lﬂﬂgﬂéjsee of Sgb% LQGRRT) @(&é 5%6%%508?‘3“1(1
Val - Leu- Tr p(Boc) - Al a- | | e- Phe- Glu Bu) - lys(BoC
e v A ¢ (it tamiAsh (£} d gp e gle v@f@l r@md@%QdLB MRs75)
zgﬁ;enced by HOBt 34 mg (0.25 mmol), DIPCI 38 pul (0.25
mmol) and DMF (1 ml) to form oligosaccharide chain added
3l-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 oligosaccha;ide
chain added peptide formed thereon, trifluorocacetic 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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obtai ned on a solid phase. Subsequently, the am no

acid having an am no group protected with Fnbc group

was condenced by HOBt 34 ng (0.25 nmmol), DI PClI 38

(0.25 pmol) and DMF (1 nm) to formoligosaccharide

chain added 31-residue peptide of

d y-Arg(Pbf)-dy-Lys(Boc)-Val - Leu-

2% p( B 8 /a-9 1 s ipe- QA (SR i-drys (Bolc) -TARa wAltarG | Tr

%3;} Asn(d igosaccharide chaiIB) -3 u( & Bu) - Leu- Tyr (t Bu) -
¥R - Ser{Y B EA/A CadiitaBL) st t B TR mirBu)3Phe-

e R Vi 4 (e ﬁo?é%%&%?#ﬁiﬁé 2

.. .. € | e
PLgRERRSIALISE Al MaME R S TG L 0D,
yascadded $uslpdhatuddie wir@sids Weso t&%%@@dha%qgi@%ain

and stirred at room tenperature for 3 hours. Th

ddsdd Aws (e dGip~1fdditaiad)i on and the reaction
solution was concentrated wunder reduced pressure. The
r&&iilting residue was purified by HPLC [ col um:

SHI SEI DO UG 120 (C18 5 m), - 183 20 x 250 mm

Fageh lent38 A solution: 0.1% TFA water, B sol ution:
0.09% TEFA/ 10% wat er/90% AN 7.0 ml /min; 35 -* 6098, 20
m n ISinEQIQSdrsad'ﬁfe%@]“flﬁaﬁbﬁ&f’n o3 99sggchpride chain

ol | har i de chain added GLP-1 peptide wherein
Mﬁg ek -E??Cli(ge substituted with asialo

ol | 9asaeaNaide (halAcnadded B30 L2 5A3N L Pedaash 8ho) -
[0333] Exanple 38 g}nt hesis of 26ASh-asial 0

@i posacehard e, cha un@)qqed(pgﬂ%t;ctp%g ilvféerck) , 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

DME'. Fmoc group was removed by using 20% piperidine/DMF
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A sol i d- phase synthesis columm was charged wth.

Am no- PEGA resin (100 pnol) (product of Merck), washed
t horoughly wi th dichl oronet hane (DCM and DMF and the
resin was thoroughly swollen with DWV.

4- hydr oxynet hyl - 3- met hoxyphenoxybutyric acid (HVPB)
(0.25 nmol ), TBTU (0.25 nmol) and N-ethyl norpholine
%@%%l%ol(% et ef 0%i 53 oniat ¢m- DVE tEX ma)shingaded it MF,
the colum, and stirred at.roomtenperature for 4

HOLPS. 2FHES 2T Hh FRIUChashety t FRPRRITY W 13TV anee

t bt ai.n HVPB- PE resin, ich was used as a
s%): | d&pl) aré%: o Ss%?vf%%%]a%% t%y‘?ﬁvﬂee%(?s? Ff?ﬁ’@lf?e chain.
Fo®ss@y (0.50 mmml), MSNT (0.50 nmmol) and N-
nmet hyl i m dazole (0.375 mml) were dissolved in DCM (2

m), rioadetd aa SUddRhase SuMdhesic ??%‘E‘%&%‘é with

stirred at 25C for 4 hours. After stir , the resin
masc Washes was DM arsh  DVRN-DCy 1085 O WasodENawes) (1

by using 20% pi peridine/DM= - 184 'solution (2 n)

hbr . 13 ffienutaelsli tAfone o fwas RSNy W HIET / NIgwi [®, AGHHES] ) |
were sequentially condensed in accordance wth the

Wt hoRiS sholwd el owi 1 waa errhdedept iades glhial-rpha{0335]
TR GT DU HeTTh 5 SHETEH B Nl By PESERAOHE (V)
g g AT o0 o 045 M TGN (0,4
B R T 0T oS ves ka5 T M itz wne
Sy NESHS CHIREE.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 (t3u) -
Gly-Glu (OtBu)~Ala-His (Trt) (SEQ ID NO:77) on a solid-

phase resin.
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After stirring at roomtenperature for 20 mnutes, the
resin was washed with DCM and DMF, and Fnobc group was
renmoved by using a 20% pi peridine/ DM solution (2 m)
for 15 mnutes. This operation was repeatedly
performed using an am no acid protected with Fnoc

roup. (0.5 mmol) to sequentially condense am no
g@?ag.] [0336] Fnoc-Ala, Fnoc-A@n(Trt), Fnoc-dy,

Froc- Cer (L B b oralt (i 2nS B, vaMixtuze solution
B - B F -Thr(tBu

FEe= ek oRbnafTRraRe (2tle JUREINL L, aaeaper

EARE- 6ha wesen Usgd 88o1bgqiy N9 2l 8ls ﬁﬁo%ﬁfEFdegt'room

Fnmoc group and BOC-HIS(T%t) was used as e am no

asﬂng_eg@t@tfgcf@ﬂ by BoGr g1 Oulhd G AR A AidRY e
eptide o

gﬂgt&niamtan@ yadd té £ Blyn Leot Tyt ¢t Buds SesfdSrated
Ser (t Bu) - Val - Asp(Q Bu) - Ser (t Bu) - Thr (t Bu) - Phe- Thr (t Bu) -
aged pEdeereg - Fes $Hisg Tr tDhe SEQUILDING ZA)s icmea wasl i d-
phase resin. 185 [0337] After washing with DCM and
BRECCRE R kedir 0 soptr iBrP ottt 22t ed Irpnetdrmnof AkatGloetTrt) -

id (1 dded h that the resin was
?ﬁ%? %élé ﬁ%%B%A%g]R‘gﬂ"i\%?g@? )r'r%%l?gi&f )o‘oTﬁT t et @ i g I or
h j d [ltration a e
Highouss) Jhe ceg) moes sermwed by JhLLrel on akalye
RIESHYE errINENASSY| 1409 FeS@upgas concentrated to
obtain protected peptide of Ala-An(Trt)-

@y38 u( & Bu) - Leu- Tyr. (t Bu) - Ser (t Bu) - Ser (t Bu) - Val -
Asp(Q Bu) - Ser (t Bu) - Thr (t Bu) - Phe- Thr (t Bu) - d y- G u( &t Bu)

- 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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Ala-Hi s(Trt)-NHBoc (SEQ ID NO 78). [0338] The
18-residue protected peptide (equivalent to 35 nol)
was transferred to an eggpl ant flask, dissolved in
DMF (3.7 m) and cooled to -15 to -20C under an argon
at nosphere. To this, benzylthiol (1251, 1.06 nmol)
was_ added and separately, prepared DVF solution (1.0

FPHE2F LY BOP IR DU &4 P aH%e noh Y OSRES AdeEPO M- This
bsequently, _ DI PEA (29 , - 175 ol ) T
A R RSk Ve L Ao e WL hen el
d-to co0 i et et her 50.n), . After . o
g?g% %il?%?t'i on 2o ><pe2|r015tyd| e’ rr?@lpolneenntt', A hseoqsuo 1 n|'or9' 5 TFA
POELE ONB VWBS] 1By €0 byo R TRAPT e afltyeds A 1N ml/min;

residue, trifluoroacetic acid: water: TIPS (= 95:
2555 2538 Was added andoski nneflial Loom s emperatr e.
After 2 hours, the solution was once again added to
Sepazatetydizrephred diedhyllethesiddS0pep)ideo haobirag n
a precipitate. Thereafter, the solution portion was
Penpybdtbices perbrane fermierato bt ahhe G est iuecgeleu-
contai ning a _desired peptide thioester conpound. This
T 85T %R 3RS Pk TATR By HRL T ol ime L Brf BE e 131 205EQ
%E O_5 9?, 4) 20 x 250 mm gradient: A solution: 0.1%
A méze ;7 B solution: 0.09% TFA/ 10% wat er/ 90% AN 7.0
Fbég@p; 25 -> 4598 (15 min) -* 6098 (10m n) -> 95%B
10 min) , linear gradient] to obtain 18-residue
peptigle diavidithebang, thiastenmisd d/IdHdals column
PhS- Al a-d@ n-d y-d u- Leu-
Wy s - Ses = Sed -Wwat h Aspifer PHEK - RheiThip&yudd WA =4S (100
(SEQ ID NG 79). [0339]
pumol), 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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On the other hand, a solid-phase synthesis colum was
charged wi th Am no- PEGA resin (product of Merck) (100
nol ), washed thoroughly with dichl oronmethane (DCM and
DMF and the resin was thoroughly swollen with DWVF. 4-
hydr oxynet hyl - 3- net hoxyphenoxybutyric acid (HWB)

0.25 mpl), TBTU (0.25 mol) and N-ethyl nor phol i ne
Véi‘ﬁfz‘sn%msh e e il 3/EHs vEME $eausntid loaderbridensed
{

the colu and. . stirred at roomtenperature for 4
o OISR H e VERTRRE { HOPBIghE LoW th AR R

f&é(%“éq HVPB- PEGA resin, which was used as a
sol 1 d phase ?br sol i d-phase synthesis. [0340]

Fomer@y (0.50 nmol ), MSNT (0.50 mmol) and N
nmet hyl i m dazole (0.375 mml) were dissolved in DCM (2

m ), THeoa@Ahd @ dikie heeling- BRASE NI GIRRILS peel Wi &N th
stirred at 25C for 4 hours. After stirring, the resin

e varshigel amd tHOERCM ends M. FIBT igfcup aMas penoved7 o
by using a 20% piperidine/DVF solution (2 m) for 15

Wi nuidesl maft €. 50 18wl )wastriengd vd ddil viaF, i rAmiMIo @cinds .
were sequentially condensed in accordance with the
Pt o o SHiotat 11 et d eXitientt s, pept inﬁesuﬂhaimga rr[i_()?ﬁm]e
P00 it PR e e s et et
iefind 1S R SRR s Sl o o (2.
SERIE LY IR PLI0 AN NRSR, LSS P o
Ar oiwess . 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 pmol) and DEPBT
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renmoved by using a 20% pi peridine/ DMF solution (2 m)
for 20 mnutes. This operation was repeatedly
performed using an am no acid protected with Fnoc
group (0.5 mmol) to sequentially condense am no
acids. [0342] Fnoc-Gy, Fnoc-Arg(Pbf), Frnoc-Qdy,
Froc- Lysg Boc), Fnoc-Val, Fnoc-Leu, Fnoc-Trp(Boc),
ErBcmal 430 FAokme) e, we et Pheland EnDOME/DUOOBYY :wer e

1 N ci ds rotected by Fnoc group to
%%ggyﬁglggfg§$%%g @e%t$ﬁbp@pd loadedyto'thegsolgd—phase

F -3 y- Arg{ Pbf) - -Lys c)-Val -Leu-Trp(Boc)-Al a-1|
STREREE G Loty ( debaih NSty obro %w&-%hdas;gl X

i n. 17.- idue peptid qui valent to 10 no
fk‘géi pf rgﬁgf%ﬂr)g%lgle%o‘g%s s%ba’r:ﬁfegl %gpFSBQr EQMBEFRHYpRater 16
Byntbesi s colum, Fnoc group was renoved using 20%
pi peri di ne/ DM solution (2 m) for 15 m nutes, and
vwashed with DVF. To a separate centrifuge tube,
asialo oligosaccharide chain added asparagi ne (b) (a
produsitef sWITIUKA ,Chidre oz s00.wad twhdhekd. i 1y §QRQ9. £hd
nol) and DEPBT - 188 9.0 ng (30.0 nol) were dissolved
PAE DVEMEMS@ Pl Wars Xaemmos sso| eyt iufni,nm.éfﬁﬁ% agg_ | oaded

h |, d-ph synthesis colum. After addition
%?P%Fg%ig%lf‘iM%g‘%lgﬁtf n|51, Phe APkt bP ehBYtS6| AR@dtlaen,

e e for 16 urs. 343 After
SRR R T S S S S Wi B i o o
d sin 20% pi peridine/ ~

GLOUPYES {OONEYDGUSLNG, B 200 B pELILICIIVE ).

BbEer Beet Gys{ilof tor HOBtMOn 8c 88, (OnO5MPl)e 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:8l) 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
precipitaéion, 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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and DOPCl 7.7 1 (0.05 mml) were dissolved in DW (1
-m). After activation for 15 mnutes, the m xture was
| oaded to a solid-phase synthesis colum. After
stirring at roomtenperature for one hour, the resin
was washed mﬁth DCM and DMF to obtain oligosaccharide

LR e R R Wl vacer/s08 7.9
%Pdln“éﬁ‘“a”@@zgés "ho 81 56505 (L ?ﬁiﬁcﬁﬁi‘@q% e
Jpng hiv\glseatarglogf ]Jcﬁ@{}éc)ﬂs:? |tﬂrdr:e aét]'lu} \c/)\fg:%et ergiefjsrlergef%or 3.5

&0 Ssa dheaafd @fha tlies &Rlditdit was, added toa
separately prepared diethyl ether (150 mM) to obtain

peeLipitation, and subjected to centrifugation to
separate a precipitate containing a desired

ol i g@%@&c thar itgpechaifn pegdedepe phiude pargaaesol ttheons-
portion. After the solution portion was renoved, it
FR3 AU fRdtiEte thapurd faenei g ity esmeg [afolUrherminal

DI 0 Bl i Bt i
n e
et ?? e”C«ﬁO% SOREAD T ) S o [
é)rpcﬁadlr%go desifed Qg CC(E%{ g Crﬂﬁ g ﬂqded

pepti de. J[0344 The two types o i des
s epsd e e 18M r(ﬁfdrm%ﬁrﬂeemydi%m\ﬂﬂgjeb%'&ﬂt Oand

ester at Ctermnal” (1.6 ng) "and the ollgosaccharlde

chainv asidephld-resddue sqeptids (2ThiBBheWeNe (Bl 8CRH)
in a sane centrifuge tube and dissolved in a buffer

wo$ uthem qdudb.88; @n gmperature 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 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 2.0 mg of desired oligosaccharide chain added
3l-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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(prepared with 6 M guani di ne hydrochl oride sol ution
and 0.2 nmM phosphoric acid-solution) . Thiophenol
(8.0 1) was then added at roomtenperature and a
reaction was perfornmed at roomtenperature. After 24
hours, the conpletion of the reaction was confirned
Thereafter, the reaction solution was

amzm p%?we@lcwl FPLC G SHPSE DU B2

4t 81 ot o) Tidhec 100 o866 TR 109 bir ) Sook A e
Bil,/Hbﬂc Z%here%@g 15chénr@actlcg'po{§%l(\.§tQOIH Q)as fl%_SC{(%ted

['1 near ar adi ent to o

§§Sérﬁgmﬁkéﬂ95§§99@f'QﬁdC@@énfﬁggﬁgte3ﬂof€§6§u@bntalnlng
pepti de. [0345] The obtained oligosaccharide chain

addedepepligesatdnfrige wRSipl ageddi pepr L@nthdd Ugejected
tube and dissolved in a buffer solution (pH 7.0,

prepar ditabied SowMi FREP] cobhmb b 08 I SE M@ UatH T2 Me(C18 5
hydr ochl ori de solution and 0.2 nM phosphoric acid
80l ut ¢ on) TRIhenmeamtadiersol A& i oML utliOm: dotlity &R water,

Raney Nickel was added at roomtenperature. After 18
Ro&iPsuteempl @t P Bk BFALhes reaker 6A0wadN cond imhiminipy25 —

HPLC. t t.h t | ut filtrated
BY° anaranb 11 (S4HE olid) EHo T ot CIPe RaPLFeR - Linar
GORLALALNO o desLied gligosaschati ¢ d%‘f‘%@ b 08 3 g

pepti de was subjected puril |ca I on

EEQLH”Hddéﬁ"éi%EE)ﬁgﬁéggk(&ﬂgrélnni6LﬂsszxGﬁguhrqg

gradient: A solution: 0.1% TFA water,” B sol ution:

Quﬂg&&iﬁﬂédOB@maéeﬁl808Q£@b§a@cn$fﬂ&@ c®in 489k d 1Bosn
mn) -> 6098 (10 min) -+ 9598 (10 min), linear
geadlsenElPtb-abtain) 0. 2ng of desired oligosaccharide

[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 pmol) (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.
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chai n added GLP-1 peptide wherein 26Lys of GLP-1 is

substituted by asial o oligosaccharide chain added Asn

(26Asn G.P-1l-asialo). [0346] Exanple 39 Synthesis of

27Asn-asi al o ol i gosaccharide chain added G.P-1

pepti de A solid-phase synthesis colum was charged

n@éﬂ Am no- PEGA resin (100 pnol) (product of Merck),
&4 thoroughly with dichloronEthane (DCM and DWVF

anyt r oxyrrelt y Ovv%g) %Ei%%ggsgiw%ﬁnqzﬂut yr| C lgmacrl]d( ﬁ}\/PB)
&Qt@%lmaazoiﬂmkb {5 2o HTP| ‘)zefl@dd{\gsmé mhﬁgﬂq N€2 mi),

mol ) were dissolved in | oade

wgd@@lwna 861 o SPrid L Pt HOOM t EHPSFAL Al 8 é@irﬂed at
hours. The resin was washed thoroughly wth DVF and

Pty ot aidguHVPB- PEGA resin, which was used as a
solid phase for solid-phase synthesis. 191 [0347]
Froc-2Altee ( G150 mamgl,) ,EHWEIMR (101 5G: sweisheahd&viNh DCM and
nethylln1dazole (0.375 mmol ) were dissolved in DCM (2
HM? Hesd F QU & 3o 1Ledy @ Y5 WSS i29 3¢ Sliper ighHaqe /DMF

rred a or 4 hours. After_stirring, the resin
uﬁh%%egszfh %ﬁﬁﬂ%ﬁuﬁlTﬁﬁesFn@ét§?bﬂﬁﬁﬂ%§ I eitRhedME

Qﬁ{lﬁl Ingl§0% Qer%dﬁg]r?/ zi\ 1 So'n ér?snecg %c ?/\Jécl*l%nce

?ter was ) am no aCI

§§9He£‘1‘ié %éyh&@ngﬁm%éfoﬁcwf&@ﬂ&&d M gL Nge net hod,
shown bel ow t o ext end pepti de chai
[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 (Ot3u),
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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[0348] The am no acid having an am no group protected

with Fnoc group was dissolved in N-nethylpyrrolidone

(NW) (1 m). After addition of 0.45 M HCTUHOBT/ NMP

(0.4 mmol), the resulting m xture was | oaded to a

sol i d- phase synt hesi s col um. Subsequentlly, OI0 ﬁ M

DI PEA/ NMP (0. was added to the solid-phase
%@? sW%fo? uhitd %) tdre AR rﬁg@acés rxbmﬁ%mr%x o

%ﬁ?ﬁ“ rr%%Sng oBle ?/\aesalls:]elfv‘:sg?s;de\ga@%ye}i% ?{ﬁl%o 256%
@@éé%aﬂ%vg\éc 56 nté%g@re) 4o 185 A MIES IR o

operati on or med US ng

Yo e ch o'y Pi:?@)t-ﬁtﬂl}y\idih F@@h elgielb]eR d\Pr chmmi%er GBu) -

sequentially condense am no aci [ 0349

S Ce AL B D easd i ) - sdnpes @ yroh Frass G e QB (tBu) -
Frmoc- Leu, Fnoc-Tyr(tBu), Fnoc-Ser(tBu), Fnoc-Ser(tBu),
Ehpec Mal Ot R eA As1HiIE Byt ) FMEDR Sy (MdB82) on a solid-
Fnoc- Thr (tBu), Fnoc-Phe, Fnoc-Thr(tBu), Fnoc-Qvy,
gewBu) and - 192 Fnoc-Ala were used as the

no aci ds protected by Fnmoc group and Boc-His(Trt)
(/\Sgi >Used as the amino acid prot ected by Boc group to
obt a| a_ 18- r i due

Al a- @ ACTr S l?gGw&%%péﬁ‘& a&ﬁl Pt BufgspEepgpiution
& B R R T NG o) F b e
dhasenesidnid 00l Afdein MASIlAIL Ml DEM.A0 DV 2
m xture solution of trifluoroethanol and acetic aci
fdndgrawasradoed SIdburs. 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
DME (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 pmol) was added, and subsequently,
DIPEA (29.8 pl, 175 pmol) 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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that the resin was thoroughly soaked and stirred at
room tenperature for 18 hours. The resin was renoved
by filtration and the reaction solution was
concentrated wunder reduced pressure. The resulting
resi due was concentrated to obtain 18-residue
rotected peptide of
RS Err tH iPJth(Oa ertean Ty ¢ t Baoved (pBuj -membrane

| - _Thr (t Bu) - Phe- Thr (t Bu) -
B U B BT AR RS Tr EF Bl Sy 1D Ao e cer
1%10@5513_ gEhe 18 re;@%ug%aqgoa gtgdaggptkd Iééng val ent
0

pnol ) was tTansterred to an-eggpl ??aﬁ‘%om

y@ﬁ; a t .
ger an aérgor%@wgtrsrgséﬁyfé '?%lefgafgsqﬂbeo%zyﬁ%w %%aaln
Adde]d Q6> l'ﬂ'ﬁ;ia)ra/@asl gtdach rand ek ¢t ebyn pr epﬁg@%ﬂ\/&o
solution (1.0 nl) of PyBOP (94.7 ng, 182 pnol) wa

cudeid; an sulysieguent | TheraEA (2% 1501045 50l ﬁ@@%n
added. The m xture was stirred at -15 to -20C for 2
Hoursenfitehdded temdosine df elthyt &0 habrt 41502 ntdsid\id er
eci pitation of peptide - 193 conponent, the
&fﬁﬁ%rblﬁ’@b&rt e RV ‘bl'yl%e%?Mrmommdteﬂ‘hlﬁo

th d t t d t TIPS (= 95:
ae%é 5 e e e Br ¢ B B o Shper i o)
%1 qour the S | ution was once agai h .added
epar 28y S &fared 35 8y (9 T& Y180 YLD ol a1|°nTFA
v@atﬂirec'Ep|4@&1o-l;h'er@‘ﬁ§ferTFAthgsq/véjtt_élopmpgrgl\ll O-p O WS/ min;

renmoved by a nenbrane filter to obtain a resid

zPNbaisBikBg (asdasil eds pepss dglbﬁhﬁﬁsww%mfw hhi s
resi due was purified by HPLC [col um: SH SEI DO déllzo

{1ClB 15 ghgdidintZ0 vo 2B aim f-ack eidue Aot iHd AEviGhgl%
ngéyl 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—phasé

synthesis.
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water, B solution: 0.09% TFA/ 10% wat er/ 90% AN 7.0
mM/mn;, 25 - 4598 (15 mn) - 6098 (10m n) -+ 9598 (10
mn), linear gradient] to obtain 18-residue peptide
having benzyl thioester at C termnal:

PhS- Al a-@ n-3 y-d u- Leu-

Tyr - Ser - Ser - Val - Asp- Ser - Thr-Phe-Thr-dy-G@ u-Ala-Hi s
E@E 'IDNO 84). [0352] On the other hand, a

Ani ngT R ostt CorBiar SNy By i 63’%’ Nashed
sheruablapabid g ol (Rl A O 059 (3,

t e ydi (@) . Lrre
oS -SRI SRR | PR (8 e o

{259l lhowere dissolved in DM (2 m), |loaded to
the columm, and stirred at roomtenperature for 4

hour AftEre steisimings theashked it herso wghkihg dwiti it hDMEMaRG G
DCM to obtain HWB-PEGA resin, which was used as a

B i d Ipees @ o a/8lsi deplease byynisiesi . 20%194 [ 0353]
Froc-Gy (0.50 nmmol ), MSNT (0.50 mml) and N

RAR $ ¢ 1R AT eSO BN i1 L e dﬁ%s@m@d%f: n B@Megrz

m ).. | oaded the solid-phase synthesis caolum an
Bing S bl ¢ G S e St L b qsnped

Irre

| th d
B R T Shot o e o) BUSa Lo 2 i T 25

j &s.cfier washing with DMF, am no acids were
EBsa(belltgqlﬂienti%l |y condensed in accordance with the nethod
st@sv] bel ow to extend a

The amino acid having an amino group protected with
Fmoc group and HOBt (67.6 mg, 0.50 mmol) and DIPCI (77.0
ul, 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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pepti de chain. [0354] The am no acid having an am no
group protected with Fnoc group and HOBt (67.6 ng,
0.50 nmol) and DIPCI (77.0 I, 63.1 ng, 0.50 mmmol)
were dissolved in DVF (2 m). After activation for 15
m nutes, the resulting nixture was | oaded to a

lid synt hesi s coI After stirring at room
?gnlf)e?(gphs kf‘% € ohe® Hour [T FSdp URaPerteésved by

ﬁ? ] %§15096€ pﬁihg%? /DNF solutlfn (2 n1)ﬁ;%%§£¥gtely
[o
ysé Sgr@@ @&M—&?A%% V\é:cgﬂnﬁ{mCano &Tc&%%éafas

to sequentl con ense am no acl

E@fﬁ@v&)’usﬁﬁ@ﬁﬁ q(f;béhdfrﬁ@ﬁmﬁr%ofm rl-y(s’l( EF@FQ f?ﬁ 15

Frnoc-Val , Fnoc- Leu, Fnoc- Tr p(Boc) me Al a,

mhoi Eeme - Phe wesiee dISerk lasOMhe am o s@@lads LRI Qfe%titr%@u%)é
Fnmoc group to obtain 10-residue peptide of
aige Argg Rbfg -oligosaccharide chain added asparagine (b)
3 y-Lys(Boc)-Val -Leu-Trp(Boc)-Al a-11e-Phe (SEQ ID
f\b%ls?duca%f s WA dthemighas €9 esiltd Dhed 7.3 mesi dike. 8

peptlde ui valent to 10 nol) was transferred to a
KRphr and %ﬁ%&arfedngso 14 8- sl SWﬂﬂﬁesﬁi@S&ﬂNﬁm;n

" S s
D B P, s R o T T 2 P i LR b, the
JO1 fasgpAr At L Ll S ‘&1b13r?ir¥be¢\f%%' al ng' | gﬁsam%gge

chai n "added asparaglne ( (a produc

ﬁw,_ernpalleCce qrtdid: ) 3 20500 a; u%ﬁm%%df RRL.8. 5

my (28.4 nmol) were dlssolve m Xt ur e
Emmpﬁranurj.ﬁbﬁﬂD6aﬂﬁnkQaded to the solid-phase

synthesis colum. After addition of DI PEA

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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3.2 1 (18.8 nol), the mixture was stirred at room
tenperature for 16 hours. After stirring, the resin
was washed with DCM and DMF. Fnoc group was renpved
by using a 20% piperidine/DVF solution (1 m) for 15
m nutes. After washing with DMF, am no acids were
sequentially condensed in accordance with the nethod

LhDIn® et 'tv 3O Xt Fe PPt i %an?C[qg%m harm;esoc—
' i ving an amno group protected wt nmoc
e e . & iy it 3
I 4 ved j.n . .

%E%?F\)/g%? o%b%/%{rflghfﬁsc%u Cg%}é{]]he rcesaujlorji n%deritx]tir%e%ﬁ%ue

gl tOF & 5PLA Ly PIRSE SHWUITES| 56 L1, I8 (Boc) -
ﬂ;???ri ng atp}?lool?ngtenpera%ﬁor_ one hour, 'gerr%% grcc)up
M- T bevortes- A dvy (QISi igs e A0 i & €5 H i riyed MR s \utd a1k
m) for 20 minutes. This operation was repeatedly
p¥F@ oF e 186) sequentdlaldypreondensei am Mo aeids.
Fnoc-Lys(Boc) was 196 used as the am no acid

bt B ERR IBE e igh o Rttt BURS Gys (96t )2 vﬁgs usad vass

t mno acid protected by Boc group to obtain
D S PSS sl oipan dwrot

- Arg( Pbf) -4 y-Lys(.Boc) - Val - L eu-Tr p(Boc) -
R e e T oSt kg rged o s )Separately

| )y - t) D NGx.86) on a. . .
Igsllcrnlala];ig %B%epdﬁ acgl(e?%rﬂ@i %ﬁ&?—g t i 550,( §l-:ltg?r it l'}lgrtoaal@e HEGE G2t on,
dﬁﬂfﬂﬁbfgéﬁéd:Eéyéed%fifdéé%ﬁdﬁa%o %Q&EQEQQQaS%ﬁk&S%i%%te
roomtenperature for 3.5 hours. Thereafter, the
soltutimimgras dddetd @13 ERRYME! e RHRNF eddlietay: i de
ether (150 m) to obtain precipitation,
and a solution portion. The solution portion was removed
and desired product was confirmed by HPLC. After
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 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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and subjected to centrifugation to separate a
precipitate containing a desired oligosaccharide
chai n added peptide and a solution portion. The
solution portion was renoved and desired product was
confirned by HPLC. After purification by HPLC
colu HI SEI DO UG- 120 (C18 5 m), 4i 20 x 250 mm
F‘adF 9&%5 Bt BACTOTIORIFA WAL ef IR 5BRGEI @R Was

&%&Q@g@v 0% veLer] 9080 AN, 7.0 LMD, 25 o 457 (15

' de,chain
gt et oebal s gLosmgsen e

@E@Eégﬁ§e£hu§h@r§@§é€gont@@l&@lo%e§égu§ P@@Ei?epgﬁyffgd

benzylthio ester at C term nal

pli gos@cchal e : chat o apdeds 182 6 est dyles ﬁrﬁpt'&'ezd& G50

ng) were placed in a sanme centrifuge tube

Onssotzeédenn: arbsbierisol ut i DB TPA GaBer. ﬁ4s@i&tlon.

épre ared wwth 6 M guani di ne hydrochl oride sol ution
ne2s OTPAAMP hhes ol P¢% ol d7 s®l mi /o) : Thi-epHerd (16. 4
) - 197 was then added at roomtenperature and a

ReRct i9noRas é@rﬂéﬂﬁed*a?5?%oh1©emp@kathw@ea¥WQEadihht]

‘hou t he lon.of the reaction was_ ¢ é d
ES ?ﬁi & %hergg ,Pf%os?%g%??b © Sorat Y of &% 315
gégggﬁéy Ei% ed by HPLC [Colynn. SHISEIDQ UG 120

Cl8 5 n%@H % Xx 250 mm gradient: A solution: 0.1%
Iﬁégm@ter B solution: 0.09% TFA/ 10% wat er/ 90% AN 7.0
m/mn; 25 -> 4598 (15 mn) - 60%B.(1O mn) -+ 9598
(10 mihe ,odtenassd gilaidjidchard bt nl . L dah eptlde
ol i gosacchari de chai n added 31- residue pepti
(1.0 mg) was placed in a centrifuge tube and dlssolved 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 (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 0.5 mg of desired oligosaccharide

chain added GLP-1 peptide wherein 27Glu of GLP-1 is
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[0358] The obtained oligosaccharide chain added
peptide (1.0 ng) was placed in a centrifuge tube and
di ssolved in a buffer solution (pH 7.0, prepared from
35 mM TCEP sol ution, 6 M guanidine hydrochl ori de
solution and 0.2 nM phosphoric acid solution) . To
the reaction solution, activated Raney N ckel was
%ﬂ%%dP%Tt?%d%ﬂt%ﬁ&ﬁ#QuQ#%QCSﬁ@F@ﬁrlgehgbasn ednphehisan

ction mas confirmed by HPLC. Thereafter,
%@A?%a{}ﬁl i EBttGlon was filtrated by a menbrane

¢ &f and the filtrate portion containing

ol i gosacchari de chain added peptide was subjected to
g&gm§1&a4¢on by HPLC [col um: SHI SEI DO UG-120 (C18 5
m, 0 20 x 250 mm gradient: A solution: 0.1% TFA

t I nQ2%;T. 109
ﬁ?/ﬁ?ﬁwﬁggﬁgiykggggA% sgﬁ%ﬁgf%>9f9%§§%%%ﬁ§%@§gdch@g@e

{ddedric)p-1 ipeatidgradi ent] to obtain 0.5 ng of
desired oligosaccharide chain added GLP-1 peptide
wher éi 2 72@-phefseGsPnt hies i-s 198l usnibedd tatathdy wsial o
ol i gosaccharide chain added Asn (27Asn GLP-1-asial 0).
AroEE9] PEEX angpd in 401 @Y ntrivels) s (pto@BAsNeASiie 8ER) , washed

| i gosacchar| de chaln added GLP-1 peptide A
éhﬁg ih%% &Sy ht e %QW%Eﬁaﬂﬁs BRMt grad WK and the

product of

100 Merck) hed
%qor oug{?y werf%n%ﬁ@ﬁl B ‘? h‘éﬁEh(%/p a@nﬂ‘é‘%'[g\ﬂﬂxé%%stt@é‘
4 hydroxy#%%ﬁ%%yﬁﬂg?&l xyp eﬁ%xy% ty9|255@P%ﬁk+WE%SU

(®. 25 mwwl ) ,anlBMlethylmorpholine (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 (0.5C 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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(0.25 mol ) and N-ethyl norpholine (0.25 nmol) were
di ssolved in DV (2 m), |oaded to the columm, and
stirred at roomtenperature for 4 hours. The resin was
washed t horoughly with DMF and DCM to obtai n HVPB- PEGA
resin, which was used as a solid phase for solid-phase
syntheS|s [0360] Fnoc-Ala (0.5C mmol ), MSNT (0.50
mol ) TR END @G A vdesol (a@msvcs FRAID m@rteected with
sol ve ed to, a sol|] ase

BRE et L@?%w%mf%%ww e Py ero g Sfi)

@%Lerﬁﬁélrrlggg_the re g?ﬁyﬁggnhgo%%zNngmg 4 mmol

Qh@eféguﬂ€iﬁéﬁﬁ1§%ﬁfg'&g%(f%gﬁgdffg &35 5ﬂfﬁnﬁﬁ? éﬁter

washing W th”DVF, ami no acids were sequentia

epndeasesd wl@@&orm wdr+h «f hey rget»hqﬁmmlvbe('oow
to extend a peptide chaln [ 361] - 199 The am no

mabd) haws Ngd@ed atd Noh g r SBIPL @+ Bt £6¢ eyt Hds i e @roup
was di ssolved in N-nethyl pyrrolidone (NW) (1 m) .
After addirrion af oAb MHITUHOBTE NMY (20 /immoids, the
resulting mxture was | oaded to a solid-phase
§9ﬁme§@§ ®F e . W Sulb seel e d yDMID, cang DImREA NVRIK Ovess

dded to the solid-phase synthesis col um
Arrere SY?H‘T’FS“%tar%%mQJéh%’éJr‘g% P (S Gt 5 Mk heFor
DVF, and Fnoc

;gﬁ%geg@%y usiy S Ogﬁﬁﬁﬁ?%bﬁﬁf|ﬁ§ﬂﬁﬁ£%§h%ﬁ”’rogglﬁ?)
IJQf_nglén nélﬂ:pr'i@ aCJ_cﬁ1 ﬁrwgé@édio@ W%lﬁ@@ﬁ&%yg 5 mmol)
performed using an amno acid protecte

86088 &n 61 1Y )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 trifluorocethancl and acetic acid (l:1) was added such

that the resin was thoroughly socaked and stirred at room
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to sequentially condense am no acids. [0362]
Frnoc- Ala, Fnoc-dAn(Trt), Fnoc-dy, Fnoc-d u(OQ Bu),
Frmoc- Leu, Fnoc-Tyr(tBu), Fnoc-Ser(tBu), Fnoc-Ser(tBu),
Frnoc-Val , Fnoc- Asp(Qt Bu), Fnoc- Ser (tBu),
Frmoc- Thr (tBu), Fnoc- Phe, Frmoc-Thr(tBu), Froc-Qvy,

and Fnoc-Al a were used as the am no

g%%éég%gégéggéﬂ by EieES - gridiep r@sd PReESHTSIPVEd Wa's

H ;?glr%%é&]ig I?Cg]S? UZC:O% f(%lgt%q? t?dlc? wBaos(,: gcgr?cuepngroated
?é"?‘?? Vel A G Sar ey Bl Bl (R SRYSTHAR: Bu) -
ﬁ%‘é?“?‘ﬁ%?’T@S“s‘Z%%*‘f‘%?%%%f%%%@%%%%ﬁ%&ﬁf

it Gire(Bot WG op-G1of (B ) -uosoethanady ansk Acehi e aci d
(1:1) was added such that the resin was thoroughly

Saked lanta stAsy €2k B +3ront tBWR0Mrh f @rmer-any-erHorsl8 -
u The resin was renoved by filtration and the
‘5@6&%?9%%1‘ AT Hiess( T catitast eBEQide N ddjced

Spure. The resulting residue was concentrated to
@%f f% 18-resi due protected peptide of

Ser (£60) Vel SALbG B CSoF CPOHF PYAFEL BEFSBRELHE( FuPS
R (i u(etTLtr% QHB"SLa&Sp?l@ék(e&&lS@@l@ﬁ@ in
isco vea  n POV TET T and Coordett Shbgs 3 azme
aimoerpraarear gun thlS, benzylthlol (125 pl, 1.06 pmol) 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 pmol) 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 résidue, 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 ethér (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;




at nosphere. To this, benzylthiol (1251, 1.06 pnol)
was added and separately prepared DVF solution (1.0
m) of PyBOP (94.7 ny, 182 pnol) was added, and
subsequently, DIPEA (29.8 I, 175 nol) was added. The
m xture was stirred at -15 to -20C for 2 hours and
added to cool diethyl ether (150 ml). After _
{é?e@t A% i O dFipepti §8%Bcé @ﬁér)lt—’t%g%o[miw
rane lter..To the.

Peatates St b BacorTo At 4 Ratare PFFpelegEing
§?§z¥g  Phives.added and amgfd Bls [ RO o1 LIPLYAE HE Er e~

ours, the solution was once again

@9Pa§@£eé¥rPV§PaA§S gi ety ﬁﬁ@efh£159yﬂtiu1&la9@1§'@SEQ
a precipitate. Thereafter, the solution portion

remuedlspby a nenbrane fllter to obtain a residue

contai ning a desired peptide thioester conmpound. This

fes3cdue was purified by HPLC [col um: SHI SEI DO UG 120

(C18 5 m, 4 20 x 250 nm gradient: A solution: 0.1%

TFA Q/vatférre CBZTSQ)II Grash: 20, STI% A 306 St 19 TGY6 N D
mn; 201 25 -+ 4598 (15 min) 609B ( 1On1n% - + 95@8

m@ fRAYged| vhkar AHtReT Brt4 ¥95 6Bt APRO48CT eQF dierck) (100

&H%ﬁkﬁ:w2$%é£?§ g;gé%%%&hbfggtgicgiogg%g{haggl(DCM) and

P 758 VoL Ao Bt T Fhgy Tty e ot = -

[ yRLhes r .
%%b%g_%gééﬁﬁ BLhes héxﬁ%mxmrcgbe g98da W filleB)  (0.25

resin (product of (100 nol), mashed
kel pughyuw( b h2 8i ghb 0y oded heret L PG randl i DVF(@angls theol )

resin was thoroughly swollen wth DV. 4-

hydeodysed hyed3ineDhbxyphehbxybotgedctactie (&PByn, and
ggigged 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 sblution (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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mol ), TBTU (0.25 mmol) and N-ethyl norpholine (0.25
mol) were dissolved in DM (2 m), |oaded to the
colum, and stirred at roomtenperature for 4 hours.
The resin was washed thoroughly with DMF and DCM t o
obtain HWB- PEGA resin, which was used as a solid

has for sol i d- phase synthesis. [0366] Fnoc-
?o. 507 M D @?g“ 3 a&ﬁldl%grr%mnm%eo%tﬁﬁ giith

P PR phaderdat: RET €t Ln el 1 v BE€5sE7 0
Wt ntio e DS it grols GhasseERel el ngy
ﬂﬁgérpéﬁﬁivgtﬂ§ﬁfﬁ6i595U&iﬁﬁtég Mhef BLsdb ML HPULESEUre

After washing with DVF, am no aci ds were sequentially

sandeasedd ta aC§@Iﬂcaana§\ét byhbee 8BS hodl sheown Axelaw

to extend a peptide chain. [0367] - 202 The am no

atidrhagi ay apcmnteamograuprer boecoed woth, Fnoc group was

and HOBt (67.6 ng, 0.50 mmwol) and DIPCI (77.0 |, 63.1

RBTOBSB0PYMBE I Gt o2 UF sRbPeBHdL e OVIEE (Zokjion Af2enl) for
tivation for 15 mnutes, the resulti m xture was

PBanbaiieca doi% W%tm.@wwﬁy Adormed

TR b oo By AT A 0E R Ber Farmer eSSl (R [oriirel
égae 20.1j g%sﬁde@ésaﬁpgéag&f vas repeat edl y
per? a- " Usi

g an amno acid pro 2cted with Fnoc

gr OUPEr &k 56 11D Broo d-O RECHENL | aérﬁcyc@qﬂer}%@ﬂw Boc)
acids. Fnoc-dvy, Fnoc- Ngﬁ%ﬂ Fnoc-

Fmoc-1y3( Bhepc-Leu, Fmoc-Trp (Boc), Fmoc- Ala and Fmoc-Ile
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 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 centrifuée 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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Frnoc-Val , Fnoc-Leu, Fnoc-Trp(Boc), Fnoc-Al a and
Frnoc-1le were used as the am no acids protected by
Fnoc group to obtain 9-residue peptide of

A y-Arg(Pbf)-Qdy-Lys(Boc)- Val-Leu-Trp(Boc)-Ala-Ile
(SEQ I D NG 90) on a solid-phase resin. The 9-residue
peptide (equivalent to 11 gnol) was transferred to a
separfdtt @ty Siiepdned e d-Sphis eva sy dtesd seicol WbAY and
yele group was removed using 20% piperidi ne/ DMF
2070t HER BTROP FoE. TSTRVRR 68 BHA s IARE wi th DVE.

- trif t ub Si a ol i gosacchari de
kL ORI R e

' widh d. m i ep & ndense
%fﬁgﬂr%l (g%. P )9 o Bl e B PIDLR { a°qndensed
1 X4 af@r Sl 1voish lerfe Mo+ 1808 SR8Esdod Potd h@o ext%erbcil BEA

sol i d-phase synthesis colum. After addition o

Hefridd 4hainnol), the mixture was stirred at room
tenperature for 16 hours. - 203 After stirring, the
P%n%)aﬂ was washed with DCM and DMF. Fnoc group was
removed by using a 20% piperidine/ DM solution (1 m_)
for THenitAdnes acAft 8aVifgs Mm@aminch ddvMEp griate aeiddsiith

wer e sequenti al | condensed in accordance yvith t he
%?%&fcgﬂbmdoél%% t% &¥4%nt0 605 gepel de @i BLPED3IBS] ul

S TR Sl LRI0 g ol oLt
s 005, W ) et 390 80 AL (s L1
soll i dh-phase syrhasis cludm,  Afder stibhing at ragm
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(be)—Gly—Lys(Boc)—Val—Leu—Trp(Boc)—
Ala-Ile-Asn(Oligosaccharide chain)—Glu(OtBu)—Lys(Boc)—
Cys(Trt) (SEQ ID NO:91) 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
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tenperature for one hour, Fnoc group was renoved by
using a 20% pi peridine/DMF solution (1 m) for 20
m nutes. This operation was repeatedly performed to
sequentially condense am no acids. Fnoc-d u(QBu) and
Frnoc-Lys(Boc) were used as the am no acids protected
by Fnoc group and Boc-Cys(Trt) was used as the am no
ééijdap%g‘ée%%@l by Boen - grpcﬁrpﬁlt ¢ rebtst I ol oy geacchar ivdes
chai n added 13-resjdue tide of _
EPORFY( pb’F)W@ yS‘E9%%%B%§1 g@u PeeifTeptBee)by HPLC
a-11e- saccharl de_chai n) -3 u( & Bu) s(Boc) -
@Q%W‘P)A%% l\EFQ%L%O ACH8 sol Bl phtised r%sﬁfﬁymﬂb

I S 5. 2.5:
g?%§lenEr'£ ygi&@fgﬁlcoafédTFMng{erTgé%%§£EE+%p' .09%

was added and stirred at toomt

%&xb@w‘ﬁateﬂ@é@a& o etéﬁf{mut hon Yo rﬁas)dd@;g

separately prepared et het (1

poeBi Pi bahi®n, —» 69133%§UQJ0‘3%%C! G &N c?er];a:{g%g-ltqn ttoo obtain

separate a precipitate containing a

00} omaccharl digoshatna atdedcipept | sléded 203-radtdd@ peptide.

solution portion. After the solution portion was

FeABbYed, it was subjected to purification by HPLC

[col um: SHI SEI DO UG 120 (C18 5 gn), 4 20 x 250 mm

gr adi Bt TR dOIRRS G REPIYCERA thatse DT SR ageict itdve: 18-
AN 7.0 m/min; 25 -+ 4598 (15

09 o TFA/ 10% t / 90%
Pedpdhe Thenots W Fg & n@%b)@l(aoewﬁ 3% rfoayetminal

SS9 L1o48 B0 R Sl oL EEE IR e 1A
g@@u@@s (8 heisnpy epareds1 dhey 18: ar e§é19é1 é}?@fdlﬂﬁgé“%@

enzylthio ester at Cterninal

@hdg@sw@h@éddﬁlwa@ﬁwﬂ%ﬂ@dﬁl Qg%ﬁ 6P@pt1 de 13- 6
nyg) were placed in a sanme centrifuge tub

(prepared with 6 M guanidine hydrochlorlde solution and
0.2 mM phosphoric acid solution). Thiophenol (18 pl) 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 (Cl18 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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and dissolved in a buffer solution (pH 6.8, 1.8 m)
(prepared with 6 M guani di ne hydrochl oride sol ution
and 0.2 nM phosphoric acid solution). Thiophenol (18
gl) was then added at roomtenperature and a reaction
was perfornmed at roomtenperature. After 24 hours,
the conpletion of the reaction was confirnmed by HPLC

ThRPEERE eF Ol e hECR efRY i brP soPEePRRSHalr ot r&etmYy TCEP

fied HPLC | SHI SEI DO. UG- 120 (Cl18 5
Bt G o8 M T R RO EaT T e SO Lo TER A2 i
B 5L 070, 0938 TEALAOY el orf SOBA AN 7,0 iy, 2

a ] hg n 0 i e
e ot gl ooyl gt

REtgpsagchatt e ebap Nevusiedo pephé deeaddi Sn s Wasnfirmed
placed in a centrifuge tube and dissolved in - 205 a
buf fBL.C solHd e et , 7 .the preaasyieth f9amtiDNMMaECER 1trated
sol ution, 6 M guanidi ne hydrochl oride solution and 0.2
P apIh@Q]ph@Mi ciattelr sotditilom) fiTorehe peatidmncontaining
solution, activated Raney N ckel was added at room
?bh%‘é?%?ﬁ}ﬁ%rld%f‘?}é@lqoamﬁsPeEBh%?eW?%nSIB@JQ%‘éed to
reacti on was conflrned by HPLC. Thereafter

PRBLEL GATLOR UBY ORE WasL 791 Wi eRHIHHIRO0 n%w?a%e F1§ 12rum)

1 1 it e ey SumRbRt et o O put °I?ﬂ§‘:“a”de
BLG [l ugmoq 51 SEF HQ, UG 120/ (618,85 10 120, X

mm gradi ent: solutlon wat er, sol uti
5 99% IE%;IQ% Mﬁtafws%(%o%ﬁ& 0 i oBLB; ?:5 mfn) 453@1&;5
mn) -f 6098 (10 mn) (10 mn), |near

gradient] to obtain 0.8 mg of deSlred 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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gradient] to obtain 0.8 ng of desired oligosaccharide
chai n added GLP-1 peptide wherein 28Phe of G.P-1 is
substituted by asial o oligosaccharide chain added Asn
(28Asn G.P-1l-asialo). [0371] Exanple 41 Synthesis of
30 Asn-asial o oligosaccharide chain added GLP-1

eptide_ A solid-phase synthesis colum was charged
&FﬁﬁedAﬁPHBQPE@AYr%éFh %%6 #Bf) DEWr belue t & n MBHRRYPEGA
washed horoughly w.th dichl orgnet hane and DVF
R e hTgE HT et 0P BUBNF9 LS hoPheaE wf B BRFLO-phase

A g gxymet hyl - 3- met hoxyphenoxybutyric acid (HWB)
%5.% % mol ), TBTU (0.125 mmol) and N-et hyi norphol i ne
(083329 nmmol ) were dissolved in DV (2 m), loaded to
the columm, and stirred at roomtenperature for 4

hour SEmd®ecT €S| 0. ¥R Sumo 12086 Myves hesl, AN ofrighl yp wing-h DVF
and DCM to obtain HWB-PEGA resin, which was used as

mesbyildmpHasel&ox 0sol b dmpbasewe syniihesb5ved 03d2pcM (2 ml),
Froc-Ady (0.25 nmol ), MSBNT (0.25 nmol) and N

heefgli APdazepeidopiase npphfhepie dbbeoh vandi sit DOME 2at
m), _loaded to a solid-phase synthesis colum and
3PI¢riar at h@sG for 3 hours. After stirring, the resin

hed with DCM gnd DM-. Fnobc group. was renoved
by ustHG" 20% Hi Tt ‘i T OVIE L dTAR 11 IS8 MO dioM gnd

Tt 4 LS I O 300 R 2GR M S e
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 HCTUHOBT/NMP_(O.ZS 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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with the nmethod shown bel ow to extend a peptide chain.
[0373] The ami no acid having an am no group protected
with Froc group was di ssolved in N methyl pyrrolidone

NWP) (1 m) . After addition of 0.45 M HCTUHOBT/ NWP
(0.25 mol ), the resulting mxture was | oaded to a
sol i d- phase synthesis colum. Subsequently, 0.9 M

DI PEAMP (10 25 MR 9 VRRE Jad fevP & tohe KRG dhyphidine)
nthesis column. After stifri at room tenperature

? %?C_Zgajm n%[‘%%{T?‘ﬁean e@?%cﬁggp \?\%%Tl%dw’\?\ﬁ - Fhdthe

angd. ved by wusi a. 20% .

e PO R ARy (B SR 15 RGBT e iane
BBt 8hié 09 Wasy L £PSabS ] Yo PELL Ok MBG ) Ush NGy a0 A

gcllgd pr ot ect e}él V\A?ﬁ Frr’oc_gfou%_ E%CZ)S mm‘lglf toﬂ)@oc)

seggendiwb y2 conslenseo g Nen A6k dses{9374] 207

Frmoc-dy, Fnoc-Arg(Pbf), Fnoc-Gy, Fnoc-Lys(Boc),

Fo®esVal , Fnoc-Leu and Fnoc- Trp(Boc) were used as the

am no acids protected by Fnoc group to obtain a

7_resﬁqﬁﬁ;qxgﬁﬁqn§qﬁcharide chain added asparagine (b) (a

G y-Arg(Pbf)-Ady-Lys(Boc)-Val -Leu-Trp(Boc) (SEQ ID

REP 92t ot OBHKA - Premecalsta. , [D3Y5] 13&imy 0(100 pmol)

ol i.gosacchari de chain added asparagine (b) (a r oduct
SCTEERA Ghoti Bl (£B0 FTEH, b I D0 G roh ) M frHSO

Bf

PBTA30. 0 i i n. N\VP/ DVBQ
PR B T I Yl Pl LR
E_Q!LHIHH: '%ﬁt%rr %QQM i Qﬂzf IEIPP%% %% | l( ](Q%On?%)glﬁt h%he
m xture was stirre at roomterrpera ure or durs.
ALk Bt r 9asds NG W £ bd DOM adiéh DMmp &F 4 gosacehar s denshad n

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
3l-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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added 8-residue peptide of

A y-Arg(Pbf)-dy-Lys(Boc) - Val -

Leu- Trp(Boc) - Asn(Q i gosacchari de chain) (SEQ I D NO 93)

was obtained on the solid phase. Subsequently, the

amno acid having an am no group protected with Fnoc
roup was condenced by HOBt 34 ng (0.25 nmmol ), DI PC
S+n(‘0a%5th?ﬁr%w§h1a¥moﬁ®|\}ﬁ<€1aﬁﬂ) 4TE6AmMRt room

§%;§ gf@%g; ! ‘?ﬁgds%%gfsl r95|9g§ e £¢g§ of
- y ys oC e
A Akt %@ﬁé% SERR B ptie B et %fgﬁ% '

t u Phe-
ot B (Qé%tﬁ e H.s(T“S?%%E%%%ﬁ Y7k

pEB78] e d 00§ hep bt pdHBGhA e%mbﬁy bB9uaD1obi gesacshan| de,
7l

chai n added peptide forned thereon, trifluoroacetic

acix: 25 0nahe) (gddPSt= 95:&215t18n5)0$@% adfeda s&eh B
that the - 208 resin was thoroughly soaked and
stlutien at 0 r @I TERNEY atarerf 80%32K00L 8. mTheinesBh —
was_renmoved b filtration and the reaction sol ution

AREB contamt? Jeraealan%%d%eeram:eaoméggwe6 Theg of
HPLC [ col umm;

d
ot % tliiﬁ%f%%uf ‘%J dfégp ZBBPFrﬁF gFagrehe : 3pAla

I sol ution:.0,09% TFAl 10%
égtg%ggo/lA#%f% e 3R set L aBoRF RN T Ly Chain
Saady ens 4 ggbgggagﬂpfﬁ4aggapg ol i gosacchari de chain
added GLP-1 peptide wherein 30Ala of GLP-1is

sobsrjtuted with asialo oligosaccharide chain added
Asn (30Asn GLP-1l-asialo). [0377] Exanple 42
Example 42

Synthesis of 36Asn asialo oligosaccharide chain
added GLP-1 peptide

A solid-phase synthesis column was charged with
Amino-PEGA resin (50 pmol) (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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Synt hesi s of 36Asn asial o oligosaccharide chain added
GLP-1 peptide A solid-phase synthesis colum was
charged with Am no-PEGA resin (50 nol) (product of
Merck), washed thoroughly wi th dichl oronmethane (DCV
and DMF and the resin mas t horoughly swollen with
DMF. 4- hydr oxymnet nethoxgphenoxybu ric acid

2

(HNPBEm?%‘qlzls h@m%%v Ty Pﬂ%N sofﬁ%m);n dlancti‘j N- o
I 125 r i ssolved in
fghV¥lHEé InZO éz ° cBha wSﬁ§Ed§FFP}§ﬁdaﬁnr86W1 (2 ml)
g?gég%#rg E 4 ho%%% 0 Pég§%?g? @RP%Q%E%%}rred at

used as a solid phase for solid-phase
25}‘% Efe%iuM;j c%‘g@%] - 209 Froc-Gy (0.25 mmol), MSNT

(0. 25a @t ) s @l g Mty | 4l 02 zed & Y Dsnldd i ) p e g
di ssol ved in DCM (2 m), |oaded to a solid-phase

BMAt helise ot aum wared rinidveatl @ us2h(g fars Piisine /DMF
After stlrrlng, the resin was washed wi th DCM and
MUt FaDc (§rodp fes renpiedtey. uAifier20%shing with DMF,
pi peridine/ DM solution (2 m) for 15 mnutes. After
ﬁﬁéﬁ?n@cﬁﬁﬁhwﬁmF segiaemblatldsCopdenseduiemta@tdydance
nsed in cordance ~wth the nethod shown bel ow
R ama haR: F GV HE HO™ FoaTShet it ae | ehain.
Egg%g an amno group protected with Fnoc group was
|sso?ved in Nnethylpyrrolidone (NW) (1 nl) . After

addi t30n é-’H‘l_'LI‘Q) Ax-iM W’YQB Jl\“\ﬂ:r)nl(rpo é@d&]ﬂjﬁ)rote &d with

resulting mxture was | oaded to a s
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 columﬁ. 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 pmol) were
dissolved in NMP/DMSO (2.4/0.6 ml) and loaded to the
solid-phase synthesis column. After addition of DIPEA 26
pl (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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synthesi s colum. Subsequently, 0.9 M DI PEA/ NWP (0. 25
mol ) was added to the solid-phase synthesis col um.
After stirring at roomtenperature for 20 m nutes, the
resin was washed with DCM and DMF, and Fnoc group was
renmoved by using a 20% pi peridi ne/ DM solution (2 m)
for 15 mnutes. Asialo ollgosaccharlde chai n added
AspaAPagpAsacpharadpr elaéh) oVaoOTSORAL Chéndrath€oselid
d. ) 198 mg (100 nol) and DEPBT 30.0 ng (100 gnol)
Rb F8%-di ssolved in NVP/DMSO (2.4/0.6 m) and | oaded to
§0I|d phase synthesis colum. After addition of
EP%ER I (150 nDI) the m xture was stlrred at room

t mﬁth
enpeé‘ﬂFl g sacc arl C a| n ad&dle%l\@%{\% erg"f aaue pep O O%r L%p
Gr¥tec2dl wﬁﬁn(ﬂnbgogésspa%agecsnaéﬂéew&é%%@t ned 0

the solid phase Subsequent |y, e amno acid

havkpgmab1alr popgr 0uP pprgéeggeﬁna\ag hy &gy 81 Ppm_wasto

condenced by HOBt 34 ny 0. 25 nmol D P C

forps5ohirpb¥aanda DMEe (¢hain aOdedoBh+nésg@sacp®ptid@ of

chai n added 31-residue peptide of

@ly Mﬂ@@#@@éﬁ@@h@ﬂ@@ chain) - @y Lys (Boc) =Val - Lew-
B Boc Ag e- Phe- GIuﬁO:Bug ZBocg Al a- Al a- GInfTr

'r“f glah ?OPB%;PE%uG#y PRy Te;\é? Besg ZSIeﬂZﬁJBmG% Trt)-

é\fm@ﬁﬁ’ézﬁv PRk T R D85 TFBam1g =2 Yot Fev bt ai nod
RESi(B:AAYL80: A0l | ?ﬁf'%‘{?ﬁhf“bﬁ&-ﬁ?@&&?@f&-@f@ todg,,) -
for msd thereon, tri uor oaceti c acl d:

Ala-His (Trt) (SEQ ID NO:95).

[0381]

To the obtained resin having an oligosaccharide
chain added peptide formed thereon, trifluorocacetic 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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water: TIPS (= 95: 2.5: 2.5) was added such that the
resin was thoroughly soaked and stirred at room
tenperature for 3 hours. The resin was renoved by
filtration and the reaction solution was concentrated
under reduced pressure. The resulting residue was
urifijied, by HPLC [ col umm: SHI SEI DO UG 120 (C18 5 nm),
gﬁan 80° gradient: A solution: 0.1% TFA water, B

sol utd.on:, 0,.09% TEA/,10% wat.er/ 90%.AN 7. 0.m /.m n; .35 -+
60%B,é%hrﬁsnlﬁ ignfearﬁAgsrnaoalllvzsﬁta]l e Oaslanccéj.aorl%e §ain
okiggsacsharigde: chai n added G.P-1 peptide wherein
36Ae. g of df%gl ?s substituted with asialo

ol i gosaGLhiardite chajihi A HASH ASBASD Kddhich-asil (@).-6
[0382] - 211 Exanple 43 Synthesis of 18Asn-disialo
nb) gesacehasd teed hah N5 omd deslc sy At peph £ eer 18Msh. 0, 200

GL.P-1-asial o synthesized in Exanple 36 (0.6 ng) was
dlssahdedoviné0stt cacablylrmime b(B$2r I phb. Was 200deql )
and bovine serum al bum ne (BSA, 1 ng) was added.
Ep-sialie aeid (5 mg) and alkaline phosphatase (4 1pt)
were further added and the m xture was honogenj zed.
FER&I FUrthor 62 &iaf yR R ansF dF e ¥ rotft R ORI Sagpzit - -
obacco Inc., .10 was, added and reacti on_was
PR Ne A o0  OU T hroBa RS, T RRUEeT ore A b pcco
egpdi th ey f LCaag8! L PR 48
UL L8P (HEse U LSS R A
3gUeOUS SoluLian,s . dexel opi Ng ROl VESE: By Do 0900 ThA 1,
acetonitri!e/matgr :?N90/10, grad}entlisB(% 669ﬂ0 et
86160 481ahAut e8TSEIOW CAPCELPAK C18 UG120, ¢ 4.6 x 250
mm, developing solvent A: 0.1% TFA agueous 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-l-disialo) was obtained.
[0383]
Example 44

Synthesis of 22Asn-disialo oligosaccharide chain

added GLP-1 peptide
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rate: 0.7 m/mn). Figure 1 shows an exenplary chart
of the HPLC. In figure 1, the front peak shows 18 Asn
G.P- l-asialo (material), and the back peak shows 18
Asn GLP- 1-disialo. After purification by HPLC under
the same condition, 0.3 ng of gly oligosaccharide
chal added __cosyl ated GLP-1 peptide wherein 18Ser of
4 &5 @drilrgcdaln tsﬁn&l}’s‘ﬁ%z@dol%ngés@é@ﬁﬁr i3de (1.3

P([; ‘gﬂéd%SdSO L g (18% asc% ISI aI ‘-Hﬁmg‘?s%lom ai neod 200
d ept i de - 2

fen %%"%‘212’}% S el GEBDSE%( oI 3751 %dzdﬁé

oves- i Sisd el d NEORY cagRAYd ate huf fpﬁ{os( t5asé d,ll

pl) and bovi ne serum aI bum ne ( BSA,

MR s attie mcidiidb amm) tard @Mﬂéﬂ%@%ﬁ@éﬁ%& pl)

were further added and the m xture was honogeni zed.

Hinealllly, 2, 6-SSiadlplltreandfearase (qrcaiiet oFf bRaN Tobacco

Tobacco Inc., 10 mJ) was added and reaction was

i frorkfedlt W36 @ddmd 2nchawest idReacts gre mfoiintear iang

copdition by HPLC. colum: SH SEI DO CAPCELPAK C18
Cg 0fop 24 ehauns0 (Rpacddwsl apimig ostingemtondi tA.ch%sTFA

d I | vent B: 0.09% TFA
ik St‘ﬁsqlf’q%irﬁf e 100 G Lo @i gn UGAR8 - bad GOx. 250

Hglpi)\%% V;é% X eﬁtpeszfrlfff h afb‘t r %f"elﬁt g['g%Hqué@oln ﬁogg*%%?lzr
Tana the Back poskc shose 23 Adh G- el SRl el
qaunich,i eateidarnky AHBLE yndan thessape 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

pl) and bovine serum albumine (BSA, 1 mg) was added.

CMP-sialic acid (5 mg) and alkaline phosphatase (1 ul)
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condition, 1.3 ng of oligosaccharide chain added G.P-
peptide wherein 22y of GP-1 is substituted with
disialo oligosaccharide chain added Asn (22Asn GLP-1-
di si al 0) was obtained. [0384] Exanple 45 Synthesis of
30Asn-di si al o oligosaccharide chain added E&P_ll "
ti 0] P- 1- asi.al o .synthesized in a e
%%?%;fﬁﬁsﬁﬁé§£%§%§or§€§qﬁq M CadGdy | v BUF S~ -
5.0, _aal ' er !
E(rrg) \E/\i/a}g g%?fceéd.saa)é%%agﬁ@cé%csi%d (?5110%; ar?gteéfa%aéﬁ nT(]BObaCCO
phosphat a8s (whsPladde R Eha WerL diWr hels aded and the
m xture was honogeni zed. Finally,
H2,6- HHal ¥4 tianss er age ddH it Glonaft o}aRRAN cERRAGGR N by
Inc., 10 nmJ) was added and reaction was perforned at
BOLEC forl uzdh :hCHISE IORe ANHRL ERKNIAIEN iUsd 209N 4i.gnxby 50
HPLC. col umm: SHI SEI DO CAPCELPAK C18 UG120, 4 4.6 X
50 daffl sl epiligndolPrertt. 1& TOFAL #ITRAUSq$edws ion,

ol ution, developing salvent B: 0.09% TFA
SRS 1SEAErer B2 O 0)°T0. By AESA ARE Lo /661 T

i, o f te: 7 [ m Fi 3
B BB S WL B
f . - - as materia ,
L6160 BBk SO 0t OF ireL LA (LA o
{n iHHIgAt | 08 byghPLC3undge EB@H%aEEakCQHQ%E'95’A9n66ﬂ§—

of oligosaccharide chain added GLP-1 peptide wherein
1B0Alimlaf (@aRekilad )Subsid ttiteethawikt Bealti $haw@ 30 Asn GLP-
ol i gosacchari de chain added Asn (30Asn GLP-1- disial o)
ekl sglstlai.neffter 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 oiigosaccharide chain édded Asn (30Asn GLP-1-
disialé) 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 pmol) (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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[0385] Exanple 46 Synthesis of 30Asn-disialo

ol i gosaccharide chain added GLP-1 peptide A

sol i d- phase synthesis colum was charged with

Am no- PEGA resin (100 nol) (product of Merck), washed
thoroughly w th dichl oromethane (DCM and DVF and the
resin was thoroughly swollen with DW. N

W RDEF ok YrEPRYR LY 3vhiEh Y pheRoRGBUE YT Pt ath dHYPRPB)GA
0. 25 mmopl TBTU ég 25 . mmlij and N-ethy Im)rghol i ne
%65% nWB’r%hV\)é?i VBTSSR vRASPHEBVERE e nf§T sohdidiPRase
ggtﬁgg , and stirred at roomtenperature for 4

%1 urs. klj'gg resin was 214 washed thoroughly with DV
apdgPFM t o obtai n HMPB- PEGA resin, which was used as
a solid phase for solid-phase synthesis. [0386]

Froc- e {0 H0( a8 ) MENT Mhi1B0, d'{@ )mnf’dh d N-

nmet hyl i m dazol e (O. 375d\§mml ) were disso vgd'\éi-nn ISICM (2

nefhylinadetol® {he3 ol b Phasersyal H881 $e§OLNMBcAN m1),
stirred at 25C for 4 hours. After stirring, the resin
hagdedshedt g t fio DOM pingse Db t s grolymmasnd esoverkd at
by using a 20% pi peridine/ DM solution (2 m) for 15

Hutfexr, 4Afhaarrs washing with DMVF, ami no aci dﬁ vvereh ;

se lally condensed in accordance with the netho

shg\/\/l%%teefrovgttlcfre‘ﬂgenc?hf 1FEpt 3@ Scigishieq 03¢7) DCthand

&q}no Ez%[gzl d haV| ng an am na g cg/up pr ot ect %d with

group as remove using a

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 wés 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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Fnoc group was di ssolved in N-nethyl pyrrolidone (NVP)
(1 m) . After addition of 0.45 M HCTUHOBT/ NMP (0. 4
nmol ), the mxture was | oaded to a solid-phase
synthesis colum. Subsequently, 0.9 M DI PEA/NWP (0.8
mmol ) was added to the solid-phase synthesis colum.
After_stirring at room tenperature for 20 m nutes,
the rideQdr ey werdtfed Mi ¢TH tDGM Frape GNF, Bt Fhioc(Qriaup,
s renoved by using 20% _pi peri di ne/ DMF_sol ution éz
ﬁﬁ?cr PUAsE AP Aut 85 THRl s FBPeT AR RBWhs FepeatedlyBu) ,

' i id dwthEFE
8o 10 st ey £ (0GRt narr§° 2L RuEns B hEF (em,
' - = t
Brocoay, poe Hulerely Mo TRur et Horeal oo

Foe- 568 (8L , uEBBCa SeihIBY) aci D6 ﬁé ted by Fmoc group,
Frmoc- Asp(Qt Bu), Fnoc-Ser(tBu), Fnoc-T r%t Bu),

ENOCBRbeH i FNOTr Thrd Bulsedn®s- €hy, aii®e - 2 U G B ey by
Fnoc- Al a were used as am no acids protected by Fnoc
gpouprourndt BoebHe n (1§ tje sguespepasde hef ol G he( Tirt ) -
rotected by Boc group, to obtain 18-residue peptide
giyp@buC$ﬁ§q}T§eu—Tyr(tBu)—Ser(tBu)—Ser(tBu)—Val—
Ay-Ju(OQBu)-Leu-Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val-

SebI G BL)T S8 T80 ¥hi (£B) —Pres T (£80) @ Y- @ (B

FbSeBT BT hr (REGI RGN T O B DR, TR e

s0kg6j on of trifluoroethanol and acetic acid (1:1)
was added such that the resin was soaked thoroughly

and sptﬂtréxed«aaéhirrgpmittkﬁw Al OMOr al&ilous sH&ition
resin was renoved by filtration and the reaction .
sbl ut i Dhuvbse clomeeNnt 4ed etbetic 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 pl (1.06 mmol) was

added and separately prepared DMF solution (1.0 ml) of

PyBOP 94.7 mg (182 pmol) was added, and subsequently,
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under reduced pressure. The obtai ned residue was
concentrated to obtain a protected peptide:
Ala-An(Trt)-
Ay-du(QBu)-Leu-Tyr(tBu)-Ser(tBu)-Ser(tBu)-Val -
Asp(Qt Bu) -Ser (tBu)-Thr(tBu)-Phe-Thr(tBu)-dy-G u(Q Bu)
- Ala-His(Trt)-NHBoc (SEQ ID NGO 97). [0390] The
DEPFBsPBue pi ot ECY egnpkptvae {ededyal®i rtiktire /el
was transferred to an eggpl ant flask, dissolved in
Py ed 7a# 715n*élo coRV%d Ty -2AHqurs 200 e & arogdn

ERPVSE el i o e
ST RTEEA BB (&ﬁ%ﬁ?@ PR3 B0 S oemreT Y rtriagene
stiteed afy -dp 1,Q 5y %Q% Jan % hpurs and added, t(alaccoe%l

di et hyl ether (150 After precipitation of pep

TOPPONENSS : thes s0b U ) O HOLLEON ¥RS Sermved by Aom
menbrane filter. To the residue, trifluoroacetic

sehperamtee; AARS (= HRbirsd. ¥he. HludEesnadded @@ again
stirred at room tenperature. After 2 hours, the -
adiiedi on 9eRa vatel ngar Tpa beldedi ¢ th gk partad el {1 50 epar ecb
di ethyl ether (150 m) to obtain a precipitate. .
@r*h%% fRePrethel dtat | dheFeafitar, Wwhe sedmEdenhpogtion
nbrane filter torg%%aln esi due containing a

R T PEptTbe tRTBRET RS Bunt? RN resieridims
B LR L RO G S
Bsohudions O %Jf%og%ﬂ@tﬁééﬂg{%ﬁ 1eBe ko
-f 4598 (15 nmin) -> 6098 (10m n 5 ( m n _
léreas @hpdigntd X @sAPt@l,N fA8dRSi dUeRAGRYIde RaviNG Fa
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 a 18-residue peptide having
benzyl thioester 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 CggHizsN2103: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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benzyl thioester atC termnal:

PhS- Al a-d@ n-d y-d u- Leu-

Tyr - Ser- Ser-Val - Asp- Ser-Thr-Phe-Thr-d y-G u- Al a-Hi s
(SEQ ID NO98). ESI-MS: Calcd for C88H125N210315:

[ MF2H] 2+ 1002.9, found. 1003.3 [0391] On the other
hand, a solid-phase synthesis colum was charged with
BarAodPESAlyedi hn( pYBdietmbf , Meoe#gd (100thaotd ] umas haad
t hor ou hlz wi t h di chl or onet hane &Exm@ and DMF and the
FESFReHadtt REPBuGATHeEaBrTentafrt f DRFrs 4- The resin was

86588 R LothTor b SR emiony o 1 e?ﬁé?;%%%’? TR
| ' Lved in DVF (2 .
P> FRe WBt i sanieed, £ 8 P9 oBhr T Bt at ol L0 Far < ae

e resin was washed thoroughly with DVF and
%8RF§SSgEfain HWPB- PEGA resin, which was used as a.
sokbdjphase for solid-phase synthesis. [0392]

Froc-dy (0.50 nmol ), MSBNT (0.50 nmol) and N

met hyfrod 6@zl €0 (F0 3ntio InmpINsSNEer €@ B e etated d4nd BEM (2

m), loaded to the solid-phase synthesis col unm and
peihyédmadaz@b€ f0r345homes) Wweterdsssolved, itheCres? ml),
was washed with DCM and DM-. Fnobc group was renoved

- boadefngo209s prpbi fdPRRF DMEYN Bl 8t § opol ypn md fokinsed at
m putes. After washing with DMF, am no acids were
saduef®y &l 1I8P%¥ohdensed in accordance with the nethod

ShomAP@éPV\ééPrref(rtlg?,ndchae preeostiindewacshavirans'hecl Owalgt%‘] 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 condénsed in accordance
with the method shown below to extend a peptide chain.
[0393]

The amino acid having an amino'group protected w;th
Fmoc group and HOBt 67.6 mg (0.50 mmol)) and DIPCI 77.0
ul (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, Fﬁoc 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 ami no acid having an am no group protected with
Frmoc group and HOBt 67.6 ng (0.50 mmol)) and DI PCl
77.0 pl (63.1 ng, 0.50 mol) were dissolved in DVF (2
m). After activation for 15 mnutes, the resulting
m xture was |oaded to a solid-phase synthesis col um.
After stirring at roomtenperature for one hour, Fnoc
gr oupmess Glrye o By Uiy Ja E20% 5 Jper i khare/IDMH Boc) ,
solution (2 m) for 20 mnutes. This operation was

Fapeat et yrpRe TR ternd uSTefy BFP PR Ab Wete pred evt eamino

8t Ao BET e D0 AR SA%i S S R Ky e POAYS beptide
5 -\ L ) = AP _l ! F_ 3

P L CED D, Moy oty B L e Fhr et G by

K060 Or 4P t by s 1 254 due i f -
Ady- ,96\? o( Pb{%l )?OGP% %/Hs]a(%%cl)e?é\/%jlﬂ- L(;HfjhEét Tr%%Beoc du(eSlgSp Itfide

N6 98) el B ol | e DL F&sithy TNeedar &8l ()16, PERLiLe
(34.6 gnol) was transferred to a separately "prepared
solid-phase symtiesis colum to remve Fnec @roup by
using a 20% pi peridine/DMF solution (2 m) for 15

W hog es 2 @ do Weeshiedtti vék £ PMIDMVO L Tl en sEpamit ef eent ¥ infiugeces
tube, oligosaccharide chain added asparagi ne (f) (a
MOdRENE WITHSURKE Chéifi Galsepsratier §ontriZupensupss. 4

O N
SRS Wve e roi 32 v hetin b e lcnd dipeer
31 . 500 1 EHPEE L Tl 8y WSy [O39%h e/ pMso (1: 4
mixture solution, 0.6 ml) and loaded to the solid-phase
synthesis column. After addition of DIPEA 18.1 pl (103.8
pumol), the mixture was stirred at room temperature for 18

hours.
[0395]

[Formula 10]
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[Formula 10] 219 HHHHO HHHAC AC(HHHHH% H
o0 HHHHH HHHHAH ¢ NHAc HOOH HHHHOMH
HAc AcHHHH(f) [0396] After stirring, the resin
was washed with DCM and DMF. Fnobc group was renoved
by using a 20% . pi peridine/ DM solution (1 m) for 15
m nutes. After washing with DMF, am no acids were
sequentially condensed in accordance with the nethod
shown bel ow to e%tend a peptide chain. [0397] The
am no acid having an am no group protected with Fnoc
group and HOBt~ 3378 ng (0.25 nmml), and DIPCl 38.5 |
(31.5 ng, . nmol ) were dissolved in DMF (1 m).
After actiVvation for 15 m nutes, the m xture was

{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 éhown 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
ul (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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roomtenperature for one hour, Fnoc group was renoved
by using a 20% pi peridine/ DMF solution (1 m) for 20
m nutes. This operation was repeatedly perforned to
sequentially - 220 condense am no acids. Fnoc-1I1e,
Frnoc- Phe, Fnoc-d u(OQ:Bu) and Fnoc-Lys(Boc) were used
as am no acids protected by Fnoc group, and Boc-Cys
tTREFnGAsansed asidsi nd et dsle privteciRick byFrRac-GIroWgrBu )
to obtain_oligosaccharide chain added 13-residue
ﬁ%ﬁt?@@cﬁ¥y§3 0%&9%$%?)U€¥9 &§s@Boey-acids protected by
Leu- Tr p( osacchari de cha|n)-lle Phe-
é“ﬁfo?éﬁ)lPLy%’e%o%?c %-‘it?“fﬁf | SEeP | B R q%)oa}mb%Oaa%qim
this trlfluoroace a
FPRES-fEaly 96850500 (o SHRAES %Jdg%%?w A S8 gom
ragu S.£ 1REr € n.,
R eégsigueig%%‘?ﬁéﬂéel@f K e A

ﬁél L@u @bﬁ@B@cp¢ﬁ§hP@I@éé@@ccﬁ@ﬁlééb&ﬁﬁiﬁWLffé Phe-
centri fugatl on to separate a preciplitate cont ai ni ng

@hu 60t GosatehaBocle-Cehat ne pddsmo pepticlel @nd ¢ sl 481 00
portion. After renoving the solution portion, the

phe a¢ nedspreciTi ttaties, was fdiwsclaced iicn azis mMdter: TIPS
dithiothreitol solution buffer pH 6.8 (prepared from
SOn’R/’P di £ h? ot%r% %S sRq ornd 65 M r AN i Freom

droch orid ion and Q.2 mM phosphoric _acid
e ForsEantea T o %sreéfaer&ﬁé%e.rgmthemoépuon vas

98 LR hete %ﬂ%rec%i"”f' (LR Q L UBGE 195103 | o by
&Eﬁ&n[ﬁ@éé’f@htasﬂo%a %&%J@e}% 2 r@entrBlzpuoc_){%uttzlon to

gradi ent: A sol'ution wat er

@eagf/atér%ﬁ%mﬁwoc/@ﬁ&fnﬂq a{rmcmlg?o%acch%é 15
mn) -> 608 (10 mn) --> 95 10 mn)” i near

grnadh emdded coabt ada and a solutlon 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 hydrochloridé 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 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
an oligosaccharide chain added 13-residue peptide (18.2

mg) .
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an ol i gosacchari de chain added 13-resi due peptide
(18.2 ngy). 221 ESI-Ms: Calcd for ClL69H260N26078S:

[ MF3H] 3+ 1312.2, found. 1313.0 [0398] The two types
of peptides thus prepared: the 18- residue peptide
havi ng benzylthio ester at Ctermnal (9.3 ng) and
the oligosaccharide chain added 13-residue_ peptide

(18. ESg)MSver@ Jptackar | rsaisafmOnéit riMigs 't ubsl 2 dhd

di ssalved_ in a buffer solution (pH 6.8, 0.15 m)

EpFBHar £d1frBm 6 M guani di ne hydrochl oride sol ution
gg ? 2 nmM phosphoric acid solution) . Thiopheno

?? 871 was then added at roomtenperature and a

C. t
S8 o8P Tty o
QUL ELa2en, B B ehuyhe SO 10l

wat er mgB §QHUEh@no1@g88&&JE9£iQ&6cmaiﬁré8@&@A®B1r£%ldue
mM/mn;, 25 -+ 4598 (15 mn) -* 608 (10 min) -+ 9598
p&otnde) (1Bi hemg) gvadeepl dced Dbt ai sam&@ centrifuge tube
ol i gosacchari de chain added 31-residue peptide (9.2
AgH. dESFoMB=d Cahce Pof LE€R58HBTTNATOLOBSE . § MG H] S 4ral )
1454. 4, found. 1455.0 [0399] The obtai ned
6PF§8§58€h5FP‘696 cHaPhaagdene peptraenlepide ngplwason and
§ ced in a centrifuge tube and dissolved in a buffer

uWlo?BPIh‘?IBC ﬁ?éﬁaﬁ%uﬂam 35 “«‘rmomtdtamzlso Lii%onml)
pﬁos ﬁéﬂlgaggdhggrggg%on%gs%o % tlon n&"g reac?“%n was

oric acrd so e reactlon SO I on,

performed at 37°C. After 24 hours, the reaction solution
was directly subjected to purification by HPLC, [column:
SHISEIDO UG-120 (C1l8 5 um), ¢ éO 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),ylinear gradient] to obtain an |
oligosaccharide chain added 3l1-residue peptide (9.2 mg).

ESI-MS: Calcd for CpsoH377Ns70109S: [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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activated Raney Nickel was added at room tenperature.
After 72 hours, conpletion of the reaction was
confirmed - 222 by HPLC. Thereafter, the reaction
solution was filtrated by a nmenbrane filter and the
filtrate portion containing desired oligosaccharide
chai n added peptide was subjected to purification by
IPPLI@TE%ol Jie T eSHItSE, DONYGTEZC H(IOr8 lutiond waB Xi2%5Fated
gradient: A solution: 0.1% TFA water, B sol ution:
W@%‘%*?W%%Wa%%ﬂ R AfNPer B ka9 PRBEion czxm)@mlalg

B 0red P i e i B LA Linear o seccsd

ESS%% A S LAY @Eﬁﬁ@”’s SIFYERRE Yarano, (10 s
LRA00) 2 oThe 0ld gr)gét fﬁ;ﬂ%ﬁb% .chain, added 3] ﬁs %&L water,

peptlde (1.3 t ai'ned "'was” place

Eppeneordn ¢ L@%g@nﬂpﬁ;mlwaeéeﬂwdh dipts 1 d %M@trﬁf A£5,

). To this solution, a 1.00 mM aqueous sodi um
h@%iﬂ% oKl Heniol Ubi @D3E25 10 hivas -gddegBat1000Mh), linear
erature. After 30 minutes, production of desi red
€ welso cavifa ¥mmedl dolyd 44 aC e 1 déhec sl rutd dae dveisl ~
cooled to OC and neutralized by adding 50 mM aqueous
et RSRF &4 utd oh “(@0 ). The sol uti on was

puri A colu Vydac colunn
4.6 >?S§58& 'épér%% it ! zwﬁémNﬂ%ﬁ- FAlé\g% ef; B
9% TFA/ 10% wat er / 90% AN 7 0 m/mn; 25 -+
fé%%? (ﬁ¥4{) -+ 6098 (10 mn) 9598 (10 mn), Ilnear
gieshent] to obtain 0.3 ng of desired oligosaccharide
chain added GLP-1 peptide wherein 30Aia of GLP-1is

The oligosaccharide chain added 3l1-residue peptide
(1.3 mg) thus obtained was placed in an Eppendorf tube
and dissolved with distilled water (25 pl). To this
solution, a 100 mM aqueous sodium hydroxide solution (25
pl) 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 pm), )
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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substituted by disialo oligosaccharide chain added Asn
(30Asn G.P-1-disialo). - 223 ESI-Ms: Calcd for
C236H365N970109: [ M+4H| 4+ 1401.4, found. 1402.1
[0401] Exanple 47 Synthesis of 36Asn-disialo
ol i gosacchari de chain added G.P-1 peptide 36 Asn
GLP- 1-asial o synthesized in Exanple 42 (0.8 ng) was
di ssoESYEd!S n GOl edMl foae Syt b0fdoer [¥p#ED '0,14200 4,pl )
and bovi ne serum al bum ne (BSA, 1 ng) was added.
enpodi at#82atid (5 ng) and al kal i ne phosphatase (1 pl)
Eﬁrg ﬁurther added and the m xture was honogeni zed.
Aal y, az2,6-Sialyltransferase (product of Japan

nc., 10 nmJ) was added and reaction was
%ggﬁéggeégat 30 C for 24 hours. (Reaction nonitoring

Do 2% s S0 o IR g T vene A b, T A

aqyequs1sot Ubéghi de devel opi ng sol vent B: 0. 09% TFA
acetonitrile/water = 90/10, gradient A/B = 60/40 -+

30/ 603 @ Asn Miles]-ddimlo ratrechds izl /A Mxanfp1QUre 4(0.8
shows an exenplary chart of the HPLC. In figure 4,
nhe Veondipeakvefioins 36 Ménc&tPdylaasilahdfdmateri+al ), 200
and the back peak shows 36 Asn GLP- 1-disialo. After
Pht i #ReabPBhndys e akkleringe (B3e 1 coodi téonadded. ny

f _oligosacchari chain added GLP-1 peptide wherein
‘g%%fal% 1eL e §5e STbst 310t by ap spypgphatase (1 nl)

pigopacehari dg.chalf, added  £20. {30080 Flode sl ©)

was obt al ned:

Finally, a2,6-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 agqueous 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
condifion, 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~l-disialo) was
obtained.

[0402]

Example 48
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[0402] Exanple 48 - 224 Synthesis of 26 and

34Cys-di sialo oligosaccharide chain added G.P-1

pepti de A solid-phase synthesis colum was charged
with Am no-PEGA resin (100 nol) (product of Merck),
washed thoroughly wth dichl oromethane (DCVM and DV
and the resin was thoroughly swollen w th DW.

4- hy d8 yxyimes hy| of 32 eret hd xYphesocybid Vo | ol agd sh¢HMPB) de
(0.25 mmol ), TBTU (0.25 mml) and N-ethyl norphol i ne
€b225 AAERY ®WEPsl BFBESHRed in DVF (2 m), |oaded to

the colunp, ;and stirred at roomtenperature for 4
hour sf‘g Sfﬂngl?—e%n}il%s%va%yn%%?ﬂeﬂ THOVBRUGI Y W3 FITVPY B

gg%tagﬁﬁgé?rgawsﬁ55%3i§5i<§§ﬂ@mﬁis§%%aﬁgﬁégf , “washed

' - 0,5 3 0

Fer Ry Pl dazar Tocavs ERE b2l PR PHCAY antrps
Fbkin &Q@dEHoE@u?HEyS9%5@19Ha§§tﬁyﬁﬂp?5i@LﬂyﬁfBQ&ﬁggkyl—

stirred at 25C for 3 hours. After stirring, the resin

Basecwaskegghahbhybehyand abME. (RMPB) groups Wasol §oyedy
by using a 20% pi peridine/ DM solution (2 m) for 15
nondbesmoAf t end MashhpgmorphoDie 401 2D meocds were
sequentially condensed in accordance with the nethod
ShéRALBEFoRW t BMExf énEla, pepefdetehtha. cThemani andaci d
havi nggan am no group protected with Fnoc group was

di-$SoFFe@ti hORPNEERYFPFFIEFi 88Re? (AVRYS( 1 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 aminoc 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 célumn.
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m) . After addition of 0.45 M HCTUHOBT/ NWP (0. 4

mol ), the mxture was | oaded to a solid-phase

synthesis colum. - 225 Subsequently, 0.9 M DI PEA/ NWP

(0.8 nmmol) was added to the solid-phase synthesis

colum. After stirring at room tenperature for 20

m nutes, the resin was washed wth DCM and DM, and

ﬁ%éegﬁd@{ybly\aso r &nibveEP B/ N¥P ng0 20%mpi pevadi agddMco the
uti on for 15 mnutes. This operation was
Lé%\t%’af‘ p%Y‘FB}P%HS uSPHg RN i ERF a'iqlefr%taectr@?m

sequentlally condens

to
Wem RSEEREE. L1 Daoaj i FBEodl § epﬁ%%lw‘ém‘mshed with pow

T e g
’E_ﬂﬁérgiﬂﬁgl&l@‘ sgﬂ@@ugfs drhd) ;gj?clé\lx?lmgggg 'ﬁ“lha.v.s

noc-@n(Trt), Fnoc-d Froc- noc- L

Ep@ﬁairy@ﬁt&é,raﬂ@@t&ﬂ&tﬁé&foﬁﬁ@@ @i&%%,aﬁm& M q
Frmoc- Asp( Gt Bu), Fnoc-Ser(tBu), Fnoc-Thr(tBu),
Frotefhed wipncEmhe (¢Bu)p FOOE-fhyl) Foocs &ud Xt Bu)ly
Fnmoc-Ala and Fnoc-H s(Trt) were used as am no acids
9@@@%@$%dafbyn@n®©ld§r oup to obtain 31-residue peptide

¥ Arg(Pbf)-dy
2,9 &l t) - Vval -Leu-Trp(Boc)-AI a-11e-Phe-G u(QBu)-Cys(Tr
f’—\l) a- /ﬂmOCGGH(yr'r G VS GRS Bu)EOST- Sy« ( t%tﬂc@é’rs( Ty -

Be el g *Par e [ Seg a0 o o

@ﬁbthh@haﬁﬁoé-e@llﬁ‘(O{%pﬂFm&:-p@%é ﬂt)theFrﬁ)@é al { d Fmogc-—
resin havi ng a peptide forned ereon Wwas transferre
hbap BRbe€cDREBE: BY NERESHSL €0l BB -G1lu (OtBu), Fmoc-Leu,
Fmoc-Tyxr (tBu), Fmoc-Ser (tBu), Fmoc-Ser (tBu), Fmoc-vVal,
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,

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

added such that the resin was thoroughly soaked and



trifluoroacetic acid: water: TIPS (= 95: 2.5: 2.5) was
added such that the resin was thoroughly soaked and
226 stirred at roomtenperature for 3 hours. The
resin was renoved by filtration and the reaction
solution was concentrated under reduced pressure. The
resulting residue was purified by HPLC [colum:
SHF SEFBDCP UG 29D temrerastprg, £ay 20hgueso rfine grre@dJAr/elmas
A solution: _0.1% TFA water, B solution: 0.09% TFA/ | oo
RRTGF T 909 ARC B R i Pii FEC. Sbe- FSABDYEL 201 WHHOR | et f
' {Q obtain_a,peptide wherein .26 and 34Lys o
R e LS b Bbcr FuliEl RfensUese ;]I[ft?wasultlng
e}, a1 . di Sl 1 g0 L B
prodet 61 ok nort G UL Tty f@v%nazo
ety de, [ t si%ggqug¥e were .
g?ﬁ%o?v@%’ ’ i?}%]%opnzﬁﬂyd;r@@p hte bu 'er}( ?spci}l%n 'Zloce)' 5T ER
aades) | Bwedlut doneactoed BFL/ {0t daborrsos AN e .0 ml/min;
conpl ete consunption of raw materials were confirmed
By HPIEDSE,he O ewint ildmeasolgtddirerals t reslalivn SURjeRetied
to purification by HPLC [colum: SH SEIDO UG 120 .
(lrasein 7§ aug Adbyx 5G] yradéesh :swbsolutieh with
.1% TFA water, B solution: 0.09% TFA/ 10% wat er/90%
0.7 M/mn; 35 ->60%B, 20 mn linear gradient] to
83 é 0.1 nmg of oligosaccharide chain added GLP-1
E ?lge wherein 26 and 34Lys of GLP-1 are each

oo gt g8 LIRS0
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 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-1l-disialo).
[0407]
Example 49

Synthesis of 18 and 36Cys-disialo oligosaccharide

chain added GLP-1 peptide
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Synthesis of 18 and 36Cys-di si al 0. ol i gosacchari de _
chai n added GLP-1 peptide 227 A solid-phase synthesis
colum was charged with Am no-PEGA resin (100 nol)
(product of Merck), washed thoroughly wth

di chl oromet hane (DCM) and DMF and the resin was

t horoughly swollen with DMF. 4-hydroxynet hyl -
3- net%o?@%ﬁé‘rﬁb&}ﬁﬁjt%bfﬂ@ea@m CHNVPB) Wk 2ZHanmHd ,wikBTU
0.25 mmol ) and N- et hyl norpholine (0.25 mmol) were
$86redA | Repivr (209 pmol batiesodect hef dé¢ uwpk), , anashed
|rred rature for 4 hours. The resin was

vvas éd ?ﬁ%rgggm éegﬁ?fﬂr?iﬂﬁt%ﬁﬂe DERF b %%?a?l‘ﬁ HVPB- PEGA

s Tt LB il
m&h@;agpﬁen%mgyméagel oadQ%l mpﬁ ﬁﬁ%f TBTU

di ssol ved in

$ol 2 - phase- §N@t@€§t§yﬁ%ﬂ;ﬂﬂoﬁﬂﬁesm 13801 ) 2@&@? or 3

hours. After stirring, the resin was washed vv|t DCM

dhdsoDkEd FmoMgr o2ipnivas I eatwedc dyt usi digl @n20%nd

pi peridine/ DM solution (2 ml) for 15 minutes. After
phshiad af t ho@VF eme ntace donet enswgaientTihal Inesin was
condensed in accordance with the nmethod shown bel ow

vﬁs%%?ehfaoaou%lpx i Wt i Wl . ane 400y torr@bmrndﬂa%ﬁsnm%
havi ng m no gro rotected with Fnoc grou

HF S50 VB T RS 9 1D TRt R (2 1) e
Qggtﬁégfspf 0.45 M HCTUHOBT/ NWP (0.4 nmol ),

[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
DME. 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.

[04009]

The amino acid having an amino group protected with
Fmoc group was dissolved in N—methylpyrroiidone (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 m xture was | oaded to a solid-phase synthesis
columm. Subsequently, 0.9 M DI PEA/NWP (0.8 mol) was
added to the - 228 solid-phase synthesis col um.
After stirring at room tenperature for 20 m nutes,
the resin was washed with DCM and DMF, and Fnoc group
was renoved by using 20% piperidine/ DI\/F solution (2
AP} idophase mynitessi Thiel uper dtfiter was nspentagdinoom
gerformad usi ng an amno acid protected with Fnoc

?fala%r%u%en%lr) Y sy | Bl yreThhdeRs evaRiag with DCM
dspp| 041
%grrl)c L(%% ]FmOCFn%%O% Wa%nﬁ%m%é%‘; rk?c%m%s#?%(&&)

(e T L S e QS EAR
Eﬁgﬁa@ian Faoce égég pgyPgrﬁéﬂ‘us{ﬁ@cagyéﬁlﬁ%oac1d

c-Cys(Trt) noc- Ser(tBu), Fnoc-V

Eﬁbﬁeéﬁ@&@ﬁiﬁ Fid®Cg S8tih t Bu) s fi®rcy Thy (& entially

Froc- Phe,  Froc-Thr(tBu), Fnoc-Qdy, Fnoc-d u(QBu),

Eondeba amiho Fnotdd s(Trt) were used as anmi no acids

protected by Fnoc group to obtain 31-residue peptide

0P4ePY- Cys(Trt) - Gly-

Lys(Boc) VaI -Leu-Trp T) Al a Il e-Phe-3 u(Q Bu) - Lys(Bo
Fmoc-Gly, Fmoc- Cys Fmoc-Gly, Fmoc-Lys (Boc)

@s?f%ﬁ&ﬁoai%?ﬁ Baf?o%éﬁzz?@%s%% %‘%«.ﬁ%{
é!poHéOtﬁh'%T A &{&é&? It >§I$<§TEQ( (8% BN,102) on 2 sol émoc-

ase resin par al ne reS| n

ﬂ@yl NBmEc PEDA | B f Or RS- d her eﬁﬁbc‘!\fa@l& [BOSE £ M Eehd I Ly,
sol i d phase synt hesis columm, trifluoroacetic aci

naber Ty B~ BhocLps (Pr), Waoc-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-Gln(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,
trifluorocacetic acid: water: TIPS (= 95: 2.5: 2.5) was

added such that the resin was thoroughly scaked and

stirred at room temperature for 3 hours. The resin was
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added such that the resin was thoroughly soaked and
stirred at roomtenperature for 3 hours. The resin was
229 renoved by filtration and the reaction solution
was concentrated under reduced pressure. The
resulting residue was purified by HPLC [col um:
SHI SEI DO UG 120 (C18 5 m, 4 20 x 250 nm gradient: A
sengvednby0f 1% TEAionaded, tBespokattban 800986 AL 0%
water/ 90% AN 8.0 mi/mn; 35 6098, 20 mn |inear
G§PREFBRF T €8 BbEarnradpepdi deesaheeei rwm@st@mrprArg
of g%P 1 are each substituted wth 50412
BronDRBeVafRi BYFL 8187 aPy %F?%oéﬁ@%ﬁ@ﬁrd%H( ?I@% UG-120

t of OISUKA Cheni cal ... Ltd.) (10 ng) and
ﬂ%gg ;% | de? chdi %%trﬂ?e's&%dja%b ve & 2al liﬁj)o%rfé 1% TFA

dhsse! V§dsol15]tt:}89 ”Bﬂegg?sggg}fofugéﬁouggﬂ 7288 4% P)din,;

and al | owed fo react

§onml ef @ consynpti on L of AW Jat, &Y WE%S £ r\ﬁ & CSBISJIer Egide

by HPLC, t'he reaction solution

tbepathfigesstoanby36REE of col prm: 4 SH %&m&&éﬁ@uted
(C18, 5 m, 4i 4.6 x 250 mm gradient: A solution:
01180 TFA. wat er, B solution: 0.09% TFA 10% wat er/ 90%
AN 0.7 mM/mn; 35 -> 6098, 20 mn Ilinear gradient] to
6Btdth 0.8 ng of oligosaccharide chain added GLP-1
pepti de wherein 18Ser and 36Arg of GLP- 1 are each
substﬁ%QHQﬁFQﬁFWﬂq HosHctldrq el Wiardidddiey) (a
[0413]_ . Table 7 bel ow shows

%lf)% 5{1%%@580&318?%@%5%‘8%&?%9 cﬁ%@rﬁd&%eoﬁfﬁ_ﬁqe
ﬁ@ﬁ%iggscﬁ§£ﬁ'Q?gt5551zed 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-1l-disialo).
[0413]

Table 7 below shows MS spectrum data of
oligosaccharide chain added GLP-1 peptides obtained in

Examples 8 to 49. 1In the table, [M+H]' represents
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Exanpl es 8 to 49.
nmeasur enment

In the table,
results by MALDI - TOF nass,

[ MkH] + represents 230
and [ M+3H] 3+

and [ Mt4H] 4+ represent measurenent results by EM - MS.
[0414] [Table 7] xanale 8 6Cys GLP-1-disialo
Cal curated for C240H372N4eO110S [ M+ H' 5719.5 found. -

5721.9 Exanp

le 9 BOy

s GALP-1-disialo Calcurated for

T23SHBBTRAY0IE0SL t &by MEBAB-T0FonAds, 5649, BM+Exaitplaed

i s
23!

S E

-dISI alo Cal curated for

found. .
for C236H365N470108S [ MtH]*
anpl e 13 12@3 GLP-1-disialo Calcurated for
5572.4 found. 5571.2

5665. 4

C231H363N47O 09S [M+H]

GLP-1-disialo Cal curated for
5§68 L8 SEH i JSA5596mE N tEXepIla S1 DYl BEsMS.

C238H36447010
le 12 11Cys G.P-1-disialo

Exanp

15618.4 fo

C235H36"70LO7S
S [MeH

und-

t—di-si-al-e—GC 2d_f.0
Ex ittty Sn. Tt st abo-Cal gural o B T NI
8y S A1 Laldlic | CaltliBiador 1 CorblaNaCoss, IMEHT | 5588 - ~domnd.co| 5649.3
I »] v/ S -
15 165y RS o il s, mﬁmﬁé}gﬁam%m}s IR 55904 | found. | 55907
[ MrHiexemde5t? Otod) s EBERdLialo 3 @distratea for EANIINED 50| PMRYYPs6625 | found. | 56654
ALP- Exadltess) ali@ys Gt icditbiat|@elculated for G W SetsW i ooma. 5618.5
5606 [Bprdecd) nidcys 8160646 |Fexanipd @ | T/, hIALYS [k~ 15565 Sl &Ldd | 55712
Cal cigeareéd Weye CLEAIRER G PNGFOIO] SoofiMtbd s DIBE'. [A56526 UN@und. | 56326
5648 528 JARE 8Py 'gdishin (\felcu@iedder | ColiHaNatl b |CAME U @20ad foow. | 56235
C237 RS PAp e ity '“'w%jt x lﬁﬁuﬂ@ﬁe&w_sagwm 56854 Anfabres | 56060
Mole 17" '24Cys’ GLR- 1L disialp 1| Calgurated for | (CagsHiasls SAMEHI N ~56484 7 ~Yound. | 56482
19 2%@%@78‘ cvécdﬁl@&ﬂb 1 carstrateder 10 NGO 00, T IMEHL | 50454 | found. | 5650.5
17S [Nl BOUEA T Al G- %umcﬁgﬁﬁlqy N
GLP- Exathesd aB@s Gnlicddtial] @tlcuhid for Jéé,ﬂﬁsf, W TIPS S W ouna. 155752
5572 [Exbmde il rftkys GLb 7 Siisdo | XA (@ 2;113576.%}63 B~ [ Lsskbla ST RLE | 56517
Cal clpeae 3PQyy GLEAIERIB G zmat@ﬂ!ﬁ‘BSmF‘ oS |64, [ 6ds@ UNund. | 56062
5651 [B2mpe By xt @PI HisqP (\pajcu@pdPar D@M@;G&H&ur@me fo@h. | 55911
C234] GLR: 'l I "Calageror Ji ChiflePaS gnﬂﬂ 2 S0 A nfokne | 50819
S P il o Cplosneted for ] 4CavalsaNeeDosS MY 2 Qe 5010.1
23 3 PR 261 30Cy=s GLF 12asiflo | Ogleurated for & CyreHurNecOnsS, o TMHES ﬁrs)gggla ¢ oﬂ? 5068.0
[ MtHigampe P T34 6P alo F Astebracds for P’bag”g%%@;s;,_ REET| 50052 .| found. | 5070
GLP- [Exeiis bsll Boc, LAIFCUE 2 © Gaidarotba fort EOH2 R0 N l4§§ix'._'z_'l found. | 4983.1
5080 [Edmk ol a20)s cOSdsHAs | CXadl 8| 202 RL3LS temm 1= At Foma [ 47562
Cal c [Brat ehofye LRGN | 6446 a8 5 clMERIC,:s SUMPI 4 hMT Osound. | 47420
5010 Expmele Ex 3 ¢yp Bl diicN ret€dlrdP} TrisNatl,© |QRIHE Ursodsed © o8 | 46868
C2, 5538 iﬁmﬁiﬁrﬁm% CHOaH R | Catimt:0:5008:HD | Branpb@d | 43510
27 3LEEpE 3G QP L edimangel @elurpteion] SobMinileOnEd I91HE T A (raRs | 43380
[ExaMpE 34 5 GLP-1- ~dimapnosel ssjcurated for (— O, 12072 { 4278.9 | found. | 42803
[ M+H ampte 350 F2/n GLP q'b&s‘lalo ¥ Gafoprated fo;\:’]‘éé‘% Eé&% 1168487 of, found. | 16495
ALP- E=@sts H&@Hﬁ-ﬁ”&ﬁuf'm&éﬂqu—Am,xk o 1AM [IsbPa.2 | found. | 50034
4981 {edmok O T0hsr APG Fcialo | BRGFBILHFE 47, HeMe0,> | \IRT 1T 58 3T C¥n T soas 0
Cal ciewtt @d 56F cLed043 | cNG- L& 1, |HVRED.. (730" 26558 UTWolna | 16558
4758E@mpe X 2t @.P30siad0 CgsurkolsRr [T -aJiHANGNAG MR G UE58T € Crodn®T| 16555
C203 R4 ZEBEP{! fhid] | Cobifdt ol | Tt Mis0sA [UERIHD'| 16487 | found. | 16496
Example 41] 30Asn GLP-1-asialo | Calcurated for | C,,sHsNesOgs [M+H]" | 50203 found. -| 50208
Example 42| 36Asn GLP-1-asialo Calcurated for C11H324N0 043 [M+H]" | 49352 found. 4936.7
Exampie 43]  18Asn GLP-1-disialo | Galcurated for | CpgHaesNeCios | [MHH]™ [ 5586.5 found. | 55886
Example 44  22Asn GLP-1-disialo | Calcurated for | CyiHyaNyOp0s | [IM*H]' | 56165 | found. | 5618.4
Example 45| 30Asn GLP-1-disialo | Celcurated for | CyseHys:Nyr0150 [M+H])" | 56025 | found. | 5606.2
Example 46] 30Asn GLP-1-disialo | Calcurated for CoaeH3ssNs70 105 IM+4HI" | 14014 found. 1402.1
Example 47| 36Asn GLP-1-disialo | Calcurated for | CyyaHaaNayOrge | [MHH] | 55174 | found. | 55217
Example 48 26.34Cys GLP-1-disialo | Calcurated for | Cj,7H4e,Ns2017,S, | [M+H]" | 78281 found. | 7828.8
Example 49| 18.36Cys GLP-1~disialo | Caleurated for | CygHatsNgiC116S, | [M*HI' | 7841.1 | found. | 78453
[0415]

Test Example 1
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Exanpl e 31 34Cys GLP-1-di G cNAc Cal curated for

C200H306N44003S [ M+rH) ' 4685. 1 found. 4686.8 Exanple

32 22Cys GL.P-1-di mannose Cal curated for

C15aH289N43073S [ MtH] ' 4350. 0 found. 4351.0 Exanple 3

30Cys GLP-1-di mannose Cal curated for CL67H287N430735

[ MiH] ' 4336.0 found. 4338.0 Exanple 34 34Cys

GLP- 10 d} s et it ReR ek /] BerPTISA HI8 AN BS T MeH) *

éﬁ4278 9 found. 4280.3 Exanple 35 12Asn G.P-1-Asialo
MBAFarcdt braFROBHE2TRASPHICE NS 31 HBABIGOF fuhdbe

é%ﬁgﬁl@g%lz%mﬁlﬁ’g%gogﬁ% VBA% a%%%L ug‘%ggﬁgg&%
%8A§§4G%E '395'Qkotﬁélggé?gegﬂégﬁtf2%§g§3%%§§9ngally

503473 found
@Ecédaﬁhakelﬁ;atsugaiﬁgxé%ugéhéBaé}Mé@% ENB3RL 3t o
1656. 0 found. 1655.8 anpl e 39 27Asn GLP-1-asialo
Gatbcur at ednf 06t £212HIRONGE0Ir§ MidH| 301 HBED. o froueek at
1655.5 Exanple 40 28Asn GLP-1-asialo Cal curated for
G200H327N4A5M03 (M+3H) 3' 1648.7 found. 1649.6 Exanple
41 30Asn G.P-1-asialo Calcurated for C2,4H33, NA5003
[ MrH Thg0nsg g1 5090 .82 s Badgpl eedxhe reaction
38Asn@GLP-1-asial o Cal curated for C211H324N42093 [ MrH] '
¥688%2 ¥aandetA0%8. 95 BxEiP e AP UGN RIAPIALYi WG H] Faken

5286 P e anaF o0 SOBRENCE P12 th < B ool LEP at 9RO of20

GR37 3G INA{ [ found. 5618.4 Exanple
45 30Asn a%?‘gaé%? %a@g%cu ated for C236H35eN4701G9

(M) 5602.5 found. 5606.2 Exanple 46 30Asn
GLP-1-disialo Calcurated for C236H3e5N4, 0105 [ M+4H]
1401. Ba ¢10 ussinp Nedd 2 dla c thxaid €1 Wi 36 Ass @ikda dissiral m. 02
Cal curated for C, 33H358N440109 [ M+H) © 5517. 4 f ound.
B520£710&npred8uQBo340ysc GhPid- dosial on Gatepaatadifi or
C317H492N. 201, , S2 [ M+H]' 7828.1 found. 7828.8 Exanple
a9veBcset)sam Prredderal bulbal endatleenfeentrifuged. A

ﬁﬁﬁ?gﬁyiﬁﬁ?aéﬁg%séﬁ&F$?t§§$%r%F£§ﬁ€?on§§§ Sorbbion]

- i 7
EEEtBEBthS 955??@%@ lIﬁtan pen%o?éa%%ﬁgpghgaagﬁggfltlon
6@ @ﬁenkeazg%gfsw&t%m %r@geym RO4; Pl as C&Q?P&o s:

, 30% of the whole anpunt) were sequenitia ace
EH@E@hHot@AbCEﬂQ ?ﬁ@uéléheUéPbgt'@9Oaﬁ0¥n5 hef, &Eaééé?ing

mM intotal. The mixture was allowed to react’ at
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
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The tinme when plasma was added to the reaction vessel
was defined as O min. 0.01 m aliquots were taken
fromthe reaction solution on 10, 30, 60, 180, 360,
720 and 1440 minutes for sanpling. [0416] Each

sanpl ed reaction solution was m xed with 0.02 nl of
10% trifluoroacetic acid solution prepared in advance
Ph Bramppendordstlberemaind@recentaffegedld Houls 0254 410
aliquot of the supernpatant of the solution mxture
REBUF AT R EEP T ntlo® HPLEsHd P yZ@ 2t he conposition of

the r actti on ,sol ution, (reaction nitoring conditijons:
0

Shi sef't h@Aﬁ’é%LGLr PREC18 D Udf20,6 250 BeaK @hmarved
i I A 0.1% TFA | uti ,..B
BEY TR IR0 2B HETD Mo O P S T S e B
4 9pé : er LDy nd- 7 . e ca e a
?égu t?%r(gésshog.v\%d F%}Qt F%%Igvﬁga% %aé)rp][%rp%g%g%s 6“{](5e £

GLoApaf 24 divén EX 0P8 €) 13 rorh Odifdn i Fl6a1 D, ypeaksned.
the oligosaccharide chain added G.P-1 peptide are

bbsenven ar oLIE. 183, 3t NELEsl st ishowoligodddahdsidde
ol i gosacchari de chain added GLP-1 peptide 232 of
Exanp| A9 ot | 9f r @omp aent exve rEafitere 24 e rmso {1440
m nutes) after the plasma addition. On the other hand,
eI Esd Y al Hodri pbkey vaE e hethreanl asnantidie: ison .
g@ggéﬁs i ndi cat es undegraded GLP-1, and peaks

ed between 17.5 and 18 mnutes indicate a G.P-1

LR0TB (% 35) SEOIUNLEN JHE 2008 des LommYe o 5 .
§bpim Rodi tion of Conparative Exanple 1 was nostly

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-old 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). 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
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degraded by 180 minutes after the plasnma addition.
[0418] Test Exanple 2 (Effect of |owering bl ood-sugar
levels in db/db mce - 1) The peptide prepared in

each of Exanples 1 to 5 or Conparative Exanple 1 was
intraperitoneally adm ni stered as the sanme sanple at

a dose of 8 mMl in total per kg of body weight (sanple
cehceaerateen: A Impddse windsdyrawedrghtn) il seac hwaof
three 8-week-old nmale type-2 diabetes nodel mce
PBRBUreY- +1LapFapdanteprdbh/ Glerosy CIISPestfWehdl ysing
t he_pe tige in_a PBS solution (9 nnol/10 m) was

At F‘§B§FP ORBEFFY - adh i <GB dieLe qude igieady nl / kg

- -+ Leprdb/ + Leprdb/Jcl mce (8 week old
e Tk M e TR T U R
ey gistration, 0.03 m of peripheral blood fromthe
retro-orbital venous plexus was collected. The

obt ai medshdb0oth warss di utie Wil PRS i, 0 3 nl in

total, and the solution was centrifuged to separate
plagoaa ania hedocyhein componedt Sof Thempa oot Yvé hex phasany
conmponent was transferred to an Eppendorf tube

Bepai ut byepeepateddasdg@B33level si ganatetht A sy, ucdse the
concentration in plasma was neasured in accordance

A iBoertebarlidy | clrete aNder USEAY! Repabdes pof ofmetmrles 1
The5resul tg were obtained by statistical processing.
The  r 58Pt 51 P RE SRR FE &I 3 0 9d- sy ol e vl shoamd i wheir
E the GLP-1 without ol ]gosa (gari de chain
agg?%?%nw%fe ?r%%?la??%ee‘@érﬁ)#gei f‘t% Bt 34t Sher ed

bboog sugar levels. By contrast, all the

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-old 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 old, 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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ol i gosacchari de chain added G.P-| peptides of Exanples

1 to 5 significantly | owered bl ood-sugar |evels, and
their effects were sustained even after 120 mi nutes.
[0420] Test Exanple 3 (Effect of |owering bl ood-sugar

| evels in db/db mce - 2) The peptide prepared in
Exanple 5 or Conparative Exanple 1 was

antr aper bdneabhywasdntenst efededstbheepanete sahpsea abnd
a dose of 8 mM in total per kg of body weight (sanple
BefeertFaEPBROPERtRg GThodyomey ghe ©Lsmammigikgpnergt was
nnnllg , 90 nnol /kg or 900 _nnol/kg) to each of three
grafe gz—‘BFa hAl 8"t ypreRdar SpetRe ABHBF2RPLE PBRERLYD+and

d [ d | *). Specifically, th i de i
EERCgskotBR1 b Aty ST S 1 AP0 ®
. e i it Iy,

AR bt oreraamsroatafge it Thl fPRs ol PR pelPqeding
LepegbbpteshdblJcl MHLere {18 MeGk Al hpd B Ry 1P 30,

60, 90 and 120 m nutes after the sanple

adatnssicali ppocOs98ngil afhgerd pleralatd antbwd rigmeie, s.
retro-orbital venous plexus was collected. The

obtailhed bl ood was diluted with PBSto 0.3 ml in

total, - 234 and the solution was centrifuged to
separgt® Ptashes ahd Flfendtyaleowonporenie dfharsaggharide

%Egéglggg?gcgﬂgggent was trggsferred to aQtEp endor f
s@parat hy~ prepartd® antniPLt i gErat ket A hfechses
SOTREThEChig0s RoBbETTRAES Reoyced hn aocordence, o
Shechecul s e ot ety g St processi o
[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-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 pl in total and allowed to react
at 37°C. A 10 pl aliquot of the reaction solution was
mixed with 15 pl of 10% trifluoroacetic acid prepared in
advance in another Eppendorf tube. 20 pl thereof was

injected into HPLC to monitor complete consumption of raw

materials (HPLC conditions: column: SHISEIDO CAPCELPAK
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The results of FIG 8 shows that the oligosaccharide
chai n added GLP-| peptide exhibits excellent effect of
| oweri ng bl ood-sugar |evels even at a dose that is
1/100 of the GP-1 dose of 900 nnol/kg. [0422] Test
Exanple 4 (Test of resistance to di peptidyl peptidase
IV (DPP-1V) - 1) 17.7 nnol of the oligosaccharide
chai HGaddedd L P-1 2pepin dedgrebapiaty ispeaaht af: 0.1%
Exanples 1 to 5, 13 to 23, 25, 27, 31, 34, 36, 48 or
ﬂguéPthEFﬁlﬁoﬁub%@@ar@ﬁV?hOPEBﬁp%@hY$Wé Bxafpd 8% 1THAs
added together wt mJ of DPP-1V g epti dyl
ﬁ%ﬁFPHéEEli%/W?Bﬁ¥pDr%?ﬁéokl@ﬁ@?lenbr% BT 56305wxm#9/60
? ngndgg} PE solution m xture was
bdt 0" nit SRt (" ghosphate buffer to 100
pb42§ total and allowed to react at 37C. A 10 |
allquot of the reaction solution was mxed with 15 |
of 10fad rmdisoroacetd €/ ACH dipf@PAEd,d N 2 AWMANGRId:N for
anot her Eppendorf tube. 20 | thereof was I njected
rasdsHRPhCet Do NDPP+ DY, cofiptied eGTRPAS WPt how: of raw
materials (HPLC conditions: col um: SHI SEI DO CAPCELPAK
ol pgssactBaiZdieOchdidn 6astd 260omme £ dewred @pa Digves o vamb 1 A: 1
0. 1% aqueous TFA sol ution, devel opi ng sol vent B:
20996 TFRcd aget anstanderdafer L k- 9@ B lugr adiadmated on
/3 30/6$ 20 min, flowrate: 0.7 m/mn).
H291OTRRCHAFFERE 1 €OPH ) 2§ e SarwRBLdR ah Taffex
E?%E%igskﬁtgggﬁnt o DPP-1V, of the GLP-I wi thout

saccharide chain add|§|on of Conparative Exanple
Lo424)

[Table 8]
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was defined as a standard (= 1). A value eval uated on
-the oligosaccharide chain added GLP-1 peptide of each
Exanpl e i's shown in Table 8. [0424] [Table 8] 236
Exanpl e Conpound Rel ati ve Resistance Exanple 13 12Cys
GLP-1-disialo 34. 4 Exanple 14 14Cys G.P-1-disialo 6.

3 Exarrpl e 15 16Cys G.P-1-disialo 1. 2 Exanplel 18Cys

GL |,L{._a£,(anpnlcgnrxymmp1 di-sialo-2.

6 Bléﬁ;aﬂolem;jzzc\L Epmpaund si al o 3. [RelativeResipteree1 7
o i AN 11 ?’LP _?Sﬁlm%h%,i o wisiaodl o
Exghgmple1’d 27Cys GPiCYs LB l-ai siao 36.E8anpl e 20 28Cys
B AN T T SR
34(fpsan@lel- 1- di si al d188ys OLP-Bdasiple 4/ 1366ys
e AR e s e S A
GLEEmpEiZal 0 2. 0 |BCaspPlRe1-31si3ACy s 3G P- -1-di G cNAC P.
N R e T
GLEE@nghlesiBal 0 23. 625Cys 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-l1-disialo 8. 0

Example 21 30Cys GLP-1-disialo 2, 4

Example 22 32Cys GLP-1-disialc 3. 7

Example 23 34Cys GLP-1-disialo 3. 0

Example 4 36Cys GLP~1-disialo 1. 6

Example 5 38Cys GLP-l1~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. B

Example 36 1BAsn GLP-1-asialo 1. 3

Exampie 48 26, 34Cys GLP-1-disialo{2 3. 6

Example 49 18, 36Cys GLP-1-disialo}1 28. 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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Exanpl e 49 18, 36Cys GLP-1-disialo 128. 6 [0425] The
ol i gosaccharide chain added GLP-1 peptide of each
Exanpl e exhibited DPP-1V resistance 1.2 to 128 tines
that of the GP-1 of Conparative Exanple 1. The

maxi mum resi stance was exhibited by the

18, 36Cys-disial o oligosaccharide chain added GLP-1
?%ﬁﬁ@kﬁy 4 &ty ovbics iyl 0,1 203y s 3$ 0 oo, 2B, BaCyasi-dislial o,

s-disjal o, 14Cys - 237 disialo, 26Cys-disialo,
%’%8{@%% ) A st DO w2 o, 34Cys-

%’(2)% %&jf%s_éﬂgﬂl #(g(}%s— 25 S-%hd[c,%s7igﬁlay|()3 disialo,
4415ﬁyal 0, ie%%/sésﬁannoseq\’#%qﬁ Cg\ aaﬁfg'Asi&% alo

@ 2 16Oy Sr i Si @ d b d i 5 F Pcillsijpa4l2c§5] lSHEf%—a51alo and

ollgosaccharlde chai n added pepti’des

ooyl ess hl 23 ranth A8 Hradxanples 1, 4 and 49 were
conpared in DPP-1V resistance. The results

pefamist rated that the oligosaccharide chain added
GL.P-1 peptide having 2 oligosaccharide chains has
high@heDDQiDWSﬁ€§mgﬁa@@eChﬁh@nabh&ﬁ GfiL.Pthepeptides of
ol i gosacchari de chai n added G.P-1 ‘ftlde having 1
i} %s%%&var%%ea%a‘%% or Frthihids the 4 addl t4%rvesfe 2 or

produces a

WAL 00t FATSRE of THE G8SHLERanrReneRaRACd
%%%3%%? St B G P G K e e ng
Ze)@llkljctse&:dk{hrtlr@e e, sthaéjJﬁgarleq: HoOSAGENATT 48 o
hai n” > asi al o ol i gosacchari

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 oligosacchéride 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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chain > di G cNAc ol i gosaccharide chain > di mannose
ol i gosacchari de chain. [0427] Test Exanple 5 (Test of
resi stance to dipeptidyl peptidase |V (DPP-1V) - 2)
17.7 nnol of the oligosaccharide chain added GLP-1
pepti de prepared in each of Exanples 10 to 13 was
added together with 22 nmJ of DPP-1V (dipeptidyl
ﬁéa@muﬁ%@lw kpdgey f rorePorei ae kIieMedy, tpraodlct-of
a 5-mL Eppendorf tube. Each sol ution

EPR?W%I%EH%I ustEd VAl t 000 v T tiRsplReSipiFdRes with
igéfer to 100 I in total and allowed to react at 37C

oY af o3t PR BTN Fr bﬁl%{%\%’fi oA 599 u‘t‘]r o vieRt 3 xared

ShbRHEE PR EABThert Ehgendd: 01 Hies 38 8?68? PE51 "vas
Lol ect e LO10: HELGE0 nITD0L LOL . FOTI B S pORUTDL { on of

raw nateri a condl i ons: col urm El DO

CAPERELEAKL 6481 MGE20d pheaXed 200 A akley el OPiNGher
sol vent A: 0. 1% aqueous TFA solution, devel oping

Bppaetdr B: t Ob&9I%ITFAlacelaridf Wy Watielcted Q¥ HPLC to
gradi ent A/ B=65/30 - 30/60, 20 mn, flowrate: 0.7
nenhiay . cpoplstie dhmstmptionfef (tav 2gtevhiahs SEHRES as
an index for resistance to DPP-1V, of the

PR gosaerhar et Rhal FHEIREL QPCALPAHtGHE BIlEanl & X

78 Bt GBShEERaT Fac Sharh el | B9 Pop] e Ghacion,

5595P58§n&0559v&gt|§:S@PU@%'@FTagégtgaltg£¥L;uater =
90/10, gradient A/B=65/30 — 30/60, 20 min, flow rate:
0.7 ml/min).

[0428]

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 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 B3Cys GLP-~1-disialo 17, 2
Example 11 10Cys GLP-1-disialo 9. 0
Example 12 11Cys GLP-1-disialo 1.
Example 13 12Cys GLP-1-disialo 1. 0

[0430]
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[ Tabl e 9] Exanpl e Conpound Rel ative Resistance

Exanple 10 9Cys G.P-1-disialo 1 7. 2 Exanple 11 10Cys
GP-1-disialo 9. 0 Exanple 12 11Cys G.P-1-disialo 1.

1 Exanple 13 ji2Cys G.P-1-disialo 1. 0 [0430] - 239
In Test Exanple 4, the oligosaccharide chain added
GLP-1 peptide of Exanple 13 exhibited DPP-1V

resi stantest adbvrmr By 4i neke t hhigefachlea Glfe Ickw ihordded
ol i ggsaccharide_ chain_addition of Conparative Exanple
FLPT ePSPFéegaeéhEF?BBléhé?neéaaeatéﬂ PPYPpéNt FEESSBRNCE

P00 B PRaL 76F Phe BF| JuSadcRAF AR cHLAAoRAABR=C1de
GhBsk eaeakgsnogfgégggg§ g %1§§%38§g E;'Q%hsThe

maxi mum r esi st anc i al o,

B@Hb@%@@cHthggyéhghﬁ'Qbeed éL§¥§ Qéﬁhﬁh@saeg Examples 10

12Cys-disialo in this order, d hi ghe

t@SHStéﬁﬁ@bﬂ@édpDQQUQGdrE¥1§€QhBQ oligesacghartd@es that
chain at a site closer to the Ntermnal of GP-1. A
péathevelspbeatohabPBel Ynhas badadk@npnlt pepxidt af

the N termnal of G.P-1, and the oligosaccharide
Ekampladdéd (1&Lpstdpepalde - exPidinatiminghess DRR1dL was
resi stance by adding oligosaccharide chain at this
§Fbéblfeﬁ3?y S¢¥srdERafmpre Bof¥ededobyahPFryeydisialo,

th truction of -
TRURED) Se2 Pogbind> CVBHOF AL RobSct BLPLOF BtEpt BY hiahe:

%%@g%vpgegﬁgtggce 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 Tag polymerase (TaKaRa) with cDNA

(Clone ID: 40046534, Open Biosystems) as a template.

- 240 -



GITGCTAGCGCCACCATGGCCAGCACCCCAACGCCT-3") (SEQ I D NO
152) and a nouse G.P-1 receptor antisense prinmer (5'-
CCTGAATTCTCAGCTGTAGGAACTCTGGCAG 3') (SEQ I D NO 153)
capabl e of binding to the 5° and 3' ends: of nouse
GLP-1 receptor cDNA were separately synthesized. PCR
was perforned using Ex Taq pol ynerase (TaKaRa) with
SPNALT{ G bhe, |30 MDO0%G 58 a Opeh B Sy 566 NS0 1 @51 ¢n
tenplate. - 240 Specifically, 50 gL in total of
FeattF oS oPhitt ol @brisemriafee ofDNA L(DF nenpl)at et gDNAE

1 / 4 L of 2.5 nMdNTPs, 1 gL of primer

éo? J@? ochﬁﬁ% ut &l (A Brer Molwt ionfmietoiRys Teepch 50
yner ase Buffer 25 of Ex Tagq pol ynerase and

B0 Y RS S s it s S S E i Bl i 2dnd €5 B

4 o) ] e:;. 94C for_45 seconds, 55C

?%?C%Ogny%%%%n%n%z%% fntg? rﬁf‘ﬁu teesrj(stzecimteesr) Waghdised

2L {010l MUt es. The HOR eacti gn , RLoduGh Was

el ectro?ohoresed on 1<J/%B§garose_ gel, aﬁléthehelé%c%\lQﬁor 45

feagment VEPS [Foii i ednusienan zard 8Yr Gl nangd EOR 35

Cl ean-up System (Pronega) and treated with restriction

@nzyaes (EobRI2°andoheb) miauabkai nTheUuser GFadtion

receptor CcDNA [0432] To efficiently obtain cells

B G5

S PRIRRRRE QIP-1B rasseptsor ,ged AlRES tgfep
Vet o was sed as an _expression vector. This vector
A AT B ARG Do % Vars DEG pa
ddgntechy | RES gene- cont ai ni DNA fragnent
obt ai néd By the erscin%gcasi S dte%iﬁﬁ‘?er}%tdr &Ht e i S fEsqt Lon
SHdmBATHE Ol PHRESIIG2 LOMLECN e dise (Elit o,
receptor cDNA fragnent was inserte
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 pEGFP-N1 (Clontech), an IRES gene-containing
DNA fragment obtained by the restriction enzyme treatment
(52l 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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to pl RES-gfp to thereby obtain a nouse G.P-1 receptor-
expPessi ng \F/)ect or nGLP- 1R/ pl RES-gf p. The DNA sequence
of the obtained vector was confirnmed using

ABI 3100- Avant  (Applied Biosystens). [0433] 2.
Preparati on of nmouse GLP-1 receptor-expressing CHO KI
cells 241 CHO K1 cells (ATCC catalog No. CCL-61) were
t r ansHETEd afiltls tIREbtcaitnetog P 1RE P+ RES- gé pe USi Ng
FUGENE (registered tradenmark) (Roche) according to the
Tt et

rentaltne TRFa RSt 86Led LBHOIRLSeqlbs ustng
FHERILE Pecgh EHa PO O ([rpePonercanding to the
COnduct et by LR a0 O 116" 10 O Gt {Vekove e
vor 6 sortea vt e dly ik, (3% Bl RReRrt B ckman
After Che qor i ng, The 11 mEErng 6T arT br Aet hodrude1in-

Torrtcreytio GHiGMA cebDrag hahd ot exPressidihdReq by
ly, cells highly expressing a nouse G.P receptor.

name
e i olell P wer/enlusedlas (WaRoSBuf PeHenical
ecept or - expressing CHO K1 cells in the experinent
Foetow.  [8£34Fug3reaha tasiae ofelalgaomaie( ea;)cfrle!:getd &{ith
' arid chain added GLP-1 peptide (ability to
aglyén olzgslcéz:r&e@ PIW‘%’e Adide @echnarcepibrerkpressy g GFP

§§$%§%§§$Lg%VJY%BﬁﬁﬁgﬂH&éﬁﬁ 9&%%39%%% %%E%%%%ehéie
limiting dilution method was conducted to obtain cells
highly expressing GFP, namely, cells highly expressing a
mouse GLP-_ 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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eval uate the agoni st effect of the oligosaccharide
chain added G.P-1 peptide using the ability to

synt hesi ze CAMP as an index. The nouse G.P-1
receptor-expressing CHO K1 cells were suspended at a
concentration of 5 x 107" cells/m in RPM 1640 nedi um
containing 10% FCS. The cell suspension was seeded at
Bleonkehterrd otbote b latper (el ¢orlb and @uptured at 5%
flat-baottomed 96-well plate (Falcon) and cultured at
€95 aso 'at 39€ £6r P2BrRourshe THEL BYA S WP SUPRETIRLE dis

dj d. The oli i de chaj d GP-1
R Rt R S s 31 gL CA it SN A S
i ni na: | o
SO0 P00 AP MES S AOA Aottrer copsqipins
B05 Mg BSeo Jhar £l daH &y @@psr@@xﬁ@éﬁtymdm@@ilﬁd@' y
e

di scarded. The anobunt of CcAMP synthesized in t

Duse1 Cldhd secaptad -axpsessifng 36HRiKuteel.! sTMaSculture
measured using cAMP ELI SA Kit (GE Healthcare or

Cayeem) tamd wsediramsedin tialdexdisratded. agoei smoehfeotf
of the oligosaccharide chain added GLP-1 peptide on
PN eS R4S ¥z ptibrishe 0885 GIR-FL | regrateasespressing
Intracel lul ar cAVP concentrations through the binding
OTES TEEEDtHS dIRE PHEDIES T AN h Eldled dtditon(GEThus,
he. activity of the oligpsaccharide chain added GLP-1
%%%Jt%aﬁ%sglév%%ﬁ@d ﬁn‘bs? 36T i 1RFS% ofa%ryrﬁ si ze
LSNPy Lndexes ! -1 . 1.ecent.or - expr essi
& s T e S R T e

bt Naadsie dndd e lopept i de.c Jhe-amount of  cAWP
synthesi zed in the cells was neasured. The EC50
[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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val ue of the G.P-1 without oligosaccharide chain

addi ti on

The

added GLP-1 peptides of Exanp

and

relative

27 are shown in

les 1 to

Tabl e 10. [0436]

of Conparative Exanple 1 was defined as 1.
activities of the oligosaccharide chain

5, 8 to 23, 25
[ Tabl e 10] 243

Exanpl e Conpound Rel ative Activity E?(arrpl e 8 3C,ys

R e ey
EEEWI‘ET% S GO d sialo <
0. |Bxaniplespl e 14 14 yﬁdEP—ll—-dhﬂaqbo <|0.<p. Bxanple
15 3 GCP—t=drstaio Brarpter4—380ys—
G ’fl.a %1% 0 < 0. 1 CB’(%T’(&'Q&@@Q/S GPOi-disialo <
g&ﬁ?ﬂ%ﬁlji;ﬁ?ﬁo@fﬁb‘g" g 18 siﬁaqpl "
G xbnquesmal 0<0 1 1159@@#.51 gmggg/s R §-dijsial o 0.
2 rExan 19—27CEys- —~eH-s+-at-6
28( "&;31 di sialo iZOYS @LP"Exarspbbo 21 3609s 1 R
' %S@ng 340ys S b-drdieely o Efmplle 4
36@yarplePtsL- di sial 0 figcf CLP-1-disialo <0. 1

Example 1 18Cys GLP-1-disialo <0. 1

Example 16 20Cys GLP-1-disialo <0. 1

Example 2 22Cys GLP-1-disialo 1. 0

Example 17 24Cys GLP-1-disialo <0. 1

Example 18 25Cys GLP-l-disialo <0. 1

Example 3 26Cys GLP-1-disialo 0. 2

Example 19 27Cys GLP-1-disialo 0. 2

Example 20 28Cys GLP-1~disialo <0. 1

Example 21 30Cys GLP-1-disialo 0. 6

Example 22 32Cys GLP-1-disialo <0. 1

Example 23 34Cys GLP-1-disialo 0. 7

Example 4 36Cys GLP-1-disialo 1. ¢

Example 5 38Cys GLP-1-disialo 1. 9

Example 25 26Cys GLP-1-asialo 0. 8

Example 27 34Cys GLP-1-asialo 2. 2
[0437]

The oligosaccharide chain added GLP-1 peptides 22Cys

GLP-l-disialo, 26Cys GLP-l-asialo, 30Cys GLP-1-disialo,

34Cys GLP-l-disialo,

34Cys GLP-l-asialo,

36Cys GLP-1-

disialo and 38Cys GLP-l-disialo of Examples were found to
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Exanple 5 38Cys GLP-1-disialo 1. 9 Exanple 25 26Cys

GP-1l-asialo 0. 8 Exanple 27 34Cys GLP-1-asialo 2. 2

[ 0437] The ol igosaccharide chain added GLP-1 peptides

22Cys (@G.P-1-disialo, 26Cys G.P-1-asialo, 30Cys

GP-1-disialo, 34Cys GP-1-disialo, 34Cys

GLP- 1-asial o, 36Cys G.P-1- disialo and 38Cys

%ﬁbl&l*au aFRIBlEY Exanbl 68 WerBofeuhbanotRan obxhhd| GLP-1

vity equal to or nore than that of the GLP-1

ﬂﬂ%’f Jr%%%%eﬁ%ﬁﬂ% chaih additien of @;%rnmmmv@

SYEBLE LS LU R AEL 8 BRI o
O an a
o] gssposha ydececho ool g iyl ol

@ﬁagﬂngw@@cm{h@lea@{@l@o ax£04§§ﬂloT§§£dEg<@ﬁp$§uf7 &Ef )
A ucose Tol erance Test (OGIT)) A PBS sol ution

05| gosacehaui teb thai or aglglerk i GhPo2 pephbsec o epaied-idin .
each of Exanples 1 to 5, 9, 10, 13, 16, 21, 23 to 27,
048] 34, 38, 45, 48 or 49 or the GLP-1 prepared in

Conpar ative Exarrpl e 1 was intraperitoneally
BRRT nFsaep kel At (Qrabselwiod® Pdlkpance TEFBLIGITLN)

' | d, | fasted overni ght After 30
mﬁﬁtpéipoﬁ Hﬁg & %%ﬁ%%ﬁ%h%ﬁld&drﬁqﬂlﬂ Edsed
I ood ecte om t e
éﬁ%*%gg‘%e‘%%ﬁ% PP ST ot AR o S F ATt B 9, 10,
mnuies, »H0 M nut es; angy 120 ?13 nu%gs AMrefg the u&ros‘%be
admi ni stration. Bl ood- sugar 1evel s’ wer'e measured usi

OB Grikp AWdy ai f RoOsHSa R a0ROSE i &8die 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




[0439] Test Exanple 7-1 (OGTT of various

ol i gosacchari de chain added G.P-1 peptides) After the

oral admi nistration of the glucose solution to the

m ce fasted overnight, blood was collected over tine,

and bl ood-sugar |evels were neasured. The nouse

bl ood-sugar |evels increase due to the glucose .

AT St Tt b, anchdP athed Tasiaddi 3tearienrses 30t ednutes
nistration, and then gradually decrease. 30

245 adm ,
k?ﬁrrﬁﬁeestrg%eqldicéjst%eaddﬂlmﬂo%%raatd’rﬁrhi stheatqlomosareharide

i gosacchar.i chai.n add APl _ pept.ide (8Cys
A o (R G g MR 1 s ore-

- 1-di Si al > A P-1-dij si af IS, e
SETHS 22vosds 1%_%5111 AT %slsl_ca_d_ﬁ-sﬁalo'
30 '@lde-&Gia/iSs,i%-l%,l-ﬁsdﬁ %Lé’zﬂl@&s@aﬁ]'ol; dz'édecé }BLp-1-
34%5 G.P-1-disialo, 34Cys GP-1-asialo, 36Cys
GPdrgli sdatys GLP-38Qs G- Balhys aim- 1praErarad,i Bacys
each Exanple or the GLP- 1 prepared in Conparative
Exéanipt &l sl ales, | Hhepatlik-dneasd lal o ,adfidyisstadrred atisd alo or
dose of 9 nnol/kg to each nouse, and their effects of
Hippr sing disieln marmkmddn e $xavgrle conpdreeGLP-
The results are shown in FIGS. 9 to 11. [0440] The
APePRi Shott RISk i In vaddiintgrpsiritoneally

nar at | le 1 h tability in bl ood and
TIPS ZER o dmre iy 1 iy%foa Fosugand
: ]g%cr_asu S . j 5 degr.ad after :
éa}gér/rllegn fesft rati oﬁo% | yuﬁé%r netas:rgalgtqi yﬁjﬁseeg 031%} gjglso%jtc_ hard de lc Vaell

ﬁﬁk&“hdﬂﬁ%ﬂbdPe@BEd%%séE€¥sa@%PS%bQBSEgl9%G§QC¥Sto 11.

GLP-1-disial o, 22Cys P- 1-di si al 0, 26Cy

@4 di si al o, 26Cys G.P-1-asial o,

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-l-disialo, 20Cys GLP-l-disialo, 22Cys
GLP-l-disialo, 26Cys GLP-l-disialo, 26Cys GLP-l-asialo,
30Cys GLP-1-disialo, 34Cys GLP-l-disialo, 34Cys GLP-1-
asialo, 36Cys GLP-l-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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30Cys GLP-1-disialo, 34Cys G.P-1-disialo, 34Cys G.P-1-
asi al o, 36Cys GLP-1-disialo and 38Cys G P-1-disialo
exhi bited strong effect of suppressing rise in blood-
sugar |levels. [0441] Test Exanple 7-2 (Influence of
ol i gosaccharide chain structure in OGIT of
ol i gosacchari de chain added GLP-1 peptide) 246 The
ol i gd<tc Haidogé cChaird 98d ¢édr B Prdder gt b el heephigde having
8Jri osaccharide chain of eleven sugars ((di_si. alo
3t 1 GeThCaHar do THAM)ST rif hEvEligaReFasiaisialo
' i de ai n), seven sugars (di 3 cNAc
%H oésé%%%%%%e Cg{%alln:x’ onrlrflfevguggﬁﬁrégfﬂ? nnose
oli Shari Shai (geagé - 1-di si 22Cys
G_P(?@f&gsi allo(?geZZQIsIWGLP-I - ﬁa%ﬁi%s ﬁ%@%&mc
1L Py ds &l empdiase, ch By /AP Fdighal 9,
ARy 0, SOQ/SQ@L/P- e Eﬁﬁ%%gsé%)@ﬁnose
ARy ds ak areenniose, crddiy)s @R=§sdsspal 0dis34Q¥S 22cys GLp-1-
GLP-1-asial o, 34Cys G.P-1-di G cNAc or 34Cys GLP-{-
A rakhos&)Cyr Gk IGR-Gl gikepar 2ACy s ChRparadimyBnose,
Exanple 1 was intraperitoneally adm nistered at a

Hses FLB bl it ot 3 Wah GbBsé-aThelepr3eCnsi Ghp-1-
JELTeRt, e sl e e Ll e L
e SRE g2, ol d0ssrl, e gt ronoeg erlspt,
S48 % 1 200 e o C1e b BB o
was intraperitoneally administered at a dose of 9O 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 =
nine sugars 2 seven sugars > five sugars.

[0443]
Test Example 7-3 (Influence of dose in OGTT of

oligosaccharide chain added GLP-1 peptide)
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el even sugars (disialo oligosaccharide chain), which
was |argest, at any of the addition sites (positions
22, 30 and 34). Higher activity of suppressing rise
in blood- sugar |evels was produced in the order of

el even sugars _> nine sugars >_ seven sugars >_five

sugars [ 0443] Test Exanple 7-3 (I nfluence of dose in
B T dosdrbh G e ¢l ¥E atrredh bl q&mn dejded

s gt AL PR i LA 8
g%gy% L§I§|8i51§fgygnglg6%%g ét?l ug?gaagcywere

I'sial 0o were Separa eva nmouse OGIT

HébQQaQeQQSSVQRu%éég b§0m8u9ﬁnbé¥9)u956%!éogogg'gg 1/10

The results are own i n

EbG@ nﬁél?@giSQrtm¢l§§NTO 08SHhbS/RE) LPrle WIS 1ts are
obtai ned at a dose of 9 nnvol/kg accordlng to Test

Ekawpl en7F2GS[ 0484t0 A8l tihe midgoseEcharigle «waioGTT
added GLP-1 peptides 26Cys GLP-1-disialo, 30Cys
cepultidi sfaFbP-34@yse@Prdinegdsatl & dnde36Cy8 nmol/kg
GLP-1-disial o exhi bited dose-dependent activity of
3GPPFESBINGOr Teeti AxpMBbE- $udar levels. At a dose of

g gol/kg, rise in blood-sugar |evels was
8 6? ssed nost strongly by the 30Cys G.P-1- disialo

bl ood - SugaT BT G HORE STt o %ﬁhﬁ%éqﬁ

&Py 1- éL@L@Lal§£a§0d0§@cg£ 9102, DIRLL £90, CXREDL ey ptfe
activity of suppressing trise In b ood- sugar eve
ggui¥abenhdt 9cthat cpb-1hei &4 FP1d aknhapdese @&s&-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-l-disialo and
the 36Cys GLP-l-disialo, which suppressed rise in blood-
sugar levels almost completely.

The 36Cys GLP-l-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-l-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-l-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-l-disialo and the 34Cys GLP-l-disialo at a
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nmol / kg, suggesting that the activity of the 36Cys
GLP-1- disialo was about 100 tines higher than that of
the GP-1. Likewi se, the 30Cys G.P-1-disialo at a

dose of 0.09 nnol/kg had weaker activity of
suppressing rise in blood- sugar |levels than that of
the 36Cys GLP-1-disialo at the sane dose, suggesting
gnae helalt NupilykefhafeeB8OtyscE Pooutdié? abd theup to
10 to. 100 tines that of the GLP-1. The 26Cys
eEPL Y1 818PaPb aHBPEReS3RTyEieePie- BigParsuger alepals by

568, %%&%P%ﬁk?ég@?nggé'ﬁﬁgtﬁggﬁgéaﬂéﬁb‘)&%ﬂ%?sat
Bl 95 2HEYE, ChhagratEhe CaBCchDra bt Peios af the
QGE:W' E;LeslOélghgloZQS%IStt%Pﬂfcgbsbﬂbol E'sigf 3%1%(Sabout

disialo are about 5 to 50 tInes at 0

@LE)olSOTBEm@lsJ grsaceharhdecrehai n mddidiQppsddamdihat
exhi bited high activity in the OGIT were positions 30

ahdiB6adfip448h sTess ExatpérhibidtéOGIIghfactivity in the
ol i gosacchari de chain added G.P-1 peptide having
BtTHowacehnppdbichai A0 agueéd3Asn) The ol i gosacchari de
chai n_added GLP-1 peptide wherein an am no acid at
é@éﬁ?ﬂon 22 or 30 of GP-1 was substituted W th

BRI TBREE (e 18 o CEE L
5L bOSSBEELTELCI 618 DSOS, A3 URHE EOITA" 2448 agp

r esulme % i SOOI fd Bl n | dd B oty a8, AT
results of P-1 were obtained at a dose of 9 nnol/kg
apeoedhngnt amigst aExanpt epds2tion 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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[0446] In the cases of adding oligosaccharide chain
of nine sugars (asialo oligosaccharide chain) at
position 22 and addi ng oligosaccharide chain of

el even sugars (disialo oligosaccharide chain) at
position 30, both cases showed no difference in the
effect of suppressing rise in blood- sugar |evels by
phegebpgokatehar tel chaddeddded- GThd olpestsadeHretivzen
o] i gosaccharide chain added Asn and - 249

ohs Bs%@@ﬁ%r@%%‘%h%?ﬁthﬂ%%dhﬁyﬁngT%%Yo@ig%%%ccharide

c ain_ a S haV|n ny of th

ST Ta0sSCEREr e Charh Sfied ST Scies exhiblted

gg{ vity. [0447] Test Exanple 7-5 (Influence of the
n% %f ol i gosacchari de chains to be added in OGIT

@b44@§|gosacchar|de chain added GLP-1 peptide) The

ol i gosacchari de chain added GLP-1 pepti des of

ExagpPEesmdBe ands 491 havidge2 OF | g9sacehsd + dgs chai ns

were evaluated for their effects of suppressing rise

phipbpadechsupde treyvels tusibg addse GTAGTTher OGTT

results of 26,34Cys G.P-1-disialo and 18, 36Cys

G igesatchatr vdatchainosdded GLPmD|pdgt Bde) shown in

FIG 20. In FIG 20, the OGIT results of GLP-1 were

obt ai TRl AL I FESR BT A® Ghoiy l@gﬂd@@c&ﬂ(ﬁﬂg pep tiekys of
48], The 1 s GP-1-disialo at a

g%%‘ggL?s 4%@4‘59 § fh%%ll%‘?fg R B MRRT Ay YRl ErR iR Were

%DQE*%Eeé2§%§6€y§ ﬁfec€%3é9'$u$£¥gggiﬁh gf%efan blood-
sugar levels using mouse OGTT. The OGTT results of
26,34Cys GLP-l-disialo and 18,36Cys GLP-l-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 §
nmol/kg according to Test Example 7-2.

[0448]

The 18,36Cys GLP-1l-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 ievels 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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disialo at a dose of 9 nnol/kg had slightly better
activity of suppressing rise in blood-sugar |evels
than that of the GLP-1 at the sane dose. [0449]
Next, the 18, 36Cys G.P-1-disialo was eval uated by
OGTT using a dose of 1/10 (0.9 nnol/kg). Likew se,
G.P-1 at_ a dose of 9 nnol/kg was eval uated by OGIT
Hhdhcbhpat @d36CP50GLEAF  hdi sika 8, 36ty mEslitofisiaalsdiown
The_results are shown in FIG 21. [0450] The
i§,§éﬁy32 P-1-disialo at a dose of 0.9 nnol/kg had
iB?SSlfeCt of | owering bl ood-sugar |evels al nost
guivalent to that of the G.P-1 at a dose of 9
nnol / qgggg;i 1 . ds i vyt r '
rise #k?le ]kﬁs'ood- sug(g% I%\aﬁe sgl y@t ﬂe AlS%IOS%gQIO?JRP' FIHN kg
hB- indi skabori srabontridg ElH@§—Qh%Q§rlé{?@Dst-Q%o§E
the G.P-1. [0451] Test Exanple 8 (Effect of | owering
bhoodasugartbevehs bn tHeabebes avdel dos€eoby9 nmol/kg,
ol i gosacchari de chain added GLP-1 peptide) The
ebipgeshtuhathae thai achidedy GP-dupepéssengprepared i n
Example 2, 3, 4, 21 or 23 or the GLP-1 prepared in
cHapdranpee EueapFeby theal PBSOSHS UL BNl (9iphwl ¢ 10s mpout
ﬁgs intraperitoneally adm nistered at_a dose of 10

| kgTED BKEeh- BNERpFABF +2ept®/ GEF ~Hice (10 week
gbg51gale) . Blood was collected fromthe orbits

efror t he conpound adm ni stration and 30 m nutes, 60

g%?g:ggﬁgp%gOSHREEEgét &?018L89£§§ @fgo§99u839uig§els 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-




conpound adm ni stration. Bl ood-sugar |evels were
measur ed usi ng ACCU- CHEK Avi va (Roche Di agnostics).
[ 0452] The db/db (BKS. Cg-+ Leprdb/+ Leprdb/Jcl) mce
serving as diabetes nodel mce have a nutation in a
receptor of leptin which is anorexigenic/energy
met abol i sm- 251 accelerating hornone and devel ops
LEPRI 2% VNN S Urdreane gebidsy vel opgpepghycénha. sGEht he
| i gosaccharide chain added GLP-1 peptides that
brY o ﬂh@ea%qjimetr%/lao*f suppressing rise in bl ood-

sugar el s.i.n nouse OGIT (Test Exanple 7), 22Cys
GLP- P—fl (ei‘“:ﬁsﬁ &l&,gofééﬁg‘aéﬁﬁﬁl-ﬂ??r%l a%?e@o@y%-l peptides

- 1.0l Si 4Cys . .@.P- 1-di.sial o _or 36Cys. ,
§§§§§E%ﬁ§§61%?véh? %éﬁ#%ﬂgfi?gnsgPP§e§5ﬁPﬂi§f§?eﬂnaP180d‘

& Of e+l YWDl kgh i ddier d : Lood- sygar —1-
?giels 3Bre nmeasur ed over ??%anggngﬁgi?géf?gg¥§ GFF-1L
dovesing Ddopd-cugar-dievel So, Wepey§0RRaL ¢dg Y ha
of the GLPf?@ﬂﬁthout J_oligogaccha%/ide chgiﬁwggg%%fo%4cys
©ff P-Compias izt i v eo 1AMt ALP— Theikesubt §agre shown in
FIG 22. [0453] G@G.P-1 has low stability in blood and
Fralst dRRv efdrent L 1 yofadmovsrs tregr bl oad- sugase | e7ed snheTAKS et o
it is ﬁuickjy degraded after adm ni stration.
Hherdt /ot mMiff9od B4 68 supeve| ke Vel Gl e auhd i st roagk r

to. those in PBS-adm nistered

égigamer al npst :§¥al _ _

¢, "’éiif cotitrasti iHe d gbeueEhagi Beoeharwoatdbavels
5 LopSlSth L200A B d5d BALD. B0
61£§és4%éﬂé¥£8ef%ﬂHﬂHt§Hh§E18ﬁgof 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-l-disialo, 30Cys GLP-1-disialo, 34Cys
GLP-l-disialo and 36Cys GLP-l-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 blcod-

sugar levels on 120 minutes: 26Cys GLP-1-disialo, 30Cys
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effect of |owering bl ood-sugar |evels. Those
exhibiting the activity of suppressing rise in

bl ood- sugar levels in nouse OGIT al so exhibited the
effect of |lowering blood- sugar levels in the db/db
mce (effect of |owering blood- sugar |evels on 120
m nutes: 26Cys GLP-1-disialo, 30Cys 252
eLP-i-disiale, 34Cys @.P-1-disialo and 36Cys GLP-1-
disialo -: 22Cys GP-1-disialo). [0454] Wien 26Cys

eLplialai 3 akoverCBAC)sd@ 1ol sial o were
ﬁgg4hstered bl ood-sugar | evels gradually increased
ter the adm ni stration, and their effects of

| OV\ErWIpegn ?é% a/ A evel SI alf%l :E%% e 1kselna O were

over tine.

GuRid1disialo M@&@d §9&&PI;&€&§Q 58991?29 e?# %éé

were kept at |low | evels ter 30 m nut e

howeri e bhaRinsygasti &N el Snq0pnhd0P BtpLLES: o§0£3§erlng
GLP-1-disialo and 36Cys GLP-1- disialo -: 22Cys

GLpod-diugaal bevebEyge G Pslighsial veandne346€ysr time.
GLP-1-disialo). [0455] Sequence Listing Free Text SEQ
VenNGPACYs ehPgbsdatehal¢ der cAGCns aduedl Gibs lal peptice
ﬁggiesented by the general_ fornula (1). SEQID NO 2 is
RipHesesl, DLPeRiT IOy 3LpEeEE Pyare ket BEQ levels

DLl qppLhogaeeciarLas chaln adied S L peptide .1,
Ghas o afdade P o Peptige; LgpLesent ed byl adarp -
disialo 2 22Cys GLP-l-disialo, 26Cys GLP—1~disialo.and
34Cys GLP-1l-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 (ad4).
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SEQ ID NO 6 is oligosaccharide chain added GLP-1

peptide represented by (a3). SEQID NO7 is

ol i gosacchari de chain added GLP-1 peptide represented

by (a4). - 253 SEQID NO 8 is oligosaccharide chain

added GLP-1 peptide represented by (a5). SEQ ID NO 9

is oligosaccharide chain added GLP-I peptide

repr t1dd M7 8(&@ Ol s NE gl shaiingesarh&LiRd

chaj n,added G_P- peptide represented by (a7). SEQ ID
ﬁd?sr%ﬁ”?%%%%%%%a‘wdéaghal n added GLP-1 peptide

rebr t a8 IDNO12 is ollgosc aride

chai n dﬁﬁj @Ié 9 Oéﬁﬂ F& GE et SR 56%93 @gGd D
S ai n added GLP | peptide

?%)%g%%ﬁg%f%g&?g{ ’IhD NO 14 is ol igosaccharide

chai rsgldesd Nd-R-d 5 Pepti
I D NOE%% is oli goslacchgr%egfﬁgﬁﬁ%gggt% (aﬁde)dpe%t’%?

pept esent eflrbyefivd?@)by SEEY ) D NO. 16 is ol i gosacchari de
chain added G.P-I peptide represented by (al 3). SEQ

| D NGELY Il Nfl:ilgosac ehiarg e ctieim ded ded i@ Bdbe dpeuri-de
represented by (ald4). SEQ ID NO 18 is oligosaccharide
RPRF hiadaerr cinted gept [afe) represented by (al5). SEQ

ID NQ 19 is oligosaccharide chain added GLP-| epti de
repré?éhﬂéhbﬁyl(l%ﬂ 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 (ald4). ' \

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 (alé6).

SEQ ID NO:20 is oligosaccharide chain added GLP-1.
peptide represented by (al7).

[0456]
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SEQ I D NGO 20 is oligosaccharide chain added G.P-1.
peptide represented by (al 7). [0456] - 254 SEQID

NO 21 is oligosaccharide chain added GLP-1 peptide
represented by (al8). SEQ ID NGO 22 is oligosaccharide
chain added G.P-.1 peptide represented by (al9). SEQ
ID NG 23 is oligosaccharide chain added GLP-1 peptide
r epr egént’dd N3 {22 .0 ISEQ I N@ R2i4le schvl § g osdbarh &L Rt
chai n added G.P-1 peptide represented by (a2l). SEQ
PEPREFIO5TPRI T YbRAcRRhaf? 8®) chain added GLP-1 pepti de

t {.a22). SEQ I D NO 26, | | i gosacchari de
Chai e A e esacecg}ae@aﬁ'dg dadg (S ol
7. ' ' i n adde - epti de
re ?ggén{:%%r%/é%g%%:gyg%?bchg 28 is oli gosaccﬁari de

chai g . ; tii : Y, (7R
(D) NO%%dlng %%%slafgﬁgrﬁg(%ﬁgﬁ%%ﬁgp 1 dpe%%ig&e

pept eaenteslrbyefed8)by SE2ED. NO 30 is 31-residue
peptide wth protective groups synthesized in Exanple
1. SE3Q DING@BRA4 siBllriegistuerpaptdedechid itrh qaideice d1ip-a
groups synthesized in Conparative Exanple 1. SEQ ID
ReEPBYde srireeel ded peptde®) with protective groups
;gg: P%?Fzgl @elfﬁ\llqr;@gx Zlgstp:q?]eﬁg o ssa%%hlal:z): il}i% 3c3h<‘:{i8n 3a1<:1-dre%SIGq{_.%(a—l
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 1is oligosaccharide chain added GLP-1
peptide represented by (a25).

SEQ ID NO:28 is oligosaccharide chain added GLP-1
peptide represented by (a26).

"SEQ ID NO:30 is 31—residu¢ peptide with protective
groups synthesized in Example 1.

SEQ ID NO:31 is 3l-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.

- 255 -



groups synthesized in Exanple 6. SEQID NGO 34 is
18-residue peptide with protective groups synthesized
in Exanple 7. - 255 SEQ ID NG 35 is oligosaccharide
chai n added 19- residue peptide with protective groups
synthesized in Exanple 7. SEQID NO 36 is

ol i gosacchari de chain added 31- residue peptide with
pr ot R VP gYUuss sy e sasrhar 1 e e rASEQ LD
NO 37 is 31l-residue peptide with protective groups,
EGALARS| DRRICTHe Bxahpl R BT QELY ¢ (P RRIRS FENBAST &7 Yubn

ngt i ge g th protective groups synthesized in Exanple
. ID'NO 39 is 31l-residue peptide with protective

g1 0URSe SYIN gsi 700 4 0 X £ lfes FFQUR NG 11

31-residue peptide wt ective groups syn

kBsEXa8phe @§de[@f@g]préﬁgbfgk@Kbﬂéu%§ SafRss ey in

peptide with protective groups Synthesized in Exanple
2RamSEQ YD NO 42 is 31-residue peptide with protective
groups synthesized in Exanple 13. SEQ ID NO 43 is

31-r s3HQUED Pt del sM 31 protdcd | pept igteo upist s yydiesitziedk
in Exanple 14. SEQ ID NGO 44 is 31-residue peptide with
proveet fyethgzbapd LynEkempreddin Exanple 15. SEQ ID
NO 45 is 31-residue peptide with protective groups .
syntH%%?z%RiNQ¥3§uﬂﬁﬂ%91K§Sldue peptide with protective

groups synthesized in Example 9.

SEQ ID NO:39 is 3l-residue peptide with protective
groups synthesized in Example 10.

SEQ ID NO:40 is 31l-residue peptide with protective
groups synthesized in Example 11.
[0457]

SEQ ID NO:41 is 3l-residue peptide with protective
groups synthesized in Example 12.

SEQ ID NO:42 is 3l-residue peptide with protective
groups synthesized in Example 13.

SEQ ID NO:43 is 3l-residue peptide with protective
groups synthesized in Example 14.

SEQ ID NO:44 is 3l-residue peptide with protective
groups synthesized in Example 15.

SEQ ID NO:45 1is 3l-residue peptide with protective
groups synthesized in Example 16.

SEQ ID NO:46 is 31-residue peptide with protective

groups synthesized in Example 17.
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SEQ ID NO 46 is 31-residue peptide with protective
groups synthesized in Exanple 17. - 256 SEQ ID NO 47
is 31-residue peptide with protective groups _
synthesized in Exanple 18. SEQ ID NO 48 is 31-residue
peptide with protective groups synthesized in Exanple
19. SEQ ID NO 49 is 31-residue peptide with protective
gr oupE Gyt MY led si 13 1Exarpl @u@OpeBE(d DviNG SrdSective
31-residue peptide with protective groups synthesized
TROERENPYREPAS 1 BE) 41D Barse1es181-resi due peptide with
pr ot ' royps synthesized in Exanple 22. SEQ ID
NO. 5%%65%}%&% dde peptiede: e W?ﬁ@%twwslpgﬁ@iﬁgitlve
S| i n. Exampl e, 23. SEQ | D NO53 is -resi due
%%ﬁ$%eé€\n§€kﬁesblr%‘?cgg% %@‘a%‘?gﬁpégsynt hesi zed in Exa{r_pl e
24. I . I -resj pept.ide w.th protective
gr ouﬁ%@syﬁ% r@s'??e&%i %aﬁgﬁpﬁi&zﬁ g [‘SHN%. gHqtective

eS| dpecipeptide W Ot ectpve groups synthesized
giB%OElifm'p e 26. SEQlID No§g I's 31-residue peptide with

pr ot SEJ V@ Ngr:aups sspnt-hesi zack igk el 137 prSRRID ve
NO 57 is 31-residue peptide with protective "groups
SYPrhess yrethe si Zocnpl E£x25pB5EQ1D NO 58 is 31-residue
peptide with protective groups synthesized in Exaan e
29. SEG 1D NO&:59 il Ji-resiidive pentiide wiitth prottectt ive
s SyDihesized I Sxanpie 30

SEQ ID NO:52 is 3l-residue peptide with protective
groups synthesized in Example 23.

SEQ ID NO:53 is 3l-residue peptide with protective
groups synthesized in Example 24.

SEQ ID NO:54 is 3l-residue peptide with protective
groups synthesized in Example 25.

SEQ ID NO:55 is 3l-residue peptide with protective
groups synthesized in Example 26.

SEQ ID NO:56 is 3l-residue peptide with protective
groups synthesized in Example 27.

SEQ ID NO:57 is 31-residue peptide with protective
groups synthesized in Example 28.

SEQ ID NO:58 is 3l-residue peptide with protective
groups synthesized in Example 29.

SEQ ID NO:59 is 3l-residue peptide with protective
groups synthesized in Example 30.

SEQ ID NO:60 is 3l-residue peptide with protective

groups synthesized in Example 31.
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SEQ ID NO 60 is 31-residue peptide with protective
groups synthesi zed in Exanple 31. - 257 [0458] SEQ
ID NO 61 is 31-residue peptide with protective groups
synt hesi zed in Exanple 32. SEQ ID NO 62 is 31-residue
peptide wth protective groups synthesized in Exanple
33. SEQID NO 63 is 31-residue peptide with protective
gPH8ps synthesized in Exanple 34. SEQID NO64 is
12-resi due peptide with protective groups synthesized
in BCHPIE 3“%30 SEG 9 O INGF5 % FRpted e e R ate ot itve

tecti hesi zed_in Exanple 35. SEQ ID
EPEES T SYBT T EbSHet i | S ERLT o aclded 18- 1 es due

pept i | 1§ Ctiye groups synthesized.in aml e
35. S%z \Il\f[gs rI\Nl(gJGE? ?lss O%Ill g%‘ssalcdg Sar de ' Shait OJCa}\’d dDeroo%gplve
eshgvesPephd de, Wt L vgs groups synthesized in

%xarr%l eSgS. SEQZ%\% DNr&)p%g&%gI%l $Bgosa_cchari de chain
addesEH@-10 @8 (e jpepii-de Wdide | iRk g\fi%-}pfsroteqtive

synthesi zed in Exanple 35. SEQID NO 69 is -resi due
pepupdesyntliie pr nédcin vViexamgs Deip34 synt hesi zed i n Exanpl e
35. SEQID NGO 70 is 13-residue peptide synthesized in
Exanpiil 38) NSEQ4 DB NA2Fressi dig regitdule peipth gerotietdtive
BEOLSE' LRenSLOPES SYMERSI LSS Bramele 36

SEQ ID NO:65 is 13-residue peptide with protective
groups synthesized in Example 35.

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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258 SEQ ID NO 72 is oligosaccharide chain added 20-
resi due peptide with protective groups synthesized in
Exanple 36. SEQ ID NGO 73 is oligosaccharide chain
added 31- residue peptide with protective groups
synthesized in Exanple 36. SEQ ID NO 74 is 15-residue
peptide with protective groups synthesized in Exanple
37. SHQIIP ND 78 i 5s ob I gpseontter s die cited in ettt 16
resi due peptide with protective groups synthesized in
ER&HPPE BYPTSED) YOLNCPYBL RSt oY E g@saephasydehehaiad in
dded. 31- residue peptide with protective groups
gi}ﬁ’f‘ﬂ%@i%@d in Exanple 37. SEQ ID NO. 77 is 18-residue

pept i %M{.&;ective roups synt hesized AFAL&EE npl e
38. S%%I 178 i 184 % § &'t R Bt ve
9LouRs. SYOLDESL 268 :h No EXAUPL £, 38, SRQL 1 D N9, 1 5y
18-res?d eﬁpeptl de Wi ?eaw‘ﬁg gfyr% P SsW} _%szzféd th
Exanple 38. SEQ ID NO 80 is 11-residue peptide with
protective groups synthesized in Exanple 38. [0459]
SEQ ISZENABNG 57 0l i gasmasdsairdude g imaddat Botective
resi due peptide with protective groups synthesized in
gExanps es@BLhSEX ¢® NO BRams1d4 837 esi due peptide with
protective groups synthesized in Exanple 39.

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 ll-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.



259 SEQ ID NGO 83 is 18-residue peptide wth
protective groups synthesized in Exanple 39. SEQ ID
NO 84 is 18-residue peptide with |eaving group

synt hesi zed in Exanple 39. SEQ ID NO 85 is 10-residue
peptide wth protective groups synthesized in Exanple
39. SEQID NO 86 is oligosaccharide chain added 13-
resi dif pdptNUe Iniitsh Yfrotesctduee rprdups syintrhesioted tiive
Exanple 39. SEQ ID NO 87 is 18-residue peptide with
%F%ﬁ%t?%th%ﬁ'b%ﬁ% Sy Red3?n Exanple 40. SEQ ID

NO 88, s 18-residue ptide with protective _groups
synt %gsq zI<]eDd I\{Ci'fseéxéﬁ)ﬁg “A6S1SHS PSANG SO ‘“Psthlé-eraé’fin&ug
id i [ [ t hesi zed i n Exanpl e 40.

%ﬁ%&é Dgﬁxc{%%%#%g%-{r]rgs%’gaumgj peép ip'de with protective

rou igzed Jd £ 4 =QQ | D NG [ .
gl [ géﬁsggﬂamg%cﬂgi EOES%L%Q%??- %reé’gﬁgﬁe%gg?’ é)t\%i(.:t TV
PEOLEET & Y 19 QUPRSY sythesiged 3¢, Exanple 40. SEQ ID
NG 92 is 7-residue peptide with protective groups
synt [825) Zied NOn sEx dnsplog idib.s aSieQal dNO3 iinS added 13-
ol i gosacchari de chain added 8- residue peptide with
Pe D1 e | P gy drpsl By mtes gy e nyr Exenpd yen e s iSEQ 11D
NO 94 is_oligosaccharide chain added 31- residue
eptRtR W th protective groups synthesized in Exanple

41. 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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- 260 SEQ ID NO 95 is oligosaccharide chain added 31-
resi due peptide with protective groups synthesized in
Exanple 42. SEQ ID NGO 96 is 18-residue peptide with
protective groups synthesized in Exanple 46. SEQ ID
NO 97 is 18-residue peptide with protective groups
synthesized in Exanple 46. SEQ ID NO 98 is 18-residue
pept i T2 Wi R NP ehviirg olgranan et hieds zahim a&8capl 3 46.
SEQ I D NO. 99 is 7-residue peptide with protective
BroLPee sPRPhede 76t h P ERXERpF Ve 69 SEes | EYINREBDZed in
QLL oiacggaride chai n added 13- residue peptide with
pt'o Beti v “groups synthesized in Exanple 46. [0460]

SIS A RN R e

groups synthesized 1 n Exa

§%O{§§i Q%‘ﬁth@@@l%&? Mtiké)xﬁ}gié,c%ye, groups synthesi zed
in anpl e 49. SEQ ID NO 103 is oligosaccharide chain

addeds¥3 Pl nopept iide reepreasiente bdpt ildd hei tPF@dR ective
NO 104 is oligosaccharide chain added GLP-1 “peptide
gepuesenyethdyi{d?)in SEQHIRIAOIA05 i s ol i gosacchari de
chain added G.P-1 peptide represented by (b3). SEQ ID
NO. 108:Q st bINGdPFadehdifidee scivhian reidddieGuvR-th Jpeptiinde

represented by (b4). - 261
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 31l-residue peptide with protective
groups synthesized in Example 48.

SEQ ID NO:102 is 31l-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 I D NGO 107 is oligosaccharide chain added GLP-1
peptide represented by (b5). SEQ ID NO 108 is

ol i gosacchari de chain added GLP-1 peptide represented
by (b6). SEQ ID NO 109 is oligosaccharide chain added
GLP-1 peptide represented by (b7). SEQ ID NO 110 is

ol i gosacchari de chain added G.P-1 peptide represented
by (B8R ISEQA:DONOiklbligycddqpbsadclzardice e kaidedadded 1
GP-1 peptide represented by (b9). SEQ ID NO 112 is
R Go3ACEIRI T RN eI Y ablfeld- GLP-1 pepti de represent ed

&L P! R s s S Hiy Qe S D G # e
By 08 Fes Fir B B4 5 o1 1 gosacknari do chai - added
G bl P anat by Ui g SEQLP GG
i e R e
ol i g dramnicdd 1ohdisn cddded Gdhalk i deepinade: replees ened
by (bl16). SEQ ID NGO 119 is oligosacchari de chain added
&P dde pegn i e regt ésentle’t) by (bl 7). SEQ ID NO 120 is
ol i gosacchari de chain added GLP-1 peptide represented
by (@qg_lar@ggll is oligosaccharide chain added GLP-1
peptide represented by (b9).

SEQ ID NO:112 is oligosaccharide chain added GLP-1
peptide represented by (bl0).

SEQ ID NO:113 is oligosaccharide chain added GLP-1
peptide represented by (bll).

SEQ ID NO:114 is oligosaccharide chain added GLP-1
peptide represented by (bl2).

SEQ ID NO:115 is oligosaccharide chain added GLP-1
peptide represented by (bl3).

SEQ ID NO:116 is oligosaccharide chain added GLP-1
peptide represented by (bl4).

SEQ ID NO:117 is oligosaccharide chain added GLP-1
peptide represented by (bl5).

SEQ ID NO:118 is oligosaccharide chain added GLP-1
peptide represented by (bl6).

SEQ ID NO:119 is oligosaccharide chain added GLP-1
peptide represented by (bl7).

SEQ ID NO:120 is oligosaccharide chain added GLP-1

peptide represented by (bl8).
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[0461] SEQ ID NGO 121 is oligosaccharide chain added
GLP-1 peptide represented by (bl19). SEQ ID NGO 122 is
ol i gosacchari de chain added GLP-1 peptide represented
by (b20). SEQ ID NO 123 is oligosacchari de chain added
G.P-1 peptide represented by (b21). SEQ ID NG 124 is
ol i gosacchari de chain added G.P-1 peptide represented
bg4eb22). SEQ I D NGO 125 is oligosaccharide chain added
GP-1 eptide represented by (b23). SEQ ID NO 126 is
oI i go%%& fr%rlﬂ@lel% al 9 abfEes @Far1grepehalen ragled eriRdl
b24). SEQ ID NO 127 is oligosaccharide chain added
éEP jdepkpPragcPepreBéntBd%by (b25). SEQ ID NO: 128 i s

s AL B o S
%Etldep?ﬁg ohe geg§n&§9%py (b27). SEQ ID NO 130 is

gosacc al n‘a G.P-1 peptide represented

b | C
i e S

pkpbgodacebpriedenebai pyadded) G_P 1 peptide represented
by (b30). SEQ ID NG 133 is oI i gosacchari de chai n added

GLP- 1SEQeDh i Kie: 12 &pi esent@eb dyc{ddilde ch@63 adeid 1ddp-1
NO 134 is oligosaccharide chain added G.P-1
peptide represented by (b22).

SEQ ID NO:125 is oligosaccharide chain added GLP-1
peptide represented by (b23).

SEQ ID NO:126 is oligosaccharide chain added GLP-1
peptide represented by (b24).

SEQ ID NO:127 is oligosaccharide chain added GLP-1
peptide represented by (b25).

SEQ ID NO:128 is oligosaccharide chain added GLP-1
peptide represented by (b26).

SEQ ID NO:129 is oligosaccharide chain added GLP-1
peptide represented by (b27).

SEQ ID NO:130 is oligosaccharide chain added GLP-1
peptide represented by (b28).

SEQ ID NO:131 is oligosaccharide chain added GLP-1
peptide represented by (b29).

SEQ ID NO:132 is oligosaccharide chain added GLP-1
peptide represented by (b30).

SEQ ID NO:133 is oligosaccharide chair added GLP-1

peptide represented by (b31l).
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peptide represented by (b32). SEQ ID NO 135 is
ol i gosaccharide chain added G.P-1 peptide represented
by (b33). SEQ ID NO 136 is oligosaccharide chain added
G.P-1 peptide represented by (b34). SEQ ID NO 137 is
ol i gosaccharide chain added G.P-1 peptide represented
by (b35)._  SEQ ID NO 138 is oligosacchari o!e chain added
GLP- PEG i‘%?é‘ T pries erftied e qiBB6)de SBQ@ inD aNGetBELiRs-1
Ligosacchari de chain added GLP-1 peptide represented
@f’%b@%?e%ﬁj?fm\%%o@? bt i gosacchari de chai n added

GLP- [ repr.esent.ed b b38). [0462] SEQ ID )

NO 1151‘}3?2@0#%&5%00 Saﬂrl&gocsr?écﬁla&df@d C@E‘F’Pladﬁ@ hf(rg?del
: Mo S D NO 142 is oligosacc

%ﬁg?ﬁ&ﬁgfjﬁgr%y_eﬁgt%@pbeypt Fogei)r'epr esented by (b40). SEQ

| D NG@EMI D woghizgosacehagide chai added (GLB L\ oo o
pepti de represented by (%41). SEQ | %g i%al s°

bigosaccdard e tehBivy adided GLP-1  peptide represented
pt?yp(b42). SEQ I D NQH%,45 i s oligosaccharide chain added
GLP- PEChpt Nle 1B@piesentgdshychb4l)ie SEQLhDalied461bS1
ol i gosaccharide chain added G.P-1 peptide represented
) rerrssensEd Iy NG3B4A7 i s ol i gosacchari de chain

addegEgL?blNOQ?QEigg g%gggggggﬁgrgée(gﬁg}ﬁ added GLP-1
peptide represented by (b36).

SEQ ID NO:139 is oligosaccharide chain added GLP-1
beptide represented by (b37).

SEQ ID NO:140 is oligosaccharide chain added GLP-1
peptide represented by (b38).
[0462]

SEQ ID NO:141 is oligosaccharide chain added GLP-1
peptide represented by (b39).

SEQ ID NO:142 is oligosaccharide chain added GLP-1
peptide represented by (b40).

SEQ ID NO:143 is oligosaccharide chain added GLP-1
peptide represented by (b41l).

SEQ ID NO:144 is oligosaccharide chain added GLP-1
peptide represented by (b42).

SEQ ID NO:145 is oligosaccharide chain added GLP-1
peptide represented by (b43).

SEQ ID NO:146 is oligosaccharide chain added GLP-1

peptide represented by (b44).
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SEQ I D NO 148 is oligosaccharide chain added GLP-1
peptide represented by (b46). SEQ ID NGO 149 is

ol i gosacchari de chain added GLP-1 peptide represented
by (b47). SEQ ID NO 150 is oligosacchari de chain added
GLP-1 peptide represented by (b48). SEQ ID NGO 151 is
ol i gosacchari de chain added G.P-1 peptide represented
by (b30).ISBEY 113 NG sl52 igoddeelast e slouse @lded GLP-1
receptor sense prinmer synthesized in Test Exanple 6.
BEDLEBCNOER53SPRT 24 - PEsiBfe) mouse GLP-1 receptor

[ [ nthesj zed in Test Exanple 6.
NDUSTFR ALD AP (o 117 D e TR g e i
I Lj har | hai dded GLP-1 ti
PRaFRES =BP s RerPERRLF T TG BN “blooa than that of GLP.1

and, f A TR B I IMity. O ~
cont r%?i ﬁ%qﬁglo‘ldfs)&umggdri?%%é s@%&hraln EE héziﬂtg% gd&eﬁj IC.;LP .

pBptPHEsSeBbrbBYRREE 0By SpUseful particularly in
pharmaceutical field. - 265 CLAIMS [1] An

ol i gosE@ charN@el Thaisn cdidess 4&&Fhar peptdide haaddgd GLP-1
GLP-1 activity, wherein at |east one amno acid is.
pabstideutredrasehtan byi gosd@cchari de chai n added am no
acid, in é&) GP-1; (b). a peptide having the am no
acid %Fe%u AL of°olaiE aligesreetatidm, cyibstaddad gt bl
addi ti.on of one or

pept&de 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 4l-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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several .am no acids; or (c) a GLP-1 analog. [2] An

ol i gosacchari de chain added G.P-1 peptide havi ng

G.P-1 activity, wherein at |east one anino acid is

substituted with an ol i gosacchari de chain added am no

acid, in (a) GP-1; or (b) a peptide having the am no

acid sequence of G.P- 1 wth deletion, substitution or
#i¥S on of one or ~several amino acids. [3] An

i ggsac harlde ed GLP-1 peptide havin

@L EﬁlQPF?C éﬁ © Cgﬁlpe5§998n§L§n|n@eQGF@el§aVlng
til an_ ol igqs cch ride chaln add anlno

amf}, QPS) ﬁ‘”ferem %g:) aeapse t9 e A

2 %194‘ aCH‘ ll&ovg té}lhddql%é odh l%’IUbac#dntAJta!molr}loor
addltlon of one or eral_am Ro aci ds an
3,1 sactivity. [4] The oligosaccharide chain added
G.P-1 peptide according to any one of Clains 1 to 3,
wher gian sapd1;- 266 oligosaccharide chain added am no
acid is oligosaccharide chain added Asn or

ol i gdbacehaepde dehaieviadgdedeCpminp5hcIke sequence of GLP-
ollgosaccharlde chai n added G.P-1 peptide according

J' gy e GG fuhs tl g 190 Wherasldy tsigind of one or
ol i gosacchari de chain added anmino acid is

Y AHA FE1Hai9F added Asn. [6] The

olig cch d chaln added GL.P-1 peptide according
to agéﬂo%eaék £'to 3, wherein said

[2] An ollgosaccharlde 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 GLP-
1 with deletion, substitution or addition of one or
several amino acids.
[3] An oligosaccharide chain added GLP-1 peptide having
GLP-1 activity, wherein at least one amino acid is
substituted with an oligdsaccharide chain added amino
acid, 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.
[4] The oligosaccharide chain added GLP-1 peptide

according to any one of Claims 1 to 3, wherein said



ol i gosacchari de chain added anmino acid is

ol i gosaccharide chain added Cys. [7] The .

ol i gosacchari de chain added GLP-1 peptide according

to any one of Claims 1 to 5, wherein in said

ol i gosacchari de chain added am no acid, the

ol i gosaccharide chain is |linked to the am no acid
%%ch%aﬂqlﬁ(e@al[@]aq?h%d oI o achdr i sleo Thad sv @cdert de

(e tide according to any one of Clains 1 to 7,
Eﬁ <§ #&S%l%d@@&%@r%&aﬂ%@ nCleirsi aidedfC¥our

?i]p"?r =it %@Ssaaf Bty PG g doire G S:fofa%'e%%%geg

d i sts, of fi
to elle%ve?z sUgar |&9é[sa%ﬁc ra'e“‘g Fgg%gc%has}fedteefjéha?arﬁ
@ﬂ%%é—rf@@té%n aé:cﬁ:@:r(f“ LIl Cf?é]y% one Oo_l.l aaecgﬁnedrlde

to 9, wherein said oligosacc ain 18 %

dhioim tdd®de qugn . consi sting of disialo, nonosialo,

asi al o, di d cNAc and di mannose ol i gosacchari de

chlai fhe [olllgcErecblairgdeacthan deldelinicnraddedpEiBel
peptide according to any one of Claims 1 to 9,

R insdiad any 26 o iYoslaccHartiaes chdiardin said
represented by the follomnng formula: [Formula 1] |
Q%%Q§Sa k%% aadagh ggecno acid is oligosaccharide

chain added Cys.

[7] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 1 to 5, wherein in said
oligosaccharide chain added amino acid, the
oligosaccharide chain is linked to the amino acid without
a linker.

[8] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 1 to 7, wherein said
oligosaccharide chain consists of four or more sugars.
[9] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 1 to 8, wherein said
oligosaccharide chain consists of five to eleven sugars.
[10] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 1 to 9, wherein said
oligosaccharide chain is selected from the group
consisting of disialo, monosialo, asialo, diGlcNAc and
dimannose oligosaccharide chains.

[11] The oligosaccharide chain added GLP-1 peptide

according to any one of Claims 1 to 9, wherein said



HAc gwherein RL and R2 are the sane or different and
each represents [Fornmula 2] HOOC HOCD HO vy, , HQ HO
"100 Hl HOB \~~ OJ -t-19 HOO, NHAC y~~/1 Q HAc HO-
%i a Ac HO-- \ HO6H HO-' O AcH Hd HO- HO- HHO g H
HO, HO HOHO. NHAa H/ ¢ OHHO HO -\ \_ ~\ ~Ip
Hami CH HO\ HHBOHHO HOH O H and Ac represents
ahlgeepygrhgrodp. chain68s FepleFhetebi gpsabehasi dewing
%Eain added GLP-1 peptide according to any one of
431 to 11, wherein said oligosaccharide chain is
ngstag%i? 'y uniform [13] An oligosaccharide chain
dd&d G p: peptide having G.P-l1 activity, wherein
t he oligosaccharide chain added G.P-1 peptide is

Rﬁ
|
| Ho
| OH
OO o T2 o
’ HO HO
R HAC

wherein

\/OH
Q

HAC

1 2 ,
R® and R° are the same or different and each
represents

[Formula 2]

HO— iy
Ho—t,"o\o't)\/"”” "'°2 NHac
OH HO~ yom | o7 g o

and

Ac represents an acetyl group.
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(a) an oligosaccharide chain added GLP-1 peptide
havi ng one or several am no acids further added to the
C termnal (position 37) of GP-1, wherein at | east
one' of the added am no acids is substituted with an
ol i gosacchari de chain added am no acid; or (b) an

ol i gosacchari de chain added G.P-1 peptide having the
akenol e ol seepreeiea nide hehaln gridat HE de pariaide
added GLP-1 peptide defined in a% wi th del etion,
8GRSEALDEi BA BRYadlPt PONCHRIBRA! oF Osblerdhenrd Rosatd ds

except the oligosaccharide chain added am po aci d(s).
PP B AR O R BOLECCRAT T e cRUPR ARt B PTL BOpt T de
hn - [ V]t [ | i gosaccharide .
E?ép ng%d%gggﬁ%kaa%le%? igd)dgae{llg %%Cigcgn&o _iqlg geaéétc aeriql S
L - 3 P- id havi ' j
P her Sadsa {0 Thect"t erei bl T T pon ETbar 5By acaed
GLP-1, pwpergknisaid added am no acid is substituted
with an oligosaccharide chain added amno acid; or
(b) ataplamgoshiophssdchea chdd ncladide hdd R GIret igptide
havi ng the am no acid sequence of the oligosaccharide
ohdiingaddedod Pelepept uendedched furthgrwadfled to the C

del etion, - 269 substitution or addition of one or
§8VBLRRLlanPABI BEPHSS 7 exeEpELPher oV gbe bR chlir  geseheng of

S0 B0 51 8L 135120 ol pegscenari e chain
LiegpLhassaseler Lis,Ehaln.gddd Obid pept de 15, (a
one of,Feyer& ; M NLRCH g fAihera pddeds 0 t he N s ge
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).
[14] An oligosaccharide chain added GLP~1 peptide having
GLP—l.activity, wherein the 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; 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,
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termnal (position 7) of G.P-1, wherein at |east one
of the added am no acids is substituted with an
ol i gosaccharide chain added anino acid; or (b) an
ol i gosacchari de chain added G.P-1 peptide having the
anino aci d sequence of the oligosaccharide chain

[ d h del et
ST T " S 1 h O e of LeveRa ST AR
h h am no ac s
A SRR T B P S A ) -
P- osacchar
Q%Zln aé§%§°%é%gﬂfﬂﬁ$%| e r:l c%ggﬁﬁg+%g§%gﬁchar 3glng

- chwin asded (G P-h Peptd dare *’@Nicjkgs%@ﬂ&tﬂ??{%ozf% added

further added to the Ntermnal™ (position

@GR-11, padterdd nisai d added amno acid is substituted
with an ol i gosaccharide chain added anmino acid; or

(b) dm)olingedagoisacictia rakiai whaddedddeld Tipent pd@tide
havi ng the am no acid sequence of the oligosaccharide
RNGIH Rife PRV e freptdmia W efd el furiher vidded to the N
deletlon substltutlon or addi ti on of one or severa

ta%ﬁw RS ExcBpt " 1t Y GliRjolvactiieide dhdisrsdddae of
Trctr %‘épd‘ W1 e d\ﬁlr%‘b BT A whor of

ég}(ﬁgiﬁgﬁﬁgﬁégqé éhaln adgggﬂﬁig&ic%eg%fggdemLZré?%
an anip)o adCiod i %bs%%c%%@%ﬁeo@%aiht%d%%he%h%dlfég%klde
positions 18, , 34 and 36 of
rstihistd tileechmviitd) i dldgpsanehass de<haliaddet ATqRo
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).
[16] 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 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

(b) an oligésaccharide chain added GLP-1 peptide
having the amino acid sequence of the éligosaccharide
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).
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acid; or (b) an oligosaccharide chain added GLP-1
peptide - having the am no aci d sequence of the
ol i gosaccharide chain added G.P-1 peptide defined in
(a) with deletion, substitution or addition of one or
several am no acids except the oligosaccharide chain
added am _no aci d(s) [18] The oligosaccharide chain
RHAE APl e e ld&mmgaqd@ogrﬁmoﬂe RAPGIR
osaccharide chajn aqged am no

Gl f\;ﬁ%@ai% Sreih KR h e hen g Cidtn Wl
@+ ég%gﬂ dP chain added Cys. [19] The .

ol i gosacchari de chain added GLP-1 peptide according
to anyong Qf1 idA Bk iR 183 Whel&idy idhsal Geptide

ollgosaccharlde chai n added am no acid, the

whé gosACENadh Ogo Chaid 4 At nkegst Ooﬁ@esﬁt_% N B&d€led from
wi thout a linker. [20] The oligosaccharide chain

podsledi Gh - 18 pepd j d&2, az€orid Ng34 camdly3 énef LG Ri s 13
to 19, wherein said oligosaccharide chain consists of
$oRP t bFuped evStigars. o1 Paga qhlea vl dgoshetharddd cdrad mo

added GLP-1 peptide according to any one of Cains 13
39120, O&herein sai d oligosaccharide chain is sel ected

o o S S rre
h

L8 o e 2l & Z%%%g%%‘ g %"%%%"%%%&%%% FeH

&Hagg’a&@@&eGﬂPsﬁ'Sepﬁ&&@0§@§£ﬁéﬁ'gﬁ @QF'W&&ﬁ deletlon,

represented by the followng fornula: [Fornula
substitution or addition of one or several amino acids
except the oligosaccharide chain added amino acid(s).

[18] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 13 to 17, wherein said
oligosaccharide chain added amino acid is oligosaccharide
chain added Asn or oligosaccharide chain added Cys.

[19] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 13 to 18, wherein in said
oligosaccharide chain added amino acid, the
oligosaccharide chain is linked to the amino acid without
a linker.

[20] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 13 to 19, wherein said
oligosaccharide chain consists of four or more sugars.
[21] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 13 to 20, wherein said

oligosaccharide chain is selected from the group

- 271 -



Il O--OH--OH HO-- O Ha H' HAc ¢ HAc wherein R
and R2 are the sane or different and each represents

[Formula 4] 272 HOOC HOOF NO ,,,, HQHO . HO ' ,
"01 t-:21, Ho-, HAC A ~ | HO a-'Q HAC No--r OH
"'~f3 D HOOHNO DA~ HO HO, HOHQ~, HO'"~ H

$$i§{§%;}{1§¥§é£#¥%£%Fﬁgﬁﬁégigf%, géféféfkalGlcNAc and

dimannose oligosaccharide chains.
[22] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 13 to 20, wherein said

cligosaccharide chain is represented by the following

formula:

[Formula 3]

R? HAC HAc

wherein

R' and R? are the same or different and each

represents

[Formula 4]
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Ac represents an acetyl group. [23] The

ol i gosacchari de chain added G.P-1 peptide according
to any one of Clainms 13 to 22, wherein said

ol i gosacchari de chain has at |east 99%uniformty.

[24] The oligosaccharide chain added GLP-1 peptide
according to any one of Clains 13 to 17, wherein: said
ol i gosacchari de chain added anino acid is

ol i gosacchgti de chain added Asn; in said

ol i gosacy haﬁl chain added an1no C|3f nhe
oligo Richai li nked Fo HKHQ diei,d prac
Wi t hots d I'i‘°n e,, @J,l gosag de chaP'n,,g 1\9’(5

of four or nore ggld ol i gosacchari de c gt .S
sel ect ed fron1the gr nS|st|ng of disialo, "
nonosi al 0, asialo, di @ cNAc and di mannose

ol i gosaccharide chains; and 273 said oligosaccharide
chain added amno acid is substantially uniform [25]
The ol i ggg#ccharide chain added GLP-1 peptide

accor di ngot\rany>oneef Clainms 1 to 24,H aviypg hi gher
stability ingR han that of GLP-1. fe

ol i gosacchari de qhigﬁﬁgdded GLP-1 pept| rdi ng o O
to any one of Clamrs 1 to 24, having the ﬁty f A
controlling bl ood-sugar Ievels at least 10 i mes that
of GP-1 in OGIT (Oral ducose Tol erance Test). [27]
The ol i gosaccharide chain added G.P-1 peptide
@octording to any one of Clains 1 to 24, having DPP-1V
resi stance at least 30 tines that of G.P-1.
Ac represents an acetyl group.

[23] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 13 to 22, wherein said
oligosaccharide chain has at least 99% uniformity.
[24] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 13 to 17, wherein:

said oligosaccharide chain added amino acid is
oligosaccharide chain added Asn;

in said oligosaccha;ide 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;

said oligosaccharide chain is selected from the
group consisting of disialo, monosialo, asialo, diGlcNAc

and dimannose oligosaccharide chains; and
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[ 28] A pharmaceutical conposition conprising the

ol i gosacchari de chain added G.P-1 peptide according to
any one of Clainms 1 to 27 as an active ingredient.

[29] The pharnmaceutical conposition according to Caim
28 wherein said oligosaccharide chain has at | east
90% wuniformty. [30] The pharmaceutical conposition
accortfitfy Hlo WSHGRPE 1 deo Chadghtadfir brampmsy @ftlichg s

gi sease asjﬁfci ated with GLP-1. [31] The pharnmaceuti cal

O osT T ACUSt HIHY to O aim 28, wherein said

' 35S Ated Wit G- is, di t&jelt : 2], A
Er%?ﬁogeef or SJT%(' eatl néﬂ&rﬁpr evaelr]ﬂ i‘_’lndgccleoﬁaseaEg—Zl pdegofs%olaeat ed

i - sompei S i Nj st efi f RY
DR ooy Bt 10 L L e

sceoi Uity 10 BIYodnenaf G nsr loie-27. [33] An
ol i gosacchari de chain added GLP-1 peptide having

L} Trrectd Midosa odierdide ath dieasiddand GEIFA-10 reitdsiear e
each - 274 substituted with oligosaccharide chain
HerereEd B n'ee azi, ong o dladms 11 {d)24, peatime thavi ng
the am no aci d sequence of GP- 1 with deletion,
ITbSTHEntPorc Rt et i1brP stodneugrr bevelalaamerst 10

ST Bitec e B poin Mg At e peasaciorigice Test .

IOPL Sk SRRl L 0.0 SR AP B3N, (ALt o
&E54diRE to any one of Claims 1 to 24, having DPP-IV
resistance at least 30 times that of GLP-1.

[28] A pharmaceutical composition comprising the
oligosaccharide chain added GLP-1 peptide according to
any one of Claims 1 to 27 as an active ingredient.

[29] The pharmaceutical composition according to Claim 28
wherein said oligosaccharidevchain has at least 90%
uniformity.

[30] The pharmaceutical composition according to Claim 28
for treating or preventing disease associated with GLP-1.
[31]The pharmaceutical composition according to Claim 28,
wherein said disease associated with GLP-1 is diabetes.
[32] A method for treating or preventing disease
associated with GLP-1 comprising administering effective
amount of the oligosaccharide chain added GLP-1 peptide
according to any one of Claims 1 to 27.

[33] An oligosaccharide chain added GLP-1 peptide having

GLP-1 activity, wherein at least two amino acids are each
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(b) a peptide having the am no acid sequence of GP- 1
with deletion, substitution or addition of one or
several am no acids. [35] An oligosaccharide chain
added GLP-1 peptide having G.P-1 activity, wherein at
| east two ami no acids are each substituted with

ol i gosacchari de chain added amno acid, in (a) GP-1;
LT TR R e HavITRETHRA R Rochri addpfieing acid,
ELP- 1 with deletion, substitution or addition of one
of several anino acids and having G.P-1 activity.

[ 36] gﬂ I_qgsaccharlde chai n added GLP-1 peptide
accor i'ng to any one of ains 33 to 35, wherein each

of _sahd Pldgesarcharde e naadded AW nacackld S ore-

|ndependently ol i gosaccharide chain a and/ or

Dl poys agehet i sle, chad dr adaedbOysSr ZdPitid o he or
ol i gosacchari de chain added G.P-1 peptlde accordi ng

sovaryl omeirnd Ldiaddw &3 to 35, wherein each of said
ol i gosacchari de chain added amino acid is
ol i godsdcéh&LiFde @mailledadded Asn. [38] The
ol i gosacchari de chain added GLP-1 peptide according
¢ cﬂ%el%wsaeoéiaﬁs-dgs chgiz5 a &LF -dakp6ides diaging
sacchar.i de |n addeg_an1no acid is

%%‘g}gsaa%tcﬂéjr?%'e %%ggfed wg@]aw acids dare each
G
Qi dosagehary 48, ohal fadaee, Gfe opent 148, PUCONT hia,

to any one o
ol i gosacchari de chaln added ani no acid, the

ol i gosaccharide chain is |linked to the am no acid
Wi thowt) 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.
[35] An oligosaccharide chain added GLP-1 peptide having
GLP-1 activity, wherein at least two amino acids are each
substituted with oligosaccharide chain added amino acid,
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.
[36] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 33 to 35, wherein each of
said oligosaccharide chain added amino acid is
independently oligosaccharide chain added Asn and/or

oligosaccharide chain added Cys.
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a linker. [40] The oligosaccharide chain added G.P-1
peptide according to any one of Clains 33 to 39,
wherein said oligosaccharide chains each consist of
four or nore sugars. [41] The oligosaccharide chain
added GLP-1 peptide according to any one of O ains 33

wherei n sai d ollgosaccharlde chai ns each
LnSine G e S B iy ec{@zﬂP—ﬁh@eomde

de ch d. GLP; di
fLianenge ey iy AL M ENER, LR, REPLL d 85 A0S o
Qéi&l%?f&@@éé&?aﬂ@é r@?éf.d,l,s aﬁ@ggngﬁmgya ghecied from

t he group consi sti ng nonosi al 0, asi al o,

ol Fedbecraaei  reiasea phdgosgechari de chains. [43]
The ol i gosacchari de chain added G.P-I peptide

BEEDITHan @ ltigosay: cdvae iefe raiiTs a3Biddo Al - WhyRiigeeach

of - 276 said oligosaccharide chains is
¢ pelepdihaentd yarrsepmresecm‘ etilabys the fol3 owiwige faimmdLach of
[ Formul a 5] Q--CHIrOH HO-- ~O HO HO- HAc HAC

%\Weql e‘i’%lmsadfrﬁfl@lda? e sadredralintd ereid Bnd each

ts
o Prggggkharlde chain added Cys.

[39] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 33 to 37, wherein in said
oligosaccharide chain added amino acid, the
oligosaccharide chain is linked to the amino acid without
a linker.

[40] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 33 to 39, wherein said
oligosaccharide chains each consist of four or more
sugars.

[41] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 33 to 40, wherein said
oligosaccharide chains each consist of five to eleven
sugars.

[42] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 33 to 41, wherein each of
said oligosaccharide chains is independently selected
from the group consisting of disialo, monosialo, asialo,
diGlcNAc and dimannose oligosaccharide chains.

[43] The oligosaccharide chain added GLP-1 peptide

according to any one of Claims 33 to 41, wherein each of



[Formula 6] HOOC HOOD HO HO H'! Ham '01 HOB JyHAC

H 4-9 HAe HO-~-O OH per. - ACHO b ACHHO HO HO.,D
OH HO--' HOHHO ~~~ H HO HO'--/ HD NO-' JdHAc NHAO
oH HO-pl "10 O HH NOISHH_ HOHo O N and Ac

represents an acetyl group. 277 [44] The
oH

osacchari de chain added GLP-1 peptide _according
PG E M SR 45 IeReIYHy represented

r|d s substantially uniform [45]
%%’gﬁfgggacéh JP %%%Iadded GLP-1 peptide having
ﬁkﬂﬁhfgﬁngty mhereln the ol igosaccharide chain
added GLQ 1 peptide is (a) an oligosaccharide chain
added GLP-1 peptide wherein at |east two am no acids
of GLP-1 are each substituted wth oligosaccharide
chain a d amino acid and at |east one of the
substltu ed site is position 18, 20, 22, 26, 30, 34

or 36 ofi, G.P-1: or
H
—OH

HO“ Q

R'z | HAC

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

[Formula 6]

Hooc HO
m/ﬁ\‘" N/,;gj\o o_&'ﬂ H°>\)‘ ee
HO—
AcH [P A
oH HO~ Ho “°“£
Ho

Hv’ 3 i

HO’" e HO
i"io\\/NHAC H HAc

OH H&J

HO™ HO—/
w0 o ot Ho g
HO ' ~ HD;,\_
: ~ H or H B

and

Ac represents an acetyl group.
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(b) an oligosaccharide chain added GLP-1 peptide

havi ng the am no aci d sequence of the oligosaccharide
chai n added G.P-1 peptide defined in (a) with

del etion, substitution or addition of one or several
am no aci ds except the ol i gosacchari de chai n added
am no_acids. [46] An oligosaccharide chain added GLP-i

%éer%%ﬂrgrfgsac{%mll%tqf\fltry %ﬁéiéilri’*(cjlh@eptlde

Li h CH

Srgehignari daY CHat n° iﬁi@ll&pﬁ HarE deTh TR &) A
gfﬁﬁgs%g@hgmg%aﬁ% La e?,fﬂ% %{&f bstituted

0SacCe Hai h- added nd t he

I f t | £
o s Al S g Mg A UL

ol.pgosasehaiide whai&iaddes @_—Pgé-sé)@@ﬁégfde havi ng 145¢q

am no acid sequence of the oligosaccharide chain
auded kpPrildepepsi de defined in (a) with deletion, -
278 substitution or addition of one or several am no
aci ds(alexareptl itdve agldhgosalee rdra ide achiiich Gldddd papitriale
acids, [47] The oligosaccharide chain added GLP-|
‘pﬁ%%f?d% a%lc BR Y NGVe PO MaEdproAaiLheraia each of
sacchar de chain added am no acids is

fﬁ%%we 9L ER1 § LOIRRTE G T Ha i A RARP P Rl 7
d . ) ] [ oy
B GREaERar | e cli, N adbt P pobt oo s by 10
.@@ apy, opg, oiodeuer@et@fﬂmv@er&fn in said

ol | gosaccharide chai n added am no acid, the

ol i gogAc chard ey ddidharS dei ed f @ ddie aTipne et i de
wi thout a linker.
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 acids.
[46] 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 at least two amino acids of GLP-1 are each
substituted with oligosaccharide chain added amino acid
and the substituted sites are all selected from the
position 18, 20, 22, 26, 30, 34 or 36 of GLP-1; 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,
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[49] The oligosaccharide chain added GLP-1 peptide
according to any one of Clains 45 to 48, wherein said
ol i gosaccharide chains each consist of four or nore
sugars. [50] The oligosaccharide chain added GLP-1
peptide according to any one of Clains 45 to 49,
erelﬂaeach of aj d, ol i gosaccharide chains is

FHB%Eé Eh?TyoﬁeT ¢t eten f Bn??ﬁeoﬁr%%bQE%hs?@%Pﬁga%¥dS

I nd, di ose
# ggsacc%grlglg%% airl?%lfh%h% %??%%s@ﬁ%%é??ggdghaln
?@l‘ﬂ?dﬂg-%llg%[gd ear Qfec%kpd& até)de%“@ ne Ofeepc 1l "8 45

ro 49, wherein ollgosac ari EE

Beependentdy I&ﬂﬁ%@%@d bywﬂgff L@'é i N a:
?Forﬁula§7] 5%9 I --- 46 S Q gf %iP§WCA

wheges acRlaande R?.hame adwe@a@feu@ds Qéfcﬁ@rﬁﬁtlﬁ@ﬂ;@@@éhtly
represents [Formula 8 HOOC HOOF HO ,, h
oligosaccharide chain added Asn and/or oligosaccharide

chain added Cys.

(48] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 45 to 47, wherein in said
oligosaccharide chain added amino acid, the
oligosaccharide chain is linked to the amino acid without
a linker.

[49] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 45 to 48, wherein said
oligosaccharide chains each consist of four or more
sugars.

[50] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 45 to 49, wherein each of
sald oligosaccharide chains is independently selected
from the group consisting of disialo, monosialo, asialo,
diGlcNAc and dimannose oligosaccharide chains.

[51] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 45 to 49, wherein each of
said oligosaccharide chains is independently represented
by the following formula:

[Formula 7]



R HO HAAC HO, NiAc NOs al ObHD AC HO ~~f{p
AcH HO HO OH HO-, OH HO' "or-, HO g HOHO -%p
NMAe HHAC HOI HMO."-"~~p M OH HO -/ HC r\ Ho-
HO, OHHO, HA401 HOHO NOor HO and Ac
represents an acetyl group. [52] The oligosaccharide
chai n added GLP-| peptide according to any one of
Claims 45 to 51, wherein said oligosaccharide chain
has at lefist 99% uniformty. - 280 [53] The

ol i gosac¢pkhari de chain added GLP-1 peptide according
to Claim45 or 46, wherein: each of said
ol i gosa haril.g chain added amno acid is
ol i gosacchari gchain added 13 n said _OH
ol i gosaccharxi de chai n added [ th

ol i accRary de ain is 4d ' f
Wi t @ta a\l Thkiery sai ’E)I
consi st \ r

22 HO

wherein

R! and R® are the same or different and each

represents

[Formula 8]

HOOC
Hoo¢ MO
S .. LS
o & ) 3 E’& HO. NHAG
o I o Ny o, vt ;07 o=
Ac HO ~d o AcHN" 4o HO-" o
on Ho— T T HO
210 -
H \ H‘:}ﬁ
Fo—— |
HO
HO—/~ o,
4 " HO-
oH HO™ | o .S O
- HO . o 1 or

and

Ac represents an acetyl group.
[52] The oligosaccharide chéin added GLP-1 peptide
according to any one of Claims 45 to 51, wherein said

oligosaccharide chain has at least 99% uniformity.
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nore sugars; each of said oligosaccharide chains is

i ndependently selected fromthe group consisting of

di si al o, nonosialo, asialo, di@dcNAc and di nannose

ol i gosacchari de chains; and said oligosaccharide
chain is substantially uniform [54] The

ol i gosaccharide chain added GLP-1 peptide according
EFﬂﬁ?%ﬁél&f@S@l%hﬁélﬁ 553 agdach FLR-gheeptide
stability in bl ood an that of GP-1. [55] The

D (i:%roésla%%h%?i a%a‘f% Oardd‘gﬁ C‘:‘f_qﬁﬁejprépti de ~according
to a n f [ t . having the ctivity of.
cont%%f%i%&o&agggfgﬁga%afgygﬁg atﬁhggs 4 e%tﬁﬁ%§0¥ﬁ§ﬁd
o8 ARydsd A dFlad Qipls (3 Hepse A9 erance Test). [ 56]
The oligosacchari de chain addedAGLP-l pepti de

accorigi rGitd ANy oRRe bhrédal M@add IR ahanong-DRP- k¥e
resi stance at least 30 tinmes that of GLP-1. [57] A

phigepcetia ciade corpiosiid dnirocsprisi tige tdiino acid without
ol i gosacchari de chain added GLP-1 peptide according to
anyiwfrof Clains 33 to 56 as an active ingredient. -
281 [58] The pharnaceutical conposition according to

C ai MSR AHECSiaFcdaird ds| chadacc kachdsoasdish Ris fanr or
| east 90% wuniformty. [59] The pharmaceutica
Tdhposit3oi according to daim57 for treating or

pr ev%%téhng)fdlﬁ%q?g%gl§%%%lc%%%qfl let h g‘i?lgl 'dfjs a%%%%g’re]%dently

phar maceutica tion accordi g

IEL @i dy s@ &y %k?@agsz%ﬁ%safse& | tcbf %‘J_PS-J.]alIOS, meonosialo,

di abetes. [61] Anethod for treating or preventing
& 5epse dissaatath Witdhfddsd Somydsddihride chains;
adm ni stering effective
and

said oligosaccharide chain is substantially uniform.
[54] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 33 to 53, having higher
stability in blood than that of GLP-1.
[55] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 33 to 53, having the
activity of controlling blood-sugar levels at least 10
times that of GLP-1 in OGTT (Oral Glucose Tolerance Test).
[56] The oligosaccharide chain added GLP-1 peptide
according to any one of Claims 33 to 53, having DPP-IV
resistance at least 30 times that of GLP-1.
[57] A pharmaceutical composition comprising the

oligosaccharide chain added GLP-1 peptide according to

any one of Claims 33 to 56 as an active ingredient.
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anmount of the 6I i gosacchari de chain added G.P-|
peptide according to any one of Clains 33 to 57. -
282

[58] The pharmaceutical composition according to Claim 57
wherein said oligosaccharide chain has at least 90%
uniformity.

[59] The pharmaceutical composition according to Claim 57
for treating or preventing disease associated with GLP-1.
[60]The pharmaceutical composition according to Claim 57,
wherein said disease associated with GLP-1 is diabetes.
[61] A method for treating or preventing disease
associated with GLP-1 comprising administering effective
amount of the oligosaccharide chain added GLP-1 peptide

according to any one of Claims 33 to 57.
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